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CATALYST, | TS PREPARATI ON BY CO PRECI PI TATION, AND I TS USE 5 Fi eP@o4utdie!
i nvention The invention relates to a process for the prepafavudyY 3003
hydroprocessin% catal yst) to the catal yst conposition obtainable Bg §aid
process, AAMWHShe use of said catal yst conposition in hydiopFideeest ng
applications. 10 Background of the ingention In the hydroprocessing of
hydr ocar bon feedst ocks, the feedstocks are hydrotreatedﬂmmmmmmeMMmﬁcracked
in the presence of hydrogen. Hydroprocessi ng enconpasse ! es in
whi ch a hydrocarbon feed is reacted with hydrogen at el evat egeaid
tenperature and el evated pressure, including processes such as

hydr ogenati o rodesui furi zati on,_hydrodeni t rogenation,

v odenet & ROy ELNKER e dhelR AT S TS GREARAA BEBbRY COFRERIPITATION,

hydr odewaxiapp (tydeecr acki ng, and hydrocracki ng under mld pressure
conditions, which is comonly referred to as m|d hydrocracking. 20 In
generald hydroprocessing catal ysts are conposed of a carrier with a G oup
VI B net al mﬁlﬂwg G oup VIl non-noble netal conponent deposited
thereon. Generally, such catalysts are prepared by inpregnating a carrier
wi t h aqueoddedovantivonglaies to anprogesisionthet prepareticn ef 2 hydrnepsedesaing icalalystwal by
one or nor rYi cal ¢i i p C I PN
process 1 s o chlaNRL SBpaaiGR obldiiie By SabRioccly” 2B B’ Y51 oP AR HRE:P
possi bi | i t gomposition aphysicogrotedsing applicationser material with one G oup VIB and
one ng'p VIIl non-noble netal conponent as, e.g., disclosed in US
3,280,040. 30 As the carrier itself has no or little catalytic activity,

t he acti vi Back§ ¢ ofithe\imverdioni er cont ai ni ng catal ysts in hydroprocessing is
rat her nod woki 1S therefore an pobiec f .k esent, i nvent |

provi de a géit%a?yhgfj ;o\%?c(? R gnOfgréydég%ﬁrlg%Ad?ﬁtdf‘ﬁg’ﬁ ‘qge %ﬁﬁgéks S ﬁy&rg[}egtgd
carri er - f r eaadtatredyxtrackad eén gies eredenge 0€ hydrogeh. tHydasprboddsimpeatorsasse 38l

02 JULY 20 1.41811, 2 PCT/ EPQQ/ Q0 Th reparation, of bulk ysts
s known 1 PLaesety it ity 5 SUaaRR R ELRPAED UM | Rlisket o b4
conponéht demperaturS anp el \Eatedtmbsaopeap orkdingapmcessgy aauchi asitldrogendtion s
noted that ,all the.above catal ysts conpri.se on 0 l.I.1_,non-naobl e Jret al
and one G J\X Sr eﬁu‘%{%ﬁspn'Sucﬁ‘ygrzﬁ’tdﬁf‘ﬁgggnaﬁ%‘e o‘rﬁ'lyé%r?léﬁbqy?ﬁll%at?&i viqﬁyﬂrcidﬁ'
hydr opr oc esssomgtizdtion] hydrbeoafesization) ydrodedaxifig,tthedrperasking, and dpddooracking
provide catalysts.wth incregsed c Lytic actiwvit 10 A.mgre recent
fevel oprenti T Mg Prgsspie S NG RS 43 SPOTeorib Rl Ted In s MUS YA o kne
non-nobl e nmetal and two G oup VIB netals. Such a catalyst is disclosed in,
e.g., 09000929 S 4,596, 785, 820,677 S 3,678,124 . an

non- pr égubl Pﬁfé‘&réln&?’ﬁgﬁcﬁﬁ%’g pﬁ@?ﬁé Ao PereRese n°€\b GIHSE Mith @ dGmUp vis

metal component and a Group Vil non-noble metal component deposited thereon.

Generally, such catalysts are prepared by impregnating a carrier with aqueous
solutions of compounds of the metals in question, followed by one or more drying and

25 calcination steps. Such a catalyst preparation process is described, e.g., in US
2,873,257 and EP 0 469 675.

Another possibility is to coprecipitate the carrier material with one Group VIB and one
Group VIlI non-noble metal component as, e.g., disclosed in US 3,280,040.

30
As the carrier itself has no or little catalytic activity, the activity of the above carrier-
containing catalysts in hydroprocessing is rather moderate. it is therefore an object of
the present invention to provide a catalyst which can be applied without a carrier. Such
carrier-free catalysts are generally referred to as bulk catalysts.
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15 The catal yst of JP 09000929, which is a carrier-containing catal yst) i's
prepared by inpregnating an inorganic support with cobalt or %Re@

Group V111 non-noble nmetal and nol ybdenum and tungsten as & 6QL 2‘met al s
20 The catal yst of US 4,596, 785 conprises the disul phides of at |east one
G oup VI, §g5mﬁii){e metal and at |east one G oup VI B netal . pdtveraaoz4yst of
US 4,820,677 1s an anorphous sul phide conprising iron as Goup VIII
non-nobl e metal and a netal selected from nol ybdenum tungsten or m xtures
thereof as Goup VIB netal) as well as apolydentate |igand such as

et hyl ene diamne. In both references the catalyst is 25 prepared via

CO-precipit of_.wat er-sol uhl e sources. of one on- noble neta
and two. G ol OrbaBra Rl biR SR is BOUIRE B BB e SR ofHeEh P Group
preci pit at eVius nbsoobleedetdlr tetipoddtl &&d wneeGrodp | VIBr otetab cdhpRettay@ te- be
performed in an.inert atnosphere, which neans that sophisticated techniques
are requirelf® F’Btﬁtﬁgry out this process, in order not to convert the netal

sul phides into their oxides. 30 It is therefore a further object of t he

present invention to provide a process which is technically sinp and
robust ahd Wit BRteddBat aibiher akprer eataligts amANSA PrgnBEUPaN 1} ﬁemnoa*@rm%ta!h@rde
during the t mgepe ?o"p%cje

PCT/ EPOO/ oo%ﬁeﬁdsﬁvlg%&fflzgl% n A AE have oflf midelard 32 g‘l"}/ﬁng%o ockssing, I

oxi dati ve d&h{igrelefenan iabiechfof ptaaawrﬁmthw@rei@ar t@oﬁsov'dméaéaéx%$ wﬂ"smaneésed

pr epar ed bycﬁgrygég&lthatl ng water-sol ubl e conponents of the corresponding
nmetals. 5 Finally, 1 n non-prepublished international patent application WO
9903578, catal ysts are prepared by co-precipitating certain anmounts of a
0l ckel, 100! dhdgaliBeRiitkvelbRaRIR s §RAGSIchlod BPcAl &C@orﬂEn§Hé|§Hé@§up Vil
Summary of the invention has now surpri si ng been found t hat

above obj echevagbleareiajensewotiyroap V4B astals. pr epar atl on process which
conprises the steps of conbining and reacting at | east one Goup VIII

non- nobl e netal conponent in solution and at feast two G oup VIB netal

conponent s SHCR @l eatalyst is disgloseddn.i ©a., #Px@008929, Uﬁt"aﬁﬂﬁdﬁ%gﬁg‘bm%ﬁﬁbl@

precipitate u

Accor di ngl y?s @Eg%riﬁﬁ&t ?%vtejﬁﬁhgﬁ%Emggﬁ%p%%n?gawhggbﬂi?glc%/bsot%?rjepar ation

pr ocess) t he obtai ned catal yst conposition, and its use in hydroprocessing.

Detal 20, doShElaudinl e BeodSYA Wik %0?%51%#&5@?&!?83:%%@({3 [OpRESRY Bf'e

present invenfion pertains to a procéss for preparing~a ca

conposi t i onircpegnatingray lsotg@hlajsuppbctl waithc egbalityart nigiet ascﬁ@s:pc‘esmpmnmqbgp metal

| east one two G oup VIB netal s which
Gﬁﬁ&'&cﬁﬂd&n&ﬂ %%8% ée &?&g’s@ﬁ %n‘é?a?é P

conprises t oW ng pr oces corbi nati on and reaction of at

| east one Group VIII non nobl e rret al conponent in solution and at |east two
G V. I
oxygen- 2 api e sBTRBTE ssdirBPLihbilhs e B PRt aiddot e o GPUM iy,

present i nveqbleanefamandh@t lw'ctcmen@cmp ‘dl&)mm@s %Emtapivdpafr Ur$g4.§2@,§76rwan
D o AR A WAl g, £ LS oKL B SRR Mo
whi ch conpr |sglgstedkfe)m oidlybgiengmp togsten gtmap@res thereof as Group VIB metal, as well
as a polydentate ligand such as ethylene diamine. In both references the catalyst is
25 prepared via co-precipitation of water-soluble sources of one Group VIiI non-noble
metal and two Group VIB metals in the presence of sulphides. The suiphidic precipitate
is isolated, dried, and calcined. All process steps have to be perfarmed in an inert
atmosphere, which means that sophisticated techniques are required to carry out this

process, in order not to convert the metal sulphides into their oxides.
30 It is therefore a further object of the present invention to provide a process which is
technically simple and robust and which does not require any handling under an inert

atmosphere during the preparation of the catalyst.



02 JULY 2003 wo ooraisil 4 PCT/EP0O0O/00354 (i) conbination and reaction of
at least one Group VIII non-noble nmetal conponent in solution and at |east
two Group VIB netal conponents in solution in a reaction n@&de ?Q)OQ)bt ain
an oxygen-stable precipitate, (ii) sul phidation of the preC| |tate

wher ei n t WOPp/dt8lbitate to be subjected to step (ii) does P?sée a
conpound of the formula N bMo~VWAOz, with bl (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 _ [b+6(c+d)] 12, or wherein the
precipitate to be subjected to step (ii) even does not conprise any nickel
ol ybdat e {jg m/evghz@fd.écmeg RidRObik RAtdsts ldaeé usB@th 8kibae aé}eyd enation

nol ybdenumis re ace tungsten, as ‘disclosed in non-prepubiis

i nternati oﬂbpaq@é‘p ensatTnercatalysso gesepared by fo- pmcmzf@geg sader- f(qh)blert is
essenti al invention that the nmetal conponents
are 15 co Eﬁ"%@ﬁﬁ%?ﬁ@%?\?@% %}%’qﬁé@ are conbi ned and/or reacted t(r)rpform a
precipitate. it is possible) e.g., to conbine the nmetal conponents when

t hey ar, i t form a
precipitat e{ngﬁ e antpﬁ)&%u% %%ﬂ 1}54%%%%2:%@32&&#@@%0@%@8”%?3a&hal&%\stage

met al conpprepated tmlcolfprea:xmamgtdeytamr amounts edfya nickel, trivdytsiehuch, sndt tengstem
further netal Q in this case, care nmust be 20 taken that
t he net al 8%%8%% P%Eho mip\fbiﬁf‘tly or entirely in the solid state w ||

di ssol ve when present in the reaction mxture. In other words) at |east
once duri ng ﬁrocesi Ist.e‘g) fi i all nmetal conponents nust be present wholly
as a sol ut : ‘ ©Pe netal conmponents are conbined partly or
entirefqy it Hasencwbigrisinglyeheehfound:that smeaatm»ecdtijmws das del merby a dabsyst
reaction m xtur for insta ceb stifri ncreasi n éhe %Sa unt of

sol vent , cﬁéﬁPj‘rﬁ&“tﬁ{BC%-"&% ﬁ th% spe%’é '5?%?8, il C’Eﬂéﬁ‘?ﬁ?@ﬁt‘ﬁe pH
or afldi ngf HSrﬂWMIlE)Qbﬁgwo&@embtaM&bﬂbohaﬂdﬁ sbmtbh@nﬂtﬁtﬂaéitmoo@rc&xpsvlalbiegal
conpl ex of the net reaction m xt |sreate to
bt ai n an GRPRERELE i s ASETUB AT RReR M BN PyReRintie PR 4y
e.g., (a) eh?,egﬁﬁggtﬁéﬁerq@wdw tg ﬂﬂplﬂ?}ét&h stepbinedrdinglyo fthé mgm ghventl)on
corrpon t soluti to s a val ue that peC| itatign is induce

2dar nTS ¢ BRFER th i SR ShaRPREGR eirtesr. 6 AR ey amssriiay ahd 1
conponent & i hydtsprovbdsing. conpl exi ng agent corrpl exes one or nore of the
netals to prevent 02 JULY 2003 WD 00/ 41811 5 PCTI EPOO/ 00354 precipitation

of the nmetals, and thereafter changing the reaction conditions, such as
tenperature or pH, such that the conpl exing agent rel eases the netals for

Detailed d iotion of the inventi
20 I r i
) The present invention pertains to a process for preparing a catalyst composition

comprising sulphidic bulk catalyst particles comprising at least one Group Vill non-
noble metal and at least two Group VIB metals which comprises the following process
steps

25 (i) combination and reaction of at least one Group VIl non-noble metal component in
solution and at feast two Group VIB metal components in solution in a reaction mixture
to obtain an oxygen-stable precipitate, and
(ii) sulphidation of the precipitate.

30 The present invention further pertains to a process for preparing a catalyst composition
comprising sulphidic bulk catalyst particles comprising at least one Group Vil non-
noble metal and at least two Group VIB metals which comprises the following process

steps



preci.pitation; (c) adjusting the tenperature during or after conbination of
the nmetal conponent 5 solutions to such a value that precipitation is

i nduced; (d) lowering the amount of solvent during or afted2dbtidyi 2003 on of
the netal conponent solutions such that precipitation is induced; (e)

addi ng a RpgoePlsyent during or after conbination of the netpttT/EPmOFsENt
solutions to induce precipitation thereof, with a non-sol vent neaning that
the precipitate is 10 essentially not soluble in this solvent. (f) adding
an excess of either of the conponents to‘fuch an extent that precipitation
is induced. Adjusting the pHin) e.g., ions (a) or (b) can be done by
adding a base or an acid to 15 the reaction mxture. er, it is also

possi bl e t dilerRmiiBRiRANS aaRtieholipbleashens &ipn é{t”umenm@leerasiahgowqﬂent in
deconpose i éEl&}foWéHoOéﬁ' st 96 BBlip B il camsmnwwmﬁmanq rég‘&,eﬁﬁﬂui

pH) respective anpl es of conpounds which wi Il deconpose upon t
terrperaturetO|QQ§$IB@Q|QXg9emﬁItaWEIQfe@n@téby i ncrease or decrease the pH are

urea) nitri 8§%§R@Mgﬁ“ %fe anmoni um hydr oxi de, and anmoni um

car bonat e. ear rdmthe above, it is possible to add the
G oup VBL1 wberei'rotb‘ieeprﬁejpi’aate dorbposmhﬁcta@do step (@ dops VioBcompade 8 aoppnent of n

vari ous wayg. f e n n), 4 N sus si,on,

wetted and @‘E faUE‘Hg l\i ?cmn%y\{ ﬁ'ev(’ﬂ'J% Ricgi?d@es' Pﬁe %ﬁrﬁg% Ofll'—ﬁ zg ] éegr ?)\felngtf 5

net hods wi | bndaev’ddmmgmblwlrangemoa dtd ar évenZEeuig )aquIrtquh-@rmEtrShmf @of mrtdazt | on
least .0 n- nobl e

t t ant h t €
o 2Cont Btk L BB, 5 SERD YLke PR 2 P
cont ai ni ng esmpiise bhyumickeWhiohbdate kepthicht aalnn&!t pottionebgiteless tham, alwof the he

pH bei ng, kept nstant b ase c

Cormonelt <RI T aSHpRrE bY durasll o AR B4 i o errye st inespetona

t enper at ur epatpneapplicitadn WO 2803578, atZil. Si nul taneous precipitation, in which
process both the Group VIII non-noble netal conponent and the G oup VIB
nmet al conmponent are added slowy and sinultaneously to a reaction vessel
cont ai ni ng Brozfeisss{eipql)i d and a compound 02 JULY 2003 WD 00/41811 6

PCT/ EPOO/ 00354 whi oses uppn the te eratu ei n |ncrease and
her oby | noldnesseipt f5 HRTRREESs AT prerpt GRS HEE IRt e, T omaonetia e

g onponets ts c:brhpletayrﬁefmw @Fg’i trtdgearéeaamu'm a/ressxedeac&dadjfw @6retc€pltthfée iti I'.:a
econposition erature of .said co u res i,n preci i 0 ue
to pgpchangao gp)eqbri &i99mBing dhe %qogppoﬁpgg% e?hé“ﬁtfa[fﬁp a&aacﬁf i the
non- nobl e maisebived SENE QAL then ddde dthemordayt te ferm eaastecmatee%ﬁevémt &l Als6g
G oup VIB netal ? ongnt di ssol ved n _erot c I| . .vice 3\% aqd a
conpound whPE$FIRIE P AR, B‘Rﬁﬁ?e“dbafﬁ? ‘é‘et'Bﬁ‘B F%{PB 'ﬁ ?’ﬁg" d"r ntirely

t her eby i nciretheesalit stste rvﬁfhsfﬁrthéaemléﬁzl adriponehfse t-mdwvtar dn ik cabe c.@r@ﬂﬂ:sté'

2 ust ot t ooen GaL R B!, omeBRpls WP 1 SLY PrcERsBlr, D OIS el Wi

precipitati aissdlue WiterpptegBatnigethe 4k ablicit hﬂxtbﬂiilﬁl’btﬁér Wofdy) Ht addst Q*‘l):e |dﬁnM‘@ ch

rocess the Grou VII n- nobl e neta onent a
Peactl on veQEoé’Ies &)nﬁﬁﬁ‘e(t?'cﬁﬁ’ﬂ“\?f‘gn#e‘f‘% %H{ﬁﬁ‘?@ﬁi"% ﬂ%gﬁla\/@mt%ﬁ oy 5P
liquid or vidhere aietdl colipondsts ge aombired et of entifety ihStheasiid istite, tae swdtalé he
pH i s adjusted such that thr dur | qr, after .t he additi.on of the Grﬁp
VI 11 non- noBf% 2l disy EEFC{"H'Z MUY fOF ARG Y SHBRalngiagying the
preci pi pat i amoBtor sbiven), cﬁahgihgtm: $givéritecharigig mertampeﬂit@ra 6r dhagging G pH

crystal wat er th subsequent eva ora on of t

o o o BB b Bosht LT legs & s o5 AUt of 2 3ohbRmPeLedhe
conponent amgktalne Group VIB netal conponent are mxed in a reaction vessel
and heated. After solution of the netals the water is evaporated)
optionally under vacuum to effect precipitation. As stated above, the
et al cowpom%rgtaee%ob@ tﬁ@?@a@némnﬁh@ré @&Eéét@a tcsrbzstam 8nidkyden-Sabid tor&ipitate.

suspensi on, wetted, or as such. course, if they are added as a
suspensP8n) RKE@‘P‘E%'OBrcaa@eQﬁf@ﬁthtbbfe? Srust dissolve in the reaction m xture.

Preferably, (endmirdy the YPQORKAY Sr after 86tHEMalich bhehd AdtaiComitpicht SQHEN5ABS-

such a value that precipitation is induced;

(b) adding a complexing agent during or after combination of the metal component

solutions, which complexing agent complexes one or more of the metals to prevent



As solvent in the above process nmay be used any erotic liquid such as

wat er, 30 carboxylic acids) |ower alcohols such as ethanol, propanol or

m xtures thereof. O course) a erotic |iquid nust be chose02Wlloh2002s not
interfere with the precipitation reaction. 02 JULY 2003 WD 00/41811 7
PCTI EPOO/ Q36umi6Y; | east one Group VI non-noble nmetal conpaAgkoatsssat

| east two G oup VIB netal conponents are applied in the process of the
invention. Suitable Goup VII! non-noble netals include cobalt, nickel,
iron, or mxtures thereof) preferably cobalt and/or nickel. Suitable G oup
VI B netal conponents include nol ybdenum™>tungsten, chromum or 5 m xtures
t-hereof, and preferably a conbinati on of nol ybdenum and tungsten.

Pr ef er abl yprecipitdtionadfi thesmetalis, addt thenedfidydaranginguthgsreectjon conditions, such as
cobal t/ mol,ybdenuyni t ungst.en _or, nickel / cobal t [ noi ybdenun t un en_a ed.
These typdSmBErlTec D BLE oS vbst The o EHBL 05 dHeEhEn BF oE T dbks
prepared fpragpdtdnt oup VI non-noble netal and one Goup VIB netal. 10 It
is preferred that nickel and cobalt nake at | east 50 wt % of the total of
& o Vi 1 1(Ch RGBS PR aeaPeCao AUTRS o il FATRATRD Gt dnetfopponant

pr ef er bl ysohitiongas budiWaWalle thhi preciPRatRdnAs Gidiiced y at least 90 w% It may
be especi al | %:tpreferred for the G oup V111l non-noble netal conponent to

consi st eddkipwesnpythemmaunt of salventsiuripg 9 after egmpinatign gf tregmetaljcompgenent
ol ybdenurgohitbnk 4DES el prddisitdiendd inkgesd; 50 wt % of the total of Goup VIB
metal conponents, calculated as trioxides, nore preferably at |east 70 wt %
still nor €eprediBs Bngn-gelverigduyringmnaftey cpmbifaiop of dig Betalcoppprentasohdians or
the G oup ¥l RdlBd HreGRERRINCHerkS, GRS hShor85IRBAI Alaking! tHAP! Hd REMA Gs
tungsten. 20 Suitable Goup VIIl non-noble nmetal conponents 1 nclude

wat er -Wol asisentigiyyet opluplenprihissoiventet al salts. Exanpl es include nitrates,
nyar at ed i adiean @bt SeSineh Al GNPt BeslonsiH phaken dbRiRH i

sul phates, Torndates acetates) or hypophosphite. Exanples include

wat er - sol UBf¥cad ckel and/ or cobalt conponents, e.g. water soluble 25 nickel
and/ or cobalt salts such as nitrates, sulfates, acetates, chibrides,
formates or m xtures thereof of nickel and/or cobalt as well as nickel

hy pophos phi\diesting tnedt &. ierdnoetinnsdakat &) canthe danecyy addingha beee ot en geidte
conpr i [ | ; ' 7 f
mpr i e gﬁaeweagxgtf@%@&h ﬁb{ﬁ%&. lg R aﬁg% sBbld & 8dd l%u.lé‘gbaﬁ& Rbic bt A

t her eof . Sul oup net a orponent s 1 nclude water-sol ub oup
VI 8 net al ‘empesatuie incrgasing willl desompose into hydraxide iopgoaH’ riens whighbidencese and
t ungst at es r i : I

tungst on. - BegeEEasd EHE kU ‘SRRl SPIBPBHAIC LI UBTERIEEE
of nol ybdevpan dre tampgratune doeneasisg randf willt herebyeingrease orSigcradse the mhbh aoe
conbi nati o t f i - Luble J i WO
00/ 41811 8%&?@%%/%@&2%%%%&@%H®0%6unc(ﬁj)és)' a’é‘é’é‘"@‘ﬁ%’iﬂ“i Jﬁ‘yb&'g@

M, ~| y¥denum Chemni ~~,, Chemical data series, Bulletin Cdb-14, February 1969

and i n fv[ &y RipPBURChma g, oHEm: § &4d HiMhon-

Cdb- 12a-r eviysed, lve erP di'gGaEsg)gFlt Es:h?%%v{gttgr - é’gﬁﬁb%f’&?ﬁ?m°ﬁnﬁ‘°cbéengf&ﬂa%ds

are, e.g.,commpentnt candntheeSroupo¥® yoetebmareponegntl innMamdusmwalys:o @ uyarious
temperatures and pHs, in solution, in suspension, wetted and as such, simultaneously

and sequentially. Five precipitation methods will be described in more detail:

25
1) Simultaneous precipitation at a constant pH, in which process at least one
Group VIl non-noble metal component in solution or as such is added slowly to
a reaction vessel containing protic liquid which is kept at a constant
temperature, with the pH being kept constant by adding a base containing
30 Group VIB metal component solution. The pH is set such that (at the chosen

reaction temperature) precipitation occurs.
2) Simultaneous precipitation, in which process both the Group VI non-noble
metal component and the Group VIB metal component are added siowly and

simultaneously to a reaction vessel containing protic liquid and a compound



5 sul.phate. Suitable nmetal salts which are only sol uble at higher
tenperatures are, e.g., heteropoly conpounds of nolybdenum or tungsten
further conprising, e.g., cobalt or nickel, or netal conpod2did-Y\20QMh
contain so much crystal water that upon the tenperature 10 increasing the
metal conmponent will dissolve inits ow crystal water. The nolar ratio of
Group VIB WO @M Vil non-noble netals generally ranges fFPEMERB/H0334 1: 10
and preferably from3:1 - 1:3. The ratio of the different Goup VI8 netals
to one another generally is not critical ' The sane hol ds when nore than one
G oup VIII 15 non-noble nmetal is applied.” In cases where nol ybdenum and
tungsten are present as Goup VIB netals) the noi ybenumaungsten ratio
preferably |ies whichhéecempesesf ugon mﬁl%mmwrpr bé¢isgalicreaBed and Stheeaby

nost preferably t, Xt S in
the liquid phaseﬁﬁr]e?sﬁ} Fﬁ%ér%%% %ﬁ’?n%@keac d't b}omer a% ar e?pgngnt% {
pressures are setbaqi&alturmofstbelnea:nmye'ss‘mats ad)msaedmteasiecerdpoémon iempessule e
to carry out the reaction at, anbient. te ture. ne is of
course pref errea"frs@i EQpPeYRA. {%g}gam%p ?BVVdP‘ﬁEO B ﬁhg'ﬂﬁ%rl ¢ boiling
point of timy rearertacmaﬂbo;tw\smdwrprmsshae G@Qp AN ron-itsd! hietl asyndoaasi isng
of the corrponent JG‘ Ljrabl )a/% 25 tenperature is chgﬁgn to be between
ambi ent t enper at 33984 3PWIN O A 1BRPI8! YESSBl CPPIARINGe (IR (VIR emelgh we(ponent
desired, also tediBEsIFEdIirLSroad Sy ad (evied varsa&rid § ch@pbimgwhRzh Wil eécdnliwose
reaction m xture can be applied. Above the at nmospheric boiling n‘ﬁﬁcature

of the reaction YRS ?WWéatP’&.‘EF’eéﬁ‘"géﬁer“éﬂ I“}F“Pty perease 9 SE‘f’eé& prased

pressure, prefernhéfy thE 2QdAbs 06t are sl vt %h%dﬂé(%etaﬁocoﬁ&o‘hﬁht OtHe
above, durlng step (i) precipitation is |nduced, e. change.

Sui t abl'@ pH val uteERaratyee ehthereaciion yrssed imRriuTied t%ﬁ“@c;eﬁP'ﬁ’QP%t’W 13F"P§éatléf?ovm
to the skilled pefsfidcompBénd ws(ZROR p\@x&ﬁ%éﬂ%&é tdpHEhbRRD0100354 It is

essential to the process of the invention that the precipitate resulti ng
act

fromstep (4) i sPERGRIEBNO8RABIENSHRERH A whigh p@ﬁesspﬁhé&rppeafﬂ'éna@resb'ﬁdveta

wi th oxygen undeéorhbsn&qnelatddea%lmlytta% Ma%ﬁ%%eesentdaﬁtam@@?&ud W Hhéan | f
oxygen is present. A precipitate conprising any sul de or thiosalts is

not oxygen- st abl ETRRENEMHSSRIVER i REIC fighid BF yice yarsenBY §9€‘ﬁ9 é‘c'ﬁr%@ﬁﬁ? tathe s

excluded by the RIRHBANeLL GY pIPs a&ﬂi@éd Ehen ﬁxta?&tf(ér)duﬁﬁ%BPSfté}rtﬁé%Bctimon of
invention resutts in an oxygen-stable precipitate has the advantage t hat

the step (i) as the Graup Yhnosebisymetd copperan (aithe shesar Bactioatemaaradie) i n

an oxygen-cont ai E;%@rtgp%gg@ge such as air, contrary to, e.g.) the
process of US 4,596,785 or US 4,820,677. This makes the process of the
present i nv@nt i ofoltioneafhihe faetal compenants: ittheimewr crystal waterowith sybseguent

mat enat sel ect ede@é&fpah&? ofl EH&W?atQF s& (M Predigtiatibh %Eéurscﬁﬁfﬁ%%bﬁﬁé'the Group
hydr opr ocessi ng cat sts, cracking conponents, or mxtures thereof can be
added &% i ng theVHbOOQ'IGQW?le%P'WPQﬂSQF and the Group V4B medal GIrReNENt(3Fe GRiXeg
step (i)). Details 4 Pedchioh CVEREA! afd HeBfe AR Sidiitlon amézmeeas hak apateFqs
this process enbodi nent, follow ng options are avail able: the Goup VIB
and Group VI I nevaprBles. ﬁél*%ﬂa”l‘:Hﬂ%ﬂéﬁ‘ﬂ‘&“c@rﬁ@éh@’ﬁﬁ'ﬂt@ﬁ'%‘e contacted with
any of ttte above materials during the com Jination of the netals. They

can, e.g., 20 be added to the material either sinultaneously or one after
the other. Astdiaiedt phevss thenweldl GOFPONENts RRNGPE AAded1lp Kigngaskon migtugs in

conponegy s S8 it s%egbw&@ sttede8Cad LRH. OPeYGree AP they'dhs 804ENAL ¥ sBEYeriiod, Ne
above materi a S can dded to the conbined netal Conponents prior to or

si mul t aneou¥eliediaras seeh. phenmush dissolve in the reaction mixture. Preferably, the metal
components are added in the form of their solutions.

As solvent in the above process may be used any protic liquid such as water,
30 carboxylic acids, lower alcohols such as ethanol, propanol or mixtures thereof. Of
course, a protic liquid must be chosen which does not interfere with the precipitation

reaction.



25 It-is further possible to conbine part of the Goup VIB and G oup VIII
non- nobl e nmetal conponents either sinultaneously or one after the other) to
subsequent|ly add the material, and to finally add the rest 02(JUle2@3up VI B
and G-oup VIIl non-noble netal conponents either simnultaneously or one
after the Wbhei18180 As stated above, the material to be addechr/dpsowaoss4
precipitation step (i) can be a binder material. Binder material according
to the present invention nmeans a binder andlor a precursor thereof. If a
precursor is added in the formof a solufion, care nust be taken that the
bi nder is converted to the solid state during the process of the invention.
TFhis can b one b dj usking th H conditions ch th

precipitat i%ﬂﬂe%"% O('%e ’&Byﬁﬂﬁvvgt%mﬁ%?ﬁ?m‘i%ﬂ af@ %%%WB%%%%@
OCCUL S. Euiclb&gio@eﬁtswétabpli& hghetph];&:eﬁﬁ ﬁciﬂai ihe?dtlm. sﬁ.xitmlﬂefdrbﬁ;dmu msrenkﬂfavm
to the skilled persqn and ne no further e anation. |f t anpunt o

| Cquia of (HESISEBHRAF (e al ok (OB oM BTR (14 80F GSRIaR, COTpt B joRs

sol i d-1i quiglita8RAGRUPVIE AHethecdtidnefE iRtlilide Indiistidniuan alihgsted, WhkrdBium, or

material s such as ghosphor us-caont ai ni ng conpounds, boron contam-ng
conpoundls, MKiuresnthetsel.aPRF ngrefeiapyuAdsompinglen net (BRlEFeNURYy ASmien :

addi tional drefhshiy] MbiRitidhs fjc‘:‘P:jﬁ&QHMHélbeé?ﬂhﬁglﬁﬁpHénVEB@éIUrﬁi8|§79ﬁmu§§tun8§ﬁen

m xtures thereof Can be adde uring precipitafion step N simlar
way to thatorduekalicpealVmelybdenurafimnastenatrer ysads These diypes oh Pracigilatas bave Rese
further matpiial 5B LY HaDSeMitatkd JPiRFES Frofl BRe (Golp IR AnSfdoid is
subj ect ed Eh(;%a sul phi dati onns Sg‘. ttiabt%ei C?E‘%g suri ph?’ggtdl;g}]}? tﬁer%‘r e(?i@pl}r'%té e
general | y andiens Graag fIBorgteke | i quid. Al conventional nethods) such as
filtraggon, centrifugation, decantation or (spay-)drying (see bel ow) may be

used. Sul phidation can 15 be carried out in the %gseous or the liquid
phase. Sul phisderefesieddbataticidl gpnd sobalt makel up it l¢ast SOWiEe of the totabohBerumViiat e
with a sul [ W u ; )

Ul phi do. | DRBE o T R OB et oo prore 2B M e OB |
out in sif tikmaeerpreferaily at lepsted@ wabhi I mayhbe egbetialyaprefairadsior thei ebupuyillex
situ, i.e. e J J i i - : tor prior to

t he sul phi eg‘%ﬁ%’%ﬁ{%g%g‘%g@%?ﬁ%ﬁ sgﬁgil?gggéggﬁg\t@%o‘?tchgéﬁydr opr ocessi ng
unit. Marthernore, it is preferred that the catal yst conposition is

sul phi ded qﬂ]shpl@‘er%&( a?‘%gjbﬂeﬁ&.%%ndﬁli@é%é’ﬁ n%%‘@‘é{ 1eB5056 Asﬁ%ﬂg @FFot
process of € presen I nvention can C rrse one or nore of the 1ol ow ng
further 25 @eupdYigl meabaesponents saicplaledasdrigkidgs.snere prattrably at leastritawt%,

t r eat ment / mgm %%p Lt -\ ter al d
fromthe gfégﬂprgé'}ea%ﬁ n er'yrgrta%%rgilo%? s(:m{' tgnv n?‘% tgﬁéﬁgm%“;){jgggern%?e@éllh%geibg{p gﬂ?‘set S)
cracki ng cangtaheemponent ttortsist esserttisliyvofmolykdenmppand turigstenof any of the

t echni gges of spray-drying, (flash) drying, mlling, kneading, 30 or

slurry-mxing, dry or wet m xing, or conbinations thereof, or (d) shaping,
02 JULY 20@Buitable Group VIl non-noble metal components include water-soluble Group VIl non-

noble metal salts. Examples include nitrates, hydrated nitrates, chiorides, hydrated
chlorides, sulphates, hydrated sulphates, formates, acetates, or hypophosphite.
Exampiles include water-soluble nickel and/or cobalt components, e.g. water-soluble
25 nickel and/or cobalt salts such as nitrates, suffates, acetates, chiorides, formates or
mixtures thereof of nickel and/or cobalt as well as nickel hypophosphite. Suitable iron
components to be added in the solute state comprise iron acetate, chloride, formate,

nitrate, sulphate or mixtures thereof.

30  Suitable Group VIB metal components include water-soluble Group VIB metal salts
such as normal ammonium or alkali metal monomoiybdates and tungstates as well as
water-soluble sopoly-compounds of molybdenum and tungsten, such as metatungstic
acid, or water-soluble heteropoly compounds of molybdenum or tungsten comprising

further, e.g., P, Si, Ni, or Co or combinations thereof. Suitable water-soluble isopoly-



WO 00/ al1811 11 PCT/ EPOO/ 00354 Optional process step (a) A thermal treatnent
and/ or washing step preferably is applied if the precipitate conprises
hazar dous conpounds such as ammoniumnitrate, to renove th@2Hd r

material prior to conpositing with any of the above materials (step (b)),

prior to appleysfid; > Spray-drying or any aitemative techni quectgbeinoisa))
andl or prior to shapl ng (step (d)). Such a thermal treatnent and/or washi ng

step preferably is applied directly after isolating the precipitate.
Further, such a thernmal treatnment and/or gvashing step is particularly
prefer-ed if the process of the invention conprises spray-drying (step

(¢)). 10 A dryi St andl or, a thermal, treatnent. can (fuxther) be applied,
6 )3 art or 09 bl ecfrienngs By gt nMplBRATR creflods. Lhepr R aRes. o
drying st epsaninlarlsdd:gt,rmébrﬁmatsserﬁndaﬁ ®ohpRleheth @gfgrgatsﬂe:m‘l aﬁtasgeﬁ@s,( d).
Drying is genera Qne in an oxygen-containi ng. atnosphere, such as air.
Al 15 co.nngfqtk’)‘na d%ﬁ??’ﬁ%"‘?ﬁﬁ-h 2 rsJigggbl §%§§Hﬁ awatersplubieychgpmium
spray-dryi nggmgénds 28, BIgEHdPinbRERroRfes? istpoliBhdmAls indr ARMOhBMAGFSHhiIUFE. A
t hermal treatnent) such as cal canation, if any, generally is carried out in
oxygencént aFH‘fP"r\%}eat nosphere such as air or steam Preferably, said thernal
treatnent is 20 conducted at a tenperature between 100 - 600' C, preferably
bet ween 150 - 500C, nore preferably 150 - 450C, during a period of tine of
0.5 - 48 hoSHiablepmetalsaits phisbears oslyesoiytly atishemtgmagratures aieegigpiheterapoly
either as s I =y Y, gpﬂ%@ sty Je 45 ] [
conposi ted %ﬁ&g%ﬁ)?}:@&ﬁﬁré&hé#ﬁﬂmt e ?C%E)rt% gﬁ’ b?'ﬁ'deérs%nlg? ’éﬁcg l’s,ér
convent i onametgldiasposeatss whigh ceandain ssos mugh pexstalgwatarpbat mpon the temparatuess

t her eof4g Th 1AL nfAd) e WAl i thermal |y
treated or ﬁ’gtF%ys?{r? ttﬁ%e mt%@dﬁggﬁf%*l%ésﬁggg%g%as?a{cﬁés@n\b g? as a solution.
The material preferably is added after the isolation of the precipitate or

after the dmyingyst F‘a%o?%ﬁéﬁugé\bﬁ?%{r% Vil fidh-F6Bie ﬁ'l@gélg[geﬁgraa?@?% o

step (a). The term "co pitate wth a mate %st at
t he above ndPdrd till@ and prefawdly framiSite- prBedhpiratin of e different Greup \URdnetals to
resulting c i J i Xe " Y0, 2

PCTI EPOO 1009@%%%‘;8‘3@3@ 5 'g"rta "f'gaaiﬁ%x?ﬁ%é oY egéﬁég'l%?’% e Gredp Vil e
m xi ng"312 Thos-nohlermetak ist applisd.clnagases whete molbHeotmt dnd fungstencate grasent as
conposi tion W8S u i $e: LRkLt Lthqthe
above mater Fé{)ép lzgﬁirﬁ‘:ll or ig' ?\%c'g'rggégg\%rph%%? l?ggggg%g?@?ﬁhkghc}ﬁér ?ar?gh df i’
preci pit ati drSimeee prefedablyds 1 + 4:3ahit numst pteferablydhipedib.i ons of particularty
hi gh mechani cal strength. As stated above, the material may be sel ected
froma binder material, a conventional hydroprocessing catal yst, a cracking
conponent , dr isnesgentialsthahdhe geactibhemixturat isrinathe liquidi pHaskeeduarirgc thebeedctian.
nore depai | ' ' t ' ) ials
convent fonamy el g IL S, Sl BicsleARUCHS WUBY i o0 JJEEH. 2
are silica, silica-alumna, such as conventional silica-aiumna,
silica-coat RT]qr) 1.Na: t 1.n ch,

( pseudo) boctinr £l o A3ty Bk M3 CRl f rtiertiamp Bt Sehmedlf s courme,
cationi ¢ cl @yefeued dnkeep theclemperatutshbaisw $he airosphesieribailing peinkefdhe mgaction
sepiolite or.. C I 1) res r - Lad

silica, sil in?:'g%gﬁ( géﬁﬁa@ggﬁsﬂﬁ‘l‘oﬂ% )éb%]?rgrﬁa%?ﬁ%ﬁ@g‘ﬁi Agctgé?: ggﬁ) %Pgh‘lghg{e%zr?élg’o%?a,
bent oni 28, demperature ésschidsen dobe betvesen dmbicntrtsmpasatre ampbthecatmaspharic boiting
after pepti I ORI .passihl .

bi nders whi é%h%%uﬁé F ﬁ%veg%o?eégs"%? ' t% ?132’ %rﬁf%ﬁ%?@nsy g?é@eggﬂggtrﬁg%;qeh??ﬁ% of
t he above- dgotti bedhdi redetion Bixturabkan preecappéied.s Atroye dhe. atnadskbéric meiiag

al um nat es obt ai n.an ai_um na_.bi nder ter _alass .(to obtai I J.ica

bi nder ) a (rSpRALTER: A St urufl i redtBbR Gl ey oo ‘Gl s ufdeaed s
Si i1 caal um rpaedsuns ergferablyninxanurugoddvesandiaressatafmixedi -, tri- and/ or

tetravaé nt netal such as a 25 mxture of water-soluble salts of magnesi um
al um ni andlor silicon (to prepare a cationic clay and/or anionic clay),

al um ni um chsathydabbve, aluring Btepnfilspregipigdtion iglinduced legni by pHechaage) Buitabien

chloride) or ,mxtures thereof. 1f desired, the . hjnder. material be.
composi & ed VB NALeE S G aheapsipl ESRPATHHIth §PaRPIR i lnGe ARarBr Cather e

VI 'l non-nolyegsdret al - cont ai ni ng conpound) prior to being conposted with the
precipitate andlor prior to being added during the preparation thereof.
Conpositing the binder material with any of these netal -containing
conpounds nmay be carried out by inpregnation of the binder with these
materials. Suitable inpregnation techniques are known to the person skilled
inthe art. if the binder is




02 JULY 2003 WD 001 41811 73 PCT/ EPOO/ 00354 peptized, it is also possible to
cant' out the peptization in the presence of Goup VIB and/or Goup VIII
non-nobl e met al - cont ai ni ng conpounds. If alumina is applied2dUbY 2003, the
surface area of the alum na generally lies in the 5 range of 50 - 600 nRlg
and preferwg 0p/41830 - 450 nR/g) as neasured by the B.E T. netAdg&EPOTRBSpar e
vol unme of the alumna preferably is in the range of 0.1 - 1.5 nlg, as
nmeasured by nitrogen adsorption. Before the characterization of the
alumina, it is thermally treated at 600C,for 1 hour. 10 Generally, the

bi nder material to be added in the procegs of the invention has |ess

cat al ytic activity than the bulk catalyst conposition resulting fromthe
preci pi t at & iggssandal f@rth‘?léf%tséloﬂh%mé@tupvM%ﬂgg P&?@P't’cﬂbfﬁﬁéﬁﬂérﬁmﬂymeby is

adding a big %é; tﬁgﬁlgr'ﬂ?éam & Cﬁ\'evgrte}flgggtgt BEedUldt Eatt g@é}})gﬁdéf' fig may

be reduced. nore e addi ti i nder materi a
consi der ablcenditimrseafsthei prociss ot the piasat isvertiant  ofygemds brasaht P5pm3aupa¢t§fst

conposi ti OnPﬁ%ngn feér)]rle ulbn%eagg ?ﬁgsagepenﬁ%egx%%pggt'agie 58 t?!gcstadd r%césgn

process of n generally on esired
desi r edS mephaparioglsuch a@r@mﬂmaié id da;e:lddedajy thapatgestt imvenpasi ti on. Bi nder

anmounts fr f the total ition can be _suitab ependi ng
o theenvi Dabea Sk B oh e drffertaBruft FRgTe UL AY SderaRaSE i Gl gFhe
resul ting uﬁu@ruaéé shabttghstap (i) wistwellds dryesub8eqosmiostotesarstads ctdmebafxtaeﬁ@.mut

i nvention, .the binder anmpunts to Be add&ﬁ ener al e in the rang ﬁé 0 -
75 wton of ihEN CHVH-AABI S EIPsPRRE SRS o, COBBH 9 & orhe BrcERs &h

0-30 Wt % @BD6TEs @nallJShychmﬁmesaisnmaees athws prodesehofmale bsregdhd emvéntiohhe
cat al yih 2? o%ﬁsi |on a ?’b‘ﬁ , conventional hydrodesul phurizati on,

hydr odeni t %%\5‘ Y F¢-acking catal ysts. These catal ysts can be
added in the used, regenerat ed, fresh, or sulphided state. If desired, the
conventi on ocessm catalyst may be mlled or treated in any other
Comvent i ondl SO SBEd. of Enatel il SElspicotiom fhe rrop o eoagr Mahaam Ao DRnSIa0
Cracki ng coyp@pritessingicafalysty, RaacRigesbrigonehs, Car ﬁ'!t)bt@fbsQﬁméaﬁl:érh(b@ added
according to .the invention sent are tn convent i o cracki onent
such as catdughg @%PB%“’%F}‘E”BE?&'EW%@%O" ¢ et peripiate; é‘iﬂ?ﬁﬁ&te@o@goﬁ%‘ﬁn‘&msuch
as zeolpt esespectof théseMnaterldls bfcdGiv@bb&dwzeol ite Y, zeolite X, ALPGs, SAPGs,
MCM 41, anor phous cracki ng 02 JULY 2003 WD 001 41811 14 PCT/ EPO0/ 00354

conponents such as silica-alumna, or mxtures thereof. It will be clear

that some rmyr&is E}o%eﬁﬁidmééaln@éﬂbﬂh@d@llov.%@o&f&%“ér@@avﬁmnent at the same
time. For |nstance silica-aluma may have a cracking and a blndlng

function atth® REOUPMIB and,Eroup Vi mm@a metal CHRRRNENR CAIRNSRIN beRptasted

conposi t ed wiht é’hyaoﬂwe%oVéﬁnﬂﬁhais dUg Qfie RofbilioH! dfl the eRetag bRy Birle. gor | OF
to bein corrp05| ted Wt h gsgh ecipitate andl or prior to being added uri ng

preci picPat iBsrRdded o theyma i SigUifaneoesy ok PRE ASHEERIR™ wi th any of
t hese netal s may be take the form of inpregnation of the cracking conponent

wth these material s
Altematwe!y. the Group VIB and Group VIII non-noble metal components can be

combined as described above, and subsequently any of the above materials can be
added to the combined metal components prior to or simultaneously with precipitation.
25 ltis further possible to combine part of the Group VIB and Group VIl non-noble metal
components either simultaneously or one after the other, to subsequently add the
material, and to finally add the rest of the Group VIB and Group VIl non-noble metal

components either simultaneously or one after the other.

30 As stated above, the material to be added during precipitation step (i) 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



.10 Generally, it depends on the envisaged catalytic application of the
final catalyst conposition which of the above-described crackin

conponents, if any, is added. A crystalline cracking conp ?3003
preferably added if the resulting conposition is to be applied in

hydr ocr ackylvggm)4 fjer cracking conponents such as silica-al upgtgpeugessat i oni c
15 clays are pre erably added if the fnai catalyst conposition is to be
used in hydrotreating applications or m|d hydrocracking. The anount of
cracking material which is added depends4gn the desired activity of the
final conposition and the application envisaged) and thus may vary fromO

to 90 wt % hased o ht thectal sition. 20

Cpt 1 onany) ROREherFa SRS conliah fa”br B prBEuEr Shins BRRS st Rt dsthe
bor oncont ai kimdl 68E® 4ARESheesli id ﬁﬁﬁeﬂ@fﬁlﬁidﬂnbﬁglfctﬁé@ﬁi@bﬂdtsdf liquid of the resultmg

fl uorine-contaj ni ng conpounds, additional transitjon netal §f3 npounds, rare

- earth net¢dta éh%i‘ﬁﬂfét"—’rb‘ﬁ teq R'Sﬁf%‘of‘ﬁ'é’r%ﬁ?"dﬁ‘ﬁ!}"do%eqa%ﬁf‘;56? &ameAost t he
catal yst conposition. 25 As phosphorus-containi ng conpounds may be appli ed
amoni um phosphat e, phosphoric acid or organi c phosphorus-contai ni ng

conmpoun@s. M@@B’h@iﬁyuéudbﬁt ANFRIRIS P o °éah°@§'°8@é@d‘9at°°‘é?ﬁ9ursi5ad@r% t he
process of JREEN /

subsequent {:%ﬁ? %l%g sf%i‘n’e&\ #Hdnﬂﬁm [ nhgb%uﬁggge@? ?§E§&aﬁm§ SYmpounds,
phosphor us- %Mt'@ﬁia’al trensetiom oustdls compounidso rpee gagh metal pcamnozxati:i of nEgures

i nstance, t [

phosphori c g‘g %;for W t%a&z}%ﬁ‘l&f( :berptg?'%ﬁh 54%9 ?}é %gil Q?I?Z‘ﬁa?ge%%fb d for 02
JULY 2003 Wbecnﬁwmauatemﬂsmla@mbmm msgmwmrmlmﬁn&@lmmmnds may
be appljped, e.g.) boric acid or heteropoly conpounds of boron with

nol ybdenum andl or tungsten and as fluorine-containing conpounds nay be
applied, e. quceamstml(u)n fluoride. Typical silicon-containing conpounds are
wat er gI ass I t Vi s 5
veter ol ass g chidACAELs sALLBS1ON LOBRATLY LA B i RIANEH in RMIGE
fluorosili cgcn@rellyj)ts fisalategb froimc tfmcilqutdlel @mwsptfmabhmthcdsacsl&hoas filtration,
hexaf | uor op t f

and P, ' eapoarnihn cgolilhn of (ERPLEMG GofpERRY AT el Spbbfbrtan, °
e.g.) rteni bencamatautds éhe igatémusianthe iquid modsmrﬁulpmdanourgenemﬂpm carried out

i ckel - ol S8BT I BET R i e Rk sPhal i BBkl SER e €8
st age of theulphocésygrqg‘ent Mptﬁde.s@M_DSL rcqumysolphqueso'fh& sulphtdatmammgem;y
2Fe0 possi bE8 PG T2 Tl BiaTar Rl SR B teh b ARk Shue
it is possi béeﬂ'teosu(wmdagnaiseca]:ﬁeddm ify |ansﬂpam2a'b§sxbr priordodihe salphided lcat@alyst
SO SRoRBbb D RTRER B, Shris S HB' e bR M g o0
material s ftthathhe catalysbeorBPositidy] is ctiiptided betir ays:dr gmchig,sitef | ash) dryi ng,
mlting, kneading) or shiny-mxing, dry or wet m xing) or conbinations

thereof, with a conbination of wet m xi ng and kneadi ng or slurry m xing and
spray-dryi n@uﬂbbngptmnafperrdcesls st8pep (c) is particularly attractive when any

of the abov venti onal I i ,
cracki ng coﬁ}'ﬁgﬁf’éﬁ‘f‘}ss “?féA%Pé%S&H{ 'nf’%q'é’ﬁscﬁp SO ghmég0 %P&ég%f tth%’l fgﬁrﬁﬁig{r\%\één
t he pre2% pi watienaimtoaesy stdpst hese materials. This is the case in particul ar
when step ( i a Iled er,. the inco ra n of.an f these materials
(step (b)). igp? §9" YERG 2&5 tg?"nfl rgatgﬁagé/ogatwash%gr%te Xygen- cont ai ni ng
at nosphere db) acmnmﬁsitag 3tH emedtatialr eslectetihfrorrarthe gioud 06f -birkied Cratestialypr e
preferably 120 91
onventlonal ydroprocessing catalysts, cracking components, or mixtures thereof,

(c) appiication of any of the techniques of spray-drying, (flash) drying, milling, kneading,

30  or slurry-mixing, dry or wet mixing, or combinations thereof, or

(d) shaping,



Dry m xing means m xing the precipitate in the dry state with any of the
above materials in the dry state. Wet m xing, e.g., conprises mxing the
wet filter cake obtained after 02 JULY 2003 WD 00/ 41811 0&JBEN 100354
isolating the precipitate via filtration with any of the above materials as
powders o{yg\laikii ter cake to forma honogenous paste therpetrEpolrbizenal
process step (d) 5 If so desired) the precipitate optionally conprising any
of the above (further) materials may be shaped, optionally after step (c)
and prior to sulphiding (step (ii)). Shgging conprises extrusion,

pel l eti zi ng, beading andl or spray-drying. It nmust be noted that if the
catal yst c osition is to be applied in slung-type reactors) fluidized
beds, novi §$883%9f06?55e°>‘<e;94ﬁged beds, generally spray-drying or beading is
applied. FArtidnefl fedment éﬂd/abwbels@qtdwgte!begr@aﬁbycat hepied geprr prédipitdie
catal yst conposition is extnrded, pelletized and/or beaded. In the fatter
case, at afYMBIEGE NBFArAUSIEOMPPUDRE PY ARMERENFR)irateels regipyediRInezaEaus\hi ch

are Convenyrizpédilotior REEbRshiRG With bl o WM riREne(AetIR]), pBPRPagihg | ves

may conprise alum nium steara factants, graphite, starch, th

cel | ul 8se, spraytdiingeor any| atemafive techgiquedistep (s 3nsianyariendo skapieg (éﬁGPrék)t ur es
thereof. 1 r 1 i i Is : I I eto
add aci ds SUEH de el ke aRRol Sdshi SR MRy if PRNFRIAER iRt
mechani cal isstatinggthe ofeciphiateeFurtberatsech 3 fthermal digajsnerd andéyr wespingssiep is

ext rusi on, ' : - ' b : i ng
ctep i s caPHHERe AeRd W Beilslorde rhbntch BRes Sthal Mg (a3 1,
extrusi on and beadi ng, the amount of liquid in the shaping m xture,

expre d as re | Y LS. i - % LKred,
coaxi a ex?r%é’lﬂ& s%ip %{ﬁ@&%f ty‘? hﬂa'a g&@gﬁg@gﬁﬁ%ﬁerﬁ% ﬁp&geeé ﬁfgét?g?'?gt?é,(sg
opti ona: | yattenptans{a)g@ndioy afiér stap (dbcﬁrefermme(rja grfying siaz dnﬁ aamdrinaﬂ tretomenti n
parti cul ar i xtures can,be, co-extruded, in ich case the

preci pitat gre(z)%f)bl:{)ﬁr)ldaﬁ%t%eosnﬁf’fngisﬁ% (acﬁy of the above materials is present in

the inner extrusion nmedium-while any of the above materials w thout the
precipitate i.s present in the outer extrusion.medi [ Vi e - 3Q, 1 n
all the ab \%'ﬁﬁr (l)sceggegersaihépoémf he& énoﬁrxgeé‘f“ﬁ"?ad’?h arﬁi‘g% ptﬁeere.(:%ﬁg }\r{o{’ﬁsgadf' &!
e. g.) 18i ocoheerstidnjatdtyinggnétheds ateasyitablecsughosd ovemndryings ppray-dilyipg.netct fibe
anmount of liguid,s top lLow.additional liguid nust be added. If, on the
ot her handPr%.‘ﬁga,tepcPPc'S’%‘)IbS dé&???ﬂé‘r% BPERE Cat al yst conposition the anopunt
of liquid is too high, the amount of |iquid nust be reduced by, e.g.,
02 JULY 200500 tEADn: uBcHs emiStRABRSH Ay, SSTEH ' Eltiedoul RGO
containing atmosphere such as air or steam. Preferably, said thermal treatment is
20 conducted at a temperature between 100 - 600°C, preferably between 150 - 500°C,

more preferably 150 - 450°C, during a period of time of 0.5 - 48 hours.

Optional process step (b)

Optionally, the precipitate either as such or comprising any of the above (further)
25 materials is composited with a material selected from the group of binder materials,

conventional hydroprocessing catalysts, cracking components, or mixtures thereof. The

material can be added in the dry state, either thermally treated or not, in the wetted

and/or suspended state and/or as a solution. The material preferably is added after the

isolation of the precipitate or after the drying step and/or the thermal treatment and/or
30 the washing step (a).

The term "compositing the precipitate with a material" means that the above matenals

are added to the precipitate or vice versa and the resulting composition is mixed.



and, .if necessary, the resulting material can be dried and subsequently
re-wetted to a certain extent. For all the above process stegé fé

within the scope of the skilled person to control the amoi# JUE- Qﬁﬂd
appropriately. 5 A preferred process of the present invention thus
conprises the follow ng successive process steps: (i) prep

preci pi t at RO cri bed above, optionally in the presence i(;)??%ﬁgwg .

above (further) materials) and isolating the resulting precipitate, (a)
optionally drying, thermally treating andhor washing the isolated
precipitate, in 10 particular to rermve hazardous materials, (b) optionally
conpositing the precipitate of step (i wi th any of the above
(further) nitidng i ereferably gpee émie @r6§%nﬁee%fta h@wtir(éw«’r*ég'eﬂne hdhEolfpsaies tgh t o
any of the ht’e)%ﬂ@hugél%eﬁéth%?ﬁ@/ﬁkéf'cﬁﬁlys( Eéﬁﬁ&&atn&f ying, milling, kneading,
slurry-mxin dry or wet m xing, or "15 conbinations thereof, (d)
optionally shaping the catal yst conposition, (a') optionally drying andl or
thermally tpge h WS tn t he
her il | HERi4 Bk W BREon Sk ' FBESHAE Y 0P ahbld HERLL Sl
process 3t ejpeogforgtingptiei atg:veheatariebsi qhirtrmt ereasntab@mstdwed) ddagiseto bulk catalyst
slurry-m xi th a n ay-drying, rewetting)

kneadi ng) e%w&é‘?%‘%s og'rp% ga%cv,a hIrHIe A“é%zg‘)é%@hl di ng. Anot her typical
exanpl e of the process of t he present |nvent|on conprises t he successive

Cesul ting pPOIHY Aavaying mdtpidliriey gl i Shfer e 2 del o o
bi nder) knehgldnag;ocexsmglsatelyst ar griatking eadnpomntgoandxtemlsnhemdﬂgﬂté%traatenaﬁ r_
conposi entl on $%aggel resent invention further relates to a

on
cat al ysi(5 Pﬁ%%‘?ﬁ? SHILPRE We process of the present invention.
Further, the present i nvention |s directed to a catal yst conposition
corrprisi ng hi bul .k catal rticles which.conprise,.at feast one
G oup Vi 1T TR amtine 18" G, bigtpa s Snih A8 TRy R R BesD e
conponent amthdats hreetqttrdpme&mglpca%lﬁstﬁeEahmpMpamenmsa asilicaMattinging, tadma as
degree of suiphidation er. conditions of use does nat exc d 00/
or asent 1 nveRbYaoN RisArigRing, Fkr SaREd iR, POt A BRSO ANTHER ng
sul phi g:ls 5 shuh lss (:;ﬁeatiy)‘bbetmatéé idﬂgﬁﬁbsﬁb} tﬁbnlapmlahlasﬁbaaéd aleptha mireo@apmor\{d:l :j
non- nobl e t and  at | east VI.B rret onent an
Wher oi n ¢ he GG MRS By Pt P soaties DEBRANE! KRRInoPeRile G B RaAc . oo
90% and whevigfurest thereoit ateyﬁecpamae@ éﬂeostlusio@hcawummaprauﬁﬁmauhﬂla.ia;lacbnfaor s
of acorrpound of MO-WIQZ,, wi th bl e|n |nth

he, f ormul a of
Q 75 < 1PS el AN, 2gnt, Repy G A<ers Iere s bfermmey be Fepias
even be| ng mlwbhbeamqg;rp&ﬁmh than 0.01 ) and z [2b+6(c+d)] | 2, or

wher ei n_t he ,cat 03| ion even d I co e, an h| ded or ns

o oT creh " B Bosele o Sp aractisers & Besd PlovieB hich SuRbY 4R¢ pfbess o

mol ybdenum Iu?vdnﬂﬁdl aeeedomertteu ngwot iy, otaﬁleé%b?g/éwdnﬁne‘ﬁ BTﬂewi @lhlbbleSdStgdxrshors

i nternational paten ti on at .a i S, not at

the catal yst® Eo%o@fktafi ”"E"HE &S &%ﬂ?’“l%f‘lﬂ'%g'ﬂ%@ ‘aa‘ﬁﬁ@t?sﬁéf ina

catal ytic paiilicarbwdeel, a dnactursatfallwtrﬁetaompmmmég andevdieogasy|(ld otstaim neikde
metal. 20 It i,s essen ree of

nmetal and onI | . that the

oul phi dat i oA RG] B TR SRR ATy B plif B Se P DR SRE B
usedd?eas notr?ameed v‘%&bsoﬁmﬁ gaied by nta?geﬂegg $mrﬁhtﬁw |ahb{cdﬂ6§tlidbh (lwqbgépare Sow
conditions of use is in {he range - re prefer

and nost pr SPUPHE| Fays @ e %)d@é‘ﬂ@@'%% gﬁ'f’ ﬁ%?t"l é‘??ﬂ ’
as descri berluxﬁmtdﬂl@nﬁﬂa@TaﬁfmtﬁiQhﬁétﬂ@ﬁdér bZ ldt@iesRér@efls” . 25 | f conventl onal
sul phidati on techni ques are applied in the process of t he pr esent

i nvention, the degree of sul phidation of the sul phidic bulk catalyst

particl es prif gésifed, 4fCbin8ecmafithi Aldy)bd ERRpddiRld With bt@ro@eweefnetal -containing
sul phi dati on under conditions of use. However, if very specifi

sul phi d@PI orFARRAVAR ARELT & EreyiVilbapnTeblg) Hatal-sentaing cormpPaes. e%ﬂqsfto being

composited with the precipitate and/or prior to being added during the preparation

thereof. Compositing the binder material with any of these metal-containing compounds
may be carried out by impregnation of the binder with these materials. Suitable

impregnation techniques are known to the person skiiled in the art. If the binder is



sul phidation prior to the use of the catalyst is higher than during the use
thereof, as 30 during use part of the sul phides or elenental sulphur is
renoved fromthe catalyst. In this case the degree of sul pﬂ?d&lh@gof’g t he
one that results during the use of the catalyst and not prior thereto. The
condi ti onsW@RU4KSE! are those described bel ow in the chapter P‘EIE’EP"Q@BWdl ng
to the invention". That the catalyst is "under conditions of use" neans

02 JULY 2003 WO 0Q141811 19 PCTI EPQO OB54 that it is subjected to these
conditions for a tinme period |ong enoughl3o get the catalyst in equilibrium
with its reaction environnent. It is further preferred that the catal yst

conposi ti Orbefbftlzédmt Br£§c? BBSélH!QBtc‘aH'Q dut tRS E@éﬁia%bh)’n Ethé pPReREe &7 QlRp B!
non- nobl e nmetal disu re 1n particular, the Goup Vil non noble

metal s are Mr&fabpyplbﬂ@@@ﬁbleage@@mwslcommﬁésl e netal)ySx, with xly
being in the range of 0.5 - 1.5 The materials typically have characteristic
X-ray diffraction patterns. 10 E.g., the X-ray diffraction pattern of a

cat al yst oflf sheninmieappled zobirgeni thg surfekelares ofstbe@!wning geoeratho ik imtheal

and nol ybde tu t 1 i C I ks
a2 513, ok 2 5g' 565 5o 3ha rolsfanl ToBT 55 i € giehstRER RERECE)
50.6 - 51. Zmefhibd2The E&eaaohﬁﬁe bf theS8lumjnavpreferatble ipaathe rabgL4f -1 50.52mi/§0asB
and 50.6 - 51.2 bei ver ing. he ,pbasi,s of. t.his di tlon attern
M can 15 HESRSET SenTPRG EhRHIRr aPelofs ahg ufrielithBnedt brrbhiR, &

sul phi de ( Nhefstlly treatedosted0CTdosuh@iri de) and tungsten di sul phide. The X—ray
diffraction pattern of a catalyst of the invention containing cobalt as
Goup VIl non-noble netal and nol ybdenum and tungsten as Group VIB netal s

typi calgy Ceamr'ameSth@EbﬁWdEraha@ﬁaFtol& hdded 4n e FHoless HOthé invedBonl has Iess0,
47.2 - 47.8, ,51. [

52. 3, d 58.1 - 59.7. (n th [ this .
G acti oocaayic peivity BaR e Rl EBlyat Cobes iin APeybig om0 el Satate as
E ungs: en g_rmc}hr QSﬁdﬂtca@éiytﬁi))(baﬂMtyzal:c ?hi @fhs/eeo%t@. : bynzldysb@emuthd@'r et flgne and
ungst en () e -ra | r.actl on a ca e
ot on carBy bl e SyIE cRial i empo i mas, B tadtseo Fufhdii s st g
t1 z ngst en asbifi@upatdhisl [eBdlcsa cypdiGabbl eV mersneaml afrength &F the fi f'ihal'5 6 o

8
- 57.5, 15, (AR CO@@osﬂloqﬁW %fﬂee ptaa@%t@ef—g'géﬁ ‘A ryadaethin they
bei nlg gvgr It ﬁ@?em of @ ﬁrﬁ\%nﬁ@ﬁlg‘en@fallg hn:e%eelué fornathe Q:Ibsitaﬁte:ﬁhﬁtyl ﬁncﬂ&ndbfired 4
concl ude at, 1 ron enu an en_ .are resen S Ir pnl de
R T MREaical sioag ot T0F Hhal Caia<) BBRORIAN SBIGRT SBPUSH For o Sh R
di sul phi de. o3 @helh6tak- doﬁ'}bdélt'ﬁﬁr aart 1HeN shidbier aegéndingabﬁl et erwﬁsagéus datapd | on
contai ning nickel as Goup VIII non-noble m and chr.om um

as Group V1&PRfisatigns "{%"EéltP)}a'é% Afyaniage ?erté‘ﬁs' ea’tt“a'?ﬂ u“”fgla@ h'gfllﬂdy ity 8 the
30.6, 331 corfodtion’sf. tRe préddent invedtich, tie3bihdefBfhduhitslto b&Sdded gametdlg dp@w S

of this di ffractl on pattern it can be congl uded .t
the range of (5) 75 wt% of the total composition, prefera%}y 0 - 50 wit%, more preferably

0 - 30 wt%.

Conventional hydroprocessing catalysis which may be added to the catalyst
25 composition are, e.g., conventional hydrodesulphurization, hydrodenitrogenation or
hydrocracking catalysts. These catalysts can be added in the used, regenerated, fresh,
or sulphided state. If desired, the conventional hydroprocessing catalyst may be milled
or treated in any other conventional way before being applied in the process of the
invention.
30
Cracking components which may be added to the catalyst composition according to the
invention present are any conventional cracking component such as cationic clays,
anionic clays, crystalline cracking components such as zeolites, e.g., ZSM-5, (uitra-
stable) zeolite Y, zeolite X, ALPOs, SAPOs, MCM-41, amorphous cracking



.02 JULY 2003 WD 001 41811 20 PC1"1EP00100354 ni ckel, nol ybdenum and
chromum ace, int. al., present as nickel sulphide (N, Ss) $@¢ pgum

di sul phi de, and chrom um sul phi de. The X-ray di ffraction a
catal yst of the invention containing nickel as Goup VI|I non nobl e nmeta
and t ungswano@idiichr omi um as Goup VI8 netals typically 5 P6AfH0&8ESheaks
at 28 = 13.1 - 14.9, 30.0 - 30.6, 33.1 - 34.0, 45.2 - 45.8, 53.3 53.9, and
58.1 - 59.7. an the basis of this diffraction pattern it can be concl uded
that nickel, tungsten, and chromumare) i#nt. al., present as nickel

sul phide (Ni 7Ss)) nol ybdenum di sul phi de, and chrom um sul phide. 10 The

mol ar rat i QofpddePts sYER arsos.ﬁ%ézgnam\ﬂa |orn|9|f3<‘n.rx'r‘é9| tﬁefé%? aj szvng%eea@i' that 2BAES
from10:1 - 1:10 and preferably f rom3:1 - 1:3. The ratio of 3 er ent
Group VI B riBetgrisist may st apindsr a@érréa%hlng/cq@pwmnt@ut the eame timreFeninstanok ds
when nore t [ .cases where
nol ybdenum %?\% %Eﬁg‘grs@t’ @‘é?(’;\}{gé FI? rdggs)%kﬁdtbogaﬂsoea H??\Hﬁ‘lgvf’ugct% :tr%dsa#]é;hrﬁé‘.
nolybenunaungsten ratio preferably lies in the range of 9:1 15 1:19, nDre

Catalyat palf Erfess s B HmirBLEhBTbX chriposife in o CrebH IS ey aneise

conmponent a Greup vd asbn-hmbleamuappr\ﬂrao rtnehglcouamsdada Wit theSpretipitdte atiti/ov prisl B

net al s |ncIu chr bden S ture t her eof h a

conbi nati on gqe%aﬁ%%@’@hg f g&‘u@éepgﬂ b SWB% %F@F@?g Eﬂf“pgﬁﬁ”tté{'ﬁ{he

G oup VI argnefribbse nﬁmhal May beltulebetherfonh of dipprdgnatiorciicthe chdckitigXdontiphent

t hereof, preferably keI andl or cobalt. Preferably, the catalyst

particles c‘ﬁ‘?ﬁ)h eS8 "&% ?lﬁatl ons of nicke!! noi ybdenuni t ungst en,

cobal t [twoi ybdenuni t ungst en or nickeil cobal tI noi ybdenuni t ungsten. 25 It i S
referred that njck and obal t make u st 50 wt % of ,the tot

lOGvroup vi11l RoRER g c8’f‘r‘pt ﬁeﬁq\gsaggg ?&? %dapgg%’ﬁpd%fsthenﬁ? ataly

preferably étimdacm&tn whiicht 86 that a&dvemysenwdeéremhbycoatpoheﬁst if QQyV\is%ddeH Wiy

be especi al | eferr d far the VI | Q tal co onent

consi st ess‘a&?tggﬁ’?f'%‘? ng EXBpPO I'%P’%&SMY tagg%@nf tFe resupipg campg t'?'h!ftm '6e
mol ybdenum sgisdiet wgﬁﬁx@&rmk@ Ofhertcrackigtcomipone¥soduch e silieh-aluniha 6F eatipnid B
net al cni%rnpogents cal cuI ? s tri re preferably at least 70 wt %

Still P¥t e PiEiaE R AR LA S R P G W A

the Group VhfRiroRéstingC appiatiohs e Ml HydtocRikRiy. | Bel ¥moelintmet mdaa?rma@aa!
t ungst en. 02 JULY, 2003 WD 001 41811 21 PCT/ EPO0/ 00354 | f none_of the above
o Hepsasncti B eetvsd g

mat enal s ( bVRGBriShad nBHVILY cofnthentnad rempryitiPe A h&si ng

catal yst) hagplieagsh afdesget) iEnaahin ﬁ@gwafyaﬁ'darﬁm & 90 wi%) badeldeon’ BE Ubfal Weight!! K

catal yst parftlcles conpri se about 0 wt%of the Goup VI | | non- noble
met al s and ©f the catalyst composmon

20
Optionally, further materials, such as phosphorus-containing compounds, boron-
containing compounds, silicon-containing compounds, fluorine-containing compounds,
additional transition metal compounds, rare- earth metal compounds, or mixtures
thereof may be incorporated into the catalyst composition.

25

As phosphorus-containing compounds may be applied ammonium phosphate,
phospharic acid or organic phosphorus-containing compounds. Phospharus-containing
compounds can be added at any stage of the process of the present invention prior to
the shaping step and/or subsequent to the shaping step. If the binder is peptized,

30 phosphorus-containing compounds can also be used for peptization. For instance, the
alumina binder can be peptized by being contacted with phosphoric acid or with a
mixture of phosphoric acid and nitric acid.



5 Goup VIB netals) based on the total weight of the bulk cat al yst
particles, calculated as netal oxides. if any of these mat @b&%g& been
added during precipitation step (i)) the resulting bulk ca Bicles
preferably conmprise 30 - 100 wt% nore preferably 50 100 wt % nost

pr ef er abl yWp@®0418100 wt % of the Group VIII non-noble netals &G\HEPW@OG“oup
VI6 netals, based an the total weight of the bul k catal yst particles,

cal cul ated as 10 netal oxides, the bal ance being any of the above-descri bed
(further) materials added during precipii®tion step (i). The anount of

G oup VI B and Group VIl non-noble netals can be det erm ned via TEM EDX,

AAS or z h | I at al

parti cl es depgﬁﬁ%eg%ﬂg'ﬁg" §b§‘|p§‘é|dps'| 1?%& otﬁ 3 é% g t?ob# |5rc11 S Ph%fetr?;?olyrf o)

desi r ed) da cpmpbundisefd [ tmromfwi@h @rﬁalybcﬁﬁum&/glb\d/pr etﬁmg&ed;i )andfas() ﬂﬂtonne&fbnmmmg N
measured via near forward s erin vern techni gue t.ai ne

I(Dr ef elrJabI y Compoupds a‘i"%t ?ﬁf@gﬁtj't Coh ? 9?‘8%Iﬂluﬁn%%rr3¥?‘é% snﬁccgmotn%m

bi nder. Suicoipoandd ahi weledrgid¥sesiRcngbly tetaetHylpthesidene bt hé(ér@dbgﬂébmﬁgﬂxﬁds

particles are_ enbedded in the binder or vic rsa, whi er or
particl®s HJﬁH'FP‘&r‘P’“g%m&'Y&F’E%U'P&"H&’ d“???ée'baf? ‘th\f'@F SmRoup ﬁ&&?h % JuerRaificic

Pref er abl y acieiuepdtidrie! £&d aamumameﬁ@sdcw di %biaftu&c%ogpﬁdﬂcnadimﬁad@l peler .

The presence of the binder generally | eads to an, i ncreased nechani cal
strength ofarplied ¥ arrambingtignafiF wishpb& 3Nh. regrerdivaly| i desifd.cat al yst
conposition of the ir:vention 25 has a nechani cal strength, expressed as
side crush strength, of at least 1 |bs/mmand preferably of at |east 3

| bsl nm ( mealiitable @ddiiopaldeansion metals AramR-8+ GENIUM, MapggnesehauteBium. of
bi nder 1§ePgALgium|, Hidiud, chr&ﬂuuﬁh@aﬂgaiuﬁ?qrcﬁptdlyﬂrﬁ% %all&@iﬁnpaﬁlé’dll)ﬁﬁt titanium,
conposi tion. Bi nder anounts fromo - doof the tot conposition can be
sui t abl e, Frcerigewehalt. owckeﬂemerngra@dow{nsﬁgm Jhaﬁﬂameéaitqompoumbe to
take advantgeqoi amestagél%wé ¥roBb & ofifHe! M’b&é/nt%vénlfﬁn BRBPRS trlel émpfa; sttt}EI:?

present invention, the nder anount s %enera are in the range
wt % of the Aﬂi"hfm'@o?ﬁﬂﬁg these, metalsfdiriag|the pracesy ofittyg inventionpitdg a'ﬁawpys@e- 30
W% 02 NlbuzRQRe YR AL 22rRETHEPHRIONAR LS e o 8tie (b IRpkahAY St
conposition ma nprise a sul e cracking conponent. | e cracking
conpondft s the mgf a@ﬂajys&rcenm@gen adtbcan imeregpation sqfh@rhmmsuag agy gt Kesg
conponent grably is in the range of 0 - 90 wt% based on the total
wei ght of the catal yst conposition. 5 Moreover, the catal yst conposition
may conprise conventional hydroprocessing catal ysts. The conventi onal
hydr opr oce rally conprise any of the above-descri bed
bi nder mattZ(r5 ?g'["?%?%&%ﬁﬁg conponents. The hydrogenation netals of the
convent i onaThmw@p@ﬁatﬁcwmﬁﬂy cariisjrg anyerfdne rbovec uhersmatarielsfuniie can e

G oup n r

w th aPy bbbl RSy TR 11549 e SRRl RhLAIRG O sl Rburl afy it
catal ysts amixinge.q. corwaatmsmemg with [y cerobinatitd ngm;ammgt@d Rrieadiag or
catal ysts c fresh, or suiphided state. 15
Furt her nor e, ﬁmh??? EF Pagﬁdr%'ﬁgggmgrﬁéégégonprl se any further materi al
which is conventlonally present in hydroproceSS|ng catal ysts, such as
phosphor us- §@P AELEI&% %ﬁiﬂgéwew& @O&ttﬁé 3hB%k ﬁ%@?ﬁﬁn%der onventnoral

silicon-conta g conpou uor | necont al ni ng corrpounds 1t1 ona
t ransi t25on hmrmrgcessmgacaawm craskingsomponent) acg wsmetp@@ﬁurq:%h@hldggm of

respect of I Y

rar e carth TFEOMeLR e PRlceR ho i et AURKE T i (RRREL Whparitu
f orm when twben steal(ykis apomaﬂentm;ms:om@n of ahplof thede niederidls éstep (éz))-

sui phidic catal yst conpositions with high mechanical strength, it may be

desirable for the ca .alyJi conposition of the invention to have a | ow
macr opor osi $gray-drying typically is carried out in an oxygen-containing atmosphere at an outlet

30 temperature in the range of 100 - 200°C and more preferably 120 - 180°C.

Dry mixing means mixing the precipitate in the dry state with any of the above materials

in the dry state. Wet mixing, e.g., comprises mixing the wet filter cake obtained after



25 Preferably, less than 30% of the pore volune of the catal yst conposition

is in pores wwth a dianeter higher than 100 nm (determ nedogj E%@éi

intrusion, contact angle: 130), nore preferably | ess than )J at al yst

conposition of the present invention generally conprises 10 - 100 wt% 30

pref er abl yyago/41800 Wt % nore preferably 45 - 100 wt % and moastpropmedser abl y

65 - 100 wt% of Goup VIB and G oup VI non-noble netals, based on the

total weight of the catal yst conposition, calculated as netal oxides, the

bal ance being any of the above (further)igmateri al s. 02 JULY 2003 WO

00/ 41811 23 PCT/ EPOO/ 00354 The present invention finally is directed to a

shaped cat si.n t

particles gééfgt&?mér:gpe%té‘ag%\s' q{)ﬁﬁgedc w'ﬁ ér\%?fﬁH%(%gbﬂ%ﬁ]a%J\éf% §$ §wﬁp13n0émetand

at | east t ViiteGrakapo YarEh mbaiogemqsqram&emmﬂ wherein the degree of

sul phi dati on under conditions of use does not exceed 90% and 5 (ii) a

mat enai sel ected from bi nder materials, cracking conponents, conventi onal

hydr opr oceSptivgaicrbedsssdisp (Mr m xtures thereof. Details with respect to the

bi nder terial, the cracki n conpone and the convention

Py opr Beedb g tiata i Pe L rartleR, FRBG S B8 Hey St BRPIBRERRA 10

have been phay 'bg%‘i*aéé@Vthloﬂé% Papgsi» aﬁﬂaﬁé'ﬁ&rd@%@ﬁﬂéﬁh@%te@%?)‘ Shegingay
ui S

have many different shapes abl e apes i ncl ude spheres i nder s,

rings, and CHYIRTERY P¥NeTOmRAYAEAING. Dageing| angiar srray-diving. dhawst pe méﬁsﬂdthat if

quadr ul obeshe RafalykCéRRpAERH k'ta%efédbﬁécﬁmtilw %e rBgaed) fufizeRi HddsNBhodiRg
usual Iy have a difaneter in the range of 0.2 mm and their_|ength

li kewi se i Peds. enpxPRaGRE beds. @enerally QO'ab’rﬁfY'%P{ P%acb@ ﬁe@?ﬂ"ﬁﬂn@orfﬁxéﬁ]md or
spray- dmyl NEbudSRMR" e d xpm\éﬁoﬁs rg%%@an R Eatalyst ébasséaﬁén i) eSfPGddc@ PRfeiRbgl ~M

- 100 Vim 20 Usé accord ? he |nvent| on The catal yst conposition
accor di ng t%‘d{q{é’e?ﬂ%dﬂlt% altgn C%@ @8 80Y FIRaRiAfcn i PHAWing Medvhapingcdersiany
processes téaawve@ltwr@cmla% @ohbehtiBhallye6k wﬂ&mw&e% gmgplcgg seea&aéoommese
conditions, e.g.) at tenperatures i'n the range to 450C, hydrogen
pressures |39dithes rmaycampTse; glugimiuma steagtes §pré%<éamél araphites gta V)mthylt he
range of 0.Qguibe, 10Alonite, 250( e{}\.ﬁyl&ﬁé ;@ycolgygﬁf'}g eé Nort mlx‘iurgg%g?ébf

enconpasses al | processes carb IS reacte

hydr ogeh® atFusthegathea alwnﬂ@rlauaetbaah@den. dvraye 9@%@@1& 9 addhasidgisunl gr ittiesses
such as h

hydroderre%lg{%?gmﬁgg{)y%ﬂ%r odegéggn%‘?{elzagﬁﬂggﬂe y ?{)a?ggﬁke tﬁéﬁg%{t&aams.

hydr odewaxi ng, hydrocrackl ng, and hydrocracking under mld pressure

condi tions,) c e 3Kian

cat al yst corrp05| ti Ar:b IsfeP E%anen%’?@ﬁﬁpsge%c??i P)Jr%p'?é()%tﬁ Eﬁ th#s &Efem(a
hydr ot r eat i gt Hgosheeingsiepf & cxpsiiast Ryt inshe rprﬁwcst ¢fe€1tlfﬂﬂgi mbéﬁswgter For

COMPri @y oy che%% )

hydr odear orrat I Zlgp?églﬁ W%%éc§®E Q%f hg%(fst ogﬁangﬁ qu Hﬁ) tbpéﬁl exﬁﬁg%ec gs e%roé
e.g., m ddlrrefsirahly isliathasrangerod 20 n8p¥t. ha) vacuum gas oils, and heavy gas
oils. Conventi onal 02 JULY 2003 WD 00/ 41811 24 PCT/ EPOO/ 00354 process

conditions can be applied, such as tenperatures in the range of 250 - 450C,
pressures i xh@emraﬁg@oalalsextn@m pheny opde abeveonatedsisi withHbe rriageitate, 0, 1

- 10 h- on%yoéémﬁﬁglﬁ&§n§ 3¢ Rﬂ?aﬁ@égﬁa%fnaép can %%ng;medl. ‘More in particular,

25 two mixtures can be co-extruded, in which case the precipitate optionally comprising

any of the above materials is present in the inner extrusion medium -whiie any of the
above materials without the precipitate is present in the outer extrusion medium, orvice

versa.

30 In all the above process steps the amount of liquid must be controlled. If, e.g., prior to
subjecting the catalyst composition to spray-drying the amount of liquid is too low,
additional liquid must be added. If, on the other hand, e.g., prior to extrusion of the
catalyst composition the amount of liquid is too high, the amount of liquid must be

reduced by, e.qg., solid-liquid separation via, e.g., filtration, decantation, or evaporation



5 Characterizati on nethods Degree of sul phidation Any sul phur contained in
the sul phidic catal yst conposition was oxidized in an oxyg

heating in an induction oven. The resulting sul phur dioxid@fd;éﬂéggx§zed
using 10 an infrared cell with a detection system based on the IR

char act er ivg0b@4180f t he sul phur dioxi de. To obtain the anmounPCHBEP®@HAuUr t he
signals relating to sul phur di oxi de were conpared to those obtained on
calibration with well-known standards. The degree of sul phidation was then
calculated as the rati o between the anou of sul phur contained in the

sul phidic bul k catal yst particles and the anount of sul phur that woul d be
present 15 and, iflnecessaphitil cedulting material san pardried|amd $dbsamme!®ycapvébﬂe$ taad

G oup Vill - t r. f helrd es.
w11 be SRR ORef BB 3R EBERs Rebnf i 0 d b8 T Bl
sul phi dat i orersdn tehgoatroli the bonduet oflamiid epbrogridtelybe handl ed under an inert
at nosphere prior to the determ nation of the degree of sul phidation. 20
Side crush strength Frst, the length of, e.g.) an extrudate particle is
nmeasur e@ andl préferted peocexs bfital preRant invbstionsthay kpaptisds ttive ¢allMiIrRSSiceSssive
| oading (25 Ibs in 8.6 sec.) by a novable piston. The force required to
crush the pAPEFSSIYEASS neasured. The procedure is repeated with at 25 | east

40 extnr dat(@) mﬁdr@rﬂ £ predipflaienss aygiridee abav@adwéhauyeﬂ the pres&e(dfRsy oPfe
unit |ength his method preferably is applied to shaped particles

with a l eng?WVﬁéf“”Bﬁﬁgﬁﬁ?ﬂ?és 'F"I‘i’\ﬁdﬂﬁ‘%@@rrﬁﬁ"@ﬁ‘g BECPHataN2 adsor pti on

measur ement (ayesptisAdilyl Ulth@enH9SEeattadahdiol WashiMg e ssfart tatd)-
8roekhoff &Jnl velr3| ty Gafqm@Tec nolg gy h@ '? 1969). 'Il?:ﬁe prese;rilt |%}Sg§tﬁ onml S

furtherlG| |Q?§?¢l&@fée f?f?°‘ten’éaziaé¢¢tt§vmﬁ@"é§arrpl es: 02 J U LY 2003 WD 00l 41811
25 Exanpl e %&Bﬁﬂrﬁﬁ) B4RPRRHthglthe §redlpiite amgl(?m tqu.ﬂnaweﬂ%eabe% rurrier e
Mo) and 24 anmoni um et at ungst at e were dissolved i'n
800 m of V\i&?lﬁnaﬁrw ng a solution of a pH of about 5 2 To this solution,
0.4 nol e of¢ c%ﬁ%ﬂzmmshmremg d@ (ecs,auméchdaﬁaosma BAddof thed BHhiqldd of §'pr§y—pH

i ncrease to about his solution was heated to 90C (solution A).

second sol uBE8E: Wllashr epdndbd Mfingi snsrdingg IBmeTXies. calar et rratxmg( 0°f2
ol es G8) | fbmlbindfionefthat@bfer . The solution was maintained at 90C (sol ution
B). Solution B was added dropwise to solution A at a rate of 7 nlnin. The
suspensi on (dgptianallystrnirgsthetqatalyst EaIPOSOR nut es while the tenperature was
mai nt ai ned | Stingt hgty wat er,
and dried |%t)a?%?&al;h%?éﬁ&/b¢g§%n§u%€e tng thé g%%é&?%? Pé‘v\ﬂpe sﬁ@co%ﬁedr ed.
SubsequentlQl)swlh@dméfuﬁ@atﬁﬁsmq&ttowas sui ph| ded: 1.5 - 2 g of the

catal yst were placed in a quartz boat, which was inserted into a horizontal
quartz tube and placed in 15 a Li ndberg furnace. The tenperature was raised
to 3T0GO n Avwricaldiecess gpmprises Hiet sungessive BWIcASS alePs ®fArepanng the dredpitate ow
cont i nued f g¢ gdechibly 3bova Aarry b RORR BRI LWRRSPLIRGE) g HESkHR
then added to the reac?or arry P T%' errperealtures\%g%_cl]fg(r:]?easeg‘?
400C and hekrpadings exirgsiors drgings caleiminghand swabldmseri\r@mﬁr ypicahgxampig of the
catal yst cogliedsd Br i PeddntivleRfol Coffsed thdhiucbediild kiddy 8f b 0
di sconti nueg ansd trmgllégg} nst \zahgocgzgz@ s?o ré(!)woy% %besgwer at uarye uhggﬁﬁr\/@ﬁ\

ni trogen. TRECKHiRiehas é’@smedl gheveaqisolating (be dasyiting nxe@pmtenb\d ifjtradign,carbeny
bat ch rgact f C tgn r 0 g'@nc S ed
and si 7o0 t G0 Ane By Sl AR Bnbirakl BRI P B Ckaltihg d
basket) sanswipbidied. bet vveen Iayers of

Catalyst composition of the invention
30 The present invention further relates to a catalyst composition obtainable by the

process of the present invention.

Further, the present invention is directed to a catalyst compasition comprising sulphidic

bulk catalyst particles which comprise at least one Group VI non-noble metal



25 mullite beads. 100 m of liquid feed, containing 5 wt % of

di benzot hi ophene (DBT) in decatine, were added to the autog| fi %drogen
flow of 100 m|Imn was passed through the reactor, and t hel %%@’u

mai nt ai ned at 3150 kPa using a backpressure regulator. The tenperature was
rai sed to |RPse/ak® - 6Cnmn and the test was run until eit hT/EP0600GE4 t he
DBT had been converted or 7 hours had passed. A 30 small aliquot of product
was renoved every 30 minutes and anal yzed by means of gas chromat ography
(G0). Rate constants for the overall conveagsion were cal cul ated as

descri bed by M Daage and R R Chi anelli .(,J Catal. 149, 414 - 427 (

gggj)eam on (exg& sseoﬁ‘élsa raats ons é‘gt g%ggp%é?%%%t 'Waw%rf%g‘sﬁggj&g?e& He

47" 10" s nol exiprdddtion wider thedittanspdficdedozatnat gxetee@0%a degr ee of
sul phi dati on under conditions of use of 58% 5 The XRD pattern of the
sul phi ded catal yst conprised peaks at 20 = 13.8, 29.8, 33.5, 47.5, 52.0,

and 58.9 On meerl@aéhtslnoéntrohle fiht{dr Iqvetic@no RaddiAy St dompoeitibs cbﬁapﬁﬂﬁ%b&lgﬁdlc
t hat cobalt ybdenum and tungsten wer e present a cob%t sul phi de

( Co9Sg), rml%*ﬂe?ﬁ%’%ﬁ fartisiss gwhichn OMpASR t An'easls APRhPERYP V! mearipple metal
(conpar at i v@ong&%ahﬁatat VRSt e pR6Es \As nctea%h%ﬁeht@ Eﬁf@mbeuﬂme%@%@ of

that only one oup nmet al conmponent was pl'ied: a catalyst was
prepared as HHrbdatinajunderceadilipes of yse r@ezeoztsx'@e%*r 9Qmand wﬁﬁwerptf@nﬁwwat e
(0.15 ol e Nymp @sxt%nma'o‘és Wo%rﬁﬁﬂsez‘kdﬁldgd) }orﬁﬁdoﬂ% €BmPolhd bRkt foRhhikat €

(0.15 nole Co). The t ot DBT conversion (expressed as rate constant) at

350C (X, d,) MeModeRy Mékﬂ! bis+gkbaing in *q@rastgﬁ@r 8% e5h egeven 85 3 m;bc/ﬂé»ytng

si gni fiaqgnt iy @e %gtehefwrewa?de\% \Riride elial R62GP feater @éﬁ”@b?saﬁ z & 20
For Exanpl es - the foll G% general “procedures were ap ?
Bu

general pr edgbaﬁi%ﬁ)]/r?etWOM/hWﬂéﬂ patglyst @WPSIHWQnﬂ@eWPb cemgsﬁ \BRY
and combi nedgjiph; é'fér%ii Bﬁﬁﬁkarmomeafeem)@ﬁ@ﬁ%qeﬂgsa 'pe%ﬁaﬁﬁqeés%%ﬂ éla_lhe

G oup VIII non-noble sa di ssolved in a second reactor and heate
about 90C. AmAbRAeryRiarexiperd Rxduagrien. 8o disaleseq i nonprepublished iplgmadienala

basi c sol “t'ﬁélgnt-r%h%ﬁkiw\d ¢dqa398- gohl.e metal solution was added to the

first reactor dropwse wth stirring in about 20 mnutes. After 30 m nutes,
the predPpitate was filtered and washed. The precipitate was dried in air

over ni ght at sz,gte@,qqa{ %}ﬁe % 4% dd ﬁﬁé%ﬂg%ﬁ?é pgjﬁegﬁ&ge{tj@{] Sﬂaﬁ%ﬁrucﬁ%e@r

general sulp |dat|on ne e cat m Xt ure of
10 vol % H2S ¢atabyfic perfarmangshiban catalists LroaprisiAg \onegaseupo vl porsp@t&e maidloaric )

= ca. 8700 atal yst tenperature was increased fromroom
t enper at ur e%y%gém él rll%_lﬂf'e é‘arrp of 6C m n, 02 JULY 2003 WO 00141811

20 It is essential that the degree of sulphidation of the sulphidic buik catalyst particles
under conditions of use does not exceed 90%. Preferably the degree of sulphidation
under conditions of use is in the range of 10 - 90%, more preferably of 20 - 80%, and
most preferably of 40 - 90%. The degree of sulphidation is determined as described in
the chapter "characterization methods".

25 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 techniques 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

30 during use part of the sulphides or elemental sulphur is removed from the catalyst. In
this case the degree of sulphidation is the one that results during the 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



27 PCT/ EPO0O/ 00354 and kept at 400C for 2 hours. The sarrpl es were then
cooled down to roomtenperature in the HzSI H2 m xture. e
general preparation nmethod as descri bed above was used to M\%S@B@}

preci pitate from anmoni um di nol ybdat e, anmoni um net at ungstate, and

Fe(NO3) 3" Wip@u/4i8ie resulting precipitate conprised 41.2 w %EezP08900334 3 W %
Mo03, and 36.9 wt % W3 and was obtained in a yield of 98% The B. E T,
surface area of the oxidic precipitate was 76 n2l g. The pore vol une of the
oxidic precipitate as nmeasured up to 60 pgn by 10 nitrogen adsorption using
t he adsorption curve was 0.15 mlg. The cal cined precipitate was then

sui phi ded u3|t2? t he general sul phidation nethod described above.

sul phi ded dB# gssﬁubr%?aedatoctaa%eowhogﬁtfahﬁdlém BRMRfhi28s eRBHE {9 Qﬁ%éh%Fata’é!ét of
39% 15 Thgy, éBQhMrthlﬂ iRfrebOiRNEHVIRBhMBAL Cat al yst conprised, e.g., peaks at
28:t42 30.0, 33.5) 33.9, 43.8, 53.1) 57.2, and 59.0, V\nththepeaksat
28 = 33.5 and 33.9 be| ng overlappl ng. 01 t he baS|s of this diffraction

pattern it ﬂg%ﬂhé}ep ﬁ@ﬁ%ﬁ?\g&qhé gﬁifahﬁi mﬁé}n%&‘?ﬂn é@@o[ﬁre%ag @umt.sesy&wuy

present as 1ron sul phi nmol ybdenum
di sul phiSde, freenofl EwugsYidrmogi-ralie meta. dl%@%ﬂ“@%nml%eﬂﬁﬁmu@b&‘ﬂ aphon

net hod as p, i ( i
o120y (N Ry T3 Ao PR aB RS ARICTBRR Au BERGE b o (IR Dl (o)
conpri sed 58t wrgeNf QS 2854 wt % Mb03, and 16.6 wt % Cr 203 and was obt ai ned
in a 25 yield of 88% The B. E. T. surface area of the oxidic precipitate
was 199 nRl g. The pore volune of the oxidic precipitate as neasured up to

60 nm by niTh&)lynaterialistgpnpaIlydmves:ihlagadtérfshad(smypilﬁfmmimmpaﬁtemaas 0.28 m/g. The

caLel sl 155 o KD RULPAEH et 1 PERBIAL o P AR R g oo

condi tions Gfoups‘dlll/\msnﬂaaleurrfaﬂaltmd:)endlﬁ%en‘ﬁh'e axB<tungsteheas Grbug MIBsmelald ded

catal yst c ed, e.q., aks, at ,2Q = 0. 3 ,.03. 6, and
59.0. On thnB'Sﬁ PR Pe KT At 74 Gn"ﬂé#’ ef i 3 t§7c8u|3"8?go§%§-5651233JﬁE$4é%03
WD 001 418115®8 -Psb B¢, 0O L0HB23%4 s5omcl s8led dgat- 5. ¢K6Mth mel yémkerwrzb ag0.2 -
chromumwere, int._ af ﬁ? Er esent as nickel sul ghl de ~S Kbdenum

di sul phi de, 5&AY4arHFBHi T -<hPsiINgRYerieRRiRg @n he; basis of %ﬂﬁiraqslpwa 8N ihFan

met hod a5 d e a0 [

N (103) 5 6 B0y TR T IO e aS kT pREBREIF the HORE B hEka SiHide (NiSp),
conpri sed 4moybdenurmidsuiphitie4 and dungsten distdphides wt % Cr 203 and was obt ai ned
inayield r&a S
144 n¥/ g. Tﬁfé por% dwﬂ?d%n %tte eO? %m di @Stgéﬁgﬁegﬁ¥%‘§}§“ga§“?réé§2§r° dé Iﬁ%ﬁ '?%&g%/anm
by ni t r ogenVikdson-peblenmeisi ragdlmowhéemuecmgit tungstenr a2 Gragp O/IBometalsgtypically
cat al yst wa [ a ° r [ dad t hogad L bed
above. The Qgsreé g‘l}'gaggﬁg ??gn ](i) gt %%qguﬁdghﬁ 3?hllcaf?%':{"l %#V%ndgﬂa Hert
condi ti2s 52 3usaadv\ﬁaas1 néésmr@dtrteobetms bb#is diffraction pattern it can be concluded that

cobait, moiybdenum, and tungsten are present as cobalt sulphide (CosSs),

molybdenum disulphide, and tungsten disulphide.
The X-ray diffraction pattem of a catalyst of the invention containing iron as Group VI
non-nobie metal and molybdenum and tungsten as Group VIB metals typically

25 comprises peaks at 20 = 13.1 - 14.9°, 29.7 - 30.3°, 33.1 - 34.0, 33.6 - 34.2°, 43.5 -
44.1°, 52.8 - 53.4°, 56.9 - 57.5°, and 58.1 - §9.7°, with the peaks at26 = 33.1 - 34.0°
and 33.6 - 34.2° being overlapping. On the basis of this diffraction pattem it can be
conciuded that iron, molybdenum, and tungsten are present as iron sulphide {Fe,S in
which x is about 0.1), molybdenum disulphide, and tungsten disuiphide.

30 The X-ray diffraction pattern of a catalyst of the invention containing nickel as Group
VIl non-noble metal and molybdenum and chromium as Group VIB metals typically
comprises peaks at 20 = 13.1 - 14.9°, 30.0 - 30.6°, 33.1 - 34.0°, 45.2 - 45.8°, 53.3 -
53.9°, and 58.1 - 59.7°. On the basis of this diffraction pattern it can be concluded that



The XRD pattern of the sul phided catal yst conprised, e.g., peaks at 29 =
14.2, 30.3, 33.4, 45.5, 53.6) and 59.0. On the baS|s of thls m&é@'ﬁlon
pattern it could be concluded that nickel, tungsten, and %

int. al., present as nickel sulphide (Nl Ss) nol ybdenum di sul phi de) and
chrom um syl phi 20 Exanple 6 The general preparation net cri bed
above vvassﬁgg@hg@lprepare a precipitate from N (N0O3)2) ammE?pm%/dagﬁ

hept anol ybdat e) and ammoni um net at ungstate. Al um na was peptized with HNO3
and added to the slurried precipitate aftg the reaction was 25 conpl eted
in an anount of 10 wt % based on the tot wei ght of the
precipitate-alumna m xture. The precipitate-alum na mxture was th

washed and figkewiAMiesuEsi #nd sheoreivBni@a it %tupée%tsaéﬂ%tjédphmt(élhss)
ext rusion, mal ly treated as described in
t he gener al H@&gﬁb%ﬁ?ﬁ%\&%@&ﬁ %'djzfﬁrgg’é@?rgﬂhg't@%s cont ai ned about 10 w !
A1208, 35 wiibeN-Qy difirastion Matem ahd @Giyat % @S invEhion etsmjammggmhel df 6reap

catal yst ha f 0 d s V. 14
m/g, msasur%@ r@y 'E)lbero"é%%[a r!‘?r{q%gen Lrﬂé}:t% %,u?rhgd}cg?% yst m,gé@[? 8& caﬁ,y
sul phi deil usomgn$dfsepgﬂ<mame su13)m| distt9°pB80.0et B E°, A3t H Bedl, 452veq45.8°,EB.ILULY

2003 WO 00/ 1 00100 The .degree of sul ati of the

sui phi ded c§%§ y%'?dgﬁg gggné %Bﬁ%as@f"fﬁ%’ %ﬁé YRMLRAY Feé'aqtcé‘"%é wnegiudag, hag,
E. T. surfaggkar ek@n@sftert: h%nautcman@l@ﬁl. gal ahi/Shi. Cpraxesi talsomcmss@&ua@ 1(9:17s@nd
the pore volune was 0.12 nil g, neasur ed by nitrogen adsorption.

sul phi ded c&i%%ﬂ”%é@sql@%'ﬁéda%cﬂ'@w BdAhIOR- Exanpl e 1. The tot aI DBT
conversion (expressed as rate constant) at 350C (Xcv,) was neasured to be
111" 10' 6_nol ecul esl (g's). 10 Another part of the catal yst was sul phi ded
with a BVDSThgimelar fatiedof Greup MIB teuBiorp MMH nearrable mefdls genemlly eanass frane h
LCCO (11 ght 1grackeq aﬁM‘Hr@fe?ét%% fro §1r 91' @tméera‘t‘@'df'% @biekt EYoup™VIB met ‘s to
hydrodenltrogenatl on was neasure 78) conpared to a conmercl aFvy
avai | abl e arogiangther gsoetady lmn@kéntuahmamméﬁ@mm@pm thgn eaeFrpup VIl 02
JULY 2003 Gn@h%b% l?l%kg glt E‘ln fc9§esW/ﬁé}§rrh&9bé’erﬁﬁﬁ ghd ﬁngﬁ@ﬁ%@é'&éé&ﬂt as

conpri sing sul par ki cl'es conprising at | east one G oup

VI 11 non- no@feuﬁré/ﬂ%lm%iﬁb dhe |r@%lssttertumbtuwsierp ratiBrraierably 'Wﬁl'@:ﬁ"%fﬁfﬁﬁl@@ﬁ the
foll ow pr- 0, n lhiay.@f at | east one G oup
VI noﬂgnogﬁgmrgbﬁéggﬁp@é%gﬂt ”??1 %rﬁﬁtﬁ&gﬁ%{ﬁyg? 1I gaés)t two G oup VIB netal
conponents in solution |n a reaction mxture to obtain an oxygen-stable
precipitate, j: | : Wl r

Pl a1 whonLEvhipidie bBik bRl At bifnpl 66|kl BiE ordyp VA et
claim2 \Ahercemmonh@t and athiengktvcs GedupedBatetal componants &itablefGraup it anetalsi n

th t d
ang [ ﬁg(r;elbsrh{% ngesrsﬂl gﬁlo‘iﬁ%mﬂ? ndRAN of MaxiPEP HeRddt GittP§! dihdiftiioR a5te

molybdenum and tungsten being most preferred. Suitable Group VIil non-noble metals

include iron, cobalt, nickel, or mixtures thereof, preferably nickel and/or cobait.
Preferably, the catalyst paricles comprise combinations of nickel/-
molybdenum/tungsten, cobalt/molybdenum/tungsten or nickel/cabalt/molybdenum/-
tungsten.

25
It is preferred that nickel and cobalt make up at least 50 wt% of the total of Group VII
non-noble metal components, calculated as oxides, more preferably at least 70 wt%,
still more preferably at least 90 wt%. It may be especially preferred for the Group VIl
non-noble metal component to consist essentially of nicke! and/or cobait.

30
it is preferred that molybdenum and tungsten make up at least 50 wt% of the total of
Group VIB metal components, calculated as trioxides, more preferably at least 70 wt%,
still more preferably at least 90 wt%. It may be especially preferred for the Group VIB

metal component to consist essentially of molybdenum and tungsten.



4. The process of any one of the preceding clains wherein the Goup VIII
nonnobl e netal conprises cobalt, nickel, iron, or mxtures énwg& The
process of claim4 wherein nickel and cobalt nake up at | e% 0% of
the total of Goup VIII non-noble netal conponents, cal cuI ated as oxi des,
pref er abl yww@bo/kgast 70 wt.% nore preferably at | east 90 WMPCIEI/0TItd
process of any one of the preceding clains wherein the Goup VIB netals
conprise at |east two of chrom um nolybdenum and tungsten. 7. The process
of claim6 wherein nolybdenum and tungsth nake up at |east 50 wt. % of the
total of Goup VI netal conponents, calculated as trioxides, preferably at
l-east 70 wt.l o, nore preferably at least 90 wt.% 8. The process of any one
of the precedl ng clains wherein a material selected froma binder material,
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25 has a mechanical strength, expressed as side crush strength, of at least 1 Ibs/mm and
preferably of at least 3 Ilbs/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 wi% of the total composition can be suitable,
30 depending on the envisaged catalytic application. However, to take advantage of the
unusually high activity of the composition of the present invention, the binder amounts
generaily are in the range of 0 - 75 wt% of the total composition, preferably 0 - 50 wt%,

more preferably 0 - 30 wt%.



1'l. The catal yst conposition of any one of clains 14-16 which the G oup
VIIl non-noble netals are present as (Goup Il non-noble t wth
xl'y being in the range of 0.5-1.5. 18. The catal yst corrposgfi"@lrlrvfg%y one
of clainms 14-17 conprising sul phidic bulk catalyst particles which conprise
at (east QigofdiguP VI 11 non-noble netal conponent and at | e&IVEROMO0ISHOUP

VI B netal conponents wherein the degree of sul phidation under conditions of
use does not exceed 90% 19. The catal yst conposition of any one of the
preceding clains 14-18 wherein the GrougFVI 11 non-nobl e netal conprises
cobalt, nickel, iron) or m xtures there6f. 20, The catal yst conposition of
claim 19 wherein nickel and cobalt nmake up at |east 50 wt. % of the total of
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10% & () -1 (i) 6oth&id bulk lcatalyst Fartlcles comprising at least one Group V!II non-noble metal
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S5 (i) a matenal selected from binder materiais, cracking components, conventional

hydroprocessing catalysts, or mixtures thereof.

Details with respect to the binder matenal, the cracking component, and the
conventional hydroprocessing catalysts as well as the resuiting catalyst composition
10  have been provided above.

The shaped and sulphided catalyst particles may have many different shapes. Suitable
shapes include spheres, cylinders, rings, and symmetric or asymmetric polylobes, for
instance tri- and quadrulobes. Particles resulting from extrusion, beading or pilling

15  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 diameter in the range of 1 um - 100 um.

20 rdi inv
The catalyst composition according to the invention can be used in virtually all
hydroprocessing processes to treat a plurality of feeds under wide-ranging reaction
conditions, e.g., at temperatures in the range of 200 to 450°C, hydrogen pressures in
the range of 5 to 300 bar, and space velocities (LHSV) in the range of 0.05 to 10 h™,

25 The term “hydroprocessind in this context encompasses all processes in which a
hydrocarbon feed is reacted with hydrogen at elevated temperature and elevated
pressure, including processes such as hydrogenation, hydrodesulifurization,
hydrodenitrogenation, hydrodemetallization, hydrodearomatization, hydroisomerization,
hydrodewaxing, hydrocracking, and hydrocracking under mild pressure conditions,

30 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., hydrodesulfurization, hydrodenitrogenation,
and hydrodearomatization of hydrocarbon feedstocks. Suitable feedstocks are, e.g.,
middle distillates, kero, naphtha, vacuum gas oils, and heavy gas oils. Conventional
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compared to those obtained on calibration with well-known standards. The degree of

sulphidation was 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
15  in the sulphidic bulk catalyst particles if all Group VIB and Group Vil 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 atmosphere prior to the

determination of the degree of sulphidation.
20
Side crush strength
First, the length of, e.g., an extrudate particle is measured and then the extrudate
particle is subjected to compressive loading (25 Ibs in 8.6 sec.) by a movable piston.
The force required to crush the particle is measured. The procedure is repeated with at
25 least 40 extrudate particles and the average is calculated as force (lbs) per unit length
(mm). This method preferably is applied to shaped particles with a length not
exceeding 7 mm.

Nz-adsorption
30 The N; adsorption measurement was carried out as described in the PhD thesis of J.

C. P. Broekhoff (University of Technology Delft 1969).

The present invention is further illustrated by the following exampiles:
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10'f10‘V&' E:10% & (). 1Q. . . o .
1057100 (rg L}Iglﬁlg‘loé}f-i mérg%wgﬁ %ts s&utlon was heated to 90°C (solution A). A
10' e $10% /s&c@d fsbluh&ri&%ﬁl pMegarted- Hyydn’s.ﬁﬂw 5&2(@ of gobiatIrivdte &0 (2) moles Co) in
$10%{&'() "fl % & ANA T Q113" 10% g)%/
y@$10% r - (| 'qu wé%ﬁs‘%g /58 L@OT)‘"@ Vgri&ﬁ' Gl/a/t 39?) é%f'glg"qq‘lg%%af’ B&wééaaaa
bC 10!! 310%:1&e(i)dr5ﬁ\&i@%t& folutiohQX af @/rate of 7 m/min. The suspension that formed was
stirred for 30 minutes while the temperature was maintained at 90°C. The material was
10  filtered hot, washed with hot water, and dried in air at 120°C. Approximately 48 g of
catalyst were recovered.

Subsequently, the resulting catalyst was sulphided: 1.5 - 2 g of the catalyst were

placed in a quartz boat, which was inserted into a horizontal quartz tube and placed in
15 a Lindberg furmace. The temperature was raised to 370°C in about one hour with

nitrogen flowing at 50 ml/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 ml/min. The

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

shut off and the catalyst cooled in flowing H,S/H, to 70°C, at which point this flow was
20 discontinued and the catalyst was cooled to room temperature under nitrogen.

The sulphided catalyst was evaluated in a 300 m| 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

25 mullite beads. 100 mi 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

30 small aliquot of product was removed every 30 minutes and analyzed by means of gas
chromatography (GC). Rate constants for the overall conversion were caiculated as
described by M. Daage and R. R. Chianelli (J. Catal. 149, 414 - 427 (1994)).
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47.5°, 52.0°, and 58.9° On the basis of this diffraction pattem it could be concluded that
cobalt, molybdenum, and tungsten were present as cobalt sulphide (CoeSs),
molybdenum disulphide, and tungsten disulphide.
10

Example 2 (comparative)

A catalyst was prepared as described in Example 1, except that only one Group VIB

metal component was applied: a catalyst was prepared as described in Example 1

using 26.48 g of ammonium heptamolybdate (0.15 mole Mo), 0.3 mole NH,OH (c. 24
15 ml), and 43.66 g of cobalt nitrate (0.15 mole Co). The total DBT conversion (expressed

as rate constant) at 350°C (Xm) wWas measured to be 14.1*10" molecules/(g*s) and

thus lay significantly below the corresponding value of Example 1.

Examples 3 - 6
20 For Examples 3 - 6, the following general procedures were applied:
a) general preparation method
The Group VIB metal components were dissoived and combined in a first reactor. The
temperature was increased to 90°C. The Group Vil non-noble salt was dissolved in a
second reactor and heated to about 90°C. Ammonium hydroxide was added to the first
25 reactor to form a basic solution. The Group VIl non-noble metal solution was added to
the first reactor dropwise with stiring in about 20 minutes. After 30 minutes, the
precipitate was filtered and washed. The precipitate was dried in air overnight at 120°C
and thermally treated in air at 385°C for 1 hour.

30 b) general sulphidation method
The catalysts were 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 6°C/min,
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resulting precipitate comprised 41.2 wt% Fe,03, 21.3 wt% MoO;, and 36.9 wit% WO,
and was obtained in a yield of 98%. The B. E. T. surfaqe area of the oxidic precipitate
was 76 m?/g. The pore volume of the oxidic precipitate as measured up to 60 nm by
nitrogen adsorption using the adsorption curve was 0.15 ml/g. The calcined precipitate
was then sulphided using the general sulphidation method described above.

The sulphided catalyst had a degree of sulphidation under conditions of use of 39%.

The XRD pattem of the suiphided catalyst comprised, e.g., peaks at 20 = 14.2°, 30.0°,
33.5°, 33.9°, 43.8°, 53.1°, 57.2°, and 59.0°, with the peaks at20 = 33.5° and 33.9°
being overlapping. On the basis of this diffraction pattem it could be concluded that
iron, molybdenum, and tungsten were present as iron sulphide (Fe,S in which x is
about 0.1), molybdenum disulphide, and tungsten disulphide.

Example 4

The general preparation method as described above was used to prepare a precipitate
from Ni(NO;);"6H,0, (NH()sM0702*4H,0, and (NH().Cr,0;. The resulting precipitate
comprised 52.2 wt% NiO, 29.4 wt% MoQO,, and 16.6 wt% Cr,0; and was obtained in a
yield of 88%. The B. E. T. surface area of the oxidic precipitate was 199 m%g. The pore
volume of the oxidic precipitate as measured up to 60 nm by nitrogen adsorption using
the adsorption curve was 0.28 mi/g. The catalyst was then sulphided using the general
sulphidation method described above.

The degree of sulphidation of the sulphided catalyst under conditions of use was
measured to be 49%.

The XRD pattem of the sulphided catalyst comprised, e.g., peaks at 206 = 14.2°, 30.3°,
33.4°, 45.5°, 53.6°, and 59.0°. On the basis of this diffraction pattern it could be

@

perafion rdtiodd %ﬂ%‘b%% éggﬁ%%ﬁ&e? jo PIRRBIDSPISARESLS - 1 Kk



10H 10H9" 10964 () -y!} &6$109%44H& () - yOGIE~_ @ 10! " "10% & () - $10% & ()-L
"10% & ()-L10% & ()- 4"10% & ()-, #S10% & () - GaOYaB~_ @ 10!

"10% & ()-F"10% & ()-° "10% & ()-'k t$10%& ()-f10% & () - &18%/HYY 203~ @
10! * "10% & ()-@' 10% & ()-' $10% & ()-! F'10% & ()-T' F"10% & ()-T

“$10% & ()wdhmis@ 10!, 9 "10% & () - f6s$10%& () - gf 2 PCT/EP00/00354
"10% & ()-0! 10% & ()- @$10% & ()-* "10% & ()-Z[\]] vybC

10! #10% & ()-10% & ()-F10% & ()-F"10% & ()- 10t 10t 10t,:4"10% & ()-adEbC
10!, "10% & ()- "10% & ()-&$10% B& ()- "b0% & ()-y 310% & () -

110% & () -u}~?bC 10! @

" 0, ! - 0, ! - o/R' - 0, ! - o/R' - 0, ! -

i ?2 a/OBﬁc( )1 o?%‘i$ %%é%f‘snf# f!i&’fg%%ﬁ‘?ér}%f 1000 kit Wee Binf )1 9 et & Qo
"10% & () - . $0phide (Nir8)3mbBHd&nn -dRlulidd) %nd &htgmigat sullphide.

10! &10%&' ()-f 109& ()-1"10%& ()- 10: 10: 10:f<10% & ()-f83"10% & () - (~aBbC
10! S| s$10%&'’ ()- 2! aSl s$109%&’ ()-z "109%& ()-Y ! 109%& () -

"109%& ()-", EQ&&pie)s | n*"<bC

1011t f U109 & ()-SHtf %109 () -S"109%& ()-!!109& ()-!\f $109& ()-f
"109& ()2 Soynegenerg| prepgratign method as described abave was used to prepare 3 precipitate

from Ni(NO3);*6H,0, (NH)eHW 1204, and (NH),Cr,0;. The resulting precipitate
comprised 44.0 wt% NiO, 42.4 wt% WO;, and 11.8 wt% Cr;0; and was obtained in a
yield of 90%. The B. E. T. surface area of the oxidic precipitate was 144 m%g. The pore
volume of the oxidic precipitate as measured up to 60 nm by nitrogen adsorption using

10 the adsorption curve was 0.20 ml/g. The catalyst was then sulphided using the general
sulphidation method described above.

The degree of sulphidation of the sulphided catalyst under conditions of use was
measured to be 59%.

15
The XRD pattem of the sulphided catalyst comprised, e.g., peaks at 20 = 14.2°, 30.3°,
33.4°, 45.5°, 53.6°, and §9.0°. On the basis of this diffraction pattem it could be
concluded that nickel, tungsten, and chromium were, int. al., present as nicke! sulphide
(Ni;S¢), molybdenum disulphide, and chromium sulphide.

20

Example 6
The general preparation method as described above was used to prepare a precipitate
from Ni(NO;);, ammonium heptamolybdate, and ammonium metatungstate. Alumina
was peptized with HNO; and added to the slurried precipitate after the reaction was
25 completed in an amount of 10 wit%, based on the total weight of the pre’cipitate‘alumina
mixture. The precipitate-alumina mixture was then washed and the washed precipitate-
alumina mixture was extruded. After extrusion, the extrudates were dried and thermally
treated as described in the general preparation method. The extrudates contained
about 10 wi% AlL,Oj, 35 wt% NiO, 20 wt% MoQ;, and 35 wt% WO;. The resulting oxidic
30 catalyst had a B. E. T. surface area of 119 m%g and a pore volume of 0.14 mi/g,
measured by nitrogen adsarption.

Part of the catalyst was then sulphided using the general sulphidation method
described above.
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5

The sulphided catalyst was tested as described in Example 1. The total DBT

conversion (expressed as rate constant) at 350°C (Xiow) Was measured to be 111°10

molecules/(g*s).

10  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 178, compared to a

commercially available alumina supported nickel and molybdenum-containing catalyst.
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(i) sulphidation of the precipitate.

&10% &

2. The process of claim 1 wherein precipitation is effected by pH change.

3.  The process of claim 2 wherein the pH change is effected by the presence of a
compound in the reaction mixture which decomposes upon the temperature
being increased and thereby changes the pH.

4. The process of any one of the preceding claims wherein the Group VIlI non-
noble metal comprises cobalt, nickel, iron, or mixtures thereof.

5.  The pracess of claim 4 wherein nickel and ¢obalt make up at least 50 wt.% of
the total of Group VHI non-noble metal components, calculated as oxides,
preferably at least 70 wt.%, more preferably at least 90 wt.%.

6.  The process of any one of the preceding claims wherein the Group VIB metals
comprise at least two of chromium, molybdenum, and tungsten.

7.  The process of claim 6 wherein molybdenum and tungsten make up at least 50
wt.% of the total of Group VI metal components, calculated as trioxides,
preferably at least 70 wt.%, more preferably at least 90 wt. %.

8. The process of any one of the preceding claims wherein a material selected
from a binder material, a cracking component, a conventional hydroprocessing
catalyst, or mixtures thereof is added to the reaction mixture in step (i).

8.  The process of any one of the preceding claims wherein the process comprises
one or more of the additional process steps of
(a) thermally treating, drying and/or washing,
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mixing, or combinations thereof,

(d) shaping.

10. The process of claim 9 comprising the subsequent steps of

+ combination and reaction of at least one Group VIl non-noble metal
compenent in solution and at least two Group VIB metal components in
solution in a reaction mixture to obtain an oxygen-stable precipitate

» optionally drying and/or washing

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

« optionally shaping

»  sulphiding.

11, The process of claim 9 comprising the subsequent steps of

» combination and reaction of at least one Group VIil non-noble metal
component in solution and at least two Group VIB metal components in
solution in a reaction mixture to obtain an oxygen-stable precipitate, with a
material selected from the group of binder materials, cracking components,
conventional hydropracessing catalysts, or mixtures thereof, being present
during the precipitation

¢ optionally drying and/or washing

« optionally shaping

e sulphiding
12. The process of claim 10 or 11 wherein a shaping step is carried out.
13. The process of any one of the preceding claims wherein the Group VIB and

Group Vill metal components, calculated as oxides, make up 65-100 wt.%
of the total weight of the catalyst composition.
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essentially free of Group VIII non-noble metal disulphides.

15. The catalyst of claim 14 which is obtainable by the process of any ane of the
claims 1-12.
16. The catalyst of claim 14 or 15 which is obtainable by the process of any one

of the preceding claims.

17. The catalyst composition of any one of claims 14-16 which the Group VIil
non-noble metals are present as (Group |l non-noble metal),S,, with xly
being in the range of 0.5-1.5.

18. The catalyst composition of any one of claims 14-17 comprising sulphidic
bulk catalyst particles which comprise at least one Group VIll non-noble
metal component and at least two Group VIB metal components wherein the
degree of sulphidation under conditions of use does not exceed 90%.

19. The catalyst composition of any one of the preceding claims 14-18 wherein
the Group VIii non-noble metal comprises cobalt, nickel, iron, or mixtures
thereof.

20, The catalyst composition of claim 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.%.

21. The catalyst composition of any one of claims 14-20 wherein the Group VIB
metals comprise at least two of chromium, molybdenum, and tungsten.

22, The catalyst composition of claim 21 wherein molybdenum and tungsten
make up at least 50 wt.% of the total of Group VI metal components,

calculated as trioxides, preferably at least 70 wt %, more preferably at least
90 wt. %.
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24. Use of the catalyst composition of claims 14-23 for hydroprocessing a

hydrocarbon feedstock.



