;e3elj6TLt.a 02 JULY 2003 WD 00141810 1 PCT/ EP00/ 00355 A M XED KHTALSE
CATALYST COWPOSI TI ON, | TS PREPARATI ON AND USE Fi el d of theogquﬂppggo3The

i fention relates to a process for the preparation of a m xeomgil.

catal yst conposition conprising bulk catal yst particles conprising a § | east
one G oup V111 nonnoble netal and at |east two Goup VIB netals, to the
cat al yst conposition obtainable by said process, and to the use of said
conposition as catal yst in hydroprocessing applications. Background of the
i nvention | nMOH&4WAdr opr ocessi ng of hydir ocar bon feedstoc%?”“?ﬁ@“?eedstpcks
are hydrotreated and/or hydrocracked in the presence of hydrogen.

Hydr opr ocessi ng enconpasses all processes in which a hydrocarbon feed is
reacted with hydrogen at el evated tenperature and el evated pressure

i ncludi ng pr §§£ﬁ1 i i on,
hydrodenltroggﬁa |0H§Hﬁgﬁ§% 2%@?29???3??@HTE$%§ §§§¢@E§P#§%%lon

hydr oi soneri zati on) hydr odewaxi ng, hydrocracklng, and hydrocracklng under

mld pressure: he hR2Ron Whi ch is commonly referred to as mld
hydr ocrackin In eneral , hydro roc ssin cat sts ar e conﬁo%ed of a

carrier with fPveisteselea? PESTT0 AR ﬁe@a’é Bup e "RBh A e et al
conponent depmmpbsat(rbntchepre(mg bul@eaewal dayticles womprisaig at iesdt enaGeoupndpaamed by

i npregnati ng i i 0 i (o) netals in
quest on, 1o PaEairH 5P it ARNSRNE Bnbbl o BRI bkl T

cat al yst prepursaidi mpceps. goe s thesusgedf saidoeompogitiqy, as ¢arﬁlv@snn2w8rper02®$mend EP
0469675. An alphhfwki ve technique for the preparatlon of the above

catal ysts is descrlbed in US 4,113,605, where, e.g., nickel carbonate is
reacted with, e.g., M@ to formcrystalline nickel nolybdate, which is

subsequent | y Buckaes 2kiventidled Wit h al unma. 02 JULY 2003 WO 00/41810
PCT/ EP00/ 00355 2, gyd?dprﬁr]la%@mf%&aéarb& feablRsafe BBl AL Aok e ni ckel
carbonate i s m xe he resu conposition I's mxed with

al uni na i mpr &GARE BeAresracked ig hy presanek f “Wf‘ig?%t dEPRPCEHTIRD APPAPEIRHSY at e, As
the carrier igréRbdeshaswhieh @r hjdrddattenCREA| Wyt lesctdllC With i Hyjlogé et aedvated ty of the

above carrier, cont.ai nin ata sts in [ oC | er der at e.
It is theref otr%pe"’m"'eban 7tec{ ressure s’re'cn%dl hhven ?’%ﬁ {r]cg'r o2 h\ygrég gt'JcHgt al yst
whi ch can be f‘aypmsemhwzaﬁmut élvdrmernrt@senagmh cfwdrqdemetﬁlrzeéofbat agst s are

general ly r Efo%ﬁlroﬁﬁtlztaﬁorﬁs lﬂ rfisdrdridd bl S - hy-EhﬂeMﬁgar aﬁﬂd%ra@lﬁm@“' lngat al ySt S
rom 936 and EP 0 0' 14 The cat st of, e.g.

IEISD (I;ng\imdf 218g'iy§’°ﬁf’%’ﬁ}§r‘eﬁewdds&5?§9’eoﬁ°9? iy Hh'ﬂhﬁéB'ﬂg“’@Y [Frf‘?’S? d 258 ssi um |
car bonat e, patyassiatkingdi chr omat e, vanadi um oxi de, iron oxide, Portl and
cenment, nethyl cellulose, and graphite.
In general, hydroprocessing catalysts are composed of a carrier with a Group VIB
metal component and a Group VIli non-noble metal component deposited thereon.
Generally, such catalysts are prepared by impregnating a carmier with aqueous
solutions of compounds of the mefals in que%tior_’r. followed by one or more drying and
calcination steps. Such a catalyst preparation process is described, e.g., in US
2,873,257 and EP 0469675.

An alternative technique for the preparation of the above catalysts is described in US
4,113,605, where, e.g., nickel carbonate is reacted with, e.g., MoO, to form crystalline

nickel molybdate, which is subsequently mixed and extruded with alumina.
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It is noted that all the above catal ysts conprise one Goup VIII non-noble
met al and one Group VIB netal. Such catalysts have only nm2JdL¥ 2003 vity m
hydroproceSS|ng It is therefore an object of the present invention to
provi de catal ysts with increased catalytic activity. A nore recent

devel opnment is the application of catalysts conprising one Goup VIII
non-noble nmetal and two Group VIB netals. Such a catalyst is disclosed,
e.g., in JP GRoM9Ne, US 4,596, 785, US 4,820,677, US 3, 638T/Eebdn03tdS
4,153,578, and non-prepublished international patent application WD
99(®B578. The catal yst of JP 09000929, which is a carrier-containing
catalyst, is prepared by inpregnating am i norgani c support with cobalt or
ni ckel as Group VIII non-noble netal and nol ybdenum and tungsten as G oup
VI B netal s. %S‘@%ﬁ’ﬂ%ﬁ%ﬁs iBfdiseigssg B %826@0}“%?'? Sickel CABOMRR (5] PIIEY of at

| east one Gowpo,\élnhfthenegmtm@bb:apdmmls raxed vath alu@@timpragna@omm, 8/4.Briget al . The
cat al yst of USt 677 IS t 02 JULY 2003 WO 00/ 41810 PCT/ EPOO/ 00355 _
3 anor phous sunl'rﬁf‘?a& TGP YT ‘hrb?sﬁaPOn as Group VIIl non-noble netal and a
netal sel ected from nol ybdenum tungsten or m xtures thereof as Goup VIB
netal, as wel lAsa\ﬁe @arpé?llt)égﬁﬂésachﬁotl I‘tﬁa&%lﬁygalvﬁs tl%t ;Q;‘(L@Qﬁ tlﬁjé Qﬂ&/@@arnérn bot h

references the catalyst is prepared via co-precipitation wat er - sol ubl e
sources of on&CURIBND ARyt RIWIRBIFESSAB ISP BPIERS- dﬁr'%ﬁ}?’afﬂ’Ba?rﬁ‘PJ%ﬂt §in the
presence of SUIhe[D;hE:daﬁvaeIhﬁl tprp&midpiatcafa@stimch s Bd aﬁneddmihed a @f@r.cadrci ned.

Al'l process st [.9<28 at nosphere, which neans
t hat sophisti cc§t l8rd Calﬁ‘HSts i s&g?rgﬁ)y rﬁ%ﬁfdrtgagpm ¥St out this process.

Further, due to this co-precipitation technique there are huge anounts of

wast e wat er . Itthe 'p%p&@@&neéf%@ c@tafykk%ﬁﬂ@x'bw@tél gECfFonpéBtabégﬁ eReBd ohfyeRtion to
provide a pro robust and whi ch does not

i nd
require any hgﬁalcﬁtﬁﬁsﬂﬂﬁoee‘? 5 |Oﬂéf238 ﬁtpfﬁ%%ﬁé’répﬁﬁﬁwwg FHRIURRUS SHFAPT on of
t he catal yst gnthssium whiboimatd) ugreasainmuditisoradte, wasddurmvakige, can okide, pededied. US

3, B78, 124 di Scée%fismé}ﬁ;h? ey yﬁdg gﬁ%ysts to be used in oxidative

dehydr ogenation o para ons. The catal ysts are prepared by
cCo-precipitating Water-sol ubI e conponents of the correspondi ng netals.

Agai n, the co-ipg %de@itrtaatail ma ébeﬁd”lEﬂtﬂyb& ERfpdd nel @ohwgm r&iﬂiﬁ%ﬁl’éﬁne&ﬁl aMBst e

wat er. The cat aI &ﬁ us 4 %dga? IS aonlﬁ’ane tMl m é’YSt J.a |pe used
for the hydrodgéh ?”8 BPBL YRS PRI s?c g 6By

contacti ng Rarieyherifgkeah apjsct oh tiel yreseohinggntiomp, prevrge catauﬁtgsmfennwatsw a

nol ybdenum cora@peddcitiy. t he presence of water. Ml ybdenumis adsorbed on
t he Raney nickel "by stirring the resulting suspension at room tenperature.
Finally, in non-prepublished international patent application W 9903578,
cat al ysts are Hmeparexlt Bavelbpmpntes ihei dpalicativg of eataigsts cammiging SneGrawp Miltkel )

mol ybdenum ang, t WYSEENAS WS gpouijr\}lé)ggalg_bsence of sul phi des.

Such a catalyst is disclosed, e.g., in JP 09000929, US 4,596,785, US 4,820,677, US
3,678,124, US 4,153,578, and non-prepublished international patent application WO
8903578.

The catalyst of JP 09000928, which is a carrier-containing catalyst, is prepared by
impregnating an mnorgamic support with cobalt or nickel as Group VIl non-nable metal

and molybdenum and tungsten as Group VIB metals.

The catalyst of US 4,598,785 compnses the disulphides of at least ocne Group VIiI non-
noble metal and at least cne Group VIB metal. The catalyst of US 4,820,677 1s an



Summary of the invention It has now been found that all the above
ohj ectives can be net by a process which conprises conbi nigmJerLy 2608t i ng

| east one Group VIII non-noble netal conponent ., ~ 02 JULY 2003 WO
00/ 41810 PCT/ EPOO/ 00355 4 with at |east two G oup VIB netal conponents in
the presence of a erotic liquid, with at | east one of the nmetal conponents
remai ning at (east partly in the solid state during the entire process.
Anot her aspe®O%f8the present invention is a novel catal JSVEROYMEEHsiti on. A
further aspect of the present invention is the use of the above conposition
for the hydroprocessing of a hydrocarbon feedstock. Detail ed description of
the, i nvention Process of the invention {A) Preparation of bulk catalyst
particles Theanra;p%ﬁsgﬂtsulbmefeerasaqa@m ol 556%@3 VR RrHoBECHSal By PIfRar NG 3
catal yst conposition conprisin u st particles conprising at |east
one Group VI ISFlepted ra snalybapiual. “ﬁﬁéﬁe'at" ’I”@E\'éets thetecf@sderperWY 1B il edssvellwhi ch
process Cowpras%e&nﬁemmemga@d amal dsQafleh& Giatinel @RSt ea&ef@reguﬁ cdtaiyst gon- nobl e
metal component with at % WE ql'ﬂ Cg 1B mataf oneg{ls in the
presence of & &FGE @ F?aiﬁc’ﬂ QR °h VAP PELS SYHRESot °t"ﬁe Rt &' ©BPBBRent s
remai ni ng at megEsAndpantGrpup VIB etasolni e sreseeced off sulghideheTrenpresigtapr ocess. |t
s thus essenidly died, h&dpéamasAﬁ)fprotctkﬁegtge/ensde% bi1BLiicthed RSt ngpe metal

conponent renains at l'east partly in Solid state duri ng t entire
process of t HEMesRORAL WHF m??ﬂ%”?ﬁrs%@%at%ﬁ?ﬁ?ﬂ'%% aedatiad trgeaam@ulrBiact i ng t he
netal conpongidcess. Wakterl Budd® thisCed-@éapithionCRBANIJUE @ferd Gt Rghet SifouiBt al
conmponents to each other and simultaneously andlor thereafter reacting
them It is cC fe“@féntly essential to the process of the invention that at

| east one metlak toefperefitthérsobpdddhabrebad gtvepmntid provide tahygoceed wilckssat e and
that this matt@t!hnEQm% EnJ r%H@ét BRd @Fncl'{ @&%tnop%g Lé’ar{yr}waiﬁggg I§£He'r gn ﬂeﬁt e during

the entire reaction. The term"at | east Iy inthis
context meangtTerRpersdungas prﬁ@ﬁ’f’mﬁfwWﬁéatﬁléftzﬂndéb%%’ﬁﬁ a'i"%““ffr‘gévéﬁ‘te as a
solid netal oampenchd aaidd. opti onal |y, another part of the netal conponent
is present as a solution of this nmetal conponent in the erotic liquid. A
typical exanple of this is a suspension of a netal conponent in a erotic
liquid 02 JMI¥678F3 discloers|aaitig bok paiFly #PBRe088% B oBidatiye dpfydiegeratondt al i s at

| east partly dﬁFa%‘fnerrﬁrbansSQ‘lhb%ta%&g D biBBRk 1Y) &af;raé.a(tamgs\mérxeeﬂbnen t he
protic liqui suspensi on of a netal

quSSI bl e ta i rst gqferpare

cormponent i n PREOEFGIS &8 OFEFRIARYTEB'S é'?erﬁ?rﬁr%ﬁ‘%%l%‘lt?th'F“et)ﬁé”"éfter t he
ot her, sol utiimhgp aaditebf wastd Baer. suspensi ons) conpri si ng di ssol ved and/ or
suspended nmetal conponents) in the erotic liquid. It is also possible to

first conbine_solutions either sinultaneously or one after the other and
The catalyst of US 4,153,578 is a Raney nickel catalyst to be used for the

hydrogenation of butyne diol. The catalyst is prepared by contacting Raney nickel
optionally containing, e.g., tungsten with a molybdenum component in the presence of
water. Molybdenum is adsorbed on the Raney nickel by stirring the resulting

suspension at room temperature.

Finally, in non-prepublished international patent appiication WO 9903578, catalysts are
prepared by co-precipitating certain amounts of a nickel, molybdenum, and tungsten

source in the absence of sulphides.

Summary of the mvention
It has now been found that all the above objectives can be met by a process which

comprises combining and reacting at least one Group VIl non-noble metal component



to subsequently add further suspensions) and optionally solutions) either
si,nul t aneously or one after the other. In all these cases,02JOULYPZEIO3 On
conprising a nmetal conponent can be prepared by suspending a solid netal
conponent in the erotic liquid. However, it is also possible to prepare the
suspensi on by (co)precipitating one or nore nmetal conponents. The resulting
suspensi on can be applied as such in the process of the invention, i.e.
further netalwaerpenents in solution, in slurry orper sePGWﬂmadﬂBd to the
resul ting suspension. The resulting suspension can also be applied after
solid-liquid separation and/or after optionally being dried and/or after
optional 'y being thernally treated and/or after optlonally being wetted or

reslurried in th | nst ead, of ,a sus ion o

Conponent . o Wi St Srren it feet@hERriad B AroRerte BRalBenisad. 11
must be not edesdhate dfte radia\cempimects ssnaiitgeat bt paetly irathe soid|statesauneg Bkanpl es t o
illustrate th tlf'aedpqléctegon of the metal conponents to the reaction mxture.
General ly, orders of addition are possible. Preferably, all Goup VIII
non- nobl e rret al conponents are conbi ned sinmultaneously and all Goup VIB
net al  conponesicheRse&@NBE BREerS intaHibRIIRAGE Yataing cbhgbstiésul ting two m xtures
are subsequently conbined. As long as at |east one netal conponent is at

| east partly in the solid state during the process of the invention) the
nunber of metAlfurtbengmoes of thewniseht iavesticat s [teaste qhdhret abpvé Fomdeetigoior thest ate i s
not critical.,/Jh %c%] dsink 3f PRIRRLE, £04stk! netal conponents to be combi ned
in the process o e invention to be applied at |least partly in the solid
state. Alternatively, a netal conponent which is at least partly in solid
state can be paskyaedriy ARingbn conponent which is in the solute state.
E.g., one of the netal corrponents 02 JULY 2003 WO 001 41810 PCTI EPOO/ 00355
6 is added at least partly in the solid state and at |east two and

preferably tm&gmaal_n@mqmmms are added in the solute state. In another
enbodi nment , f@p%gaﬁong@mpmspﬂﬁsadded at Ieast partly in the solid
e

state and at ast ope and tgg one t al rgponetn't S adqed in the
sol ute state. PPHRAESSR! REFYP" '?eYﬁBﬁ I P§°°§a%| 0 p"?pﬁ”'i h2 ‘A8t R™EY PR neans
that the whol emprivunbuliotatdiyst sarfiedsadomposmmatciedst oge Gue ¢ lihsonenosielmtalon  of

this netal CO&H&%‘%Q& t\bcEGJ:oU;?V@rnQét?F'Q mlh'icqlﬁ'rdiessvcvo];nlaﬁééts cmm%dtf@am gound by

any theory, pl1can el 1 eves he met al nPonents whi ch are added
during the pr'8€$é§§e GFouphll inpryeabls G‘ﬁtai ‘Fﬂ“&"?%“éd‘t‘th pEwp GroprpBimetltihe erotic

liquidis resaﬁrpahemtse if @fe ;:Aaeentcé ain SP @Fdtic Alqud] 9&p| at agasireinal of chepenant s. Due
to this trans S _CO into contact with each other
and can reactgmlpfh?”is rB@?F'Q%%tdeﬁswﬁnﬂt"H%g s?lggg 5 du"ngg‘ﬁ e@\@/rgﬁmf ke place if all
nmetal conponents are virtually conpletely in the solid state. Due to the
presence of thg tﬁuspéslsgntll:aﬂtgl%éjproébs§|39-{hle ,rfv@amfowm a@feaﬁﬂinalmewramme&ts nmay

still dissolve and consequent scrlbe resence of a
erotic |iquid®Ha"? ﬁb'efsl‘lﬁgﬁ’f 'Bér?y 3 cg?a{atf ﬁ’@"'}?r g% gnire rﬁ‘f/eéﬁf’{tgﬁ 'm’%n??'ﬁ Tgéf ore
consi der ed esgetHss actmpn'fé’aecomamg i2oeh regeting ltee metali compertintsyMere frveaticllen 8l

t echni ques su I LAS SARManed e LRAFtion is
i ndi cated m t%?"pﬂieés%&dﬁ@q %@QQMgﬂ{egtgquér%dz%@ngp g% ?ne F? al so possible

to monitor t h@erﬁé%fqaétwgﬂiﬁ"hﬁt’ﬁ °£°6?qu@"“¥ Resepiial rthg w@C%SéafdP? BYeiere. The
reaction in thti léascaﬁ@mlgtﬁl ¢on¢bmt Rthdbyd pHeahpage in e rstilkiestate bhdthaoml et eness
of the reactiagn d Al Th e
described in %‘P co(EI"é’f"éEi"It " mrf"d1 ra??eﬁ?t dg){he éJ&as Ff H@ﬂ% g %zfe\t/\dle%)értfo@f t he

i nvention." | Thedpin "ableast partly inttiteaolid itatﬁsmrﬂm canifixt fabﬁné “tabatf'@%ﬁé@a”p?f dsare a

sol ution conppki Rehpieht TBleddnt QQQQ&I’@%@a? c&ﬁ%@@taarnb{ Jpﬁﬁnaﬁﬁgndﬂ{eepﬁ{ ation of a
certain catal yst conposition and to su Seguent é‘FCOpr ecCl | tate these

conponents. NJF maljcempeneptip Peeserrastheolyirg G dus Fetat ﬁ‘é"p"” i e prote

liquid. A typical exampie of this is a suspension of a metal component in a protic liquid




invention to add netal conponents at |least partly in the solid state and to
choose .t he process conditions, such as tenperature, pH or ggrgupy 2doxrotic
liquid, in such a way that all added nmetal conponents are present
conpletely in the solute state at | east at sone stage On the contrary, as
has been set out above, at |east one of the netal 02 JULY 2003 WO

001 41810 PCT, 00355 7 conponents which is added at | eas tly in the
solid state ‘Rﬁﬁgfgg{eonal n at least partly in the solid state d{'i‘)r'q%%{; t-he
entire reaction step. Preferably, at least 1 w% even nore preferably at

| east 10 wt% and still nore preferablysat feast 15 wt % of a netal
conponent is added in the solid state during the process of the invention,
based on the it etiak themiegits adfeast dartiapcaspnt Wi B saliidare qptipnally partindssniodd ie et al
conponents, cgal %H[I] %9;9 as netal oxides Wien it is desired to obtain a high
yield) i.e. jhamount of the final catal yst conposition, the use of
net al corrponents of whi ch a high amount remains in the solid state during

the process qi.sFBs%,blenyﬁm bresbrgaxéu&%nwﬁofrarnee‘ta%asrﬁ&ngmtmg prdt,m.&utaaatndcase | ow
amounts of neta onents remain dissolved in the npther |liquid and the

armount of nettalad%éf%ﬁﬁ’éer?t’gy Qhﬂ"%if‘eﬁﬁ’erﬂtqeﬁe”%%’@ a\ﬂ%(?'é?“”?ﬁirsf‘ﬁ’@“’i'%és
subsequent som@ridingOdissdivae pad/at $uapendsd eetal eas@dent@nin the $otie fiquie thak
conponents cap., %‘s{h‘{é)!o%é? CSRE'RJ; génﬁﬂoxs%&ertﬁﬁuugpéoﬂg Jr%%l“!aﬁgr t%e&'ﬂ{:tén{?g from
solidliquid sep arat1on 18°r ecy rocess esent 1nvention.
It is noted tthaﬁuqsﬁqqesfwa 3siar tf‘F"é’Gr a?usa%‘&ﬁﬁ(ﬁhg@dofopmﬁ’e“vpr@@é@‘és ofethehe present

i nvention tha&m@@mg,ggrgrgaae,qaéathy,st preparation based on a
Cco- precipitat hgrﬁgr ocess, the anount of waste water can be consbgerabl

reduced. Depe SOAPERE PERETINV SYTPEHS AR EUTPoR S HBRERIPEPASE &Y er abl y at
| east 0.01 wtsfspamdin@a poliefrestallobrypantntlietas brofic @bidwt % and nost preferably at

least 0.1 wt % |4 1 albs &, teSthe Qi H,y, ﬁrml W Q,ermpr ocess of
t he invention %V%ddeg& ? a éTPEHtP%n ass'é on 1 ) ?t' \%&lﬂ%h al |

met al conponeRttd, COE‘BCPQ?OISaT@de&é““ﬁéH%e”W @@sbe anPi'ef’ [#F §“‘Wd9 theﬁ}'?*}ﬁ%?"f
contacting ofthé AGeqtB, Ak. fcmaaeﬁeamt;@nﬂosem;auble@n |hfslutfr9@rﬁe€§é3£r’e\éﬁdey! tof a
particul ar netal nponent. t de o] dto add a
hi gh anmount o(%'e feﬁﬁgngr?éi?pel"s‘coﬁr—ﬂ%ﬁeesﬁgn ssus%e(? ﬁ? F%‘na'so‘lbﬁ apB"regtaﬁT%rre Ejdq % to be
applied in therpetinnexs/opfafteheptiprally daing |dmﬁeand’qnrafterawtlbea"arbymerimm@lyI i qui d.

Exanpl es are tY@Ee@rand/GrasIﬂQPJaﬁBhéﬁy %h&ﬁette@@ﬁre@lbﬁ@chﬁlﬂ% &&ﬁ:hiq@é met hanol
et hanol or m xtures thereof. Prefera such as

n
m xt ures of aﬁSt%f‘}d(RSﬁéFSp&ﬁW'\‘/\%{tae’Peté'r’Fﬂmﬁ%}eét ﬁF@faéF%WQP\){/éﬁ p g’eﬁteéj "UQ@d as
protic |iqui dstitecide yged@cess of the present invention. Al so different
erotic liquids can be applied simul taneously in the process of the
i nvention. For instance, gosm ble to add a suspension of a netal 02
JULY 2003 wo bawst be peted Mw Qe FOESHFRBFHIeTREt FIh 6PTE G¥APPI%gQeous
EOl ut i gn \M?f ﬁilﬂﬁhﬁl@ﬁh&@dﬁkn%@ﬁé&ﬁ@taﬂcoﬁp&@?nﬁ tﬁea&a&ﬁnammﬁeabewrpoa’nent can

e use ic i S, LA its o The wat er serves
as profit Ii q‘ﬂ?d %‘m Sdessiy: Vwé%ﬁrra g o £ \5{' f'orf'mb?eac(i a‘acofnp neen{:hosen
whi ch does noaremmelnécérsewumnehusm@nct @&(ﬁroanlBAmetlaba@tlpoowés @reo a@mbiiet |

non-nobl e et ghuGAERALY SR maReuRhe W FRALNEe SRR LRIl Component s ar e
applied in the procesS of the invention. Suitable oup VIB netal s include
chrom um nol ybdenum tungsten, or m xtures thereof, with a conbination of
nol ybdenum angs lbadgsitasash enengetain®impprieat @raf Rast pSitly trafbt @oldrstaip didfing khenon- nobl e
i Biodss0 e n€ BBy L GliHer Phoctl] b G DELEGL ot BLALEHFR! Y, CObal !
andl or rnckel "°Pre ) onbI i f

ni ckel , nol ybﬂieﬁwmstaméln@twn@j@t éhusofrls possikie|for al aigiaN @Omm@}}%@é’ﬁﬁﬁmb‘%ﬂ‘id

tungsten, or goRaldcedPly e BAtoRNE aeuméoeet Ixe%s@emlmdméﬂs&ubestaéocess of
the invention, It is preferred that nic cobaq | east 50

n
wt % of the toﬁ'EF”aBYe’YGFGIﬁSa' FPTRORBYES R Eﬁ‘ﬁé‘t“&ﬁ"’d’b?ﬁ%ﬁ@f’ﬁ’?“ bEé"(P@EJ“egt ed as
oxi des, nore witred eeabdoyhpakent @pist is TOtheisSiate Statd. E.ghene ofthe hetaakdmposdntd east 90
w% It may be especially preferred for the Goup VIII non-noble netal

conponent to consist essentially of nickel and/or cobalt.



1t is preferred that nol ybdenum and tungsten nmake up at |east 50 wt % of the
total of Goup VIB netal conponents, calculated as trioxi d@2JUkdr2003
preferably at least 70 wt% still nore preferably at feast 90 wt% It may
be especially preferred for the Goup VIB netal conponent to consi st
essentially of nolybdenum and tungsten. The nolar ratio of Goup VIB to

G oup VIIIT nog netals applied in the process of th on
general ly rangesggrgm 10:1 - 1:10 and preferably from 3 %flr}g}!@}a@g The nol ar
ratio of the different Goup VIB netals to one another generally is not
critical. The sanme hol ds when nore than ®ne Group VI11 non-noble netal is
appl i ed. When nol ybdenum and tungsten are applied as Goup VIB netals, the
nol ybenumaungsit eddegudt deast aarﬂpmpthefse(rdadbdtsy ahd etleest tvhend arfpebyftw® metal - 1.

9, nore prefer rab Y 2003
VO 0014181 0 PC_(%P"Eérbe‘g\t]sOSng5nged %h@‘oﬁotiuté;r %fteleclﬁ g%th%r eZnn%dlﬁuant thozrﬁ]BIr

sol ubility of ¥R @A Wdep aﬁ@ﬁswaww PReEAf S@@rﬁ‘éﬂéﬁ?% Oam*dcaref@rpblm B net al

conponent s vvhl&ian@rt@c@ﬁpo(-‘g,asgadaaahlt%gomtetme solid state during the process
of the inventi nhgene al | water at 18C). If

than Q.05 | /(10

the erotic ligq ”er%ff%da‘fﬁ & ‘gf8‘8‘&8@ﬁag})”ﬁgﬁﬁﬂﬁheewq?&aﬂw%cﬂfmonent s
whi ch are at |bastetghenntdoyent it ddded ax0d sotlitigt cittes detal qagpbieat prrepetisiiqold. t he
i nvention conprise Goup VIII non-noble netal conmponents with a | ow
solubility mwater such as citrates, oxal ates, carbonates,
hydr oxy- car bon#ifwst W&itae olRi bre Pounsh X ARt tBeory. ph‘&f%‘fﬂﬁ‘i‘ dslieves fiap g astal
gl u][n nat) FS goéomd@etnesw&hmesa@ueﬁnn@me g@8gss Qi tHa lxaeumsmt&ﬂeemfeast in |

referably, 0 non- no st partly
in the solid s? g’ec?mulcrjlﬁ”'? hseres?onéTE le2““0”188 d nesp?rpnvfzcﬁ?mlvﬁd &6 F‘i"%" nenghd nor e
preferably con@westo tfeestyenmqrathleynerﬁl compeakas exne ictarchaacdvdl each other and can

hydr oxy- car bongtgs; nsMﬁUan(&rQ?tfﬁns RRASPEALLen taﬂ@'pbé@gﬁfaﬁ?%wetai HARbaleRe OXi des,
or m xtures thereof, droxy- carbonat es and carbonates bei ng nost

preferred. Gen&tuafy SPmpﬂertFéV H‘ﬁP%F"“F atdt%o DH%f‘W@%ﬁrﬁsﬁ@efﬂ/ﬁ}e&?}“’dﬂ%ﬁ§”§hd t he
carbonate gr oufpsg:tmmoftrhmat hepehipaneytscaayogin disgolNel @8l donsdghently asrgeasodesbibed 4,
preferably 0O e ; ref.er 8 Most
preferably, t he b oae %7%’? n%%bdh%tgq‘qmd %uﬁgqt&%@n%%%sgn& ﬂ%\j\elhﬁ%cJ\haXt lgveétfon lga

partly in the @6’?1063 fé’f’%‘ieéeﬂ%fﬁ?’ﬁ'@' the process of the invention is a G oup
V111l non-noble netal salt. If the erotic liquid is water, suitable nickel

and cobalt conponents Wmch ar e |E’ Iea%ggl "Pf{tflp{i in the Fg tstate during
the process of 'THETHVERL edhoné%rﬁ% Y SCOVRREREN LB BT 35 REC B¢ Sbal t
conponent s sucReree sprailoatopy., The teagtiansy inditaled ndtiesase bapibuah gtaegss. In some

hydr oxy- car bongkes , hyey Qags@esto Rl AT ESion rab%mm e PNGSRLGER
sul phi des, tungstates, OXi m Xt ur es er eo ni ckel andl or cobal t.

I
Preferably, thB*reKes ’66?“°E6‘dé|5fast‘?dﬁw‘ﬁ‘a‘f?éeﬁtbyc?&nﬁ??’i’gfeg‘ﬂnhﬁhﬂ“e PRetERest er abl y
consi st s essentfited tegctioofcampalnainéged by Krat dffractoar Do atlle®, described in mare
hydr oxy- car bon r , es, tungstates, oxides,
or m xtures thg%a@opdg}%(r%n%tgf%;hé(}gg%p@gﬁ%ﬁ Ofmg% i?ﬂ‘ckel andl or cobalt
hydr oxy- car bonat e, ni ckel and/or cobalt hydrOX| de, ni ckel and/or cobal t
carbonate, or lmmtw@eartuhmmeefnobemﬁertmist prepirard edltiofB@pralng Yajl nidke nol ar
rati o between the r anrd t rboptalte gr.oups oqt tnhewa ckel or
cobalt or nick&™ 8'3) 1 ¢ ff‘% ycar'h%par '°" o 8RN (REV ARG EOT Y 9,
preferably 0 -s@sequerle cmrecflmaaabhgee(}ompd_neatﬁchpmstt smae[eepratm procesd of th@). 8.
Sui tabl e iron gompanents ehn@ornsntegt .Leaagmmrtﬁé yohH Ul 5asobidsshat e 02
JULY 2003 WO 001 41810 PCT/ EPOO/ 0 are i1ron(ll) citrate, iron
carbonat e) hydP'BSes exFisBRfare ﬁﬁ)}ﬂ?“iﬁ@tﬂé PrhPIRSHAL €, pr%‘ﬁé%‘%l"b%mh &Wephi de,
oxi de, or ni xtwuses aﬁwreetfal co‘v‘blpbrlibnlsl’@@(:de’sént ed;rﬁmaéle,m fhe @Blute atakeon adaet, at
hydr oxy- car bongt e, Q ho at ph e, res
t her eof being %r efse‘? g)ﬂt’? ?t'g prgg gﬁef‘qsﬁpguql st?gwatag?& sGF?’gg‘f@e % oup V1B
nmetal conponents which are at feast partly in the solid state during
contacting conprise Goup VIB netal conponents with a low solubility in
wat er, such as di- and trioxides, carbides, nitrides, alumniumsalts,
acids, sul phides, or mxtures thereof. Preferred G oup VIB netal conponents
which are at least partly in the solid state during contacting conprise,
and preferably consist essentially of, di-and trioxides, acids, or m xtures
t hereof. Suitabl e nmol ybdenum conponents which are at |east partly in the
solid state during the process of the invention conprise water-insol uble
nol ybdenum conponents such as nol ybdenum di - and Tri oxi de, nol ybdenum
sul phi de, nol ybdenum car bi de, nol ybdenum nitride, al um ni um nol ybdate,
nol ybdi ¢ acids (e.g. HZMbO,), ammoni um phosphonol ybdate, or m xtures
t her eof WI t h rml ybd| c aci d and nol ybdenum d| and tr| oxXi de be| ng pr ef erred

g,

o - e T



Al'l the above conmponents generally are commercially avail able or can be
prepared by, e.g., precipitation. E. g., nickel hydroxy-car02Jailey 2003 be
prepared froma nickel chloride, sulphate, or nitrate solution by adding an
appropriate anmount of sodium carbonate. It is generally known to the
skilled person to choose the precipitation conditions in such a way as to
obtain the desired norphol ogy and texture. 02 JULY 2003 wo ool araro 11
PCTI EPO0100 general, netal conponents which manly O andl or
H besi de théﬁérgdtgf are pref erred because they are | ess d’cﬂ(}%"?}’é"ﬁ ? -to the
environment. Goup VIII non-noble netal carbonates and hydroxy- car bonat e
are preferred netal conponents to be added at | east partly in the solid

st at e because when carbonate or hydroxy-carbonate is applied, CQOZ evol ves
and positi velcpmbdsrfehusamu:ess ddded pHeast pdriein teatid eatermhost kehraun draithany because
the carbonate js fransf é)urnn &i]ee nto O apd does not end up in the waste
water, it is possrﬁl‘ El'E° {He Waste wat er. Further, in this case no
mashlng step is necessary to renove undesired anions fromthe resulting

bul k cat al ystpgghbil Chteast Ar Gl d8R f3r® pRurdfddh a(‘%sr“?d)b@’/., MeiakyGRerRonent s to
be added mthe sol ute state conpose water-so G oup VIT1 non-noble

netal salts, PEiRRPIREt ipgst f3pEe of 3 G‘Fﬁh‘a’f@é’”e"éﬁeﬁdﬁf%é‘ ““’c?ﬂ“B Flalfedinng B mat es,
hypophosphi t esocagbf tHeXiveh@s, besed eohe tdet avefahes ail Gedup U@ svait@bus\all uid-e ni ckel

and or _cobal . GeTRANGHSunefs deacLCL AQLLBLEL WRKEL Nl or ccobal b salts

such as rntrates, sul at es | ori m Xt ur es
t her eof of nlmﬂbe)r'e‘@m'cﬁ .0f highhrihqunh gf WEIﬂnaaga‘ﬁY%wempWBOpﬁewhlqfeﬂE*?our t abl e

i ron conmponenbspdienk®r @queéjhubﬁ‘aﬁr&% emaugrh thé 818 semrhgsae bfoRbssae@bat e,
chloride, formate, nitrate, 8’ 3 ?tﬁodt or mxtures thereof. Suitable G oup

VIB metal corlPSRERMEY RS ”l?e”%{ I 6P @Wﬂ*a‘t"%ts PHEFEFATARIERE sol ubl e
G oup VI B netrerhais aikictves inthe asthadignig ndamrambuntobmetall dsabonef®@teading up in

mononol ybdat GEI?F \9&% \L:H&%Frﬁ%tﬁ% s@b%e%r\%lw soﬁ‘dshq%tsgﬁaé&la @ée%rea?z—%pglry I%ﬁ% rirpo unds of

nmol ybdenum and tungsten atung tic acl ter-s
het er opol y cd’Pﬁﬁ%Gﬁ'ﬂBQ"SﬂtSﬁﬁ'F Y9 awdiderhcempleigigisthe mothgr ﬁ%‘@rfewmrf@@r sty e. g., P,
Si, N, or Caq@d seardbmtrédyBisd ey Bi6dess Stkhé a&ahanwa&rerbn S0ik uala@:hlas.o@ol y- and

het eropol y conpo S Chem dat a
cor oo} Bul | & PtRED ol o e o 57 AR RN R i e £
Chem cal dat xakbyst mreparddgh [besadrenGel be-gr2earitation B@dessmv@n‘@emt Oi%gte vetart abl e

wat er - sol ubl e, BE QdRsBLGQPgQMAdS are, e.g., normal chronates,
i sopol ychromat es and anmoni um chr omwvm sul phat e. Preferred conmbmat ~ons of

metal conponents are a G oup M I non-noble netal hydroxy-carbonate andl or
carbonat e, smBemsingndrCihelresutivilyadp athed mbtpdedmppneas, hpetakigly antbaro.cawbgnat e,

with a Goup vIBsLal, OXLAPGARUAD! ok QR 2Fkle oSGl BPul A 02 IULY

2003 WD 00/ 41

components initially employed in the process of the invention is added as a solution,
based on the total weight of all metal components, calculated as metal oxides. In this
way, proper contacting of the metal components 1s ensured. if the reactivity of a
particutar metal component to be added is low, it 1s recommended to add a high

amount of this meta! component as solution.

The pratic liquid to be applied in the process of the present invention can be any protic
liquid. Examples are water, carboxylic acids, and alcohols such as methanol, ethanol or
mixtures thereof. Preferably, a liquid compnising water, such as mixtures of an alcohal
and water and more preferably water, is used as protic liguid in the process of the
present invention. Also different protic liquids can be applied simultaneously in the

process of the invention. For instance, it is possible to add a suspension of a metal



conbi nati on of tungsttc acid and nol ybdenum oxi de, or the conbi nation of
nmol ybdenum tri oxi de and tungsten trioxide, or a Goup VIIIg2 JuLY 2003

hydr oxy- car bonat e andl or carbonate, such as nickel or cobalt hydroxy
carbonat e andl or carbonate, with Goup VIB netal salts, such as anmoni um
di nol ybdat e, anmoni um hept anol ybdat e, and anmoni um net atungstate. It is
within the c \ggbr I|ty of the skilled person to sel ect further sui tabl e
conbi nati ons 0O conponents. It has been found that FERE" %?’Fnot ogy and
the texture of the rret al conponent or conponents which remain at | east
partly in the solid state during the pracess of the invention can be
retained during the process of the present invention. Consequently, by
appl yi ng net aIcompomohuermrwapalrtbiaolaeseomistsbruepncctfraha&xer mesipdoipogyt. andorteext ur e,
the nor phol ogy, a@é}dam?al E%é&t’tgr’rﬁt gh bE ?ecPHrlné% @i%o@ ﬁtrts%Wntclryglaﬁﬁatgroﬁlheal ned in
the final catal yst conposition can be contro to sonme extent.

" Mor phol ogy arf/stabyeigr eervesnag praticsiqysian 3f's £2re- pf é@eﬁrﬂ al mvf@ritqiﬂemﬂqseﬁ%r to
pore vol une, pAbRNNhES deisSot hdHbk Qth trevsdeasie area, particle form and
particle size. The "bul k catalyst particles" contained in the final
catal yst conposition will be described under the heading "Catal yst
conmposi ti on ofAtteast greeeun Vil Muendbiometal Genenat biyd 4thessiunfaoe \aB estzof t he
oxidic bulk c p r ast 70%
and nore pref %gh%ﬁehastﬁ%%g‘g%gabw?opﬁ ﬂegfzth??’agﬁehogr&h%?%t%Ue’%a corrponent
whi ch remains "atud?éa@t“'%hrﬂtqhgbdtwnt reeoge io mbtueethagel mih tarfemblr*%i@e% of the
invention. Then@ybatmeLarn@asies b&K@ﬁﬁ&&ﬁé‘erFﬁdt But@bl@@&rpaﬂll ﬁwrfo@féenéﬁl@a per
wei ght of this_netal co oXi t he

nen
medi an pore di'anEEefo( cf8 ‘n‘%d by™ ’r%tl“'re? §g%ﬁgfa8s ‘A‘rr?obtly Sﬂﬁaﬁo"f‘"dﬁ’h %?(’l di ¢ bul k
cat al yst part |Rrefe@blgeme¢ruﬁr¢a;lom sf metal @awbnetG)bepdsing et atliypdertur east  50% of

the medi an porg, feket Oobhi €m @hunf ¥R ARERREen WH &B BéhuRl aheast
partly in the tsogﬁilegnftnateel ol,tl)rl n &?Jd I rocesg}%gf nt he |ﬂ5mb0§m Fart her nor e,

t he pore vol urr‘é“gft?étsé‘}pﬁjieﬁéﬁthbﬁmﬁ?sﬁPB’@%WV%{H%r ption) in the oxidic catal yst
particles generally is at |east 40% and pr eferably at | east 50% of the pore
\Slt?la'lt”em d(lj]; i Lge tlﬂg tp?eferreg ”ﬂ%‘? ﬂr?tpetl ﬁw}:o%alt m? § le%tsthéoe\ﬁ@t on!fe;ttol\?g flcprouphﬁll SO' I d
expressed m vdtomeb'efnetfbpwmerﬂs veeicypted ét‘ °¥'¢ﬁss"t?t9ttaﬁfe@ébrﬁbt?éﬁt7° VG"éI cuI at ed
as netal oxi destil mok2preibhalyiy %Ora&st\é@m/ # k@1 8e BQ&ERO&&@Q&B@ &3 ckhp viet ai nnent

f th ticl d t f h |
damge nder goRE 89 FRE GEeaTaR KPR L Srar Lt S T 8ol { ng pr ocess! ng

especially during steps such as m xi ng or kneadi ng. The particle dianeter

can be retai ngdistréheli v nfXbEMHum Jndttlh}%&@nHaﬁ@-hﬂgﬂlre&tgbevtﬁrb@(hta tétsr%fgentle
fn this case, the nedi an particle dianmeter of the oxid cat al yst

particles genefarn \}'Blnéet%ttc‘”’f‘%@?fts %%'%ﬁﬂa?)r”@’f“é“tsa'ﬁﬂ? péetfe'F*éégtt'ea@b%m/ t he

medi an parti cl =il diosn@éferablgfat e S0Bital it canpe rertiaWirehrredhnihaSrabp Mikast
partly in the I ention. The particle
size can al so rﬁ & cg é%‘tghg g%sits{r]%g%rﬁg" ?’igg'g&%ngé aééjtr%?a%f \éryl ng, especially if
further materials are present. It is within-the capability of the skilled

g_er so_nbt 0 sel efie rﬁdrartrataloeee&;adm iooe@u;s MIGARbbIE Qe%&rﬁpb@d it the pr@éiﬁidﬂ e Zijzg
istribution suc eat nents., \Vhen a net ny ich is adde
at | east partﬂg i”heq‘t‘?fegeé’Sra[yda'éqeﬁ?rgméRt] oéRd rg%ab?lqg% géegrrea:ﬂg‘n &l ticle
di anet er i s seobicdfde, difietent Sraup ¥ Ryhetals hatnetaheth@tgheqfalm &t chiospOreans wi l |

only react Wit»ttr#% p%ﬁgmt@weetp Ueroh BB ¥R elapsr%pwnemmm@mnm e. In
this case, so-ca d “core- " structured bulk catal yst particles

result. An appiggisstea afﬁ)?&ﬂ‘i?ﬂ 6@9‘%‘%’ 8 gefalir &reoPolyisaundtngfet BABDRENt s) can
be achi eved eigréreiznipyesap plk Yarag ot t &b endps eberaand: netalmcemgesens:s -or by
prepari ng thes net al conmponents by neans of the above-descri bed
precipitation o? re-crystallization or any other techni que known by the
skill ed person under such conditions that a suitable norphol ogy and texture
are obtained. A proper selection of appropriate precipitation conditions
can be made by routine experinentation. To obtain a final catalyst
conposition with high catalytic activity, it is preferred that the netal
conponent or conponents which are at least partly in the solid state during
the process of the invention are porous netal conponents. It is desired
that the total pare volunme and the pore size distribution of these netal
conmponents are simlar to those of conventional hydroprocessing catalysts.
Conventi onal hydroprocessi ng catal ysts generally have a pore volunme of 0.05
- 5mMlg, preferably of 0.1 - 4 mMlg, nore preferably of 0.1 - 3 nl/g, and
nost preferably of 0.1 - 2 m /g, as determ ned by nercury or water

por os~ netry Further, conventional hydroprocessing catalysts generally have

N7 NN NSS VRN r\r\l A AN N A A FNANT | I\ A NSNS e




surface area of at feast 10 m/g, nore preferably of at |least 50 melg, and
nost preferably of at |east 100 nZl g, as determ ned via thg2BULY 2008t hod
The nedi an particle dianmeter of the metal conponent or conponents which are
at least partly in the solid state during the process of the invention
preferably is in the range of at least 0.5 um nore preferably at |east 7
~.m nost preferably at least 2 Vie, but preferably not mare than 5000 pin,
nore prefera nore than 1000 Vim even nore prefer nore t han
500 Vim andahéos?ﬁfor eferably not nore than 150 Vim Even@ér?llnlelpea)%!r"sesf erably,
the nedian particle dianmeter lies in the range of 1 - 150p. m and nost
preferably in the range of 2- 150 p.m &enerally, the snmaller the particle
size of the netal conmponents, the higher their reactivity. Therefore, netal
conponent s wilf the pesti¢ liziceis 9rter shebrlubity tof the firedreY IH @dn-hahwemetei gvimpgneatse i n
principle a pigf&ey éae\ﬂa(?ﬁ’&t&@%rﬂﬁ‘d%ntgﬁvhkrhgre% re'aerrbtanwﬁgfsbmtatmgy k. for

heal th, safety envi ronnment al reasons hand| of such” smal |
particl es recﬁi?creé%°f§?fe'6‘fe§1'°r‘[ﬂe€%’é'i}’t‘? 5Rsthan %OQ W@'/(FQﬂ W‘Wﬂ‘?ﬁ@”%@eferred process
conditions during the conbination of the netal conmponents and the

'subsequent act | S escr,i,bed net al
Commonant o) 1 B8t Rkl £l oible GERS WiPRRinoRE TR AL AR Wit e, T
conmponent s geertéqaaﬂ dagtlyar the soiid state duroalthe nrcpces:sofpbgsv@lt@ tanpagkiGaig Vidonponent s

at anbi ent teﬁm%awe?al Rbmbdh ghtt; mata%@lsonpﬁ.t& ief wﬁeﬁé&%iﬁ’%@%hr&@s U@l Ution is
applied). Generall It 1s of course preferred t erature of

t he metal con‘ﬁ(ﬂ?@‘ﬁf’% PW'%“%’BH@&G%QVW‘F%& %T‘Pﬁ’ﬁ‘éf?ﬁerpf‘?ﬁpﬁ'ﬁ?ﬁ |srﬁ’g’E'Bﬁ nt of the
reaction m xtaurﬁnatt@s ﬁﬁ&wﬁese&&ystﬁéﬂdknum oohixtufe tBearegl oPrefatasly dGfoLggiiit he

addi ti on. Venlr){:l metaqeSI rc?rge’nts w|§8’1 gr%rg?% %# F&'ﬁ?l apug %hct F&gteac}unn Sﬁ))he“ ¢

boi |'i ng p0|nt Of the O i Xt ur e di

applied. If tmcema‘éinq lovﬁngqrevmpssa; ang me@ rérferably consist @as@a"mé.rppéatas ur e, the

suspensi ons  agghoRRbd, OR@AkdxY- c&Q&dAﬁésO m@drwe@.h paés%ha@gleﬁhowatelae tJn@élEtEd on
m xture general | an_i ncrease ure Whl ch can

can_be pre-
be equal to t%@e%/e%’ci“i‘xﬂﬁe{) Ea‘fﬁ Byd’%'cﬁrggnaﬁeﬁeﬁ”‘ﬂ@ FFéd A9oPE* t he
addi ti on of oprefemed. r@(ene-alvetlal maanmatin betveerctaa hadrexy d;reuusaandemb cattonaii | e
al r eady comé}agmw h Palgeyrssna%e re%aiﬁtthé’WatnBe ereh ptha, %eu' B 1Big.gase, the

conbi nation of the onents and feaction thereof overl ap and
constitute a RFRGPY °pr1@66§‘§5‘§¥%i1’ab'y B2 9@L"?’°§®(ﬁ§e’m 851Gre@1\d! P00/ 00355
15 b) reacti ometsit @ﬁpo.ﬁaﬂ whigh a4l iedst parthein thd1eblid slelidliingthe bloese®t Bl

conmponents gener tat rtain tenperature for a certain
period of tinE ¥ b ‘??gw ?%’a@g%'heﬁgaqfake pl ace. The reaction

tenperature preferably is in the range of 0 - 300C, nore preferably 50

300C, even nog ﬁweFHr&fCQlﬁﬁglléleth sunt')aggcrnckél%dr@éﬁ&lt éUn?pEﬁérﬁ@lvNcH é\'etatﬂ?eaﬁange of
70 180C. If the tenperature I s bel ow the atnospheric g oi nt of the

reaction mi xtRE¥,n t"??es%? Sl duriga s PFSFS o6 e AP YEr iRy ‘i?ﬂ'tp”?ft W%f OphEr i ¢
pressure. Abonieket bi $omarrpzsm;ﬂ:heme suthes rexalates 0 aitrgies.e alamingtes, scariomnates] out  at
| ncreased pr e@ﬁ%&gﬁarsﬁn@ €' %gérxx,msanncfmhagur aq%smwéo rphéép%b& LDhokREs,

General ly, the ture I's fg he reaction step.
The pH pr ef er&pIsiatessoxiges ?fé“'?‘taﬁg@efﬂ"fef ”'Cki’andﬁbﬁfé’abrpéf a8l e ifket 9e range
of 1 . 10, an&bﬂveﬂnd&é:& @E@ﬁﬁsﬁbﬁoymﬁa &rbefabzr@as;ai edsentidlly, disoxhias, bﬁen set
out above, care nust be n.that the an ature_ are chosen m
such a way t haf2fot caé'l"?"a{eﬁ'em&oﬁ'%ar%?f‘gtegl EERY ée& ddl |I§,ngoe( the hoséngﬁtfel 'on st ep.
The reacti on ungsateggemdden) drymiktires thereof dfeniakelragd/onfobalt, mdhtmtceeltaod/@'e:amﬂal days,
mor e pref er ablhy%éro'ép cérg&wa{ qgﬁel %f'\d/é‘lr é’gbglphﬁiréx%ezélcm Yhdor c%egt Eg%hatg rcﬁ'f erably

in the range o m nut been nentioned above, the
reaction ti memﬂ@‘%ﬁl@geqﬁ ﬁetfxg]@ost preferred Generauy the molar ratio between the hydroxy

groups and the carbonate groups in the nickel or cobalt or nickel-cobalt hydraxy-
carbonate lies in the range of 0 - 4, preferably 0 — 2, more preferably 0 - 1 and most

preferably 0.1 - 0.8. Suitable iron components which are at least partly in the solid state



tenperature. After the reaction step, if necessary, the solid can be
separated fromthe liquid, e.g., via filtration. The proce83JULY 2803Pr esent
i nvention can be carried out both as a batch process and as a conti nuous
process. If so desired, a material selected fromthe group of binder

materi al s, conventional hydroprocessing catal ysts, cracking conponents, or
m Xt ures thereof can be added during the above-descri bed aration of the
bul k cat al yst %%QH les or to the particles after their $é"b}p V%% on, -as
will be elucidated below. Details in respect of these materials are given
bel ow i n chapter (B). 02 JULY 2003 WO 001 41810 PCT/ EPOO/ 00355 16 For this
process enbodi nent, the follow ng options are available the G oup VIB and
G oup VI norrenafh@) NefaAé, GAAPEdsHEE, C@Bro@ﬁﬂﬁ!ﬁcﬁhb‘ey Rarox@ebisheghad t h any of
t he above rrate

Jor 1o, or tion of the netal
conponent s. ‘if‘pL §?1 s”é’pg g’% ¢ 3H5H T ?rﬁopg”t% &ry (Eﬂ C’Ei’tfh'éﬁn G0 aneousl v
or one after mmomm@pnaﬁd& tmdrnade \pedsphate, ipbosBhide x\dk Boramgtures tepof\iein
non-nobl e met gl gQgponents can be combined as described above, and
subsequently a material can be added to the conbined netal conponents. It
is further possible to conbine part of the Goup VIB and Goup VIII
noB nobl e Imet MJh@ﬁﬁE@f@lfMtS m%ietrr@rta(\jbw md:h(_B aERdel gonWOGQﬂﬁwﬂlEﬁgr;eattE@stg her,\/}g
subsequent |y add t to fi a e rest o oup
and Group Vi1 P? 'rrl’mﬁ %Stﬁktdléfrngc??ﬁlﬁgﬁgﬁ?mprg?#é?”pgf'%ﬂle{ag??&ﬁ’ﬁ%ﬂ”§f "BtE %one after
t he ot her. Forow spmbﬂmc'e water(Fuwh @s ¢t Bind rtriq@des) rakfideb, mitidesn elom@iumesaits,

conponent Wwhi GRgd, §ula%.dése@$ﬁ.xtm£ ¥hleééoi’ ﬁretened @mub@léﬁqafa@coﬁ,ugaene Mﬁa@r ocess of
the invention can be first m xed a desi red shaped he materi al

and, subsequenrt [59st gAYt IRbe E?'HLF&“VI"B‘”&&TP*GF“”@‘GG‘[B”S@ and ﬁf?tﬁF"'i‘Wb‘F%s'ﬁet al
conponent s) cassehiitpaofddichng arokiies, eqdsi amaiktlrgs Baaped m xture. However, it is
al so possible to conbine the material with Goup V1B and G oup Vil I
nonnobl e netal conponents) in the solute state and to subsequently add a
met al conponerfuitable Melybgenyrneanpenents Wi asdptilepss patein e selid $tate duinatiet aneous
addi tion of t Ibﬁ)c@é?stcﬁ'thecﬁm&eBJrﬁpr@@datEhlﬁsmtee%BI%deh@n RESSInBhE suchSsSt at ed

b th t dd th t t h b | k catal yst
part il s can TEPE Wl L TYar BTt OITa  ROUOPBTG T he

present i nventmolyhdemeanstride, Riuriium awttbdzte, aofybdic arigo(e.d. ia¥e@d, .aminfoniampr ecur sor
I's added in ”bﬁosfpﬁérﬁ'alﬁtiat@ a%mee%er&arﬁhm}bd#eeach%ennma&nuhh@ fignder is
converted to the solid state during the process of the invention. This can
be done by adjtP&ief Ry AeeERe conditions m such a way that precipitation of

t he bi nder occurs. Suitable conditions for the precipitation of the binder
are known to t f the
amount of i unt]xgllysFux{ hlgq.mggt Qanrr%n%é%\gﬁgséggg{)@g& Egrliw %)%Pel ?cqggtlatg%mr{q

optional |y a d precess glithe '@’ép@ﬁ#lﬂérﬂﬁedﬁ*\e’tb’éo'éa'f? rtw@atewﬁmpwa@ﬁ F'P“(Br?&l ly,
further mater Iu@Jg&eﬁuclan&&lomb@sme:emsmm@wswag VeSTRGHEBES carlBi@é, IREANt ai ni ng

conpounds, 5|I|con cont ai r ng oprpounds. orine- ont npounds,

addi tional tr AP B9 r‘ﬁ%"‘é‘?‘g%oﬁ'a{ﬂgg gegrPWd?fe P U"Pﬁtgtfud’agg Teﬁaergof can be
added during pol@@Rnghtitey, OD8nIVND pOGPHRGHEalRCTH BROOISODIEY, with titte-tygetsar at | on
of the bulk C%E;@'ab(é&;n&@éntd.-ca'nﬁqokﬂe Beiryj Jidrefdg, WAy to that described for the
above materials. Details in respect of these further materials are given
below. It is noted that |rrespect|ve of whether any of the above (further)
materials are Aact}dﬂﬂ:omkrdnmgnetnlmegqaérelpaarratdnweraéuytahelaplarot tal teprephdee bpar ti cl es
resultlngfro ess; de pder ed as
"bul k cat al ystrQ repé{%ﬁon, g %%Lél gp%yl H%/{en lgéb\)p(e\éllﬁ3 gfgjg‘egﬁgcﬁ% process
steps Prefer atshlyndet Iseipiatg, korcfatraéﬁ 9@¥f'°pahyt @Q@Inssarepmmatasawchofoﬁod@@npr| si ng

any of the abQy@okdid!rnt Ii%eﬁénemﬂ)t( Rhdvd B REQkFIPHESLHED RSN heObrediftafon0f the

fol |l ow ng process steps
conditions in such a way as to obtain the desired morphclogy and texture.



(i) conpositing with a material selected fromthe group of border

mat eri al s, conventional hydroprocessi ng catal ysts, cracki ng2 guilgyo2e03 s, or
m xtures thereof, (ii) spray-drying, (flash) drying, mlling, kneading,
slurry-m xing, dry or wet mxing, or conbinations thereof, (iii) shaping,
(itv) drying and/or thermally treating, and (v) sul phiding. These process
steps will be explained in nore detail in the follow ng: Process step (i)
The materialygan, 46 added in the dry state, either ther%‘r}g¥oo%5ﬁ$t ed or
not, in the wetted andl or suspended state andlor as a solution

materi al can be added during the preparation of the bulk catal yst particles
(see above), subsequent to the preparation of the bulk catal yst conposition
but prior to any step (ii) andlor during and/or subsequent to any step (ii)
but prior tolnegeyershapiaheprgtoegty which)maity edntnrabl § and/treH peatde thieahetdl 2readded
subsequent tBreFen'@d BEC%Q?J @lte 24 I&E dte!?lﬁeptgll tg tﬁeagrﬂ)lré{rﬂenp%r&pcwﬁﬁolﬁno%lepr' or to
spray-drying or any a Ternative tech ni q drying or the 02
JULY 2003 womes Qﬁi@fetEPeW Eldmrwmtel%e aqe{eérﬁﬁaﬁtaweom:@@mﬁﬁ ghesdégde not

appl i ed) prief lebs pﬁxh@ﬂh Nee s&hat dtNe dktlise twhen QHJbKnéI@hﬁ'hy&&xyféQm tsi on
prepared as de ﬁ‘{) bove can bet@um ec gw d separation

bef ore bei ng®¥ 5&0 Y% 0 PREVAY TP EEPS hﬁ\fpf'f g ‘%%'E?ﬁm Y FeBMEr ati on,
optionally, aeoaa@ihag:aemeqje tamarsrmetcinteded, akdirddsetot end up$n peseistel e t o
thermal l'y tr @/Q’({ar litkgeptgglalg t& %t:%lleytﬁé w&é?é%’t’é# tFB%r arfw Eh%rca@é]né) \B%gh%n%le .
solid-liquid separation an I'ng rior g6 nposi t ed
with the mat é?qe%a”/ tp feragve “f‘%"%?o%‘(?@s H@@H}el fB%'”ﬁPbﬂbé@%'Y%Pﬁfw%at [ ves t he
term "conpositing the buI k catal yst corrp05| t| on WI th a material" neans that
the materi al theb t al 1y vi ce versa and
the resul ti nS'ei%’r?gg% ' nr‘ﬁglle 'Hgta' rg‘fmlss p éc!r gb?3 e #7'S he
presence of aomnrq@uwdtetgme ﬁrmp gl fon- nﬁhiesm!tafmatwescht Frenitratesh aviphetes, st rengt h

of the final jgahay Xﬁéncﬁgrfpr%key BRoprbbptilesakefRtufR Ybedr BEm Qgﬂg%e“ ng the
bul k cat al ys?@gartl cles wth the material and/or incorporating the material

during the p é?%bi'edﬁc"ﬁ'fa’ldf?éc%lt ROBRANENS <1 9 piFET | RS “fcé%{égd’?’cf%ﬂtl k

cat al yst corrpauswtmmmmmétes)ambnml atdtated) icigbndae Clhamstasa br rﬁl&ﬂu&agﬂiéﬂeof bn

particul ar i i rticle.si f ticles is m
t he range of L'ﬁ% ?récg%?é ogg‘s%%%%a%‘eﬁ'%(?'lerﬁg?éa}ﬁémg Q‘rta&e wgri nerl?55 ° bﬁr ef erably
at | east 2 Ve#fediuthe spifectaid Fymntiee Irm@taﬁmawom@rmtmmtm eulphatst er abl y not
nore than 1DQfkiwYedthergen nore preferably not nore than 500 um and nost
preferably not nore than 150 p.m Even nore preferably, the nedian particle
dianeter lies in the range of 1 - 150 ~m and nost preferably in the range
of 2150 um ¥hibedbpas VI8 metalofompbrentsub e cdtied inghe paute istelegacludetwatdrhe
material resuliise | Gl WsC Rl Ysiits PaKh ! 8 SRRADEAARMA LM of NG "REGF 1 @l or

vice versa. Normally, the norphol ogy of the bulk catal yst partlcles is
essentially FP&F?T?%"Hétﬁslar‘l’dtW%gsFaé?uFi el ??aﬁ"éf%‘é?‘”%ﬁi?@%’Y FIPUNdEs o5t at ed
above, the mabBbdeabmnamy hegstml ewhed hengstbidetdeor mateesdiule, heereganvent i onal

hydr opr 0Ces S GRAA! ¥She R IASK NS COMRRN SR e W AITE Sl begsef - These
materials w e aescriped I n nor ta

combinations thereof. 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 are, e.g., normal

chromates, isopolychromates and ammonium chromium sulphate.

Preferred combinations of metal components are a Group VHI non-noble metal
hydroxy-carbonate and/or carbonate, such as nickel or cobalt hydroxy-carbanate

and/or carbonate, with a Group VIB metal oxide and/or a Group VIB acid, such as the



02 JULY 2003 WD 00141810 PCT/ EPOO/ 00359 _ 19 The border materials to be
applied my be any materials conventionally applied as bi ngegeLY2003
hydr opr ocessng catal ysts. Exanples are silica, silica-alumna, such as
conventional silica-aluma, silica-coated aluma and al umma-coated silica,
al um na such as (pseudo)boehmte, or gibbsite, titania, titanic-coated
aluma, zirconia, cationic clays or anionic clays such as saponite,
bentonite, ka¥? ¥ &epiolite or hydrotal cite, or m xture§“VREPEBH _

Preferred binders are silica, silica-aluma, alumna, titanic,

titani acoated aluma, zirconia, bentonite, or mxtures thereof. These

bi nders may be applied as such or after peptization. It is also possible to
apply precur sggs,fod h)‘?st@n%%h@dfcfds M FByHERRT ot i B %e%mmatm ofl Nvention
are converted into an he above-described binders. Suitable precursors
are, e.g., al R‘a!vpdem&rox'a? 8 AR (pedcBE aiiownY kIR LaRriiR pYd/orwat er

gl ass (to obt airborateSkdchGa mgdﬁrcbaaltauymox; tdreorafe aickal:ammteabwuabwrb nat es and
wat er gl ass ( obtt€ n.a Srl1| i caal um ng b Qéja(?e )amnomum ! 9b sources of a
di-, tri- and/’5r "E8t FAVal'GhAS Ao sch gs 2 m Xture o %qty 73201 dbl e salts
of magnesi um ararngmrmmn’ﬁtmdﬂat;r tsif |wWitbionth¢ tcequﬂ'ép@frtee ak!Mt peovendo celgyt andl or
ani oni c cl ay) fuﬂﬂér‘éﬂla’ﬂ!e‘éﬁ?n&ﬂit@ﬁé)&)ﬁ%ﬁé?Emmp’ﬂnb‘m ni um sul phate, al um ni um
nitrate, alumniumchloride, or mxtures thereof. If desired, the binder
material may be conposited with a G oup VIB netal -contai ni ng conpound
and/or a G oup hdb lbke@ind1 0l theMbrihoid nindithe Ra}tue:n BIOE Mektal mbinadsnebporbei ng
conposited with the bu cat al 05| a r, or to b ol added
during the prgprn AT 'Khéepgb %% sﬁﬁa t% %Flﬁj Q%l}% de ré"r:es(?ll0 WI °th any of
t hese netal - cmmrﬂwman@ewwmmde@ Waymb%‘ss@émlp@deféuwefwyn|Cer$€eﬂg¢nilmtan of the

?Ih nder with L Bﬁ%{iﬁ%@{ Icé\%&nfﬁuisr@@sewum _eHt In%hb@gmh@lu@ﬁurar &\eknown to
e person sKki in the ar

possible to cfﬁ"?‘&g Eﬁj‘(ta”fjﬂé@tﬁ’gﬁﬁ Qflbﬁﬁ CF'W%I‘P@"BE&%ﬁ%’éEdd‘F th@rrfiﬂﬁa‘@fig and/ or
G oup VI (I nonemmbiiien ¢aptbalcommiddoat teanigto somp extrals Morgholagyuandriextirg” iapel | ed as

bi nder, the sutfacan ;Fr@&npf'lvetnpcﬁ reﬂeu@pe@ ORAR! Gk y.zé &xﬁﬁbu‘t& gmcé gage of 50 -
600 rrZI g and prefera gbjras neasur ed E. T. method.

y
The pore vol uRFtQY faRednd| Rﬁﬁqcﬁ’as‘ff’r e?hér yeafalysi partigRs” rca?faéedor‘ e findl 1 5
mlg, as ITEaSUditﬂgﬂstbym;ﬂjsﬁlérogmbeaid%b@i urear thBekadiey ‘thalyethamasditenic? aei on of
t he af um na, IE% 7 rmally treated at 600C for 1 hour. 02 JULY 2003 WO
00/ 41810 PCT/ EFOUS 59 ZO Cenerally, the binder material to be added in
the process of the i nventi on has less catalytic activity than the bul k

cat al yst COrrp@%hérél@”th@rsur@&ecﬁftaé’-loyttﬁec oRGik 1 Bkt Yat@st E}Ja"tlclgé)ﬁsseﬂ%%&t 6o, by

addi ng a bi nder eri sition na
o 1 oduceq. | RITRES Te AT BReEPUA st SHrn LRt Rh AGE T Ben Y
consi der abl e et emsenént whikie ravexdis sah least] pagly rireing tshlidostate Heing itheagroazat ofl yst

conposi tion. Tl'ﬂ%\@&%ﬂefhe sbﬁac@%% eﬁtes?éd’m%{ns DRE 6L kdHacd QreQ‘BeraW%?iof' n the

process of the invention general % depends on_ the desired act|V|ty andl or
desi red nechar‘h"i:@?‘ab‘i%ﬁ@“h cgiculzip af |”‘r?éﬁ' oxde- d1etr B8 mRsEn et de B Fder
amounts from @jeten@ﬁed/\b)p/m@cfgeh Iéﬁso'i'mfbr&iﬂ of GraNP@id tdllodatay@npdiizies \gebadllyes atdependi ng
on the envisa [ [ t of the
Fesul'ti ng. unulad 15 A ReRoBlH SR SR of B R, e WBHEPYY T8 R0

i nvention, t héOfbﬁ’qqaféﬁNh&ﬁﬁm'%s Gfdeﬁb?é Paﬁﬁédthgéﬁ'é’r%i?tif yurigehe ﬁfOF?Fé ¥ di¥ge of O -

75 wt % of theid,eitih. ﬁﬁﬂ&@l@ﬁet kHMpord K aaE Q@téﬁn&ed b9 Qiitheb&h adBBFBorietRr ably 0 -

30 wt % Convent.i onal rocessi ng_cat ts ar e |onal

hydr odesul phuPi"i‘&tc?tB'PﬁS‘ pﬁ?ﬁ LAY Egﬂr{%als‘?é%; agg pﬁ%ﬂ?@c%&t‘éﬁfﬁa&%a‘{?; ffyst s.
These cat al ystpsrecanmbef agdedali dmpbrentigsic) raregens fatemtrtyfin eﬂ&mohd)lstasut phi ded
state. |f desiy g g)th Qgcegggm%weﬂ%' nymaﬁag e%faﬁnélbag CatALYSE (IBYe be mi | ted
or treated in any other conventional efore g applied in the
process of th@okengermeiabinf thg Wta@kmweebﬁ%ﬁéﬁ?tasd@é%%ﬁ’%g to the present
invention is any conventional cracking conponent such as cationic clays,

ani oni ¢ clays, crystalline cracking conponents such as zeolites, e.qg.

ZSM5, (ultra-stable) zeolite Y, zeolite X, ALPGCs, SAPGCs, MCM 41, anorphous
cracki ng conmponents such as silica-alumna, or mxtures thereof. It wll be
clear that sone materials may act as binder and cracking conponent at the
same tinme. For instance, silica-alumna may have a cracking and a bindi ng
function at the sanme tine. If desired, the cracking conponent may be
conposited wwth a Goup V1B netal andlor a G oup V111 non-noble netal prior
to being conposited Wth the bul k catal yst conposition andl or poor to being
added during the preparation thereof. Conpositing the cracking conponent
with any of these netals may take the form of inpregnation of the cracking



conponent with these materials. 02 JULY 2003 WD 00/ 41 810 PCT/ EPOO/ 00355 _
2'f Generally, it depends on the envisaged catal ytic appli gatguLy 200oshe
final catalyst conposition which of the above-described cracking
components, if any, is added. A crystalline cracking conponent is
preferably added if the resulting conposition is to be applied in
hydr ocr ackmwo 61 Cracki ng conponents such as silica-alip.paRE cationic
clays are preferably added if the final catal yst conmposition 1s to-be used
in hydrotreating applications or mld hydrocracki ng. The anount of cracking
material which is added depends on thetslesired activity of the final
corrposi tion and the application envisaged, and thus may vary fromO0O to 90
W % based orThe htaitrodrdbf theipgtitie ofke térerajatsadeyatdeatampios exteronf mé&penanal |y,
further materdaks ulichndsy BRORRRONIS: ?awatgmléggdumw%@g.ﬁg Hglgiieont ai ni ng
conpounds) silicon-containing c oung uori ne-contal ni hg unds,
addi ti onal t 8| %tqqsrﬁu%ﬁ%rmw&dﬂwg Ther Rarticler dipmetet ean t@dﬁ’fs@eﬂmsa or

m xtures t hem@QfexteﬁﬁVthbﬁe iréxERENO bRt PEH biY Gertidlan csraé 8ok Sthe GRIIMADEEEON. AS

R T IR R N A VAl CE
Phosphor us- cdezsa®d¥% nithe omguizunsigiceatinizr ad thednetel @mposdnageicofentalne apr ocess  of
Shapi g ot ep. R < D o A e P g
conmpounds car‘?'salb§@ff?ﬁéedu*§’e‘6Faffb?”fﬁo%’6t‘ @iéﬁrﬁbﬁy'”%cﬂSP?%Y ér‘ltf@er BHeTISA® na bi nder
can be pepti zadehyit Rekitgh ﬁ@&b@ébth@fbf\mé i’klll@mﬁé?r&hﬁﬂblsféle&cduda@é coMditidhsan M Xt ure
appl i ed e, o b RRE R e sBE 4P uROPy SRSt AE SR ob0r on w th mol ybdenum
and/ or tungstén and as fluorine-containing corrpounds may be applied, e.g.,

ammoni um f | uQgHed Q. meTéf Eb«ﬁ@éneﬁt‘ wﬂ.&qpada@mtaéa@! mnqumqenmds%t@sr% wm%s gl ass,
silica gel, tetraet % orthosilicate or heteropoly conpounds silicon with

mol ybdenum arfdPEE PEYS PARICeFERTAET s tRFdufidS Shvaht dety tP?J(?F‘G%l"lefat':l c acid,
fl uor obori c atnphnedts filldryopdu s be batealeyedofahe agjeatdtal asropinestphdcie.an aci d may

be applied |f ectively, is
desired. %r%a%t"v\g}ﬁgw gy‘\%&%&? Fléﬁgalﬁgggge I%§"@U| t abl e addi ti onal
transition rret aI s are, e.g., rhenium nmanganese, ruthenium fiodium
iridium chrog apmopm@a;d;iqmaog'y raracn :ex@lrea&ﬂ' tFiéJ MetadP 3bchEhests) chi B@IJ:th%d
zirconium ni ﬁ? g’ 0 ni¢ é% denu s OF tungste\r; %? netal s
can be added %4t Pﬁfp%i/a%é“'%‘s‘?etﬁﬁ °rB‘r68(5‘?§ CYPPYRYS SF B BP"R réeﬁ? pnor to
t he shapi ng stepinedlsaytmeaneni theldbavg-dedrebas predicitbondu re-pystelimtiqraweess of t he

invention, ityyes t&k.%&eo%%b&ﬁthk%kﬁémpé?é‘dnt lﬁndtexhﬁucfn'é&ﬁé;tx&éttﬁétyasléu‘tmos' tion
therewith. Thus it is possible to inpregnate the final catage)ést conposition

with an i npr &YRR8H a%‘bltet’ﬁ”f%ﬁrec‘%?r‘?ﬁ}efisﬁr‘?&pa $PigsHion AR RERig PECPERBtess st ep
(i1) The bul kotditioas yoibepsadei by r@sin®pipedmentdtiyn.conpr i si ng any of the above
(further) matenals can be subjected to spray-drying, (flash) drying,
mlling, kneading, slurry-mxing, dry or wet m xing, or conbinations

t her eof , Wi t Wosblaimsbfinsheatalyst spmmasitionivith figh eatrlyvtic selivaly.rilgs erefesed fettherd xi ng and

spray- dr Yi Ng Rl REmPenghtedr [c8M ponERB Sich &Fd 14t ISHE SarfAin uk@soa@adaleez@n@ th@er bef ore
or after any of the above (further

: Lerlals aﬁhﬁd cg%’tah after
solid-1iquid PEupst HitToRveHYT YP &OEHS TFELF RPN 1T 3P bl ANt ! aéﬁ"d
subsequent t ooluse\and thepgre sRreafistibatiinyof thebrembtal domparteaksyse SIpmrttm tbefare both
conposi t ed Wc%hbe%apfhy&rgﬁ'o@@gx& EQHIEES' aé&vé‘m:gnaﬁumo‘?cgbp&gssl}rﬁ %g\ylyé?é the
above techni ques. i S beliteved that by applying a
above- descr i EQ@BEF?'HC*PFHPcﬁJé%’eo‘fO“@Er ofyQ-ef yiSngye. (FfrFfa@HD’ er% ng‘ mH’i 1T4Rg,
kneadi ng, sl uiréryralily ¥i 010, 3 RY, 288 meEtprdTrXdiy & 0,102 EIRJTRE Belérm@ias by herrce@f t he
degree of m xi n, and of the above

ng bet ween t co 05|t|
mater i als | T HHECHETAR Bogh FPe o e R A R PAPA & added
before as well as after the application of any of the above-described
nmet hods. However, it is generally preferred to add the nateri al



prior to step (ii). If the material is added subsequent to step (ii), the
resul ti-ng conposition preferably is thoroughly m xed by ang2guiwezbognal
technique prior to any further process steps such as shaping. An advant age
of, e.g., spray-drying is that no waste water streans are obtai ned when
this technique is applied. Spray-drying typically is carved out at an
outlet tenperature in the range of 100 200C and preferably 120 - 180C. 02
JULY 2003 WO Q9444830 PCT/ EPO0/ 00355 . 23 Dry mi xi ng neang fhashdis t he bul k
catal yst particles in the dry state with any of the above materials-in the
dry state. Wet mixing, e.g., conprises mxing the wet filter cake conposing
the bul k catal yst particles and optionaldy any of the above materials as
powders or wet filter cake to form a honogenous paste thereof. Process step
(iii) If so desfacedyed heablebst tWatdlhysbreoptieabial dfyat derspsd si‘lyg aenynosf t he
Ao (f Tt el B P8 Y o o8 BADSEheORLNANEL WY fbET Step (1) having
been applied apli’ng conprises extrusion i zing, beading and/or
spray-drying. It nust be noted that if the catalyst conmposition is to be

gpgl ied in s: :m bﬁe&.yrpearrmmé@noffhleweeﬂr a@therdes cd?ﬂ?;\bhé?ﬂ; RS %re NleagXpanded
eds, dgenera

n eadi n For fixed bed or
ebul | at'i ng bed’g’gbg‘l t?%&#f%ﬁée)g d“é'@?\ F&fﬁcf/sgt%g’ed'g‘})gfo)?ﬂef%%%ﬁﬂ ¢ GRog &
ext ruded, pel laeteagte@ls a;ndlnmre pefestatal, afl deadt eurh, ambarpreferse)f adleagtnd/u,shuage pri or

to or during tps‘? SR RS t[n)?rPs oo, rﬁé}ggﬁeke\‘a% Gk té‘arne1086’”"e”é'r9”9' |y used

to facilitate aplng can sea |ves n‘prlse "al uni ni um
st ear at e, sur foeafsrahint 8ot repraBian 580 net andcthost mmmy cfélnhqw 6@6 J1Shentionnt e,

pol yet hyl ene g.loy&;s}kéyabgotlhx%hxh smd@awe@r lie®¥n thd ?&Tnb's_r £51 teeruﬁgﬁd mbdr ther,
when alumna is used as binder, it may desirable to add acids such as

nitric acid prreaatbingthe rageof Ay Vs 9"(5‘313}%r"?:f‘aé’ea"ﬁhé‘erPéE‘ﬁ‘aﬁIZE&f thgt r engt h
of the extrudateds.cohboddif, SRAPIgHE BENPEIHRS. EXdréS| ORbtal hea.dmagtsama/ or

;P;ggngreylo?gé plaalcle S s betow e grel:err élowerﬁm ?haar Irbpﬁ'lyéx;[)l]g arpre§er{ < ﬁgl %dﬂmeé\g%fl IOII:] the

beadi ng, the a'mumenbfnvemtqm Howaver lies hehitpisaigtymand gnrones eeases. & LQ, is

in the range Qfndify of s88Vamdifrafifed@SlikeshecaOREdatlions Xt r usi on of any of t he
above materials with the bul k catalyst particles, optionally conprising any

of the above materials, may be applied. Mare in partlcul ar, two m xtures
can be co-ext nnuc}eadtoudwmgz\/rpirefénadaﬁrecebheodmuxbds datnal tyetco:pejnation:Ioesweorpetialonal ly

COMPI i Si N9 aNYoBloHE APRY FeBBLELIALS 18 S i RREMShRat he | nner extr usi o

medi um whi l e any” of the a erla out t ul k catal yst particles
i s present in 3 FnEEieT ofdhe PeialiceMPIEHP UM or vi ce versa. 02 JULY 2003 WO
00/ 41810 24 St@p ploc¥ss BeditdrE A0 AdmBinbiin oarheoﬁétalaﬁabordwige@rﬂp e,

preferabl y aboue 00 s LBSH Bl hoBhRDRCCALRLY ShoEUROR U] llydPY D

thermal |y treal
pH (if a suspension or solutlon is applied). Generally, |t 1s of course preferred to keep

the temperature of the metal components to be added below the atmaspheric boiling
point of the reaction mixture to ensure easy handling of the components during the
addition. However, if desired, also temperatures above the atmospheric bailing point of
the reaction mixture or different pH values can be applied. If the reaction step is carried
out at increased temperature, the suspensions and optionally solutions which are
added to the reaction mixture generally can be pre-heated to an increased temperature
which can be equal to the reaction temperature.

As has been mentioned above, the addition of one or more metal components can aiso
be carred out while already combined metal components react with each other. In this
case, the combination of the metal components and the reaction thereof overiap and

constitute a single process step



essential to the process of the invention. A "thermal treatnent” according
to the :present invention refers to a treatnent perforned ap2 guLenpeot ure
of, e.g., from100 - 600C, preferably from 150 to 550C, nore preferably
150C - 450C, for a tinme varying from0.5 to 48 hours in an inert gas such
as nitrogen, or man oxygen-containing gas, such as air or pure oxygen. The
thermal treatnent can be carried out mthe presence of water steam In all
t he above prwoessisst eps the anount of |iquid nust be conteratroessssl f, e.g.,
prior to subjecting the catal yst conposition to spray-drying the anmount of
liquid is too |low, additional |iquid nust be added. If, on the other hand,
e.g., pnor to extrusion of the catal yst'Sconposition the amount of liquid is
t oo hlgh t he amount of liquid nust be reduced by, e.g., solid-liquid
separation via, e.g., filtration) decantation, or evaporation and, if
necessary, ttbereraetsjdlstépng material can be dried and subsequently re-wetted
to a certain extent ahove ocess IS hin the
scope of the EZ”I?"? f’récgor q‘ter g'ﬁ'rtagd'gonht rol etg{tcomefonen t Sgrtm\”Y ati“i a(‘f'%ﬁ%)r %)%I’I ately.
Process st ep %mgin Elmeptmmg cerfairt prsiop pEtENO aﬂwmtrﬁ@nomfayakfeulamérhecorrprl se

a sul phi dati qeac‘atreempéuhp@beetab@,msgrenerratdeyoflcs -CRBI, &b O HleteP¥biyCRAL ACt | Ng
the bul k catal particles directl ¥ after thei E?&t%re paration or_after any

one of ~ procé’é’g Csteé"ti’sm?'ie)preferf’t"i’/)mvu "G ¥ PR PESTER RitRyegPolnd such as
el ement ary sulsptaurs thehtydpogien isbdiguhind @tmdopieS batinggminy sfuhgrieadies mixiine

sul phi dati on ar I S phase.
The sul phi dattﬁ%ﬁ&esgggnega"g i Egnc?f% kl Ltséd’ﬂ%é ‘E%Jn rgs%g ﬁg&er"gsegr gtg r:Egdr't13 of the

bul k cat al ystfhﬁt:@ﬁﬁmlgten%ﬁivbmsaﬂpﬁdl%# at ‘00@45@6 p(ﬁts’furarftt@fer@bfsubeemtwet o step
(i) but priorant@r shtRPnikdri ) andl or ~subsequent to step (ii) but prior to step
(iii) andlor subsequent to B i.j) but nor to ste él v) and/ or
subsequent to POy (g ynixtyrg ‘?é‘ %r%f'@r?aé‘ﬁa[ AUt g PP AEP oS 8 hot
carried out mpmeerablp isanhepaogEes D -stZemotg/prafaratbh it kre radajeadf nediometdévesul phi des
revert to theple 93&#99@ CJan 8905 A3hEPBed &t ol dove, fur RRLHRladeh €at ment

or spray- dryln or an | h-tenperature treatment [ f carved out under
an oxygen- corffaittf pigand W? t’-f‘PEHLeW‘ZBGSE YF0N 24810 WRPCTRESH 6} e islaingre

at nosphere. Gmaaemumﬁd, ¥e rdat;t.dnhespcat al yst conposition is subjected to
spray-dryi ng ;and/or. any alter ive i qu ermal _treatnment
under an oxyg@ﬁ EEHP alr%en%enﬁta i erIé‘(gj '?Fﬁee P1 rﬂ'nﬁgtt?c?tﬁveﬁar'rg sr'a"B‘%;g/1 is
carved out sudsefergbig it the cangh of ap'qtﬂUtectatZﬂdilnuret af‘drfposeﬁfefelf@b/en tetransg ! 5Of

course, if thesgedBIANMSsAhEnRAMREA FnIsRELELAB, thdlRSatticAiFRUBRRAES on the

sul phidation can also be carried out prior to these nethods. If the

cat al yst con‘dﬁ@?‘t"f‘tlﬂ?‘? is used in fixed bed processes, the sul phidation
preferably is carried out subsequent to the shaping step and, if applied,

SUbsequent to ffep e réaa%{to {L_% Eﬁéceééa?ﬂ gﬁd éaﬂ b@@e&%étgd f}dnﬁ‘%e%@%@h% The

sul phi dati on can general carrie out msitu and/or ex situ

Preferably, tﬂ'f@“%‘hl phi dat| onis carried out ex situ, i.e. the sul phidation
is carried out in a separate reactor prior to the suI phi ded cat al yst
conposition d i nt o hydr oprocess e is
preferred thgﬁ' %’Cess efr'?se'&tdrt‘r'ﬁgl?f‘télgreér)lgcasfnes?u i ﬁoq%lggc]é% 5e%?ps'::% h and in

situ. A pref excsoptihyrowesss.of the present i nvent| on conprises the foll ow ng
successi ve process steps of preparing the bulk catal yst parti cles as

descri bed above, slurry m xing the obtained bul k catal particles wth,
e.g., a binddf s° Spsimg Elr“y‘ﬂt?{@' Fﬂ“é‘terdegcd‘i‘ e §oHR P BEFE B i eBTErtege!

kneadi ng, extﬁydmbmﬁessdlgy:hﬁ@}ts céehekingi d‘mgtparﬁmhtS ok privitatea therebfi cdrhie agiredf er r ed
process enbodi nen pari ng

t he bul k cat a“'?”{/"s‘ Fhﬁaarg 4630”%‘35 prg%grgtl 5@%%&%&%%#& e§to?B§he05art§:Fe§ icles via
filtration, wvafter Wﬁrxprﬁgaraﬁve 49 Wil we'eeq!@éea/hetqw Reter Brésagct osthess ”e%erﬁfsbl nder,
kneadi ng, extgrughgnbe,g‘y,wcgggﬁerggl ci ning and sul phi ding. Catal yst

com-l a_osj~pri of the invention The invention further pertains to a

catal yst conposition obtainable by the abovedescribed process. Preferably,
the invention pertains to a catalyst conposition obtainable by process step
(A) and optionally one or nore of process steps B(i) - (iv)



descri bed above. In a preferred enbodi nent, the invention pertains to a

cat al yst conposition obtainable by the above-described progzdeLv2083 n t he
nor phol ogy of the netal conponents) 02 JULY 2003 WO 00/41810

PCT/ EPOO/ 00355 26 which are at |least partly in the solid state during the
process rs retained in the catal yst conposition. Thi S retention of

nor phol ogy is described in detail under the heading "Process of the present
invention." (&) oo 1151| c catalyst conposition Furthernore, ,tPgphhuantion
pertains to a catalyst conposition conprising bulk catal yst particles which
conprise at |east one Goup VIII non-noble netal and at |least two G oup VIB
metal s, wherein the netals are present i the catal yst conposition in their
oxidic state, and wherein the characteristic full width at half maximum
does not exceédr Bispravhenertitein@no e flddnyeiptivs e evamﬂlqume@mnw Vieuargst en,

and, opti onal 'd(oulgcxﬂﬁ QBhHiBe Bk taP'Qa%ﬂaoHQﬁs %’ng’gﬁr y. be EOK hﬁtgg?y%g trY] anti‘hg' S

are nol ybdenum and chrom um or sten an
chapt er " char gee-ervaieraisorhererRoEs°r, dUt'We‘hEh%aCBRf‘t@r‘hesWté’ famiPerefsdf reyat  hal f

maxi mum i s detcﬁ’“@%ege QRddd® masrhaermi ettlli'b.ﬁ? RRAKndRARAL Gnétartd e S (0. 7)
(when the & rrelﬁ?gl S are rml Lwd{?gngsten and opti onaII chrom um
fife

or when the ?IB"““\/?' tHPY X}Bea‘f Ny SR FPT8regE C?B 63.5
(0.6) (when t henfinaiugs YedBrimeit atoge, 2ang subdagbetein Lmmatadal clan diei adapd tPrhef er abl y,

the charact er'§$$&edf¢4étgl ewmn tufﬁunh&%ew d;d&%m@%n%meﬁogp@ Tor &

preferably 2 6 nor e era .8, nost preferab It does not
exceed 1.6 (V\Aﬁ‘éfh Greve ‘Cﬂ'd’aprnwesﬂwﬁ a‘P@P%FféS ﬁﬁ'l‘eylﬁd@ﬁwusc'm%%ﬁee?ﬁe' d8d,
optionally, clamemdmnséanedﬂy agtDRs m@Qhal@(ﬁ&@%a&y Sud thEes opmefeemb,hslar% 0, still

more prefer abgy%tﬁr H]no?nn%brmSt ﬁp%ot?r{g%nen Xlth r s:m&ly\%ouslbro(%f:réer %.ggeFt %1 retal s are

nmol ybdenum an R and  Chr om e X-ray
di ffracti on pé&btiestancehd Esoup WB pre@rogp atil nohenople ietal ormseopgnt whigh IS7ath@st6) and

40.8 (0.7) (thesg |rpﬁ@i§§hd\’\ét$tle dD&ngl tB8E sroead Jf%@avémahbéa%tbeﬂérstampédogndwo peaks
at the positions 28 g ?ea S be

(
referred to ase¥st EF%{E" Q)‘th \}\W’Fe'ﬁatf%?é g 5H'Efe'3‘l’e§{‘¥rélﬂr5?? '35’#‘% ﬁsb
tungst en, andViibpdn-eobel mytal ainpomant(s) can 32 addel Yo moa:tumuy)a%apes |ndo<t12€

PCT/ EPOO/ 0035§|owever, it is also possible to combine the material with Group VIB and Group Vil non-
noble metal component(s) in the solute state and to subsequently add a metal
component at least partly in the solid state. Finally, simultanecus addition of the metal

components and the material is possible.

As stated above, the material to be added during the preparation of the bulk catalyst
particles can be a binder material. Binder material according to the present invention
means a binder and/or a precursor thereof. If a precursor is added in the form of a
solution, care must be taken that the binder is converted to the solid state during the
process of the invention. This can be done by adjusting the pH conditions in such a way
that precipitation of the binder occurs. Suitable conditions for the precipitation of the
binder are known to the skilled person and need no further explanation. If the amount of
liquid of the resulting catalyst composition is too high, optionally a solid-liquid

separation can be carred out.

Additionally, further materials such as phosphorus-containing compounds, boron-
containing compounds, silicon-containing compounds, fluornne-containing compounds,

additional transition metals, rare earth metals, or mixtures thereof can be added during



Fromthe characteristic full width at half maxi mum of the oxidic catalyst
conpositions of the present invention and, optionally, theORrRdHSN2003f at

| east one of the two doublets P and D, it can be deduced that the

m crostructure of the catalyst of the present invention differs fromthat
of corresponding catal ysts prepared via co-precipitation as described in WO
9903578 or US 3,678,124. Typical X-ray diffraction patterns are descri bed
in the exanplveswusisie X-ray diffraction pattern of the bubkreabvadiysst
particles preferably does not contain any peaks characteristic to the netal
conponents to be reacted. O course, if desired, it is also possible to
choose the anmpbunts of netal conponents 1’n such a way as to obtain bulk
catal yst particles characterized by an X-ray diffraction pattern still
conpri si ng on&'eFFePABHRYN ?fé%\ex%“”t?ﬁé?“ér‘étpé’?‘ﬁ%% i@ tigiagvay dndiet dasentet for isse met al
conponent s. | bhove m@tenaldl Detaglinaedpettiof Gksd foghdiBiakthials oRRABEBEoWNI ch is at

| east partly in the solid state during the process of the invention is
added, or if this metal conponent is added in the formof |arge particles,
smal | anpunt sltdf natdd hatrivesabcties ppemirar anayf the abgvadlidhérnmbtesdalskare aigded
diffraction p@tt:rtn rtﬂe cgréaré%or( Qﬁq}'\é 'p'aglclgyl %ecﬁérﬁ:llr%sltes%rgt fr&'k et§e pidagssTo! ar

ratio of Goup non- nobl e netal s genéra ranges from
10:1 - 1:10 aﬁ?:FCi‘ﬁeéfaéP‘ffb‘l"Ve'f %m’@beldem?dsﬁs P F*H%’Ysgéé@c‘@ﬁ iRy the ¥sethel |
structured pamiérgib®e, these ratios of course apply to the netals contained
in the shell. The ratio of the different Goup VIB netals to one anot her
generally is not critical. The sane hol ds when nore than one G oup VIII
non- nobl e net 8) Subseaysok preekss tapcases where nol ybdenum and tungsten are

present as Gﬁ%ré@lﬁtﬂ@%nﬁﬂ %I}sbﬁaﬁ@éyaﬁgpg@W%%Qmﬁr%tnlgoanp etheraemey lies in
the range of 9.1 nor e gtre era noSt preferably 3:1 -

1: 6. The bul m%%mw'abamuele gd E?cﬂ’?ﬁf’f é%’eé’f thﬁéﬂgwm%wece@ & ¥ 11 non-nobl e
nmet al conponentco&lpdsut&\g wite a statdriatse@ced ot gradpadf bedspaireak scondiidnabl e G oup
VIB netals in xtures thereof,

with a conbi ng %cg%gn%[%&%e%%ﬁxgggaﬁpﬁaitgémgﬁbxgpﬁ 19%%55}1 preferred.

Sui t abl e G ouff!) $PRY-ARiH8- ﬁ%ﬁb‘b évivet Ailiegi kepdiem Sluf%ﬁ“x"@oﬁ%tl‘{' Wehme)dl o or

m xt ur es t her eghbinddéftedraddl y rnckel andl or cobalt. 02 J ULY 2003 WO

001 41810 PCT/ EPOE/ 00355 28 Preferably, a conbination of netals conposing

ni ckel , nol yb AUR "Sand tungsten or nickel, cobalt, nolybdenum and
tungsten, or ¢oialingandibt redemuraatisgdnd ungsten i s contained mthe bul k

cat al yst partl(\;jls Eh'é?rf ‘the invention. It is preferred that nickel and cobalt
make up at | east O Wt % of the total of G oup VIII non-noble netal
conponents, calculated as oxides, nore preferably at least 70 wt% still
nmor e pr ef er ablTyesatprdcegtep?d il ¥xplhibed A yhohedegsifrene alidwingdr ef erred for the
Goup VIl non-noble netal conponent to consist essentially of nickel
and/or cobalt. It is preferred that nol ybdenum and tungsten nake up at

| east 50 wt % Bfocessestepdbal of Goup VIB netal conponents, calcul ated as

trioxides, nonge paRhif Eﬂb&e?/ald%d het%ﬂﬁdry Zl@te}%x%ar ﬁériﬂally traated oﬂﬁﬁflﬁfr\iabs}eyecﬁt | east
90O W% It m e especia referr or the G oup VIB netal conponent to
consi st essen%i"g?lsﬁspc%f‘ %ﬁ%ﬂ@%ﬁf&ﬁ@ Y0nhgsten. Preferably, the oxidic bul k
catal yst particles conprised mthese catal yst conpositions have a B. E T.

surface area afg teh& k béOadHZJ dur\ngqrﬁeeprgﬁa%t%ﬁ%mﬁé KAk @aleﬁﬁé{lcleEéqséE" lg, and

nost preferabl eas as neasured via met hod. |f
during the pr éé@?hﬁ?%ﬁq%ﬂt@ﬁ@ e @5?51“9@9”‘ﬁé.’?‘@’?téP’@B"sﬁ'B'r‘l@”*c?f’“ttﬂé"yabove
(further) mat &febail)and/6ldiRn@Sndror BOBgEglentBl £1yistdp, (ii)doue bk kd By sbepmopnent or a
conventi onal f(wdroprocessi ng catal yst, have been added, the bul k catal yst
particles wdl C)Orrpri se about 100 wt % of Group VIB and Group VIII non-noble
metals. If any of the above materials have been added during the
preparation Ofpréfé}sbumk&m%?ehé\'.y%adéaagdbggdugﬁ to tureea{reynr&tlonrm#eemb&aya pnpri se

30 - 100 % nore preferably 5 % and nost preferably 70 - 100

W % of the G Gafcisa IdRfer tGSUEbd’W‘F pr Wr‘i‘"?fﬁﬁw% tgraqiaHesor. 'th%ah%{V 3h¥d%ei ng any
of t he above-nentioned (further) materials. The armunt of Goup V18 and
G oup VIl non-noble netals can be determ ned via TEM EDX, AAS or |ICP. The
nmedi an pore dianeter (50% of the pare volune is below said dianeter, the
ot her 50% above it) of the oxidic bulk catalyst particles preferably is 3 -
25 rim nore preferably 5 - 15 rim (determ ned by N2 adsorption). 02 JULY
2003



WO 001 41810 PCT/ EPOO/ 00355 . 29 The total pore volunme of the oxidic bulk
catalyst particles preferably is at least 0 05 mlg and nag2JpLY 206! v at
least 0.1 m /g, as determ ned by NZ adsorption. It is desired that the pore
size distribution of the bulk catalyst particles is approximately the sane
as that of conventional hydroprocessing catalysts. Mdre in particular, the
bul k catal yst particles preferably have a nedi an pore dianmeter of 3 - 25
nm as deter nitrogen adsorption, a pore vol une 5 rﬂlg,
nore prefer ag}w%g?&lé 1 - 4m/g, still nore preferably oopfcagié%%m’é’ g, and
nost preferably of 0.1 - 2 n/g, as determ ned by nitrogen adsorptlon
Furthernore, these bul k catal yst particl&s preferably have a nedi an
particle size in the range of at least 0.5 um nmare preferably at least 1
pi n, nost prefatemadivy tahnifiessdre 2opamiiedbatiorgo eharrgb Optiamety. ther @ikt ¢dzgatys5d00 pi n,
mor e pr ef erab'asmg&tt.oﬁpresarwaydésg%d%&e oSN B fIRIcR RS Eéafd%gu.yséagﬁan re than
500 pin, and nos referab not nore ven nore preferably,
the nedian partefo Ee"éﬂ eampceted| wibsthe materal. Aféﬂﬁgse“@@quﬂ separginpPRYicaal apst
preferably in ddigng ﬁ@;ﬂ@anctfe irciuded FrtRd it |séssskwestob@aﬂamﬂabﬂtﬁ@m &emyée, If SO
desired, it is R@ g prepar lclorg stcritécture;d buc{k C t?
particles using the '°Bra ¥l P! el gy ﬁf?aé on 130 CREYS ' FaPTY RIEL, ls‘at I east
one of the netkeing compagitadsothrtiopnatetd.y di stri buted in the bulk catal yst
particles. The concentration of a netal, the netal conponent of which is at
least partly in the solid state during the Rrocess of the invention,

general l'y is HPghie aP‘?’{etdﬁgnP%%'PceﬁéﬁlfemaF"’eé the {oR "GagInesitFa theaulk SaYSt bul k

cat al yst part iwhessitioh vath d mateh&” aishey thpiatht mdter@l st duged hekde ik tdteys i nal
bul k cat al yst | | fhat 1 hi | in the
shell of the fﬁ%ﬁ’ %g‘t%n%ﬁwce(? %td M%t?e%‘lmggcg%gsqo %'!n?‘?d 5/‘ galsgrﬁ%lr?lébﬁost cases
at nost 90% ofdophia tesopresance afta imqlddfwet mixiagieth mpipveibe geckanistl strensth | nal

bul k cat al yst @@{etfhglcﬁgwstlg%%&%m it has been found that the netal of a
nmetal conponent which is applied in the solute state during the process of
the invention is also anisotropically distributed in the final bulk

cat al yst partilthassheeMmuad that gawdobiting the pulk batalgsd medicies ath tha nodteriblreng/omet al i n
the core of thﬁcoﬁaormg mulnist&@wnxgther;s@gpyaﬁénea Ll Altdipst bsidQVEks than the

concentration of this nmetal 1n nore ~n particular, the
concent rati on Rk q@lavst GREPSFtignA °f H%""i’:’@f‘\é h'é‘f ”Pﬁ'@“i‘?‘n%ﬂe”%'ﬂrl ”R pafigular {f dhe
particles i s ahed@gbrtiB0¥rabind Sutaenist partittes FOS the dHYe andl 126t E3pmamoDSt  60%
of = 02 JULY 2003 WD 001 41810 PCT tration of this
nmetal in the s g SFPCY Pt 'e?ﬁJJ‘t“"bé"c’ﬁB?r% g%&?%?%ehﬂj%\?epﬁ%egagpl'lﬁ’pﬁ’oraBndl‘sot ropic
metal distri bLﬁOD@nrs, more peefeyablycrant mbee thamut®do k. evéremor@tpedfsrslly cwmoesthani on  of
the invention 4yl eGSR rga%ésYSreféfrabe(]%E F\S,fe tMP\%@&%aév)éﬂno@ﬁFQ@%blﬁ/'tﬂQmStﬁa% been

thermally treat ed and/ or Su bove cases, the shell general |y
has a thi cknesi@rtise diggeter nesooa"errmﬂe ofrﬁoaa}v"t ﬁréd 'a%%efea?ﬁ%'aﬁm"% 1 al

di stribution caopke achieved with the process of the invention, the Goup
VIB and Group VIII non-noble netals generally are honobgeneously distributed
in the bulk catal yst particles. This enbodiment generally is prefer-ed.
Preferably, theecanatsiicg otthapokicaiayst radidies withntik Injeterighyesils és bk eatdiishbl e

border mat eri alaricill bhaddagd m'uﬁ\% teﬂatoewe&ue%aprn&mﬁyameyn@muoweﬁﬁe glgscri bed
above. The particl es general %%are enb ed t he bi nder naterial, which
N

functions as aca@'yﬁ’epaf‘tﬁleﬁéleds‘% 'Vﬁ}i’f”fa’l"t?fjé‘sth? Eﬁ’é‘é?%é?ta'y?rcé?f“@?%ﬂ?f‘y, t he
particles are hom)geneously distri but ed within the binder. The presence of
t he bi nder gen ea rea i cal e he final
cat al yst Cowpolgﬁ%teyabo qée ‘e?zﬂ nﬁx eselsecqu P’?,%Qab d%ﬁm{a@xgl Q?rgnb?]n%r}anveml on
has a mechani cydrogrogessigy hatalestp’cr eregéd Ca@pmeclkeotmmyrﬁssthfffefﬁgfmse meteddls | east 1
| bsl nm and pr ew,ﬁg@ggsynbggj indtork 888t bewl DS/ MM (neasured on extrudates with a
di aneter of 1 - . The anmount of binder depends, int. al., on the
desired activity of the catal yst conposition. Binder amounts fromO - 95
wt % of the total conposition can be suitable, depending on the envisaged
catal ytic application. However, to take advantage of the unusually high
activity of the conmposition of the. present invention, the binder anounts
generally are in the range of 0 - 75 W% of the total conposition,
preferably 0 - 50 wt% nore preferably 0 - 30 % If desired, the catal yst
conposition may conprise a suitable cracking conponent. Suitable cracking
conponents preferably are those descri bed above. The anount of cracking
conponent preferably is in the range of 0 - 90 wt% based on the total

wei ght of the catal yst conposition. ' 02 JULY 2003 WD 00141810

PCT/ EPO0100355 _ 31



Mor eover, the catal yst conposition may conprise conventi onal

hydr opriocessi ng catal ysts. The conventional hydroprocess~ng2qailey 2803
general ly conprises any of the above-described border materials and
cracki ng conmponents The hydrogenation netals of the conventional

hydr opr ocessi ng catal yst generally conprise Goup VIB and G oup VIII
non-nobl e netal s such as conbi nati ons of nickel or cobalt w th nol ybdenum
or tungsten. wayph@hl € conventional hydroprocessing catal ystSooifiSss € 9. -
hydrotreati ng or hydrocracking catal ysts. These catal ysts can be im the
used, regenerated, fresh, or sul phided state. Furthernore, the catal yst
conposition may conprise any further neterial which is conventionally
present in hydroprocess~ng catal ysts such as phosphorus-contai ni ng
conpounds, boFtsnbidenimatatialngo dermpolisddsay & ki oRteodn ceivantngel crpedrds,

fl uonnecont ai fidags ﬁomss:%egété&s%n@xa%@ﬁ%ké 4%, @Eééﬁ‘élﬁmné asru@h garth

nmetals, or mxtures thereof tails in respect of these further materials
are gi ven abotPavertpnal siicaplyping piligp-cqaipdcaluming Rndraluayng-caripsilige) plumine present
in the oxidi Cs&@am;m&ma HobigmieabrediBesite, ﬂt@ﬁﬁ&ﬁirﬁd watehamhaeﬂrcbmrcmhicy treated
in an oxi di2| % LT @ ere an /(S:)r in bgntgrtﬂepp ql rm e cat al yst
conposi tion haySEEEACLG B B 25 F3P° bef arn cat ?‘g)%tseB‘BH%S ytdf° Céevﬁrth hi gh
mechani cal stmetugi.SHherBQf Reeferioe bihders raph bibicaf gfica-dignicatahlnyst, tiwoiapiigiid-i on of
the inventi oncghQqh@fnad zkBMa BRARROEORKiuYes tilredr efral if ymdehs%ﬁéy HeBBied 0% of the
pare volune of the catalyst conposition is in pores wth a di ameter higher
than 100 ri m 3SERPTATRERFPEZAUPRr cury i ntrusion) contact angle: 130), nore
preferably | ess atsoqnsidto abply prCUlder otthtsd tysderC@HIPOSKihg B8 petedshethpr esent

or o or abiy gty HOREREE Bt thyior HE bbb BT s o ol 6 g ©
G oup VI I nodre.rfoh| akaligmesal §'umi.ma§éﬁ° ehtainiee a!tm% bingier) gimaterafass He O@Q!t‘ al yst

conmposi tion) giah GiHgadh, e mBdurd Bl Mali Mkl @minktesishd mwgiagsh@& offlaif atsikast
prepared via G ou non- nobl e

npregnat.i on Wt

o Sol ut & G H DBerh AT APt S Ty e A IsE TP PeBO e B8 52003 WO
00/ 41 810 PCT/ ekedty 0Z48Er-3Ribie HBD 29aghesism natmicanparidde siicop (buprkparabal yst
particles andgbys fgs aﬁdlsr%@m& %ﬁ) wéwrﬁln.u&ns cmeagmd%egmmmuw %L@rs&e from that

of the present 1 nvention cat al yst conposition SO desired,
the catal yst %Wﬁ'&@l”ﬂfiaéﬁ'na'HF“”tW“ﬂﬂ”é%@hi‘“xF”fﬁPéPﬁ'F‘?fn can be sul phi ded.
Consequently, the present invention further pertains to a catalyst
conposition ¢ 03| bul ) art.icl ri se at

| east one Gro'g Vi rlgengndeqb'?a o et al Ee g‘?ﬁ’pc’sxﬁ W'R‘t ErOUp lE’f/?olgfl;‘rre al s and
wherein the d@g’mee"‘QﬁNdM|3p‘ﬁ!°dlaM|b'FPntm§@er§@1‘?dFtB|F'OGI§°‘DFP°‘-'O@G3”GD@§33N‘Gt exceed

90% Furt hern?brnﬁ:ogtée wﬁtﬁQl%?ﬂIu; balﬂédﬁ?'(:brﬁm}sﬂ@ﬁ aﬁd/&spnaptoaoemataabéesautn maotsi tion
COprI’I Si ng su 1 dl C cal a ar i cl es CO | Se a eas one
oo T mohBrRstiog tatkon Compa e et PoRr b b s e L R anor o
the degree ofcmbprlrdsdaawbm cmndboutdnnmpltegrmtsn of thesnddoeih trete exzdédsl 90% and
wherein the Cﬁ&'t@#%%pr‘é&&?ﬁ&?ke&hﬁ?&e@ﬁé kﬁ% E)OtﬂP e&en §HI§thhQﬁedarfc of g of a

conmpound of t ormul a bei ng he range of 0.75 -
1.5 or even QPinsler is3paptigede tds Bla? AGFSIblE tf’r?é")‘ 8H‘g ecﬁ’Fp‘Gat!E’” n i’l? R5#seBPe? bei ng
equal to or gGeap B drdancbup Vil mAthoBle melalésh&itngdompaund®r wherein t he

cat al yst conposition even does not conprise any sul phided forns of rnckel
nol ybdate in which at |east a portion but less than all of the nol ybdenum
is replaced bW alumirgsit @npliedsis dinderl deedrfage arem opithe pllptinaseradralinlies rim éei onal
patent appli cahddpr . 89@??15/5%11d Ikeraphtiy 1&)9 %@ﬁ#/gt @heéﬁ?edaé%omg psght phi ded

catal yst conposition may nprise any he above-descri bed (further)
materi al s. Th'@Etb?%g@ﬁPmPrW'éWF rbhe F'UF‘t“ﬁé’Fef"p'éW 5iim&er3ngg ok hpdd "™WRAPSsul phi ded
cat al yst COITplﬂSdshteanyCﬁ[f@g‘dnSdldﬁg'p(dn) Bafotep the déhardatstikatiera b kg sdiunpied, tii &l es
conprising at,least one non-nobl e nmetal and at |east two G oup
VIB netal s, errmeaﬁ’htrst'al'uecj %%géoré#ﬂ%grul phi dati on under conditions of use does
not exceed 90% and



(i1) a material selected fromthe group of binder materials, conventional
hydr oprrocessi ng catal ysts, cracki ng conponents, or m xture® JoeiYe2003 02
JULY 2003 WO 00/ 4181 0 PCT/ EPOO/ 00355 33 It is essential that the degree of
sul phidation of the sul phidic bulk catalyst particles under conditions of
use does not exceed 90% Preferably, the degree of sul phrdation under
conditions of use is in the range of 10 - 90% nore preferably of 20 - 90%
and nost preferabl of 40 - 90% The degree of sulphrdatlon i s determ ned
as described VR é chapter "characterization nethods." FFVERRVER i-onal
sul phi dati on technlques are applied in the process of the present
invention, the degree of suiphidation ofy the sul phrdic bulk catal yst
particles prior to use is essentially identical to the degree of

sul phi dati on @a@ﬁi&ﬁuycmemnebromgtemaﬁ tdIE@adé’iQV\rﬁ\ﬂeé’ probéss\eemé iRBEInf Has Iess
sul phi dation techni r that the de ree

ues are ap
sul phi dati on AR ¢ V't[yhtaarhérlf E"I'”‘ tcﬁté'yﬁta'fqﬂ‘\% 't §r H? grBlvic Rt al F'hg t he use
t hereof, as daohseguanse bpaddingof bitdee matetighthel estivey ofethectimixdaalysiSeompbaitioni S
removed from H%g g%aﬁké@skum‘e%&r{‘ tre &%ﬁ% EI‘ﬁnéL‘?gIa?eﬁ |9£ad§‘t’é Qh'n%%EIaQI” ' S the
one that resu uring use o he cata f prior
condi ti ons of ing®aseindhe Rggwnga seenadedf Iﬁélfﬁw qaﬁa'ﬁh@nmqamnefr he“fefsfé @ecor d| ng

to the inventb@Bunt of et HSteﬁéltt@Jb)éSéddle@ m Wﬁfocé‘s@r@'tﬁé ﬂﬂ&m@iﬁ gdSRally "BANS
that it is subj ectedtLot eeconltl enoughfor

he catal yst GHPEERH OGRS BT OHEL FoTTL P RaREY Srer BT PO ATy o
further prefecoregstibraBindéreanepattalfrysto CISMpHsaf theontalbdontphetiop rcers Besuitalieient i on i s
essent!al |y T 82nahg GF BlRnVhdded U0 RONRAEF Howdlctulh mh%%nmgp Bk N
partlcular t he Grou nonnobl & nmetals are re era sent as
(GroupVl I | noffsHés @Uﬁﬂlhhlyh(smvwthH*WpB%MgJ“% H’?Fé“fr"a’ﬁgt@”o‘f‘e ginder. 1.5 |t
is noted that aftnblﬁht§!d|bﬁhU&HngeﬁéHéI&IaYéilh teOPGESH ol -amsswt@fof the @otiilcBmpdtltion, Nvent i on

have a nuch bet At I erfor C an catal ysts conprising one
Group VI nofR™ %16‘?35' nsg’t%% nﬁry%e&dﬁgup VIB netal . The shaped and

sul phi ded catal yst particles may have many different shapes. Suitable

shapes incl Ud%o%hﬁfn@l%ydr%b{rlo&éggﬁd' éatauydtm@, . angorwm Md?odééulﬁr@)f{éﬂm ric
pol yl obes, for jnstance - Particl es resgdtln from

Rt Lusi on. beRATENBPSeBRIon S MISHARG VRS aMFaiAR'GE R 6 RESINDE of 0. 2
to 10 mm andusdidei regérengdd) fredhewsrs esuipBidedn state. riandpsiraf Gie5 comve@Bnam
Particles res I icle

i areter i n-t BTkt BR e g RERERL oYy S e Rl By Bkt o

PCT/ EP00100355¢ei3212ApA¢cHp fhe P%Wt“thﬁé“’ﬁntﬁﬂer mat eri al s, cracking corrponents,
conventional hydroor ocessng catal ysts, and any further mat eri als as well as
the anount s tller f ars \{ CC d]bovtgt Fl‘rlel;s:[ener ngentlg‘ln conv mona cagkmOf the
Group VIII non- T 'In%c?m‘%" P8 2aRE n r@‘rp W\ﬁ af'y Tont a; necI g

sul phi ded cat abrymneMGnMw@ImmIaaﬂ@nph'e camemtglhmmmm C@m@ﬂgﬁ'tvmh above. | t

i's noted that of B&iear £g.S7ah-b, @ﬁrﬁ-’d@ﬁll&')’ eeod@s\crzea@éixama@ Eapos, h@cmn dic
cat al yst conposi tbon is not destro ‘L’Iﬁ suI ph| ded

catal yst conp8TPPYRL I SIWEH sh%I’ﬁﬁ%W ﬂ”'E'B? eQr E‘I‘i‘é‘{r?s‘ tE?"F?IC{‘
further not ed cletrabatisbree sialepdis deylaat as bihges asd erpexingtcoimpaett 3 tnetskipe cmyst aI I | ne

materials, - For lngt%e&Ilrcg-\éiummfafrﬁﬂ%bg g op‘ﬁ:khgraﬁ‘d bemtixhg fLﬁIUtIoWHt HeCsahiul K

cat al yst partl cles generally conprises several crystalline peaks
characteristi o the Goup VIII non-noble netal

If desired, the cracking component may be compaosited with a Group VIB metal and/or a
Group V! non-noble metal prior to being compaosited with the buik catalyst composition
and/or prior to being added during the preparation thereof. Compositing the cracking
component with any of these metals may take the form of impregnation of the cracking

component with these materials.



and Goup VIB netal sul phides. As for the oxidic catal yst conposition,
preferably, | ess than 30% of the pore volune of the sul phi gegguiat 2003t
conposition is in pores with a dianeter higher than 100 rim (determ ned by
mercury intrusion, contact angle: 130), nore preferably |l ess than 20%
General ly, the medi an particle diameters of the sul phidic bul k catalyst
particles are identical to those given above for the oxidic bulk catalyst
particles. Ugeoaegording the invention The catal yst conpasitd@dssaccor di ng
to the invention can be used in virtually all hydroprocessing procésses to
treat a plurality of feeds under w de-ranging reaction conditions, e.g., at
tenperatures in the range of 200 to 45@C, hydrogen pressures mthe range of
5 to 300 bar, and space velocities (LHSV) in the range of 0.05 to 10 h'"'.
The term "™ hydroprocessing” in this context enconpasses all processes in

whi ch a hydr osseRe) e@&nw oﬁetaéteﬁ\dlsﬁeﬁ heatay el %Slﬁ:aﬁ:tn &l eadadcdapgper at ure
and el evated pressure, % g Qrocesses such as hydrogenati on,
Ni: inchgs 4 g 8 b

hydr odesul phuffTAPHeA, W SEOSNG UHHE £2894'°8 EPEYEH0B55

hydr odeni tr ogeysmume) prackmocioogienaat &lpréfaratily ami,ed I‘riymhr reeiﬁﬂtrgccmbmsmh isa8) be

hydr oi sorrenz r - i L under
mld pressure E w%ﬁ%gﬁﬁ)sﬂ%gb a@(@c@% er ?s”—%; )éﬂ (Pn% ?l%?l' e

hydr ocr acki ngdavsrh@ %Ga@ra@'yeqdeé 4] M@F'tCF@HS*GPmP‘Pfé'OP e he P%ﬂd "F Bydséreatingul ar | y

suitabl e for dpybaging eatﬂnm YOG PRNahQROSt 88 restedhl RYER @t 4R8I Ng
processes conprise, rization, rg{}?\5Idro em trogenati on, and

ydr.odesul

hydr odear omat 1° ?ﬂdscgﬂ deﬁ a&&‘éﬁyﬁgﬁeﬁq%aga%f?%w%” £ 3BPE R ENLYE s are,
e.g., mddle adstid nay esry fker @, tonspMhabasvdcnuhe detsl weige, of el ciigesry gas
oi | s. ConventiQpadiioRr ocess conditions can be applied, such as tenperatures
in the range of 25D 450C, pressures |n t he range of 5-250 bar, space
velocities in the range of 0,1-10 h'', and HZloil ratios in the range of
50- 2000 NI/ | .Oogte@@r fektRdri ihatehﬂﬁl Bi&ixh@dj$hasphcﬁhdeon€d“rliﬁd"l cBhpRiAgE, hooron-
et o et Lot b IS LETAE hs Snn B H LML R LB ES
| oadi ng (25 |asditipnal 8a®lt@ecm?talby0repqmﬁab$fe g9t9t mefal Terepdupdsc eorrreigfuies ed t o
crush the pargd&diendyas BASHi&nto Ha&aRACBRAMSRiowas repeated with at | east
40 extrudate particles and the average was cal cul ated as force (1bs) per
unit length (m). The method preferably was applied to shaped particles
wi th a | engt PAsnghospraregchintgning mamp@indomay \bel apmiedi amiNgnierd s phiogphaten The N2
adsorption P
di ssertati o?@? &Hh@ﬂ?&?d %@%aﬁﬁ(}#} %S%qorgﬁon?%‘n%\%&g)%goﬁ: T;g r?ocgretg?ngl%% 3.
Armount  of ado‘éﬂ‘PQ‘m"F aam%et eﬂde%ahwﬁasﬁ sf tog aroresstof (e Rﬂ%seetr'menmpa?r °The
presence of sthé |sﬁbdf@ts'lép eﬁumomsécruerdub|umgsmépe,gpsftmes&eosmdehanateﬁmeat| on can
easily be det eec{ eg tw d i ns ecc';nl on atC f’;\stbe fsel e, NBLa t| onents
are present ifrtne form °8‘fs'°°3ﬁa‘[nm RTPOUNER, o4 @SSt 7Y '3 B atﬂ
wavel engt h ofinginsg, tﬂnelumlrgimnde(}anmw@eed bvélemetentsﬁele&BDhqwsmaelda)stl c light
scattering {Efhdmi@lreR®loshiirib@tid amladid &id.ng, which are known to the
skilled person, can also be used to verify that at no point in tinme during
the process of the invention all netals will be in the solute state.

As boron-containing compounds may be applied, e.g., baric acid or heteropoly

compounds of boron with molybdenum and/or tungsten and as fluorine-containing
compounds may be applied, e.g., ammonium fluoride. Typical silicon-containing
compounds are water glass, silica gel, tetraethylorthosilicate or heteropoly compounds
of silicon with molybdenum and/or tungsten. Further, compounds such as fluorosilicic
acid, fluoroboric acid, difluorophosphonc acid or hexafluorophosphoric acid may be

applied if a combination of F with Si, B and P, respectively, is desired.



02 JULY 2003 WD 001 41810 PCT/ EP00100355 36 Quantitative determ nation: if
the nmetal conponents which are added at | east partly in the2deLy2003te are
added as suspension(s), the amount of solid nmetal conponents added during

t he process of the invention can be determned by filtration of the
suspensi ons) to be added under the conditions which are applied during the
addition (tenperature, pH pressure, anount of liquid), in such a way that
all solid nat&bi@4 ﬁontalned in the suspensions) is collected as solid
filter cake. EPSHi"fe weight of the solid and dried filtdf! ’55‘!?’8”35%he “wei ght
of the solid netal conponents can be determ ned by standard techni ques. O
course, if apart fromsolid netal conponents further solid conponents, such
as a solid binder, are present in the filter cake, the weight of this solid
and dried bi ndemutaarussddblenaubérfsm@d etktdig ars, t g, weirgl, ﬁhfandah&es%tﬁéﬂnu&nd dried
filter cake. Trrf%gdn?'mllﬁlcli’}ttx O<f:hrosr9| n%élum l%?lnEI %Q\t Sall ?1 gt | ter cake can
al so be deter i nad byePaHYATY ues 28288 LR FTEISh
spectroscopy (#&8)m, C)S(RFR Nk, mwmm Oawagw $hesgrmdtgiPcan tfe gdded ateinal

conponent s whi gl AtenadiRds Akt tla@a@gemrvgmnlpﬂort f&ethéghép%gsét@ptg\ A foRdded in
the wetted or dry state, a filtration generally is not possi P In this

case, the wei gPAdngfhese e ‘?‘H“QT@F 8100?:‘36%‘8?1@H?'§‘°? & iz gprpegebiely @ERate t o t he

wei ght of the merfhasmmt REmpditibr aieke,wltﬁnml;eyted poRSink t@mﬁm@gm@ttﬁe i a dry
basis. The total

. . cata Véfl IFonw%w anrreérggn on ento?n iSind ne gos ertPi at! .mst al
conponent's i ni {3y eon'B gyed 2"or’a 5r a5| PLPTRLF AN CEITE Y al oxi des.
4. Characteristic fuII wi dth at half nBX|nun1The characteristic full wdth
at hal f maxi nupgeedss tfag 9xi di c catalysts was determ ned on the basis of the

X-ray diffraction pattern of the catalysts using a |inear background: (a)
' the Group VAT bl SUVeL PETIRGT SRR SRRTEE GRS DR, SoPYRele e ABIERT st i ¢
full width at telte sobEsteniim spsyidhengf (ikdh) diyidt hmibibg, lkadddingpstirmyuamixifg, nrytoer s of

28) of the pea\%et%txfﬁ) of ¢ r@atlérﬁ tl@rec(f Qf)l(hlafcor'ngﬁ tlgn%'t*gl tVrJP' %n{@r}}cﬁ{ ?a
nol ybdenum and chro h aracteristic fu a XI mum i s
the full widthSgty mang awaéafw'fx*mﬁetf\srpfﬁeﬁaﬁ 20) of the peak at 20 = 63.5
(p. 6) 02 JULY 2003 WO 00/ 41810 PCT/ EPOO/ 00355 37 (c) i f the G oup VIB
metal s are tungsten and chiomumLhe,eharact eriat be, Lukl hdlA, ALy half
maxi mum i s the 8?% G PP R EINRURY O TS 20f © 5PV N dak at 28
53 6 (-0.7) (ndt)enalsf arteh@d@! Glipt b, Bftaescdid-tquir tepﬁ@hgfb@eﬁqmr aﬁamgﬂteeml and

chrom um the @M@@tagalsgsleguet,%lre_m,g{gh at half maximumis the full wdth
at half maximum (in terns of

Preferably, the bulk catalyst particles are both composited with any of the above

materials and subjected to any of the above techniques. !t is believed that by applying

any of the above-described techniques of spray-drying, (flash) drying, milling, kneading,

slurry-mixing, dry or wet mixing, or combinations thereof, the degree of mixing between

the bulk catalyst composition and any of the above materials is improved. This applies

to cases where the material is added before as well as after the application of any of

the above-described methods. However, it 1s generally preferred to add the material

prior to step (ii). If the material is added subsequent to step (ii), the resulting

composition preferably is thoroughly mixed by any conventional technique prior to any

further process steps such as shaping. An advantage of, e.g., spray-drying is that no

waste water streams are obtained when this technique is applied.

Spray-drying typically 1s carned out at an outlet temperature in the range of 100° -
200°C and preferably 120° - 180°C.



2A) of the peak at 20 = 53.6 (0.7). For the determ nation of the X-ray
diffraction pattern, a standard powder diffractoneter (e.gg2 JOLY 2063
PWL0O50) equi pped with a graphite nonochromator can be used. The neasurenent
conditions can) e.g., be chosen as follows: X-ray generator settings: 40 kV
and 40 mA wavel ength: 1.5418 angstrons divergence and anti-scatter slits: 1
detector slit: 0.2 mm step size: 0.04 (28) tinelstep: 20 seconds. 5.
Degree of sulyhbdaid on Any sul phur contained in the sul pptfi&okidkk catalyst
conposition was oxidized in an oxygen flow by heating in an induction oven.
The resulting sul phur dioxi de was anal yzed using an infrared cell with a
detection system based on the IR characgBeristics of the sul phur dioxide. To
obtain the anount of sul phur the signals relating to sul phur dioxide are
conpared to those obtained on calibration with well-known standards. The

degree of sul 'nqﬁntld %@aﬁs mwﬂsrt‘h é\!ll@%té\%ﬁ%aﬁéleg etnE &y QEQ%I%A%Q of % armunt

of sul phur contai ned he sul catal yst particles an

anount of sulﬂ?ﬁlﬁmﬁﬁéﬁ's \Wb’l‘ﬁ By Betep V\es B9 Hi9+ RRMBEPK MRS Aoyt ”ff‘éﬁ?‘iecl es i f
all G oup VI Boaipdsify memuw &dtaly%oaarlﬂa&sl amemsahslymwf PeesnNt maferbibesf ar m of
their disul phloglN srsor tht k & ? Lar, tao tnhe Saslte tln LPerson that the catal yst
t he degree of P4 ar phi L BITR0T W RS TS bR eaifed is to be handl ed
under an inert at m)sphere prior to the determi nation of the degree of

sul phi dat i on.prg'gggsist@gg-gti on will be further illustrated by the follow ng
Exanpl es: 02 JULY 3 WD 00/41810 38 Exanple 1 PCT/ EPOO/ 00355 17.65 g of
amoni um hept hifotsriefathe bpikcptpigRripraty rperisny oy ehine aktye (fasghen)makigld) and
24.60 g of anmmhmsﬁaieatdﬁﬂ@&ilﬁfaﬂer(%bﬂihﬁvma%er( QpdiieBDERapAG @Xpnsekr em
Chem cal) wer(g(t W t h

about 5.2 at roomr{ gel}é?zwéq[, geadmg_ﬁqd/or %ﬂr%td%'gg \ﬂ ngst% %ote&lgha?]?the cata at pH of

was subseque hea 2d to 90C
(sol ution A).cogpogtiqp lé)ﬁo he cRriied ity eleroxlyesa r4aeine éUlQlMdOéFd’SS'NIP‘(fG-DeQS 4420 (0.3

mole Ni, ex. Absheh)odss! e Ao 808edlingOfs WeHiid. , FRNed e sUSPENSI ON
was heat ed to QQ%TSEZ%geﬁ; t)b?lp%a 9Thr}her@nl ckgl " wcar%onatee hidéa B. E

T. surface ar®4 PROFY O 93'7%3'%25‘99‘:?\?'03‘ °°ép??8¥°é '3/ BUHE: BF'eEe89 cni I g
(= 0.62 cnl | garklicd peddatds theaaltebyask| 4trabg etage oo tdn daring tha shapihigastepparye

di t f 6, I t
laneter o Ooﬁm%és'\;lvégaﬂgﬁgcﬁo :%HP%EM B ﬁfxfﬂbér@%ﬁﬁg QIm - a&ﬁ FhEHEL er.

Then suspensi ution he resulting
suspensi on waRdit¥Esn Ay reEPEYe 9YmINfUST sigamess |%‘ﬂ‘a?5?“ti89'39h29 RBGR.s MRihYIh

conti nuous Strtdﬂdilbsfég beu%mttehgmmmea& diyiabis, pdiyEthylehd &xmes e Neiktoids Wasedf.i | t er ed.
The resul ti ngFurt%I id nd su entlr}/ cal ci ned

ed a
T sooe TheleiBel vudiuphs 8 Sad et ey be BtaBe e itR S SRR 221

metal conpon emdsprhat@|tfrﬁgshbemstemhmqae@lthﬁ oechariqal grenate of the extmdates

If the shaping comprises extrusion, beading and/or spray-drying, it 1s preferred that the
shaping step is carried out in the presence of a liquid, such as water. Preferably, for
extrusion and/or beading, the amount of liquid in the shaping mixture, expressed as
LOV, is in the range of 20 - 80%.

If so desired, coaxial extrusion of any of the above materials with the bulk catalyst
particles, optionally comprising any of the above materials, may be applied. More in
particular, two mixtures can be co-extruded, in which case the bulk catalyst particles
optionally comprising any of the above matenals are present in the inner extrusion
medium while any of the above materials without the bulk catalyst particles is present in

the outer extrusion medium or vice versa.



The oxidic bulk catalyst particles had a B. E. T. surface area of 167 n¥l g

(= 486 nZlg NNO = 128% of the correspondi ng surface area o§2{JtaYR2068!

hydr oxycar bonate), a pore volume of 0.13 cmi/g (= Q39 cmlg NO = 63% of

t he pore volunme of the nickel hydroxycarbonate), a nedian pare di aneter of

3.4 rim (= 55% of the nedian pore dianeter of the nickel hydroxycarbonate),

and a nedian particle dianmeter of 10.6 mcroneter (= 95% of the nedi an

particle di an;%@({m?g the ni ckel hydroxycarbonate). The X; &%Poq)o&H actl on

pattern obtained after the calcination step is shown in EI gure 1.

characteristic full width at half maxi rum was determ ned to be 1.38 (on t he

basis of the peak at 2A = 53.82). 02 2ULY 2003 WO 00/ 41810 PCT/ EPOO/ 00355
39 Subsequently, the catal yst was sul phided: 1.5 - 2 g of the catalyst

were placed mSgpduartz boat, which was inserted into a horizontal quartz

tube and pl ac u er.at i to 370C

i n about one gejﬂrﬁwg%tlhr\apggr gsth F@%?;m Jtﬁ@e g@ér% ;h@ reguﬁm%\gﬁapﬁ@ ?%‘gst

conti nued for C‘:’L'T’@’Sl*i"'ht”aBl?@@?mM”Y Frerjechif e%vﬁ tetmatrestment diewewen9s PRAS/ H2 wass

then added t 0etdaftidl @Ak SHbceds ofdhk ,mte/nmeA "thErnal PdERAINRTaUE RIS tHewdseased to

400C and hel d, th re for at_ vwas t hen shut_off e

catal yst was (‘,"58'7 '8 i fﬁ%&ﬁﬂﬁae'ﬁ@%‘f] a?%@”ﬁ%’revafﬂec% w6t 1P tg?otgaf | ow was
di scontinued aretkrathefrarml WP yBSSOMwoo&)nrbiecbbtydSﬁﬁomsﬂ@wmelaaxmw\erngd@m
nitrogen. TheO%L{B Qg”hgﬁgln%t rﬁ’t—.1 g%ts sM@nsas%Yt%lgH@to?g\ én%x@geﬁ%?ntm\m %e cat aI

Carberry batch reactor desig for constant drogen

was pilled ands §I'fé6“’?c?xQFP4B‘en'€%’ﬁ‘ahH?P“B?fé cgp é?ncx’?\ia%d PEaREE rreeaceofst ai nI ess
st eel basket, waenstednched between layers of nullite beads. 100 mi of liquid
feed, contai ni ng 5 wt % of di benzot hi ophene (DBT) in decaline, were added to
t he autocl ave, A hydrogen flow of 100 m I m n was passed through the
reactor, and thal the ekeyePecemasitenathetamoyelP! 4gui38Y bR Pantiedddn . ag-bersk [fr essur e

regul ator. Th%u&&wrhat&{a@smpeaﬁ&ee stp%y?aéﬁ}@ R amounttd/iglid is B3dok,he test
was run until |ther 58% of th%lﬁe 1) ﬂ?gﬁgn converted or 7 hours had
t

passed. A smatla ditgnal Jigye "yet Bt 8 B9 G8r Y0 AHOAS zﬂ?
anal yzed by gastaigstroomadsitign amm;rmt@ﬁ(:)af lideedt ie tahigh,ahé smbatt of iguidowmestalel

conver si on wepsycal gl SoagudEasiiteds o MudiaR g8 Ao Rer Bolhiane ||

f,J. Catal. conversion (expressed as
rate constant )a“‘élt'f @5@@‘3’( 7‘(‘5? res“'?”%‘*’ﬁb%lﬁeeﬂ'e? gnpesbsggenty rgwetted to a

mof ecul es/ (g’ &énan@mar;airlauehmqplpa:céss%tgﬁt aliy slthim@e febepar B skifeddescri bed
in Exanmple 1, exgent. ttrho 9 ntgﬂieuigog(p”ae]§ nmetal conponent was applied: a
catal yst was 6repare as n arrpﬁe PR 35.3 g of ammoni um

hept anol ybdate (NH, ) BMo, Oz, ' 4HzO (0. 2 rml e Nb) and 35.3 g of nickel

hydr oxycar bongt®eaNitdQv) 3N| (O—|)2 4H20 (0.3 nol e N|). The yield was about
85% based on_t he cal cu at ed

one ts. havi ng been
oot ot o The s e e Rl A0 e TR e Aa R el 5o
descri bed m BEdatwphatiod geﬂ'dnﬂlytusatahed oud 2y &UMattnz@m (U] @ndlwﬂ_sa_roclmnegwoo 100355

40 DB conver ShANn(PYRLESEHCr et 3hP ofORELRRLL Aes TH0CH) Ui sty ToasUr ed

to be 95.2 10 m) ecu g us sig |cantlg beI ow that of
Exanpl e 1. Coﬁﬂ'é?'af‘g \?@’“B&’ﬁ gh Bs elementary sulphur, hydrogen sulphide, DMDS,

polysulphides. The sulphidation step can be carried out in the liquid and the gaseous
phase. The sulphidation can be carried out subsequent to the preparation of the buik
catalyst composition but prior to step (i) and/or subsequent to step (i) but prior to step
(i) and/or subsequent to step (ii) but prior to step (iii) and/or subsequent to step (iii) but
prior to step (iv) and/or subsequent to step (iv). It is preferred that the suiphidation is
not carried out prior to any process step by which the obtained metal sulphides revert to
their oxides. Such process steps are, e.g., a thermal treatment or spray-drying or any

other high-temperature treatment if carmed out under an oxygen-containing



A catal yst was prepared as described in Exanple 1, except that only one

G oup VIiB netal conponent was used: a catal yst was prepare@2apyLy 2003l e 1
using 49.2 g of amoni um netatungstate (NH,)6HzWZO 0 (0.2 nole W and 35.3
g of nickel hydroxycarbonate 2N CO,"' 3Ni (OH)z 4H20 (0O 3 nole Ni). The yield
was about 90% based on the cal cul ated weight of all netal conponents

havi ng been converted to their oxides. The catal yst was sul phi ded and
tested as degg, in Exanple 1. The total DBT conversi gssed as
rate constantw)% bs)1%%500 (~, ~ ,) was neasured to be 107" 10&21-;&%?356 Ul es/ (g' s)
and was thus significantly below that of Exanple 1. Exanple 2 28.8 g of
MO~ (0.2 nole Mo, ex. Aldrich) and 5029 g of tungstic acid HZWD, (0.2 nole
W ex. Aldrich) were slurried in 800 m of water (suspension A) and heated
to 90C. 70. 6 agnasphare ckasedupdtiyoXytbarcblyst @niphkicd~is INb;ecB 1 ddlnOdriity 6 mal e of
Ni, ex. Aldri ﬁg’))ré’r\@ ﬁer%ﬁ%g‘tﬁagﬁ&é&é@g%em\alﬂgat%;\tqmégq QQﬁg%é-ggntéan 0C
(suspensi on §) Suspension B was a 0 suspensi on m n , and
the resul ti n(j‘tr?ﬁsR*ﬁﬁlﬁ éhwm@hﬁﬂi'%‘tﬁi?fﬁ@a'ya%cag(?@WE?UbaeQﬁéﬁt|tQ)tﬂ’e@PP“$8i°hGUr s wWith
conti nuous stahy rdf mgase%ezﬁdm@ &P oQfse} Nithedel ﬂBthoctsh@reSéﬁ:W&flﬁhd%P egerd i | tered
and the resulﬁ and cal ci ned at

700C The’ v el subu e i1 At RO ittt terareithe ane of ol I weral

conponent s havi ng been converted to their oxides. The oxidic bul k catal yst

particles hacﬂf ﬁe &al)l‘:st ?O-Fnéao§xH5rI l@‘ﬁged% d%tad é%gesggg g'te(s—lpl%g lo@e%)régly(?s = 99% of

the corr espon (?nosur area e ni c dr oxycar por e

vol ume of 0. Fa8Tie W'gSLPSEOGe'HStOGN FEFFNQOS‘%P BVBh/c)'foﬁppﬁqqu%F@SObloutﬁ% 35t t he

ni ckel hydr oxpeeadl hesak®)in aoidBaipdimpopheredi aneter of 3.7 rim (= 60% of the
medi an pore dianeter of the nickel hydroxycarbonate)) and a nedian particle
dianeter of 14.5 mcronmeter (= 131 % of the nmedian particle dianeter of the
ni ckel hydr oxXye sribuidriioe caTensxally bp @irfefiraat ini WA apdipt er pituoPrefdrediyoriiedi ¢ bul k

catal yst par Tshl%é’a%oﬁ@@irhe%edn%@as‘f@ .%t u?eosmph%%t.o%ls(c\é%y oBf Radkepantk 72 (very
broad), 35.72. 76, 93, 02 JULY 2003 WO

00/ 41 810 PCT/'?:%SE?O/ 8‘69355" Ahe Tﬂéphtdﬁar &E‘F'é?tu §?’P%°SF'B” bwgdt"ﬁadﬁ? R& ™ "%raxi mum
was det er m négdrdbmodeasidg GAit. f Aurthédrercdl ©i prefdreditrat et cadyg asimbostinn (iKlet er m ned

on the basis e 53.80). The catal yst was sul phided and the
catal ytic per%rr"zr’f%ﬁbg@ é\%&gé‘t&%ogﬁg@ as described in Exanple 1. The total

conversion at 350C (X,",) was neasured to be 144"10's nol ecules!(g's). The

degree of sulppbiecéaie@rbrwagl@bf @RNgickdNSvetfonUspness B SolldwidRlceessivel Ne
preparation of

was repeate except that
PN 6y DM TR RS SlrorRo JER el ES aborcied aHo B oA eul at ed
wei ght of al Itheretbtaihed byt calglystspantimlasngthbean x dinder serdy tyinghibe resoltingles.
Exanpl e 4 ExapRb&itién V@@etﬁr?goﬁﬁéa@ﬂﬁv‘éﬁrhs@l degeEHlCIrﬂﬁH)éHatﬁlp‘HfdlnB' Kle@ler The

yi el ds and the characteristic maxj mum édeterm ned on the
basis of the pb“é%fﬁg ArFeEhemhadinset ?%“ms%th%é°"°w'8%s‘§‘§753‘é{? &tegy G'hieRing he
fol | ow ng TalheebullEdtayst paricles s descritet absveaddeatthg[tmopafcjaseliaffiitcdtion, ast er i sti c

full wdth atmi)nl?d Fhe MR IREWith? adlﬁaterial, such as a binder, kneading, extrusion, drying,

calcining and sulphiding.

The invention further pertains to a catalyst composition obtainable by the above-
described process. Preferably, the invention pertains to a catalyst composition
obtainable by process step (A) and optionally one or more of process steps B(i) - (iv)
described above.

In a preferred embodiment, the invention pertains to a catalyst composition obtainabie

by the above-described process wherein the morphology of the metal component(s)



rees 2A for theN MoW cal ci ned sanpl esl. 00. 50. 5961. 471. 250. 50. 5

| 1001. 501. 50.5 10.5991. 602.00. S0.599 11.32 ' (based on the gaythheprees wei ght
of all metal conponents having been converted to their oxides) [% 02
JULY 2003 WO 001 41810 PCT/ EPOO/ 00355 42 Exanple 5 Exanple 4 was repeated
with different nolybdenum: tungsten ratios. The yields and the
characteristic full wdths at half maxi num (determ ned on the basis of the
peaks in the §3pags4A = 53.80 - 53.94) are given mthe fg#{./?%,g@siabl e:

Mol ar anmpbunts of netals added [nol e]yield"characteristic dt It at hal f
maxi mum i nNi MoWlegrees 2A for the cal ci ned sanpl esl. 50. 70. 3 ~97
~1.291.50.50.5 ~99 ~1.601.50. 30. 7981. 0626 50. 10. 9981. 11 ' (based on the

cal cul ated weight of all netal conponents having been converted to their
oxides) [% BExdwplaee & ldastiriyl yste oihpasiduingrinararscess spatemed innhecatainner

anal ogous to theoRiRReA G dRSEL! e CXARLEed o 106 LEBLILIG,E Xt LI e

was spray-deed e spray- r| ed cont al ned 43. % N 1 wm%
MbO~, and 34. 7PREess\aDbe P"Pﬁ%’“m‘ﬁ@ovol une of the spray- dr| ed bul k catal yst
particles was O. 14 rrilg, nmeasured by nitrogen adsorption, and the B. E T.
surface area s d n]z f% Thet bul k catal yst particles were wet-nixed wth
20 wt % of an afiifi ’r?é:a%y?'n 8P°%'%%ed on the total weight of the catal yst
conposi tion. Thehesaibrer the dTveetivh peftaitshie andaleiyst eommasitiardforstend butk @tater t o

obtain an extrdidapl %momfm éthgasmg @ro%pvxﬁﬁ némhﬁ&m@@t Luyd 9&&5&%1 After
extrusion, the extrudate was dried a OC and cal cned at

resul ting cat &9 VIBSTRR-SIhEG Waa"%?'%afe Bresgnt '%[E‘cha'ék‘ﬁtaﬁ"@a“ﬁ‘f’" ZD‘QE'rnzI g, a
pore vol une meagidrsets, Byd Wedreib the dperaasasteiun Widef atoaaQ&amnbg do& bt axcsédle crush

strength of 5. 245° wl?mgrL {tqur?upqu l‘als 200§léé%ggll9rﬁ,/t %%&@g yg%iQrg’é%m 43 Pf"‘”

of the resulting cata run' gas oil)
spi ked with DI\ﬂDSOf{SmomelcPng“* fivdgh pmqm)p R {3) mmsmfﬁmlybwmn asi gormiener of 2.5
W% S at 30 balingseHSM chrdhitih. , H oil = 200). The catal yst tenperature was

i ncreased fromroomtenperature to 320C, using a ranp of 0.5C m-n, and kept
at 320C for 10 hours. The sanples were then cooled down to room

t enper at ure. As described in the chapter "characterization methods”, the charactenstic full width at

half maximum is determined on the basis of the peak located at 20= 53.6° (£0.79)
{when the Group VIB metals are molybdenum, tungsten and optionally chromum or
when the Group VIB metals are tungsten and chromium) or at 26 = 63.5° (+0.6°) (when

the Group VIB metals are molybdenum and chromium).

Preferably, the characteristic full width at half maximum does not exceed 2.2°, more
preferably 2.0°, still more preferably 1.8°, and most preferably it does not exceed 1.6°
{when the Group VIB metals are molybdenum, tungsten, and, optionally, chromium) or
it does not exceed 3.5°, more preferably 3.0° still more preferably 2.5°, and most
preferably 2.0° (when the Group VIB metals are molybdenum and chromwum or

tungsten and chromium).

Preferably, the X-ray diffraction pattern shows two peaks at the positions 26 = 38.7°
(£0.6°) and 40.8° (+0.7°) {these peaks wilI\ be referred to as doublet P) and/or two
peaks at the pasitions 26 = 61.1° (+1.5°) and 64.1° (=1.2°) (these peaks will be referred
to as doublet Q) when the Group VIB metals are molybdenum, tungsten, and,

optionally, chromium.



The degree of sul phidation of the sul phided catal yst conposition under
condi ti'ons of use was determ ned to be 52% Anot her part of gplyeicppedyst was
sul phided with a DVDS spi ked feed. The thus sul phided catal yst was then
tested with LCCO (light cracked cycle oii). The relative volune activity in
hydr odeni t rogenati on was neasured to be 281, conpared to a commercially
avai l abl e al um na supported ni ckel and nol ybdenum cont ai ni ng catal yst.
Exanpl e 7 A wabaliyst conposition was prepared in a mannescradrad@egus to the
procedure described in Exanple 1. After the reaction was conpleted,”
peptized alumna (15 Wt % based on the total weight of the catalyst
conposition) was co-slurried with the l@dl k catal yst particles and the
slurry was spray-dried. The resulting catalyst contained 13.2 w % Al zQ ,
33.9 wt % Ni O Froolre owrestitst: full mibittBar, h2If mesewdf thElsadissetelystebmnesitiofs ¢fhe oxi di ¢

cat al yst CO”RFPébrE!;eQPm\‘/@aﬁorpanjd7od"{*bmy tﬁ@&éwnegofl%wegétfoﬁé’gﬁﬂe AdseLddd pn,  and
the B. E. T. surface area was e sp ra?%yarle particles were

m xed with arf"dfbtisen ?ﬁd%ﬂﬂ'feérthaé@er’@&rﬂi’g‘%ﬂ“ec%tﬁe(ﬁa fé’)@tpr'%&‘bfl“’é“tfﬁ‘x The
resul ting m XdifiefLiroh@ thabdft doteQ@@ndngl cdtiigsty eptréd Vg cONletibthabeas yREedr i ed at

120C and cal CI W%S‘%§§7§8ﬁgﬁ Tg}‘§1 gsul ting catalyst conmposition had a B. E.
T. surface ared o g, a pore volune neasured by nercury porosinetry

of 0.24 m/g, and a side crush strength of 5.3 Ibslnm Part of the

resul ting catghisix- wéiﬁéuﬁoa?ﬂaﬁ&ﬁs 448 4B riBedTh ik Wksngids 10 vol % HzS in H- at
at rmspherl c pressure (GHSV (gas hourly space velocity) = ca. 8700

Nm “m~""'"h~"). The catal yst tenperature was i ncreased fromroomtenperature
to 400C, usi NMpeX-faqmipiraation pdi2mldilthe RO Satdfst (ﬂ%élésBdr@fel%@?doEPﬁ&]/oBﬁ&BS 44

o0, o Al L B0 o s SR Bl o o

roomterrpera Xture atron of the
sul phi ded cat'api§sposgibifppdicpsaotie amaents @f@m&ﬁlmmem inpyen %vagy wpebtaiined to be

?ﬁ%tﬁnot helr lﬁx&&&a&a@/fst %ﬁt}%le@%ﬁﬁh&@ﬁze%?téﬁbltr@,h!ix%&xoﬂﬂpﬁtlfbr@sm pédg kan L eed. |
e us sul phided c st _was en tes cracked cycle
o T ae st Shbastlh o o Bt 8 Pk 19 ST P s AEES s ed Lo
be 235, conparsunt o the celaresrapaabhtywiiohas lablgeg maltyrm the slip petet ®dngthekel and
mol ybdenum C%&éwbﬂge GRLALY N added, 37 .ﬂtHLXae?aQQénQnéﬁt@ aékﬁdqn 8 pogess for

preparing a catalyst conposition conprising bulk cat al ?/ particles
conpri si ng at'ar9%£§ft‘°'8?1e$"‘@“ GOIuNE 1of tifoeizb BIRPoRE!t ATaYakfd raaqe‘jl"éé{?tx'f% G oup
VI B netal s, Wiredliof) pateasSs tHeaBRulting B6lk eataidt Barigesand reacting at | east one
Goup VIl non-noble nmetal conponent with at |least two G oup VIB netal
conponents in the presence of a'protic liquid, with at | east one of the
met al conponetiesmelamalinphgroap VikbiesEGrogaM| gori-rebiehpetals igeckrally dergeslfleiing t he
ggt ir e(ypr Ocezﬂm Sﬁidjar@&éf&aM( frbmamd. 1@ Qvlipe VbR dﬁatcaﬁesshﬁmem@u Rertiié, ﬁm a]l?out
w.%to a C e a t o
sai d bul k cat gﬁ?srtat‘??a‘)r’qﬁ‘f% 585")"9%%93}’? H‘(??zsofcﬁ‘kﬁ "leﬁt'g'/%bef qeﬁoi @}"’ V\ﬁk’%mst al
conponent s whiiffenerdGeoupt VIBeaattls paotd pnativer tdeseralyl is dotstriitad Thersamg fods reaction
being | ess tmnomgr% mlﬁlgrgod?aupm@ﬁleﬁorﬂﬁobies_%etal is applied. In cases where
molybdenum and tungsten are present as Group VIB metals, the molybenum:tungsten
ratio preferably lies in the range of 9:1 - 1:19, more preferably 3:1 - 1:9, most preferably

3:1-1:86.

The bulk catalyst particles comprise at least one Group VIII non-noble metal
component and at least two Group VIB metal components. Suitable Group VIB metals
include chromium, molybdenum, tungsten, or mixtures thereof, with a combination of
molybdenum and tungsten being most preferred. Suitable Group Vil non-noble metals

include iron, cobalt, nickel, or mixtures thereof, preferably nickel and/or cobalt.



2. The process of claim1 wherein at |east one of the netal conponents is
at least partly in the solid state and at | east one of theg2g9UdlyY 200ponent s
is in the solute state during the conbination of the netal conponents. 3.
The process of claim1 wherein all netal conponents are at |east partly in
the solid state during the conbination of the nmetal conponents. 4. The
process of any one of the preceding clainms wherein the erotic Iiquid
conprises water. 5. The process of any one of claims 1- 3&%Q%5&m9ﬁthe G oup

VI 11 non-nobl Of¥fE}0 conprises cobalt, nickel, iron, ttrest her eof .
6. The process of claim5 wherein ni ckel and cobal t make up at |east 50
wt.%of the total of Goup VIII non-nobje netal conponents, calcul ated as

oxi des, preferably at least 70 wt.% nore preferably at least 90 wt. % 7.
The process OfPre’ié}XbI)Qréecoﬁ'fbmﬁ{ldﬂ $TEmelalS comeki8d Rickdlem&BmaLfunV1aBd etadrsorconpri se

at (east two of , chromu bdenum or tun n 02 JULY 3 46 8. The
process of cl é‘ich?q'fc\%ﬂ%rrﬁlwdﬁ%% gL{lﬂ?%Ste?Tdor ‘%r??glgte ke dp lfng% €ast 50 wt. %
of the total @bnt@waniurpthb’lblkmlastt petspoYidietventeal cul at ed as tr| oxi des,

preferably at |east 70 wt. % rmre preferably at least 90 wt.% 9. The
process of any one of clains erein a material selected fromthe group

of bi nder nat &ris AEETeE HAlL Al i)’}ﬁ*aQObﬂVH?kﬁpﬁ‘P(?éﬁéﬁtlsﬂd“é’él’ Heytelof Geyug Vil ng
conponent's, Ofnofirhatidimeral &olﬁﬁbbﬂéhfts icSicudletest chites Njork eeferad bNisaxg 7amdh, or

reacting Of thflknqgrtgt%aﬁfergti gﬂ wg"P It r-r|1- euﬁlgs%%ﬁ%l% p?%er%ﬁﬁorgtﬁee(r%%p%gflllal ms 1-3

wherein the bd es are’s . of the
fol | owi ng pr oces-gohiz req!isl CO(npqneobtnpwlSt ¢ssg talvtdh nigkalandiricelialtsel ected from t he
group of binder nmaterials, conventional hydroprocessi ng catal ysts, cracking

t t th f d f h) d
1 Ting. - kneadh RGP ey PRVRR 208 PraReu it B aibest o EpRUIPIRA ths

thereof (iii) @hapiBeta( compodens, ngjcuanet s triddves madrk prefarabt dt regst 7aw/o(v)
sulphi ' n9) - Lhy THE PIOGSP S @Le: 60 BT |mafmpgamq)réfaﬁed%&hgﬁeampmBst eps of

conbi nation and rea non- nobl e net al
conponent wi t Hne quwﬁﬁntEW”EBS@EE"%”BOHB‘?'%H“W%?N n the presence of a
erotic liquid, with at |east one of the netal conponents remaining at | east

partly in the Psré%c!:‘rlagy %he oxxdlc(::I Hulf( nzclal;[(srt]%ag g,ésl £o%pp|£eo Iﬁ%’?ese catalyst compositions
have 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.

If during the preparation of the bulk catalyst particles none of the above (further)
materials, such as a binder material, a cracking component or a conventional
hydroprocessing catalyst, have been added, the bulk catalyst particles will compnse
about 100 wt% of Group VIB and Group VIl non-noble metals. If any of the above
materials have been added during the preparation of the bulk catalyst particles, they
will preferably comprise 30 - 100 wt%, more breferably 50 - 100 wt%, and most
preferably 70 - 100 wi% of the Group VIB and Group VIil non-noble metals, the balance
being any of the above-mentioned (further) matenals. The amount of Group VIB and

Group VIII non-noble metals can be determined via TEM-EDX, AAS or ICP.

The median pore diameter (50% of the pore volume is below said diameter, the other
50% above it) of the oxidic bulk catalyst particles preferably is 3 - 25 nm, more

preferably 5 - 15 nm (determined by N, adsorption).



optionally drying and/or washing conpositing the material with a materi al
sel ected fromthe group of binder materials, cracking conp0o2dtilyy 2003
conventional hydroprocessing catal ysts, or mxtures thereof, optionally
shaping optionally sul phiding. 12. The process of claim210 conprising the
subsequent steps of conbining and reacting at | east one Goup VIII

non- nobl e nmetal conponent with at |least two G oup VIB netal conponents in
t he presence_of rotic liquid, with at | east one of th gonponent s
remai ni ng at W%OE{%W LY 2003 47 |l east partly in the soli d§%@°§$°§dr Mg the
entire process, with a material selected fromthe group of binder

mat eri al s, cracking conponents, conventgonal hydroprocessing catalysts, or
m xtures thereof, being present during the reaction optionally drying
and/ or washi rhe tatgbbr@naling osthapxidigbuliogttdyahpdrigfespudfgrabigisragleast 8 05 Hhig process

of claim1l or wher ein hapi t i i t. 14. A catal yst
conposition vaquc rec%%ﬁ%h%é@%%?ﬁ"ﬂ t%lqg%{rh%%ér:@{%laggor%bh conprise at feast
one G oup VIII non-noble netal and at |east two Goup VIB netals, said

metal s bei ng pg ge&B walink faeéersizg?ais%&,oa'afi{herbu|§%@Q&%&aé& RlaBprodAlidy & oup
VIIl and G ou B netals conprising fromabout 50 wt, % to about \{LOO wt . %

VI ! :
cal cul at ed as‘ﬁ%ﬁ”lfe%s,m%f’f TIreentipRah PYHRErAGRSIngrea@Fig MU K RegicHPySe bylar ti cl es,
wher ei n when dabgstitiles paafeaty Raentmddrantphe datadéryos B -eompoas tdt@mmed t heir

oxidic state t e it X- i ti.0n fternin
whi ch the cnayaiean Syt RANGh LAy 0P8, Bl Y i el P R 1D
when t he G ol WPR nfgferably oh.& - AdMabendrinast Pelerapt N, ahdl/a. epeeterminef y,
chrom um or goR%qePidsextsed 4.0 when the Group VIB netals are nol ybdenum
and chrom um or tungsten and chrom um the characteristic full w dth at

hal f maxi num of the oxidic catal ysts being determ ned on the basis of the
X-ray diffractutbermpeat thesanbk catdiyest padicidls \pefgatlg hanvg samédiare@rticleasek g toeind,

wherein (a) if, a I r ca ml he
characteri st i% #e[h‘?l %\}m&gt@}?\ﬁgfﬁ% %%ﬁ?%@%tﬁQgﬁ@égau??gwhggﬁé%?a al f maxi mum
(in ternms of DOprefsrabiymet peeskthan SAA e, mere@rgferatly nptgyore thanH@0GEdg¥eVI B net al s

are nol ybdenufarapebidhdip Rdtidre 2@ 50D amasdenbsdtdrétedably hotvhéte fhaat1sbahf maxi mum
is the full V\%dth at hal f nmaxi ny peak at 29 ~ 63.5

m(in ternms of 2e) of the
(6.6) (0 11 "BRb MeroRrE oot BeraHer i SRR Sie BRPbM ueoERaw
char act eri st imgost preferabiydd theainghaf 2 - teaximrum i s the full width at half maxi num
(in ternms of 29) of the peak at 2A = 53.6 (~0.7) (d) if the Goup VIB
netal s are nol ybdenum tungsten, and chrom um the characteristic full
wi dt h at hal fAsThse heam ingntiched Rbdve. isdtdesisad, falsf PogaiRle teirArgrare ess-shell of 28} of
the peak at Zfwziured b@le:é'lQPth}padiclegasi%g p%@ggﬁ e invention. In these particles,

at least one of the metals is anisotropically distributed in the bulk catalyst particles. The
concentration of a metal, the metal component of which is at least partly in the solid
state during the process of the invention, generally is higher in the inner part, i.e., the
core of the final bulk catalyst particles, than in the outer part, i.e. the shell of the final
bulk catalyst particles. Generally, the concentration of this metal in the shell of the final
buik catalyst particles is at most 95% and in most cases at most 90% of the
concentration of this metal in the core of the final bulk catalyst particles. Further, it has
been found that the metal of a metal component which is applied in the solute state
during the process of the invention is aiso anisatropically distributed in the final bulk
catalyst particles. More in particular, the concentration of this metal in the core of the
final bulk catalyst particles generally is lower than the concentration of this metal in the
shell. Stili more 1n particufar, the concentration of this metal in the core of the final bulk

catalyst particles is at most 80% and frequently at most 70% and often at most 60% of



15. The catal yst conposition of claim14 wherein the characteristic full
width at half maxi num does not exceed 2.0 when the G oup VOBJUYYRO0RI €
nol ybdenum tungsten, and, optionally, chrom um or does not exceed 3.0
when the G oup VIB netals are nol ybdenum and chrom um or tungsten and
chromum 16. The catal yst conposition of claim 14 or 15 wherein the netals
are present in the catalyst conposition in their oxidic state. 17. The
catal yst conposition of claim 14 or 15 which conprises sul phidic bul k

cat al yst partWep®dsiphi ch conprise at | east one G oup VI 1XCHEMVPBH e net al
conponent and at |east two G oup VIB netal conponents, the catal yst
conposition being essentially free of oup VI1l non-noble netal

di sul phi des 18. The catal yst conpositio P of claim 17 in which the G oup
VI11 non-nobl I re.pre f. [ = napl | ) ySx,
with xly bei ng“%ﬁ%’%??%‘%“%é{n°ég” lso'%gtgl.'%?%%g T%Bu%{lﬁee ncoztg QNQQ‘Q? %(E:)%lgrﬁj?r;%?l |c%¥ of
claim 17 or 18nigerepicimdta gisyibtshs.di anybednkeecfand ipdhe entaivsi edmpgsighiof Fheconpri se
at |east one Gerin Ydshedd@aRlRr e icaalySOTRPB&INN HRE Bedd thbRaft rdaw G oup
VI B metal conponents and wherein the degree of sul phidation under

condi tions of 20¥e YHEEeh Ut herbwe F2Eooe I 95Tl JRat Pk eed AP dsi +9%n of any
one of cl ai nms nid-19 wherein nickel and cobalt make up at |east 50 w. % of
the total of VI n- nohl tal. nt t ed _ab oxi des,
R . I e

cat al yst conpdrs frivestionf thenFramre VISt agd rawe MU 20wk eheialsadeptsdliynais and

tungsten nake hUrHo?ﬁweé&@Sﬁstr@Qt_qu e ofik LAy dt @hAkie D FrnicleAbEYi VB gdREAY is
conponent s, calegu ted as trioxides, preferably at least 70 wt.% nore

preferably at Pf 90 wt.% 22. Use of the catalyst conposition of any one
of clainms 14-27 for hydroprocessing of a hydrocarbon feedstock. .Al.A .A(@

- A(@@;, iA‘y( i’; ﬁg?gfer%\?%% myst 'ébm;ﬁ%@/on ﬁfdﬁ@néﬁy @l’ﬁﬁ%es é‘fsué@e bm%er mﬁé‘r@ Af . A@

Suitable binder materials preferably are those descnbed above. The particles generally
are embedded in the binder material, which functions as a glue to hold the particies
together. Preferably, the particles are homogeneously distributed within the binder. The
presence of the binder generally leads to an increased mechanical strength of the final
catalyst composition. Generally, the catalyst composition of the invention has a
mechanical strength, expressed as side crush strength, of at least 1 Ibs/mm and

preferabiy of at least 3 lbs/mm (measured on extrudates with a diameter of 1 -2 mm).

The amount of binder depends, int. al., on the desired activity of the catalyst
composition. Binder amounts from 0 - 95 wt% of the total composition can be suitable,
depending on the envisaged cataiytic application. However, to take advantage of the
unusually high activity of the compaosition of the.present invention, the binder amounts
generally are in the range of 0 - 75 wt% of the total composition, preferably 0 - 50 wt%,

more preferably 0 - 30 wt%.

If desired, the catalyst composition may comprise a suitable cracking component.
Suitable cracking components preferably are those descnbed above. The amount of
cracking component preferably is in the range of 0 - 90 wt%, based on the total weight

of the catalyst composition.
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preferably less than 20%.

The oxidic catalyst composition of the present invention generally compnses 10 - 100
wit%, preferably 25 - 100 wt%, more preferably 45 - 100 wt% and most preferably 85 -
100 wt% of Group VIB and Group VIII non-noble metals, based on the total weight of

the catalyst composition, calculated as metal oxides.

It is noted that a catalyst prepared via stepwise impregnation with Group VIB and

Group VIl non-noble metal solutions on an aiumina carrier as described in JP
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09000929 does not comprise any bulk catalyst particles and thus has a morphology

which s compietely different from that of the prasent invention,

(b) sulphided catalyst composition

If so desired, the catalyst composttion of the present invention can be sulphided.
Consequently, the present invention further pertains to a catalyst composition
compnsing sulphidic bulk catalyst particles which comprise at least one Group VIl non-
noble metal and at least two Group VIB metals and wherein the degree of sulphidation

under conditions of use does not exceed 90%.

Furthermore the present invention pertains to a catalyst compaosition comprising
sulphidic bulk catalyst particles which comprise at least one Group VIl non-noble metal
and at least two Group VIB metals and wherein the degree of sulphidation under
conditions of use does not exceed 90% and wherein the catalyst composition does not
compnse sulphided forms of a compound of the formula Ni,Mo W,Q,, with b/(c+d) being
in the range of 0.75 - 1.5 or even 0.5 - 3 and c/d being in the range of 0.1 - 10 or even
being equal to or greater than 0.01, and z = [2b+6(c+d)}/2, or wherein the catalyst
composition even does not comprise any sulphided forms of nickel molybdate in which
at least a portion but less than all of the molybdenum is replaced by tungsten, as

disclosed in non-prepublished international patent application WO 8903578.

It will be clear that the above suiphided catalyst composition may compnse any of the

above-descnbed (further) materials.

The present invention further pertains tc a shaped and sulphided catalyst composition
comprising

(i) sulphidic bulk catalyst particles comprising at least one Group VIIi non-noble metal
and at least two Group VIB metals, wherein the degree of sulphidation under conditions
of use does not exceed 90% and

(i) a materiai selected from the group of binder matenals, canventional

hydroprocessing catalysts, cracking components, or mixtures thereof.

dYNC
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10 10 It is essential that the degree of sulphidation of the sulphidic bulk catalyst particies

under conditions of use does not exceed 90%. Preferably, the degree of sulphtdation

under conditions of use is in the range of 10 - 80%, more preferably of 20 - 90%, and

mast preferably of 40 - 90%. The degree of sulphidation is determined as described in

the chapter "characterization methods.”

If conventional sulphidation techniques are applied in the process of the present

invention, the degree of sulphidation of the sulphidic bulk catalyst particles prior to use

is essentially identical to the degree of sulphidation under conditions of use. However, if

very specific sulphidation technigues are applied, it might be that the degree of

sulphidation prior to the use of the catalyst is higher than during the use thereof, as

during use part of the sulphides or elemental sulphur 1s removed from the catalyst. In

this case the degree of sulphidation is the one that results during use of the catalyst

and not prior thereto. The conditions of use are those described below in the chapter

"use according to the invention." That the catalyst is "under conditions of use” means

that it is subjected to these conditions for a time period long encugh for the catalyst to

reach equilibrium with its reaction environment.

It is further preferred that the catalyst composition of the present invention is essentially
free of Group VIl non-noble metal disulphides. More in particular, the Group Vil non-
noble metals are preferably present as (GroupVill non-noble metal),S,, with x/y being in
the range of 0.5- 1.5

It is noted that the sulphidic catalyst compasitions of the present invention have a much
better catalytic performance than catalysts compnsing one Group VIii non-noble metal

and only one Group V!B metal.

The shaped and sulphided catalyst particles may have many different shapes. Suitable
shapes include spheres, cylinders, rings, and symmetric or asymmetnc polylobes, for
instance tri- and quadrulobes. Particles resulting from extrusion, beading or piliing
usually have a diameter in the range of 0.2 to 10 mm, and their length likewise is in the
range of 0.5 to 20 mm. Particles resulting from spray-drying generally have a median

particle diamater in the range of 1 pm - 100 pm.
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Details about the binder matenals, cracking components, conventional hydroorocessing
catalysts, and any further matenals as well as the amounts thereof are given above.
Further, details in respect of the Group VI non-noble metals and the Group VIB metals
contained in the sulphided catalyst compositions and the amounts thereof are given

above.

It is noted that the core-shell structure described above for the oxidic catalyst
compasition is not destroyed by sulphidation, i.e., the sulphided catalyst compasitions

may also compnse this core-shell structure.

it is further noted that the sulphided catalysts are at least partly crystalline materials,
i.e., the X-ray diffraction pattern of the sulphidic bulk catalyst particles generally
comprises several crystalline peaks charactenstic to the Group VIl non-noble metal

and Group VIB metal sulphides.

As for the oxidic catalyst composition, preferably, less than 30% of the pore volume of
the sulphidic catalyst composition is in pores with a diameter higher than 100 nm

(determined by mercury intrusion, contact angle: 130°), more preferably less than 20%.

Generally, the median particle diameters of the sulphidic bulk catalyst particles are

identical to those given above for the oxidic bulk catalyst particles.

se accordi invention
The catalyst composition according to the invention can be used in wvirtually 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 the range of 0.05 to 10 h.
The term “ hydroprocessing” in this context encompasses all processes in which a
hydrocarbon feed 1s reacted with hydrogen at elevated temperature and elevated

pressure, including processes such as hydrogenation, hydrodesulphunzation,
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hydrodenitrogenation, hydrodemetallization, hydrodearomatization, hydrotsomenzatian,
hydrodewaxing, hydrocracking, and hydrocracking under mild pressure conditions,
which is commonly referred to as mild hydrocracking. The catalyst composition of the
invention is particularly suitable for hydrotreating hydrocarbon feedstocks. Such
hydrotreating processes comprise, e.g., hydrodesulphurization, hydrodenitrogenation,
and hydrodearomatization of hydrocarbon feedstocks. Suitable feedstocks are, e.g.,
middle distiliates, kero, naphtha, vacuum gas oils, and heavy gas oils. Conventional
process conditions can be applied, such as temperatures in the range of 250°-450°C,
pressures in the range of 5-250 bar, space velocities in the range of 0,1-10 h™', and
H./oil ratios in the range of 50-2000 NI/I.

h terization methods
1. Side crush strength determination
First, the length of, e.g., an extrudate particle was measured, and then the extrudate
particle was subjected to compressive lpading (25 lbs in 8.6 sec.) by a movable piston.
The farce required to crush the particle was measured. The procedure was repeated
with at least 40 extrudate particles and the average was calculated as force (ibs) per
unit length (mm). The method preferably was applied to shaped particles with a length

not exceeding 7 mm.

2. Pore volume via N2 adsorption
The N, adsorption measurement was carried out as described in the Ph.D. dissertation
of J.C.P. Broekhoff (Delft University of Technology 1969).

3. Amount of added solid metal components

Qualitative determination: The presence of solid metal components during the process
of the invention can easily be detected by visual inspection at least if the metal
components are present in the form of particles with a diameter larger than the
wavelength of visible light. Of course, methods such as quasi-elastic light scattering
(QELS) or near-forward scattering, which are known to the skilled person, can also be
used to verify that at no point in ttme during the process of the invention ail metals will

be in the solute state.
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Quantitative determination: if the metal ccmponents which are added at least partly in
the solid state are added as suspension(s), the amount of solid metal components
added during the process of the invention can be determined by filtration of the
suspension(s) to be added under the conditions which are applied during the addition
(temperature, pH, pressure, amount of liquid), in such a way that all solid material
contained in the suspension(s) is collected as solid fiiter cake. From the weight of the
solid and dried filter cake, the weight of the solid metal components can be determined
by standard techniques. Of course, if apart from solid metal components further solid
components, such as a solid binder, are present in the filter cake, the weight of this
solid and dried binder must be subtracted from the weight of the solid and dried filter
cake.

The amount of solid metal components in the filter cake can also be determined by
standard techniques such as atomic absorption spectroscopy (AAS), XRF, wet

chemical analysis, or ICP.

If the metal components which are added at least partly in the solid state are added in
the wetted or dry state, a filiration generally is not possibie. In this case, the weight of
the solid metal components is considered equal to the weight of the corresponding
initially employed metal components, on a dry basis. The total weight of all metal
components is the amount of alf metal components initially employed, on a dry basis,

calculated as metal oxides.

4. Characteristic full width at half maximum

The characteristic full width at half maximum of the oxidic catalysts was determined on
the basis of the X-ray diffraction pattern of the catalysts using a linear background:

(a) if the Group VIB metals are molybdenum and tungsten: the characteristic full width
at half maximum is the full width at half maximum (in terms of 20) of the peak at 20 =
53.6° (+0.79)

(b} if the Group VIB metals are molybdenum and chromium: the charactenstic full width
at half maximum is the full width at half maximum (in terms of 26) of the peak at 20 =
63.5° (£0.69)
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{c) if the Group VIB metais are tungsten and chromium: the characteristic full width at
half maximum is the full width at half maximum (in terms of 26) of the peak at 26 = 53 &°
(0.7
(d) if the Group VIB metals are molybdenum, tungsten, and chromium: the
characteristic full width at half maximum is the full width at half maximum (in terms of

20) of the peak at 20 = 53.6° (£0.7°).

For the determination of the X-ray diffraction pattern, a standard powder diffractameter
(e.g., Philips PW1050) equipped with a graphite monochromator can be used. The
measurement conditions can, e.g., be chosen as follows:

X-ray generator settings: 40 kV and 40 mA

wavelength: 1.5418 angstroms

divergence and anti-scatter slits: 1°

detector slit: 0.2 mm,

step size: 0.04 (°26)

time/step: 20 seconds.

5. Degree of sulphidation

Any sulphur contained in the sulphidic bulk catalyst composition was oxidized in an
oxygen flow by heating in an induction oven. The resulting sulphur dioxide was
analyzed using an infrared cell with a detection system based on the IR characteristics
of the sulphur dioxide. To obtain the amount of sulphur the signals relating to sulphur
dioxide are compared to those obtained on calibration with well-known standards. The
degree of sulphidation is then calculated as the ratio between the amount of sulphur
contained in the sulphidic bulk catalyst particles and the amount of sulphur that would
be present in the bulk catalyst particles if all Group VIB and Group VIll non-noble
metals were present in the form of their disulphides.

It will be clear to the skilled person that the catalyst the degree of sulphidation of which
is to be measured is to be handled under an inert atmasphere prior to the determination

of the degree of sulphidation.

The invention will be further illustrated by the following Examples:
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Example 1

17.65 g of ammonium heptamoclybdate (NH,)}sMo,0,,*4H,Q (0.1 mole Mo, ex. Aldrich)
and 24.60 g of ammonium metatungstate (NH,)sH,W,,04 (0.1 mole W, ex. Strem
Chemical) were dissolved in 800 ml water, giving a solution with a pH of about 5.2 at
room temperature, The solution was subsequently heated to 90°C (solution A).

35.3 g of nickel hydroxycarbonate 2NiCQO,*3Ni(OH),*4H,0 (0.3 mole Ni, ex. Aldrich)
were suspended in 200 ml of water, and this suspension was heated to 90°C
(suspension B). The nicke! hydroxycarbonate had a B. E. T. surface area of 239 m%g
(= 376 m%g NiO), a pore volume of 0.39 cm®g (= 0.62 cm®g NiQ) (measured by
nitrogen adsorption), a median pore diameter of 6.2 nm, and a median particle diameter

of 11.1 micrometer.

Then suspension B was added to solution A in 10 minutes, and the resulting
suspension was maintained at 90°C for a period of 18 - 20 hours with continuous
stiring. At the end of this time, the suspension was filtered. The resuiting solid was
dried at 120°C for 4 hours and subsequently caicined at 400°C. The yield was about 92
%, based on the calculated weight of all metal components having been converted to

their oxides.

The oxidic bulk catalyst particles had a B. E. T. surface area of 167 m%g (= 486 m?/g
NiO = 128% of the corresponding surface area of the nickel hydroxycarbonate), a pore
volume of 0.13 cm®g (= 0.39 cm®¥g NiO = 63% of the pore volume of the nickel
hydroxycarbonate), a median pare diameter of 3.4 nm (= 55% of the median pore
diameter of the nickel hydroxycarbonate), and a median particle diameter of 10.6

micrometer (= 95% of the median particle diameter of the nickel hydroxycarbonate).

The X-ray diffraction pattern obtained after the calcination step is shown in Figure 1.
The charactenstic full width at half maximum was determined to be 1.38° (on the basis
of the peak at 28 = 53.82°).
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Subsequently, the catalyst was sulphided: 1.5 - 2 g of the catalyst were placed in a

quartz boat, which was inserted into a honzontal quartz tube and placed in a Lindberg

furace. The temperature was raised to 370°C in about one hour with mitrogen flowing

at 50 mli/min, and the flow continued for 1.5 h at 370°C. Nitrogen was switched off, and

10% H,S/H, was then added to the reactor at 20 mi/min. The temperature was

increased to 400°C and held there for 2 hours. The heat was then shut off and the

catalyst was cooled in flowing H,S/H, to 70°C, at which point this flow was discontinued

and the catalyst was cooled to room temperature under nitrogen.

The sulphided catalyst was evaluated in a 300 ml modified Carberry batch reactor
designed for constant hydrogen flow. The catalyst was pilled and sized to 20/40 mesh
and one gram was loaded into a stainless steel basket, sandwiched between layers of
mullite beads. 100 ml of liquid feed, containing 5 wt% of dibenzothiophene (DBT) in
decaline, were added to the autoclave. A hydrogen flow of 100 mi/min was passed
through the reactor, and the pressure was maintained at 3150 kPa using a back-
pressure regulator. The temperature was raised to 350°C at 5 - 6°C/min, and the test
was run until either 50% of the DBT had been converted or 7 hours had passed. A
small aliquot of product was removed every 30 minutes and analyzed by gas
chromatography (GC). Rate constants for the overall conversion were calculated as
described by M. Daage and R. R. Chianelli (J_Catal,, 149, 414 - 427 (1994)).

The total DBT conversion (expressed as rate constant) at 350°C (X,..) Was measured
to be 138*10' molecufes/(g*s).

Comparative Example A

A catalyst was prepared as described in Example 1, except that only one Group VIB
metal component was applied: a catalyst was prepared as in Example 1 using 35.3 g of
ammonium heptamolybdate (NH,)sMo,0,,*4H,0O (0.2 mole Mo) and 35.3 g of nickel
hydroxycarbonate 2NiCO,*3Ni(OH),*4H,0 (0.3 mole Ni). The yield was about 85%,
based on the calculated weight of all metal components having been converted to therr

oxides. The catalyst was sulphided and tested as described in Example 1. The total
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DBT conversion (expressed as rate constant) at 350°C (%,,) was measured to be

95.210'" molecules/(g*s) and was thus significantly below that of Example 1.

Comparative Example B

A catalyst was prepared as descnbed in Example 1, except that anly one Group VIB
metal component was used: a catalyst was prepared as in Example 1 using 49.2 g of
ammonium metatungstate (NH)gH.W,,04 (0.2 mole W) and 35.3 g of nickel
hydroxycarbonate 2NiCO,*3Ni(OH),*4H,0 (0 3 mole Ni). The yield was about 90%,
based on the caiculated weight of all metai components having been converted to their
oxides. The catalyst was sulphided and tested as described in Example 1. The total
DBT conversion (expressed as rate constant) at 350°C (X.) was measured to be

10710 molecules/(g*s) and was thus significantly below that of Example 1.

Example 2

28.8 g of MoQ, (0.2 mole Mo, ex. Aldrich) and 50.0 g of tungstic acid H,WQ, (0.2 mole
W, ex. Aldrich) were sturried in 800 ml of water (suspension A) and heated to 90°C.
70.6 g of nickel hydroxycarbonate 2NiCO,*3Ni(OH),*4H,0 (0.6 mole of Ni, ex. Aldrich)
were suspended in 200 mi of water and heated to 90°C (suspension B).

Suspension B was added to suspension A in 60 minutes, and the resulting mixture was
maintained at 90°C for a period of 18 hours with continuous stirring. At the end of this
time, the suspension was filtered and the resuiting solid was dried at 120°C for 4 - 8
hours and calcined at 400°C. The yield was abaut 99%, based on the calculated weight
of aill metal components having been converted to their oxides.

The oxidic bulk catalyst particles had a B. E. T. surface area of 139 m%g (= 374 m%g
NiO = 99% of the corresponding surface area of the nickel hydroxycarbonate), a pore
volume of 0.13 em®g (= 0.35 cm¥g NiO = 56% of the pore volume of the nickel
hydroxycarbonate), a median pore diameter of 3.7 nm (= 60% of the median pore
diameter of the nickel hydroxycarbonate), and a median particle diameter of 14.5

micrometer (= 131% of the median particle diameter of the nickel hydroxycarbonate)

The X-ray diffraction pattern of the oxidic bulk catalyst particles comprised peaks at 26
= 23.95 (very broad), 30.72 (very broad), 35.72, 38 76, 40.93, 53.80, 61 67, and 64.23°.
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The characteristic full width at half maximum was determined to be 1.60° for the

calcined catalyst compasition (determined on the basis of the peak at 26 = 53.80°).

The catalyst was sulphided and the catalytic performance was tested as described in

Example 1. The total conversion at 350°C (X} was measured to be 144*10"

molecules/(g*s).

The degree of sulphidation under conditions of use was 62%.

Example 3
The preparation of Example 2 was repeated, except that instead of H,WQO,

(NH,)sH,W,,Q,, was used. The yield was about 96%, based on the calculated weight of

all metal components having been converted to their oxides.

Example 4
Example 2 was repeated with different amounts of nickel. The vyields and the
characteristic full width at half maximum (determined on the basis of the peaks in the

range 20 = 53.66 — 53.92°) are given in the following Table:

Molar amounts of metals added [macie] yield” characteristic full width
at half maximum in
Ni o W degrees 26 for the
calcined samples
1.0 0.5 0.5 96 1.47
1.25 0.5 0.5 100 1.50
1.5 0.5 0.5 89 1.60
2.0 0.5 0.5 99 1.32

*(based on the calculated weight of all metal components having been converted to
their oxides) [%]
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Example 5

Example 4 was repeated with different molybdenum : tungsten ratios.

The yields and the characteristic full widths at half maximum (determined on the basis

of the peaks in the range 26 = 53.80 — 53.94°) are gwven In the following Table:

Molar amounts of metals added [mole] yield* characteristic full width

at half maximum in

Ni Mo w degrees 26 for the
calcined samples

1.5 0.7 0.3 97 1.29

1.5 0.5 0.5 99 1.60

1.5 0.3 0.7 98 1.06

1.5 0.1 0.9 98 1.11

*(based an the calculated weight of aill metal components having been converted to
their oxides) [%]

Example 6

A catalyst composition was prepared in a manner analogous to the procedure
described in Example 1. The resulting mixture was spray-dried. The spray-dried
powder contained 43.5 wt% NiO, 20.1 wt% MoQ;, and 34.7 wt% WO,. The pore volume
of the spray-dried bulk catalyst particles was 0.14 ml/g, measured by nitrogen
adsorption, and the B. E. T. surface area was 171 m¥/g.

The bulk catalyst particles were wet-mixed with 20 wt% of an alumina binder, based on
the total weight of the catalyst composition. The water content of the mixture was
adjusted in order to obtain an extrudable mix, and the mixture was subsequently
extruded. After extrusion, the extrudate was dried at 120°C and calcined at 385°C. The
resulting catalyst composition had a B. E. T. surface area of 202 m?/g, a pore volume
measured by mercury porosimetry of 0.25 ml/g, and a side crush strength of 5.4

lbs/mm:.
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Part of the resulting catalyst was suiphided using a SRGO (straight run gas oil) spiked
with DMDS (dimethy! disulphide) to obtain a total S content of 2.5 wt% S at 30 bar
(LHSV = 4 hr', H:oil = 200). The catalyst temperature was increased from room
temperature to 320°C, using a ramp of 0.5°C/min, and kept at 320°C for 10 hours. The

samples were then cooled down to room temperature.

The degree of suiphidation of the sulphided catalyst composition under conditions of

use was determined to be 52%

Ancther part of the catalyst was sulphided with a DMDS spiked feed. The thus
sulphided catalyst was then tested with LCCO (light cracked cycle oil). The relative
volume activity in hydrodenitrcgenation was measured to be 281, compared to a

commercially available alumina supported nickel and molybdenum-centaining catalyst.

Example 7

A catalyst composition was prepared in a manner analogous to the procedure
described in Example 1. After the reaction was completed, peptized alumina (15 wt%,
based on the total weight of the catalyst composition) was co-siurried with the bulk
catalyst particles and the slurry was spray-dried. The resulting catalyst contained 13.2
wi% Al,O,, 33.9 wt% NIO, 20.5 wit% MoO, and 30.2 wt% WO,. The pore volume of the
oxidic catalyst composition was 0.17 ml/g, measured by nitrogen adsorption, and the B.
E. T. surface area was 114 m?/g. The spray-dried particles were mixed with an amount
of water as required to form an extrudable mix. The resulting mixture was extruded and
the resulting extrudates were dried at 120°C and calcined at 385°C.

The resulting catalyst composition had a B. E. T. surface area of 133 m%g, a pore
volume measured by mercury porosimetry of 0.24 ml/g, and a side crush strength of 5.3

Ibs/mm.

Part of the resulting catalyst was sulphided using a mixture of 10 vol% H,S in H, at
atmospheric pressure (GHSV (gas hourly space velocity) = ca. 8700 Nm**m™>*hr"). The

catalyst temperature was increased from room temperature to 400°C, using a ramp of
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Another part of the catalyst was sulphided with a DMDS spiked feed. The thus
sulphided catalyst was then tested with LCCO (light cracked cycle oil). The relative
volume activity in hydrodenitrogenation was measured to be 235, compared to a

commercially available alumina supported nickel and molybdenum-containing catalyst.
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2. The process of claim 1 wherein at least one of the metal components is at

least partly in the solid state and at least one of the metal components is in

the solute state during the combination of the metal components.

3. The process of claim 1 wherein all metal components are at least partly in the
solid state during the combination of the metal components.

4, The process of any one of the preceding claims wherein the protic liquid
comprises water,

5. The process of any one of claims 1-3 wherein the Group VIII non-noble metal
comprises cobalt, nickel, iron, or mixtures thereof.

6. The process of claim 5 wherein nickel and cobalt make up at least 50 wt.% of
the total of Group VIII non-noble metal components, calculated as oxides,
preferably at least 70 wt.%, more preferably at least 90 wt.%.

7. The process of any one of claims 1-3 wherein the Group VIB metals comprise
at least two of chromium, molybdenum or tungsten.
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10.  The process of any one of claims 1-3 wherein the bulk catalyst particles are
subjected to one or mare of the following process steps:
(i) compositing with a material selected from the group of binder materials,
conventional hydroprocessing catalysts, cracking components, or mixtures
thereof,
(i) spray-drying, (flash) drying, milling, kneading, slurry-mixing, dry or wet
mixing, or combinations thereof
(iii) shaping,
(iv) drying and/or thermally treating, and
(v) sulphiding.

11.  The process of claim 10 comprising the subsequent steps of

» combination and reaction of at least one Group VIl non-noble metal
component with at least two Group VIB metal components in the
presence of a pratic liquid, with at least one of the metal components
remaining at least partly in the solid state during the entire process

¢ optionally drying and/or washing

* compositing the material with a material selected from the group of binder
materials, cracking components, conventional hydroprocessing catalysts,
or mixtures thereof,

» optionally shaping

o optionally sulphiding.

12, The process of claim 10 comprising the subsequent steps of
» combining and reacting at least one Group VIl non-noble metal
component with at least two Group VIB metal components in the presence
of a protic liquid, with at least one of the metal components remaining at
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least partly in the solid state during the entire process, with a material
selected from the group of binder materials, cracking components,
conventional hydroprocessing catalysts, or mixtures thereof, being present
during the reaction

 optionally drying and/or washing

» optionally shaping

o optionally sulphiding.

13.  The process of claim 11 or 12 wherein a shaping step is carried out,

14. A catalyst composition which comprises bulk catalyst particles which
comprise at [east one Group VIl non-noble metal and at least two Group VIB
metals, said metals beihg present in their oxidic and/or sulphidic state, said
Group VIII and Group VIB metals comprising from about 50 wt.% to about
100 wt.%, calculated as oxides, of the total weight of said bulk catalyst
particles, wherein when the metals are present in the catalyst composition in
their oxidic state the catalyst composition has an X-ray diffraction pattern in
which the characteristic fult width at half maximum does not exceed 2.5° when
the Group VIB metals are molybdenum, tungsten, and, optionally, chromium,
of does not exceed 4.0° when the Group VIB metals are molybdenum and
chromium or tungsten and chromium, the characteristic full width at half
maximum of the oxidic catalysts being determined on the basis of the X-ray
diffraction pattern of the catalysts using a linear background, wherein
(a) if the Group VIB metals are molybdenum and tungsten: the characteristic
full width at half maximum is the full width at half maximum (in terms of 26) of
the peak at 20 = 53.6° (+0.7°)

(b) if the Group VIB metals are molybdenum and chromium: the characteristic
full width at half maximum is the full width at half maximum (in terms of 28) of
the peak at 26 = 63,5° (+0.6)

(¢) if the Group VIB metals are tungsten and chromium: the characteristic full
width at half maximum is the full width at half maximum (in terms of 28) of the
peak at 26 = 53.6° (+0.7°)

(d) if the Group VIB metals are molybdenum, tungsten, and chromium: the
characteristic full width at half maximum is the full width at half maximum (in
terms of 26) of the peak at 26 = 53 6° (+0.7°).
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The catalyst composition of claim 14 wherein the characteristic full width at
half maximum does not exceed 2.0° when the Group VIB metals are
molybdenum, tungsten, and, optionally, chromium, or does not exceed 3.0°
when the Group VIB metals are molybdenum and chromium or tungsten and
chromium.

The catalyst composition of claim 14 or 15 wherein the metals are present in
the catalyst composition in their oxidic state.

The catalyst composition of claim 14 or 15 which comprises sulphidic bulk
catalyst particles which comprise at least one Group Vil non-noble metal
component and at least two Group VIB metal components, the catalyst
composition being essentially free of Group VIl non-noble metal disulphides.

The catalyst compasition of claim 17 in which the Group VIl non-noble metals
are present as (Group VIl non-noble metal)ySx, with x/y being in the range of
0.5-1.5.

The catalyst composition of claim 17 or 18 comprising sulphidic bulk catalyst
particles which comprise at least one Group VIl non-noble metal component
and at least two Group VIB metal components and wherein the degree of
sulphidation under conditions of use does not exceed 90%.

The catalyst composition of any one of claims 14-19 wherein nickel and
cobalt make up at least 50 wt.% of the total of Group VIl non-noble metal
components, calculated as oxides, preferably at least 70 wt.%, more
preferably at least 90 wt.%.

The catalyst composition of any one of claims 14-20 wherein molybdenum
and tungsten make up at least 50 wt.% of the total of Group VIB metal
components, calculated as trioxides, preferably at least 70 wt.%, more
preferably at least 90 wt.%.

Use of the catalyst composition of any one of claims 14-21 for
hydroprocessing of a hydrocarbon feedstock.



