Hydr ocracki ng Catal yst Conposition Field of the Invention The present

i nvention concerns hydrocracking conpositions, their preparation and their
use i n hywsoaescarkisng . Background of the Invention O tlpeTmedyseS43YEr Si Oon
processes known in the refining art, hydrocracking has assuned a greater
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to the devel opnent of i ne high cracking
activity with a IOM/teﬁ%§%§8£?g§%£%r§$%%Ly% $@é8$ ?Pproducts and, in
particular, to the |ess valuable C4-C3 and 4 gaseous by- products. Kerosine
and gas oil (Eh@lﬁr@étﬁ@ﬁslbﬁﬁhkﬁg_at a tenperature in the range of from
150 to 370 0OC ; L L ddl t are often the
desired products oﬁQ% ﬁggggc¥aé§%%§qugcgggcg ElchIh g%%?acklﬁg catal ysts
are typical | y coased idn cass haped rs ppportr apriepared theamausbnghe active
cracki ng conpenent such .as_an alumnosilicate, especially a Y zeolite
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t echni ques, anqlhave no need f.or a cat al yst c%rrler or support see for
exampl e WO e years since it otffers the refiner product

flexibility combined with product quality.

10 There has been considerable effort devoted to the
development of hydrocracking catalysts which combine
high cracking activity with a low tendency to overcrack
towards light products and, in particular, to the less

valuable C{-C3 and C4 gaseous by-products. Kerosine and

15 gas olil (the fractions boiling at a temperature in the
range of from 150 to 370 °c; also commonly termed middle
distillates) are often the desired products of a
hydrocracking process.

Such hydrocracking catalysts are typically based on

20 a shaped support prepared from a single, active cracking
component such as an aluminosilicate, especially a Y
zeolite component, comulled and extruded with a
refractory oxide binder, with subsequent impregnation of
hydrogenation metals.

25 Alternative catalyst forms have been proposed for use in
the hydroprocessing of, for example, refinery streams.
One such group of catalysts are termed ‘bulk catalysts’
Such catalysts are formed from metal compounds only,
usually by co-precipitation techniques, and have no need

30 for a catalyst carrier or support; see for example WO

00/42119, US-6,162,350 and WO 00/41810.



00/ 42119, US-6,162,350 and WD 00/ 41810. These publications disclose bul k
Goup VIII and G oup VIb netal catalysts and their preparation and use.
US- 6, 162,86Qoalire3soses that such catal ysts may contai n eog/rEpeocspsa9pf each
netal type, and exanpl es show Ni Mo, NiWand the nost preferred N MW bul k
catalysts A binder if present is preferahly added after the preparation of
the bul k netal conposition-.and. prior to shaping. By co-p ipi_itation, the

i ncorporation of a é??bé?%&'cﬁgﬁgpg g&ﬁf@ﬁﬁei%%&ka%ggﬁgeﬁﬁﬁgngp%Carrier
material is @&rcenptvEd metenallatrgd visttsi rride thentractr epatratdpnmenal sseanpounds

and carrier teri t hus .enabl ing . the netals.to _becone dispersed
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conponents may be mpmMROsidad piddtitdhe BuK ierlatystata@Pes ti on. Preferably
this occurs after the conposition is fornmed and al ongsi de the incorporation

of a binder rtsEgEehMTAkD SHESNg T 6r RORAVEAdiNTd CREAYPRt support

i n_convent i onaly Jmnner; s Gapending Ia;; At ioRali rRatfite ARpldcation No.
PCT/ EP2004/ 050196, published as WO 2004/ 073859, discloses the preparation
of a quasi - butd wastralmeerld yEmroipsEsiaibrant W drisitiddr arst &Ml s are

advant ageous| gy, I nCUPanal G d MO NG LUMOUd S AUHHIG YT HrRI tati on.
carrier material before shaping. This contrasts with
conventional impregnation techniques where only a small
15 amount of metals deposition is possible since the shaped
carrier is already formed and there are diffusional and
space limitations for the metal ions or compounds to
become dispersed through the catalyst support.

In US-6,162,350 the use of other catalytic

20 components with the bulk catalysts is envisaged. Thus
cracking components such as ZSM-5, zeolite Y and
amorphous cracking components may be composited with the
bulk catalyst composition. Preferably this occurs after
the composition is formed and alongside the incorporation

25 of a binder material prior to shaping to form a cracking
catalyst support in conventional manner.

Copending International Patent Application No.
PCT/EP2004/050196, published as WO 2004/073859, discloses
the preparation of a quasi-bulk metal catalyst

30 composition in which binder materials are advantageously
incorporated into the compositions during precipitation.
Following formation, this material too can be composited
with other components such as cracking components.

Thus where cracking components are to be

35 incorporated into such bulk metal compositions the



Following formation, this material too can be conposited with other
conponents such as cracking conponents. Thus where cracking conponents are
to be i nowoposakeskoi nto such bul k metal conpositions thecearhimsgsize: t hat
this is preferred via mxing or conulling after the preparation of the bulk
metal conposition. Coprecipitation of a zeqlitic material and a Goup Vlb

hydrogenation netal conponent o forma racki ng_ cat aI i s discl d
in US Patent t8p&8LF9cati & aﬁot 35883, ?ﬁ?gé/ﬁ Eﬁ8p8g§§n9h8 nglﬁair a!tisgnoz:‘a

a hydrocracking 16& |a)zf$:'ferh@lf1|eng>rle|§ﬂarr@\tedna©ﬁfl ¥heybhy kcosbini ng a finely
divided Group VIb (eg nol ybdenun) conpound in substantially undissolved
formw th a GOYRCHUGLRE -al umi nosilicate base in an aqueous nedi um having a

pH below 6 . A pregipidatad mBal sfcantaoning czeeakieteanesukt . GEeeppH | evel
is set at below 6 to ensure the insolubility of the nmetal conpound and to
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concentrated on the external surface of the zeolite, to avoid inpregnation

of the inner Jadsohptdlonrdicda PraRe s ERSUPE SPREZE RS PdoRi te crystal
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preparation by use o ub e nol ybdenum'or tungsten conpound

| nt er nat i onalcd%a:tlemrltﬁrﬁeﬁﬁneda/t idgrv iNed Do 06 Se@oﬁ‘éﬁld’@tdémtuﬁﬁ effect on
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pores of a zeolite before fornulation into a

hydr ocr acki ng:n:ﬁttadJ;/JSItne M ldditien o isltiidd tat dass] dat ian EUFEYS i$EA™ to be

achi eved by 'ﬁ§¥¥$“”§“pé”béﬁoﬁ'g? A precipitated metals-containing

zeolite results. The pH level is set at below 6 to ensure
the insolubility of the metal compound and to promote
15 precipitation without destruction of the zeolites
crystalline structure. The aim of the preparation is to
ensure that the metal is concentrated on the external
surface of the zeolite, to avoid impregnation of the
inner adsorption area, and to ensure that the zeolite
20 crystal structure and acidity is not destroyed at any
stage during the catalyst preparation by use of soluble
molybdenum or tungsten compounds.
International Patent Specification No. WO 01/00753
considers the effect on middle distillate selectivity
25 where an amount of hydrogenation metals is contained
within the pores of a zeolite before formulation into a
hydrocracking catalyst. Middle distillate selectivity
gain is said to be achieved by incorporation of the
hydrogenation metals into the zeolite pores, eg by
30 impregnation of the zeolite with the metals prior to
shaping the support. Broad ranges of from 0.1 to 10 wt%
of Group VIIT metal (on oxide basis) and from 0.1 to 10
wt% of Group VIb metal (on oxide basis) are disclosed,
but the most preferred amounts incorporated are from 0

35 (sic) to 5 wt%, of Group VIII metal (on oxlide basis)and



hydrogenation nmetals into the zeolite pores, eg by inpregnation of the
zeolite with the netals prior to shaping the support. Broad ranges of from
0.1 to 10wet®beaf275moup VI netal (on oxide basis) and fPcemplookos3940 w %
of Group VIb metal (on oxide basis) are disclosed, but the nost preferred
arr_ognt; |_nc§)rpo;?ted are fromO (sic) to5,Wm% of Goup VIIl netal (on

oxi de basis) andfromO0.1 to 3 W% of Goup VIb netal (on oxjide.basis) . A
certain ampurft-o8¥ Oh)ldF&génét’ttiﬁonOrfrepﬁpélpvwvllg, mﬁ&ﬁi&éﬂn %ﬁé\‘?let gﬁlsffsge )

i ncor por at ed ol HG-tthe z@Rhuni ©PBRES odehiaid ceonenllisonall 1¢ahakystr,
preparation. W have found that in fact by conventional inpr e%nadti aQn
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nol ybdenum  cap, oMty @6tsh Jist 28@ldara tY chasedchydrec rackidng heat akhyst s
Generally the teaching of the art is that while it can be advantageous to
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into an unsuppart %gstog_ precipitated catal yst during preparation, and that
the resulting ahydlr ocracki ng catal yst conposition has significant advantages
f or hydroc_rackihng Gdrearathien tfroy mdaathddavicE ddremanti Ag textyldsi gt The
nmonoar tics r oge i RVARRY rgggﬁ;' | NS l'y high
and i n_ojg?ef ercraer}/ddbc%?rap%gﬁtlo%egoﬁﬁpreo%ulcr?’fos ecttlce\?i ty t‘%d m dcllloz,\1 g[?gst{a%rgfa%/es ?s
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hvd . . . o ; ‘
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destruction of the zeolite crystal structure.

Summary of the Invention

15 It has now surprisingly been found that zeolitic
materials can be incorporated into an unsupported or
precipitated catalyst during preparation, and that the
resulting hydrocracking catalyst composition has
significant advantages for hydrocracking than when

20 formulated via co-mulling and extrusion. The mono-
aromatics hydrogenation activity of such compositions 1is
extremely high and in preferred compositions, product
selectivity to middle distillates 1is also significantly
better. Even though a significantly high aromatics

25 hydrogenation is achieved, the hydrogen consumption
requirement is surprisingly lower than that needed by
conventionally prepared catalysts.

Against the teaching of the prior art, it has been
found possible to prepare such precipitated compositions

30 utilising precipitation mixtures having a neutral to
alkaline pH, and also utilising soluble or partly soluble
Group VIb metal compounds, without damage to the zeolite
crystal structure nor loss of hydrocracking activity;

indeed such materials can have a higher hydrocracking



requirenent is surprisingly |Ilower than that needed by conventionally
prepared catal ysts. Against the teaching of the prior art, it has been

f ound poswOhkbes/2espr epare such precipitated conpositi on®CutEPeosi0B392
precipitation m xtures having a neutral to alkaline pH and also utilising
soluble or partly soluble Goup VIb netal gonpounds, w thout damage to the
zeolite crystal_ structure _nor Iogs of. hﬁdrggracking a%tiviai' i ndeed such
materials cafifave€ &ifitgher thy GCIECEdRhdm-dare SGPYEI a8 3¢l ectivity than
conventi onal Iyt g edteatalygsts. Accordingly the present invention

provi des an unsupported catal yst conpositi.on whi,ch conpr.ises one or nore
Group VIb netals,AﬁﬁQQQJQEGﬁét%@nPHEE@QtGFBNﬁnWPPP RECASC50RE or more

zeol i tes, and, ORidAald Yoa tene A JBAR JfiefilaC Wiy hoXiod riBteer ioales oAl SO
provided is a process for the preparation of the catal yst conposjtion of
the inventi omMORNEEAUP (5 inﬁtmlo%ﬁrn@orﬁe%nr@@%@sgﬁoﬁﬁ dtidf the

| nvention Thig.dvention gelahes Ao itihe )y drecr agkiingaafl ypetorel eum

f eedst ocks using an unsupported catal yst conposition containing Goup VIII
(especi al | y Nomndiefra@omhdGdsupaies iedspecial |y M and/or W) netals, a
zeolite, and an tjo0 i ref ide. R refalenes ithamade
to the Periodic %gb%oer%m} QJerrr%]fenlts‘s3 q i ch %58?5’?2 tglﬁléetpﬁlﬁénsi de cover of the
CRC Handbook aftOhesti stamypceaict iRhy sifcs e e sRibissY, RasUBdSk'USe 166t h

editio nd sigg t he S version notation. By the term ' unsupported it is
to be BngrsﬁB% %ﬁc%¥%9bonposition is not of the conventional form
Detailed Description of the Invention

This invention relates to the hydrocracking of
petroleum feedstocks using an unsupported catalyst
composition containing Group VIII (especially Ni and/or

15 Co) and Group VIB (especially Mo and/or W) metals, a
zeolite, and an optional inert refractory oxide.

Herein reference is made to the Periodic Table of
Elements which appears on the inside cover of the CRC
Handbook of Chemistry and Physics ('The Rubber

20 Handbook’ ), 66™ edition and using the CAS version
notation.

By the term ‘unsupported’ it is to be understood
that the composition is not of the conventional form
which has a preformed, shaped catalyst support which is

25 then loaded with metals via impregnation or deposition,
nor of a form wherein metals plus support materials are
co-mulled or combined together by physical means but is a
composition in which the metals, zeolite, and optional
refractory oxide material are combined together at one

30 and the same time via a chemical process wherein the
composition is formed prior to any shaping step.
Generally this chemical combination will occur through
precipitation. Thus, the term ‘unsupported’ may be used
herein interchangeably with the term ‘precipitated’ but

35 only in relation to the catalyst composition of the



whi ch has a preforned, shaped catal yst support which is then | oaded with
nmetals via inpregnation or deposition, nor of a formwherein netals plus
support mepenicl2g3sare co-null ed or conbined together by ppimgEre@alossseans but
is a conposition in which the netals, zeolite, and optional refractory

oxi de material are conbi ned together at onhe and the sane tine via a

chem cal process wherein the coms_i tion is forped prior to any shaping

step. Gener al?3F$Hs KHeH ™ ¢ It i BIPRAT Y b G WRtSugh prtédisi t at i on.
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e

term ' precipitat but only in relation to the catal yst conmpasition of
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catal yst compasd téofpak 1@l s acdrive Oxide materdall ine na dgale aSeparate
di stinct material within the conposition; however, the crystalline

structure of e ROl te CHRUITH IS SUMPHiSingly Tdingel infied-. I n fact
It has been fﬂy%%r?a{n%}}g%d@é&{ St o P Vet he Ot M b petaly, and

especially the enum becone I ncorporated within tthe pores of
the zeolite iGraugniId cestaanond ssspivel adloug-hd Imetadt glolivddarafer abl y one

or two nonnohl e f n ckel , q_c%pil [ . ferably
the Goup Vi ﬁeﬁ%ﬁir&é&f}% ég% V’Fl?g(;ﬂn%ndnicégkéeIp,o co a({ﬁt acgﬁed Z;fqihol %%ﬁi on of
ni ckel and cobadnifMmstit prredertabl y the Group VIII metal is nickel. The

oot resal | SESV LA  TEEAS ARPURS r Tear
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G oup, V1D Tetal Lol ybdenum bl ey el of s Qo 0 10 4D vsed 1
cobalt and a combination of nickel and cobalt. Most
preferably the Group VIII metal is nickel. The Group VIb
15 metal is preferably one or two metals selected from
chromium, molybdenum and tungsten. The Group VIb metal
is more preferably selected from molybdenum, tungsten and
a combination of the two. The most preferred Group VIb
metal is molybdenum. Noble metals of Group VIII are often
20 used in catalyst compositions where hydrogenation is a
desired aim, especially platinum and palladium metals
which have become the predominant metals of choice for
hydrogenation catalysts. However, the surprisingly high
hydrogenation activity of the materials of the present
25 invention means that there is no need to utilise these
expensive materials.
The zeolite component is suitably a crystalline
molecular sieve selected from those having pores with a
largest diameter greater than 0.6 nm (crystallographic
30 free diameters, calculated as in the "Atlas of Zeolite
Framework Types", Ch. Baerlocher, W.M. Meier, and D.H.
Olson, 5% mdition, Elsevier Amsterdam 2001), those
having pores with diameter greater than 0.6 nm as
determined from the Horvath-Kawazoe pore size

35 distribution derived from argon or nitrogen adsorption



desired aim especially platinumand palladiumnetals which have becone the
predom nant netals of choice for hydrogenation catal ysts. However, the

sur pri si ngbyods/@hshydr ogenati on activity of the materi alPsTaEP2008@5430ES€ENt
invention nmeans that there is no need to utilise these expensive materials.
The zeolite conponent is suitably a crystaldine nol ecul ar sieve sel ected

from those havi S W rges | ter_gre r ran
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Edi tion, Elsevier erdam.2001) .- t.hose havi ores. Wi th dianmeter greater
than 0.6 nm as det%}héedg?r}toen% hdef I%mrevﬁ%eﬁgélv%z@eec&o 1305 i but i on
derived from @gon'msledtYagen sxds'braitd oonirsatiweras; heant ddwaserafirsf ruct ur e

type AEL, EUO. FER  ,MFI . MIT,. M and TON. I.n the context of the
present 3Speci %}il%%‘??%khe,m?%ggf_)er?ﬁa%fblﬁesgﬁ %i%%‘u%%tQ%éf%@tﬁhvees

cor r espondi ngar{dnysir it hes et d ty)vesd add Inissye beaansbtdeial athimatiedhntardneatd ves and
such derivatives as nay be obtained b isom)rphous1 sijbs itution and cation

exchange. MetHOSREFOIEiRe T i Gt B NGy 415t 9 dthida st on,

deal um nat i one 26k h OO PROLS: 1sbagd 1 )t Ut 03 10f s 10l |E Ul B 1SIrBes: e el |
known in the art and are naot therefore further discussed in the present
speci fi cati on-SPRPERROPF eSERR ESPEc IR it iTHh, S Uhli s S IGTHeT il e Weidh cat ed,

the siliga t o @bi N v adrt &A@ Dfec FeAHd RIS d MY dRid A
determ ned on the basis of the total or overall amount of alum nium and

silicon (frarewoblke apee PRIt fFRfefRIWOIIGt iesent in the zeolite. The zeolite
conponent nay be fofnege of r&sShNWSecification, unless otherwise

indicated, the silica to alumina molar ratio of a zeolite
is the molar ratio as determined on the basis of the

15 total or overall amount of aluminium and silicon
(framework and non-framework) present in the zeolite.

The zeolite component may be formed of a single
zeolite material or a combination of two or more of the
same or different zeolite types.

20 Preferably, the zeolite is selected from one or more
crystalline molecular sieves of structure type FAU, EMT,
-CLO, VFI, AET, CFI, DON, 0SO, AFI, AFR, AFS, AFY, ATS,
*BEA, BOG, BPH, CON, CzP, DFO, GME, GON, IFR, ISV, LTL,
MAZ, MEI, MOR, MTW, OFF, SAO, SBE, SBS, SBT, SFE, ETR,

25 IWR, 88y, USI, UOZ, AEL, EUO, FER, MFI, MEL, MTT, MTW,
MWW, TON, members of the disordered structure families
beta, S$Sz-33, faujasite, MTT/TON, SFF/STF and ZSM-48 as
described in the “Atlas of Zeolite Framework Types,
idem., and also the "Database of Zeolite Structure Types"

30 (Ch. Baerlocher and L.B. McCusker,http://www.iza-
structure.org/databases/), ITQ-15, ITQ-21, and ITQ-25.

More preferably the zeolite may be one or more of
zeolite Y, ZSM-5, ZSM-12, and zeolite beta.

Most preferably, the zeolite is a crystalline

35 molecular sieve of structure type AU, e.g. an



zeolite material or a conbination of two or nore of the sane or different

zeolite types. Preferably, the zeolite is selected fromone or nore

crystal | iwe 20ml2eishar si eves of structure type FAU, EMIpCcT@pehosvEd392 AET,

CFl, DON, OGSO AFl, AFR, AFS, AFY, ATS, *BEA, BOG BPH, CON, CZP, DFO QVE,
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and al so the "Database of Zeolite Structure Types" (Ch. Baerlocher and L .B
McCusker, Hrngstydmww irzgstructwrar, leasgy dateabdsdsyd) nm TR4L3S | TQ 21, and

| TQ 25. More e zeol lite Y ,
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zeolite Y (U or.a ver trast olite Y (MUS ni.t cell size (a
0 ) less thaﬁS _%14%1%%1(%%4%. A?fgﬁg?ﬁir’?nf’lzscf’, ﬂ|nntepranr t|lcou\9alr cElcaetléésm:t han 2. 435 nm
(24. 35 Angst raxesg i fiscalt Bork oo, Wor2 Bxenp! 8§ raomd El desamtPat ent

Speci fications Nos,, 247, 67 andz(é%/qfs%qgg US Patent Specification No.
4,784,750, | ntRFnattohatoPal ent c111%&tion No. WD 2004/ 047988 and US
Pﬁtent ?peCI LI fcatimm#m ?@@%&9%%& Whidsti d4SY and DS e zaotdd es are
the preferre orm of zeo|ite conponent used in.the present, i nvention,
other Yl9eol i 1 T of he?@r &' of SOt Gt Use S é?lp%ﬁ:pl]é“ferfét%m

ul trahydrophobigeY zeptolBse Mors tdwad One swealvie for mamy he- used:
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one Y zeolite form may be used: suitably two zeolites of
different unit cell size, for example an USY zeolite in
15 combination with a VUSY zeolite.
The preferred VUSY zeolite of EP-A-247 678 or
EP-A-247 679 is characterised by a unit cell size below
2.445 nm (24.45 Angstroms) or 2.435 nm (24.35 Angstroms),

a water adsorption capacity (at 25 °C and a p/po value of

20 0.2) of at least 8 wt% of the zeolite and a pore volume
of at least 0.25 ml/g wherein between 10% and 60% of the
total pore volume is made up of pores having a diameter
of at least 8 nm. Most preferred are the low unit cell
size, high surface area zeolite Y materials of WO

25 2004/047988. Such materials can be described as a
zeolite of the faujasite structure having a unit cell
size in the range of from 2.410 to 2.440 nm (24.10 to
24.40 A), a bulk silica to alumina ratio (SAR) above 12,

and a surface area of at least 850 m2/g as measured by
30 the BET method and ATSM D 4365-95 with nitrogen
adsorption at a p/po value of 0.03.
Where a zeolite beta is utilised in or as part of
the zeolite component this may be any catalytically

active zeolite beta - a crystalline zeolite described in



conbination with a VUSY zeolite. The preferred VUSY zeolite of EP-A-247 678
or EP-A-247 679 is characterised by a unit cell size below 2.445 nm (24. 45
Angst r omswoa@nocd2483% nm (24. 35 Angstroms), a water adsor prir@respsaspty (at

25 0C and a p/p o value of 0.2) of at least 8 wt% of the zeolite and a pore
volurme of at least 0.25 nl/g wherein betwegn_10% and 60% of the total pore

volunme is made up of pores having a di aneter, of ,at |least 8 nm t
preferred ar &3 Hé YW oSC éjclatgioi‘e,%lohingﬁ g&r’?ége%r a°% 8ol irf)gll\%%ﬁateri al s
of WO 2004/ 044988 cJuciedmatey istlsctardhea yescr i3hed Fas ta ongolpiuba ieheihe
faujasite structure havi n%\}aa%L uni t tﬁ]ell size in the range of from2.410 to

2. 440 nm (24.110 1P 2LuERE L Ty U1 iSHEE TS SalCoE Srali @5 SAR) above 12,

and a surfacer s Ofi AHal easd1 820 Nk Jg as orRasuizad ky yiste 1BET et hod and
ATSM D 4365-95 with nitrogen adsorption at a p/pq value of 0.03. Were a
zeol i t e et a 480 Lithie iR 4P o R P&l g U hﬂe*ez‘g’& MP¢ SCdigortdnt this may be

any catal ytically 1 ié/&n&%)_ﬂﬂ't&-léj_et e Al de #A8Ht1e descri bed inU
S Pat ent Spec(%l caffarf%n No. R el 28, 341 (;e r known fromthe Atal as o f Zeolite
Structure TypessfsrabEditesh, thabli&hew il BFE 0 S Dehd £ F° tHe 11

Structure Comy SSi qf, 0, fpféﬁﬂiﬂl%,n%ﬂ@r@yszﬁﬂé tg-AsisOGRL iQhgeSH |
crystal size Zeolite beta I s a particularly useful material in cracking
conposi ti ons.fAdre Z@otd t 25 bee alrersfsaen snaite Pradfaeradbly 19 tHan &0 nmin

size, e, 9. u 0 rilohB§i 26 re- g eferably dde grystals are in
t he ran]gg 0 fP?%o?ﬁ(%“Egl%] 01&3{3 n?ﬁ in scle)e, nost  pr ef—béor abl'y 7 OSSanan%'o r less,
for exanple feom&0lyA tho zedkim Pera g D simidan &1 ALUTSUIa dBTAAT t he
zeolite beta has. a s'fl

preferably a t2t&as? Z%fcalzée% ?ﬁe&’m%f@%w Ul o de 9. T oasi1 20
beta with a higher silica to alumina molar ratio, e.g. up
to, and including 60, 80, 100, 120 or 150, may also be

15 used if desired. Thus, the zeolite beta may have a silica
to alumina molar ratio in the range of from 20 to 60, 25
to 60, 20 to 80, 25 to 80, 20 to 100, 25 to 100, 20 to
120, 25 to 120, 20 to 150 or 25 to 150. It is also
suitable, and may be preferred, to use a high SAR zeolite

20 beta, for example a Beta zeolite which has a SAR of 150
or more, preferably 150 to 400, more preferably 200 to
350, especially 300.

Suitable zeolite beta materials are commonly
available commercially, such as from the PQ Corporation

25 or from Zeolyst International.

If refractory oxide material is used, then suitably
this is selected from alumina, silica, titania, magnesia,
zirconia, boria, zinc oxide, zinc hydroxide, natural and
synthetic clays, and mixtures of two or more thereof.

30 Preferred materials are silica, titania, amorphous silica
alumina and alumina. Alumina and/or amorphous silica
alumina are conventional binder materials for
hydrocracking compositions; however, surprisingly,
extremely useful compositions are given without the use

35 of any alumina binder component at all.



beta with a higher silicat o alumna nolar ratio, e.g. up to, and

i ncluding 60, 80, 100, 120 o r 150, may also b e used i f desired. Thus,

t he zeol iwe 2bey@73say have a silica t o alumi na nol ar ratce/EPRocGhss3pANgEe O f
from2 0t o060, 25t o060, 20t 080, 25t o080, 20t o100, 25t o
100, 2 0t o 120, 2 5 t 0120, 20t o 15 25t o150. It i s also

sui tabl e, and may ref er t, ou (ﬁl gh SAR z 0I| e bet for
exanpl e a Beta zed| e[ &f i ngAR 6lfls 5016 o éml% F&F 8PSbAYY150 t o

400, nore prefierahlay o%OCAltungn&S@reem@,@raldoym@aQy Suiebahne caealliyise bet a
materials are comonly avail abl e co rciall sych a.s fron& t he PQ

Cor por ati on Gar i 280 V& USf%erdaty éﬂreslenft VA ERy oX°de material |

s used, then suidably diNirgida matelractied fdcomoalhiitry, pSichidedoehintiar,a,
magnesi a, zirconia, boria, zinc oxide, zinc hydroxide, natural .and

synthetit cl é%ﬁsyel%\lrfcﬁrm%@tﬁﬂaesaldmf“’t% TS AT RS e ST B SRATHE deri al s

are silica, td¢anigmawrphous silica alumna and alum na. Alum na and/or
anor phous silica alumna are conventl onal b| nder rrat erials for

hydr ocr acki ng corrp%%litawoﬂwﬁlesrl IGH B Agy  Ehsx tedme l yPrissEus

conposi ti ons ven yithout,# he wse 10 Je.amealdniag Limdrig gynpenent a t
all.The formo a unina utilised is not limted and any alum na or alum na

precur sor cormanl §i {Eeact ipeat &l yste certrd sl miyl BeuEed I (O Pr esent

| nventi o8- Veranghi sabl e grlals angboshiid o pseudoboshnd te,
S S O

bayeri t um na, eta-alumna and eta-alumna . For
anor por hous smhﬂcabhda ufwmat;se hien t@renpla?ﬁﬁrmwduweﬁwrcdtsesa‘@ll%l%f

crystal struct ure$ c1a9f“‘§; n%@l@é/rﬁg@:}’véjﬂf ragd 1 om; 4 4he, st %aly’ﬂbe

al t hough sone~ %
prepared by a co-gelation process or a grafting process,

as are well known in the art. The amorphous silica-

15 alumina preferably contains silica in an amount in the
range of from 25 to 95 % by weight. More preferably the
amount of silica is greater than 35 wt%, and most
preferably at least 40 wt%. A very suitable amorphous
silica-alumina product for use in preparing the catalyst

20 carrier comprises 45% by weight silica and 55% by weight
alumina and is commercially available (ex. Criterion
Catalysts and Technologies, USA).

Titania is naturally available in several forms or
polymorphs: rutile, anatase and brookite. The most

25 thermally stable form of titania is rutile and at very
high temperatures the anatase form can transform into the
rutile form. Any of these forms of titania may be
present in the catalyst composition of the invention.
The B.E.T. surface area of the titania utilised is

30 suitably in the range of from 10 to 700 m2/g, more
preferably from 20 to 400 m?/g.

It has been found that the particle size of the

titania can influence and accentuate the activity of the

final catalyst composition. While all titania powders



range ordering may be present. Anorphous silica-alumna suitable for use in
the present invention is available coomercially. Alternatively, the

si | i ca- alwoi2o@/0r3sobe prepared by a co-gel ati on process por/ER2@saiisbng
process, as are well known in the art. The anorphous silicaal um na

preferably contains silica in an anount imthe range of from25 to 95 % by

wei ght. More preferab t he anmpunt, _of .silica | re . than 35 _w % and
nost pref er aBity S‘t‘lllt@g?ﬁ'te O twes. A 5@prgﬁisteggl gng%%r%%ﬁ%ﬂsggi Pca-al uni na

product for At RIERALItNG ithe icabakyist taviner acoapeirsgs HE¥Ebylwei ght
silica and 55% by wei ght alum na and i % comercially av%glrap)lle [gex.
Criterion Catdiysterand POCAHGIEOGteS” Y8RP 1STIP&Nr alr STRAFHTdl Py avail abl e
in several foQuive QN PolivmRIHRAS off B0 e cranat ase lasd hndokispecidie ymast

t her mal I% stable formof titania is rutile and. at verﬁ hi %hlﬁeng ratures
the anat@se fRoVhICH? HARSHSIMAInto MHE Gt (A% 1£5°m AT S6F 1 HeSE% orms of

titania my he Presedvd hddeLatialiestyicernpesi Wopaef itthe iimventi on. The B
.E .T . surface area of the titania utilised is suit%ﬁ[ﬁ%{ in the range of
from 10 to 700 tAnyay, utickieqst disercdblih e (B0 oo Y400 B GOt higd Bden

found that the, pardd ol & e ofi i dd taninCan drpfaienge sand cavaent uat e
the activity of the final catalyst conposition. Wile all titania

powder sare swambleldor aks® ifeaMed gheglent invention, it is preferred that

titani a powder having an average particle dianeter .of .50 m_crons or less is
used, pjf(gf erably av%%Yt?Htéae%‘]iegﬂia]tteﬁ'moaf rrﬁléqrgor?}satc‘)arrﬁagsss ag\ed especially a

particle di anpier145185 M &h ansl 0eni@s Chebeinerlad | Yoddwessd imtlm aver age
particle dianeter of particle in the §itania,wd ldredd u.ef dheardar; of
Degussa’s P25 grade and Haishunde’s grade FCT010925.
Mixtures of titania and other refractory oxide materials
15 are also readily available commercially, for example
silica - titania mixtures such as grade FTS 01 from
Haishunde.
Most preferred particularly where a high middle
distillate selectivity is especially desired is the use
20 of amorphous silica alumina or silica alone, and
especially preferred is the use of silica alone. The form
of amorphous silica alumina or silica utilised is not
limited and any amorphous silica alumina or silica
commonly used in catalyst carriers may be used in the
25 present invention.A very suitable silica material is
Sipernat 50, a white silica powder having predominantly
spherical particles, available commercially from Degussa
(Sipernat is a trade name) .
Where high mono-aromatics hydrogenation is the main
30 interest, then the use of titania alone is particularly
preferred.
Even more preferred however is that the composition
of the present invention contains substantially no

refractory oxide material.



average particle dianeter is the dianeter of 50% of the particles, also
termed DV 5Q Very suitable titania starting materials are available from
M | | eni unwGhemieadss, Degussa and Hai shunde. For exanpl epiirigpesisosizos DT- 51D
and G5 grades; Degussa’ s P25 grade and Hai shunde' s grade FCT010925.
Mx_tures of titania and other refractory oxjde nmaterials are also readily
avai l able comrercially, for exarr]r‘)sl e silica_- titania,mxt Hra%s .such as grade

FTS 01 from Hai shi§@ENAINGs Cpr&feFrEdOfarti BarFRAFG “whBr EP4 hitGh i ddl e

distillate sel@atyMd d HresRee ahly cdesiiked icempbe iusenofoamaephaus silica
alum na or silica alone, and _especi al ldﬁ preferred_is the use of silica
al one. The fémm omvardhipRousheins o vaidukien& oS I8Pt GE™MGPPir s 84 988 1ot

limted and @MY RHRUS, SiJdiea aldediRg QresichitGa reamanhy used eire
catal yst car_rasirpeérfs may be used in tf?g@&resgﬁt ienvgnti,on. A gery sﬁirt ggl e
silica rhaterimgtliodss| sErffRT B0, aaMiitse a6 Wedd Fowder TREFg yPEFoMnant | y

spherical pargjgcles; awpidal] e Lomrer daldasddemdegussa, (Sipernat is a
trade nane) . ere high nono-aromatics hydrogenation is the main interest,
then the use ajfmasnheaic aqcmblmsvrﬁarqairbmémr P SMOSAL BFES Sidr &7

preferred howgyer.| alykaé éé}@; Qs ti o e ddie presenty ddventd amecont ai ns
ract ory X1

substantially no te oxide material.Depending on the method of
preparati on tdwtalsst ot gyl tioorprasfaime i dat dlofs tdicdpgdsid i%9nh for use in

Lhe ) vet o Lhen. eRul S be enldhal, amm a0y 0anie Seacas andl or
wel | as diffefientidéypeshefein, eg on percentage amounts, are given on
an oxide basis.
To establish the catalyst composition on an oxide
basis, an elemental analysis i1s performed on a sample
15 once all volatiles have been removed, eg by thorough
heating for example at a temperature in excess of 400°C
for a minimum of 60 minutes, in accordance with standard
practice in the art.
Expressed on a percentage weight basis, very
20 suitably the total amount of Group VIII and Group VIb
metals lies in the range of from 15 to 99 wt% as the
oxides and based on total catalyst, but preferably is in
the range of from 20 to 80. Where a refractory oxide 1is
present then the amount is more preferably in the range
25 of from 25 to 70, especially 25 to 60 wt%.
The molar ratio of Group VIII metal(s) to Group VIib
metal (s) is very suitably in the range from 0.5:1 to 3:1,
preferably 0.5:1 to 2.0:1, and is especially 1:1.
Good results have been obtained when the Group VIII
30 metal is nickel and the Group VIb metal is molybdenum,
present in a molar ratio of nickel to molybdenum in the
range from 0.5:1 to 3:1, preferably 0.5:1 to 2.0:1, and
is especially 1:1.
The zeolite content is suitably in the range of from

35 1 to 85 wt%. Usefully the minimum amount of zeolite is 4



speci es can be present. In respect of water, also atnospheric conditions
can affect the anobunt present in the catal yst conposition. Therefore to
ensur e t hao 2bdv2eabal yst conposition definition is not ecsmreésosisy?

at nospheric or preparation conditions, the proportions nmentioned herein, eg
on percentage anounts, are given on an oxi basis. To establish the ’

catal yst conposition on an oxi de basis, an el enental _.analysis is perforned
on a sanpl e ohde HUeLearRiY &9 Wije BOER PERDFEGC1¥g2 wa%Orgﬁﬁh Eeati ng
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Wiere a Tefratttory oxide is present then the amount is nore preferably in
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in an amount in the range of from 7 to 30 wt%, preferably
13 to 26 wt%, on an oxide basis, molybdenum present in an
amount in the range of from 14 to 50 wt?%, preferably 25

15 to 50 wt$ on an oxide basis; with the balance being
seolite VUSY and silica or titania, when present. The
proportion of zeolite VUSY present in formulations
yielding good results is in the range of from 20 to 73
wt%. When present in such formulations, silica or

20 titania amounts are in the range of from 6 to 10 wt%,
preferably 6 to 9 wt%. Where a second zeolite 1is present,
for example zeolite beta, then an amount in the range of
from 1 to 10 wt% is preferred.

In a catalyst composition for use in the invention,

25 when not assessed on an oxide basis, there may be in the
range of from O to 10 wt%, basis total catalyst, of
residual species, eg organics, ammonia and/or water
species, and most commonly from 3 to 8 wt%. The presence
and amount of such components can be determined by

30 standard analysis techniques.

The catalyst composition of the present invention

may be prepared by any suitable precipitation or
equivalent process. The present invention therefore

further provides a process for the preparation of a

35 catalyst composition of the present invention, wherein



conposi tion. Usefully the maxi mum amount of zeolite, basis total
conposition, is 80 w% and especially 75 wt% The refractory oxide

mat eri al we 28es/2ad3by in an amount in the range of from @Cr®rPZ@swsiE92
preferably O to 50 wt % on oxide basis. Mire preferred conmpositions contain
from5 to 40 wt% on an oxide basis. Mst_pygferably, however, no refractory

oxide is present. Good results_have been obtained with nickel t i
amount in t h@afe WS (GRP tV&%s(lT S RS ] ?ITSC?)@%Q(ée\%P%ﬁ 2 alnn o

oxi de basis, Jm! yhdemia pRseRb lien @I e tthe coapgenads, f bor b4 to 50
w% preferably 25 to 50 wt % on an oxide basis; with t%g>el al ance bei n

zeol i te VUSYme s4991dd s alitafitd 1 aRker Yor 886nCr FR& Spr&peAator Yof zgol ite

VUSY present in formulations viehdidg@eeddesy ts gratir theuriangaof from
20 to 73 wt% . \Wen present in such formulations, silica or titania amounts
are in the rageofafrome aldkald I PIEerd 16 (G189 Were a second

zeolite is prg s 08 exanpl &, Z8Qld & 1h&hd, Abianudn.i n the range
of from1l to 1%%%&3 IE)r'eferred. In a catal ynsgi ti_%o%npo@)slitionrﬁ"or use in ?he
i nvention, wire notepssassad RIPRT DIE W SUittidte Ry e G1F t he range

of fromO0 to 10 w9 basis fal Gt YslieDf3g@sidualn seeamsl
or gani cs, arrr%n?a andf or - wat er speci es, and 'nost’ commnnl y frogﬁ 3831?)0' 8 wt %

T, 1 énce, st s s Bl o
be pr epi? ed by~ %@r %Yt(gﬁ%%ég\%%%i lpr??%{?%)oinl %%%ﬁ%%ﬁeﬂl%ye;@&%deon iad
present invenitignidheegpeceally water or water-containing liquid, with
the addition of the appropriate amount of zeolite and
optional refractory oxide material to one of the starting
components or to a mixture of starting components.

15 Most preferably, however, the preparation is by a
process which comprises heating a precursor composition
which is in the form of, or is recovered from, a slurry,
optionally after aging at a temperature in the range of
from 20 to 95 °C for a minimum of 10 minutes, said slurry

20 being obtained by (co)precipitating, at a sufficient time
and temperature, one or more Group VIb metal compounds,
one or more Group VIII metal compounds, one or more
zeolites, optionally one or more refractory oxide
materials, and an alkali compound, in a protic liquid.

25 This process yields material which gives high crush
strength when shaped eg extruded. Where the metal
compounds are used as solids (and one or more partly
dissolve when coming into contact with the protic
liquid), the crush strength of the resulting shaped

30 catalyst may become higher.

Thus preferably, the metal compounds utilised in the
process of the invention are added to the protic liquid

in solid form.



further provides a process for the preparation of a catalyst conposition of
the present invention, whereinone or nore Group VIb metal conpounds are
conbi ned wiotznosanesser nore non-noble Goup VII1 netal cowpwmrdss/osssez or nore
zeolites and, optionally, one or nore refractoryoxide materials, in the
presence of a protic liquid and optionallyfn alkali conpound; and the

catal yst conposition is recovered follow n recipitatiqgn. The preparation
process nay very <t é‘ﬁltﬁ‘lbéoﬁ‘ﬁoflﬁgsp%geagf aﬁgggyi B&4G“FnUsS 6?162, 350, or

in WO 00/ 41810, +ia 14hiueh 1t Redmehak heoppeuads ageewei yher aubhysdi ssol ved or
partly dissolved in“the liquid used, suitably protic liquid, especially
wat er or wat elre@stvaioiisry SISiequP@C Vit h the addition of the appropriate

amount of zeol i te gpd RRIHPRAl thefhr aet Bk taxigde fmaher pakctesomeief the
starting conponents or to a mxture of starti ng conponents. Mbst
v el
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heating a precly sy .ngﬂeq@r\gylg,h firsm N2bheof asmof , mekel S recover ed
from a slurry, optionally-after aging at a temperature in the range of
from 20 to 950G mably mthiamimne B¢ YRendted Nes &0 981 Orfr y 168 %&OO ai ned by

(co) precipitaiiang, atya KIS enti dd MR 2ARd KL eical Urhe aroneedft nore G o
Vi b met al corrpounds, one or n&ﬁ;de Grloup \(Iyﬁl metg1 corrp(?uﬁéls, one or nore P
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onpou in a proticliquid. This PLOGESS W RI8yH ' inves hi gh
crush r;f engt“ﬁl>p en” s%%ép%gﬁg’g Extru ed. V\?\jea?eeﬁ}teﬂ%tnetﬁ%?oerf\skgd%sggre useg

as solids (anskygen oroxpyen partiggeati sgol e athen EEHWE i9ft @0 MTadtenM t h

e Dot hidlor, 108 B U SMAND Alnddihd 1IN0 Shapriksll vt
hydrogen sulfide, or a mixture thereof. The decomposition
may take place during processing of the slurry or during

15 further processing of the composition for use, eg during
extrusion or calcination before or after shaping.

The preferred preparation process of the present
invention involves contacting one or more slurries of the
desired metals in a protic liquid (for example water)

20 wherein one or more of the metal compounds, especially
both, are in solid and dissolved phase simultanecusly,
with a zeolite and optional refractory oxide in the
presence of an alkali compound at a temperature and for a
time sufficient to produce the precursor. It is possible

25 for each metal type that the metal is provided by two
metal compounds, one of which is soluble in the protic
liquid and the other of which is only partly soluble.
Metal in this context does not refer to the metals in
metallic phase but to metallic compounds containing the

30 necessary metal ions.

It is possible for all components to be added to the
protic liquid at the same time or sequentially. Also it
is possible for one or more of the metal compounds, the
seolite and the refractory oxide to be in slurry phase

35 with the protic liquid, and for the remaining components



Thus preferably, the netal conpounds utilised in the process of the
invention are added to the protic liquid in solid form The netal conpounds
and refraspany/xisde are suitably utilised in the percercage20uiogizv2 anount s
al ready di scussed above. The deconposition or heating of the precursor is

performed at an el evated tenperature in _fhg range of from 100 to 600 OC ,
preferably from 120 to 450 OCt, nore preferably at a tenperature in the
range of frofiP256 289880 68 S The deconposition may take place in an inert

at nosphere, such asecupdereBkt bogehe anyenobbe gastosuatabkyurevoheeeof, or
in an oxidative atnosphere, _.e.g. in _oxygen, oxygen-pjtragen i, _9on a

m xture of of&SoPifdfE PﬁeFéBF?yoPg?ﬁea%}§535?¥v8%agh%s%ggP8,ggécﬁggs
hydrogen, hydrogenvaulf hdea10k)acoybunast her eaterThe debemppsbtion nay

take pl ace during processing of the slurry or during.furthe rocessi ng of
t he conﬁbsitﬂéﬂug§rhﬂ§@§e§ga&uﬁﬁﬁ§a§§9rG§%8ﬁr8 uEﬁI%?%ﬁt?oﬁiﬁgFXrg%or gfter

shapi ng. The preferyad Prepakalironopr 0¢ess ofothe pigsed; kadention
i nvol ves contacting one or nore slurries of the desired netals .protic

liquid (for evmAsIAaREler Fauisiceidt GRe SaRVAGFE GETPREMBES a@oﬁ?}%ﬁﬁds,

especi al |y botho A& IThSYdd Ard 19 $3@l ved rakase ySomibanaqesltiyl with a
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at a tenper atairs admd Wadrera an i eyt PrEtest 1EdYgfodudE it ke tgﬁee&l} or°Ht is

possi| bllﬁ) for aec%;'hciﬁ acLo tape, thaty tihe MRl e RheMivdeshahy cowe ol
conpounds, one of Ich is soluble in the protic |iquid and the other of
which is onl yipardt yersioliubile. favbttdle ifprtsd omtfettredtésadotStrefer to the

metals in metallic phase fut o MR idh CUPUWRLS CRMAINAY W@ the
alkali compound is added to a slurry of partly dissolved
metals, the zeolite and the refractory oxide, very useful

15 catalytic materials are given. It is, however, possible
to add the metals’ slurry to the alkali compound, with
the zeolite and the refractory oxide present in one or
the other or both, and still obtain useful catalytic
compositions.

20 Blending or mixing can be carried out by any
conventional means, eg an anchor stirrer, or a high
energy, high impact method, for example using an Ultra
Turrax machine.

During the mixing or blending process, the

25 components of the slurries (co)precipitate to form solids
of the precursor composition preferably under the action
of the alkali precipitation agent. Normally the term
‘co-precipitation’ is used when two or more compounds
that are dissolved, precipitate out of solution together.

30 In the preferred process of the invention, a portion of
the compounds are not dissolved and it is possible that
one or more dissolved components precipitate onto the
solid component (s). Therefore we prefer to use herein
the terminology ‘(co)precipitation’ when referring to

35 precipitation of materials at least one of which is in a



necessary nmetal ions. It is possible for all conponents to be added to the
protic liquid at the sane tine or sequentially. Also it is possible for one
or nore olotbe/retsal conpounds, the zeolite and the ref raeriEPegosoxizde to be
in slurry phase with the protic liquid, and for the remaining conponentsto
be added thereto. The process of the inventjan nost suitably involves the
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slurry of parddy digsalrned iRt Produdie zealiicke1gndnthechgbiragiory waxilde,
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Bl endi 75 pr ocuebt THb Lorpanants ot e o reiee Loy pres priors 18 Form
solids of the prmetiaddrhadomssiatiing phef e(,cgpmpyre@ﬁ@értattﬁgna@tqo(gﬁss at

higher temperatures may cause too much dissolution of the
metals components to enable a good end-product; at too
low a temperature then insufficient dissolution may

15 occur.

In a preferred embodiment, an initial slurry

concentration of in the range of from 2 to 40, preferably
2 to 25 wt% of nominal solids content is aimed for. By
nominal solids content, the amount of solids added to the

20 protic liquid is intended. Preferably the amount of
alkali compound, eg ammonia, in the slurry is at least
0.2 mol per mol of metals, on an oxide basis, and at most
50 mol per mol of metals, on an oxide basis. The quantity
of alkaline material can affect the final form of the

25 catalyst composition. The amount of alkaline material,
eg ammonia, preferably applied should be at least 0.75
mol, more preferably at least 0.8, especially at least
0.9 mol, per mol metals, oxide basis. The amount of
alkali compound utilized is preferably at most 5, more

30 preferably at most 3, and especially at most 2, mol per
mol metals, oxide basis.

The pH of the final slurry mixture is generally

neutral to alkaline, and is suitably at least 6.0, and
even more suitably at least 6.5. Generally the pH of the

35 final mixture is in the range of from 6.5 to 9.0,



of the alkali precipitation agent. Normally the termco-precipitation' is
used when two or nore conpounds that are dissolved, precipitate out of
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insufficient dissolution may occur. In a preferred enbodinent, an initial
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anount © _ e protic I'iqui i ntended. Preferably the
anount of al kaddcesmeeund, eg ammonia, in the slurry is at |least 0.2 nol

gﬁr agoloxg)];eng;g: ?Su?ihncea%g.uegﬁrl%t%ﬁaﬁil%’ c%%o%%d@qs%hgghm%kagerinmé'a&ﬁ.ym3t al s,
solid phase if the solvent is water, and therefore are
preferred, are nickel carbonate, nickel oxide, nickel

15 hydroxide, nickel phosphate, nickel formiate, nickel
sulfide, nickel molybdate, or a mixture of two or more
thereof. Additionally soluble salts such as nickel
nitrate, sulphate or acetate may be used in combination
with one or more of these compounds and/or with each

20 other. The corresponding cobalt or other Group VIII
metal compounds are also sultable. Suitable, and
preferred, molybdenum compounds (based on similar
criteria) are molybdenum (di or tri) oxide, ammonium
molybdate, molybdic acid, molybdenum sulfide, or mixtures

25 thereof. These materials are commercially available or
can be prepared by commonly known laboratory practices,
e.g. by precipitation. The corresponding tungsten or
other Group VIb metal compounds are also suitable.

Starting materials having a C, H, and O component in

30 addition to the desired metals are, in general, more
preferred due to a lesser impact on the environment.
Nickel carbonate is therefore more preferred, since it
can decompose to nickel oxide, carbon dioxide and water

upon heating, based on the carbonate content of the

35 starting material.



of alkaline material can affect the final formof the catal yst conposition.
The anount of alkaline naterial, eg ammoni a, preferably applied should be
at | east Wonboenmbisonore preferably at |east 0.8, especi acirgpradosioesst 0.9
nol , per nol netals, oxide basis. The ampbunt of al kali conpound utilized is
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, per nol netals, oxide the final . slurry. m xt
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accurately apglpWehb ceppbshency the ttf of the heated final slurry mxture,
it is useful to renove a snmall sanple, cool it_to_anbient te 5 ture and
e

then toSmeasure tRBipRbhy ebkebnt FERBPURBANIPPELRARrAF§ FolERE tif'ng of

the prior arkyd?%x§ﬁ%g BH b@%ﬁ%@ro&ﬁ@egeokbk|éxﬂﬁﬁ@élaér8@§ beenofound to
retain fully its crystal strucfure durin reci piitati on_and during

subsequent reco¢eryp dhPingrahdocBYErARLFBA’ pEBEQHu BsOT SEPYRLEERGr oup

VI conpounggil@gk%@ Sb§$ubnzaarEEVIQOBdeEBaﬁeIEA therspl vent is water,
and therefore are préferred, are nickel carbonate, nickel oxide, nickel

hydr oxi de, nn@k@bnph@§pha@é eAvdRall ehbr ATAPE1UR| ERBPOSDAFT dB8T ni ckel

mol ybdate, o iq MXIUrLe oby! ¢8o06 kel ReEeabs Addithanal Lyagplubl e sal ts
such as ni cke nltrate phate or acetate may be used in conbination with

one or nore ahcﬂm@&eammwmowmd@ydm@ﬂoﬁGMASﬁdéé@hhﬁﬂﬁ@ﬁld¢hea@@PPé§Bondlng

cobalt or o
the& ca%%p g&hknlum carbonate, and sodium carbonate.

Also suitable for use as an alkali compound are any
basic, nitrogen-containing organic compounds, eg selected

15 from aliphatic or aromatic amines and polyimines like
polyethylenimine; pyridine derivatives; amino alcohols;
amino acid salts; and urea and substituted urea
derivatives which produce ammonia or amines upon heating
in water.

20 Preferably the alkali compound is one that will
generate ammonium ions in solution; this includes ammonia
which, with water as the solvent, will generate the
ammonium hydroxide form.

It is generally preferred to utilise mixing and

25 precipitation conditions, which keep the solvents below
the boiling point temperatures of the applied solvent,
i.e. below 100°C in case of water. The pH of the slurries
is generally kept at their natural pH during the entire
preparation process. However additional adjustment of

30 the pH can be conveniently achieved, if desired, by using
suitable acidic or additional alkaline compounds as
generally known in the art.

The formed slurry is optionally held at ambient or
elevated temperature for a period of time (commonly

35 termed ageing) subsequent to the end of the



metal compounds are al so suitable. Suitable, and preferred, nolybdenum
conpounds (based on simlar criteria) are nol ybdenum (di or tri) oxide,
amoni umwol2yiiarmse nol ybdi ¢ acid, nol ybdenum sul fide, ecTmpiéesnes9t her eof .
These materials are conmercially avail able or can be prepared by commonly
known | aboratory practices, e.g. by precipjjation. The corresponding

tungsten or other G oup Vlh t al I i table, : i
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the carbonat g ot e/ @fort hensiteant iepeatenirdl,. e kaampleyl kabn ao,
al kal i ne conpound’ are used herein to indicate any conpound that will yield
a pH of @t | easitta#10; viitdm t2HECpr dbi 85F Cqubdehheabhvasupedoat tanBP ent

tenperature (20 0C) .. Suitable i canpo S lie - l.ected from
hydr oxi des orar&oqﬁ%‘?%ﬁ%s?tb St aéedigcr?pl@, r%gﬁ% Iai{%qgrg ?Jg%(r)l%dser%osup HA, or H
b hydr oxi des;ofd a1 ofo IGraupl kA idliicet éste Glawd nledl mixthBeortcGeoup H A
or H B carbonates; and eqaai val ent anmoni um conpounds; or m xtures of any
two or nore tHFLoftCT &R "P%e'exarrpl es i nclude ammoni um hydroxi de, sodi um

hydr oxi de, ammoni unFsd + i @@t EonMmmd Limgartienatees,a fared! sddinm cenbdreat e.
Al'so suitable for use as an alkali c mpo d are w%gy tiansioc der to
ni t r ogeh? contRF AFHG G gethi ¢ rbLBﬁ%ecﬁ.l_ n‘ﬂ‘ﬁ ]egafnesreqrécte ¥ romA9%hat ¢ or
aromati c am ngsqang 9 Vil Nescditenpolwretdry lpriddse;capyrirdialerederi vati ves;
am no al cohols; amino acid salts; and urea anéj substituted urea
filtration, spray drying, flash drylng, evaporation, and
vacuum distillation. By evaporation, any process of
driving off the protic liquid, e.g. water, or drying is
15 intended, for example dessication and boil down
processes. The system used will depend on a number of
local factors including environmental legislations, and
energy availability. Most preferred is spray drying.
The most preferred combination is to use the
20 preferred slurry preparation process (utilising alkali
compound) in combination with spray drying.
The so-prepared solid product is a powder which has
a loss on ignition LOI of 5 to 95%, suitably 10 to 20 %,

Q

and conveniently 15 to 20

o\

25 Herein loss on ignition (LOI) for a material is the
relative amount of lost mass upon heating the material to
540°C following the procedure: The sample is mixed well
to prevent any inhomogeneity. The weighed sample is
transferred into a weighed and precalcined crucible. The

30 crucible is place to a preheated oven at 540°C for a
minimum time of 15 minutes, but typically for 1 hour. The
crucible containing the dried sample is weighed again,
and the LOI is determined according to the formula:

LOI% = (w — wggle)/w * 100%



derivatives which produce anmonia or anines upon heating in water.
Preferably the alkali conpound is one that wll generate amoniumions in
sol uti on;wohbe/i2msbudes ammoni a which, with water as thecsapr@sinssoe | |
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reductive and inert gases or mixtures thereof, with or
without ammonia and/or water moisture present. The drying
temperature is preferred to lie in the range of from 20,
15 usually 25, to 200°C, preferably 55 to 150°C and
especially from 70 to 130°C.
The powder may be used as such or, more preferably
is used as a shaped catalyst formulation.
Optionally the obtained powder is calcined prior to

20 shaping. Suitable calcination temperatures are in the

range of from 100 to 600°C, preferably from 120 to 450°C

eg under 400°C and very suitably at substantially 300°C.
The calcination may also be carried out in any suitable
atmosphere, e.g. inert gases as nitrogen, noble gases or
25 a mixture thereof, or in a reactive atmosphere, e.g.
oxygen, oxygen-nitrogen, air, or a mixture of one or more
thereof, or a mixture of inert and reactive gases.
Prior to shaping, the obtained powder is optionally
mixed with additional materials in either solid or liquid
30 phase. Those in solid state include catalytically active
materials, e.g. other catalytic materials generally used
in hydrocracking applications. Thus the powder may be
combined with a further cracking component, such as a

zeolitic or other component that promotes hydrocracking,



i nt ended, for exanple dessication and boil down processes. The system used
w || depend on a nunber of |ocal factors including environnental
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sanpl e afterarﬂlgg'gf'ﬁﬁ PROPRBbYEn T bot FRebT R RN 1 THEOWGM of the
cruci bl e. Theiptepar ednpoudes, Myrbe demesuhes ore1eptionalodtsihely
processing, especially where filtration has been used to isolate or recover
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at nosphere, gefalbpest, nsueliras héFegen, probbie: B2 eSomOSumd Xt 5,4 her eof
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phosphorus compounds can be used for peptising (with or
without nitric acid).

15 Most often, any additional component may be a
diluent or a binder incorporated to influence the
physical properties of the catalyst, for example density,
attrition resistance and crush strength.

Moreover, added materials may include additives

20 typically referred in the art as ‘shaping agents’ or
‘shaping aids’. Those additives may comprise stearates,
surfactants, graphite, or mixtures thereof. For maximum
strength in the resulting shaped materials however,
particularly where shaping is by extrusion, then it is

25 preferred to minimize the amount of any conventional
extrusion aids. Most preferably, shaping is performed by
extrusion in the absence of any extrusion aids.

Suitable materials in liquid phase may additionally
be added to the shaping mixture obtained, which include

30 protic, e.g. water, polyols, etc., and non-protic
liquids, e.g. hydrocarbons. Protic liquids, e.g. water,
may be added for example in order to bring the LOI
content of the mixture to a suitable level for shaping.

In general, there is no particular order of mixing

35 the materials (in solid and/or liquid form) together.



W t hout amoni a and/ or water noisture present. The drying tenperature is
preferred to lie in the range of from 20, usually 25, to 200 0C ,

pr ef er ablwo2606/278580 0C and especially from 70 to 130C. pEErpamsnsssoney be
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transition netals, gr mxturesthereof, Phosphorus compounds fmay be
sulfidation may be carried out by contacting the catalyst

15 or precursor with a sulfur-containing material, e.g.
elemental sulfur, sulfides, disulfides, etc. in gas or
liquid phase. Sulfidation can be carried out at any step
of the shaping procedure, including prior to the first
optional drying step. It is preferred, however, that

20 sulfidation is carried out only prior to shaping when any
of the subsequent heat treatments performed are carried
out under a suitable atmosphere that prevents the
conversion of the (partly) sulfided phase back to an
oxide state.

25 Sulfidation procedures are very well known in the
art, and consist of either in-situ sulfidation when the
catalyst is in position for use, or ex-situ sulfidation
which is carried out prior to loading the catalyst in the
hydroprocessing unit. Generally both comprise contacting

30 the catalyst with elemental sulphur or a sulphur-
containing compound at a temperature, pressure and time
sufficient to ensure adequate sulfidation or activation
of the oxidic species on the catalyst. The actual
temperature, pressure and time required can vary

35 according to the catalyst type and amount, the sulfiding
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requ”emsntsof hydrogen, by either contacting the catalyst with

liquid feedstock (in liquid or partly gaseous phase),

15 which contains and/or is enriched in sulfur, where sulfur
is present in the form of an organic sulfur compound
and/or elemental sulfur, or in the presence of a sulfur-
containing gas, or a mixture thereof.

Good results have been obtained using a conventional

20 in situ gas phase sulfidation procedure.

It is, however, particularly advantageous to perform
a conventional in situ liquid phase sulfidation, using a
sulphur-containing liquid, especially a gasoil, and
following a typical sulfidation procedure. The sulfur

25 containing liquid is conveniently the intended feedstock
for the hydrocracking process, spiked, if necessary, with
additional sulfur to perform the liquid phase
sulfidation. While it is not understood why, sulfidation
appears to promote movement of the molybdenum species

30 within the composition and gives rise to an enriched
molybdenum content in the pores of the zeolite than when
the composition is in the oxidic form. It is further
found that sulfided compositions of the present invention
have a significantly increased middle distillate

35 selectivity as well as an enhanced mono-aromatics



of the application. Those nethods include spray drying, extrusion, beading
and/ or pelletizing anong others. Sulfidation may be perforned in order to
turn one woomwe73metals into its active form I|If the cowpwspreosnsi3sz used as
a shaped catal yst conposition, then it may be sul fided before and/or after
shaping. In general, sulfidation nmay be-casried out by contacting the

catal yst or preedssQht Yo N s {4r 'ﬁ%f&ﬁéﬁgllmogf ipcﬁgamspeoes%ﬁjl &l ement al

sul fur, sulfides, disulfides, etc. in gas or Tiqul ‘dation can
be carried ottnbdlahydsteplod @henshaplmariprocedurds natdwidi hggrtpralor. to the

first optiongl.dryingsste i € ?#Qy ..that sulfidation is
carried out on‘lay p io? topg(%%%i%gs%g]%%\ysd%}fé] e l"setlrfb(_:'séeqaureento te‘;‘éljtneoll
treat ments peeforpmdoateiems r$elf bded uimerha sujtiablghatamwsphere t hat

preventg the convessign ofothe (partly) sulfided phase pack fo an oxi de
u y nown

state. Sul fidation procedutres are very we i The 5115 Yhd consi st
of either inpsdteadesuts) datnoenwhemel heecatiadyst 4 krowosid it fart use, or
ex-situ sulfjdation which s carried out prior to |oading the catalyst in
t he hydropr oﬁééej%s}%)ér)lguﬁﬁlijfée%ene?%?lf% t hs‘g%kh’psrtf]sglécao‘?ﬁ%g’f the catal yst

wi th el ementabmsul phucont aat s phiue comt @l y8 th gy o s @itprau  eswper at ur e,
pressure and &jsme sufficient to ensure adeq%it%asulfi ation or activation
e t

of the oxidi tVsPeRf eS°BR AL L APRTS5t3! The FV & e er R e tihr%ssure and

time requiresndapryasyraccol th nord betdiel ¢ adad yesd s Ty er afsh mimntshd he
sul fidingmaterials used and. the refct or. The reginme required can be readily

ascertai ned by PREAERFFI 30 HRrSbrE+H THe: aring SF T el Thr et et es.
Preferably themsupfédatiton séepraslgariéd esiDttdation temperature will

be in the range of in excess of ambient (20 °C) to 400
°%c, and the time will be in the range of from 1 hour to
15 48 hours, preferably from 10 to 40 hours.

Preferably, the Group VIII and Group VIb metals form
an X-ray amorphous phase in either the powder or the
final shaped product, as is revealed by the absence of
any newly formed crystalline phase in addition to the

20 crystalline zeolite or the refractory oxide, as
established by X-ray powder diffraction

Catalysts which comprise a catalyst composition of
the present invention exhibit a very high activity for
monoaromatics hydrogenation during hydrocracking of

25 hydrocarbonaceous feedstocks.

While not wishing to be bound to any theory, it is
currently thought that this exceptional activity is the
result of a high dispersion factor for the metals through
the zeolitic material, achieved through the careful

30 control of the (co)precipitation process. High
dispersion should not be confused with uniformity of
dispersion; the catalyst compositions for use in and of
the invention have a high activity with metals dispersed
through the zeolitic material, but are not necessarily

35 uniformly dispersed.



subsequent to the shaping step(s), and, if applied, subsequent to the | ast
cal cination step. Commopn ex-situ procedures are the ACTI CAT process (CR

| nt er nat iwoabodiozezsy and t he SULFI CAT process (Eurecat USBCImP2005/054392 S
however preferred that the |last sulfidation procedure is carried out in
situ as follows. The catalyst is sulfided2eto the active catalyst form by

means of sul fidatienappehirednewtvind tR&: Psese dydrogens py,either
contacting the catalyst with liquid feedstock(%ep %?qu?d or part?y gaseous

phase), whi clreBht ¥fhsmghat or eFReeh 1 thedhen @@lYWeHMEH@esméur is

present in thentarmaf lantﬁéggakgssgkfHﬁeCQ@EPHPPCaxﬁglééf? fig] emental sul fur,
or in the presence of a sulfurcontalning gas a m xture thereof. Good

resul ts haveCBe8R2bbYaiRetinasragoa ebnieemi dnatuimalsly uf gars phase
sul fidati on praeedyrey H:oz'nSS hﬁ?{‘ﬁvﬁér LGl gL | Ve adyant ageous to perform

a conventional in situ ase sulfidation, using a su p]ﬁur cont ai ni ng
liquid, espe@ﬁaﬁﬂP%eal@aE@ 25 W&hd ¢>6Im©ilwb@elaumymrmaﬂ>e slbd':atdaadilwmtkpixocedure

The sul fur c a q S n ien nt.ended_f eedst.ock for the
hydr ocr acki ngﬂ%rgggggthb P{ig%é $9n}3€{%£s§%% yléb?%i\éof)de?l ¥ ohar ‘guifkf?ﬁ to
performthe aftaardsphﬁs@agmm dame osiul Mhi dlec i ¢ommso stot i eimslecsit voth why,

sul fidation ﬁgggaﬁglggdgﬁgﬂ%g E%geggghof t he rml%bdenﬁ]%o ecies wthin

the conmposition and gives rise an-enrich TERTFh the _
pores of theozedictéotinan when the conposi t| onisin the oxidic form It is

f h f dth t f th tion ha e a
Sloni t1 cantly i noPalbeht i Har SRRCHT | PAE Teat SEHRY T et T !

enhanc_ed_ nonwme Aybdatiimshydeegenat i p@r@@p@ﬁétmomrm Cthogéd yskfplled in

ConpOSItlonsthe art and the main techniques are mentioned in

WO 01/00753 : utilisation of electron microprobe and

15 transmission electron microscopy using machinery equipped
with an energy-dispersive X-ray spectrometer having a
detector for identification and qualification of the
elements present in the zeolite crystals.

The present invention also provides a process for

20 converting a hydrocarbonaceous feedstock into lower
boiling materials which comprises contacting the
feedstock with hydrogen at elevated temperature and
elevated pressure in the presence of a catalyst
composition according to the present invention. This

25 process is commonly called hydrocracking.

Examples of such processes comprise single-stage
hydrocracking, two-stage hydrocracking, and series-flow
hydrocracking. Definitions of these processes can be
found in pages 602 and 603 of Chapter 15 (entitled

30 “Hydrocarbon processing with zeolites”) of “Introduction
to zeolite science and practice” edited by van Bekkum,
Flanigen, Jansen; published by Elsevier, 1991.

It will be appreciated that the hydroconversion

processes of the present invention can be carried out in

35 any reaction vessel usual in the art. Thus the process



containing silica or no refractory oxide material at all. The highest

mddl e distillate selectivities are obtained for conpositions sulfided in
t he |i quiwopheaa73sbor bot h gas phase and |iquid phase swecfripbadosos392
procedures, conventional techniques as known in the art may be utilised.
General ly, such sulfidation wll conprisepgontacting the catalyst with the

sul phur or sygLphye-cQpEZLRALAT; ef| n, el t t enper at ure and
pressure, wt h9pr efgr ab% %ﬂcélggéi %/ieg(%daﬁ%?%go%flﬁ%ﬁleﬁ%ebn%cgpﬁ?%?teoﬁt

interval s ovetsei Feewhptstvahi af atiné ngnvéet samengpy essursed Ganeral |y the

sul fidation i i nge of. in excess of anbient (20 0OC
) to 400 OC ,&ggﬁgﬁ?%g&?i %%Jdb\n %ﬁ?ybgu%ﬁg?%ég ?an%aet% Y% otk °HEUE to 48 hour s,

preferably freheidate 4ouhbuis. tiRe efet ablTlyys t her G:oanp M | {hans: € DEp: VI b

netals £orm a e in.either the powder or the final
shaped ;g)r odug?,%%é %lgéggéggﬁg%aggg%h%s%%s]erhcsetao?k%%&%gvé?“%ﬂ%
crystal line phekeona addnt¢irenotioet heataygséad lusefzeolnte or the refractory

oxi de, as esltlagllfi ShSQeQ%%%(%g‘%’%fg%g%ﬁp ‘%11‘/"]:&{11{ 'CE)%OCQ%‘J}«R t aﬁlelzctqs;ét)r/\%ii%hrwioanpri se

a catal yst co 0sFt7on
activity fordibheaconatécsibydrogenad i et £lysngedwth DeTaekd Ngh@fasite
hydr ocar bonaceotls feeﬁséojﬁgs. V{]i | e, not V\ﬂ'oshi ng to be bound to any theory,
it is currentfyithBught SHhEELERT sWekepttonit 28t T 2 ity sesul t of a
hi gh dispersiubhliachgrafh oamédhehsrs atsrtheOUGNd heo Z80) ivd€igmd eri al

achi eved through the careful . confrol of the (co) precipitation process.
H gh di sperS?B%CEﬁgu?%gn%?r%Bén%‘bh?%§efEF‘Wt]q’le%iﬁf%?f%ﬁﬁ of dil%per si on; the

catal yst conposétbonsef onouse/smsend ©F-A-310,164; EP-A-310,165; and
EP-A-428,224 may, for example, be mentioned.
The hydrocarbonaceous feedstocks useful in the

15 present process can vary within a wide boiling range.
They include atmospheric gas oils, coker gas oils, vacuum
gas oils, deasphalted oils, waxes obtained from a
Fischer-Tropsch synthesis process, long and short
residues, catalytically cracked cycle oils, thermally or

20 catalytically cracked gas oils, and syncrudes, optionally
originating from tar sand, shale oils, residue upgrading
processes and biomass. Combinations of various
hydrocarbon oils may also be employed. The feedstock

will generally comprise hydrocarbons having a boiling
25 point of at least 330°C. The boiling range will

generally be from about 330 to 650°C, with preference

being given to feedstocks having a boiling range of from

about 340 to 620°C. The feedstock may have a nitrogen
content of up to 5000 ppmw (parts per million by weight)

30 and a sulphur content of up to 6 %w. Typically, nitrogen
contents are in the range from 250 to 2000 ppmw and
sulphur contents are in the range from 0.2 to 5 %$w. It
is possible and may sometimes be desirable to subject

part or all of the feedstock to a pre-treatment, for



the invention have a high activity with nmetals di spersed through the
zeolitic material, but are not necessarily uniformy dispersed.lt appears
however twetoa/rggh proporti on of the Goup VIb netal, espmreaisioyszshen
nol ybdenum beconmes contained in the pores of the zeolitic material.
Generally in the range of from3 , suitablpg from4 , preferably from5 ,

and nore pregggﬁﬁhglfB?akgdenggfoséﬁgp%gn}0%$8rg§e%ﬁf%of.nDI.bdenun1can be

| ocated within the zeolitic pores: as’ surprising yufkﬁﬁF Pund t hat ,
after sul fidayfsaderpeadyipardpe, corposdsi bos wontlai arerokeowm| ybdemsm i n
the zeoliticyppres than the original oxidic fornms. Suitable techniques for
assessi ng the anount of nol ybdenumin zeolite pores are known to those
skilled in the arThandropessaph thkehhnygeresian enaentooned émnt WO 4/ 00753

tilisation . et 1CLO .and_transm ssion_ electron m crosco
35:nbsngghing%§§£§§i%ggdgkﬁ%hpéﬁggﬁgag?é%ﬁ%ﬁ%?%{%elgé?%3 5Pt rd terpy

having a deteebar2fortbdeotid, gatd frad, qualddd catden B dhe, elgnents
present in the zeolite crystals. The present invention also provides a
process for ton¥ePtGng a hydrocarbonaceous feedstock into | ower boiling

materials which c rises contacting the feedstock wth hydrogen at
el evat ed t enper at ﬁgg Bﬁﬁs%ﬁlgvgf‘%ﬁef)gés%u?]ée G kY p?%%]éh%% St Fkatal yst

conposi tion actaldpngstoréheapresenteiOvent ilet TS HOCLSSyL Sogonmonl y
cal | ed hydrocracking. Eéanples of iuch processes conprise single-stage
hydr oct8cki n§romws- 5t 488 w9 dB osr heki Py, ramdke seré Esrdlow fiyoln o&racki hg.

et ione (£L BNESE POPOERERa Bern L P PASEY £R5, 20 O1F of , haPt e

2 x 107 Pa. Where a hydrocracking process is carried out

at a low pressure of, for example 4 x 106 to 1.2 x 107
Pa, this may be termed ‘mild hydrocracking’.

15 The hydrogen partial pressure (at the reactor inlet)
is preferably in the range from 3 x 10° to 2.9 x 107 Pa,
more preferably from 4 x 106 to 2.4 x 107 Pa and still

more preferably from 8 x 10© to 1.9 x 107 Ppa.
A space velocity in the range from 0.1 to 10 kg

20 feedstock per litre catalyst per hour (kg.l‘l.h‘l) is
conveniently used. Preferably the space velocity is in
the range from 0.1 to 8, particularly from 0.2 to
5 kg.171.n"1,

The ratio of hydrogen gas to feedstock (total gas

25 rate) used in the present process will generally be in
the range from 100 to 5000 Nl/kg, but is preferably in
the range from 200 to 3000 N1/kg.

The present invention will now be illustrated by the
following Examples.

30 Examples

Herein, unit cell size 1s determined by X-ray
diffraction using ASTM D 3942-80; BET surface area is
determined by the BET method of Brunauer, Emmett and



"Hydrocarbon processing with zeolites") of "Introduction to zeolite science
and practice" edited by van Bekkum Fl ani gen, Jansen; published by

El sevi er ,wd28ds/023sowi | | be appreci ated that the hydrocomrecenre@s/op39cesses
of the present invention can be carried out in any reaction vessel usual in
the art. Thus the processmay be performedjion_a fixed bed or noving bed
reactor. Al se.ihg-cafajystcpf t i nvepti used, i njunction with
any suitable ?:o- cgf alyst or ot h%(?ch’atgg’l a?@bu u%?éa)l n $he ngrﬁ? Thus for
exanpl e the B48aPy8b vfintieai nvepit opoimy deseseteinn Staeked: begef or mati on
w th one or Lg t al ful _Ln,hydroprocessing, for exanple
with a catal gzs?t ggﬁ?gﬁngﬁggagaﬁggfggg% %%o i(ﬁei', T&H%O%O]f:eat ®48Ee cbht ai ni ng
a faujasite 2esptssedobydiliéetepiounidtived |usize, ni tdyen cad adysdrsdid i zi ng
an anor phous_gaf[L] so. on. Various stacked, bed conbi nati ons have been
proposeg in %e%%?é%%?ﬁ?%y @%?%‘25%2?8%?3-% 1% e, PRl et 165; and
EP- A- 428, 224Caby]y§bs, exadpl €1964) nenti oned. The hydrocar bonaceous

f eedst ocks useful i he present process can vary within a wide boiling
range. They SgLilusl '%%%%ﬁ%ﬁi—@gas oil's, coker gas oils, vacuum gas oils,
deasphal ted oil s, Inaxes obl bbbty feoamEsl & sehersmopasdy syhthesi ss4y ocess,

| ong and short residues, catalytically cracked cycle oils, thermally or
catal yti cal I%/nc‘?gik%g gas %ﬂ%,i/y%?l%l %gn?:k?%dje%‘,’erbtp]tcfrbrﬁd}ql Viorigferandry from

tar sabd, sheheadisss Ceshdue, upgs adi ng @é@f%msa%pi of@ss; + Lopbi nat i ons
of various drocarbon oils my pyed. The feedstock w |

al so be e
general Iy cofpfise fﬁy‘d‘?b%a?%%%sshé‘?/i% 2% g:g%'i ity okt dFlia Iteast 330C.
The boiling £ angenyl L 9ensEabby begif omabout 330, L0 EPGa i th

pr ef erence

a micropore volume of 0.298 ml/g, prepared as described
in WO 2004/047988.

15 Example 1
Ni0/Mo03/S105/VUSY zeolite- 13 wt%/25 wt%/9 wt%/53 wt$

557 g water were weighed into a 2 litre bulb.
Subsequently, one after the other the following compounds
were added: 54.4 g nickel carbonate (39.5 wt% nickel) and

20 62.1 g ammonium dimolybdate. 133.3 g zeolite were
dispersed in 796 g water, added to the metals slurry and
heated to 80°C while stirring. Additionally another
slurry of 22.5 g silica (Sipernat 50), 186 g water and
27.9 g ammonia 25 wt% solution was prepared.

25 As soon as the temperature of the zeolite-metal
containing slurry reached 80°C, the silica-ammonia slurry
was added and the mixture was heated to 80°C. The
temperature was maintained at 80°C for 45 minutes, during
which time the pH of a sample, removed and cooled to room

30 temperature, was measured as 7.4.

The resulting slurry was spray dried and yielded 190
g of powder. The powder was extruded, dried and calcined
at 300°C in air.

Example 2



bei ng given to feedstocks having a boiling range of from about 340 to 6200C
. The feedstock may have a nitrogen content of up to 5000 ppnw (parts per
mllion byowedsghtisoand a sul phur content of up to 6 %w. pCymPe@isloy439mi trogen
contents are in the range from 250 to 2000 ppnw and sul phur contents are in
the range from0.2 to 5 %v. It is possibl gcand may sonetines be desirable

to subject part oru@/WOgis&bg/‘fz@%S&Q&hE&—a9pw@“%é@%@?eﬁ% wtd PELXAMDI €,

hydr odeni t r ogenat i on, hydrodésul furisation or hydrodeneta |1 sat7on’ " fret hods
for which are knoin anSthetaetbulbe pBOCEs§ HEoles i nyendi OheFBYd in

conveniently g§6carr|§d out.at a reaction tqugrature in the range of from
250 to 5000C °°Pr&f BREBFy P hRY het r ARGl of AF TRTR 300 0! s UnERX pr esent

process is peghiepabhy earsoed byt Jatka & ota@hkPr esawie f&¢ 1hgifgactor
inlet) gn thfara egﬁf fro 3 x 10 to 3 x 10 Pa, pore preferably from4 x

10 to 275 x Hlﬁge AIRBFE PRefkeabry ?90%983XWHIﬂ?c§§F&¢QmDFh. Wher e

a hydrOCraCkUpgnpf@§@B§ngStﬁﬁért@ﬂp@ﬂét@%ea *@WSQﬁeﬁﬁ%%éH(%argéﬂ gxanpl e 4
x 10 to 1.2 X be termed Imld hydr ocr acki ng' %e hydr ogen

may .
parti al presé%% w?atn%ﬁEe%éac%%Q P n¥ edMPR1 W SRS AT Rt heandnde- $rom 3 x

10 to 2.9 x %OsEgeeress@rﬁé@éa@&a{e&r%nflhé WP d P, 2, 7 Pa and still
nor e preferabl rom8 x 10 to 1.9 x 10 Pa. A space velocity in the range

from0.1 to ibekgafééﬁst%Ek5p@ramm@mhac%QhWWSQnFﬁWl¢hnﬁ5(W@fIdmmpblas

convenignt | y-4s r t fromO.1
to 8 , partlgﬁ §§?§Pf?%ﬁ%g@lye&hﬁlépafﬁé f%&%% %%Fér%If%n%fE%g%Pogé% gas to

f eedst ock (t@%épuggswas kept at 80°C for 30 minutes; the pH of the

mixture was 8.3.
After 30 minutes the heating was switched off. 349.7
g of solid material was recovered by means of spray
15 drying. The powder was extruded, and the obtained green
extrudates were dried and then calcined at 300°C.
Example 3
NiO/MO3/Ti0»/VUSY zeolite- 13 wt%/24 wt%/9 wt%/54 wt$%

In a 5 litre bulb, 298.3 g zeolite were dispersed in
20 4476 g water using an Ultra-Turrax online disperser for 1
minute. The resulting slurry was heated to 80°C while
stirring. Upon reaching this temperature, 137.7 g nickel
carbonate (39.5 wt% nickel), 155.3 g ammonium dimolybdate
and 51.5 g titanium dioxide P25 (ex Degussa) were added
25 to the water. Shortly thereafter, 69.7 g ammonia solution
(with 25 wt% ammonia content) were mixed with the above
slurry. The resulting mixture was kept at 80°C for 30
minutes; the pH of the mixture was 7.9.
After 30 minutes the heating was switched off. 489.6
30 g of solid material were recovered by spray drying. The
powder was extruded, and the obtained green extrudates
were dried and then calcined at 300°C.
Example 4
Ni0O/WO3/Ti05/VUSY zeolite- 9 wt%/28 wt%/9 wt%/54 wt$



rate) used in the present process will generally be in the range from 100
to 5000 NI/kg, but is preferably in the range from 200 to 3000 N /kg. The
present iwoends/amsei || now be illustrated by the foll owrog/ERz@sPEES92
Exanples Herein, unit cell size is determned by X-ray diffraction using
ASTM D 3942-80; BET surface area is deternghned by the BET met hod of

Brunauer, Emmett ﬂ@d;'eglﬂ J £ 938 and. ASTM
D4365- 95 using a single poilv'rnt %%Ais%ssne sfrzoerr?_ln rogen aassporrpﬁ mat a p/ po

val ue of 0. 08474 @r‘o@me wol ugrean sUbsisesBeadedy drileite pliotpamtdodtdising

nitrogen as S | bed i ppen nsen Baer, Journal
of Catalysis, 8%% ?@%ﬁgiség%lgfyss@#%p‘gr aﬁ?eoanl_tﬁéei%wtg Cﬁﬁeg;; exanpl es
t he sane VUS%YtlsrLlItigl i@lecdninead:lhim thes cagrabersttsuod, tde 4 nyenidlonl and in
referenge caégr%/

and. i.s trastable zeolite Y having a
unit cell size 0%11%163?%9 4 ‘ot ar%lcs]f |ca%{ a% Ui HA"FHEYd of 29, a BET
surface areaneta893gstige, amindsh. 5 ¢ riopodrel wol dingx iofe (R298(¢wt / g, prepared
as described.in WO 004/ 04 8. Ex Ni O NoC>3/ Si 2/VUSY zeolite- 13

S % 25wt o6 P HR YT EAT WO B e e e W G AP ) 9G4 1T ol b
Subsequently7109€gaémmmni$m$®ﬁﬁmﬁoﬁfmwitﬂ|ZBMWK?(Ehmmﬁwﬁd&uﬂﬁﬁéh@MdEd 54. 4

g ni ckel carbonate. \Af]t’m% ni c%j%%‘ nld 62. 1 anmoni um di nol ybdate. 133.3
g zeolite weVerdi%hH ? Sttt & eF L Udted 1D T ekl Sistiiiry and

heat ed1to 80Q&whepe stiso?ngsoAdEh trh D@ &/ el herprsla ry, ®f 22.5 g silica
(Si pernat 50), 186 g wat er and
er 30 minutes the heating was switched off. 465.8
g of solid material was recovered via spray drying. The
powder was extruded, and the obtained green extrudates
were dried and then calcined at 300°C.
15 Example 5
NiO/Mo0O3/S109/VUSY zeolite- 7 wt%/14 wt%/6 wt%/73 wt%

557 g water were weighed into a 2 litre bulb.
Subsequently, one after the other the following compounds
were added: 55.1 g nickel carbonate (39 wt% nickel)and

20 62.1 g ammonium dimolybdate. 264.4 g zeolite were
dispersed in 796 g water, added to the metals slurry and
heated to 80°C while stirring.

Additionally another slurry of 22.5 g silica
Sipernat 50, 186 g water and 27.9 g ammonia 25 wt$

25 solution was prepared.

As soon as the zeolite-metal containing slurry was
at 80°C, the silica-ammonia slurry was added and the
mixture was heated to 80°C. the temperature was
maintained at 80°C for 45 minutes, and the pH was 7.4.

30 1061 g of demineralised water heated to 80°C was added
and the mixture was homogenised.

The resulting slurry was spray dried and yielded 252
g of powder. The powder was extruded, dried and calcined

at 300°C in air.



27.9 g amoni a 25 wt % sol uti on was prepared. As soon as the tenperature of
the zeolite-nmetal containing slurry reached 80 0C, the silica-amonia
slurry wasoadebad7and the mi xture was heated to 80 OC . Phe/Hresgpsesabrir e was
mai nt ai ned at 80 OC for 45 mnutes, during which tine the pH of a sanple,
removed and cooled to roomtenperature, wa neasured as 7.4. The resulting
slurry was spkaypdei gd and yiel ded 190 g of powder. The powder was
extruded, dried and calcined at 300C in air. Exanple 2NO W 3 /Si @2 /VUSY
zeolite- 9 WIPZHORBYFIOM YHEY @e0d ihea-55] wtdélBukbs/R@38:6/Yozeotite was
di spersed in 3636_g water .usin n online disperser (Utra-Turrax equi pment
as gold by Janke égKanEeﬁlEﬁﬁkguigr2i7n7nﬁté?oﬁhﬁer@%ﬁl@%ﬁ©e§$©¢rynmas

heated to 804QCowhi ketsti uking. abpOD: Feaoh PYxt BhSi tENPEEALHLE, #8,5:0
ni ckel carbonate (39 w % nickel), 140.5 g ammoni um net at ungstate and 44.9 g

Si pernat 50 WePBtSddéhet 5SFHethAgeP lUBESr v Rprtedfters0b7. hiylamoni a
solution (W t5hi2Pine% 8 Nk8a6RNEENED ] iLthy&h b urry.
iZ22iWg7% 8ABRANLAES 50 Okyefgmg%f§9u¥é, 4§.§é§p€#§¥§%

The resulting m xture was kept at for m nutes; t he
mi xture was 838PoRpter (30 Wrhubéskehe, hbhti hgd wemmend we hetnof yod3de. 7 g of

solid nateriahdmgs.wegpgggggngy 5B20$1 P4 SPLAY 9a%é@9toTPﬁep&¥9§£.“ﬂs

extruded, and the obtained green extrudates were dried and then cal cined at
300 OC . ExafpPEt3YNCENEBLTRD 226 VOSY 2mBdhi@- SABUW 04 24wint 84 D5 W o4 54 Wt %

In a 51bitre hibRi2298n8eHr7eQlit e, VeLg ?£§ﬂe%§§da£€Y$4gﬁu9 yatgr using an

Utra-Turrax online disperser for 1 mnute. The res i Ng s¥%?ry was heat ed
to 80 OC whi Fésulting mixture was kept at 80°C for 30 minutes. The pH

was 6.8.
After 30 minutes the heating was switched off. 509.4
g of solid material was recovered via spray drying. The
15 powder was extruded, and the obtained green extrudates
were dried and then calcined at 300°C.

Example 7
NiO/Mo03/810,/VUSY zeolite - 20 wt%/20 wt%/10 wt$/50 wt$

In a 5 litre bulb 298 g zeolite was dispersed in

20 4444 g water using an Ultra-Turrax online disperser for 1
minute. The resulting slurry was heated to 80°C while
stirring. Upon reaching this temperature, 205.2 g nickel
carbonate (39 wt% nickel), 115.8 g ammonium dimolybdate
and 56.1 g Sipernat 50 silica were added to the water.

25 Shortly thereafter, 101.1 g ammonia solution (with 25 wt$
ammonia content) were mixed with the above slurry. The
resulting mixture was kept at 80°C for 30 minutes. The pH
was 8.6.

After 30 minutes the heating was switched off. 522.5

30 g of solid material was recovered by spray drying. The
powder was extruded, and the obtained green extrudates
were dried and then calcined at 300°C.

Example 8
Ni0/Mo03/5107/VUSY zeolite- 14 wt%/26 wt%/10 wt%/50 wt$



stirring. Upon reaching this tenperature, 137.7 g nickel carbonate (39.5
wt % ni ckel ), 155.3 g anmoni um di nol ybdate and 51.5 g titani um di oxi de P25
(ex Deguswe)oewmnessadded to the water. Shortly thereafteprCcTG®P20050580M0NI a
solution (wth 25 wt % anmoni a content) were m xed with the above slurry.
The resulting m xture was kept at 80 0OCfqy3 30 m nutes; the pH of the

m xture was 7.9. éhtgr53g-g}gu5g§b;h§9ge ti ifched off. 489.6 g of
solid material _were recovéred by spray d?ykﬁg%¥$%ea%%ﬁd§%SR%ESEQt?ﬁded, and
t he obt ai ned4§reef ERtetdicésIwerelltiredTandakhenl tat cinsdeate30000C] .

Exanpl e 4 N @ MGBLTI GRLVUSY 260} )t 9% 28, Wt % mﬁ@% 4 WwANn as5litre
bulb 298.3 g zeolite was digpg?sgdg}ﬁgﬁgg%gé Qa E?gug?n ga% Ypfr%-Turrax
onli ne di spef§errisg- 1Uapnureachegr ebubt tagpstatuyewasiheat gdnt ex80 0C

while stirri r hj nj np ture, 98.2 g nickel carbonate
(39.0 m%@bnig gF%BQ§$5?g§gkg%n%2F§%§ﬁétg%Sh%s?a?%mgﬂﬂg%1QBm%l¥??%R?un1

di oxi de P25 gBx Eégmssaﬁipereaadaédsibitaew@ﬁée&ddéhoté!yh%hﬁéeﬁitﬁr, El.9
g anmoni a so i (W 25, Wt % ni_a_cont ent re mxed with the above
slurry. The %gé%??¥n§%%?§?gF%rma gEZp? 3Tm%@lﬁcg?ﬁ$t8®nnf%h?%sz%nYhﬁa pH of
8.3. After 36mmbnitesohhenhpawéng Meawiﬁhe@lhﬁgibo&&sﬁugryg %@éldd ]
mat eri al was_recovered via spray drying.. The 6 powder_was, extruded, and the
obt ai ned greé%sggg%aga?éégﬁégew%?i%%pgnﬂttggngcg?ﬁi%%d“é@u%©®-dth? EXanmpl e
5 NO MO 3 w&s02.1VUSY zeolite- 7 %14 WM% 6 W% 73 Wm %557 g water were

weighed into a 2 lLitre | b, Subsequently, one after the other the
foI?omﬁng conpounéEEﬁérggaﬂﬂgﬂ?e§5Fﬁegh%¥Ek%? $aF bt e ¢39O 96 A8 Ekel ) and

g of solid material was recovered by spray drying. The
powder was extruded, and the obtained green extrudates
were dried and then calcined at 300°C.

15 Example 9
NiO/Mo0O3/VUSY zeolite- 17 wt%/33 wt%/50 wt$

In a 5 litre bulb, 298 g zeolite were dispersed in
4458 g water using an Ultra-Turrax online disperser for 1
minute. The resulting slurry was heated to 80°C while
20 stirring. Upon reaching this temperature, 172.1 g nickel
carbonate (39 wt?% nickel) and 194.2 g ammonium
dimolybdate were added to the water. Shortly thereafter,
87.1 g ammonia solution (with 25 wt% ammonia content)
were mixed with the above slurry. The resulting mixture
25 was kept at 80°C for 30 minutes. The pH was 8.1.
After 30 minutes the heating was switched off. 523.6
g of solid material was recovered by spray drying. The
powder was extruded, and the obtained green extrudates
were dried and then calcined at 300°C.
30 Example 10
NiO/MoO3/VUSY zeolite- 26 wt%/49 wt%/25 wt$

In a 5 litre bulb, 143.4 g zeolite were dispersed in
4413 g water using an Ultra-Turrax online disperser for 1

minute. The resulting slurry was heated to 80°C while



62.1 g amoni um di nol ybdate. 264.4 g zeolite were dispersed in 796 g water,
added to the netals slurry and heated to 80 OC while stirring. Additionally
anot her sWorng/mf3582.5 g silica Sipernat 50, 186 g wat epcamp20g04392 anmoni a
25 wt % sol ution was prepared. A s soon as the zeolite-netal containing
slurry was at 80 0C, the silica-anmmonia gl4ur_ry was added and the m xture
was heated t t r s d OC for 4
m nut es, andgtﬁgrgﬁgmg&;n;%%é%t‘g &Tﬁ%etm era |L2r'gd’ a§ h%arfje%k? 80 0C
was added angathenaigt (3e wab Ihb@b@bhi@re@ 29hel r@Mwmgml urry was spray

dried and vyi (o] e dried and
cal ci ned at %%Iggg%glé%tgl ‘?‘fgﬁga GJ{I @ﬁbwgaeg I}N’gl é%éﬁq}e%ﬁfteer-’ 5

W% 19 wt % 6198 9% 70 W@mhaas@thtime bul th 427 . wt 9 aendriie yastahspersed in
4419 g water g;len ;8D Ulté Turr%§ onllfe dis rser f 1l mnute. The
resul ting sl UFFy WasSHedt OE wh LIuémét ‘U;) é%llc’hphﬁet hi s
t enper at ur e, wd8. Begt natked °caf&bona® em{ Bt &' % Ni ckel) 112. 4 g anmoni um
di nol ybdate and 3 pernat 50 silica were added to the water., Shortly
thereafter, 26.6 ‘gfgﬁﬂoﬁ BT TRT o e WP ER DB W attiort 2 ¢ ot lent 34 e e
m xed with the above lsiauéfyalmss I eScib¥d Ngd Mb Xt 445 €a Wasr ke . ath80 0C for 30
m nutes. The pH was 8. Aft 30 m nutes the heating was switched off.
509.4 g of ngwﬁeﬁa‘f’%Fl‘éi‘t e‘f‘ec%%r@&? whtaney %F?@ﬁrhgex‘fliﬁédap‘%ﬂﬁjer was

extruded, angdetbedobtai agd gheencextinsates ywegecdried and then cal ci ned at

300 0C . Exanple 7
Example 11

NiO/Mo0O3/VUSY zeolite/Beta zeolite- 24 wt%/45 wt%/25
wt$/6 wts.
The Beta zeolite used in this example had a silica
15 to alumina ratio of approximately 300 and was obtained
from Zeolyst International under product code CP-811C300.
In a 5 litre bulb, 143.0 g zeolite and 35.8 g Beta
zeolite were dispersed in 4424 g water using an Ultra-
Turrax online disperser for 1 minute. The resulting
20 slurry was heated to 80°C while stirring. Upon reaching
this temperature, 237.8 g nickel carbonate (39 wt%
nickel) and 268.5 g ammonium dimolybdate were added to
the water. Shortly thereafter, 120.4 g ammonia solution
(with 25 wt% ammonia content) were mixed with the above
25 slurry. The resulting mixture was kept at 80°C for 30
minutes.
After 30 minutes the heating was switched off. 508 g
of solid material was recovered by spray drying. The
powder was extruded, and the obtained green extrudates

30 were dried and then calcined at 300°C.

Activity Testing

The hydrocracking performance of the catalysts of
the invention was assessed in a number of second stage

35 series-flow simulation tests against a number of



Nl M q 3/Sig2/VUSY zeolite - 20 %20 WMt % 10 % 50 W% In a 5 litre
bulb 298 g zeolite was dispersed in 4444 g water using an U tra-Turrax

onl i ne diwpenssanr73ser 1 m nute. The resulting slurry waspoeatreastss38C whil e
stirring. Upon reaching this tenperature, 205.2 g nickel carbonate (39 wm %
ni ckel ), 115.8 g ammoni um di nol ybdate and3%6.-1 g Sipernat 50 silica were

added to the h re r 1.1 ammonia solution (wth 25
wt % ammoni a E%ﬁ%g%{l‘f@\,\g%%%}’ég% Waf]}&lgt%ee&tgjb%%e&as ucrarlgllfl‘el‘ieo?%shrf‘ti ng
m xture was kepe-ahr8030QuforoB8Dow autgsmeThewphtinasad. ibeedf 1@idSd m nut es

the heating S\ e 2 of solid materia s recovered by
spray drying. iﬁeyp%%ega%gy%gtk%%%e%?m no®the gﬁ?ﬁi%e@@?%%‘f‘uajg&ﬁ udat es
were dried andomhenctal tinedaataBDe Ofom Exanpt et & MY dda BydSi H2 / VUSY
zeolite: 14 % 26wt % 10 wt % 50 Wn.,a b litre bulb 98 g.zeolite were
i sper s3d | nlaarBob ok EPERTRD ANCCFTR A ER rhoctbrt b BigheiLer for 1

mi nuL_e. T[]ﬁ_ pEfuitlegt shura;l/kégaiorhecaa_heﬁl%(@t %%@C‘cfmigsgﬁz&% (ryI(b.rtglk (lg.%:)on155 ;
reachi ng thi enperature : ni.ckel carbona o ni ckel ), :
g amoni um d%ﬂ%l ggagt 8agﬂby%%.§lbgg‘?%e‘?’h%ft‘ g(g) Bt 9%’ wer®" atifed to the

wat er. Shortpyrthereaft Both68atalyarmpada $otaitpon- i tiued W % apmoni a
content) were mxed with the above slurry. The resulting m xture was kept

at 80 OC forPB8°Fi hot ESSEHRE DY WBe BF 1EVAFterBEIYsHut es the heating was

swi tched of f. 487¢ZsgpRhssobiUf MALEIbR! YOSsHEELYEEED DY SPFSYnaH YAhg. The
powder was extruded, ~and the obtained ?r een_extrudates were dried and then
cal ci ned at §@0b9€9.lExaﬁﬁ|@hgse (5 voI% HpS in hydrogen), with a

ramp of 20°C/h from room temperature (20°C) to 135°C, and
holding for 12 hours before raising the temperature to
280°C, and holding again for 12 hours before raising the
15 temperature to 355°C again at a rate of 20°C/h.
Liquid phase sulfidation: presulfiding is performed

at 40 barg, using 1.5 vol% HpS in hydrogen and a sulfur-

containing gas o0il, with a ramp of 20°C/h from room
temperature (20°C) to 135°C, and holding for 10 hours
20 before raising the temperature to 280°C, and holding
again for 10 hours before raising the temperature to
345°C again at a rate of 20°C/h.
Each test involved the sequential contact of a
hydrocarbonaceous feedstock (a heavy gas o0il) with the
25 top catalyst bed and then the bottom catalyst bed in a
once~-through operation under the following process
conditions: a space velocity of 1.5 kg heavy gas oil per
litre catalyst per hour (kg.l‘l.h_l), a hydrogen
gas/heavy gas oil ratio of 1440 Nl/kg, a hydrogen
30 sulphide partial pressure of 5.6 x 10° Pa (5.6 bar) and a
total pressure of 14 x 10® Pa (140 bar).
The Y zeolites used in reference catalysts A, B, D

and E are commercially available from the PQ Corporation

of Philadelphia, and have the properties given in Table



Ni O M g3/ VUSY zeolite- 17 %33 %50 % In a 5 litre bulb, 298 g
zeolite were dispersed in 4458 g water using an U tra-Turrax online

di sper serwbanocloomsput e. The resulting slurry was heat edpCo/E®0003/054502 | €
stirring. Upon reaching this tenperature, 172.1 g nickel carbonate (39 wm %
ni ckel) and 194.2 g ammoni um di nol ybdate were added to the water. Shortly
thereafter, 87.1 g anmmonia solution (wWwth 25 wt % anmoni a content) were

m xed with the above slurry. The resulting mixture was kept at 80C for 30
m nutes. The pH wag Bhé¢.falievid) gemetal phecddate nghevase Satdcded of f.

523.6 g of sQli ri ered by spray drying. The powder was
ext ruded, angg%%éggﬁgaefv%%%vgr%é%gée)ét?ula e%l%er%e%i%%&érh%st% n cal ci ned at
300 OC . Exampbéiti® AnQ Moog@aviiSYrefpdctery 26xiMéf 49=nmé L4 PEy W % In a 5

litre bulb, 143, 4 zeolite wer i spersed jn 4413 ter usi an
Utra- Tgr r axagﬁ %rﬁ%’ dilgp%?%}érc?‘g?PYLsﬁi %%?I@L.li % e%%l I\fl\é?%%d sjrrﬂlr?‘%/e was heat ed

to 80 OC whiTesierbehgw. Upon reaching this tenperature, 258.3 g nickel
carbonate (3 vvt%Ti ckel%a and 291.7 g ammoni um di nol ybdate were added to
the water. SHBPEF§ tREPERFLEF: 129.5 g anmonia solution (with 25 wt %

ammoni a content) meeetaixed washptbea aboviey shigiyg dheesesed tingh M xture
was kept at 80_0C for 30 mnutes. After, 30 m nutes the heating was sw tched
of f. 540 g of CEORFHCRYL ePPEPARAS PELETelRdEBY REPRST HHSARgt e ThEr Podwnder was

extruded, angatbe ehtaBned:oneeniexicidates wes esdrietomnd,dhengalgi ned at
300 OC . Exangl e 11 NN O Mo g3/ VUSY zeolite/Beta zeolite- 24 wt% 45 wt % 25
WM%6 wto 1nh order to achleve a pH of in the range of from 4.4 to

5.7 and a loss on ignition of from 50 to 60 wt% and the

mixture mulled in a mix-muller until an extrudable mix

was obtained. The mixture was then extruded, together

15 with an extrusion aid (Superfloc). The extrudates were
dried statically for 2 hours at 120°C and then calcined

for 2 hours at 535°C. The catalyst particles so-obtained
were of regular length.
The metal hydrogenation components of nickel and
20 tungsten were then incorporated by impregnation of the
pellets with an homogenized aqueous solution of nickel
nitrate and ammonium metatungstate. The impregnated
extrudates were dried at ambient conditions in hot

circulating air for 1 hour and then at 120°C for 2 hours

25 and finally calcined at 500°C for 2 hours.



The Beta zeolite used in this exanple had a silica to alumna ratio of
approxi mately 300 and was obtai ned from Zeol yst I nternational under product
code CP- 810G@8@Mm273sm a 5 litre bulb, 143.0 g zeolite andprdT/E2@sBsi3a2 zeolite
were dispersed in 4424 g water using an-®ftra- Turrax online disperser for
1 mnute. The resulting slurry was heated to 80 OC while stirring. Upon
reaching this tenperature, 237.8 g nickel carbonate (39 w % ni ckel) and
268.5 g anmmoni um di nol ybdate were added to the water. Shortly thereafter,
120.4 g anmoni a solution (with 25 w % anmoni a content) were mixed with the
above slurry. The mesultlnglﬂﬁxgure was kept at 80 OC for 30 m nutes

After 30 mnutes the heatlﬂ vwas switched off. 508 g of solid material was
recovered by spra§y Jrying. 2 Thél powder was extruded, and the obtained green
extrudates were deied and then calcined at 300 OC . Activity Testing The
hydr ocr acki ng per@o:nance fggy catal ysts of the invention was assessed in
a nunber of seco +stage serres-flow sinulation tests agai nst a nunber
ofreference catal y§fs. The«t&$}ihg was carried out in once-through

m crof | ow equi pment® whi ch had bgen | oaded with a top catal yst bed
conprising 1 m C-424 catalyst (commercially available fromthe Criterion
Cat al yst & Technol ogy Conpany) diluted with 1 m of 0.1 mm SiC particles
and a bottom catal yst bed conprising 10 m| of the test catalyst diluted
with 10 ml of 0~1 mm SiC particles. Both catal yst beds were pre-sulfided
insitu prior to festing by one of two techni ques: Gas phase sul fidation:

presul fiding is qgﬁﬁdﬁned @v”¥§ﬂparg in gas phase (5 vol % H2S i n hydr ogen)
, Wth a 05
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ranp of 20C/ h fromroomtenperature (20 0OC ) to 135C, and holding for 12
hours before raising the tenperature to 280C, and hol ding again for 12
hours befwoeoseai2s3sng the tenperature to 355 0C agai n at peT/ERb@s0543280C/ h.
Li qui d phase sulfidation: presulfiding is perforned at 40 barg, using 1.5
vol % H2S in hydrogen and a sul furcontainin g gas oil, wth a ranp of 20C h
fromroom tenper e (20 0C 135C, an for 10 hours before
rai sing the tenp?%%{%%nr%n?% o3 % %}?t (gn{js h%l%‘??l %@%W?%‘?”&O’:‘ Her &L Hef or e
rai sing the peopesatiice bonddbCagedditlom Had eo@dn I0EE Pa r&@chi 4 este

i nvol ved t he seﬂgentlal contact of a hydrocarbonaceous feedstock (a heavy

gas oil) withPhRTEOPPLET Bl 93t T BeU® aht R e e Hot thrmRt atst Hed in a

once-thr oughgmaer abmparuuaﬂerfmglf@dmw@gt PEIREESSs Condiid ons: a space
velocit of 1. heav% 8?8 oi | g litre catalyst per hour (kg. I .h ), a
hydr oge gas?ﬂ%@Qg 148N rEXEBP6T A48 PRl adyeF by nt QUNPRi RS par ti a

pressure of Higey éﬁdpgulé5e§u@ﬁfiya@6|—rﬂulpé@|thEI@S@% esffie Mygy 10b Pa (140
bar) . The Y zeolites used in reference catalysts A, B, D and E are

conmer ci al | y?&0hi FEbPRCEF o t A2 PEFCotPoklat | Gt vty FhiPERIRI pHE BN and have

the pr0pert|@§aﬁpy@§ bR TRD! &lvenBYoh hen bl | owi ng, general oy ogedure the
ref erence catal iStS were prepared using different anounts of zeolite and

i norgani c refPaePvfy oxide, generally alumina, in each catalyst formulation

as noted in ﬁb@/ﬁ@@#ﬁs?@#%s@?@éfltglOf?dsk'ﬁﬁ/Zé\ &@iﬁids&té"%o ppepared by

mxing a zeolite w refractory Inorganic oxide in the proportions
required. 220.5 g nickel carbonate (39.5 wt% nlckel) and 256.1

g ammonium dimolybdate were mixed and added to 2250 g
water in a 5 1 autoclave, while stirring. The mixture was
then heated to 80°C.

15 A second slurry of 92.2 g silica (Sipernat 50), 750
g water and 113 g ammonia 25 wt% solution was prepared.
As soon as the metal-containing slurry reached 80°C, the
silica—ammonia slurry was added and the mixture was kept
at 80°C for 30 minutes, while stirring.

20 The resulting slurry was spray dried, and the
resulting powder was extruded with VUSY zeolite as a
50/50 mixture (on a dry weight basis), dried and calcined
at 300°C in air.

Reference catalysts A, B, D and E were gas phase

25 sulfided in situ prior to testing at 15 barg in gas phase

(5 vol% H»S in hydrogen), with a ramp of 40°C/h from room

temperature (20°C) to 200°C, and holding for 2 hours
before raising the temperature to 280°C, and holding
again for 2 hours before raising the temperature to 375°C

30 again at a rate of 40°C/h. Reference catalyst C was gas
phase sulfided in situ as for the catalysts of the
invention.

Example 12

In this Example the hydrocracking performance of the



Water and 3 % nitric acid (65 wt% solution) were added in order to
achieve a pHof in the range of from4.4 to 5.7 and a loss on ignition of
from 50 two@Qen29ssand the m xture nmulled in a m x-nmul | epPcumEPRI05BB4392
extrudabl e m x was obtai ned. The m xture was then extruded, together wth
an extrusion aid (Superfloc) . The extrudates were dried statically for 2
hours at 120.0 h o] 2 hours, at. 535C. . The cata

particles so- og%gpggé §£r§§g ?%gu?aﬁoleng B CTRES At 3t D hyRr bR tg%ﬁ
conponents ofihi kel hadingngseefohboeinhepropent pesated by |npregnation of
the pellets n ni zed aqueous sol ution Qf ckel nitrate and
annnnlun1netg%hﬁagtggggggﬁhe i npr egnat ed extrddatgé azré “dried at anbi ent
condi tions |Hyhubgenrcuhaenhg air for 1 hour and tiBen3akwl20C for 2 hours
and finally ﬁgkﬁ? g& SQOOE r 2 hours. Table 1 _Catalyst No. wt% Unit 1
Surface 1 SA eFOpor b1 TEEEI'S zeolite cell ‘siz& BPEY vol ume Content (wt
% (A) (pi2/pjdedl hgpeBeglenénee A 50 24.30 724 9. 32032%9/4g"Ni ; 19% W
Reference B 70 24.30 724 9.3 0.25 3.3% N ; 16%>M/Referenﬁe D2 10 24.30 724
9.3 0.25 5 %N : 21% W Reference E 50 24.52 817 5..8941valens &g 41009 g h
Mo 1 properties of the zeollte 2 support al so cont ai gism@n®y phous S|I|ca

al um na CReference catal is a catalyst wherein a netals plus silica

bi nder conpoEPF?i nK55°4 En ﬁ?eﬁ%?%%n9|a t he (co)lépchBWWatlon route using

conpongpt pr99$g5t2n§ggp4g%ye conpar abl e final, %pgz% gpgunts to the

conpositions o The oxide material forne nlxed and
subsequentIyD@ﬁsmuyledomnth:the sane VUSY : 0.8394 g/ml

Molar weight : 433 g

Initial boiling point : 351 °C

50 %w boiling point : 451 °C

15 Final boiling point : 605 °C
Fraction boiling below 370 °C : 3.71 3wt
Fraction boiling above 540 °C : 10.0 %wt

Hydrocracking performance was assessed at conversion

levels between 40 and 90 %wt net conversion of feed

20 components boiling above 370°C. Table 2 shows the
obtained results, expressed as the temperature required
to obtain 65 %wt net conversion of feed components
boiling above 370°C.

The middle distillate (the product stream boiling

25 from 150 to 370 °C) selectivity gain was assessed
relative to reference catalysts A and B, and normalised
to the same level of activity as the reference catalysts;
thus the reference catalysts act as standards and
therefore have an MD Selectivity gain of 0.0. Conversion

30 of mono-aromatics and the hydrogen consumption are also
recorded.

It can be clearly seen from Table 2 that the



zeolite material as used in the catalyst preparation exanples of the

i nvention above. It was prepared as follows : N O MbC3/ Si q2/ VUSY zeolite-
13 wt % 26wot20d6l273s0 % 50 wt % 220.5 g ni ckel carbonate (32cHErédnsckel ) and
256.1 g anmmoni um di nol ybdate were m xed and added to 2250 g water in a5 1
autocl ave, while stirring. The m xture wagot hen heated to 80 oCc. A second

slurry of gzcgtglgékécgf(éﬁg P@ée?ﬁ)ln3§%%£bﬁwgfg £TP %% 1cant a 25 wt %

sol ution was prep soo cont ai ni ng rry reached 80 0C
, the silicamanepadhlsé urnynoas-addedt bnel hheérodgetat somashkep L AtoB80 0C f or

resul ting poubr Ciae SREr LR e T he Ve Rt T SR S & sl e (on o
dry vvei ght basis}dddei édstntdleatsi hedsagnBDcHT In erteRedet erice cat al yst's
A, D an I e itu prior to testing at 15 barg
in gas phasegfg #§A) ]Q_SSUQQ{:I %I%%QL % gho‘frhsb rarr]f)e(g Ceifg ?fnlf?%‘?gﬁ‘r”b%m

t enper at ure (2@0Chetn) ZDﬁ) Pfe f e aneld hod th hygs f ©rwize hol sndeflodenvmi 85 ng t he
tenperature to 280 0C agai n. for rs before rai sing the

t enper at ur e ?18 %%%Ca?agfé?% foﬁpd{éfgI r? S yle han%ee?Jef Erter Tat yst C was gas
phase sul fidedfiracsbty asifler the skvalyshs @pté@am@nﬁm&m a Bxanple 12 In

this Exanple th ydrocrackij n erformance sts of Exanples 1 to
5 was testedot fng Q{)hﬁ‘a 9(:6 g €Y|C%ﬂ%e%r%‘é ‘Flgﬁ(?’n@? EHPbroperti es:

Car bonigont eatidit 86n47 v Vivdr@gen gombend-scdBe 53011%(‘érc1al
hydrocracking unit. Utilisation of the liquid phase
sulfidation in preference to gas phase sulfidation
provides an even further significantly improved MD
selectivity and mono-aromatics hydrogenation. The

15 hydrogen consumption of all catalysts of the invention is
also greatly reduced compared with that of the reference
catalysts.

Table 2 also demonstrates the possibility to tailor
the catalyst composition to a specific purpose by

20 selection of the refractory oxide utilised. Thus, where
increased middle distillate selectivity is the aim of the
hydrocracking process, then use of silica provides
additional middle distillate selectivity gain (see
catalysts 1, 2 and 2’). Where a high monc-aromatics

25 conversion 1is the main aim, then selection of titania as
refractory oxide is useful (see catalysts 3 and 4).

However, as is demonstrated in Example 13, combined
high middle distillate selectivity and high mono-
aromatics hydrogenation can be provided if the refractory

30 oxide component is omitted altogether.



Nitrogen (N) content : 9 ppnmw Added n-Decylamne : 12.3 g/kg (equivalent to
1100 ppmw N ) Total nitrogen (N) content : 1109 ppnmw Density (15/4 O

0. 8736 g/wo Dengiisy (70/4 C) : 0.8398%5/ M Mol ar wei ght pCTAD3008/0543b% i al
boiling point : 351 C 50 %wv boiling point : 451 C Final boiling point : 605
C Fraction boiling below 370 0OC : 3.71 %4 Fraction boiling above 540 C:

10. 0 % Hydrocrgcki ng [perfarimance (was| gssessed at conversion |evels
between 40 and 9% t net_ kanversian|of ,if eed cdnponents boi | i ng above 3700C
Tabl e 2 shows tué’gbt@me@l negukt/s,Nexpressedl as the tenperature required
to obtain 65 % g}@tgccm@rrsi on |-of- |FeepH corrpor%nts boi I i ng above 370C. The
m ddl e distillatge Pt he |product streambpdiling #rom 150 to 370 0C)
sel ectivity gai nrwas—assessediretativerto ref éf ence cat al ysts A and B, and
normalised to the sage |l evel| of |actlivify as thg reference catalysts; thus
the reference catalysts act_lag standarfds and therefore have an MD
. . . Q| CO N — |0 |(N .
Sel ectivity gain|ofy 0.°0> | Converseorl -of| Aono- aremati cs and t he hydr ogen
. O P|o|\O (o] NN |M |
consunption are g $osreend d.[o]8|~damno e cl earfﬁy seen from Table 2 that
thecatal ysts of fheé Present finventijon prle all ‘gi.gnificantly nore active in
nono- aromati cs hydrogenati pn tthanl gl || pf| t he r_g_?f%rence catal ysts tested.
The product sel ectivity fo ddlel di st IIatesg%significantly better and
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activity is increased (as shown by a reduced tenperature requirenent) in
preferred catal ysts wherein nolybdenumis chosen as the Goup VIII netal,
and sil i owmoizsogiesspefractory oxide. It shoul d be appreciperabdosass3az gai n of
1 %MD selectivity can provide 20,000 tonnes of additional MDyield in a
wor | d-scal e commer ci al hydrocracki ng unit 4,Utilisation of the liquid phase
sul fidation EQ or ference to gas phase sulfidation provides an even further
significantly—iﬂ%igvgg MD sel ectivity and nono-aromatics hydrogenation. The
hydr ogen consunpt iontiof satkaepta) ystisy@f ot heckiwenté ofvisamts0o greatly
reduced conpared with that of the reference catalysts . Table 2 also
denDnstratesa?ﬁgsﬁ%gngiW?fym?%et%flB?et%%t%§¥%ﬁis$e%%ﬁﬂﬁi tt%dn to a

speci fic purpesepbyssel ectiop afathetredfactncy oxtseysts s sedd Thus, where
increasgd mddle djsti|late selectivi%%%is t he ai m of the hydrocracking
process? then'GsB°btVEFYi EaSproei Bt FRFohafRei Fre WEtdFl ate

sel ectivity gakBr{pee epbabysts dhis2tand @sing MNET Bge 1Y ol FPOLs@F OMat i cs
conversion is the main ain} then selection of titania as refractory oxide
is useful (sBB2¥%tdRysPslatand BFVirgueber fohkoY SN bR FEI@Y i n Exanpl e
13, conbi ned high mddle distillate selectivity and hi gh nonoaromatics

hydr ogenat i oh2ERANHECPEBUFded i f the refractory oXi*deOcGiponent is onitted
aItogether.Tﬁpggogeg syhtided by the |iquid phaseikeghnigue 2 gain
normalized t 0 a lNinear interpolation or extrapolation of MD selectivities
vs. redliredVienpeeat (NesCPBESRESf erence catal ysts1A BREWB, which yields the
relationshi pyggeheRtb¥ElYahiRe150-370 C = 0.5310 X,T3rgdxy 138. 91Exanpl e 13

In this Exanple, a hydrocracki ng perfornmance
(equivalent to 1100

pprmw N)
Total nitrogen (N) content : 1114 ppmw
15 Density (15/4 °C) : 0.8757 g/ml
Density (70/4 °C) : 0.8415 g/ml
Molar weight : 433 g
Initial boiling point : 359 °C
50 %$w boiling point : 451 °C
20 Final boiling point : 602 °C
Fraction boiling below 370 °C : 2.86 3wt
Fraction boiling above 540 °C : 9.7 %wt

Reference catalysts B and D were sulfided by gas
phase sulfidation as previously described, and the
25 catalysts of Examples 6 to 11 by liquid phase sulfidation
as previously described.
Table 3 below shows that, for catalysts containing
nickel and molybdenum, middle distillate selectivity
benefits can be further increased (to exceed 5%w on feed)

30 by means of liquid phase sulfidation.



assessnent, was nade of the catal ysts described in Exanples 6 to 11,

agai nst reference catalysts B and D. The activity testing was operated the
sanme way we 20@werishbed above but this-43-me using a slightcy/mbdsessnt heavy
gas oil feed having the follow ng properties: Carbon content : 86.50 %w
Hydrogen content : 13.48 %w Nitrogen (N) content : 14 ppnw Added

n-Decylamne : 1R.3 g/ Kg|(equijvalent [tpb [1100 %Ggrrw N ) Total nitrogen (N)
content : 1114 p Densijty (1544| QC|)| :| 0. 87 g/m Density (70/4 QO
0.8415 g/ m Mol af2wet’ gh®S 9] 43¢ ML al | boilifhg point : 359 C 50 %w
boi ling point : 4;‘5% 9C |Ei|nal | hgi Ling|ppiint : 682 O0C Fraction boiling bel ow
370 C: 2.86 % |Fractijon boilii ngl gbove 540 0G: 9.7 %t Reference
catalysts B and D were |sul filded|by |gas| phase sul fidation as previously
described, and tpe catalysts| qf [Exgnples 6 to d1 by liquid phase
sul fidation as pfew flusly desqribed. |Table 3 bel ow shows that, for
catal ysts contai antiEkel dhd|mpt|ybdenum mi@dl e distillate selectivity
benefits can be fard Bet | Jj|Ticr EaSed | d|osexceed 74V on feed) by neans of
| i qui d phase sul it c?agi‘on.TabI e 3 [ [sul phi ded By the |iquid phase techni que
2 gain normalized t°© a Ili pear intdrpolation of étrapolation of M
sel ectivities vs| requifred|tlenpérptjunes [for reference catalysts B and D,
whi ch yi el ds theoreglatiorsﬂp: o £
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Selectivity t o 150-370 C = 0.4549 x T req - 113.87Exanple 14 In this
Exanpl e the percentage of nol ybdenum contai ned within the pores of the VUSY
zeol i te wao 2006a2733@d both for reference catal yst and forcrareas®sgah2t he
catal ysts of the invention. Reference catalyst E is as previously
described. Reference catalyst F is a catalyyst of 3.6 wt % nickel and 10.85

wt % nol ybden né%nPre Eated onto a support containing 48 wt% of the zeolite
utilised in gﬁe—%aiagysts of the invention above with a conbi ned al um na

and anor phous si | iczathai sintxanbladetie pdeceat @ddy/sdf wesl sepaned by the

i mpregnat i d d f th f lysts, A, B, DandE
Bot h 1of er onte CatATYSt SCare A8 IBRESS Shi f1diel 1h 2301 8 WRRr i bed above

for the refesgaeeneatiabyst sor Thefendadty st st Hf ydtheanvest i - 85 @s ebt her gas
phase or liquid E‘gasﬁ sulfided as, noted, in Table 4 below. To denonstrate
the presencetdf mdFyb¥RhENYT n“RRel2ESR T+ - a transni ssion el ectron

m croscope fittedrukthefBe X-&0Y1 fEEIQY: i $PEF B VR SPEELONEE B s used for
identifying and quantifying the elements present _in the crystals of the
zeol i te. TheReheaPyse FakeedStnfehehd cedkd1¥strekn’ catwiystickek. ardt al yst

in the oxidigofgsm,whi 6h1 PB&eRGh Yﬂﬂ)r@fﬁ&‘té&”(@ﬂl@@da Jepglorthis, a JEOL JEM
2010 transm ssion el ectron mcroscope fitted with a Noran Instruments X-ray
ener gydi sper §pReasperdr dhever 8§ stlee zegpbte/oyabbisad 1in vigke enpl oyed. The

catal ysp extrudajes,uege ’EH&%H%@%?QM%&& eFlthid 95@8%11&9 Pl gee

ultrafine sections 100 nmin thickness. The sections produced are held on a
copper grid eobdtedowbhhua satbond atwhiadebhadehg Hot esatabest fors

prepared by the impregnation procedure used for the
reference catalysts A, B, D and E. Both reference
catalysts are gas phase sulfided in situ as described

15 above for the reference catalysts. The catalysts of the
invention are either gas phase or liquid phase sulfided
as noted in Table 4 below.

To demonstrate the presence of molybdenum in the
zeolite, a transmission electron microscope fitted with

20 an X-ray energy-dispersive spectrometer is used for
identifying and quantifying the elements present in the
crystals of the zeolite. The catalyst tested in each
case is fresh catalyst, i.e. catalyst in the oxidic form
which has not yet been sulfided.

25 To do this, a JEOL JEM 2010 transmission electron
microscope fitted with a Noran Instruments X-ray energy-
dispersive spectrometer system, type Voyager 4.1, was
employed. The catalyst extrudates were incorporated into
resin in order to produce ultrafine sections 100 nm in

30 thickness. The sections produced are held on a copper
grid coated with a carbon membrane having holes, used for
supporting the preparation. These preparations were dried
under an IR lamp before being introduced into the
transmission electron microscope, where they were

35 subjected to a rough vacuum for a few minutes and then a



supporting the preparation. These preparations were dried under an IR | anp
before being introduced into the transm ssion el ectron m croscope, where

t hey wer eweubpsavzd to a rough vacuum for a few m nut es pamdredvsnsah: gh
vacuum t hr oughout the observation. The el ectron mcroscope was perfectly
able to identify the zeolite crystals, w iyl a size of about 0.4 m crons,

di spersed i m 1he plomna mBOCLx,. Nexte & QUTPEr (10 o, ). af focal
anal yses weré carried out 1n variouS fegions o e mat ri’x and on vari ous
zeol ite crystatsosrthe avps ober Hecnyy Caldlen oo anden i Ty amet ereoQuant i tati ve
processing of th ignal. was used t btain,.the rel ative,concentration of
t he elenentscf%§§ 3%1nﬁl%Qy%e%iz?rP%Q%ooﬁ%gjﬁgd?Hﬁ?gﬁmlﬂE?ﬁﬁ¥%ﬁ nte was
assessed in teennslohiM® setecki eyt gad manbdrer (BQai nsts5t hef pesdor mance of
reference catalysts A and B as. descrjbed in Exanple 10, or tqgt of
referende catafy¥tE°B"ahd TFaE TR BXanpi e’ 11 Chd" Wi WY the Yafe heavy gas
oi | and samem&esixcendi bhonsrasunotedl 1te t hoger £xanplEs. a |praen beiseen

fromthe results in Table 4 that_a signifjcant. percent age. of | ybdenum i s
able to i mpr haPbCERBS poF e  Orethe. 2Q0FT Eo0E B OB T STl fochids  The

preparati on goyhel ofabkhesdaesendbt aventhon-doyeves enabdesracfar &f gher
anount of nDI%bdenun1to be located in the zeolite pores. The MD selectivity
gai n for thetBatalgeertdr (ehel preRen®XYd%hton"t%: significantly increased

over thagt of refefgacgygabalyskifigWtshothdhisesad hessavBgephiternnd
conventional binder materials andis géepared vi a netal sinpregnation. Tabl e

4 1 sul fi dedobyMPhaeleghiiiphadalin eehhigiea$31Dsfathe NP REPTRRRUCE @ a
linear interpokatlQRcOraeXiyapel AtLeN Bf s MDyselectiyiti e}?xé(rﬁ?]léeﬂ@‘j red
tenperatures for reference catalysts A and B, which yields the
rel ati onshi por that of reference catalysts B and D as in Example 11,
and using the same heavy gas oil and same test conditions
15 as noted in those examples.

It can be seen from the results in Table 4 that a
significant percentage of molybdenum is able to
impregnate the pores of the zeolite via conventional
means. The preparation route of the present invention

20 however enables a far higher amount of molybdenum to be
located in the zeolite pores.

The MD selectivity gain for the catalysts of the
present invention is significantly increased over that of
reference catalyst F which utilises the same zeolite and

25 conventional binder materials and is prepared via metals-

impregnation.



Selectivity t o 150-370 C = 0.5310 x T req - 138.91 3 gain nornalized t o0 a
| inear interpolation or extrapolation of MD selectivities vs. required

t enper at weodenr73sef erence catal ysts B and D, whi ch yi elpds/mrb@s/054392

relati onship: Selectivity t o 150-360 C = 0.4549 x T req - 113.87CL AIl M
S 1. An unsupported catal yst conposition which conprises one or nore G oup

VIb netals, one pr norie|nonrniobdl e G oup, VI 1 tals, one or nore zeolites,
and, optionally,| a-efiractory|l gxijde material. @ . Catal yst conposition as
claimed in claimd®|ohereiph fthe |zeolite is adiultrastable or very
ultrastable zeol ¢ e ?Hor seftmiln [an amglint inghe range of from1 to 85
wt 9% preferably 1‘(,@"(@3)) 75 W Po | “haged on 4otal cbnposition. 3 . Catalyst
conposition as c¢ aicm;poi n|ClaMm 1 or claim?2 , wherein the refractory oxide
is silica presentgi;h%m apount |in the range ofnfromO to 40 w% preferably
0 to 15 w % bas|s®|otlall conposjitlion. 4. Catalyst conposition as clained
inclaim1 or claimj|2 whel el n tihe refggactorjgoxi de is titania present in
an armount in the{range of [ffom|0|to 40Lwt% prLeferany 0 to 15 wt% basis
t ot al corrpositioq“.jAS .| Catal yst| dqonposidi-on asselainmed in any one of clains
. ; 3O, [ ) .
1to 4, wherein|tAd metals| present are ff ckel &hd nol ybdenum which are in
a nolar ratio of |mitkel |to mlgbcenum itpﬁ he riagge of from0.5:1 to 2.5: 1.
6 . Catalyst conp®st|f13h aS|/%lained claim|5 , dgerein the amount of
mol ybdenum presept #|m|the (Z2€d|Ft g poresvis indke range of from4 ,
preferably 5 , to+25 Wt |basjs| tthe copdsitidhign oxidic form 7 . Process
for the preparat{orfjofl a ¢atalyst| conpddifiong clainmed in any one of
claine 1 to 6 , erleiln |ome| of |mare (';‘rqyp4 VIthrm{aI conmpounds are
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conbi ned with one or nore non-noble Goup VIII netal conpounds, and wth a
zeolite, in the presence of a protic liquid and optionally an al kal
conpound,wendodidresseat al yst conposition i s recovered fol lPOWBEPZ05/054392
precipitation.8 . Process as claimed in claim7 , wherein during
precipitation the m xture of conponents-has a pH of at least 6.0. 9 .
Process as clainmed in claim7 or claim8 , wherein at |east one of the
nmetal s conpounds is partly in the solid state and partly in dissolved

state. 10. Process as clained in clﬁiﬂ1g 1 Mhich conprises heating a

precursor conposition which is int or is recovered from a
slurry, optionally after aging at a tenperature in the range of from20 to
95 0OC for a hini nym ofisuPpat hedesataay st stompys bei oy wivt @h necybyi §€o)

precipitatin t icpLen i enperature, one or e oup Vib
net al conpou% g,ogn§8%% ﬁ%ggﬁnﬁ%ﬁg ?€9%§b3%n%ﬂ T e %Jn%%ﬁ%%ﬁ% séi%%g or
nore zeolite¥]lIandeopl spnahéyconeooe meokitedy astdy yopxideanayeraal s, and
an al kal i conggungtoin ngéOtﬁgtéiSUid- 11. Process as clainmed in any one
of clains 7 to 107 "Whér&in theé cafa?ySt conposition is recovered by spray
drying. 512. £at al gstatoaposbhponi bbbrai aabtrabhyed hen ptDeassl aswiedaéed i n

laim7. 13. f ti hyd b f eedst ock int
ower boi |1 nGARRE Py 4TS, Anf Bh CoRPT PRGLE coht EetY ngL{ Fes feedet GERLBEE

el evat ed tenpepatpenti int he pheseocenofha cahgbyst £OHMOBItd 0P5 astg) ai med

in any one of clains_ 1 6 ,_claim12, or prepared by a process as clai ned
in any one oPrEFQFﬁEly ﬁg E@'7g wt%, based oOn total cdmposition.

3. Catalyst composition as claimed in claim 1 or claim

10 2, wherein the refractory oxide is silica present in an
amount in the range of from 0 to 40 wt%, preferably 0 to
15 wt%, basis total composition.

4. Catalyst composition as claimed in claim 1 or claim
2, wherein the refractory oxide is titania present in an

15 amount in the range of from 0 to 40 wt%, preferably 0 to
15 wt%, basis total composition.

5. Catalyst composition as claimed in any one of claims
1 to 4, wherein the metals present are nickel and
molybdenum, which are in a molar ratio of nickel to

20 molybdenum in the range of from 0.5:1 to 2.5:1.

6. Catalyst composition as claimed claim 5, wherein
the amount of molybdenum present in the zeolite pores is
in the range of from 4, preferably 5, to 25 wt%, basis
the composition in oxidic form.

25 7. Process for the preparation of a catalyst
composition as claimed in any one of claims 1 to 6,
wherein one or more Group VIb metal compounds are
combined with one or more non-noble Group VIII metal
compounds, and with a zeolite, in the presence of a

30 protic liquid and optionally an alkali compound, and the
catalyst composition is recovered following

precipitation.



14. Use of a catalyst conposition as clainmed in any one of clains 1 to 6
and claim 12 in a hydrocracking process. 15. Process as clained in claim13
or use aswolzaiemeassbn cl ai m 14, wherein the catal yst composiEP@s/obgss2 been
sulfided utilising a |liquid phase sul fidation agent. TS1515FF. PS48

- 48 -
8. Process as claimed in claim 7, wherein during

precipitation the mixture of components has a pH of at

least 6.0.
9. Process as claimed in claim 7 or claim 8, wherein at
5 least one of the metals compounds is partly in the solid

state and partly in dissolved state.
10. Process as claimed in claim 9, which comprises
heating a precursor composition which is in the form of,
or i1s recovered from, a slurry, optionally after aging at
10 a temperature in the range of from 20 to 95 °C for a
minimum of 10 minutes, said slurry being obtained by
(co)precipitating at a sufficient time and temperature,
one or more Group VIb metal compounds, one or more non-
noble Group VIII metal compounds, one or more zeolites,
15 and optionally one or more refractory oxide materials,
and an alkali compound, in a protic 1liquid.
11. Process as claimed in any one of claims 7 to 10,
wherein the catalyst composition is recovered by spray
drying.
20 12. Catalyst composition obtainable by the process as
claimed in claim 7.
13. A process for converting a hydrocarbonaceous
feedstock into lower boiling materials, which comprises
contacting the feedstock at elevated temperature in the
25 presence of a catalyst composition as claimed in any one
of claims 1 to 6, claim 12, or prepared by a process as
claimed in any one of claims 7 to 11.
14. Use of a catalyst composition as claimed in any one
of claims 1 to 6 and claim 12 in a hydrocracking process.
30 15. Process as claimed in claim 13 or use as claimed in
claim 14, wherein the catalyst composition has been

sulfided utilising a liquid phase sulfidation agent.

TS1515FF.PS48



