WD 2004/ 073859 PCT/ EP2004/ 050196 Catal yst Conposition
Preparation and Use Field of the Invention The present
WO pyerisen concerns catal yst conpositions havP@LER2004/050196
high netals content, their preparation and use in
hydr oprocessi ng, particul arly hydrodesul phurisation 5
and hydrodeni trogenati on. Background of the Invention
Hydr opr ocessi ng reactions involve the application of
hydrogen to a substrate, usually under el evated
tenperature and pressure, in the presence of a
catalyst 10 with the aimof causing a physical or
chem cal change in the substrate. Mst such
hydr opr ocessi ng reactions occur in refinery
operations where the substrate is a hydrocarbon
feedst ock. Conventignal hydr.oprogcessing cat sts are
general ly 15 | n%fdhagy%o?o %?lggcmcarrepfreaFgoé’f anéiaéﬂs)e/ef ractory
oxi de material on which hydrogenation netals are
deposi t ed, Eishe ofhdiecmvenipel anpunt of each conponent
bei ng det erm n&d dysdnheinesdioruseceRef cadielvsk ycoupdstig ons
mat eri al s wsdad al Kigh hetaEtcoatft, aRBIPH@YSabion and use
CrySt al i nen fh9c§r®§ro@£ss@h ,ni%zﬂ@-icu§iﬂl£{Q@’d@&gsuaphurisation
combi nati ons, @a%ro(?e%tr(;& ough for some applications,
materials such as titania m be used). These oxide
material s HROeSone-FRtrrAsi ¢ catal ytic activity
but often onl Y¥IptREQFHE " HE2SURPOLT OO &}Fﬁ EPP ATt e ot
metal s cohpbosrdstar eupdireke, Thea kgt @lsT at€2tfeneral |y
base or 25tapbltunetal srebsum Group esdncard Gegupysvl B
of they Periwdime Fiabbe  wiicha abhesideposichedcin coxpdiie
form during,. TRAUEACE UL dudn therpaseshg hasa i omt &dcsr
the OXIdeSiQG:fh%$ﬁ@péghBD§QQgﬁQ&%Q&bbgaﬁfgsgo enhance

their activity. S%J&rtoop sed in the art for

hydr ot r eat f‘ﬁdd%‘éaﬁaon 30" Particularly for use in

hydr odesul f ur i S8 PEACHOSY P EPTCP fPF3VEiceprs generally
desul fifir i saritbn fofn df esedrrfarath p grsachrey W§re material
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SpeCi ficat |u9g| Efg'féiéggzo@&ae Q@’@é‘rﬁi&lkée%ugﬁe__n the art are

amorphous or crystalline forms of alumina, silica and

20 combinations thereof (though for some applications,
materials such as titania may be used). These oxide
materials can have some intrinsic catalytic activity but
often only provide the support on which active metals
compounds are held. The metals are generally base or

25 noble metals from Group VIII and Group VIB of the
Periodic Table which are deposited in oxidic form during
manufacture; in the case of base metals, the oxides are
then sulphided prior to use to enhance thelr activity.

Also proposed in the art for hydrotreating and

30 particularly for use in hydrodesulfurization (HDS),

especially deep desulfurisation of diesel fractions, are



such co-precipitation proposal to prepare a
hydrotreating catalyst, which catalyst has various
w@eaperisses i ncluding 5 a crystalline phase, SPCHER®04/050196
al pha-al um na, viewed as nmecessary'for high activity
and to inpart mechanical strength and therefore a
| onger service life in comercial use. By
co-precipitation, the incorporation of a 10 di spersed
metal s content into a conventional carrier materia
is attenpted by enabling intimte contact between
netal s conpounds and carrier material and thus
enabling the netals to becone dispersed through the
carrier material before shaping. This contrasts with
15 conventi onal _inpregnation technlques where only a
smal | anoE=8t WetRFS FepBErt 118 T _rFb¥Er PR si nce
t he shaped® rezferiBFeritssesritéaatyot 6?1’%‘66098?1@ ti4veridea ope
di f f usi onasucang-rspadeatibmiptabsdnte borathe mEt@kedtoms
or comoun&&aiﬁt, beconetdispersedridis quedert e Gatalyst
suppor. 20 A drernal iiesetatial ¥star hr MEmhay e, :0e8n.
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catal ysts are en%% anddtthe]b Pie ac(?;?%ﬁr ySt s 39:8 ]Such catal ysts
are for rredc‘?“f“?ﬁﬁl?fef%ﬁ compounds onI y, usually by
co- preci pi t at i Yn°Teedshvigaesn, 28 apeprhaeeionocineed for a
cat al y&t cdirspéerd grta8appPordt igee a doprengkanaploerRe:
00/ 42119 amdet316is1623860d bBohhvlipyhhiieatd ensadi scl ose
bul kK G oupoe¥liddn Rdtdi Ce@ibpundk RinBBhatier GREMIYSESE thus
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utilising caeiraét phgpedhdormeder? ngreherensifatsdotad aHe
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requi rementedohatiidhral dreagh wAeam@tyal shgpoat. | east
partlyoin the ﬁl@g}rgtﬁztaaéa%al\g)@ 2004/ 43828 proposed for
PCT/ EP200465%594%§e h§drqwocgsglwsf adgli L1091, Motk NG, and

reaction st exp ne su Eht erou osf caartglysgs aré Qermed ‘bulk
essentlallg anorghou
atalyst Such catalysts are formed from metal

compounds only, usually by co-precipitation techniques,
25 and have no need for a catalyst carrier or support; see
for example WO 00/42119 and US-6,162,350. Both
publications disclose bulk Group VIII and Group Vib metal
catalysts. US-6,162,350 discloses that such catalysts
may contain one or more of each metal type, and examples
30 show NiMo, NiW and the most preferred NiMoW bulk
catalysts. Two preparation routes are disclosed: one
utilising fully dissolved metals and the other utilising
contacting and reacting'the metals in the presence of a
protic liquid, such as water, with the requirement that

35 at least one metal is at least partly in the solid state



uni que X-ray diffraction pattern show ng crystalline
peaks at d=2.53A and d=1.70A. 5 The preference in
wH8018%9 350 (and WO 00/ 42119) is that no bi POPEP2084/050196
incorporated into the final3catalyst conposition
since the activity of the bulk catalyst conposition
may be reduced (Colum 14, lines 10 to 114). |If,
however, a binder is to be used the resulting 10
cat al yst conposition conprises the bul k catal yst
particles enbedded in the binder with the norphol ogy
of the bulk catalyst particles essentially maintained
in the resulting catalyst conposition (Col. 14, lines
24 to 30) The binder when present is preferably added
prior to 15 sha? g but can be added at any stage in
the cat al yS¥ "hr &patatiBn B &$212°t St‘i% sHB%v
addi tion dTatBFﬁ&I%rare priDEe B cstrRpiatdy Ex@hpisevits shows
addi ti on ofriglulirra dibfrafgmrat NFVoWaharierealline
conposi t i oreahaweic N2 appraoaxicratrehy 8 wt % al um na, the
al um na bei ng ThpresedtndUid g silee, 20 RheRar@alhAngOof s
the bul k C@Ia@'n\é&Bm@Qﬁ@Q%thrQ&até&ulntW 1;hgoflﬂ1al @QEX&QS%': ai |
on how t h|§ FC?'S;L 1Oorgles Jat e t§e aFthJsteer\!tl g& F) cI ngegendent
nor phol ogy_0o bul K¢ gs. “NB activity
data is pr m’?f’%fé‘amfno?ayt e ”bcﬁuﬁ%ief E‘fﬁﬁ‘t Wnimg® aratifét s
of any of thek¥ewsrarpbiyer 35 tTHe prépkrarcroiief the
trimet@l | i etbbisk cwarwlyiot copartdsctiesbulk acakiest out e
utili sing grotdles lepopddel andhabindeeasth omemem@halogator
| east parting bunksekigssbat@cleordisedtsalial sondesar ibeg
in VO 00/ 41810.inflek et he cppeparsed dmt ani alSeds Lo 30

described as m\éémh&npé@tdisf ;Je@gltawyaﬁég pl}%} ern i
whi ch ghe q]har act uecrl St X1 mum

f

val ue of thé'y lf)e = Jé% 6 T8.57790b tL Ftaléxceed
2.5 when t?fép%ﬂéh‘ﬁ‘ VT el s tarté sybY ;?B%“é?h%ﬂrf’f binder
tungst en, BHET T6ptRRifal [Eemréhi o fieln 26 tigoed morina to
exceed 4 whvere PheVGElowpa \elrogitiah $eaime drangstanliand
chrom um 33 grnunihatthefalthiea pealk aire20it =uBdhgbtHe0. 6)
does not exceed:Wn 2004 0713859 RET/ER20046050196; cndud
when the qlguaetﬂpom)@lt@lsawdml N}QQ&”HE@s@Mn&QEQm um
al | nmetal Slnlglgﬂaqueletnmcgrgl? logyO)o(% QAe b§ aga%al artlchnder

No activity data is provided for the binder-containing
catalysts of any of these examples.

25 The preparation of the trimetallic bulk catalyst
particles via the route utilising protic liguid and at
least one metal at least partly in solid state form, is
also described in WO 00/41810. Here the prepared
materials are described as having an XRD diffraction

30 pattern in which the characteristic full width at half
maximum value of the peak at 20 = 53.6° (£0.7°) does not
exceed 2.5° when the Group VIb metals are molybdenum,
tungsten, and, optionally, chromium, or does not exceed
4° when the Group VIb metals are tungsten and chromium,

35 or that of the peak at 20 = 63.5° {£0.6°) does not exceed



not preferred but nmay be present to provide nmechani cal
strength in the final catal yst conposition wherein the
w®20lok3ssat al yst particles essentially still nBECTER2004/050196
an i ndependent norphol ogy.41n Journal of Catalysis
159, 236-245 (1996), Landau et al conpare the HDS
activity of conventional Ni Mo and CoM catalysts
agai nst a precipitated bulk NiMb catalyst 10 and a
co-precipitated Ni Mb-silica catalyst (containing 10.1
W % Si 02 on an oxi de basis) on the sul fur-containing
substrates of di benzothi ophene (DBT) and 4, 6-
di met hyl di benzot hi ophene (DVDBT). The co-precipitated
catal yst here is made by adding silica powder to a
wat er 15 solution of (fully dissolved) nickel nitrate
and anmoni Unf"pararBr b dEt Btahd 2 Fh B PR PB da e ichgrniv
amoni um sk idePsss ia Peechpriaciadn. aderin; binfer is
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catalytic sites/structures such as Mo (W)Ss crystals, bulk
NiMo particles and the Ni-Mo-Al monolayer, and MoSj

25 crystal edge planes, in order to obtain effective deep
desulfurisation catalysts for petroleum gas oils.

In refinery processes, feedstocks contain a variety
of contaminants, the main ones being sulfur and nitrogen.
While sulfur reduction has always been desirable,

30 increasingly strict regulations on gas emissions eg from
motor vehicles, is driving the need for catalysts which
can provide ultra low sulfur fuels. For effective HDS
activity, and especially for deep desulfurisation
required for environmental reasons, a catalyst must be

35 effective to remove all sulfur compounds, whether simple



and al so adversely affect end product storage
stability and quality. The poisoning effect on

W@ a10al0ysts i s such 5 that a catal yst effecti vePdDEP208g050196
HDS, of a pure chem cal fe®edstock nmay be ineffective
or short-lived when exposed to an inpure refinery
feedstock. Thus, there is particularly a demand for
hydr opr ocessi ng' catal ysts for feedstocks having both
10 sul fur and nitrogen contam nants, which catal ysts
have a significant hydrodesul phurisation activity for
both sinple and conpl ex sul fur-containi ng conpounds
in the presence of nitrogen contam nants but even
nore desirably also have a high or inproved
hydrodenltroge tl% . HDN) A5, act|V|t¥ Sunmary
the I nvent$on W have HoW GHERPER e dy T StiFd %ﬁaF the
co- preci pift4tted @ A28F ¥t ¢ HaPerPanY o fedhee™ pfikysts
cat al yst' argdyadec gdsrrtlyetfibyt Earhdenduet storagenhiahility
prepar ed byrdaguagivy. Z20e pripaigt ¢0act et kaiaques anshcaew
oxi di ¢5 catahy st caenpasirté@ns Bet, § em, oush pudeseddi bad,
have a si ginsle&étgélpt‘nay @gtlhé/:dftzytlf/@ror mtb@l:vladfvﬂgn %!{;!méc?
SUbStrate%m %ygmm§§rehne%p@§ggh€§nd for Conplex

sul phur substr%\t es_in edst ocks and
furthermore in t%ekfrfﬁéFmigwcége r§mﬁ5t %ffected by
ni trogen CYAERAPTTAM"S BT YREY Er SrFlesCEptroRalTy hi gh
HDN acdti vityfwher videepep ceoppagaranas, Myigh cebaldyers have a

f eedst ock fiavifgeoyotviargbflanurasedion bedgeny for both

cont anm nandisppyr esetdnplekhanlbbScatditihg cHighluast invitd es
found are sleghictigantlysegredt-Binahhabud bat fQundsf.951,30

convent i onals, GQMIBIGH )l 3%¥Q%Q&%§@kbaﬁtﬁékﬂk¥§$%mNﬁnd
that found for. —bulk catalysts' where the bul

catalyst art|3les are prepared by technlques al r eady
descri bed gﬂﬂégﬁglgﬁtgﬂﬁﬁéﬁgrred forms of these

cat al yst conpd%i 388 “arEef'edhd (e BIn&de tthéPT own

uni que st reretirieatpliehrlysiaD 2034/ GF7885Pulk catalyst’
PCT/ EP2004¢y0508& ip&! oy fifrekert 410 thhatrrdesst bhedndor
bul k eat al jSbapardi €dces quf atdhgewpbiiare asdaiysAccor di ngly
t he pr eSGn&omb&\igﬂlnis Q3 R)G:Q\)&iogﬁ§ &sPFiBEESKve a significant

activity for HDS both for simple substrates, such as

thiophene, and for complex sulphur substrates in
hydrocarbon feedstocks, and furthermore in the latter

25 case are not affected by nitrogen contaminants but have
an exceptionally high HDN activity when used to treat a
hydrocarbon feedstock having both sulfur and nitrogen
contaminants present. The HDS and the HDN activities
found are significantly greater than that found for

30 conventional, commercial hydrotreating catalysts, and
that found for ‘bulk catalysts’ where the bulk catalyst
particles are prepared by techniques already described in
the art. Preferred forms of these catalyst compositions

are found to have their own unique structure which is



for the preparation of a catalyst conposition of the 5
general fornmula, on an oxide basis, (X)b(Mc(2)d(0)e
W@ kgo4/0vdsey ei n X represents at | east one non- nOPCEEER00UMS0196
VIII netal; Mrepresents ai |east one non-noble G oup
VIb netal; 10 Z represents one or nore elenents
sel ected fromalumnium silicon, magnesium titani um
zirconium boron and zinc; O represents oxygen; one
of b and c is the integer 1; 15 and d, e, and the
other of b and ¢ each are a nunber greater than O
such that the nolar ratio of b:c is in the range of
from0.5:1 to 5:1, the nolar ratio of d:c is in the
range of fromO0.2:1 to 50:1, and the nolar ratio of
e:c 20 is in the range of from3.7:1 to 108:1; which
conpri ses HEEYPAY *a EONPERT I8 o6 h &2 i Birticles
formul a (NUYRE(DOBENFE(Z2)d(Oe (I1) in which ais a
nunber great erActdradindQy ahel pXeseM iEyen@ionbprovfes Gy ptbcasd
e are as defimecdrapodeionadt a cheNpPer atmpb& tidh bARne I aNge

of from 10Qnt.016R06u1aWRI S Bitb@agQnmposi tion of
general formula Il is inthe formof, or is recovered

from a slurry apbjanaliky;@hter ageing at a(r)
tenperature in the range of from20 to 95C 30 for a

m ni mum of""¢0°%# nutes, said slurry being obtained by
(co) preci pi t edrregprtakt detgnper anureelandodborira et aie

suf fici entM t ceppeauuc et tihestCarpestidbod ckdup ab heeast one
non- nodl e & edfpeddhtd o balnocoBROUNG, st d-ea5tn ONEe VO

2004/073859 EiGhi EBL0Q4/:0501 9800 ,NOB:DQRLE EQURYI D
metal compoupd. at,least one refractory oxide

mat eri al d_an alkal| ‘compound, in a protic |iquid,
at |east one Of the Rt conpounds being maintained
partly in ¥617%d° $Pat%e antf paretytin dissolved 5
stateld>  and

d, e, and the other of b and c each are a number greater

than 0 such that the molar ratioc of b:c is in the range

of from 0.5:1 to 5:1, the molar ratio of d:c is in the

range of from 0.2:1 to 50:1, and the molar ratio of e:c
20 is in the range of from 3.7:1 to 108:1;

which comprises heating a composition of the general

formula
(NHg) 3 (X)p (M) c(Z2)g(O) g (II)

in which a is a number greater than 0 and X, M, Z, O, b,
25 c, d and e are as defined above, at a temperature in the
range of from 100 to 600°C,
wherein the composition of general formula II is in the
form of, or is recovered from, a slurry optionally after
ageing at a temperature in the range of from 20 to 95°C
30 for a minimum of 10 minutes, said slurry being obtained
by (co)precipitating, at a temperature and for a time
sufficient to produce the composition II, at least one

non-noble Group VIII metal compound, at least one



Thus it has surprisingly been found that the nethod
of preparing the co-precipitated catal yst

W@ wp0%isstd ons, has an effect on the activity.P@I/RBRW04/050196
preparation process is provided which yields catal yst
conpositions of higher 10 activity for HDS and HDN
than those prepared by the nethod described by Landau
et al. By this process it is possible to prepare
crystalline and especially XRD anorphous cat al yst
conposi tions having an especially high activity for
both HDS and HDN, as well as a high 15 nechani cal
strength conparable to that of comrercial catalysts.
I n anot her aspect, the present invention thus also
provi des a new qua3| bul k cat al%’St conposi tion,
prepared By EPLREFO R R b PEEPEY aliZSt 59° t he
met hod of ¥HE*PEY ﬁ%ﬂéﬁtrﬂaé?fla%%ﬁ“ @Xkrlhi gpegnd, in a
signi fi cantdoyid hpuddiedt lemt-adnytdfctigetatel teymppomparadg t 0
convent i onalinandeppi@ly anktsol Cat@ty $hs paAQgamndiigbed
the i nyenti@n..al so provides a catalyst conposition of

t he gener al f oIrh[ﬂ“l@ hlas s\{}{@ﬁrqglng Bée%pé'cfuﬁg th;tst}beymgchod
pr eci pl t at |fonreo oce

r
material is pr 3““‘38&]6 ed_ Weﬁ?l at ?eas 1y%tn8°r¥$°“-tﬁ% 5t e
Group VI I 1M3%etaft €8Yrﬁ8lﬁ’i‘8 Shd*5t- f‘é‘ﬁ‘%tpr%‘i’i‘éaWBﬁPﬁﬁcﬁF%
G oup VI b HePHitsnmiuohdielidn akrlapoarrosititvect arajer of
from 1% t 02AQviky %er GiRS amd gRN ddab &kdss . pr8ErrBy ibgfthe
Descri pti ometodd tberDeawiyngsddi gure. by Showsrdches Xe riay
diffracti O;Fbs@;ﬂ:tl% efoNSrePiret H1§st0ainal 319tescHIPOSI £HONS
prepar ed | Qno@ﬁﬁhs Qgt@@'rpén%§s1l.lon(spr@tll r i, é‘apecg’ally high
(pattern B) u@ﬂ Ar (b%@ﬁ tﬁ% QnQHD 4£ OZ%%Q
PCT/ EF1?004/ OE ren t% om a i_‘ t mmx

70 e %a e ghs

di ffraction pariltcer ﬁs 0 cOMaY
prepared i ff88CHh%of Exanpl es 10 (pat tern D) and 23
(pattern E). Detored Deseri i vnusof nentiery éhtsi oiFo5
Thi s i nventdcgires el atwegudsd-Huhle chtpdroproeessiag okpared
chem cal andepetr akesh beedsi@eksy usi 1hg eceat af ysd
CONPOSH t i OMhveANbA RhiRY &nltigh ML Ok 1 Gi RV | |
catalytic activity compared to conventional and prior art
catalysts.
Accordingly, the invention also provides a catalyst
composition of the general formula I, which is prepared
25 by a precipitation process wherein the refractory oxide
material is precipitated with at least one non-noble
Group VIII metal compound and at least one non-noble
Group VIb metal compound, in an amount in the range of
from 15 to 40 wt%, on an oxide basis.

30 Brief Description of the Drawings

Figure 1 shows the X-ray diffraction patterns of the
catalyst compositions prepared in each of Examples 1

(pattern A), 3 (pattern B), and 4 (pattern C).



(especially Ni and/or Co) and G oup VIB (especially
M) netals and a limted anmount of inert refractory

wo@x00d®73839 e.g. silica, alum na, nagnesia, titBOi/aP2004/050196
zirconia, boria, or zinc okide, or mxtures thereof.
W call this new catalyst type a "bulk netal oxide
catalyst'. Herein reference is nade to the Periodic
Tabl e of Elenents which appears on the inside cover
of the CRC 15 Handbook of Chemi stry and Physics ( The
Rubber Handbook'), 66th edition and using the CAS
version notation. The term " hydroprocessing is used
herein to cover a range of hydrotreatnent processes
where the hydrocarbon 20 feed is brought in contact
wi th hydrogen in order to modify key physical and
cheni cal propérfi&s’ e t@%r?ﬁﬁ%‘%/?ﬁféﬁacltl%a%atéems of the
par t i cul ard3yy8o ¢ rRee v Prsy PrePefedhindeasd exulfagpies atti on
(HDS) and WyHreod@nidrpdgefratiegn EX(HDN). In the art of
refinery peogessiopgraptiomnperthefin2,ti®r ns may be used
to refer to pracesses:iohichadeequi 1@ S predadsHPN ¢
activi ty | hemQOF atl&)rpgﬂroi_egﬁl_sée!ﬁ@cro% Lﬂ%!} _Ucldgatalyst

hydr ot r et ng,.. iy dr.of LAk Hi 09, . hYdrof i picng, and.
hydr or ef i nj n%. “The c,orrlp?sml ons of and. fof Puse’in the
present i nVERIT MY tHel 6 Br €' FIUCTPER YITH (GPRSCtHE% &R0
hydr opr oc €57 g2 1ea di TGRS areuse | 1riyid reiferrary omide
activity oartittisharlyiof. aroasii cst{rabseidcnoian Honid he
art as hydr odearxotmat orsatitorss hasecdl s@e beanciicumng f or
these compesiykt apse a Hpdriosa:borideedsieeks that
contain sul furseand 3%cRhid 09&aRd OCl NI, A8Y; CHFE QT

PCT/ EP2004/.050196 c%erEf@?r eof, whi ch E%Egvg measur eabl e
e

sul fur’ and NIt rogen —content. —the feedstocks may be
previ ous| faﬂ?ﬁ"%gt 8 ot tiAvE‘at T Bh gy GHuEFgote such
treat nent 82¥Pacti onation, for exanple atnospheric
or vacuum di sttt [tatt omdrenractkeping’ 5sfwied éxeaipl® cover a
cat al yti ¢ Grackf ngidrot etk Gb&ekésNgherOMfthe hydrocarbon
hydr oes ackieBg,isQrodhy @t mr:adﬂyﬁﬁ:ﬂﬂ&@ﬁﬁ&s LG -idead ment .

Exanpl es of.asty tablgshydrocanben.f eedstacks include

The composition I has a particularly good activity

for hydrodesulfurisation (HDS) and hydrodenitrogenation
(HDN). In the art of refinery processing a number of

25 terms may be used to refer to processes which require HDS
and HDN activity in some form. These terms include
hydrotreating, hydrofinishing, hydrofining and
hydrorefining. The compositions of and for use in the
present invention therefore find use in all these

30 hydroprocessing reactions. Useful hydrogenation activity
particularly of aromatics (also known in the art as
hydrodearomatisation) has also been found for these
compositions.

Hydrocarbon feedstocks that contain sulfur and

35 nitrogen include any crude or petroleum oil or fraction



catalytically cracked Iight and heavy gas oils,

hydrotreated gas oil, light flash distillate, |ight
w@yoH®73839 oil, vacuumgas oil, light gas oil, PGI/ER20gH050196
run gas oil, coker gas oil,9synthetic gas oil, and

m xtures of any two or nore thereof. O her possible
feedst ocks include deasphalted oils, waxes obtained
froma Fischer-Tropsch synthesis process, |ong and
short residues, and 15 syncrudes, optionally
originating fromtar sand, shale oils, residue
upgr adi ng processes and bi onass. The feedstock may
have a nitrogen content of up to 10,000 ppnmw (parts
per mllion by weight), for exanple up to 2,000 ppnw,
and a sul fur content of up to 6 wt%_ 20 Typically,
nitrogen CORTEAITIE} 820 PREFERYR SOFEYF 8 ™St o8y 5, 000
ppmw, nosteostittaldty FefsterEs range Brviore Sntrerted 390 or
to 500, egeafeGArEdy on@@FOoneppiFy,tregtdergubd Uracttmatient s
are in theforangelefathspnelcGl taoubn wist6113hen, rRicdd@gen
and su f ursogasvpiiBdStaIe: dISkakiny, ithetde FQIOf 025
S| rrpl € an%y@%&ﬁ?la&’iné?r&a@hf ofHel rhggﬁgr&@gsi%b”tfr&gtment_.
pOﬁpOUﬂdS. TQE&&&E@%%%Eﬁ%QﬂPQ%ﬁg&ggglg%% ngggﬂhhgg
In any reactor type but are n%sg suite f,olr use’in a
fixed bed “r&dctor.” ff ﬁ%dcéj_s%’é?? t\WB Yo nBHE’ r eact or s
cont ai ni ngYCHETHEE GP§ St maje b adett Sthl18Es i Eight 3gciFhe
cat al y&t cUAposFtUrorEs Ty behtappl ¢idd strrishhgle sahed! .
and st ackedkxbedaconf, gutedtionss owher® hh@ures of any two
conposi t i ciSmakecHebade dthogeishtc Vicbdbtbayers1@E ot her
treat nent Latahysh :0L0.0R8 LtaRSeLILs Rfceactars in
ConseCUt'WﬁmQ&gﬁi rég%Q 9%@%&dQﬂE§J¥é£dﬂ§yagg for
exan‘pllse 35, %«:L@% ﬁer , %r_j} ogr.o%%?y ng cat af%%é or_.a
hydr oct ackiig" WO 20047573858 PET EP2 5841050196 * 6
catal yst. SHir &°VHE® CBHPISF R P & eR{FB8Ed first to
the feedstockK!etiretrtec sBoride CatHirgesr $9teRsstt up to
sui tably alo et admpstragis edy pigliusiceptiobtle fa@ example up
ni trogen- pai 8000 ngmw, The! prsotes scoofent e dmventden my
be runow thptheiy,Snhydfagentgas skt ow daeiRAggLbt Resn s
CO- CUrrenty Pk, OURLEN nost Wi By iQ dhbefgedst-ogks fd,ow
The process 9f, .t e bIVENELRM L8 8pepah.edunder,.t he
contents are in the range of from 0.01 to 5 wt%. The
nitrogen and sulfur compounds afe usually in the form of
25 simple and complex organic nitrogen and sulfur compounds.
The catalyst compositions may be applied in any
reactor type but are most suited for use in a fixed bed
reactor. If necessary two or more reactors containing the
catalyst may be used in series.
30 The catalyst compositions may be applied in single
bed and stacked bed configurations, where the
compositions are loaded together with layers of other
treatment catalyst into one or a series of reactors in
consecutive order. Such other catalyst may be for example

35 a further hydroprocessing catalyst or a hydrocracking



conditions of elevated tenperature and pressure which
are conventional for the rel evant hydroprocessing

wo e@a7m 10 i nt ended. Ceneral ly, suitabl e reartT/@P2004/050196
tenperatures lie in the ramge of from 200 to 500C,
preferably from200 to 450C, and especially from 300
to 400C. Suitable total reactor pressures lie in the
range of from1.0 to 20 MPa. Typical hydrogen parti al
pressures (at the reactor 15 outlet) are in the range
of from1.0 to 20 MPa (10 to 200 bar), and preferably
from5.0 to 15.0 MPa (50 to 150 bar) at which
pressure conpositions of and for use in the present
i nventi on have been found to have a particularly
I mproved act ivity conpared with conventi onal
cat al yst 5.5 205 ThERG dPB FEIPGAE°F ITol PEREST Alishero the
react or i sTeADEPCSUTAR jeOH CREYEnge ot FH6MILC t o
2, 000 N1/ kagtdlvquivdichf eedyscérdiblex barplterod@Opdigonifho
Nl / kg, nore suhé abbaesd 50 the inbHBiddl hd¢gbe Aut ypincale
i quid hOlHyl:iyoggﬁ)@GS Y8l Q&iinﬁ)éli:l'fericﬁ) theedS5cr angee.of

from 0. 05 1.0,.0 tlsgufee%ié&gak DS, I I tre catalyst per
hour (kg/1/h),, suitab rom 0. erably to

efe
5, more prefera %%rocfer orcr’uf g To lonk 7I$ﬁ1rp{
conposi ti ofs 6?nsu%f eﬁ%’aieﬁi eer§{é‘fﬁe ?rll‘%vperﬁfsluéﬁ vhifreare
normal |y s‘i?P’(‘?“(’ié‘d’abéf)E)rtée 6§J§Va1§uﬁ¥?rﬁ?r6%§dﬁrge§eaéF’é”30
wel | khownintendetie GeleirpIlad spErsnreaStion aisiies proeedue es
are discussed bekbows Fun rdhgoe t500 thepreosmposi £ic@ND 0 ofo
the formulaotg, theespreninoble svetal 106°t s sprrefrr adahy
one or twWorBlARl Sessebeeliedh khoOMideodty, £AbAbte AN upa.

ni Ckel . Pr ef er‘I@pJI.ch )lgyhz%gghspac"r%LﬁCEJ%QSIrreQn(]aplt%gq_Jeactor
cobal and

ombi nati on of
PCT! EP20041 560198 T1°5ni ¢ Bglf%"m ‘}M‘) ;2(8 b?y %%I y
r epr esent s*¥i1 cRBf PrFREPPTAGAThaY) &° rjrét a'l\4 M 3% o 150 bar)
pr ef er abl y**orfe “Bre e G- et EPS tH ¥E| e trd i T BIR EhEbTi um
nol ybdenumrapehtt ivgstiem hawy] pesn fyprce tphafer alakjicularly
sel ect ed firpmwrolarbde nyrprphtrdgsitte coardt enbl cardiynat i on
of theotwo. Mst mpeeker ald yidM repriesent Sactml ybaanum
The el eneni,;kany esentetnby of 006t herz, wbd By Ay PQKLiq0N
feed, for example 100 to 1000 N1l/kg, more suitably 150 to
500 N1/kg.
A typical liquid hourly space velocity is in the
25 range of from 0.05 to 10 kg feedstock per litre catalyst
per hour (kg/l/h), suitably from 0.1 to 10, preferably to
5, more preferably from 0.5 to 5, kg/l/h.
The compositions for use in the present invention
are normally sulfided before use. Such procedures are
30 well known to the skilled person. Suitable procedures are
discussed below.
Turning to the compositions of the formula I, the
non-noble metal X is preferably one or two metals
selected from iron, cobalt and nickel. Preferably X is

35 selected from nickel, cobalt, and a combination of nickel



of the oxygen conponent is derived fromthe refractory
i norgani c oxide starting material. This material is no
wdatokongsy a separate distinct material w thi nPCTEP2004/050196
conposi - tion of fornmula | 11The el ement Z nmay be one
or nore elenments selected fromalum nium silicon,
magnesi um titanium zirconium boron, and zinc.
Preferably Z represents one or nore el enents sel ected
fromalum nium 15 silicon and zinc. Mst preferably Z
represents silicon as the predom nant, especially the
sole, elenment. Additional small anmounts (in the range
of froml to 3 w% of zinc oxide in the refractory
oxide starting material can be advantageous to
i ncrease surface area of 20 the catal yst conposition.
The number®9aS°ptt ¢ Moah g~ ST BpY és’éﬁ??esceﬁ? PEI*Gt vEe
mol ar rat i‘t?nv‘éﬂbﬂj%@er“éhs FrefeginlErrre gKi Hy Bvels
conponent sedsctgdsiramdbrodiwy wodfeemmcad Hepeien. oMeisof b
and c i s dakeneasatihesdiedtes enaenaydisies, gaatesd as i he
i nt eges 1. codbinkbanodhede V@l.u%stafafefg%my @Sgr%bjaéeﬁbsed as
relative vahuUes,.,. basis one of the net aI s X and M on

an oxi de baS| unber nd| te he
rati o val ue foreoegzzngeé’n |F1res?lhed 8ZC% FD \F/th

will be set’ B PRESS RGNt ‘?‘V”é er)“bt(hMJi‘?(f‘Z%CB?@) e.
30 Pref er abBloy9%+¢ $*tdesiPrtiagaptrislandihatxtroibme is
in thédrantpesed afsepmade A5stingtonBedial oshinprlef emaddiy
0.8:1 to 2ob:ck frespeci.althy diedéntth@ay a¢ icde Gromcics from
0.2, e. g. el@mnéhts Sddi ¢ abh )fr(ﬁx BluhidiOn,201itkco. @gn&ﬂuﬁl—o I,
preferabl ye;t0nilR; 2itBndf; bor&SPEGI AhLY Brbet@ilz €. 0.

0.8:1 to 355 1 ALIQ8.C. kSl LD . [ANgE, Of
from\ppzolcs)e/o%stssgggeptég Ff S ba G-l 550 4142980

4] 0501192 4.1:1,. ¢
4.3:1, “" Biet @Fapl 4pré 200 ée%reie“ ° Slglc"Fo
20: 1, espe%si 59 ﬁref"%mintt oesfa“illyetlﬁ sgeq LFetp: 1.
CGood resul ?%ihgpel Beeh BbaF féd hheank ¢S faimckel; Mis
nol ybdenun$ vE2) sf giihd egide 0 s iygpersy cxidg starthng | S
5 in the rengeiaofcashremdradrat@u th, inespeeisakiape brda bo
1.5: 15 anghd StaDsk @speetadkly 1:1; d:c is in the

range of fromThQ r@:ﬁbe]rstao ]2 J:; agcisgelcelpgésle}{t th§eﬂat£\%
1.2:1, and i.s

molar ra%lo values which are given taking one component
as a standard or reference. Herein one of b and c is
taken as the reference and designated as the integer 1.

25 The other values are then established as relative values,
basis one of the metals X and M on an oxide basis. The
number e indicates the molar ratio value for oxygen in
the composition (I) which will be set by the
stoichiometry of (X)p(M)c(Z2)g{0)ea-

30 Preferably c is the integer 1, and the ratio b:c¢ is
in the range of from 0.75:1 to 3:1, most preferably 0.8:1
to 2.5:1, especially 1:1; the ratio d:c is from 0.2, e.q.
0.3, suitably 0.5:1 to 20:1, e.g. to 10:1, preferably
0.75:1 to 10:1, especially 0.6 to 1, e.g. 0.8:1 to

35 5:1; and the ratio e:c is in the range of from



especially 0.9:1; and e:c is in the range of from
5.3:1 to 9.0:1, especially 5.5:1 to 6.9:1, and is
woreak/01Bsespecial ly 5.8: 1. Dependi ng on the neptEPN4/050196
preparation that is followed to prepare the catal yst
conposition for use in the invention, there could be
resi dual ammoni a, organic species and/ or water
species present; follow ng different 15 nethods,
di fferent amounts as well as different types of
speci es can be present. In respect of water, also
at nospheric conditions can affect the anount present
in the catalyst conposition. Therefore to ensure that
the catalyst conposition definition is not distorted
by 20 atnDsPherlc or preparatlon conditions, the
defini ti od-Lidsettohdr &iln, ootf boPReAF4Y dnbilt & 2Pasis
and on percentagé: Laﬁﬁﬁﬁﬁlbaéﬁél*PsbﬁﬂvengohlaHOQQNGe
basis. To est abdd sdsultrehayatigby sbtad onpa@sint ¥ an ropkaARN M
oxi de baskSyoltieflen®ent akli@abal ¥SisSody§erper fiormest o a
sanpl g ZQnQﬁ£em@E40¥QEaﬁh ﬁ%oﬁayeeﬁﬁgﬂuﬁ$ﬂnyﬁdj.?&.by
t hor ough orpeee&m'le a .24 2 PELALILE ok Me-om

e
excess of 400 roa mninu utes. i
accor dance Wi tg:ht"s ar’ldeasrpdc"La act| clet? nm{1 nd tis most

Pr ef er abl )?S?Wéajalﬁo%ﬁtl'ofndn%tca’rs( &y the [Fres ‘i’ﬁwff"ﬁé 33D
range of fteotnP15 ewpeSB It % HS Tehe doki ded andodrased on

t ot al 1%cat &systiallyut-enbst preferably is in the range of
from 20 to 35petdingnch espeehad by pké@MAbn tteat33s Wt %
The netalsoMdusa SHidrahiry tRE @SNt sd Bordob& thi-gh&sthsampunt

of the twy, mﬁ,@éltl$ryp§§re egﬁfdecreabésydm%mﬁrah@! o%anﬁec
present in

o5 a5, he"an e b ok b7 aEe Bt E%é'é)w%@éi%émls
nor e Er ef é‘F&lbﬂd)s/ i FEEBRYE Bndf ésaﬁe%ﬁ AP 1%y 58°%°0° 55
W % The tBEAISS £itDUTt PGP et AF $SFRCt KE "BOMPO3ISPi on of
formul a | ,2tagssrhtrdc oepdieionsscagAffeds| Yo anotiie Prengie Tof
from 50 twe3Btywydt cPreberiabl yrhehegorm ne rumranpantthof
total 5 netkalisst SohsMi% enneriph aketcabliyt&beabdy nDSt
pref es@bl YorndQnivi % aNgkepsRLInd )i t{onM o Riefietably

tT Eg ?gparuﬂgd AIPUNL L SHo2f) MR TP 8L 20 £F.65 Al 3. 85 Y0

amount basis, is given on an oxide basis.
To establish the catalyst composition on an oxide
basis, an elemental analysis is performed on a sample
25 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.
Preferably the amount of metal(s) X lies in the
30 range of from 15 to 35 wt% as the oxide and based on
total catalyst, but most preferably is in the range of
from 20 to 35 wt%, and especially from 25 to 33 wt%. The
metal M is suitably present in the highest amount of the
two metal types; preferably the metal M is present in an

35 amount in the range of from 40 to 75 wt% as the oxide,



anounts of netals is especially substantially 80 wt %
The bal ance of the catal yst, on an oxide basis, is 10
waleowessd rom a refractory oxide material, suiPe@bER200#050196
an anount in the range of BBrom5, preferably from 10,
nore preferably from15, to 40 wt% preferably to 35,
nore preferably to 30, nost preferably to 25,
especially to 20. Preferred conpositions contain from
10 to 30 wt% 15 nore preferably from15 to 25 w %
and especially contain substantially 20 w% In a
catal yst conposition for use in the invention, when
not assessed on an oxide basis, there may be in the
range of fromO to 10 W% basis total catalyst, of 20
resi dual speci es, or gani cs, ammoni a and/ or wat er
speci es, a’i‘?derfﬁé?eré:%#rﬁ?nw 6f Mot 504 esIBCiMLYy STHe S5
presence #id hpuntalofmognicht cerporents @arpsheion of
det er mi nedtdyyulast,andand carial Ysi SuitBCHNh HHE ScandPbi FRSH
and ot her @Te$@BQﬁ@eSPﬂﬁEm&hﬁt&@ﬂﬂﬁ&%ﬂ&&mgiofzgthhe
bul k net al nxides gatalysbs flecand: f 0 Mse lf [%Jz?e,ﬁbly
i nvention ,'aorgtodg%crépggghp;;ggw M tp rge E{ epce tq tl
gener al preﬂparatl tt b al “oXi"te
catal yst for Use&®i'n™" mﬁreeg’éeﬁ?ra %v%ﬁ’ff oﬁherrﬁﬁfaﬂue
pr epar ed b@i“od‘&?oﬁp?j@iaﬁ o Pecaa iy ehFeptialB08OM Y he
gener al for nmulTae (RHEPFe (OF| he dafalvhtchr anixide hapiberis
great é? th&mi®d aod aXreflvhctdyry byide,matekriandseithayeid he
meani Ngs ginvemnt abeNe ranbReomBdears,l glek&a0fy £aon( Dt Chork S
sui t abl y flgrgmrgbﬂy- ;-ro;nol55 tJOv 4@%@4 eﬁé@éﬁébIJ 9m3¥\l)more
2004/ 073858 L1 £P2OQd/ géglggfefgﬂ%pt; o Loy

nol ar rat| c.i's_ fromO e?era Iyyfrom
0. 75 to 1Pr ferlcl):e corilplos1tdor§ iontaln fr,gm 10 o.l_ﬁe Frm ar

ratio ’? eprré°§§rﬁr§fcfr6'§/lydfr8mll§ QuPt dbiry T BREDLa21Y coftgin
50: 1, pref@&Pabiryisftodf 0t5-1 to 20:1, nore preferably 5
0.75:1 to 10: I*» espedival FywsiBidch f@ &selin Tire imehaion,
rati o represent edsdpe®of anSoxStk baliby the@may. & 1n tebe
108: 1, noreangprefeembl 3 4o Qid 0148041 &speGkalky
4.5:1 25 0 nglduaﬂDSrpgcieg,s Q@QJr@Anliys,‘]'an@\bgiat e%d;l‘gr §étLr
species, and most commonly from 5 to 8 wt$. The presence
and amount of such components can be determined by
standard analysis techniques.
Options and other preferences for the components of
25 the bulk metal oxide catalysts of and for use in the
invention are described below with reference to the
general preparation technique.
The bulk metal oxide catalyst for use in the present
invention may be prepared by decomposition of a precursor

30 of the general formula

(NHg) g (X)p (M) c(2)q(0)g {I1)

in which a is a number greater than 0, and X, M, 2, b, c,
d and e have the meanings given above. The molar ratio of

a: (b+c) is suitably from 0.1:1 to 5:1, preferably from



The deconposition of the precursor is perfornmed at 10
an el evated tenperature in the range of from 100 to
weoo@7sef erably from 120 to 450C, nore pref ePebER2084/050196
a tenperature in the rangg4of from 250 to 350C. The
tenperature nost preferably is not in excess of around
350, especially 300C, when the npbst active, XRD 15
anor phous material is wanted. The deconposition may
take place in an inert atnosphere, such as under
nitrogen, any noble gas or a mxture thereof, or in
an oxi dative atnosphere, e.g. in oxygen,
oxygen-nitrogen, air, or a mxture of one or nore
thereof, or in a reductive 20 atnosphere, such as
hydrogen hydrogen sul fide, or a mxture thereof. The
deconposi t4-0i Aay:takle BrAEeadin Pifgis frocesst ng B t he
sl urry or rfafdraglyvf tronerS:Priocessi yeoRlit hd:1 to 2.5:1.
conposi t i omnefr@latige;io egpchdentag @Xd:cUS] OILt&Fly from 0.2:1
cal ci nati of» befiprpeeRradl tebn Shapi 1020 AP mbhe preferably
preparati on 79f10£3c9§§ 10fesbhg . present ns\zgnt ’rr%nmolap\égjc%es

cont acti ngrg 8r;%re sl ug‘glltebslyogom \%{:@l ggdl rret aI S
or
g9,

in a protlc or exa ne

nore of tHe refer Bnds,’ %%"6830"’115’( Iy BottOh26 ar &°fh
solid and ‘%fipé"sléf]\}’eﬂ °F ége“"s? ful t aneously, with a 30
refractory oxi%de dﬁwmpmtmﬂe%%h*@eptﬁcumr als ke forgerhpound
at  ald enper ateurtedardedrarura ini the subé ccifent 10O tproduce
the precusosed,. pletredasl posmi oetd aso°eaabrdTBicb-abyper a
that the yRbakeds Rrovi dede Ry 4¥P 28Bkalss60MPRUNS,

one of whi &Rpéétur‘%%ogplpgefepak;l e.LSpII;OQt J.n ezuegé’“og a@glgldt he
ot her of l,ch s

SOl u
Dhis cont ot dae iy Qb hF oragRet ReT EPIbha/ 050106
15 refer tTOPHETBEEFEY 1 HETEF1 Fe® PIRBRPShUe™ gy take
metal | ic RSApOURAS ETNEHICAPNTGSt RE nT BYSA M) tipge™| any
ions. It i®Ppossi bk e figtug| thegenfporrent sn roidseivadded t o
the proticnbimgeied ab. ttheoxsame diyge-orreegquent,i al ky.
Al'so it 5 histpRS& Bleeod QEreOnR &I, NI & af bR vt al
conpoynds aRdspnthe dueh act,af OXhfiBota barid, shwry
phase Wit hmli-xt'l?zb ’&regg c”][‘ua %Q& osqggonf IQay a'ﬂ? prlgcgaa!ilpglgg

conponents to

roce351ng o he s urry orcéurlng further processing of
the composition for use, eg during extrusion or
calcination before or after shaping.

25 The preparation process of the present invention
involves contacting one or more slurries of the desired
metals in a protic liquid (for example water) wherein one
or more of the metal compounds, especially both, are in
solid and dissolved phase simultaneously, with a

30 refractory oxide in the presence of an alkali compound at
a temperature and for a time sufficient to produce the
precursor. It is possible 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

35 only partly soluble. Metal in this context does not



The process of the invention nost suitably invol ves

10 the m xing of slurry phase m xtures of the G oup
wbim4ansso G oup VII1 metal (s) compounds in watBCT/BP2004/050196

other protic I|iquid blendad at el evated tenperature

with a slurry of an alkali conmpound and an inert

oxide (preferably silica and/or alumna) also in

wat er or other protic liquid. 15 Wiile the order of

addition to formslurries fromthe individual

conmpounds is not critical for the formation of the

catal yst conposition (1), we have found that when the

al kali conmpound is added to a slurry of partly

di ssolved netals and the refractory oxide, this

provi des the nost 20 preferred XRD- anorphous

conposi ti diT5%of° t*he “gerarialmett dr-tphase but| o petallic

however, posiuhiisecengainddd the neaesedry' metsl desy to t he

al kal i conpound,isv@dshimh&or efi I actnynteXxiode: afdeasS@nthei N

one or therotheriqaid bothe sardrsdkidd sopbaimiyusefdhe

cat al y§ ic &0 Ql?ﬂltaligg%ne 2)5 n@lrg%qlﬁg I@Eaﬂc&%p@&d@%dbe

carried oucthe r%Era%zég{{lp%iq_ gﬂ tbre] iannlelj.llr}:yr ah%-sur r%%( HHChI ne.

During the m X 0 roce nponents
of the sl LFrrrollecsﬂ%Bbci p?“@cfoﬁltth t’%m?ld‘l?%rc?ﬁ‘p§6?”1tﬂ§° Bf the
precur sor ¥otHpo%itton under the action of the 30

al kali preci plTbatPF?ﬂ?Sag’érﬁhe iNoFrEdnl yost henitasd mihggves
preci Pl t atihentixirg o ethrwhenesewo xtreBILethe 0P au MUks atchat
are di ssolatedy vprieedtpi tsat @m@uhas0fn selait doBHkogRbNer .
In the proeesspRhiaddng bnvenhi QhpeatpQr 4O Qlfuri—}h@f
gggpg?nds Eﬁaﬁpggr%:oéx%olm\éeﬁ %gﬁ totgclc!lese%g)?é:lam Elgzt?ag
the so) [d w? oDl G73eae° PP e Goar BeoTas s 1etid
conpo ent( e Theretord ?/9@1 Bf8r T Y8 U RerE ™ the

t er mi nol og’y’dllléwlpf‘é@?‘b‘idf af |”6F| cTiHER! Fef ért iFAgaEn of
precipit at ihercasf lyrhtcerical S omt(T] eas hagn ot Wi ehen e n
a partly dikssiobargdurgtiat @ldedte PprDEEs I afartiyedissolved

i nventi on nesafhs sab trablarreanty etilaed thiy prghadsh@e most

mal nt Q@ancﬁre@irr@m XRELREY: fx)cruls 340% Je@iﬁ]%% %& Whe Je@e{ra@n

appr opr| at g Lo, { o, AENLEKE. L NS, desl ned BrecyLepr, 1t

is ar OUtI ¥:o %Le a?kal com ouncpewn.tp the pr%EfPaQ:Eory oxide
terrperatureff at i"ons

present 1n one or the other or both, and still obtain
useful catalytic compositions.

25 Blending or mixing can be carried out for example
with an Ultra Turrax machine.

During the mixing or blending process, the
components of the slurries (co)precipitate to form solids
of the precursor composition under the action of the

30 alkali precipitation agent. Normally the term ‘co-
precipitation’ is used when two or more compounds that
are dissolved, precipitate out of solution together. 1In
the process of the invention, a portion of the compounds
are not dissolved and it i1s possible that one or more

35 dissolved components precipitate onto the solid



for a desired end product. Suitably the tenperature

wll 10 lie in the range of from25 to 95C and the
woee)pressbpitation tinme will lie in the range eCTmEPOIW/050196

10 mnutes to 2 hours. Wilee essentially desired end

products will arise froma control of both conditions,

it is noted that operating the (co)precipitation

process at 15 higher tenperatures may cause too nuch

di ssolution of the netals conponents to enable a good

end-product; at too |ow a tenperature then

i nsufficient dissolution may occur. In a preferred

enbodi ment, an initial slurry 20 concentration of in

the range of from2 to 40, preferably 5 to 20 wt % of

nom nal solids content is ained for. By nom nal

sol i ds corfeEpnent (e afruntord e JoPidstoattfeteredr the

protic |i quirdinegodvnt epdeekirPreial abby refreramount  of

al kal i conpetindiate@gn arm@tdraslsi & ddast eastotOvicirak jped
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quant I ty oaf proalr':ﬂ:eI peepg.:aaguerg%l a%aepppaf fr?actte tirrllg tfoI nal

form of t K& CATAIYSt - Conposition. “WWere t Re: nor e
active anotBhdis"t %efh%edg%f“éc‘&é%ﬁ'r &d, *1 AeRtRE "Rhtinte
of al kal i METHELR? (LAY 2PBUPEG AMIBATA " ApPic euPER6tAE be
at | east O0foF% metiredrone prpmef-erabtaplattht eamterguge will
especil@l | yriatid e@starde fmbdlop 2pero 95tolanmethal s M+X,
oxi de basi &o)Jheiapmibt tofe alikalik inCe¥pauage odtdrbh 28d
is preferabhy.at:dmsius. MIL RELfEI/DLA: Ay BRSt 2,

an_d especi &Jol:hyctgtwiﬁrpsagcis]e' Lyr’om @Lonpﬁﬁ g’fsbg@xl cc!m.ttta;Llo§s,th’
oxi de basi s. 04/ 073§59 PCT 2004/ 050196 17 ;Il'@e

is VO 2% i
G oup VI B reld°i € o8t 51 8f er alsP P oIy baanuf °°°°
Sui tabf e GPEUF VFFF-THEEYI BYi FEPUGR BBHar oW tiet” 6F° a
m xture thetast cosarraplte Mrtitet IeBnPIuPIES chihitcPost ay
in partl ylwot itdngehagee ithert hesusBlient dissolwatoernayand
therefore &care preferred, are ni-ckel carbonate,
ni ckel oxide, i gkelrerhpdi@xdidest, ickak: phosphat e,
ni C_ke|20f ormnégrﬁ'raaiog K)%l in Lsnlél Jtaing@of rHrerl(Ql ’;orr@d,y Ll%bl}pr
a mxture ?ftotélépw Q%I' ot[nl%gn%n lt hc%rigs;Ofcbntégglits Ia%ﬂe% élr. By
sol ubl e salts such as nic el o
nominal solids content, the amount of solids added to the
protic liquid is intended. Preferably the amount of
alkali compound, eg ammonia, is at least 0.5 mol per mol

25 of metals M+X, on an oxide basis, and at most 50 mol per
mol of metals M+X, on an oxide basis. The quantity of
alkaline material can affect the final form of the
catalyst composition. Where the more active amorphous
forms are desired, then the amount of alkaline material,

30 eg ammonia, applied should be at least 0.75 mol, more
preferably at least 0.8, especially at least 0.9 mol, per
mol metals M+X, oxide basis. The amount of alkali
compound utilized is preferably at most 5, more
preferably at most 2, and especially at most 1.7, mol per

35 mol metals M+X, oxide basis.



acetate may be used in conbination wth one or nore of
10 these conpounds. Suitable, and preferred,
woubyndessam conpounds (based on a sim | ar cri PETIER2004/050196
are nol ybdenum (di or tri)17oxi de, amoni um nol ybdat e,
nmol ybdi ¢ acid, nolybdenum sul fide, or mxtures
thereof. These materials are commercially avail able
or can be prepared by commonly 15 known | aboratory
practices, e.g. by precipitation. Starting nmaterials
having a C, H and O conponent in addition to the
desired netals are, in general, nore preferred due to
a |l esser inpact on the environment. N ckel carbonate
is therefore nore preferred, since it 20 can deconpose
to ni ckel oxide, carbon dioxide and water upon
heati ng, based™»f*t'Re’ Cartidhat &°toRTEATPEf mph@denun.
starting riateblalcrowguiiTabieealisnertudretobzital 5 ckrtli ¢4 sed
as the refuiaotrortierspXi deitdnleenicbl dempbigs prwepar sitaly Qi
of the preacufiSOfoidd @hd {hosLsoethi Showr) @88 therefore
catal y§i ¢ Aetd¥idVeq, 0freNQ kil Bl ¥biate, ALdEYickYaedtnidkd:

nthe utiy 5]?0%&% n, Qe hxgorsg 0, Ynder’ Afg..condily ons

of use, S utl

surface are lgF tnh°ke Ter Y REY 7 %Im§Xt§ﬁ? a0y 15 8% n

t he range f@FrePFowﬁ‘ith%%a?JGOS%ﬁ?J@ Satbt &955r &F éi‘cé‘ﬁf-y from
50 30 to 406tate/mgy SFhessé ivatepirabieoni wich wde osiddreaf

al um n@, tmgnesipayndti tsaitisale,zamdconREgred OndlahdezinnC

oxi de, zi Nompdiyey Q¥dsde onnatiniddr ardeSyNtabetmo Cyvakbays
and m xturgs of crif W &, melelumgn@mteﬂro@mris edig,
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preseny 5 iNVEALILL A MOk SHbd,ablBorshidcea PR efdeal
is Si per na& on %Qa :ng,wggée% Gchl Icklecgarggrng orn:%}{’é Qg the

predom nantl Sﬁ erl ¢ a{ particles, available from
Degussa - pe at 15 a trade nanme.

Suitable inert materials utilised as the refractory
oxide material during preparation of the precursor are
25 those which show less catalytic activity, or no catalytic
activity at all in the utilisation of hydrogen under the
conditions of use, compared to the metals utilised. The

BET surface area of the inert materials suitably lies in
the range of from 10 to 700 m2/g, more preferably from 50

30 to 400 m2/g. These materials include silica, alumina,
magnesia, titania, zirconia, boria, zinc oxide, zinc
hydroxide, natural and synthetic clays and mixtures of
two or more thereof. Preferred materials are silica and
alumina, and mixtures thereof and/or with small amounts

35 of zinc oxide. Where alumina is used, it is preferred to



Sui tabl e al kali conpounds applied to prepare the 10
slurry with the inert material are selected from
woyor4ossies or oxohydroxi des, for exanple, G oROTIER2008/050196
IB or Goup IlA or IlIb hydroxides, Goup |A or Goup
IlA silicates, Goup IA or IBor Goup IlAor IIB
carbonates, and equi val ent anmmoni um conpounds, or 15
m xtures of any two or nore thereof. Suitable exanples
i ncl ude ammoni um hydr oxi de, sodi um hydr oxi de, anmoni um
silicate, ammoni um carbonate, and sodi um carbonate.
Preferably the alkali conpound is one that wl|
generate ammoniumions in solution; this includes
amoni a which, 20 with water as the solvent, wll
generate the amoni um hydroxide form In one
enbodi ment S P BrREPET AFETIRY 4¥YN HYSHELEII "liningormsbmati on
for the prepamatd.onost pberbil koweteal iexditea. AheGdEsOr
i's nickel ashesate.lirgl ybdenumiex de andsA5-2m0ERhaus
al Um na. Alsg@rl% CQEQL g&l@%ﬁﬁgg |u9ﬂ1E§d gA C&Ke Ipresent

car bonﬁt e, n@gﬁ%ﬂ uXnveI rTD J)élalglat & lg'gadma elria is Slpernat
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sol vent, 3®o¢- e. bel ow 100C in case of water. The pH
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PCT/ EP20047 050198 precipria PBrodess. The
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In one embodiment, a preferred starting material
combination for the preparation of the bulk metal oxide
precursor is nickel carbonate, molybdenum oxide and

25 amorphous alumina. A more preferred combination is nickel
carbonate, ammonium dimolybdate and silica.

It is generally preferred to utilise mixing and
precipitation conditions, which keep the solvents below
the boiling point temperatures of the applied solvent,

30 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.

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



After optional cooling, the obtained slurry my be 10
processed in a nunber of different ways in order to
woegaion3gshe solid content, which process can i RCDIEP2004/050196
filtration, spray drying, fivash drying, evaporation,
and vacuumdistillation. Certain procedures, eg
evaporation, have been found to introduce
crystallinity to the 15 product. By evaporation, any
process of driving off the protic liquid, e.g. water,
or drying is intended, for exanple dessication and
boi | down processes. The system used wll depend on a
nunber of l|ocal factors including environnental

| egi sl ati ons, and energy availability. 20 Mst
preferred are filtration and spray drying. The fornmer
i s qui ck affa FEFPETELYYPINRESnSINGSBiRT Fiegquispeidy Lies
several réint greatdnge o§tieps Lamdryeadaeidsblyi gheinuyed, ures
of wast e pwaferblyt heolat ttde sgsingnempyraturt ensby/ en hué
gener at es rahéd bt &rMﬁSrﬁl:&entZ&m};&&t@feEfﬂ:r&ample, from 20,
XRD- anpr pfgw@abﬁ?tf@gr# 3:8, 36 &sT0M £:0:0Q08) SLENI Yo oo,

obt ai ned, at a ractory oxide contents, ~ using the

slurry preParsPToatPr oeBSS %Qf % fe Tlhﬁ\?é?ft”go‘i?“%ﬁ

pr ef er abl YR EbOT HAT O PYWiChirg pihay P PR gixFhe to =
So- pr epar edvsokempeprtoduct is a powder which has 30 a
| oss on ignitisorerl@tiokl obin®5Yaa ok 60RSEStSy may be

pr ef et@bl yprofesped ARIA hyodREE aﬂmepélﬁu&ymhe&h@ﬂ to as

det erm nedreQé(m”@r@@ol@& Cg&\éﬂ\,er w}}gcfx %o@sg chl@QJh!z&Oe

anal ysi s; fl'ig}/é@}’o%f ApPaPQEQ‘inge”’PPa‘QL'H% LS, GLystalhine o
mat eri al , %gegﬁatm ni um oxohg(fr oxi de W th

| ayer ed doub\Jum SEFURTURFETRY & Eroration
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PCT/ EF20041"050196 BY 202196+ Ph PoysBraspes ghideivére cHOE)e
for a nat errebic timuthee.or elebtd, ver armonts ghtdndsd, frass
upon heat i sxgmillaedegBitcetioal ant oi b40@ PBickOMbE NQThe system
procedur e:usthe: sRaPdeRd iof dThx@er \Wellocd10sa b0V et uany

i nhonogenel {,Yronddiea Vel abed : SRMULE dns: Nﬁ?ﬂ%ﬁﬁfa& ed
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is place to a pre aedovg nmum
tinme of 15 AUt But t3pi Calidy ”F%?Slie ﬁ% Feq“ﬂ'ﬁeé
cruci bl e C?ﬁ’ffﬁ‘lln’feﬁberlafféeoﬁi%%a%daﬁﬁidéc‘is MR FrEdmesg e n,

waste water; the latter is energy intensive but generates
little waste.

25 The preferred XRD-amorphous materials are more
consistently obtained, at all refractory oxide contents,
using the slurry preparation process of the invention
most preferably in combination with spray drying.

The so-prepared solid product is a powder which has

30 a loss on ignition LOI of 5 to 95% and consists
preferably of primarily XRD-amorphous material, as
determined by means of powder X-ray diffraction analysis;
however in some embodiments crystalline material, for
example ammonium NiMo oxohydroxide with layered double

35 hydroxide structure or a Co component may be present.



and the LO is determ ned according to the fornmula: 10
LO%= (w- walc) /w* 100% where wis the original
worlghr3ssd the sanple, wecalc is the wei ght of PCIAEP2004/050196
cal cined sanple after heatizig in the oven, both
corrected with the weight of the crucible. The
prepared powder may be dried before optional 15
further processing, especially where filtration has
been wused to isolate the solids. This drying or
ageing can take place in any suitable atnosphere,
e.g. inert, such as nitrogen, noble gases, or
m xtures thereof, or oxidative gases, such as oxygen,
oxygen-nitrogen m xture, 20 air, or m xtures thereof,
or a reductive atnosphere, such _as hydr ogen, or
m xtures of ré&GGEr J\?és SR IPIFEPt (B eST 0t maiprialyfeshe
t hereof , WiLASiGR PRt loamrent apentiadinantlteeraterial to
noi st ure préeserftllofhe mryedme: t Bepemnataule nigdpief ebr ed
to |ie irpkhetranggenaiogéieor. 2@he Uaikdeh sabet s 95C, 25
pref erabl y:aps #e0: 306Gt and.LsRACIAI d¥cdil0ma7Q .t 2180C,
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Most pg ef erably howevegrscalginali ongisiget performed
above 350C, especially 300C, in order to avoid
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possible to

mlxtures thereof, with or without ammonia and/or water
moisture present. The drying temperature is preferred to
lie in the range of from 20, usually 25 to 95°C,
25 preferably 55 to 90°C and especially from 70 to 80°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
shaping. Suitable calcination temperatures are in the
30 range of from 100 to 600°C, preferably from 120 to 400°C.
Most preferably however calcination is not performed
above 350°C, especially 300°C, in order to avoid
formation of any crystalline material. The calcination

may also be carried out in any suitable atmosphere, e.q.



10 conbi ne the obtained powder with catalytically

active materials that are used in other
woOydosmosssver si on  processes, for exanpl e hydr oecawrRong/o50196

Thus the powder nmay be corfbined with a cracking

conponent, such as a zeolitic or other conponent that

pronotes hydrocracking 15 the conversion of a

hydr ocar bon feedstock to one of a |ower boiling

poi nt. Such conponents include faujasite nmaterials,

such as zeolite Y, ZSM5, ZSM 21, zeolite beta, or

conbi nations thereof. Certain anorphous silica

alum na materials have a cracking function and may be

20 utilised. It is unnecessary to add to the powder

any material that would act solely as a binder, but
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be added tg ts possa_%Pel ng m xt ure obtai ned, which

i ncl ude

Where desired, other supplementary materials can be
added. These include materials usually added during

25 conventional catalyst preparations. Suitable examples are
phosphorus materials, e.g. phosphoric acid, ammonium
phosphate, or organic phosphor compounds, boron
compounds, fluor containing compounds, rare earth metals,
additional transition metals, or mixtures thereof.

30 Phosphorous compounds may be added at any step of the
preparation. If e.g. alumina is used as binder,
phosphorous compounds can be used for peptising (with or
without nitric acid).

Moreover, added materials may include additives

35 typically referred in the art as ‘shaping agents’ or



10 protic, e.g. water, polyols, etc., and non-protic
liquids, e.g. hydrocarbons. Protic liquids, e.qg.
woavewo73sseay be added for exanple in order to BCTE®2M0R®50196
LO content of the m xture2to a suitable |evel for
shaping. In general, there is no particul ar order of
mxing 15 the materials (in solid and/or liquid form
together. What is inportant is to ensure that the
sanmple is mxed well to prevent nonhonogenity. The
amount of additional solids and |iquids added during
shaping lies preferentially in the range of fromO to
95 wt % based on 20 final weight, and depends on the
requirenents of the anticipated catalytic
application. Shaping can be Eerforned I n various ways
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into a performed in various ways depending on the requirements

of the application. Those methods include spray drying,
extrusion, beading and/or pelletizing among others.

25 Sulfidation may be performed in order to turn one or
more metals into its active form. If the composition is
used as a shaped catalyst composition, then it may be
sulfided before and/or after shaping. In general,
sulfidation is carried out by contacting the catalyst or

30 precursor with a sulfur containing material, e.qg.
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

35 sulfidation is carried out only prior to shaping when any



10 hydroprocessing unit. Commobn ex-situ procedures are
the ACTI CAT process (CRT International Inc.) and the
weLhHINGSEY process (Eurecat US Inc.). It i s horevar2004/050196
preferred that the |ast swsfidation procedure is
carried out in situ as follows. 15 The catalyst is
sulfided into the active catalyst form by neans of
sul fidation carried out in, the presence of hydrogen,
by either contacting the catalyst with Iliquid
feedstock (in liquid or partly gaseous phase), which
contains and/or is enriched in sulfur, where sulfur 20
is present in the formof an organic sul fur conpound
and/or elenental sulfur, or in the presence of a
sul fur containing gas, or a mxture thereof. Surface
area of tHE HiendPseRadelcYr oot eawdpedd ye cehried
B. E. T. net®edindersk rigitibie agrasriese ddsorbatets general |y
25 lies i reonfresi@ngetiof (Farom) 191E0ied HBasibgk to an
pr ef er abl yoxabo¥eatd5 n2/ g, nore preferably above 65
n2/g. Pore volpoR, At &Qesuﬁflraa{lerSQQM,capa@c?%@d

usi ng nitrogen adsos pﬁa Q M,P fﬁ?’eé Inir?dgﬂet frgglledE T.

adsorption eurve

from 0.002° % Prr§7 reaflélrne"i‘ﬁjrc’“ 3671 F%?nsblgfidﬁtéml 0
cnB/g. Fl d%aybh?dcaEFJcFé‘hO‘gT PeAbtth (viss %n MEREEFEde by ATSM D
6175, is prretsiabl gripn texoedissdihe5@talMseapteaand | i es
nor e pt ef ervdabipyo@boine b0 Nomyn espeni atdeydurabave tdbH0
N cm The mrefergrecsanurphetsngabmiysic. ) GHTRES istilrofs:
of the presendssi puanti @8 have beenfouod t0.35 bhave..

such high g 4 N 1 WO 09114/597113518559
such gb shush, sLrsnaste han. pabed., 0. 250470,

cat al igst conposition of the present invention exhibit

a very’ hi gh acttvFtdfiors SHWF%ddé%tﬁl PRUTTES PR Ehd
hydr odeni t 1R i dtspon obfsubiidridenrchoitet eetst ook Presphfs
activity i Wigbeer, thiagiths tdratctiounet forlwomient i onal
Ni Mo and QoMbicoreeabisnk Nan leatial gesparpriepaseeds Byaspor e
vol unme i npieghnatdtaims afidoaks@nrithghes shihan, fedrebath kur
catal yst prepaied By (fOrol SCERILENE ORLEVENL M @

m nor amu&%/&f efeﬁgrﬁ:ggtsg[% Q%Ilq‘eth%dgq:legén%n%l ly sulfur

precipitated into tne cat al.

containing gas, or a mlk&ure thereof.
Surface area of the final shaped product measured by
the B.E.T. method, using nitrogen as adsorbate, generally
25 lies in the range of from 10 to 350 m2/g, preferably
above 35 m?/g, more preferably above 65 m?/g. Pore volume
of the final product, measured using nitrogen adsorption
up to 95nm on the B.E.T. adsorption curve, preferably
lies in the range of from 0.002 to 2.0 cm3/g, preferably
30 from 0.1 to 1.0 cm3/g. Flat bed crush strength, as
measured by ATSM D 6175, is preferably in excess of 50
N/cm, and lies more preferably above 100 N/cm, especially
above 150 N/cm. The preferred amorphous catalyst
compositions of the present invention have been found to

35 have such high crush strengths when shaped.



10 While not wishing to be bound to any theory, it is

currently thought that this exceptional activity is
woheo4/o7essal t of a high di spersion factor for tkeTmeR@kns50196

through the oxide material24 achi eved through the

careful control of the (co)precipitation process. The

aimof the 15 controlled (co)precipitation process is

to prevent the formation of as small as possible an

amount of crystalline material. Hi gh dispersion

shoul d not be confused with uniformty of dispersion;

the catal yst conpositions for use in and of the

i nvention have a high 20 activity with netals

di spersed through the oxide naterial, but not

necessarily uniformy dispersed. Despl te the

XRD- anor phous “AEX#FE 'Ofclt Remppi et @ropedtysicarapyigion of

conposi ti ors,rrefray igvéntionestiibitt a hiegh heghusdrivigrengt h.

This is i mydigksnpiurc@nidnasid b@irbde@idii giraldn of

net al s- ContyakdtaAGn CALELYSES ©hi FR:vAyLQOQ682nwhicch are

requi red tﬁam\éﬁqdaf&omge%%% Mfio UM LM el gl
nent det ect abl.e by

di sper si on, S 0

powder X-r §§QP| %fpr%pc%( o ﬁy anal ysi 2?(13‘5557“ lon’ "’f“ ehgt h:
The term XREFaltP 6L?§’“‘ C%“&%%tdplf?éf”éﬁdrf"yt & denote 30
that in a Hﬁfw%ﬁ?%ﬁveﬁa‘tﬂﬁéﬂwmﬁwvgﬁow PohrFerXRD-
anal ysi s, ¢Hhey eddisiqrelyvefdeeititaonrd cinby 4bd ertiagiitc of a
Goupi/l 11 or waiXer opwivhingnet ¢ begRponedit tieboyeit2@s =
15 that hasrétCharachetist i8s fdibdptWirdl hicatvibaht tne
maxi num of resgltSOf thllg}e%§speyQog%é{oQ7§§5‘§1e metals through

PCT/ EP2004/.05 Ln
XRD- di f fr i%:tg ] %}19‘3 mat%?lal %LIL%E%‘@/QEO%? he PR ket

signi ficant [t égi?]ie“ptlﬁattmn an vé° asThe ned° fo any of
the Gloup SAPFICLEF %ﬁﬁﬁlP\’/Fﬂlﬁ‘étpé‘l’ceE?)ﬁﬁ&ﬁeﬁ‘fF?“t ABove
29=15, t hefemzien Bf cadmrbcad rPATBiP+A2Y AnSnproéf err ed
cat al yst cowypogiineonsedhl 4 heioh riierrtrpon asuld obt bwns:
where 29 i &nimseti et amgernaty forf orezks On; pmeferalby
from 23. 0, cdnPos28idls APMEe Phefharabing ifeiditn haRge H9fn
from2p.5 g&l%%y%t@mt%ﬁmup\éﬁéa& tr&zswhe%e&lag d 10
val ues, t hn?ate?it S.e[i)ui! %@gecegsa% ﬁulIuQngnly dispersed.

Despite the XRD-amorphous nature of the preferred
catalyst compositions, they still exhibit high crush
strength. This is in distinct contrast to the high

25 metals-containing catalysts of EP-A-1090682 which are
required to have a homogeneous or uniform metals
dispersion, and a crystalline component detectable by
powder X-ray diffraction analysis (XRD) for strength.

The term ‘XRD-amorphous’ is used herein to denote

30 that in a diffraction pattern given by powder XRD-
analysis, there is no reflection characteristic of a
Group VIII or a Group VIb metal component above 20 = 15°
that has a characteristic full width at half maximum of

2.5 ° of less.



where 20 is in the range of from33.7 to 35.3;
alternatively, expressed in d-values, 2.67 to 2.59;
wand4miesse 20 is in the range of from59.8 to @2TZP2001550196
alternatively, expressed irmnsd-values, 1.55 to 1.49.
There is preferably no significant reflection that can
be assigned to the refractory oxi de conponent of the
catal yst conposition in the XRD-diffraction pattern.
However, increased anount of refractory oxide naterial
20 can shift the above first-nentioned characteristic
local maximumto below the 20 = 25.5 to 28.0
preferred range. The preferred XRD anorphous cat al yst
conpositions of the present invention have, on an
oxi de basis, in the range of from15 to 40 w %
preferably to B5thet "p15s 30 BB WEPAHER @2pter sbati 3° t o
25 Wt % r ef FALTBESp ok isteiticmpobrtsitandanetalbs assigned
conponent stesetveet ate GromiTked cang viwoherbdebipdhents.
ni ckel and t ungséepe-1andcickel o oml ¥hdenmm,, and

tungsten. Masi.prefenahl Yo, siLica s, used as { he
refractory&3§”ée conponent . er netals conponent s,

30 such as cobalt, and sone refractory oxide materials
give rise toveristhlitilnehe ebbasced drep and arefeebly n
this prefeoned.grotyp20h° CcasgRoSdetéaA5, id hBe FBSE of
preferred gahalsyst c«£0aPOSiatiRns 16814 hep-pEESENG-

I nventj on $hus ang subst @%L ak |3y 4 XRD-ampr phous 35
owder XRD anal ysiis have no WD

mat eri al s, which under .

2004/ 073859 Pd%fﬁpi‘géﬂ/lgéﬁidéngez%f dEveatdpiE .2

crystal | i e eBRpbitent xrPresseeini hgaWeth? rf’t e2-$eope of

the present imeéntion for m nor anounts of

crystal line maherd ad is as wWetLed-Lo: ByonXRDg- 1@ He2-;

present ; glqgﬁlawveh{, b3-PILS8ALa-0DIY, | B SUCh, a3 amount

as to not 5 change,lhe f%ca'\:bllVIntoysiorflif!:lhaentar@{¥,l‘go%sthat

material . The novel €atalys Conposi tions ‘of thie

i nvention &e”° E%\srl P?eguTanl%/eyrelf§aé BT ABEriCAr Y haTithY

si gni fi canta*§ YShetrer der ittty FREritatrareig8tP2HBS  t han

convent i on&veayd inpr9eerd amcuntc af abywrtdrgrargde 1o-eTHe

present i nsentiion ths aadwsofidsr-gottechebochbhi@icéristic local
maximum to below the 20 = 25.5° to 28.0° preferred range.

The preferred XRD-amorphous catalyst compositions of

the present invention have, on an oxide basis, in the
range of from 15 to 40 wt%, preferably to 35, or to 30

25 wt%, more preferably to 25 wt% refractory oxide
component, and metals components selected from nickel and
molybdenum, nickel and tungsten, and nickel, molybdenum
and tungsten. Most preferably, silica is used as the
refractory oxide component. Other metals components,

30 such as cobalt, and some refractory oxide materials give
rise to crystalline reflections and are not in this
preferred group of compositions.

The most preferred catalyst compositions of the
present invention thus are substantially XRD-amorphous

35 materials, which under powder XRD analysis have no



preparation by the deconposition of the precursor
conposition Il, and to its use in the hydroprocessing
wohoodvysisecar bon feedst ocks havi ng neasur eabl e PeWIEPR004/050196
and nitrogen contam nati o The preparation of the
precursor 15 of general fornmula Il for these novel
conpounds nmay be by the procedure described in US
6,162, 350, in WD 00/41810, by Landau et al, or indeed
described in HP-A-1 090 682, in which the netal
conpounds are either fully dissolved or partly
dissolved in the liquid used, suitably a protic 20
liquid, especially water, with the addition of the
appropriate amount of refractory oxide material to one
of the starting conponents or to a m xture of
starting €6 S%Ehf St eCTEPIYE di EsotRerF HErar shar e
utilized, Spe |°§ e gresmedrriratoraf sotiaet gmowts fogl | y
di ssol ved qres@ll singonaterigtded deteches buikRY, 06 baldeatdnt;
conpound anrdarefrtact rasent0¥hFeidMBi®r drabnouhfias Qi MRS
prefersed draifr tidl scioval ddhehe ROGRSS n@feragdi tion of
al kal i conpoung.tg.& §Aeaws¥ c%tnposmlohg oEetfhgai%t aLY.0xlde

and full y C’!\' §J.c915.ar§y use{uﬁ materlaf’s haplf.ng éjdgnf‘%‘llca trlOV\EVGI'

t he preparatlon 'S 1¥ ésent

i nvent i on. RS ﬁ*@%l t tré %QF?F§§PS€Bﬂb6§WFWﬁﬁmﬂ and
accordlnng6°%ﬁ€tCﬁ?%%%hf“@ﬁventlon may be further
procedsed as desortiret ingrove, ieglsoshiapeddanditeut fi ded
as necessalryparatibn gy tizedecug@editiibn 9€lt@et@deursor

hydr opr ocessbdgt appli, Caki @Nnsest et freate BRirdbbbarent o
streans Ur}@@foc@r%ﬂndﬁeﬁﬁg% QJVngOHQsHe%QJ_Se sulrj)fgrggny@
2004/0738§gtP§££EP%28%éQ§%19q rq%a%monogg%ﬁéreL&%éﬁ

temperaturgs_in

reacto? pr%s ufgg ?ﬁmgge r(gor '%FTPV%hfﬁm°WﬁsfﬁyﬁpéW
li qui d hourfyFr8pHLE® \?‘é?%ttiefillé‘susl fr oRe*5P B ot/ 418 fym
0. 05 to 10°YKETF#het @Ad ca Ingerdotrencifas if "G 1Late 88, 5
t he range iof vificorihd Gretg rDOBINREK GithEheful bl Hipwbvgd
Exanpl es id: pstpatiessbhedpmesentiquidivent i san:asEXAMRLES
In these BExampl espthaifoldtew ngnt @stdetibeds have 10
been fO| l %gopEQathQn\é{lrQeog Q@frﬁ?@%&%@f@n&ée&'d% one of

the starting components or to a mixture of starting
components. Where fully dissolved metals are utilized,
it is preferred that a solution of fully dissolved metals
25 is added to a slurry of alkali compound and refractory
oxide material; this gives preferred materials over the
process of addition of alkali compound to a slurry of
solid refractory oxide and fully dissolved metals. Most
preferably, however, the preparation is by the process of
30 the present invention.

As above, the catalyst composition according to the
present invention may be further processed as described
above, eg. shaped and sulfided as necessary, and may be
used in selected hydroprocessing applications to treat

35 different streams under a wide range of conditions. These



Flat Plate Crush Strength: ASTM D 6175 Porosity: ASTM

D 4284 with drying of the sanple at 300C for 60
WOR2008385pr i or t 0 neasurenent, and using mer cCUPYT/EP2004/050196

intrusion. 15 B.E. T. Measur¥nent: ASTM D 3663-99, as

nodi fied by 1SO 9277, with drying of the sanple at

300C for 60 mnutes prior to neasurenent, and using

nitrogen as adsorbate. Pore volune: obtained from

nitrogen adsorption up to 95 nmon the B.E T.

adsorption curve. 20 XRD anal ysis: XRD anal ysis was

performed on a Philips PWS800 Bragg-Brentano type

powder diffractoneter using Cu K-a radiation between

20 values of 5 to 60 degrees (0.05 resolution with 7

second ste s%,,V%ere shaped sanples were anal ysed,

they were TPt (REREGC aBPHRESER A" bl moeppadet P11t o

a sanpl e HOl t8rC«( o5 meretes PresExenpt sbe tanoe &, fand 17

to 22 showkot Hevp eparst honlamdaceacbatictes Of teatalgysds

conposi t i ofsm macke thyotHyel mptak s hydsbdshrysspriepatad LON

process oftnthendduentione 5368 g516. to 16 show the

preparation ang. agliyilyef,narious 39 t%@tpar'eyéqtc

conposi tions, made using ful?y dlsspfved net al s

sol uti ons; Ln anple 23 the activity of catalyst

conposi ti e by both routes is conpared. Nom na

conposi tion prpdrtd ErEPcethyi {RRRCHEY Ef5F BrFhods have

per cemt agesehyoleighte rvRi2004¢ 0FB85Sents given

PCT/ EP200471660186 c:28h Examptre as256.d7g ADM (anmmoni um

di nol ybdatmyohayi ngsth6n 220ut Jorh Mayind28: Bnels N QOB: Wes €

m Xed; andfo@%ergintnga_szgégr g:o%gﬁlrremeing, @nd'5 uLllntgrn%rg{ﬁgl nmex

aut ocl ave,; Whil g, stirring at 800 5 rpm The

t enperat ure _was 1 ncrease approxi mat el y. 80C, _under
pr ess&?e. gggr%etaéﬁle?e 1%81”95%?179 ’(a§§“°\(/j\}/%ed %y £80
strengt h), 1/ 08 o irg PBgtgﬁ/SF&ﬂle @i B3 FP0SY mipkies

di | ut ed wiRe759 "gaskatrerti Arhubeakeriosgp a9 agsSpger nat
50 (a whit®,sikhiGa: Povdeream R Rtedom.nantd:y, spherisal

10 particlgs,, avail Akl e fs,0m Degussa) was dispersed in
this solution. The pressure of the autoclave was
r el eag(éd’ XRD analysis: XRD analysis was performed on a Philips

PW1800 Bragg-Brentano type powder diffractometer using Cu
K-o radiation between 20 values of 5 to 60 degrees (0.05°
resolution with 7 second steps). Where shaped samples
were analysed, they were first crushed and pressed and

25 placed into a sample holder (1.5 mm deep).

Examples 1 to 5, and 17 to 22 show the preparation and
activity of catalyst compositions made by the metals’
slurry preparation process of the invention; Examples 6
to 16 show the preparation and activity of various

30 catalyst compositions made using fully dissolved metals’
solutions; in Example 23 the activity of catalyst
compositions made by both routes is compared.

Nominal composition proportions are given herein as

percentages by weight.



after which the autoclave was opened and the silica
slurry was punped into the netal-containing slurry. A
wemmaddo7zaspunt of water was used to rinse the | ast/Epanoi/050196
of 15 the silica into the a8tocl ave. The autocl ave was
closed and the m xture was agai n heated under
pressure to approximtely 80Cwith stirring at 700
rpmfor 30 mnutes. The warm m xture was punped into
a flask and the solids were recovered by neans of
spray drying, wherein 20 the conditions were
mai nt ai ned such that the solids were not exposed to a
t enperature above 300C. From XRD anal ysis of the
non-cal ci ned, spray dried powder the follow ng broad
| ocal maxima were identified above 20=15: 25 26.5
0.5 (corr&ZpBr8ing to d value: 3.364 0.064) 34.3
0.2 (corresporfdf ig? #BM damghirg; dipolybdated heBing BO5 Hts 0. 2
(corresponti mMotoadiived vere MixBB7andDadi8d)o &AM gakRer
cl felalrl Y. Seala Isnu b Out@ind. aé?%%e?%lé %}Jlﬂfﬁg'a% 31O
reflectio r c . or aving_a .
char acﬁtf er inrggi ?E?%}ér&e\%\%&ﬁ wgt lﬁdie?ser?a'\% i ,%O)CEW@M %8fc’
2.5 or | e85 AIT°°Y6ri §&Both CohPsTaHa Frne®
fracti ons)STWePER) :cbI°f &t edtrogpri mek t'¥irdedioN)t hsat t he
use of extdiligieconviah dso gi witter an l B¢aredr bd.obe sfeemt so
(Tri | obe i & \aqil':égsiiﬁitc@rﬁdde%i%@%é&%.&&ﬁgly spherical
PCT/ Elﬁ)’zoo%agglgi-gs@ a\%glatbﬁ_@qgmﬁ&ssa-[%s%?&fseg I;.'l? this

of the pOV\gjf%r r\ch%n a +r re erre(]j_‘pas wat g?e?éoyﬁtent
yS

only. The Cata Pas CHI T NeT AT 360C For 1 hour i n
air in a st8ic"FurfiBte P tPhEes Eat 4Pyt RAS I ¥r udh
strengt h cEnparEbre of gaeonvEnitsdntd rirgyshennsst partaot
conpati sonthecomher oital theBDSteadtwd. ysihs arpdéavevia oipbal S

i mpregnat i on 0f Expirefas edis iEped bindee OfFaRdtky tohave a
flat platepprdsshersty esrgt 0 ASTMiE) 61 73) 4R bheo range

of from 130,tQs20Qc NG 0 PHYSLGRL. REQPEI L 8S..f rifche
fi na! pr Ods%‘ﬂ.dsa\{req:e r%[:]lv!esécﬁg Imgan-:lf-acpfl gp 1;'1' dr%.ng,e wherein
PhySI 8(?' ptrh(e)pcecﬁlgljtggnsov?vere maai tlalned Eurcgd;%§g the solids were
not exposed to a temperature above 300°C.
From XRD analysis of the non-calcined, spray dried
powder the following broad local maxima were identified

above 20=15°:

25 26.5° £+ 0.5 (corresponding to d value: 3.364 x 0.064)
34.3° * 0.2 (corresponding to d value: 2.614 * 0.15)
60.2 + 0.2 (corresponding to d value: 1.537 * 0.005)

and are clearly seen in Figure 1. BAbove 20=15° there is
no reflection characteristic of Ni or Mo having a
30 characteristic full width at half maximum (FWHM) of 2.5°
or less.
All solids (both coarse and fine fractions) were
collected, and extruded without the use of extrusion aids

into a 1.3mm Trilobe form (Trilobe is a registered



Met hod Value Flat Plate Crush Strength 177.300 N cm
Bul k Density (Particle Density)' 1.958 g/m  MPoD
woOan@a)y385¢1. 000 nm MPoD (vol une)' 16. 700 nm POT@EPRG0Y/050196
43. 130 % Total pore volume9(Total Intrusion)' 0.220
m/g Surface area' 68.351 n2/g Skeletal Density’
3.444 g/m N trogen BET Surface Area 75.000 n2/g
Total pore volune for pores (p/p0 0.98)2 0.182 ni/g
Ni trogen content 0.710 %v neasured using nercury
intrusion 2 nmeasured using nitrogen adsorption 15 The
el emental structure of the solid in this Exanple is:
(Ni)1.0(M)1.0(Si)0.9(05.8 wth a nom nal catalyst
conmposi tion of Ni-M-Si02 (27 w% 53 wt% 20 wt % on
oxi de basis, thus referring to the 20 nom nal weight %
of Ni O, MGIIHAE S 1R FhdesHipITa) niarn stedtaptnre,
t he XRD di%f t@étdforrrpatct @renciofhet pavdesprlep I | ied
conposi t i orfsiredsstiage] agkewf odyy Bhakp WD 28044 0Q73859
PCT/ EP2004/:05018 Gor 30nduefihegti ons,sthikcchirhddi aat es
that the QQH@.@S% thbgri J:L%sh szie'thhXRQ'pglrEg{ep@9%nven§:ﬁgal

line Ain nglsgem; Ag haec&rpgﬁgwecong%ﬁcquﬁgélcgé @esltrsrantl:agrl al

woul d gi ve one. ections

visual 'y woul 't T f(mpfce%atloﬂ o Erefﬁr 4 HPOHI 1 S BERd
reflecti of§'F &f fejl‘alt p&a’f%éruﬁFe%’é??@Eh SETHP KRS Enbphous
struct ur e. TRV PEHTST 1Ehee XBDYsattern for the shaped
(ie eXtruded &hgical eraredt)iet af alhy stingopypdsdtt a13n

showed t hislpmaterinalabteo1have a conparabl e XRD pattern

to that of theisprayydeiegd-powdes ot GxEpannl grdudkhe
activity 6

e +—Foer—
hydr odesul—&u{—%pgpmi_qpheae_m_gas_&qﬁa%%_@qd—
al so of gas 0|I 0St 56KE%Wer e eval uated i thi’S™

Bulk Density (Particle Density)*' 58 g/ml
MPoD (area)?! 11.000 nm
MPoD (volume)? 16.700 nm
Porosity? 43.130 %
Total pore volume (Total Intrusion)® 0.220 ml/g
Surface area’ 68.351 m/g
Skeletal Density! 3.444 g/ml
Nitrogen BET Surface Area’ 75.000 m?/g

Total pore volume for pores (p/pQ 0.98)%2 0.182 ml/g

Nitrogen content 0.710 %w
S

measured using mercury intrusion

% measured using nitrogen adsorption

The elemental structure of the solid in this Example is:
(Ni)1,0(Mo)1.0(S1)0.9(0)5.8

with a nominal catalyst composition of Ni-Mo-SiOsp (27

wt%, 53 wt%, 20 wt% on oxide basis, thus referring to the

20 nominal weight% of NiO, MoO3 and Si0Os in the sample).

As noted above, the XRD diffraction pattern of the

spray dried composition shows the lack of any sharp



Exanpl e. Sanpl es of the catal yst were crushed and
sieved 15 to 28-80 nesh fraction in order to avoid
waizbdqossssm | imitation during reaction. The caPrairE®R004/050196
sanples were dried at 300Gofor at |east 1 hour before
loading 0.2 g into a glass reactor. Presulfiding is
perfornmed under atnospheric conditions in gas phase
(13 vol % H2S in 20 hydrogen), with a ranp of 10C/ m n
fromroomtenperature (20C) to 270C, and hol ding for
30 m nutes before raising the tenperature to 350C
again at a rate of 10C mn. The HDS reaction of
t hi ophene (6 vol % in hydrogen) is neasured every half
hour at 350C. 25 Data from 1 hour and 4 hours are
reported in Table 2. Table 2 Thiophene test 60 min
240 min THREOPhERS @Bfﬁ?e%’gﬁifﬁe%gh%st% FGPBA togn is
Hydr ogenatfubty ¥B0-90prphops 82e0ginphAdindid 1t Hihepireseony.
0. 38 0. 46 Gasryetdlliestaemiel eopayr foened wi tdretdnge
f eeds eachrerBthaxi Rngia dishdiey entiassWokurikandani td=0g9€n
conterd . lpiidesfa 1e8dsidnbecaGt LYty pfsctdie £at akyst

prepar ed 'ﬁloﬁzs@@'s&u%t&%) ZQ&%&@S&? xﬁﬂ/ﬁﬁlp%oc%‘” Qg‘)l%

31 was co are agal.ns n enum
on al uni % AL Ay EY g(fa cm?hs oik ‘*Leyrs‘t o CEL 5l st s

& TechnolS(S‘QYeé’sfhlSF?@It‘éV%ttc’d’é‘i’eal | TR e ek d St EckS
are gi ven %At DITHES| wryy dSREPPYdeAd SRAD2 are both
strai gﬁt_—rg;;gm%@sz oils which are very simlar in
conmposl tion ac§lv§.‘t3! ogtuxe gg@ély&' Lre ;-r%la J&g’xam le 1

Properties_ of feeds

SROOL SROUZ LTS dﬁeul(%“’i”a“fm fg/tﬁ LTS 7 %8“88*1??6856”0 83

Ni t rogen cOfif é’ﬁtgafpwee‘iﬁicﬁowefése"@b‘a 5o thigul f ur

cont ent, XRE\Et 0Pl o tBS cataldyst varenwHehedr raticry

(mm| 13100 tg)) 2880 2R sy BrRQicp7ir8@Frder to avoid diffusion
limitation during reaction. The catalyst samples were
dried at 300°C for at least 1 hour before loading 0.2 g
into a glass reactor. Presulfiding is performed under

atmospheric conditions in gas phase (13 vol% HsS in

20 hydrogen), with a ramp of 10°C/min from room temperature
(20°C) to 270°C, and holding for 30 minutes before
raising the temperature to 350°C again at a rate of
10°C/min. The HDS reaction of thiophene (6 vol$ in

hydrogen) is measured every half hour at 350°C.

25 Data from 1 hour and 4 hours are reported in Table
2.
Table 2
Thiophene test 60 min 240 min
Thiophene conversion 35.48 % 29.84 %
Hydrogenation 14.99 % 13.82 %
Hydrog./ thioph.-conv. 0.38 0.46

Gas 01l tests were performed with three feeds each
30 having a different sulfur and nitrogen content. In these

tests the activity of the catalyst prepared in Example 1



UV di-aromatics (mmol /100 g) 33.59 34.78 29.30 WV
poly-aromatics (mmol /100 g) 13.02 17.99 6.96 10
waav@loysisosanpl es were | oaded either crushed oPCIT/EP2004/050196
extrudate form and were didiuted with SiC. During
testing, crushed materials showed conparabl e
performance to the shaped ones in terns of reaction
rates. 15 Sulfidation was performed in Iiquid phase
according to standard industrial practice. The
catal yst sanple was sufficiently prewetted in situ
and at roomtenperature. Subsequently, a tenperature
program was applied with an increase of 20 C h, and
two tenperature plateaus lasting 20 for at least 5
hours at 150 and 280C, respectively. By doing so, the
sul fi dati oRSvEEPEIE AGa Pl ?mem?letlwelw%wwua on
peri od of JBEnHEuUr¥2lYFRePEOAItrPoAsitanidnresalysss of t he
gas oil te&khnadpgiesgi ven in Table 4. WO 2004/ 073859
PCT/ EP2004/ 05Gt967an8 2eMWild oZ +Qe \EedlisBodkO aQ)s dIerrO'ln o,

rn rosrn 4/4:4 13, HSHECA andeR%O2 Qre bot:lﬂ &r%&n@ L8 %9 oZ_LlQ a

{:g f El (I_)l rWhlEh \é/rg VMJ smlhﬂr 1r[\|cm1p§;1tlon Q.Cg.) is a 13 ht gas

Table 3. Properties of feedstocks
used in testing
Details SRGO1 SRGO2 LGO
Density at 20/4 (g/ml) 0.86 0.86 0.83
Nitrogen content (ppmw) 191.00 165.00 58.20
Sulfur content, XRF (wt%) 1.61 1.63 1.01

UV mono-aromatics (mmol/100 g} 75.22 75.20 77.37
UV di-aromatics (mmol/100 g) 33.59 34.78 29.30
UV poly-aromatics (mmol/100 g) 13.02 17.99 6.96

10
Catalyst samples were loaded either crushed or in

extrudate form, and were diluted with SiC. During
testing, crushed materials showed comparable performance
to the shaped ones in terms of reaction rates.

15 Sulfidation was performed in liqguid phase accoxding
to standard industrial practice. The catalyst sample was
sufficiently prewetted in situ and at room temperature.
Subsequently, a temperature program was applied with an
increase of 20 °C/h, and two temperature plateaus lasting

20 for at least 5 hours at 150 and 280°C, respectively. By
doing so, the sulfidation was successfully completed
within a period of 36 hours.

The conditions and results of the gas oil tests are

given in Table 4.
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OOFO4-j a) HoOOOHa 0Oro0'0OH-.-) HA4-3
HU HHa HU roU HU U 0> dd "J' CaO0 (ap
Hro 43 HH.0) H) HHa) OO0 >a) 0roDCL O co
> roro> z (L) uyro4d O0OHal H.uNa O(1) UN
(1) (aHOOHOOOO UWaxaU4U U 0a E, H
0 WD 2004/ 073859 PCT/ EP2004/ 050196 33 The results
clearly indicate that the catal yst of the present

i nvention exhiT its at least a 15C advantage conpared
to the conventi oAST* EACATATSY $°H675% At t Featfelet o&f

simlar gaSeoi Pt CoHpALe EHEPHEt 3 Y96t Fedb S advantage

t enper at ur®syared rfoghherenteakimal catadgdtisefre i Mdeatiment
cat al yti c dctimiidrygasnoitier @snm@te St kbitalganyer Si on

|l evel S r egpdresurds)Catal #str Reghst eRPRLAIMS 8 0f.,360C
usi ng the c.eonRventiqnal, satakysk &Qmag&gelts?orgéexie&s
cat al ySt . %Quiggmega%%yyrsg b%ffl t%4p5e9a%,t\4?:gnofl'13§éoncg ug' ngut e
nmet al oxi dceome;1 ;caralyst o mt'ﬂe present | ntvgn;tl ofc In
some cases, espetial PYEEE RTGREF (Paf tPEFLyst Pe

emperature of 345°C when using a bulk metal oxide
10 catalyst of the present invention.
In some cases, especlally at higher partial

pressures of hydrogen, this benefit is enhanced, i.e. a
lower amount of sulfur is detected in the product than
when using a conventional catalyst keeping the

15 temperature benefit constant. This benefit is clearly
seen in the dramatic decrease of sulfur in product, i.e.
the change from Run D to E in case of the Example 1 NiMo
catalyst (sulfur in product decreased from 220 ppmw to 18
ppmw), while in case of the conventional NiMo catalyst,

20 under similar variation in testing condition (moving from

Run B to C), the change is less pronounced.

The catalyst composition of the invention also shows
a good aromatics conversion, particularly at the higher

hydrogen partial pressure.
25 Example 3
The preparation process described in Example 1 was
followed, except that the applied amount of ammonia was
reduced to 0.90 mol N/mol (NiO + MoO3) - 70 wt% of the
NH3 amount used in Example 1. The elemental structure is
30 very similar to that for the material prepared in Example
1l: Nig_ g Moj. o Sip.9 Og,7. The nominal catalyst
composition is the same. The XRD diffraction analysis
pattern given for the spray dried powder shows no

observable crystalline sharp reflections, therefore



pressures of hydrogen, this benefit is enhanced, i.e.
a |lower anpbunt of sulfur is detected in the product
woOhen/078d3en usi ng a conventional catal yst keepPamEPh®4/050196
15 tenperature benefit consdant. This benefit is
clearly seen in the dramatic decrease of sulfur in
product, i.e. the change fromRun Dto E in case of
the Exanple 1 NN M catalyst (sulfur in product
decreased from 220 ppmw to 18 ppmn), while in case of
t he conventional N M catal yst, 20 under simlar
variation in testing condition (noving from Run B to
C), the change is | ess pronounced. The catal yst
conposition of the invention also shows a good
aromati cs converS|on particularly at the higher
hydrogen parti™dl gt &8s ﬁf”&"os%OYEiérF&F%ﬂé *fRgnorphous
prepar at i off*pridtessindBgchi-bedei Wi Brarpberad ge maxima
fol | owed, exeeptntihiatl dbhe appbi:ed anmount of anmoni a
was reduced to 0,90 nol N ol (NNO+ M03) - 70 wt %
of the NHE-&nbint (E¥EERANER vpt 2 Phé?Tet dnkift al
structgre 30 ver R for.1h to rlm
repared i i a1t s el Y6 e o 808 T
nom nal camoalzysto 3 qem@ﬁ:lohmm@ toSd tvhAmesanes7 4 hneocXRD
diffraction analysis pattern given for the spray
dri ed pomd%?4§ﬁ6%5 no observable crystalline sharp
reflections, tTHErrEFGFE WORTTAPO73BEGmPle 1 was used,
PCT/ EP2004¢#:350196t 34 =phbi\sd rrgotiraet elmenEoRPoOStdEante s
cl ear 1y XRD7anot pitgus (Nipsedods) ne 4B vich oFitge M ahbent
fol | owi ng megqq éxqmle X A8 MBS Iselﬁ@mrtall@dag@bm@ry

20=15: 26. Lr ndi_n 3
0.062) 5 %‘r ol %%gc%§$t§§pmgﬁ o pge ge‘yl’i’ Exa“‘pge 614

0.015) 60. 12 0 o5 0(¥8rt 8 P6nd NGt g“‘”‘”d‘a 220875, 537
0.007) Exeampbset@nTivetisr egyar ati on descri bed i n Exanpl e
1 was yised, exGeRt, Enéﬁokﬂﬁnégﬂkh gu%@@%@ﬁm@ﬁmﬁﬁggﬁ'a

was reduced %&st CQearly show ol s%vnglca tNtlzryital_Di_/ﬁ terla

wt % of the N use e ‘el enent a
structure f%bﬁﬁé?ﬁ“VéFVEl%?ﬁfﬁ%ﬁ“?&”that for the
mat eri al prepsrees i n Exanpl e 1:
Catalysts prepared as in Examples 1, 3, and 4 were
20 compared against a conventional supported NiMo catalyst
(DN-200 from Criterion Catalysts & Technologies) for the
conversion of a sulphur and nitrogen containing straight
run gas oil at industrial gas oil hydroprocessing
conditions. The catalysts were tested in extrudate form
25 at a catalyst bed temperature of 345°C, a pressure of 60
bar of hydrogen with 200 Nl/kg flow rate for obtaining
activity data on HDS, and at a pressure of 40 bar of
hydrogen for HDN data. The relative volumetric

activities are listed in Table 5.



Nil.O M1l.0 Si0.9 05.9; and the nom nal catal yst
conposition is the sane. 15 However, an XRD
wdaizbdwoastsbon pattern of the catal yst cat al yst pciraEeedoy/050196
shows significant crystalli3e material to be present
(see line Cin Fig 1). Exanple 5 Catal ysts prepared as
in Exanples 1, 3, and 4 were 20 conpared agai nst a
conventional supported Ni Mo catal yst (DN 200 from
Criterion Catal ysts & Technol ogies) for the
conversion of a sul phur and nitrogen contai ni ng
straight run gas oil at industrial gas oil
hydr opr ocessi ng conditions. The catal ysts were tested
in extrudate form 25 at a catal yst bed tenperature of
345C, a pressure of 60 bar of hydrogen with 200 N /kg
flow rate for oBtaf M ngTrHEtIVITY Gata i HB5"and at
a pressure of 40 baplwetripyAsEbgerest or SiPNedat a. The

rel ative WHWWW
WO 2004/ 073859 PCT/ EP200#4$0501 96vo1 36t Talpbse biunkffieabn

of ammoni van
SRGO f eed Ex&a;ﬁaﬁlyst S Rel atiove Rel at |z‘¢e Rel ati veso-am)unt
of Vol unet #¥replHBS Vol unet r|7<b HDN an%]gg)m a (% /éégl vity
(o) Acti v#?rm—pé%—eoﬁveﬁﬁ—enai—-hﬁ-%——tee—tee—étamﬁ—

1 100 289 307 Exa 7(3 w]L 145 4 40 150
227 The conventl ocr?qu)enﬁll e 0 atal sltslsrr%gtghg ore 5

vol un®e i npreytatT6Re 6 % %foﬁ\féﬁ e“BW&?l Sf‘iﬂ‘h‘i‘%é‘lpg Gpport,
and shows H6t #oHDBENEPHEN 48 POHTVFY - THRE® 6’ffﬁ"ér°atalys’°s
cat al yst s azgreulbulekalmetigk gkildetscaf aby stesenf inypption,
present i n¥ignedion,in tdkfdneuritngf prmotiveusdDWAingotheamMmoDNI a
used duri ngrebhatpmepaerd con1ph. t e eadvaly Staicditretnat
resul {6 i ndicCaloBntt Bati1kabOnd hgmamUNLe 0kq alkaki ne

(ammni a) PLJa@Pon érkrfk&% trl%r §&§€1%§'09nth%fia@§1ty§tt he
activity o at al Furt Iger nor e raEe et e§hul ts

eﬁmo the reésul demonst
denonstrate tha
catalysts of the invention clearly have an advantage in

both sulfur and nitrogen removal activity compared to the

15 conventional system.

Example 6
Catalyst having the nominal composition of Ni-Mo-

0/8i0s (26%-54%-20% solids weight ratio).
In a 2 litre flask, 116 g Ni(NO3)».6H20 and 68.3 g
20 ADM (technical grade, 56.5 wt% Mo) were dissolved in 800
ml water. During heating to 80°C, 17 g of HNO3 (65 wt%
solution) was added to obtain a clear solution having a
final pH of 2.8. 24.6 g of silica (Sipernat 50)
dispersed in 200 g water were subsequently added to this
25 solution. To the resulting slurry an ammonia solution
(NH40H, 7 wt%) was added slowly until a pH of 6.8 was
reached. During addition of the ammonia solution
precipitation occurred. The suspension was filtered and

the filter cake washed with watex. The filter cake was



catal ysts of the invention clearly have an advant age
in both sulfur and nitrogen renoval activity conpared
woOQod4ve3ss45 conventional system Exanple 6 Cat &aCyaiP2004/050196
havi ng the nom nal conposit3éon of N -M- O Si 02
(26% 54% 20% sol ids weight ratio). Ina 2 litre flask,
116 g Ni (N03)2.6H20 and 68.3 g 20 ADM (techni cal
grade, 56.5 wt % Mo) were dissolved in 800 m water.
During heating to 80C, 17 g of HNO3 (65 wt% sol ution)
was added to obtain a clear solution having a final
pH of 2.8. 24.6 g of silica (Sipernat 50) dispersed in
200 g water were subsequently added to this 25
solution. To the resulting slurry an anmmoni a sol ution
(NHAOH, 7 wt% was added slowly until a pH of 6.8 was
reached. DfftPg=Bwddint YasArof 1 peedaanforfiskedsedadei ofpe
preci pi t atgodid secdricdcit e fsugpensiten onaiftitl tared
and the fdbtepnecakenwrshgonaant bsvatesionThenti |l ter
cake was WR:20Q4s04-3858 1 RCT EP2OGAL 05046 and3@alcined

redi sgersed.in MEGJ@ 250"’(‘:%9{09@0@8‘1 k)é‘@csg@%@gaéo@ 1 The
solid was dried a C. eJ d yl?rg_ld L{} es oveEnl ght, and

subsequentlT y sha e& nb The

ext r udat e BFE® FF’%‘&X%F OfZH@ ‘F%F”‘Sdﬁéi‘ﬁ% and cal ci ned
5 with a r#gp §P1.2080€/1°.d 300C, kept at 300C for 1

hour, and 4 Ren ceelad.tp i eld-hbsealdlysis &l grygnt al
str UCIOUF e 'ﬁlf ‘Joh.gl %g‘leqfcﬁ%ge %\@Q?p eedsureg‘llxjp 1‘.90 B@Jﬁm% \%éls. 326

09.4 B.E.T. surface area of the calcined solli

n2/g. 10 Srife’ -t BtaFPHYT E9VEI G ¢ NI} Sreasured up to 95
nm on the TR, EPrRsigHgorEptIeon t6 hevER s riRol6 PiiXRY. The
conposi t i crmrahass selre {4 1lbenXRBraEntrcphoesimbyweXRD

anal ysi s. iHagtifold o 0gebrsead I ocal maxi ma were

i dent |.fi ed, aboy O 15; 15 27. (co Lsrondi ng to
d val 1use: 3*279 O;OQ%’)reSQ\?Zdlﬁg G. %Vf‘%uc?r %egpo%g’l %g to

val ue: 2. 63_L443° 0.004 5lporrgerogdirg 2 { ¢atuceLpbifdE Rglicd d
val ue: 1.5286° 0.0005)korEXaAWNG tb d value: 1.528 + 0.005)

Example 7
Catalyst having the nominal composition of

20 Ni-Mo-0/Si0Op (26%-54%-20% solids weight ratio).

The catalyst was prepared following the
precipitation route described in Example 6. Ammonia was
replaced by sodium carbonate (analytical grade). The
recovered precipitate was dried and subsequently

25 extruded. The B.E.T. surface area of the powder was 188

m2/g. The pore volume of the powder, measured up to 95
nm on the B.E.T. adsorption curve, was 0.19 ml/g.
Elemental structure: Niji,6 g Moj_ g Siy.7 Og.3
Inspection of the XRD diffraction pattern of the
30 catalyst composition showed the catalyst to be slightly

crystalline.



Cat al yst having the nom nal conposition of 20
Ni -MO-QO Si Q2 (26% 54% 20% solids weight ratio). The
woav@luysisowas prepared foll owi ng the precipit aPCOMP2004/050196
route described in Exanple 3. Amnmonia was replaced by
sodi um carbonate (anal ytical grade). The recovered
precipitate was dried and subsequently 25 extruded.
The B.E. T. surface area of the powder was 188 n2/g.
The pore volunme of the powder, nmeasured up to 95 nm
on the B.E. T. adsorption curve, was 0.19 m/g.
El enental structure: Nil1l.9 Mol 0 Sil.7 08.3 Inspection
of the XRD diffraction pattern of the 30 catalyst
conposi tion showed the catalyst to be slightly
crystalline. WO 2004/ 073859 PCT/ EP2004/ 050196 37
Exanpl e 8 Fe@%%lﬁa@ét’?“\?é‘jatf‘i’?)t his exanple, a catal yst
was prepared i@ Hohisigrrlehe prvloet yre rofraVd O@/142103 9
Exanpl e 3 dsspigpetird of BRXON421M I5kémpRe Seatstéhearnt Exxon-
Engi neer i ngbCompanysh bif enbhiebirfdl @Rgsidt 13N Was
slightsly altgs@didM ¢l élh@thQQhéérQ@ w®fn 1—193 %I L4 ca
to the t unvg:st é.tlgéan@é xpgéﬁngs%qg%h%ate &Jﬁlt% ghou%ht

necessary fo Inprove

0
phase after Er eCIece saiq/ oo 1m;1.!ﬁove %l’l Qllsd:ier51on O&SI}}eI %OIJI %f
the solid 76> REFEF PR 4ot 0/T mgmaégzova%om and
10 26.3 W YNFD Ors gRPEFE5a%i-§ Bal'RATed Vi v1F ‘Palangt %
silicew (adso 0R oXideohasbs)is vEhaceataty st wassdried
at 120C ovenss ghtoxafdpagal.ci ned at 300C for 1 hour.

The appar ent dﬁx@sdat:éﬁ Qt]f wast Qﬁegoa\édgo @ trgrrnlg'(ty% I'&g and
cal ci nati 0& d at § ce area

(gf r 16‘5 Th ﬁ;‘rent d%n51 6| of

of the cal gl n sol | pore vol une -

measured u %Owg%r ﬁ?ﬁe dri“ﬁ’é ang CEl %a‘é\’ﬂ@o“?aﬁtq -of edtve -
was 0'°153 e/@ " BofH "8t Paee” Hife®laHd pore vl bife
fall withinrt/thetTrapge efiuprehessess up egi sns. eeses i bed
in the WO 9@/ 'Iﬂ-.?la:gr@:aBlelaﬁrvBU-blvé‘isCat1i5@nnl/g ZOBOEXEHJIPJEa%e
Full r angear(aavén[ig[:loge )voﬁltng %thbltfhw tg@§axgje of }M'etfgrr@d

izlgf ur Con}e%gtgnsocgeslrlgéd \Ma Q{%Qr{hg o%/E‘J1t15 teerllxt COQIl%Qi‘Z:lOI?f

20 Example 9
Full range (“virgin”) straight-run gas oil, with a

sulfur content of 1.45 wt% and a nitrogen content of 149
ppmw, and hydrotreated gas oil with a sulfur content of
0.092 wt% were processed over crushed catalyst samples

25 prepared as in Examples 6, 7 and 8 in a small pilot unit.
General process conditions resembled those of industrial
practice - the test was performed at 60 bar hydrogen
partial pressure, with 200 Nl/kg hydrogen flow rate at
345°C over freshly sulphided catalysts.

30 Relative volumetric activities in HDS reaction are
listed in Table 6, where the catalyst from Example 8 is

taken as the reference in performance.



ppnmw, and hydrotreated gas oil with a sulfur content

of 0.092 wt % were processed over crushed catal yst
woeamesss25 prepared as in Exanples 6, 7 and 8PCW/ER2004/050196

small pilot unit. GCeneral 38rocess conditions

resenbl ed those of industrial practice - the test was

perfornmed at 60 bar hydrogen partial pressure, with

200 N1/ kg hydrogen flow rate at 345C over freshly

sul phi ded catal ysts. 30 Relative volunetric activities

in HDS reaction are |listed in Table 6, where the

catal yst from Exanple 8 is taken as the reference in

performance. WO 2004/ 073859 PCT/ EP2004/ 050196 38

Table 6. Relative Volunetric HDS activity over virgin

and hydrotreated feeds Cat al\yst Rel ati ve Vol unetric

Rel ative Vol unBPti & CERGNSI BLREYiHIS Attt srepver

HDS Activity over ViviEiin BREPUFsedted deestsr eat ed SRGO

feed Ni - I\/b%awﬁgg(g% E)S) 100 %%ivi%égmtfmw

45 N - Mo/ %'6) 698 o iviE g

of the N -Md/ NH3 sanmple 5 ha%ci ng t%gghi g gﬁﬁgﬁ%%dn%%

silica conflefy Eh Histillate DS processinglovirgin

or hydrotr%a@ﬁfe%'”i s cl eaégg The equi val £ht

sanpl e preparec 1—sodi-umcatbonate Fow

per f or mance f removi ng.sulfur fromthe virgin

straight-r un_glglg Ol ttségévaf%)agﬁxafn%qeghllgo%lﬁ aﬁ""@%lte

havi ng® t he"aTord fat PEBRPASTIRF DAL GF2 RPteRb- ¢p Siigpillate

(310- 590- 1% prothsipr epaf @k dndrootiadedd desisi bedclienr .

Exanpl e 6 wWasequadjlyst eawse ptdpated MiehNiciMbn ademi=ger ati o

remai ned lenosshbstaatjeatdoyadcbeaos ad®ovimhisheut heosichd ca

content was; qf.educed:ta.t hige fempal oxi de basis val ue

of 10 wt% The obtained solid was dried at 120C

over niyht , ZgRele §Ubsequently crushed and sieved into

28-80 nesh fraetiont haTirg Helncdirpdsordrenticalodi ned at

300C for 1vf@eHo/si0, (31%-59%-108%).

The preparation route described in Example 6 was

adjusted so that the Ni/Mo atomic ratio remained
15 substantially the same, while the silica content was
reduced to the nominal oxide basis value of 10 wt%.
The obtained solid was dried at 120°C overnight, and
subsequently crushed and sieved into 28-80 mesh fraction.
The solid was then calcined at 300°C for 1 hour.
20 Elemental structure: ©Nip g Moy,p Sig.9 Og.7

The XRD diffraction pattern showed that the catalyst
composition has a low crystallinity (see Fig. 2).
As the same process as Example 6 was followed, it
appears that direct precipitation (using fully dissolved
25 metals) cannot provide amorphous materials for low
nominal silica content catalyst compositions (of around
10 wt%).



20 Elenental structure: N 2.0 Mbl.0 Si0.9 06.7 The XRD

diffraction pattern showed that the catal yst
woanpassssbon has a |l ow crystallinity (see Fi g. PRY/EPE®4/050196

the sane process as Exanpl 896 was fol |l owed, it

appears that direct precipitation (using fully

di ssolved 25 netals) cannot provide anorphous

materials for low nominal silica content catalyst

conpositions (of around 10 wt% . WD 2004/073859

PCT/ EP2004/ 050196 39 Exanpl e 11 Catal yst having the

nom nal conposition of N -M- O Si 02 (200-40% 40% .

The preparation route described in Exanple 6 was 5

adjusted so that the Ni/M atom c ratio renai ned

substanti al | y t he same, while the silica content was

i ncreased £6-tfe—nom nal val ue of 40 wt% The sanpl e

was dried at 1P6CYSYErHPgHPe naringt commeitipr ofg-Mo-

crushed an@/S§Pevey-1%t€P%28-80 nesh fraction, and 10

cal ci ned_ at 300€ JrefaritiRQUoutel B cBivEd in @%JQC@ wid ea

after 4 hi Sactjﬁ%tir‘g%n{hame %éﬂMon'gl!ogtic Igﬁop&{‘rlgln\égl ure,

nmeasured u 95 .am.on the B.E adsorption curve,
e 0 20 Ry nt Rl el 5??‘%%%5? E?ee:sglslcf content was

Ni 2. 4Mbl. Ojéicé?afﬁiéf’lthié"”ﬁ?@l JBhFosi P sh*was seen to be
XRD- anor phous 1§ SRR Hiafsjsd st FAE PGPl ngitsr odet

| ocal naxi Haviereshidert pfaved iafrotE 82 Q=46 frRBid, Qa7

(corr &spondilntpeticatd3opat e 13n0AB86 ThO BIELD) suddhcd arh 2
(correspongdiag th0s drddhdlena2-8142,90. 042)0.2Q.6Q.5 0.2
(cor respongi.ng. o, d. val u: 1,830, 0. 005)"“Exanple 12
Ful | range, "9Vn|11r |n"C§ stral ght run ‘gas ot and®

hydr ot r eat &d gaé oil was processed over crushed

catal yst S&APITAY 6T Bx&hpie2 g °1EHpi%es 10 and Exanpl e
11 i nla 25Tenmedrbogiiticmt wvagndsken thbhe ¥RO-ghonpHoee by cant ai ned
1.45 Wt % sishfdie. anek tohalinfid-bQQeRaCantaAtwef 149
ppnw, whil g, the. hydrotheated feed contained 0.092 wt %

sul fur. The test
23.5° £ 0.7 (corresponding to d value: 3.786 + 0.115)
+

34.3° £ 0.2 (corresponding to d value: 2.614 0.015)
20 60.5° *£ 0.2 (corresponding to d value: 1.530 # 0.005)
Example 12

Full range (“virgin”) straight run gas oil, and
hydrotreated gas oil was processed over crushed catalyst
samples of Example 6, Example 10 and Example 11 in a

25 small pilot unit. The virgin feed contained 1.45 wt$%
sulfur and total nitrogen content of 149 ppmw, while the
hydrotreated feed contained 0.092 wt% sulfur. The test
was again performed under the typical industrial
conditions of 60 bar hydrogen partial pressure, with 200

30 N1/kg hydrogen flow rate at 345°C over freshly sulfided
catalysts.

Temperatures required to process to 50 ppmw sulfur

in the product are calculated based on the performance,



was agai n perfornmed under the typical industrial
condi tions of 60 bar hydrogen partial pressure, wth
waQm4/038850N1/ kg hydrogen flow rate at 345C over PCTAEPRIOY/050196
sul fided catalysts. Tenperddtures required to process
to 50 ppnw sul fur in the product are cal cul ated based
on the performance, WO 2004/073859 PCT/ EP2004/ 050196
40 and these are conpared to a | eading industrial
Ni - M catal yst over the sane feeds. The required
tenperatures for all catalysts are listed in Table 7.
Table 7. Effect of nom nal silica content on the
relative activity Nominal silica Required tenperature
Requi red tenperature content, (W% for for (Exanple

No.) 50 ppn ul f ur sul processing ~virgi
processi ngmlgy ar%tcgdpe? eéy® eré‘amgl\fr“dWFfaéfN%’ﬂS 315
10 (Ex. 10§® hﬁﬁtﬁ’zr 2b° CEBE fHFs328h3pmuingg {emReratupps
353 312 5 t9F FdabfxraPystNiarqBivtef inefabis 7t 0 a | eadi ng

i ndustri al a&éimanza %@&Q@réfer%mgﬁlaéuxﬁéa X\%R:Qntl\l!m the
conposi tion (code- name DN-3110 acg i'nabl e from
Criterion Catal ysts & Technol ogl es\ﬁ YIn Table 7, the
bet t er t heVyért of hignceeaeired hewdBtwwal alry@lisedidagekBWET
the tenper §EURg. tWat |355&qﬁr” 1ed.to  achieyéthe sane

sul fur content in the ppse widdihs ptc&b&sengchﬁa{‘irééted

denonst r al—gg_mt—lggg—t-he—b%x—g%t_mmn -t heeet ouest

t enper at ur e r&quby ed - coul e obt ai ned vvlilé 20 wt %
nomi nal si £§ (?% c%ntent in tRes bulk nmetal oxicde 15
catal yst.

conposi ti on of inNrabl-7, QLAL20& (26% 24% 20Wng Thessebi d
was prepar etnby £QLLAW r&gtatlp& with Ni-Mo composition (code-

name DN-3110, obtainable from Criterion Catalysts &

Technologies).
In Table 7, the better the performance of the

10 catalyst, the lower the temperature that is required to
achieve the same sulfur content in the product. This
table clearly demonstrates that the best performance —
the lowest temperature required — could be obtained with
20 wt% nominal silica content in the bulk metal oxide

15 catalyst.

Example 13
Catalyst having the nominal ¢omposition of Ni-Mo-
0/Al)03 (26%-54%-20%) .
The solid was prepared by following the
20 precipitation and filtration route described in Example 6
with the modification of replacing the silica with an
amorphous alumina source. After precipitation, the
solids were recovered by means of filtration, and
subsequently washed. The water content of the solid was
25 adjusted by heating at 80°C for sufficient time to obtain

water content suitable for extrusion.



20 precipitation and filtration route described in
Exanple 6 wth the nodification of replacing the
weizbo4passspt h an  anor phous al um na source. Aft @CT/EP2004/050196
precipitation, the solids 4ere recovered by neans of
filtration, and subsequently washed. The water
content of the solid was 25 adjusted by heating at 80C
for sufficient tine to obtain water content suitable
for extrusion. WO 2004/ 073859 PCT/ EP2004/ 050196 41
The solid was extruded and dried at 120C overni ght.
This treatnment was foll owed by another cal cination at
300C for 1 hour. The sanple showed a B.E. T. surface
area of 132 n2/g. 5 The pore voI ume (by N2), neasured
up to 95 nm on, the E. T. Qtlon curve was 0.23
m/g. Elenent aIh SErict aﬁreeXtr < VB0 Aa11° ' U8 5 Nhe
XRD di f f r aCtF dACPATTeraT ?%H‘Pwé’ﬁtbé‘san&“f?éoqa&iaﬁ“?'@mpow
crystal | i %y WPt A tsharp refl ections characteristic of
10 the N M mehalssnd1B shb@aCOBPOSL tduOfhce BXEBE 31412/

Ext rudat e havidag +thge e )3 mQéJsRIP&SLJ o5 O, M M-
Q Si 02- A1 03 T(260 54% 100-1099 . hi s preparatl on,

the pr epara i 'on”TRetaTod § rvelw?%s@x%ﬁ@ 6 was nodified
such that OA"REFYRtUPESES Bi-2 dlourm Muns Salx repl aced
hal f of t@eampountr@attishldaciern liRdicatdes kouachi exe
this, A (MN3)2.6H2Q was addedetiQctings oSikiGa SEULEY

bef or @ addinggiié tQathe Metahesolytion.  Wen adding
the al kaline solution, a precipitation of the 20

al um na odegREadtt oget her with ot her conpounds. The
obt ai ned sol i dxafutere faviia aitd omiwdscavradiat of 1206
over ni ght .o/$hre-sgnopl(eswas-crusded, and sieved into

28/ 80 nmesh fragt -and, sequ /. cal ed at 300C
for 1,hour 2%2 éhsipm?’gflg%{? grt% S&EL%ti% I&NE il QS 0.8

A10.9°07. 87° Gh et g s bf‘%i AF" por e
vol une (Nzé)l“m’@“‘ifajrﬁ fed’laﬁ?@ T&ﬁ}j’és‘i“ﬁad‘ﬁ“%a%f §6dRt ol'be
XRD- anor pl’ﬂfa%r Bgl agipve this, Al(NO3)3.6H0 was added to the

silica slurry before adding it to the metal solution.
When adding the alkaline solution, a precipitation of the
20 alumina occurred together with other compounds.
The obtained solid after filtration was dried at
120°C overnight. The sample was crushed, and sieved into
28/80 mesh fraction, and subsequently calcined at 300°C
for 1 hour.

25 Elemental structure: Nij g Moj g Sig.g Alp.g O7.g
B.E.T. surface area : 83 m2/g
Total pore volume (Npy: 0.12 ml/g

The composition was seen to be XRD-amorphous by XRD

analysis. The following broad local maxima were

30 identified above 20=15°:

18.9° + 0.3 (corresponding to d value: 4.695 + 0.073)
22.0° * 1.0 (corresponding to d value: 4.040 + 0.190)



anal ysis. The follow ng broad | ocal maxi ma were 30
identified above 20=15: 18.9 0.3 (corresponding to d
woabua73gs9695 0.073) 22.0 1.0 (correspondi ngCTmPa04/050196
val ue: 4.040 0.190) WO 200#/ 073859 PCT/ EP2004/ 050196
42 35.0 0.3 (corresponding to d value: 2.564 0.021)
61.7 0.5 (corresponding to d value: 1.503 0.011)
Exanpl e 15 Catal yst having the nom nal conposition of
Ni -M- 5 O Si02 (260-540-200). In a 800 m flask, 58 ¢
Ni (NO3) 2. 6H20 and 34.15 g ADM (technical grade, 56.5
wt % Mb) were dissolved in 400 ml water together with
6 g HNO3 (65 W % solution). The tenperature was
rai sed to 80C under constant stirring to 10 obtain a
clear solution. 12. 3 g of Sipernat 50 was di spersed
in 52 g of3Safmbr & ‘soataepting 25 dvsdueat? - Pon0-021)
t enper at ure.. 7°The. Matadre §ohdinh a3 Masiwst Qwbgs punpead i nto
the ammoni a/silica slurry until a pH of 6.8 was
reached. Prﬁ%&lﬁr%ci pitate was filtered, washed,
redi spersed, T8F.Yft 8REHI Rt "ARiShk GorRgaithon PRAIL-Mo-
filtericake/ e (Reked*a0%) -120C over ni ght, pressed,
crushed and snxavaeeocatnl %84&0 ssr@s«h @%eeﬁzgaslnglﬂaié gn
was carr| at _30 C/dl nggl of 200C/ hour
from room n‘gec at tr ey=2“The Ibé° h‘édeglﬁ;c’é"eﬁ n 400
sur f ace ar“élawacher 27‘1“?1‘?7 yiee ?G d & t6t aPLére - vdbene
(N2) vol unempdrair88ranl JagsedAfd ee°c wadCksmatdndnstatridpaac,
t he appar entadensity efivthe. sanpl € or VMBS Dat/ 60 Gho .
El ement al gtpdietdlifiszN s IMhi DEb 48014059 Bhet room
ConDOSItIqgm&@étﬁgenT%&mg%lxgghﬂgp QQ%H%lPXMABQ:uég

anal ysi s.  fol.lown road Wer e
i dentified above 58 - 6“3 Eorrespona RS d

t i lt
val ue: 3. 770 P6C ¢ “3“3 A1°5°Y UEOFT e SPOTRIFIG to d
val ue? 2. 60709 GO7)2shed. Taim, Fhedfétesponticsried =8
val ue: 1.530°C ereg@BNt. BeesExhnplueheticarGatiahapstt ABAAONG
t he Con'pogliletshosmzeof ML eiMbt 0h Sta€@Pcarried out at 300°C/lh (with
ramp of 200°C/hour from room temperature).
The sample had a B.E.T. surface area of 271 m2/g,
20 and a total pore volume (Nj) volume of 0.38 ml/g. After
calcination at 300°C, the apparent density of the sample
was 0.76 g/ml.
Elemental structure: Nip 3Moj gSig,g014.9
The composition was seen to be XRD-amorphous by XRD
25 analysis. The following broad local maxima were

identified above 20=15°:

23.6° * 0.4 (corresponding to d value: 3.770 £ 0.064)
34.4° £ 0.1 (corresponding to d value: 2.607 + 0.007)

60.5° £ 0.2 (corresponding to d value: 1.530 % 0.005)

30 Example 16
Catalyst having the composition of Ni-Mo-0/5105

(26%-54%-20%) .



(26% 540- 200) . WD 2004/ 073859 PCT/ EP2004/ 050196 43 46
g NiCO3 and 68 g ADM (technical grade, 56.5 wt% M)
woeo@/dsssol ved in 300 Ml amoni a sol uti on ( 25ParAP2004/050196
NH3) at 50 to 70C. 25 g Sipernat 50 was added to the
cl ear solution. The excess of water was evaporated at
80 5 to 100C, during which process (co)precipitation
occurred. The heating was continued until all |iquids
wer e evaporated and the solids were recovered after
addi tional drying at 120C. The catal yst was then
cal cined at 300C. 10 After calcination, the B.E. T.
surface area of the sanple was 160 n2/g. The pore
vol une (N2), neasured up to 95 nmon the B.E. T.
adsor ption curye El enental structure:
Ni 1. Opl\/bl 0 Si' Wa%i‘é‘“%he %QB? dFPriget 963 epatst B1R? of
the dried ¥ratwerp aissolBeds koot ms hamqpis @bluwetsn ormswes
i ndi cati ngihat soryst@at! i peg stat@Et ab WBSAPEELSERhe
despite t h@esalsciviadd. Ornt APRE MriLer GONELLQL ARG 4t 50
anmmonisa COonC etk atthﬂ Used, p%@és%h co?lgﬂégip%lci‘élgrlxty

therefore ﬁ;@ﬂ)ﬁ»@ﬁs &‘I% %%J x?as Lﬁntlnf?d %1qvaelrlylaﬁ[g h

solids by evap

QL b
eva ora e

t he noni nal" ¢o npposn ion o heI\TOl weﬁfgef)‘?’emd after

(26% 54% 2094tiongdyying €03 2¢°Cechrd cathlgrtade B9n5

W, 99, 124cagciaBbMat(3ogethini cal grade 56.5 wt % Mb) and 45
g silioca (Si p%ﬂﬁ{ cal2bna®n, Wars Ediz,SIDG&&@Q:eiJ}e;%sthg

water at 8 stjrrl lurr
ammoni a soslgﬁ?l on W) till\%a orr?l ‘)’(Oe %{Zﬁ t“ﬁeé{%iacbﬁ’y

and aged for°1/?2 °ﬁott§‘|e B-ETheadsPrptisy Werse spe dy 28 ned-
fol | owi ng Hheenprloctdureeof NiExdivplesib. s Paes obt ai ned
powder was prasseds SEushad, ane .30 o§it@¥%glédn$é%e%§/180
?es:?hﬁ ze. shgﬁaldggl'%gg)lrgfhe@@l%ngqyx&lcgtqi.ngl‘ulat %%ys%alQJn
Wi a rap, [ fromr . erafure).
WPelal Gre” SR ST A

El emental structure:

2004/ 073858" P EBFEPHY éﬁ@i‘beétram“ bsed, which

crystalllnlty therefore appears to be a result of

recovery of the solids by evaporation.

20 Example 17
Catalyst having the nominal composition of Ni-Mo-—
0/810p (26%-54%-20%).
109 g NiCO3 (technical grade 39.5 wt%), 124 g ADM
(technical grade 56.5 wt% Mo) and 45 g silica (Sipernat
25 50) was dispersed in 1485 g water at 80°C, while
stirring, to form a slurry. 56 g ammonia solution (25
wt%) was mixed with the slurry, and aged for 1/2 hour.
The slurry was spray dried following the procedure of

Example 1. The obtained powder was pressed, crushed and

30 sieved into 28/80 mesh size. Calcination was carried out
at 300°C/1lh (with a ramp of 200°C/hour from room
temperature) .

Elemental structure: ©Nij 3 Moy, g Siy,g Og.1



44 The conposition was seen to be XRD anor phous by XRD

anal ysis. The follow ng broad | ocal maxi ma were
woOdena7sdsed above 20=15: 26.7 0.5 (correspondpPam/EP200d/050196

value: 3.339 0.063) 5 34.4 0.4 (corresponding to d

value: 2.622 0.030) 60.2 0.3 (corresponding to d

value: 1.537 0.007) Exanple 18 The preparation

net hod described in Exanple 17 was applied with the

nodi fication of replacing amonia with 10 anmoni um

carbonate salt. In relative ternms, 100% of anmoni a

equi val ent salt was added during the reaction.

El enental structure: Nil1.0 Mbl.0 Si0.9 05.8 The

conposi ti on was seen to be XRD-anorphous by XRD

anal ysis. The 01;1 l,owi ng br oadt | ocal maxima were 15

i dent i fi ed above 28157578y ° 3 CCBPFESPdAYITG to d

val ue: ?3‘9 YSeSos"f‘/’)e fogpoving Grepd  ko5pk @3pdAdieny to d

val ue: 2 G@Qntl@lms)ove@%@" 0.4 (corresponding to d

val ue: 1. 5%(7 0 OOQQ)COrr@%gPJn@ t:lﬁgd %Qlu-le_h% 9 Jrrroy063

us

preci pg tatl on rout e describ anpl e ed

to prepare’a’sold F?"rfﬁ?pé’f“l“ln&ato ‘hl’fﬁ]ﬁ‘ﬁr Lfm622d*r r?oP%Pbdat e,

and COCOB ot &chni- ¢ akogradedingd. &8 avrdbHu€o@) 53k toho@r)

nom nal c pticon of 27 wt % CoO, 53 wt % MDO3 and 20
wt % Si Q2 OQTeéé—]é surface area of the catalyst 25

af ter extrusi dh° \Bﬁ%pa*?ﬂtlﬁw“@th"ﬁ?ési‘fé?eéi VO EBTELY N2 )vaas

measur ed WPHEI95 thifromotiécBi® Tt rerdsoingt imoprieurive

was . 24 amingrgum Breqvpriteabalst r Getre¥agive terms, 100% of

CoO. 9IMb1l. OBmeni8OmubraTére HRD x«disfafdﬂélﬁhtlx@ﬂg pad t-esdrishowed

crystal | i neerster kauctu30: p&slsgmol ar ks B fgo;n t he

presence 0 L.4n the Y. mV\D 2004 073859

PCT/ Epzoo?ff 50?%63 B el 36 2V SFRIFPY Y

preci pi t at? onysﬁ%ut% dEd et ng%érr?aﬁ‘ ERAnprEe 1'”e\‘7\%13 used

t o prEpar eidantgbigcdatforePsistzi ca, anmmoni um

26.7° £ 0.3 (corresponding to d value: 3.339

+ 0.037)
34.1° £ 0.5 (corresponding to d value: 2.629 * 0.038)
60.2° £ 0.4 (corresponding to d value: 1.537 % 0.009)

Example 19
20 The slurry precipitation route described in Example
1 was used to prepare a solid from silica, ammonium

dimolybdate, and CoCO3 (technical grade 59.8 wt% CoO)
with a nominal composition of 27 wt% CoO, 53 wt% MoO3 and

20 wt% SiOp. The B.E.T. surface area of the catalyst

25 after extrusion was 74 m2/g. The pore volume (N2) as
measured up to 95 nm on the B.E.T. adsorption curve was
0.24 ml/g.
Elemental structure: Cog,gMoj, 0Sip._905.g

The XRD diffraction pattern showed crystalline material

30 present arising from the presence of cobalt in the

catalyst.



di nol ybdate, N CO3 (technical grade, 39.5 wt% N ) and

5 C0003 (technical grade 59.8 w % CoO) with a nom nal
woapassgsbon of 13.5 w% Ni O, 13.5 wt % CoO, 53prarAri»ds50196

and 20 wt % Si 02. The B. E. T.45surface area of the

catal yst after extrusion was 77 nR2/g. The pore vol une

(N2) as neasured up to 95 nmon the B.E T. adsorption

curve was 10 0.23 m/g. Elenmental Structure: N O,5

Co0.5 Mpbl1_0 Si0.9 05.7 The XRD diffraction pattern

showed crystalline material present arising fromthe

presence of cobalt in the catalyst. 15 Exanple 21

Ful | range straight-run gas oil with both sul fur and

ni trogen i npuriti es was processed in a mcroflow unit

over conventi o, CoM and N Mb based catal ysts

(DC- 130 O fromCriterion Catal ysts &

Technol ogi es) ,"&rfd" Y YeP iR Auttaldepsiibrs iy Faample

catal ysts bivag HechER@EIRre Pnivein FoT. sifeést gopdiuti ons

wer e chosetimplybaer agemt (teghmdemt gdaad | §9.5elt@viaint and

hydr otsr eatdoags rneaehans,gradkdsNenes o et @dﬁoﬁina$45c

60 bar hy r e re_for. ., 0 bar

For DN measiraren ¢ Sand L ok b P55 Pt 1o

200 NI/ kg. ™ FreoTab &% réreafﬂr% \?Blffliﬁ%taf’?aco%@b? vhtdles

of catal ystsr @ﬁ@pé\f&%@%fm/bOV\ﬁrMpMaevo'IEJ{ém% of

Exanpl e 1 ,.and. | t
HDS/ N C@ng’f SRR 06T BeRER H e e oA GRutte

46 Tabl e 8, R tai{ iLve vol une activities in HDS and HDN
with varyi ng eonpositrER’ of 1hal R Sy¥tiemiye.o 05.7
convent i orfigdk XReatidFspstion Gat tdry sheveRedrabtiar einVolhating al

Rel ati ve \foksmme arfEanpbe tho pyesAidd vi tybaln ibDSe
Activity idackiDbe. (%9 (% N Mo-A1203 100 100 N M Bul k

(Ex. 1) 289 307  CoMb Bulk (Ex. 19) 164 111
Example 2

Full range straight-run gas oil with both sulfur and
nitrogen impurities was processed in a microflow unit
over conventional CoMo and NiMo based catalysts (DC-130
and DN-200 from Criterion Catalysts & Technologies), and

20 over bulk metal oxide type catalysts of the present
invention. Test conditions were chosen to represent
industrially relevant hydrotreating reactors, and were
conducted at 345°C, 60 bar hydrogen partial pressure for
HDS and 40 bar for HDN measurements, and a gas to oil

25 ratio set to 200 N1/kg.

In Table 8 relative volumetric activities of
catalysts prepared by following the methods of Example 1
and Example 19 are compared to conventional HDS/HDN
catalysts.



CoMb- A1203 100 100 CoM Bul k (Ex. 19) 228 238 N M

Bul k (Ex. 1) 402 656 The N Md-A1203 and CoM- A1203
weamploesssar e conventional HDS/ HDN cat al ysts seopared/050196

on alumina carriers and pr#pared by pore vol une

I mpregnation. The catalysts of this invention are

illustrated by the 5 sanples N Mo Bul k, and CoMb Bul k.

The data clearly show the advantage of the bul k netal

oxi de catalysts in HDS and HDN activity over a

conventional CoMb-A1203 catalyst as well as over a

conventional N My-A1203 catalyst. Exanple 22 10 The

slurry precipitation route described in Exanple 1 was

used to prepare a soI i d havi ng a nickel to nolybdenum

nmol ar ratio %fb , { bdenumto zinc nolar

ratio of 10: J"In'he aﬁlve YOWAR ASHEPETEAY FEhPRS MY ca,

amoni um di"ol y‘b‘iﬁfé?geco“ﬂf’@é%o“(?%éﬁlr’ﬁ BEley i ad €onvest gl

W% N ) and a zinc salt w thesabehposition of

27nCCB. SZnﬁa@hr?yatsx H20 (W t hreaaZmOveiorl ENTReDativE2voMmE] -

The preparEtPoh & ned at &°EBiHos I on TRLRYY it 9

Si 02, 51 W% -=Mag3, 3 W % ZNnO agid 26 W9 NQog

El enent al wp @eltkurEe 1N| 1,0 I\/blz@ SiO9 Zn0. 13085.9 20

The B.E. T COM a el

extrusi on was B,’;ﬁi(EmZ/lg The pOQﬁ vol une (N2);.as

nmeasur ed uptt gu@SEamion t he B. k02T. adsorpti ogzscurve

was 0. 22 n1/g Thi s Exanpl e denonstrates the

advant age of UBengMe1ae2Bnand3oPO04@Q7385%s are

PCT/ EP2004£CQ15&§1:9@1a14%85}®Ntcatélﬁzsgo%ﬁabﬁgd ohealﬁwf ace

area of th@aru&élandeggggaqg@w po;@@ofsﬁig gegn C“O

tt MTin
rprgt erelr ni ngat%g}sgr eoset?]\:.s 1EXengloIn arﬁsl gus&ra ef:lalT% El’t

conposi t i ofi"ROTT ELBord ng % g?Mf’h%‘tlk fTheEiaéﬁpclléarf@ show

havi ng a 18WEYEHGAE Al T8 it e o'edmréfn comdystraiderlsy

f ol | owi ng ¥WePr ertedity evee scrorbrdidral Exigarpla@s IktalyFhe

obt ai ned s& wehiafd efertheoﬁzleﬂtfiﬁyalpﬁﬁ@@{lééﬂ Q&a@m.

powder recovery was extruded and cal cined at 300C.
Example 22

10 The slurry precipitation route described in Example

1 was used to prepare a solid having a nickel to
molybdenum molar ratio of 1:1, and a molybdenum to zinc
molar ratio of 10:1. The catalyst was prepared from

silica, ammonium dimolybdate, NiCO3 (technical grade,

15 39.5 wt% Ni) and a zinc salt with a composition of
27ZnC03.32n (0OH) 2.xH20 (with a ZnO content of 72 wt%). The

preparation aimed at a composition of 20 wt% SiOp, 51 wt%
MoO3, 3 wt% zZn0O and 26 wt$% NiO.
Elemental structure: Nij g Moy, g Sip.9 Zng.1 Os5.9

20 The B.E.T. surface area of the catalyst after
extrusion was 121 mz/g. The pore volume (Np) as measured

up to 95 nm on the B.E.T. adsorption curve was 0.22 ml/g.

This Example demonstrates the advantage of using the Zn



10 After cooling down, the extrudates were crushed,
sieved at 28/80 nesh size. Full range ("virgin")
weko@iogbisor un gas oil was processed over crusRewWEP2004/050196
catal yst sanpl es of Exanpl et710 (prepared using fully
di ssol ved netal s’ solutions) and 15 the present
Exanple in a small pilot unit. The virgin feed
contained 1.63 W % sul fur and 165 ppnw nitrogen. The
test was perforned under the typical industria
conditions of 60 bar hydrogen partial pressure, with
300 N1/kg hydrogen flow rate at 345C over freshly
sul fided 20 catalysts. A direct conparison is nade on
the basis of the pseudo first order reaction rate

constants ? t bt a| ed sul fur e product
under test® gxl‘é%n%lr 7ons & %h Q el ative 0\l#o e glct i Vi t

(RVA) is CaFLar%Et e&h? Fﬁ?ndfﬁéac"égn BREGHD PRt of gt
rat e constapirss gifregtiaylinrgmiteial tAdeEmeisF¥Ed on t he
per f or nangg.Qh. t-Re san‘pl e from Exanple 10 to serve as

an i | |5USt rati %n ata r { com tflgl[; %Q %§pénglnga‘§ot !cl'\llalttééf The
rate constants 2%{ Ip orna
o

rel ative a|V\l/ri9't| e "&r e ma esdglca ﬁ"akﬁn% "*30 9.
WO 2004/ om%@y PeTEBEob%/ %’Gi@ée d&%CfT%\eﬁ‘l B 5reamBEndli t
of sl urry Teepariacd oplidBEammplee 2B rEx aaplegation apd
(1.1-1. h- Ipw@2. ecbkerd wSs ientyprietaet c{igpma) atl 7088. RVA
(%9 1h2 1QQtefreamdabde, InttexCanadre weenrridad, boivha
catal ysts 5 sedugesd bgel evel of sul fur considerably;
however the %‘H yéntgx (adl\é@m agﬁrgight hen sglayrow was

P;?gaggagﬁgn%easts?a ¥ er cru he% aIyst hsam Sgu oE[xatlnglét or der

re ar e
i denti cal &pé@Tarﬁdg“%lélﬂoﬁuH j>5/3 El"e *Ghi° flscauttl?ns) hainaher
resul ¥i ng A %eFﬁTérFXF‘Eﬂ}xérmsﬂlsﬁ‘}rl fi‘éo‘f & Tﬁet"ﬁé"m
product r eteyeredisfd £I63 rea il BN, aPhEsS grar atFxresvvol une
activity afhettiss vsanpterns appr oke ratiehly in&@tezhi gher .
conditions of 60 bar hydrogen partial pressure, with 300
N1/kg hydrogen flow rate at 345°C over freshly sulfided
20 catalysts.

A direct comparison is made on the basis of the
pseudo first order reaction rate constants (k) and the
obtained sulfur in the product under test conditions.

The relative volume activity (RVA) is calculated from the
25 pseudo first order rate constants directly, and are
normalized on the performance of the sample from Example
10 to serve as an illustration for the differences in
activity. The rate constants, sulfur slip and the

normalized relative volume activities are listed in Table

30 9.



From Figure 2, the XRD anor phous nature of the spray
dried conposition of Exanple 23 is clear; the
woanpassssbon 15 of Exanpl e 10 cl early contai nBCT/EP2004/050196
crystalline components. The8XRD- anal ysis of the spray
dried powder of Exanple 23 gave the foll ow ng broad
| ocal maxi ma above 20=15: 27.2 0.5 (corresponding to
d value: 3.279 0.060) 20 34.2 0.4 (corresponding to
d value: 2.622 0.030) 60.3 0.4 (corresponding to d
value: 1.535 0.009) The XRD anal ysis of the shaped
catal yst of Exanple 23 showed a conparabl e XRD
pattern. WD 2004/ 073859 PCT/ EP2004/ 050196 49 CL Al
MS 1. A process for the preparation of a catal yst
conposition of t eperal fornmula, on an oxi de basis,
(X;TE(I\/DC(Z)d(O)eW(%F% 5]*5 g“’&rleti Cr’r?f( FEHPETERECAL | east
one non-noble Group VITT netal; gMJRPFESENGy, at —hpast
one non- nopl e G QuUp— Vi metat—Z eRresents afje, of
nmore el enents selected fromalum nium silicon
nmagnesi um® tT tPART4G P29 coni um  10boron and 2Bnc; O
repr esent SS¥8xV¥den; one of b and c il$2the integew 1;
and d, e, and the other of b and c each are a nunber

_gr eta:i]er 15t h@?n f@akﬁgc%l%a% tbL rg%erﬁf@l‘x%r bc(t%t clfagal?lfststb.: c I ?
in ra 0 <5 0 b5: e ar'ratio o
dcis nrtt%%éci rhéeg{eglglofo “rrom oo LY a&’%’oﬁ‘f”%ﬁ&ﬁ he
mol ar ratiQ of &:C i ¥% W e IERy8 PP FEohrSg a8yt o
108: 1; whi Bfi*TconPfise¥ontdst REdea wonpesiteitont ¢he t he
general  20Ufuyr prirParef NI & (00 Miant Bad (G ing | dohdiithions
whi ch a i stsasivoiiemtgy eadrer, trbantbiganda XuctMiowde Qirde,
c, d ®Bnd ecaseiashdetidced rahoved ateA LLRAPSr atrlL e in
the rangec0ftif¢ Q'mugagcéctﬂiiﬁpgg:’this sample is approximately

50 % higher.

From Figure 2, the XRD-amorphous nature of the spray
dried composition of Example 23 is clear; the composition
15 of Example 10 clearly contains crystalline components.
The XRD-analysis of the spray dried powder of

Example 23 gave the following broad local maxima above

20=15°:

27.2° £ 0.5 (corresponding to d value: 3.279 # 0.060)
20 34.2° £ 0.4 (corresponding to d value: 2.622 % 0.030)

60.3° £ 0.4 (corresponding to d value: 1.535 % 0.009)

The XRD-analysis of the shaped catalyst of Example 23

showed a comparable XRD pattern.



25 wherein the conposition of general formula Il is in
the formof, or is recovered from a slurry
wopto4oniadsby after ageing at a tenperature in POE/EP2VIO50196
of from20 to 95C for a m4% nmum of 10 m nutes, said
slurry being obtained by (co)precipitating, at a
tenperature and for a tine 30 sufficient to produce
the conposition I, at |east one non-noble Goup VIII
nmetal conmpound, at |east one non- noble Goup VIb
nmetal conpound, at |east one refractory WO 2004/ 073859
PCT/ EP2004/ 050196 50 oxide material and an al kal
compound, in a protic liquid, at |east one of the
nmet al conpounds being partly in solid state and
partly in dissolved state. 2. A process as clained in
claim1, which conprises 5 heating &he conposition |

at a tenperat ure not exceeding 350C, especially not
exceedi ng OOC A process as clained in claim1l or

claim 2, ere|ﬁr“Fﬁ%ff%6?%P§?FﬁFfﬁlP6ﬁ f&attri ed out
at a tenpeF%P&FélWhOfFﬁégﬁﬁﬁﬁbfﬁ@m¥%oﬁ1E%OBHR9E@Asfor
a period of tinmeshn khesz) ltbrange of from 10 nut es
to 2 hpurs, at an alka i concentration of fromO0.2 no
per mol of "iféf¥ls MrX, on an oxide basis, to 50 nol
per nol ofxné’?%ﬂeée“lWrXt BAstaAre axi-BelbasPy, VERdraskih an
initial sllrryreomcentri@sonnd non-hérae rangevof mégaom 2
to 40 Wt % nomemrabenslondSra@nt @nénendd sdiecAdPFLRRESS as
claimed in a@yum@ﬁ]ﬁlmpfs:.g.llc@h n‘ﬁaglnengm ’tlta\Mngnr eil@c&ﬁ@m

al kal o compoupd,.i .ampNia or a material that wi
generate agngq&%ggkgn§ in the protic liquid used. 5 A

process as claj me aim3 or claim4, wherein the
al kal i con%én??gtTﬁﬁ:ﬁ%tFﬁlfﬁﬁefénge of fromO0.75 to
20 5 nol nft%rogen per nmol of netals M+ X, on an oxide
basis. 6. & proeedse ashel @i heddineanyamne nafoee | @bamer 1
to 5, 15 whetleinno she cerpaesitilan:ofio tdies .generalnd eeigdl a
I is furtbercsubjsectets:tp tahoiRerREo BPIL: A I NEe

fol | oW Ng 234PIRCASS 81 8PS SRAT I8E QUL ot BNY, of o.c
appropriat g ggQggram%ogglg %p{| Ely I SO atlng

dryi ng; shapip era extru5|on usi ng no
eX%/r Ug(l) on %IP g%omprlses heatlngya c%/mposa.tlon of the genegral

formula
(NHg) g (X)p (M) ¢ (Z2) q(O) ¢ (I1)

in which a is a number greater than 0 and X, M, Z; 0O, b,
c, d and e are as defined above, at a temperature in the
range of from 100 to 600°C,

25 wherein the composition of general formula II is in the
form of, or is recovered from, a slurry optionally after
ageing at 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 temperature and for a time

30 sufficient to produce the composition II, at least one
non-noble Group VIII metal compound, at least one non-

noble Group VIb metal compound, at least one refractory



cal cining; sulphiding. 7. A bulk nmetal oxide catalyst
conposition obtainable 30 by a process as clained in
weanyodonessef clains 1 to 6. 8. A catal yst conposCTiEem0a050196
the general fornula | as d®fined in claiml1, which is
prepared by a precipitation process wherein
refractory oxide material in an anount in the range
of from15 to 40 % on an oxide basis, is W
2004/ 073859 PCT/ EP2004/ 050196 51 precipitated with at
| east one non-noble Goup VIII conpound and at | east
one non-noble Goup VIb netal conpound. 9. A
conposition as clainmed in claim8, wherein the 5
nmetal s X and M are one of nickel and nol ybdenum
ni ckel and .t tungst en, and ni ckel, nol ybdenum and
tungsten. 10" e %rﬂr%]oéi“i |a?)r?léas“ccl°3?% th acP=eriA 9,
whi ch is XREGndy prastisone1oF. the sbaboeirrhesty keing lpaitted
in claim 16" sehdcitabagndamartl) iXRBDsdilféa actteon pattern
in which abover 28st5s at hesimell Snacial0CakniBAXEPABAVI Ng
a charact eﬁéaﬁlﬂgctlfeulzdmpwlgiﬁ af a@-a %Léraml M%;@Q&Mg

2.5 at each.0 | ue in t peoffrom255
to 28 0 QSOE %fpecm}ﬁ? nﬁt ergcceﬁe 1ng %O% "rom 33.6 to

34.6; and 3 20A VEISGR P EHEe? aﬁgCéadef 1 foF of#2 A% 25 9thgretip
62.2, and t'Kef®) prechdteteph detdapriedrout gtad temmxdtemin
havi ng a char sspberitstroe 26 uol 9at dtthr atpdaadd of HBxd BAIRLOf
2.5 ono bel emge b2. £rhn QOMRASIct i 1@N2 a5u:G) aknedaidicl ai m 10
or 11, whek®kbhtribS o@'ﬁk@'@ 2 M)i %eMLJ}/Qg%Uﬂs l\gﬁ, on

silicon; t o as 0 ol pef mol o mea +X, jon
refractorym?))éim%zjgrratgser1|[Oa(311%(l)91 ! relc\:4| F g ]laabmth t He

metal s conpounds i'h An walm)uﬁti“F jal Sﬁ%“?’a?i’@‘éenéfatﬁ?rbﬁ? 15
to 30, prefBrEBrs °f F9% 2wkvd0 ¥8: nariprloerisss feortephe
prepaftati ofr of? BrEetHesictiised as any chajofiedaine tltaim 8,
whi ch conpriieseis theatlikahi aoreowPOss timoftia @5a0fatéhl that
gener al f ovinul @nddNHd hafoX). i M6 (4) tHeODet{d h)quid which a
I's a nunbes. grepiResd har1 08N dn XiaM 3 Zx cg.alnbﬁl, wﬁere‘ijn
and e are ar Q%gi @&Lc!arpcrg*ll%h rQs]‘ln aqte J.a‘angeerr@e rortn l%Jr '?5
20 5 mol nitrogen per mol of metals M + X, on an oxide
basis.
6. A process as claimed in any one of claims 1 to 5,
wherein the composition of the general formula I is
further subjected to any one or more of the following
25 process steps carried out in any appropriate order:
cocling; optionally isolating; drying; shaping,
preferably by extrusion using no extrusion aids;

calcining; sulphiding.

7. A bulk metal oxide catalyst composition obtainable
30 by a process as claimed in any one of claims 1 to 6.
8. A catalyst composition of the general formula I as

defined in claim 1, which is prepared by a precipitation
process wherein refractory oxide material in an amount in

the range of from 15 to 40 wt%, on an oxide basis, is



the range of from 100 to 600C. 30 14. The use of a
conposition as clained in any one of clains 7 to 13,

wehapad3sgnd sul phi ded as necessary, in PCT/EP2004/050196
hydr opr ocessi ng. 51

precipitated with at least one non-noble Group VIII

compound and at least one non-noble Group VIb metal

compound.
9. A composition as claimed in claim 8, wherein the
5 metals X and M are one of nickel and molybdenum, nickel

and tungsten, and nickel, molybdenum and tungsten.

10. A composition as claimed in claim 9, which is XRD-

amorphous.

11. A composition as claimed in claim 10, which has an
10 XRD diffraction pattern in which above 26=15°, there is a

local maximum having a characteristic full width at a

half maximum above 2.5° at each of a 20 value in the

range of from 25.5° to 28.0° a 26 value in the range of

from 33.6° to 34.6°; and a 26 value in the range of from

15 59.8° to 62.2°, and there is no reflection or local
maximum having a characteristic full width at half
maximum of 2.5° or below.

12. A composition as claimed in claim 10 or 11, wherein
X is nickel, M is molybdenum, Z is silicon; the molar

20 ratio of X:M is 1:1 and the refractory oxide material is
precipitated with the metals compounds in an amount in
the range of from 15 to 30, preferably to 25 wt$g.

13. A process for the preparation of a composition as
claimed in claim 8, which comprises heating a composition

25 of the general formula

(NHg) a (X)p (M) c(2)g(O)g (I1)

in which a is a number greater than 0 and X, M, 2z, O, b,
¢, d and e are as defined in claim 1, at a temperature in
the range of from 100 to 600°C.

30 14. The use of a composition as claimed in any one of
claims 7 to 13, shaped and sulphided as necessary, in

hydroprocessing.



