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- 1 Catalyst Conposition, its Preparation and Use
Field of the Invention The present invention concerns
catal yst conpositions having a high nmetals content,
their preparation and use in_hydroprocessing,
particul arly hydrodesul phurisation 5 and

hydr odeni t rogenati on. Background of the lnventio
Hydr opr oéje?ﬁg]rﬁbsq' SRR H ol Ve® ¢ PeeRphRT taRi %ﬂaoyse

hydrogen to a substrate, usually under el evated

t erpierlatl We e presstien in the presence of a-
catalyst 10 wth the ai mof causin

ég a ph%siﬁal or Lt
cheni cal T EHGETH YHEH MR raRRCeMR 1 C_ueny St compoesitions
hy =08MRE €5 itth MRt 1 HNSordesit, teiefphesyration and use
operations where the substrate is, a_  hydrocarbo ) .

f eéastlbfékf.oxea%?ﬁ%reﬁmpm%&@@@ésl?xﬁ%r%g%%@eﬁgrﬁaum
gengi@ldpardden it tdeedHrimof a carrier of a refractory

oxi de material _on which hydrogenation netals are

def@akanpunctof HAie I NYERE E0BUNt of each conponent
bei ng dehe{yahetdys i Qe Ak 458 [OIE PG OFNe OXpHCication of

materials usual in the art are anorphous or
cr ywidddate forass Wisfalig nalewdd 1 aunger 2plevated

conhi naligng.d ha%[c?g{regglﬁs& Oph dﬁlﬁ%%@lllée C8P RHa¥gtalyst

sone I'ntrinsic cat ytIC act|V|ty ten only '
pr ouitde thehe isuppbreawsi vgi z pkics i sel nex afkembapbundange in

o 108 s ORI S 5, A 000 B ORLE s o
Talilre netfiigtemyr eorSralepuss twieie xe déebsorateut ng

manufacture: in-t cage of base netals, the oxides
ar é“yt réjr?uasrh C)pILirk(:%aeg] Sptfl Oor'to wuse to enhance their

acti vi t Yonkdraniendlashihberpirndeds megl catakynst s adrengenerally

cat.al ysts . for the catalytic reduction of nitrogen .
ox I EINETH P10 Bt Yhceere U et oE, Sheds material
di g8 egescicatwivsdendtorsednefabs mMxé Wepodived, the choice

titanjumtungsten oxi de powder and. an . oxi de, of
nurBBt AR 41, SA5R | CRITRRI TR C e L5 IS Eeiaed by the end
us

e. Refractory oxide materials usual in the art are

amorphous or crystalline forms of alumina, silica and
combinations thereof. 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 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 their activity.

Titania has been uitilised in denitration catalysts
for the catalytic reduction of nitrogen oxides (Nox) in
exhaust gases. US-5,658,546 discloses catalysts formed of
a mixture of a titanium-tungsten oxide powder and an
oxide of a number of metals, including nickel, for such a

use.
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use. 2 The use of titania, or titaniumdioxide, as a
catal yst support for a conventional hydroprocessing
catal yst however is limted by the | ack of a useful
pore structure. Therefore the ?eﬂwtitani a- supported 5
commer ci al hydroprocessing catalysts that exist in the
mar ket have a | ow pore vol une aﬁr;gt_tas.a result .can_hol d

or suppol? YL hyidt oAt i oh apium (AHo¥HAS hppd 2
COrFErh 1 i tUMnBupStp st edl eativdyisi Sna Cegfiabbyotési$ng

viewed that thermal stapi]ity, |ow surface area an

podT2 SRR R e vIRY st elrﬂd?%t?fgv%y aVYFe h:["ﬁ%ér%g ?h@seguj“ pore
cogmifdtilreXplid £ O afhe t£éant B SwPROstBPogeéal yst
systens. The intrinsic activity of hydrolgenatl on

e A EIeH = 434 mc&rquomw,ca%%@%rt Rt efeist 1n the

al yENasthassrk At BhY YSre TRSL RIOPOSR| 85 AVAesaDt echA hold or
the art attenpt to harness this intrinsic 15 activity

andURRREdy LaRs durdredsdeonfne iy fretlda theaphgscommon

and, 1 RGHER & Akl d i(fé/ta_pl}’yé‘éé ng @dxed, P14 dee. igMriewed that
Breysse et al"in Catal ysis Today 86 (20032 5-16, notes.
t hathema It tadetieliiy 4 o‘é@W epokace t3pre and | PARY anechanical

U . il 0 . '
SoRAILEIIE NS ) SEIRALY (A0 Sotpbt Sl M os apson of
wi tth tragcientsupgprchashera ta il ye praypatemy. neBlopotobsinsic

titan.a . this C i hc .10 L0
B e
comhipratiicon tf ey ckaimimtbawdd bekeraly stowedThéapraposals

Ni Mp-t.i-tani a catalyst had the 2 tiviLY. ‘e
et s i el R Il X MESBL LM BY1 fPE i
on awrivaitsy M drdmddini tthal ded hai erseippores, lawdmetals

N Mb-al um na catal ysts., Later, in. the sane. _review .

ar IS TS84 Gl TR e 1Y GRENGE Ry TTegeprides.
or cobalM. Bipprasseast tdle i ghetalydis MBoRa@c86ViRY0O3D 5-16,
of nol ybdenumt.itania Séstems Dhar et al.

Car R € PP B T SLoRng @ 7 oot gp! itania
VarduPisort o® thyad tith Nbs tddrad-al BEpPohiieed to 6 wt% Mo because
of the low surface area of the support but with recent
improvements in preparing mesoporous titania this can be

expected to increase to 10 to 12 wt%. Tests using a
typical hydrogenation metal combination of nickel and
molybdenum showed that a NiMo-titania catalyst had the
lowest activity for tetralin conversion in the presence

of HpS than NiMo on variocus mixed titania-alumina

supports, and NiMo-alumina catalysts. Later in the same
review article it is concluded that the presence of
nickel or cobalt suppresses the higher intrinsic activity
of molybdenum-titania systems.

G.M. Dhar et al. in Catalysis Today 86 (2003), 45-
60, also looks at various mixed alumina-titania supported
systems; hydrogenation metals are applied by the

conventional incipient wetness impregnation method and an
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systens; hydrogenation netals are applied by the
conventional incipient wetness inpregnation nethod and
an - 3 inproved HDS and hydrogenation activity is
attributed to increased netals, dispersion. Here the
presence of small anounts (3 % of nickel and

cohalt are cgnsidered to ronpte, eg, HDS activity, of

2 CHRHER SBB Y HAIARN R if ri Kby 15 attribited to
titi?iax@aaid dﬂﬁnh[&aﬂ.@@i@@rs:irbbrg. studive tHe iréséhed 6f small
Mo | oadi ng,, .t he xi mum nol ybdenum_ cont ent consj dere

i s AP (‘s "f%%gaé%émdblcd"rﬁ)l @éﬁ§°§"&%ﬁ‘é%t%‘?%’c ered to
Al ga-cicteosedy | midaddivitaf dWdH ddeatyag ands W
particularly for use in hydrodesul furization (HDS)

es PEdivAISf e &R d‘@s"iﬂdf Lﬁiitsad%i@%ﬁ]d%mjﬂ%ﬁpﬁqlé‘é‘%i on%‘,‘- a study
ar @ £C&a%al 1\t P HIOMd 119011 WY ,C he D Mk Tk T h SCH 1 num

oxide material but which are nade via . _
coLpéansi wamsdilered righddh Witk effs S idFide iapd basis
EP+A+139068% 1d/30r i bes one 15 such co-precipitation
proposal to prepare a hydrotreating catalyst, which

cat al ysthlisgs prartiases pimogdie sy iy durdigptzeating and

cr ] h %Hﬁb' i na; . Ml d
ne%%gérc}ﬁf%gﬁyﬁi%gjhr acti vllq?y@ang t%#?p%z#ec amcI?Z? '

st eepgich addy desrefdesaild Ummpdrigerof ctidddle fra@@ions, are
co r.Gi Al -6, 124, r Se: cl.plt.at ed.
catgz%l%?gb%fto:é%p A t?r?%sé‘ﬁ%%rga |onael\?\}1%§%xﬁ cjl:tf)cjl’%gs&glde

G oapelra lmitud whi ofr auge Vidnlearetis copiremighd bat xam.

and/ or _nmang se, optiagnally .a_h | tal,.

oG RbeIRR RS A F ] - S R Rz ibes one
C 0 spicC icpi-tpateicdp i tiatd drm earapersatll ao afreparhk spansdcbtreating
nmetal s.content .into onventional .carrier terial .

i s CAFPaNSed "By h ARGy Sl @ s & o rra?xﬂe%% including
mehaksyeesRAumds phiatearducty amtaigha - Anthitdls viewed as
enabl i n% the.fmet I.s.to becaonme di spersed through the, 30
caPFr&r>rat e Al AS WHYAGYh FROTHS TR dIsChgriral

coR¥edhi@na hnd RIRARFHIRN o ECHYH &AL 10y #h

Sngg%mercial use. US-6,124,232 proposes a precipitated
catalyst for paraffin isomerisation which utilises a
Group IVb metal, a Group VIb metal, optiocnally iron
and/or manganese, optionally a hydrogenation metal, and
optionally a refractory oxide binder.

By co-precipitation, the incorporation of a
dispersed metals content into a conventional carrier
material is attempted by enabling intimate contact
between metals compounds and carrier material and thus
enabling the metals to become dispersed through the
carrier material before shaping. This contrasts with
conventional impregnation techniques where only a small
amount of metals deposition is possible since the shaped
carrier is already formed and there are diffusional and
space limitations for the metal ions or compounds to

become dispersed through the catalyst support.
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anount of netals deposition is possible since the
shaped carrier is already fornmed and there are

di ffusional and space linmtations for the netal ions
or conpounds to 35 becone di spefsed through the

catal yst support. - 4 Alternative catalyst forns have

been prqposed for use in the hydraqprocessing of, for
exanpl o AIAHTHRIre GICANEST GREWGIFYR direBiProposed for
catﬁey&trs dt&?ﬁ Hﬁtml chsmé Kindg asﬁj yﬂa*duis' exaﬁu;shla f:af%f y8éB8y
are forne rom net a conmpounds o , _usua .

0 BrEATE 1 aGbh et R OF HRE AL H P He et TBYd s bulk

CatlteSty 1 1 ergiidh SSHRON st $eere f RS rfx@nPrem Wkt al
00/ 42119, US-6, 162, 350 .and WO 00/ 41810.. These ,
PUSIATERUTSHS QRSB JE Bk RY G RASF iR G Supt sFpniques,

Metgla ¢ahAl WS iyl ddieid UapBFat | 2k USE. sdfport; see
US- 6, 162, 350 di scl oses that such catal ysts may contain
onET SRATIS Wt HEATAS 1 | 6 GhhR ABARS YRoQP/41810.

NI MBye o NVrANG: St TIPS 1 U RS Nich N Mg‘%#f% and Group VIb

catal ysts. The preference in US-6, 162,
00/MmeX B9 catch \NE W0/ e i s prpRarat pmand gse.

i NGQ_ROr. j Nt ' t t LPEP9 14,0 ;
Si %@#?@%%@i‘it{y&%%%%%aﬁﬁi %Jg%/lgl%/%fsa con‘pzrg% i%cr)lntaln
mayrige are dworsd (USEs;H 6360, ty@et urand xanples glgow oNiMo,
114, Lf ' | syt

o ns FHE Bise BRUAUed AAb W bBE Catdiyers.  The
catalefstrayard iigl 4 -enbiedleas d ,n WHhed O 41119 vanndh WPhed Q041810

nmor.phQl oqy .of .t.he, bhul k catalyst_ nartigcl.es eptiall
mai'nt %h ed 1 kz{lﬁ}sderresllﬁ tjlrhcgo%pa %ﬁ%ci lcr%)trr%o@??i %#1%08&( atalyst
6, todpdfsitGain sidcd itles &4 il t30)of Titee huldercathehyst

present i.s .preferahly added prj 0 i ng bui can
be “CHREET "N sty & ?‘ﬂlcieré (:T‘gf{“a% fs‘f‘;‘g‘ficg'arg?i%[ﬁp %
The iwze afo tid a4 .as ¥ 1 efdwastear,y DXbdeismt s i tad loe used
bi nder istﬁ%‘qposed as one of many suitable oxid

edd

Tt B 41 YR UG oS Dhe ORI A9y 6 Pulk

No caitBdheat igirdikaled tenBisRIdS aCtdrad |byirdst efptiat €t

or expected to provide any benefit over the al um na-

angorrhology of the bulk catalyst particles essentlally
maintained in the resulting catalyst composition (US-
6,162,35, Col. 14, lines 24 to 30). The binder when
present is preferably added prior to shaping but can be
added at any stage in the catalyst preparation.

The use of titania as a refractory oxide material or
binder is proposed as one of many suitable oxide
materials in these patent publications, but there is no
indication that its use is actually contemplated or
expected to provide any benefit over the alumina- and
silica-bound forms exemplified.

In refinery processes, feedstocks contain a variety
of contaminants, the main ones being sulfur and nitrogen.
While sulfur reduction has always been desirable,
increasingly strict regulations on gas emissions eg from

motcr vehicles, is driving the need for catalysts which
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30 silica-bound fornms exenplified. In refinery
processes, feedstocks contain a variety of

contanmi nants, the nmain ones being sulfur and nitrogen.
Wi | e sul fur reduction has al ways been desirable,
increasingly strict regulations on gas emni ssions eg

f 35 _not, icl i i Vi h d f .
catary R AL T SR hiea 5o st fggtive HDS
f uelct i fHary efdrettdateedddS 1aciowitlye deeb edpel Bt ysdoion
0% BRSSP SELALY SR SISO SDNCOE e be

Sulefffie CGRRO WK Scenvdiad elll sdulpfer Somiipeaidd £xwhether simple
Nitrogen contaminants, while often Icwv%éh%ab unt, . can

hatd & B SR Y AT A e aY e at Qg in

adwiceelty, afdrediavnch Riaahied &ﬁé&gﬁlgftél@fééﬁ Yon adfltalysts
qual ity.. The poisoning effect on catal ysts is such o

t h&ndh a&ﬁoaI%Fg{e@q]e}étarf\feecftor?n%g?‘ﬁl’ﬁ&‘c‘bfs%oﬁﬁ% stability
chem dluahQ dheedsioGlo IBdh gy ideid@ctdyecalysts is such

short-171ved when exposed to an inpure refinery

f eddidttock catmiyst infrfeqtsive donti e diPYenthe fByre chemical
hy HRRFRLRIS I, G &l st e dt9vd QRFSIIRGKS- DNAYE A 0ok Nexposed
sul fur and nitrogen contam nants, which catal ysts have

a I® girgrivpumtrefidieasdesisgiiedation activity for

both  SiiRle AULGOMRL & Slldifuaallaldlig £oppounds

in the presence of 'nitrogen cont nants but even

oy ddegincatsssing swmtehwstes Hgh redsiprakeedchaving both

hy | tr at | [ MILY.120.5U

e s N
wherignitfamiant ity dmeirgpoEtied satt oarecrisoppor fed oeth
precipi-tated. catal yst_j L gni f.j.cant e,
BBl B AR E sl fn A Rl dind gt cne

hi ghesdides afd HbYRferacddontidnyidadres thet useenfmatendeairably

i G0 TR iehOT R O AT agabton (0N
j usictieliyydenum (and/ or

Summary of the Invention

It has now surprisingly been found that when titania
is incorporated into an unsupported or precipitated
catalyst in significant amounts, the resulting catalyst
composition has a substantially higher HDS and HDN
activity than the use of alumina or silica alone. This
igs achieved with the use of nickel and cobalt as
hydrogenation metals and not just molybdenum (and/or
tungsten) alone. High metals contents can be sustained
in the catalyst compositions of the invention; they can
be processed and used in high temperature environments,
and a comparable mechanical strength to conventional
commercial supported hydroprocessing catalysts is found.

Accordingly the present inventicon provides an
unsupported catalyst composition which comprises one or

more Group VIb metals, one or more Group VIII metals, and
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tungsten) alone. H gh netals contents can be sustai ned
in the catal yst conpositions of the invention; they
can 30 be processed and used in high tenperature
environments, and a conparabl g mechani cal strength to
conventional conmercial supported hydroprocessing

cat al s i.s found.,  Accaordingly.the present inventio

o 6 FISE AT ORI SIS (T R U b S 1B v R oF
CORfIrieS @St 0 or3 e Ka=nikp. VIb netals, one or

nore Gqoup VIII netals, and 6 a refractory oxide

mat er i aP AR EFTOMFY 6 BPIRAET L Hord T iREMRE 2 bHon tor

oXit#e RAHSyvA Torydwiitdesh isf ahy ogessnt¥n} Nend its use in
preparation for, the catalyst conposition of the
i NAYRHOBFCSERPENE use in 5 hydroprocessing. Detail ed

De greitisRtiedn oifs drhigd bt He Whel irfrdritvisriion relates to

t he nydropr ocessi g, o chem cal—and petrol eum ,

f eedst odRs sudinEn- 1o diefatesdihddin ibrireprearepaing of
G otem¥idal GERPGEAd et AMHMoM: @31 RNh Qo Y8

(especially Mo and/or W netals and an inert _

r eCORBIOSHE it dontefinie P BrwvEloh (RAreqtally tMhiand/or
Her-eiyn _ref j rqg%? Ret i .0di

El g%énta? %‘mﬁ‘?ﬂ“‘i’ga}&?ar S ré c?héeﬂsyns%eﬁg%)\e/%gqﬂ er?ﬁ%a]CSRCand a0
15 iHsdtb ol nefc t@ranicide amf PHyistie SQ Wite ®Robhere is
Handhqok')), 66th edition and using the CAS version
notati on. The term " hydroprocessing' is used herein to
cover aHerange rmHfdnyedrast risatmeete oy ddes sBasrididie Talele of

hy carhon_ .20 .feed is brqught i.n cont it
hygzrﬁogr;“eﬁ1 t%‘ls"n wcl)lrl&?r FETod S yn %(}i/e p]hri/sgjic%:]ea?&é\‘ﬁ# c J‘;errtlz %%I CRC
pr dpedboed: cih€heatiadtygt armin®isidicn OfThdRyblesent

colBroERRy 3 Bhaer Rt tns VA5 ehe TR, Vreepn
onectagupenVl b nmetal and a 25 refractory oxi de materi al

of Mhic%ﬁg gé?%“‘ﬁ%éf@ﬁ?&é%ssing' ig used herein to cover a
range of hydrotreatment processes where the hydrocarbon
feed is brought in contact with hydrogen in order to
modify key physical and chemical properties.

The catalyst composition of the present invention is
an unsupported catalyst composition comprising at least
one Group VIII metal, at least one Group VIb metal and a
refractory oxide material of which at least 50 wt% is
titania.

By the term ‘unsupported’ it is to be understood
that the composition is not of the conventional form
which has a preformed, shaped catalyst support which is
then loaded with metals via impregnation or deposition,
but is a composition in which the metals and refractory
oxide material are combined together when the composition
is formed prior to any shaping step. Generally this
combination will occur through precipitation. Unlike

supported catalysts, in this unsupported catalyst



titania. By the term unsupported' it is to be
understood that the conposition is not of the
conventional form which has a prefornmed, shaped
catal yst support which is 30 thegn | oaded with netals
via inpregnation or deposition, but is a conposition

AR oLk A LEIEAP 0 OB Lo Snger o

pr Isﬁfpa{rmtaa’lyi:&l‘@p‘ldtg ns;atteqxlaGenﬁtﬂhiry tthe scompadi nadnon
oSy, WHouah Brecl L allon, Jhlike 59 SUBPOLLELs e
lCOﬁp@itt:Jﬂ@d tieonk efr mrpbvﬁﬁ@ﬁaii@]mﬁd:ﬁiom sam@lysis, and
OI’] er separate dlstin matertal wthin
G ded B A BTne e ot eRa Of nthe
rms-_tonrp@%q&lt& drgerinid lﬁbﬁdﬂm&n R MOVEBfposition that is

diffraction analysis, and 5 it is also possible to

detderivied tirew &ﬁﬁ)ﬁe‘]ﬁaé“o? -2 kD ST R B ( et de

pr%%tﬂl@l Hy GRS Hamdhpled Scofifdh Ved Em@nart such
the titani a- contalnlng refracton¥ oxide materi al
yéyupled

anasy %Rdal (% &El?hlfﬁlu—h‘sr heCBir {Indyehiveky
( XFras i qu)rrlaqp Ig})duct ivel y- Coupl ed 10
tronetry

Pl asma Spe Si's). The titania is present
as 50 w¥%eort immrd aofig IIe:esa;‘ttrmcﬁw Wik der maeeeiaf . the

P e ) ' ‘
1ot ateo) S ik | SPARIELLY 1060 POhe in
90 ahno ab@dinat %n Itthe sragspecfalinord 57 Priesemo ivmt%tn especially
amaunt_,in the ra of f 9 0 wt [

ceduERe F o S T SIS 1 D temtfrainlly
angrpaseritc rardry dnvaursolin atipar@aide aif theomred ract 0§ wts.
0 e .materi al ot he f d t I

X i ernet iy, Tt et e d M bt AR et na

Si Igre@onfR@gnasisnd @armruﬂ.aﬂgf | tthea Ngb Zé ru“ommm@het of the
Good results have, been fou

m Xt ure of
t i CETRSHAFYsi9%ide 587 et or%/qu:k‘% agfory oxide
Ti hatied ia3 N3 Wedd )y vheal | ableab iy saves ais f 98 T&céd from

alumina, silica, magnesia, zirconia, boria and zinc
oxide. Good results have been found using a mixture of
titania and silica as refractory oxide material.

Titania is naturally available in several forms or
polymorphs: rutile, anatase and brookite. The most
thermally stable form of titania is rutile and at very
high temperatures the anatase form can transform into the
rutile form. Any of these forms of titania may be
present in the catalyst compogition of the invention.
Good results have been achieved using titania having in
excegss of 70 wt% in the anatase form, most suitably 80 to
100 wt%, and especially 100 wt% anatase.

It has been found that the particle size of the
titania can influence and accentuate the activity of the
final catalyst composition. While all titania powders

are suitable for use in the present invention, it is
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pol ynorphs: rutile, anatase and brookite. The nobst 25
thermally stable formof titania is rutile and at very

hi gh tenperatures the anatase formcan transforminto

the rutile form Any of these §arns of titania may be
present in the catal yst conposition of the invention.
Goad._resul t ave been achieved using titania in .

o g et R R R b dilihe ) s bR Marticle
Suidiamat 30 ¢H 5A i atShs avl bspecial hyed DOpneferably a

anatase. 1t has been f that the ticle size of
EhRicht ST vhrid WAL oF (LesS: uSkE pErFgTanly
of;;@%rﬁﬂdﬁﬁ diﬁmﬁ@%ﬁ cOMmposhidodns i | Begd] ahdasspecially
powders 35 are_suitable for use in the present

i nVerRA0 C1g ameter p?llef%r‘PJe‘a‘-’?lFFatmEif%%?a pofmerally the
haviitg rin aved B it LB dianeter of HS&rvielensnothe

| ess is used, preferably a_ particle dianeter of

20 ,
m &SARiG Ylelkisamdris phidramtyden phrtilfe Braheter Herein
of WAL WS- o1 €554 @%%ﬁé'd’i%m@t@f‘réf%_@% of the

di ameter” of 5 mcrons or less. Generally the m ninmm
av@eatfe Pasi cllesalitamet fsparticle in the titania
utilisedq is of the order of, 0.005 mcron. Herein

aver age Pt iBHE %ﬁmﬁ%ﬁaﬁ%ﬁt?ﬁ?%ﬁ%ﬂ%t%ﬁt%$l%%@6%Fe

t hervedardhled eSrom Ml T 1wmal @v&ﬁ)id@;?/,eglye@?éasabéﬁd

titania starting materials are available from

M R e o ©*aRpR L LT UR| € Rt D Fepd @5 grades;
exagyusdd 1d et g Sa dd - D Bk Kdndi adlegiaddepussad s25 .

P25 grade and Haj shunde's_grade FCT010925. M xtures

of MiRtathes £ifd tottitia ArAQGIST 5@ HerFle ey | @xdde smaferials

al s8-d eAdid Wi 1 Akdea LR GhShdhedrc{ £11$X AP Cexample
silica - titania mxtures such as grade FTS 01 from

HaissRdifde. - THE B iR Mixufer Sugeadigrdie tFTanth from

ut igdised, i  suitably in the range of from 10 to 700

n2/ g, nore 20 preferably from20 to 400 n2/g. The )
Group VIThe metBl T i Syrides aep onfe e thwotamha utilised is

suitably in the range of from 10 to 700 m2/g, more

preferably from 20 to 400 m2/g.

The Group VIII metal is preferably one or two non-
noble metals selected from nickel, ccbalt and iron.
Preferably the Group VIII metal is selected from nickel,
cobalt and a combination of nickel and cobalt. Most
preferably the Group VIII metal is nickel. The Group VIDb
metal is preferably one or two non-ncble metals selected
from chromium, molybdenum and tungsten. The Group VIb
metal is more preferably selected from molybdenum,
tungsten and a combination of the two. The most
preferred Group VIb metal is dependent on the temperature

of end use. In applications where the end use is in a
reactor temperature of below 380°C, it is preferably

molybdenum, and where the end use temperature is 380°C or
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noble netals selected from nickel, cobalt and iron.

Preferably the Group VIII netal is selected from

ni ckel, cobalt and a conbi nati on of nickel and
cobalt. Mst 25 preferably the gyoup VIII netal is
nickel. The G oup VIb netal is preferably one or two

non-nobl e nmetals se ecte%f from.chrom um

andHUSys tien I SrRF G HHP

| vbd
PTG | < 1o B RY B S 2Dl y

s elmedtyad frivoim 2. yWhdemsman . tungsten and a conbi nati on

of the two. The npst SOadfreferred G ou VIE n]\_?tal i s t
dependert RhfEHTF LAt Fle CYP/RELLR. OF pthe presen
appaldveat 1S, fvmgsb %éé% Sicxd &5 _éxsténfmmgfeam 04 catalyst
t enper at ure, of bel qw , it is prefera , .
oI SARRS i L Hh P e ITERH TN chp et IF ¥ Ld8ghRSLs

or - 9

abave, referably tungsten or a m xture

it.is
of ol ybdéﬁ(t)rb Mt g@f@ﬁ.e A preferred catal yst (1)

co%%s%t.l on of the present invention, expressed in

el enen

ea]1nform is a catalyst 5 conposition of the

gerer defraraantey ain lenaxice bas-solle Grédpp CITZ)mdtal;

(O, e_(l wher ei represents at_l.east_,one - N .
G Blp 2Rt At el G odimottE o O AR 1
G @ip dhramirls t it une pares esitsidnd By usmaencr more
opti onal | ne or. nore ﬁ%eﬁrrentf sel ected f

SRV i

al umi M

ertiy | SO R TR Uit L hErRn Tpgnesium,

zi nc; RQreRpriasentorvygaid Hiecof b and ¢ is the
integer 1; 15 and d, e, and the other of b and c each

ar & sHIPHASPFH S ABE " greater than 0 such that the

Mole it i £{a b cid scnd ideegeange of fromO0.2:1 to

10:1, the nolar ratio of d:ic i1s in the range of from
0. B to 30:1, and the nolar ratio of 20 e:c is in the

range of J{PMrd Lthd® B d arf$ AOYEh Xats PLetgraPl ¥ number

one or two non-noble netals _ o
greater than 0 such that the molar ratio of b:c is in the

range of from 0.2:1 to 10:1, the molar ratioc of d:c is in

the range of from 0.1:1 to 30:1, and the molar ratio of

e:c is in the range of from 3.4:1 to 73:1;

As above X is preferably one or two non-noble metals

selected from nickel, ccbalt and iron., Preferably X is

selected from nickel, cobalt and a combination of nickel

and cobalt. Most preferably X represents nickel. The

metal M ig preferably one or two non-noble metals

selected from chromium, molybdenum and tungsten. M is

more

preferably selected from molybdenum, tungsten and a

combination of the two. The most preferred metal M is

dependent on the temperature of end use, as above.

The element represented by Z together with a portion

of the oxygen component is derived from the refractory

inorganic oxide starting material. Most preferably Z

represents titanium as the predominant, especially the

sole,

element. As optional additional elements Z,
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sel ected fromnickel, cobalt and iron. Preferably X is
sel ected fromnickel, cobalt and a conbi nati on of

ni ckel and cobalt. Mst preferably X represents
nickel. The 25 nmetal Mis prefgqpably one or two
non-noble nmetals selected fromchrom um nolybdenum

and t un sten nDre referably selected fro .
%I’i\%sﬂle]rﬁ-"‘aﬁlma ?.%tf i DTETRTTR .t&%dltlonal

Thesrr[HlS.II apﬁcﬁfra:rg edh ived ted :M.ﬂ@e cdﬁpfemlreni o0 3hets) of zinc
tenperature qQf end_use, as abo 30 The el enent
reﬁ%%nl@d Z s "rfést?’f % PAET b TB?t‘Fﬁéal can be

OX V@R RaneNtt d Sikierdyesl duPraddeared r@Et ORhY catalyst
|norgan|c oxide starting material. Mst preferably Z

r e IR %9 ani um as the predom nant, especially the
sol e, elgpEeHumfs LR | Qf‘alar?cﬂddtféﬁ‘ﬁéséll‘@r@ﬁésrglatrlg molar

alum niumand silica are the nost preferred.
Addiatiien aialugmalvhigh AT 3 ¥eR HEkig R FOBRPISHD 85 2

W % Sfaid Gr %P&éﬂbé he g&efd Aty OKigeashakt i B9taken as

mat eri al can be vantageous to increase surface area
of thse nefierigrmie Rndrsiqnatied B therbrteder cl- andhg other

r eR/8! 5453Hﬁﬂﬁuéé%%ﬂfgéﬂedrég'fbfg%iGQ ¥Q1&Qs?r6a51s one

gi ven taking one conmponent as a standard or
r efcdr érse mettiexled (XK ared df dn aanl exide tha@hs as Théenumber e

f t t t
| SUSLERSE A LHESANA S, RO BOP o odhier 01 L
basicenparesi t igfn t 10 nedtiatls Wi andodV smt doy otielesbasesiometry of
The Wﬁﬁ ﬁ: @%lcates the nolar ratio value for
oxy&g@ Q 3 Mposition (1) which will be set by
the Stmmﬁaﬁtﬂw%‘ id O Mt et Q) € dpa L er@bly B:c is

is the integer 1, and the ratio cCis in the range
of ify 6eD reNEe ©f7: Fromsts Pk dierabh y st prefesaily 0.5:1

es iralyl y f-h J [ the
e D PR TR CR ITAG B Ug P Fatihafg de i he
esp‘@mgﬁl 10y. 2.4 :tb t1P 3k ,1;meaid pm@radswt% Intreeib:kic

o e%g;'r r&%]aﬂ)} e 4AN9% of o f YRS -Bhils Wefilids {®WSFatio e:c
being in the range of from 3.8:1 to 30:1, most preferably
4.1:1 to 18:1, especially 4.6:1 to 12:1.

Good results have been obtained when X is nickel; M
is molybdenum; Z is titanium; O is oxygen; c is 1l; b:c is
in the range of from 0.5:1 to 3:1, especially 0.8:1 to
2.5:1, and is most especially 1:1 to 2:1; d:c is in the
range of from 0.2:1 to 4:1, especially 0.3:1 to 3:1, and
is most especially 0.4:1 to 2:1; and e:c is in the range
of from 3.9:1 to 14:1, especially 4.4:1 to 12:1, and is
most especially 5:1 to 9:1.

Depending on the method of preparation that is
followed to prepare the catalyst composition for use in
the invention, there could be residual ammonia, organic
species and/or water species present; following different

methods, different amounts as well as different types of
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4.1:1 to 18:1, especially 4.6:1 to 12:1. Good results
have been obtai ned when X is nickel; M is nolybdenum
Zis titanium O is oxygen; c is 1; b:cis in the
range of fromO0.5:1 to 3:1, espgcially 0.8:1 to 25
2.5:1, and is nost especially 1:1 to 2:1; d:icisin

the range of fron10 4:1, especia
Eodi G RS |y e 4 a0, 1al 8
I n ddﬁﬁ)ﬁp&f&&c Qforfdﬂ[ﬂé?n@ dan aflfeds ﬁs@e@mahm Prdsént in

0 and is nost es eC|aI to 9:1.
ﬁiﬁdq?d:a&i’st thes RO e’?}ﬁ?%‘%% etth%teqlgure that the

f oldz@wad dt0 Jumghed £ 1die @@ﬁﬁwﬁox@q@%ﬁ | @st OF &8y
in the invention, there could be_residual anmpn

a,
or GEMAEPRGFG QF RKFRAT M B PR eORT s, definition

f Ol Nl ertbotFetd10ds) efdAt £ G4 s AV SoASpercentage
well as different types of - 11 speC|es can be

pr@é‘émnt R gigspeldd Dvemt@r am Foldeatbdgbheri c

condi ti GRS LA f&ﬁtﬂé‘%éﬁ%ﬁt SRS it fontHE an oxide
catal yst conposition. Therefore to ensur% that the

cat@%ﬁ, m@@m&@ahéﬁaﬂxsm iz prriereedrerdapgample

C al
use erea’(ri‘llln \%143{) Fg% errent a’lté SI S gg%dﬁ% E‘h&J:Sth
peteattiage fcaammmnﬂam@ 3 s giperetrani vx¢geepases. 400°C

To gast aply Sr{h&d?# SRt Y GUPOS] § '#’é‘c@f‘%&[ﬂ Q% 9€n standard
basi’s, an él'emental analysis 1's perforned on a sanp
10pmau£uﬂd imoltdte lzast have been renoved, eg by

L1or LRSI (5] LA lod (IR SdFa) Tvexy
ac&mmtahmy\ﬂﬁd1&mdnnhudf qrdupIVIEIrmé$E16$l.lles in the
EXRLEREL AP SIALS B! L RESLE 0oLy e g toral
r arge aQfy o,0mut tp::s%)e:ywzbyaslé hien (el ersmnge baseffrom 6 to 75,
| ohilep GRSk P, PEETSLBEAS A ey B0 Oy ey
t 0 o3 velly a1y anﬁiiirttatliﬂ/ gt tmefa XX HUPLiYI bn the range
netal%%% ISIeétggEJ€¥K§% the oxide, preferably 10 to 80
wt%, more preferably 15 to 75 wt%, and especially 27 to
70 wtk.

The total amount of Group VIII and Group VIb metals
in the composition of the invention, as the oxide, is
very suitably in the range of from 30 to S5 wt¥,
preferably 50 to 95 wt%. The minimum amount of total
metals is suitably 30 wt%, but is generally 50 wt%, more
preferably 65 wt%, and especially 70 wt%. Preferably the
maximum amount is 95 wt%, more preferably 90, especially
85 wt%. The total amounts of metals is especially
substantially 80 wt%.

The balance of the catalyst compesition, on an oxide
basis, is generally derived from a refractory oxide
material, suitably in an amount in the range of from 5,

more preferably from 10, and especially from 12 wt%, to
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20 of fromb5 to 90 wt % as the oxide, preferably 10 to
80 wt% nore preferably 15 to 75 w% and especially
27 to 70 wt% The total amount of Group VIII and
Goup VIb netals in the conposhtion of the invention,
as the oxide, is 25 very suitably in the range of from

30.t0.95 Wm % referably 50 to 95 wt % ni ni.pum

ang SntW%o' tpd"}edfleora&gtyaﬁ:so i5305's dﬁ'?%eolgf%éﬁ%&;y b %’ most
gepeedldna Gy wid/g3 oyorespauriafldnaliy 65, itPé L suwed

especially 70 wt% Preferably the Xi num anmpunt i

o5 BRI S ENS SAATy T b AT SRR ohr4fErabLy
t otfadoramutics 2f Wil alahd Sefsqeicd Ay eorsidist anib@t dytially

80 wt % The bal ance of the catal yst conposition, on an
oxitdle WtHasio®t ars ekl 351 %eri ved froma refractory

oxi de  RRIKY irdsultH talle/ dderabDIHEG Iwhdex I 890ei Gkel and
fromb5, 35 nore preferably from 10, and especially

frdm PXOfeRt da -afH?mOFUlt\)//vtl% her@andgs Pk f 5Y0 fobe 55 wtE,
Pr eheiraidap1t,0 135.t B wi¥ iRl spdDi 301y especd add Ywe s ;

to 25. Preférred conpositions contain from10 to 30
wt SheFoMe 15 acdydienun RERSENY G IPRWAOURY 1n the range of

espeGhloloy tePHAlE 25 UBStAtIAlY 3B 2D W %Heoh A

oxi de basis. Good results have "been obtained when Xis
ni eePlecdrd 1y S Hprtesd@ft Whi ramnghoiian it taiywany® pFesent in
fr 5 .t 9 qi%eer t 9 n
es%gi]ci%gfoﬁlf%l'}%o f4&rv?t %gfn iés) %I% etn%ﬁ'm ]?%fs%%?bly 1o
i nten3gnowd, iand kepearigd lof 180 tfa G 2% 0 B0L wryyoxide

pr ef_er.abl 0 t, Wt . [l Jy: 35 to 66 w %
ang)av\ﬁ%ﬁ %il't%dnilglmz-‘%se pfrﬁéfgg%% ihﬁ&p@ﬁd%uln 2in the

range ofrnf :0Ma8 19 A0 Wnbodirtafal ady Wk 110 &% WMi¥ention,
and especially 15to 30 wt% all on oxide basis, i.e

i nWhEE POtmAGEagSaVeIB/AR OXides hapis  fthartmay be in the

COpRRlel I3 Frdm W& d Nd hR 4 NP bor d&htRiyst, of
assesSed on an oxide basis, there may be in the range
of TREdALE Lt FPETIRSY, Sehsirgardial, aammgnisy and/or water

species, and most commonly from 3 to 8 wt%. The presence
and amount of such components can be determined by
standard analysis techniques.

The catalyst composition of the present invention
may be prepared by any suitable precipitation process.
The present invention therefore further provides a
process for the preparation of a catalyst composition of
the present invention, wherein one or more Group VIb
metal compounds are combined with one or more Group VIII
metal compounds, and with a titania-containing refractory
oxide material, in the presence of a protic liquid and
cptionally an alkali compound; and the catalyst
composition is recovered following precipitation.

The preparation process may very suitably be by the
procedure described in US 6,162,350, in WO 00/41810, or
indeed described in EP-A-1 090 682, in which the metal
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resi dual species, eg organics, ammonia and/or water
species, and nost commonly from3 to 8 wt% The
presence 20 and amount of such conponents can be
determ ned by standard anal ysijg techni ques. The
catalyst conposi tion of the present invention nay be

db t.abl t at T
o O A R PP WP TR DR 5280 o vea
pr deeshd Qridhhiel prepdy astu:aramiy Pt B y:Biq@ﬂﬁrposspéonal ly

of the present |nvent|o erein one
VI BF35RR S AR Tt i Ghe B8 “agpetTon o

G et \ﬂ}dﬁro;fmﬂaﬁe Wdﬁf e 3 -y ox1de material to
tltanla contalnln refractory oxide material, in the

pr STENF 5T | URPERF 3Pt ? o%efFWt%e of
al léﬁ:'drtﬁ@@%ﬁﬁaor%ﬂi:é he widad Y11 £ UPOSb1+&d hétals and

recqovered follow ng precipitation. The preparation

pr Gdead ingpmraunds @xamgr baithil 13rd, pitocktipeeferred that a

de%"éﬂ!&%@)ﬂ JF O 1 ]1;,5%1&3%1065 V200 #4184 O gk q té‘dé?eglurry
described in EP-A-I 090 682, in which the netal -

co@éomﬁf-gfaa?rt@rézr teirde umatsp@aals@%oaldfab?arwrppm_md_ this
g%yéga réféffgaldéﬁéf&&fﬁ“&vé%“Eﬁgﬂékéﬁééé 'ﬂ&aﬁtion of

iall wat er or water-containin I qui
ad@ulﬂqadn @fomnqwmdamm @rslanersamﬁjrﬂoloifd r:eeffrmmnyy oxide and

OX@%ﬂl@H%@Héﬂ%ﬁéB!%‘ﬁgi Ppf the starting conponents or

a mxture o starting conponents. Were fully
d| ssol ve@aten:adﬁeamblyal Kredwe e dubrel mreepc‘ucmmon is by a

? %%% I pJO%‘(p % t}‘[é%t Q‘f SO| r aC+A(’lJ$(OSlthn

to a
oxw-dincﬂmtler |1ad t&red faiﬂaalof,cm‘rpomwd:eddvesréw @rom,s a slurry,

pref E%ed ﬁf al.s over t 6$rocess q% addi tion of e of
al l?é?l Cempouit 15 £ ¢ A ‘ﬁ%c%%r@‘%ﬁ%%g
and rohul2i0y tdi $Eolderd areficat s sty &3 riad | iyi niosey esaid
the at,ion i.s hy ro s which, caonpri ses
o SR A s, e b 4B Y PR A TS ¢ A
forsmfcffl,cl@htl T imRC MR efbnigedit eS| Wiey o phd@nadtyup VIb
after |%% at a tenmperature in_the range of
compo n one or more Group VIII conmpounds, one or more
refractory oxide materials, and an alkali compound, in a
protic liguid. This process yields material which gives
high crush strength when shaped eg extruded. Where the
metal compounds are used as soclids {(and one or more
partly dissclve when coming inte contact with the protic
liquid), the crush strength of the resulting shaped
catalyst is even higher, though the reason for this is
not fully understood.

Thus preferably, the metal compounds utilised in the
process of the invention are added to the protic liguid
in solid form.

The metal compounds and refractory oxide are
suitably utilised in the percentage weight amounts

already discussed above.
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from20 to 95 deg C for a mninmum of 10 m nutes, said
slurry being obtained by (co)precipitating, at a
sufficient time and tenperature, one or nore Goup Vib
20 conpounds, one or nmore GrouggVlLll conpounds, one or
nore refractory oxide materials, and an al kal i

conpoun in a rotic ligui This process_viel ds
mat er i aIdEWﬁeﬁs ves %?@%‘%ghs%egql?éng?ﬁ %%neé‘ﬁ%%eaatah’“
eg extipasiadi o\ eptdie raiel vl propaoeddsy adecompdsasion of a
solids (and on fﬂ{? nor e 25Jr pPrtI di ssol ve when com ng

Pt

i Nt O HEET O ¥t d), the crush

strength of t esuyl.ting, shaped atalyst is e

hi gher , thou(d\ﬂ'?‘! 2 itz bl pi tai 8T hot fu||§fg)

und ! T r I 0 ngs

T Sy T GRS dreqtier AN SUTRRICET Mgy > ©
t o d mndreothave i the dneamings i given mbave. nBeal molar ratio of

conpo ; f [ i i.Lised
RS, S0 £E1E LY 05 B o ALY Mg
abdve.: - thdl 3 Expressedialilel @nent atot2ris, Pheferably c is

preferr.ed catalyst .c osition_is. preferapl epaye
byetéleeco1 059 1 oyn rr‘d a&n%r%%%arrsorra%*gtlﬁégg%e%e?]é&‘ 8'5“§ to

f ormadl ,a riddéel ) prAdfigralbl v nf wdrh ch. B: 1 st@ Buhbeesgeedddly 0.8:1
t han and .X Z b, .cC d and e have the neanin

gi &@n%aﬂd\/gt.hérﬁgé]rﬁ)# AT %e%’fef’%?‘i%@c‘% g: guf‘?a%fﬂgﬁerably
frmﬁd}nllal.lz i S%d,1pref aﬁ@bé%/plféﬂlm"a}ﬁ)l}l:ﬂr&blg @3:1;1 to 5:1,
especially 0.5:1 to 2:1. Prefera C |S_ the.integer
AP SHA Tl 15 5 1 4 o o 616! EBFbsented
nmons, M &f el vefe B0y SEdoh 03 211 ©5PeCi B} | obeB8pteferably
to 3:1; the nplar ratjo represented by d:c is

pr &fidr AR yt8 trofIPeL Y 19-: 1 it el Dikferably from

0.3:1 torme Hec ieddy &r dhdatPnd:df ane pheclivker is

rati o represente by e:c is preferably from3.8:1 to
30Perinfedralt i levated: terreaBEure ekpethql Fynge of from
4. 6:0b tt Kdlac, preferably from 120 to 450°C, more

preferably at a temperature in the range of from 250 to
400°C. The decomposition may take place in an inert
atmosphere, such as under nitrogen, any noble gas or a
mixture thereof, or in an oxidative atmosphere, e.g. in
oXygen, oxygen-nitrogen, air, or a mixture of one or more
thereof, or in a reductive atmosphere, such as hydrogen,
hydrogen sulfide, or a mixture thereof. The decomposition
may take place during processing of the slurry or during
further processing of the composition for use, eg during
extrusion or calcination before or after shaping.

The preferred preparation process of the present
invention involves contacting one or more slurriesg 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 refractory oxide in the presence of an alkali
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The deconposition or heating of the precursor is
perfornmed at an el evated tenperature in the range of
from 100 to 600C, preferably from 120 to 450C, nore
preferably at a tenperature inthe range of from 250
to 20 400C. The deconposition nay take place in an

i nert sphere, such as unde i trogen,

Ladamp it H G emetire and, St (4 e S0 PP Ene to
at msphtfe, ths bredurddydentt Oﬂsy%csls@i}ﬁl@gﬁ@r 8hfh fMetal
a m xtur of ne or nore there in a reductive

at ro3ph Sy dr%g%rpveie%m ot eF#{ geomppunds,

a Bnd We Vﬂﬂﬁﬂ’?qfs smxsiféormq%rélﬁbtr@yli £dPhR§Cthe
during processr ng of the sl urr%/ or during urther
%

pr &58&H RE SR e o Riosy (R Fvreesdbleg dMetad in this

exidditiedlt Qo Hdnatd Qi bed Afee Qﬁe@éiérlﬁnﬁ&Qﬂllghﬁhase
preferred preparation process of the present

it¢h mahsl hies Qfﬁrncamdmgcqrﬁéamlm@helr@weegam metal
theLOIg;esr red metals in a protic liquid (for exanple
water) wherein one or nore of the nmetal conpounds,
especr alllty isp@aesidtle ifprciid compenenios vied phagdded to the

d t £
?ijence o?&la]'yl alaiigalﬂhea g%&er %n%ﬁ%lg)%?&lé@%%%glr u]?%SO it
ande o ithlree fouf fared et mare prduee m&im]orce@npcswmds and

provrd%%ﬁ?éﬂé%g £§H¥1€8“6¥(f&3@¥h££¥;p%§§%rﬁ?€% Eﬁe

commpounds
sopurl@lteq . itche dor atricc flomuitce areng ivei riy atdnegpordndni e be
%%! Qﬁ{tl sol uble. Metal in this context does
noF er € metals in netallic phase but to
nmet al I [ a"hsorp:tmum cihttdieni ingrdrfei oreaessarguieildly involves

| O, P SN 00l SVRSIELL Sod A G b ana
seeure;rn@ aﬂI|M m&t () dcﬁn;ﬁﬁ.ﬁﬁiebh&w. fWtne®rothde Pfotic

e gy, N e relractoy ende 1o bedn, o

reerw e|1m1qomwdn%i P h2 -8 Bxide material also
in water or other protic liquid. While the order of
addition to form sglurries from the individual compounds
is not critical for the formation of the catalyst
composition of the invention, we have found that when the
alkali compound is added to a slurry of partly dissolved
metals and the refractory oxide, very useful catalytic
materials are given. It is, however, possible to add the
metals’ slurry to the alkali compound, with the
refractory oxide present in one or the other or both, and
still obtain useful catalytic compositions.

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

During the mixing or blending process, the

components of the slurries (co)precipitate to form solids
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15 The process of the invention nost suitably involves
the m xing of slurry phase m xtures of the Goup VIb
and Goup VIII netal (s) conpounds in water or other
protic liquid blended at elevgged tenperature with a
slurry of an al kali conpound and the refractory oxi de

| so 20
nicie i RRARE ST SAtRT9 O b Ko Rreruryi Biief ohnepaction

| ndifvithenlaloedmpo ynckse 1 p st Ao o ragental fwasrmdnbly the term
formation of the catalyst ?ﬁéw%hfltlon of th a
| v SRRRES TR TRRAPT outRl ¢ & tHe oL RaFe compounds
compritres @idsash +ai a ﬁwrmﬁwaﬁﬁ& Yofli $6Dhyeen2bogether.

netal and the refractor ver useful catalytic
T8k 11 B G VR PARCS S o1 YRRSHBRe §oPabkion of

th%hé“ﬂdﬁﬁbuﬁdé”éﬁ@tﬂbﬁfuhé%éiﬁédQ&ﬂ@oﬂ@dlsmpéﬁsibﬁe that
refractory oxide present in one or the other or

an®nestqy MR Aifanlered CARATRTES RFPOLP RS, 0@‘90 the

Bl endiin0 HmpBind 19(£2N bEnSAdfdLd pPYF@RYto use herein
conventi onal” neans, eg an anchor stirrer, or high

e”é“'*@y ter@W}rqﬁiéc:‘t Wmlﬁﬁa@ml@%m@fgﬁ?m to
fgcess 1 JRcdy %tara%g 4610 3 o9 obl GRELATIs in

e 35 conponents urrres
(c@)qscrtéer pizmt@lwesi feratisol rﬂse prlcaceseﬁ ehethpr etuyeprion is

COMRASI 1P ﬁﬂﬂlﬁ@%ﬁﬂ@%ﬂ f’tﬁqé‘%&ﬂﬁ‘teﬁ’énéé‘%ﬁ' kal|

preci pitation agent
C@gmrpmrataat iamMpematugez fgeran vappropot 2t € onpoente

th% ﬁ'fmc%/esq.repc{ Sl draépe °“t119f o3 Wodlfine matter to

oge Fie Preferted process e 1 hven
mmuanm1nﬁ tHduapprqpnmnhezﬂemp&ﬂathrﬁxtym@ eomwbitations

b ha
or G AP D T PR CorBoneit (0)S ”@r%f%%e will
pr afier :lIrDtﬂ% ﬂfmrga; rof tiheod e;sntrmlg:tgyc and the

O]Scoﬁ)éﬁrec %Er on' en reflm]c% 19 r?l% precr$ Lon 1,

di sHehutes Yatze. hom pr oneske @séélﬁtie[wtd@ﬁlréd end
S“E?@ﬁ&ééﬁ”&fi l;¥%gg”é¥gg]étg%ﬁggo engqggtﬁfcggdltlons, it
is noted that operating the (co)precipitation process at
higher temperatures may cause too much dissolution of the

metals components to enable a good end-product; at too
low a temperature then insufficient dissclution may
occur.

In a preferred embodiment, an initial slurry
concentration of in the range of from 2 to 40, preferably
2 to 25 wt% of nominal solids content is aimed for. By
nominal solids content, the amount of solids added to the
protic liquid is intended. Preferably the amount of
alkali compound, eg ammonia, in the slurry is at least
0.2 mol per mol of metals 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. The amount of alkaline
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appropriate tenperature for an appropriate tine to
achieve the desired precursor. It is a routine matter
to 15 determ ne the appropriate tenperature/tine
conbi nations for a desired end,product. Suitably the
tenperature will lie in the range of from25 to 95C

and the , (co)precipitation tine wll lie ing the nge

of TASRRIRL Mo ATBOR R £ A 2R | PRLieq saprld B at
desideet endy2Gndl OUuSHS pidiepdbBe df OTeds€onl 80l egpecially
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to enable a good end-product; at too |low a
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fo%@é?ﬁ%f}“fﬂgge materials are commercially available or
can be prepared by commonly known laboratory practices,
e.g. by precipitation. The corresponding tungsten or
other Group VIb metal compounds are algo suitable.

Starting materials having a C, H, and O component in
addition to the desired metals are, in general, more
preferred due to a lesser impact on the environment.
Nickel carbonate is therefore more preferred, since it
can decompose to nickel oxide, carbon dioxide and water
upon heating, based on the carbonate content of the
starting material.

Suitable alkali compounds applied to prepare the
slurry with the refractory oxide material are selected
from hydroxides or oxohydroxides, for example, Group IA,
or IB or Group IIA, or IIb hydroxides, Group IA or Group

IIA silicates, Group IA, or IB or Group 1IA or IIB
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sul fide, nickel nolybdate, or a mxture of two or nore
thereof. Additionally soluble salts such as nicke
nitrate, sul phate or acetate nay be used in
conbination wth one or nore gk these conpounds
and/or with each 15 other. The correspondi ng cobalt or
net al o ounds are al so SU|éabIe.
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therefore more preferred, since it can deconpose to
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amenehiaPed ténperde Jr@® Mor a period of time (commonly
termed ageing) subsequent to the end of the
(co)precipitation process. The ageing time usually lies
in the range of from 10 minutes, suitably 30 minutes, to
preferably 4 hours; the ageing temperature maybe in the
range of from ambient temperature, for example, from 20,
suitably from 25°C, to 95°C, preferably from 55 to 90,
and especially from 60 to 80°C. The ageing period is
optionally followed by cooling the obtained mixture to a
lower temperature.

After optional cooling, the obtained slurry may be
processed in a number of different ways in ordex to
regain the solid content, which process can involve
filtration, spray drying, flash drying, evaporation, and
vacuum distillation. By evaporation, any process of

driving coff the protic liquid, e.g. water, or drying is
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It is generally preferred to utilise mxing and 10
preci pitation conditions, which keep the sol vents

bel ow the boiling point tenperatures of the applied
solvent, i.e. below 1000C in_ggse of water. The pH of
the slurries 1is generally kept at their natural pH
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tefperature. After optional cooling, the obtained
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V\,n(te:ransferred into a weighed and precalcined crucible. The
crucikle is place to a preheated oven at 540°C for a
minimum time of 15 minutes, but typically for 1 hour. The
crucible containing the dried sample is weighed again,
and the LOI is determined according to the formula:

where w is the original weight of the sample, wgzlc is

the weight of the calcined sample after heating in the
oven, both corrected with the weight of the crucible.

The prepared powder may be dried before optional
further processing, especially where filtration has been
used to isolate or recover the golids. This drying or
ageing can take place in any suitable atmosphere, e.g.
inert, such as nitrogen, noble gases, or mixtures

thereof, or oxidative gases, such as oxygen, oxygen-
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the nother liquor is reused, and produces higher

volunmes of waste water; the latter is energy

i ntensive but 10 generates little waste. The nost

preferred conbination is to usggihe preferred slurry

preparation process (utilising alkali conpound) in

conhlnatlon wi t.h spray, dryin The so- d saolid
oI St i on FadttASIEeT JRetRof o 5T 3n

L(Jresaffuc&ﬂwe Udnoditietd, |axsh e ilgrdtogen [ Lét )miotunses of

mat er is the relative amount of | ost n .
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TheyisHEUtE dnindf #EhWEIdr W & eNSI¥L @Y present. The drying
i nhonogenei ty. The wejghed sanple is 20 transfer
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LON = (w- wealc)/w* 100% where wis the ori gi nal
weicgtialofst inomparsl el omaet e furidsie; g eftedeto any one

cal I fd er :
coro‘rye?%cfs\?\%ﬂt)hﬁ% eéc\%e]?% of t e %%5%?%§%aﬁﬂgd out in any
pr m@m@mwmbs:qplmneﬁmmmlmmomtlng. drying;

e R 5 S Sl oo s

dr wedgigringggeintdy soaipltiakingl ace in any suitable

at nosphere, e.g. inert, such as nitrogen, noble
gases, or mxtures thereof, or oxidative gases, such
as oxygen, oxygen - 19a nitrogen mxture, air, or

m xtures thereof, or a reductive atnosphere, such as
hydr ogen, or m xtures of reductive and inert gases or
m xtures thereof, with or w thout amonia and/ or

wat er noisture present. The drying 5 tenperature is
preferred to lie in the range of from 20, wusually 25,
to 200C, preferably 55 to 150C and



especially from70 to 130C. In the process of the

i nvention, the prepared catalyst conposition may be
further subjected to any one 10 or nore of the

fol Fow ng process steps carried out in any appropriate
order: cooling; optionally isolating; drying;

shapi ng, preferably by extrosion using no extrosion
aids; calcining; and sul phiding. 15 20 25 30 35 -
20 The powder may be used as such or, nore preferably
I's used as a shaped catal yst fornulation. Optionally

t he obtai ned powder is calcined prior to shaping.

Sui tabl e cal cination tenperatures are in the 5 range
of from 100 to 600C, preferabIV’Tron1120 to 450C eg

under 400C. T.ﬁ.l% &Qh&z‘ H%} iagr&sé‘gaé{s %‘1'1310 zibe gr%reléregeragﬂr
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possithl e wetuzsophiopre of rere hberiee dopevmdsturei dthinert and
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hydr oconver si@or 6 QE&ESSES thd GbtaCXAWR=NYHIPETALSHKING.
Thus the mw%uzqdmym*af nﬁ%@éﬂeﬂa wht;r @offdask'lmid
conponent EQC ho‘%% 1% sgﬁg stgte inocs.uuoe ca% 1y%9§ﬁ?9%@£wehat
pr OmPg es :E:.%?.L,ace: gI ngther catalytic materials generally used

in hydrotreating applications. It is also possible to

conmbine the obtained powder with catalytically active

materials that are used in other hydroconversion

processes, for example hydrocracking. Thus the powder

20 may be combined with a cracking component, such as a
zeolitic or other component that promotes hydrocracking -
the conversicn of a hydrocarbon feedstock to one of a
lower boiling point. Such components include faujasite
materials, such a=z zeolite Y, 2ZSM-~5, 28M-21, zeclite

23 beta, or combinations thereof. Certain amorphous silica
alumina materials have a cracking functicn and may be
utilised. It is unnecessary to add to the powder any
material that would act solely as a binder, but of course
it is possible.

30 Where desired, other supplementary materials can be
added. These include materials usually added during
conventional catalyst preparations. Suitable examples are
phosphorus materials, e.g. phosphoric acid, ammenium
phosphate, or organic phasphor compounds, boron



the conversion of a hydrocarbon feedstock to one of a
| ower boiling point. Such conponents include faujasite
materials, such as zeolite Y, ZSM5, ZSM 21, zeolite
25 beta, or conbinations thereof. Certain anorphous
silica alumna materials have a cracking function and
may be wutilised. It is unnecessary to add to the
powder any material that would act solely as a

bi nder, but of course it is possible. 30 Were
desired, other supplenentary materials can be added.
These include materials usually added during
conventional catal yst preparatjons. Suitable exanples
are phosphorus materials, efg“'bhosphoric aci d,
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titani um fefdectanys 20 eryatteyistic phchprtéprnten (prd em al .
Fol | @i ngesthapi mg thy prepared material. Following shaping by
extrusion and calcinaticn it has been found that scme of
the shaped catalyst compositions exhibit othex
reflections which are characteristic of layered double
hydroxide material. This material 1s normally
25 undesirable in a catalyst material prior to shaping
because the resulting extruded product has a reduced
crush strength. In the compositions of the present
invention such hydroxide material cnly appears to arise
after extrusion in certain cases, and no such reduced
30 crush strength has been found.

Suitable materials in liguid phase may additionally
be added to the shaping mixture obtained, which include
protic, e.g. water, polyols, etc., and non-protic
liquids, e.g. hydrocarbens. Protic liquids, e.g. water,



extrusion and calcination it has been found that sone
of the shaped catal yst conpositions exhibit other
reflections which are characteristic of |ayered double
hydroxi de material. This material is normally 25
undesirable in a catalyst material prior to shaping
because the resulting extruded product has a reduced
crush strength. In the conpositions of the present

i nventi on such hydroxi de material only appears to
arise after extrusion in certain cases, and no such
reduced 30 crush strength has been found. Suitable
materials in Iiquid phase may addltlonally be added
to the shaping mxture obtaiigd,” whi ch incl ude
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20 may be carried ocut by contacting the catalyst or

precursor with a sulfur containing material, e.g.
elemental sulfur, sulfides, disulfides, etc. in gas or
liquid phase. Sulfidation can be carried cut at any step
of the shaping procedure, including prior to the f£irst

25 opticnal drying step. It is preferred, however, that
sulfidation is carried out only prior to shaping when any
of the subsequent heat treatments performed are carried
out under a suitable atmosphere that prevents the
conversion of the (partly) sulfided phase back to an

30 oxide state.

Preferably the sulfidation step is carried out
subsequent to the shaping step(s), and, if applied,
subsequent to the last calcination step. The sulfldation
may be carried cut ex situ (with an appropriate

35 procedure) prior to loading the catalyst into a



20 may be carried out by contacting the catal yst or
precursor with a sulfur containing material, e.g.

el enental sul fur, 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 25 optional drying step. It is preferred,
however, that sulfidation is carried out only prior
to shapi ng when any of the subsequent heat treatnents
performed are carried out under a suitable atnosphere
that prevents the conversion of the (partly) sulfided
phase back to an 30 oxide state. Preferably the

sul fidation step is carried 6/ ~ subsequent to the
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shaped product measur ed
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range of 30 efiiglOndre 3G Ak gfropriefndyalbyorbramably3800
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product, measured using nitrogen adsorption up to 95am on
20 the B.E.T. adsorption curve, preferably lies in the range
of from 0.002 to 2.0 cm3/qg, preferably from 0.05 to 1.5
cm3/g, more preferably to 1.2 cm3/g. Most preferred is a
pore volume in the range of frxom 0.08 to 1.0 cmd/g. Flat
bed crush strength, as measured by ATSM D 6175, is
25 preferably in excess of 100 N/cm.

Catalysts which comprise a catalyst composition of
the present invention exhibit a very high activity forx
hydrodesulphurisation and hydrodenitrification of
hydrocarbon feedstocks. Thim activity is higher than

30 that found for equivalent NiMo and CoMo catalysts
prepared by (co)precipitation with alumina or silica.

While not wishing to be bound toc any theory, it is
currently thought that this exceptional activity is the
result of a high dispersion factoxr for the metals through



n2/ g, nore preferably 200 n2/g. Pore volunme of the
final product, nmeasured using nitrogen adsorption up
to 95nmon 20 the B.E. T. adsorption curve, preferably
lies in the range of fromO0.002 to 2.0 cn8/g,
preferably fromO0.05 to 1.5 c¢n8/g, nore preferably to
1.2 cnB/g. Most preferred is a pore volune in the
range of fromO0.08 to 1.0 cnB/g. Flat bed crush
strength, as neasured by ATSM D 6175, is 25 preferably
in excess of 100 NVcm Catal ysts which conprise a
catal yst conposition of the present invention exhibit
a very high activity for hydrodesul phurisation and
hydrodeni trification of hydroé%rbon feedstocks. This
activity itfie Rkghehatthan, 30nisbad tﬂﬂ%H&Hdgﬁ Eaé%gﬁi valeent

Ni Mo and C eC| Irtatl].on
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oxi de nat eridw| yatachi ewed atd hot ghces b1 pakeffdlmigont r ol
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hydr of i ni g}ﬁlgn% g ro’fl ARG BRY KSPUP oF e PntHigRe The
CONposi t | TP PRELEELSY é§érﬂls? RY&nfIuss ff’ﬁeﬁhé*eor e
find use FPettiti§ese hydroprocessing reacti ons.
Usef @ hydr ogibratdagpnatsefistiotks that contain sulfur and

nitrogen include any crude or petroleum oil or fraction
thereof which have a measureable sulfur and nitrogen
content. The feedstocks may be previously untreated or
have already undergone such treatment as fractionationm,

25 for example atmospheric or vacuum distillation, cracking
for example catalytic cracking, thermal cracking, or
hydrocracking, or any other hydroprocessing treatment,

Examples of suitable hydrocarbon feedstocks include
catalytically cracked light and heavy gas oils,

30 hydrotreated gas oll, light flash distillate, light cycle
oil, vacuum gas oil, light gas oil, strailght run gas oil,
coker gas oil, synthetic gas oil, and mixtures of any two
or more thereof. Other possible feadstocks include
deasphalted oils, waxes obtained from a Fischer-Tropsch

35 synthesis process; long and short residues, and




particularly of aromatics (also known in the art as
hydr odear omati sati on) has al so been found for these
conmpositions. 20 Hydrocarbon feedstocks that contain
sul fur and nitrogen include any crude or petrol eum
oil or fraction thereof which have a neasureable

sul fur and nitrogen content. The feedstocks may be
previously untreated or have al ready undergone such
treatnment as fractionation, 25 for exanpl e atnospheric
or vacuumdistillation, cracking for exanple

catal ytic cracking, thermal cracking, or

hydr ocracki ng, or any other hydroprocessing treatnent.
Exanpl es of suitable hydr ocarbdn™ f eedst ocks i ncl ude

catal yti cgyAcyu&gaggﬁg +ll§m*ri§1§lgtiﬁ§} V¥ Q?’[sa id, S?hﬁ?]t
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m xt ures b?roa%fp’t‘mparé? perp MLl pre Pt eigh€l hder poswild e
f eedst ockse i2zn#louptew d eas phalltwedcmitbrs, ofvaxes ®htai ned
froma Fi sedeallyppseddgend BontiitkNBSi 5 HOEH%S ofl H3g sand
short resigduyesoo AR, noddsu NG HABSR, IQBLIOQ@OM to
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have_a ni f70G8h cont? Etfe 51905 %tftf"mfomoﬁbs pPHwW h|5arts
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ppmw, ands#PiuRAY condnt epgendt nifjyosey Sdnedul ymv@aIMSy,
ni trogen cont®mtstalyst icomidsétipangey bé applomi Sn 4ng 5, 000
ppPNW, NDSteasthrt affeybitnadeh@st @B0Rd Ofor fus@inSa traxedl 5O OF
to 1000, egctdQnidndRsnlf tvdRihordRdactdld HSntaQﬂﬂ& &Rk s
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cont 2 ni nepniskhtive order. Such other catalyst may be for example
a further hydroprocessing catalyst or a hydrecracking
catalyst. Where the composition of the invention is
exposed first to the feedstock, then a second catalyst is
most suitably a catalyst which is susceptible to

25 nitrogen-polsoning.

The process of use of the invention may be run with
the hydrogen gas flow being either co-current or counter-
current to the feedstock flow.

The process of use of the invention is operated

30 under the conditions of elevated temperature and pressure
which are conventional for the relevant hydroprocessing
reaction intended. Generally, sultable reaction
temperatures lie in the range of from 200 to 500°C,
preferably from 200 to 450°C, and especially from 300 to



15 catal yst may be used in series. The catal yst
conpositions nmay be applied in single bed and stacked
bed configurations, where the conpositions are | oaded
together with |layers of other treatnment catalyst into
one or a series of reactors in 20 consecutive order.
Such other catalyst may be for exanple a further

hydr opr ocessi ng catal yst or a hydrocracking catalyst.
VWhere the conposition of the invention is exposed
first to the feedstock, then a second catalyst is

nost suitably a catal yst which is susceptible to 25

ni t rogen- poi soni ng. The process of use of the
invention may be run with the‘%ydrogen gas fl ow bei ng
ei t her CO464Mc! Gl cBie COUAL QEatoC WrkSiked 9:4 RE tﬁqserqx?% OCK
flow The prQgcess, Qf #4s@.,0f the invention is operate

30 under the (o8] qdlt of el eyated tenperature and
oressure  whi LI LaPePEBTBREFEATh P EEeh AR B FeRiLor

hydr opr oc88%6i*hl 7% dAc? ANt e AEREAL - OCen &F dPp (10 to 200
sui t abl e Peretdrgrprefemblor Eonred Hoj .prieehSCrany® of
from 200 ber)508Gpciaplweitesabl 10 Hr0nIR 00 100 L4B0E: WA
especi al | yprdss0ra 3godiRions 28 GR0GesSti 1AL Q:Ta@J been
react or pﬁfmu{oeﬁa%' aepmiédisﬂa,aﬂrgemef activ%}l to 20

MPa. Typ' cal &dg élmpg%r tflow rEtEee%?;H; cat rd.s most’zo

reac out I gf:) ar e %

2200t ¢ SELOLY 4RSS Fobsh HE LonD, B pafop Myt s
15.0 MPa £S5 t 59T 150mRi8 300 tesHP8R M r ks, fare Fuitably 1fhao
(30 to 1008°h&tAkgat which pressure conpositions of the
present i nvenaitgpidanieéqiieanurlfyospacde veldz@teid in the

parti cul akdngei sEpEMMET] 0REbI 101 ko) fecliBtdch)dE QGere gRRIFdLOW
rateisn t her heactQyLirs, Eﬁﬁablylgroﬁué hady Yo i Bréf@?ab&f"’cge
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ar normally sé&fiégd befo:e use procedures are
well known to the skilled person. Suitable procedures
20 have been discussed above.
The following Examples illustrate the pressant
invention.
EXAMPLES
In these Examples the following test methods have
25 been followed to provide the measurements given
B.E.T. Measurement: ASTM D 3663-99, as modified by ISO
8277, with drying of the sample at 300°C for 60 minutes
prior to measurement, and using nitrogen as adscorbats.
Pore volume: ohtained from nitrogen adsorption up to 95
30 nm on the B.E.T. adsorption curve.
Nominal composition proportions are given herein as
percentages by welght.
With the exception of Examples 9 and 10, the titania
used in each of the Examples of the invention is grade
35 DT-51D obtainable from Millenium Chemicals which has a



range of fromO0.05 to 10 kg feedstock per litre

catal yst 15 per hour (kg/l/h), suitably from0.1 to
10, preferably to 5, nore preferably from0.5 to 5,
kg/i/h. The conpositions for use in the present
invention are normally sulfided before use. Such
procedures are well known to the skilled person.
Sui t abl e procedures 20 have been di scussed above. The
foll owi ng Exanples illustrate the present invention.
EXAMPLES In these Exanples the follow ng test nethods
have 25 been followed to provide the neasurenents
given B.E. T. Measurenent: ASTM_D 3663-99, as nodified
by 1SO 9277, with drying of tHe sanple at 300C for 60
m nut es S ) .ng_nitrogen, as
adsor bat egf-ﬂ gﬂ:[:%%i/g? i y{ gg%té’; ?1%39? rligérﬁ gnatt g%a“ia'
adsorptlon up 5° 30 nmon the B.E. T. adsorptlon
curve. Nopkapgle gonposi tion proportions are given

herei n ascoPPELMBIES: Wy MRS Jkth the exception
of Exanples 9 ands? ] [ used in each of the

gﬁ tbhﬁbtg;:% nia. .
Exanpl es of tHe?i hvention 3rga8‘é 35795t hs3Egd to B0TC-
obt ai nabl B“FPEIFPMY PeRiLltterdn Tats svirbelr mardoratey
BET surfaged afed of@8iumpdigolyhdhtes(coGinamaiasett Mo)
titani a, ver skedecbasiwredxaoplle dft&QoldbOY ItdRia 41

W % 39 Wt 54120136 %sSwilsNantiofial dohtdatPukbe 2d@33ndivat er
wer e heat ﬁgimmn%cthe %&ﬁ%&%ﬂ&é Y034 B G 1d£BI 2,
273.1 g Cgpc%% SDCﬂr Qpegaith% %ea §|\7[;J tg’:egmﬁ)m um

fried

di nol ybdat e &Ont alnin wer e added to

the water. Short?y =f f&r SPo1% hfa 1558 tidn
(25 wt % affif6RIS TontEATF hefte BRYERT hPr@nde! dried
mai nt ai ni ARf EHEIIENHeP’ Grie #t. 80C. The pH was 9. 5.
Af t ed5 30 mi nuthessd-bigtalveslt ¢xicndaices ewiibiche ®. BIT. . surface

area of 63.8 m2/g. The nitrogen pore volume, measurad up

to $5 nm on the B.E.T. adsorption curve, was 0.23 cm3/g.

Example 2
CoO/MoO3/Ti0n ~ 27 wt%/53 wi#/20 wt%
20 Into a 2 1 bulb, 1506 g water were weighed and

heated to 80°C. Subsequently, one after the other, the
following compounds were added: 42.1 g TiOp, 95.4 ¢

cobalt carbonate, and 124.1 g ammonium dimolybdate. The
slurry was stirred for 5 minutes while the temperature

25 was maintained at 80°C. Thereafter, 55.7 g ammonia 25 wt$
solutlon were added to the slurry.

The temperature was kept at BO°C for 30 minutes. The
pH was 9.7 (as determined from a small test portion
cooled to room temperature and the pH measured at room

30 temperature). After 30 min, the heating was switched off,
and the slurry was spray-dried over about 30 minutes.

The obtained powder was extruded, dried and
calcined. The product exhibited a B.E.T. surface area of



The slurry was spray dried. In total 453 g solid
materi al was recovered. The powder was extruded, dried
and cal cined at 300C in air. 15 The so-obtai ned
extrudates exhibit a B.E. T. surface area of 63.8
n2/g. The nitrogen pore volune, neasured up to 95 nm
on the B.E. T. adsorption curve, was 0.23 cn8/g.
Exanpl e 2 CoQ MD03/ TUO2 - 27 Wt %53 w & 20 wt % 20 Into
a 2 1 bulb, 1506 g water were wei ghed and heated to
80C. Subsequently, one after the other, the follow ng
conpounds were added: 42.1 g T102, 95.4 g cobalt
carbonate, and 124.1 g ammoni um di nol ybdate. The
slurry was stirred for 5 ninut®s while the tenperature
25 was maiat d Thereafter 55. 7 a ni a
75 wos st b B o¥teen DO i meRPired ot 96 o
t enper at uP® tHed- Ré’ptada?rPBU@ ‘F‘%’PerSUaﬁ’rPrﬂ?f’ 6313/9Fhe pH
was 9.7 (asamded grmned froma small test portion
cooled to,f erature .and_t o]
30 tenper aturg% gﬁét SrEEE R sa'f‘oge hle%ﬁﬁ%% +J20 i
swit ched of f, Intarkd 2t Hazes beibr yI00R S wispmyets headuerder
about 30 Mh@ltsesmonﬂihedmmmﬂmdanpomef g\ada X banbelsde
dri ed and(sabcivaedon)Therepidaciict thx Riabid, ethige Brfzring
surface awfd Ofpsdffio-226nd #§2L Beikle. Mhd rsﬂg:% wa@leated
vol urre, n@@%b“(.egveu.phatlg a%shoqunAd Qlénlgfl}B lga:: slurry
adsorption %grve o1 18s O ST npl e 5
Coo/ Mo03/ & Arat | ve sa 5’ L 93P ;BB T/ 20
w% 5 | nfEes az‘?ﬁnF RL2PErE, © ngﬁ ) g AREEP2 /R e
measur ed. simpderntouglynmoni um di nol ybdate and 91.54 g
cobal t car bont econ(&OtigA finstos0oay weerar Bfdedttwmst he
wat er, whidded Sioi thei mgal-wbithi@ng Seud@: ane hakpdryRe was
stirner. dhacShedd Y 8086 e ke demati MingHoubV Ghi1d4He N
hour . Addévi;aj §)r]48.| 'il’k'bé' ré@ﬁﬁk‘f%hﬁw%y si!:palpgrléé a%d Q(ielded

silica, GPE%'}'%Q‘QOQ 502" ¢ vvater and ammoni a
2 % a (30 nt was

(25 wt ammn‘i‘ he pow er was extruded, eled and calcined at

300°C. The so-obtained extrudates exhibited a B.E.T.
20 surface area of 74 m2/g. The nitrogen pore volume,

measured up to 95 nm on the B.E.T. adsorption curve, was
0.24 cm3/q.
Example 4

Comparison of gas oll test of the catalysts of Example 1,
25 Example 2 and Example 3
Gas 0il hydrodesulphurisation (HDS) testing was
performed in a nanoflow setup under trickle flow
conditions, using full range (“virgin”} straight run gas
oil as feed. The catalysts were crushed and sieved inte a
30 30-80 mesh size fraction which is the size most suited
for catalytic testing in a tubular trickle flow reactor.
After drying, they were loaded into the reactors with SiC
as diluent to ensure proper plug flow conditions. Prior



simul taneously. As soon as the first slurry was at
80C, it was added to the netal-containing slurry. The
tenperature was 15 maintained at 80C for the
remai ni ng hour, while the pH was 7.4. The resulting
slurry was spray-dried and yielded 206 g of powder.
The powder was extruded, dried and cal cined at 300C
The so-obtai ned extrudates exhibited a B.E T. 20
surface area of 74 n2/g. The nitrogen pore vol une,
measured up to 95 nmon the B.E. T. adsorption curve,
was 0.24 cnB/g. Exanple 4 Conparison of gas oil test
of the catalysts of Exanple |, 25 Exanple 2 and
Exanpl e 3 Gas oi | hydrodesul phdfi-sati on (HDS) testing

was per f ot[on?&th@ ath@atg.(g;lyg’w §§J HQ-anﬂ .'[deglr :L%Klts fgegcw

condi ti ons,,

gas oil as %Jﬁl dag: coﬁ?j’ng m% ed“ﬁ%% %p(?lgeﬁ’dm the
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si ze nost sui t*&¥FL0§ ¥R PaTiArYAd ¥t BESE( mogdarnSabambul ar
tricklPe flhydrqsemerorial pA¢dsere, dwith rghydrbesy ywar satbogded
into the radactidrs feddt oSkdditiasaldhpsledl addRd BRStHE

proper pl %e_wﬁcllgv}ﬁagor’l'qé tl&&hll? haﬁ%llyogpaﬁe %ﬁloc%t e&]ﬁ-l%(i

the catal ysts had

accor di ng ¥ & ’prr7éc]eaur€ geTi‘érfzfleP)F%‘ipr?deél ﬁ3n“"-t"he
refinery f@gandalsgiifrsd g d6birrearigagic atiabyst.s. Testing
was pérf or med Data SASBthustEednd HBNbaydpdbydragenripart i al
pressure, pactdiminchwdeOgenegaa. RAiAied voldabeME/ kg feed.
No additi credvitiee Wess)asdesk t:Qta Jr@ctﬁgi:s gca§n TIQl%

l'iquid hourly,s s s reactien
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Rel ati ve \FGHm‘é‘ter Fesult of one test run (here that for the
catalyst of Example 3} is set at 100% conversion and the

RVA for the other test catalysts indicates what
percentage increase Iin activity was found. For the
20 catalysts of Examples 1 and 2 the HDS RVA values are
exceptionally high; the HDN RVA values are also
significantly increased.
Table 1
Pseudo first order reaction rate constants
25 and relative volumetric activities of Example I,
Example 2 and Example 3 in HDS and HDN reaction using
full range straight run {(“virgin”) gas oil as feed.

Example 1 Example 2 Example 3

Refractory oxide ' titania titania ailica
§ in product (ppmw) 59 64 507
Conversion of sulfur (%) 99.5 99.6 86.9
Kups (L.171.h=1.%wt §-1) 42.6 41.2 12.8
Relative volumetric HDS 333% 322% 100%

activity (%)




activities (RVAs) of the catalysts are displayed in
Table 1, and are based on the pseudo first order
reaction rate constants (k) for the two reactions
cal culated fromthe 15 sulfur and nitrogen content of
the effluent stream By this, the result of one test
run (here that for the catalyst of Exanple 3) is set
at 100% conversion and the RVA for the other test
catal ysts indicates what percentage increase in
activity was found. For the 20 catal ysts of Exanples 1
and 2 the HDS RVA val ues are exceptionally high; the
HDN RVA val ues are also signifjcantly increased.
Table 1 Pseudo first order reaction rate constants 25
and rel atTve VOIUMEtT I T—act T Vi Tiehpioli  EXapid ¥ Seample 3
fExialrrpl e ZRaﬂ}alctEes,asmhee 3 in HDS a;meinﬂDN Eﬁaxgtal onsiuﬁaang
u rang§ s gt S
Exanpl €. 1 oEXaphe oéni%@gpl 3 R%far@ctorug oxi de

titania tltanla |n pro (pp 59 07
Conver SI oﬁ’ﬂ@f sJuI thr *(’f) ’99 6 99. % % 35

(1. Bewvesml_l“)ﬂetﬂc 81, 2 12. 180‘ Rel aH&@e 10t
volunetrl l 9 -

Exanpl e 1 Exanple 2 Exanple 3 "Refractory oxide
titania titanfzblsid rraarlNdmengrafenicre(Jymbpax of wing
1.0 4.4 Goranés S Oe ofefmictonygenidd 4herDGornB8iny 6 3
KHDN (| . 1edtdiyde %enNeclyy 2£0iv@ pHasd B9 .odderRed sdgniende
vol unet i GoddMNsuh8090:dnf82% 10Q%% paldubyichy bt Aknikdbd @y 1
clearly deURRSLALAS. hson@ﬁ\@@t B e 4 0 cdolrlA0A

as the refractor [atin tal yst
with CoMo ggri Itﬂ\l/eXJ' ur ang ryAkgrogen -] inFreasag % gficgﬂlg

reaching afhost total conversion When expressed as

relative volumetric activity: the hydrodesulfurization

10 activity is approximately three times higher with titania
as refractory oxide present, and hydrodenitrification
activity is almost twice as high compared to the silica
counterpart.

Example 5
13 Ni0/M0O3/TiO2 — 27 wt8/53 wt$/20 wt¥
In a 5 litre bulb 2972 g water were heated to 80°C.
Upon reaching this temperature, 84.2 g titanium dioxide,
220.3 g nickel carbonate (39 wt% nickel), and 248.5 g
ammonium dimolybdate were added to the water. Shortly
20 thereafter, 111.6 g ammonia solution {(with 25 wt% ammonia
content} were mixed with the above slurry. The resulting
mixture was kept at 80°C for 30 minutes. The pH was B8.3.
After 30 minutes the heating was switched off. 344 ¢
of solid material were recovered by means of spray-
25 drying. The powder was extruded, and the cbtained green
extrudates were dried and then calcined at 300°C.




5 lower sulfur content in the product can be achi eved
by wusing the titania containing catalyst and the
conversion of both sulfur and nitrogen is increased
significantly reaching alnost total conversion. Wen
expressed as relative volunetric activity: the
hydr odesul furi zation 10 activity is approxi mtely
three tinmes higher with titania as refractory oxide
present, and hydrodenitrification activity is alnost
twice as high conpared to the silica counterpart.
Exanple 5 15 NI O Mb03/T102 - 27 %53 w8/ 20 % In a
51litre bulb 2972 g water were [ugated to 80C. Upon
reaching this tenperature, 84. 3 g titani um di oxi de,
220.3 g ni ckelrmgalDenaduerdedhrdd %z ntihe kakdie 1N Proad&: Pal
anmoni um d4|2nr§/¥bd€tg wer added to thg wat er. Shortly
20 t hereaftel  9111° 6° airbiFe™ s BTt Yo R™S Wi h-d5 Rt %
ammoni a  dntmept JtheyBr B Triadeekpiiontrriee wah Ovi23stnirg.y .
The resul tinagleminxdluamlnels deaptrialMoBICidor B05 WEsELes.
The phl was8/53. s AL SLni3R JTLAUb&ERs 1d% REAGLNI4NAS 7.1,
swi t ched of_[':é5 44 g of solid nmaterial were recovered
by means of spray 25 drying. The powder was extr uded,
and the olfxaimied green extrudates were dried and then
cal ci ned atiodd¢/sie; Jdempdiaei . kample)surhage/ar v/ of wihe
resulting progycy ,uas.. 4aalsg-s e, (Rtele(daLd Legen)
pore yol une neasured u T 95 M on the "BoET.
hdsorflt i o etV E SR (oS " oTheermn i e
anal ysi s g&§e RirdFRRdosripnage -39 Hhfiig/ apd 4.9
W % 20. 8 vamdgniwhidthrlyksiate ypemelddeto while—taigtaining the
d: c- 0. 7: 1, temgsreniye St 180°EX @ahgpitdy Ghddba¥thb035 310 Zmmonia
(conpar at i g6@utS3ANES Wts arron lcbitnit #ér2O0adakd tolthea 2
litresbul 1485 g water were weighed and 10 heated to
8.OC' SUbseque%L% put ugesSi %H(L@Ei %Owa§i Jnvjigéfed o]fQ.E;'TZeg
ni ckel Carp%opaast '? 49%%11%5%3{%%& saprga{[—-%rzi‘]éiisyiglding 204 g of
powder in total. The powder was turned inte the final

product by extrusion, drylng and caleination at 300°C.
20 The B.E.T. surface area of the calcined product was

42 m2/g. Measured up to 95 nm on the nitrogen adsorption
curve in the B.E.T. method, the nitrogen pore volume was

0.132 cemd/g.

Example 7
25 Comparison of gas oil HDS and HDN test of the catalysts

of Example 5 and Example 6
Following a typical sulfidation procedure resembling

an industrial scale operation, the catalysts obtained by

the procedure of Example 5 and Example 6 were turned into
30 their sulfidic state. The catalytic actlvity of the so-

obtained products was measured in HDS and HDN operation.

The test data was collected from a microflow tubular

reactor under trickle flow conditions using full range



amoni um di nol ybdat e were added, while maintaining the
tenperature at 80C. Shortly thereafter, 55.7 g amoni a
solution (25 wt % anmoni a content) were added to the 1$
slurry. After 30 mnutes, the heating was sw tched

off. The pHwas 7.44. The slurry was spray-dried
yielding 204 g of powder in total. The powder was
turned into the final product by extrusion, drying
and cal cination at 300C. 20 The B.E. T. surface area of
the cal ci ned product was 42 nR2/g. Measured up to 95
nmon the nitrogen adsorption curve in the B. E T.

met hod, the nitrogen pore voluge_was 0.132 pn3/g.
Exanple 7 25 Conparison of gas oil HDS and HDN test of
t he cat al ystsighorwbExanpbe b candibxanel sefstoakd ewinng a
typical suhbidded iiadhtPE0CRdpyreid=et@@nbMyedAetails are

i ndustri alg;s&ak.e r@pgrati on, the catal ysts obtai ned by
the procedure of Exanple 5 ap nple 6 were turned
into 30 thejr sulfidic state: catal ytic activit

of the so-"°GHTET REW PrEafet T otHnlsHells BIEG PR HERS AR
HDN oper at i GRea The TESTOara WaSrdeBld ECteUFrEdOpT o

m crof | ow t Tw 7t &3
condi ti ons usj full range - 32 -sigraight r

("virgin") gagqg??# Two feedstocksf%ﬁtlw cloggsto

i dentical pr oprepitve 20r édrpl oyed:- et ails %€ given
in Tabl e 2. T¢mbkkel02 Bel€Tt ed pr opetdii es of Teedls used
i n perfornamee st emkiwtg(*cFeed Feed #eFeed B S3XRF (WM %
1.62 1.63 MNpfpRepsk +52c365 Densiifgs (20/4) @gaB/g)

0.86 0.86 TBR,af @%:M-ci' O 241 235 TBP at ,50% wt
(O 316 321

Testing was performed under constant effluent sulfur

5 content at 55 bar and at 1.0 h~l liquid hourly space
velocity of feed. Test data collected after 500 hours on
stream, and expressed as the temperature (measured in °C)
required for obtaining 10 ppmw sulfur in the product are
shown in Table 3. The obtained nitrogen content in the

10 product at the temperatures shown is also given in Table
3 as the measure of the HDN activity.

Table 3
Comparison of HDS and HDN activity of catalysts at
canstant effluent sulfur content using a full range

15 straight run (“virgin”) gas oil as feed
Catalyst Example 5 Example 6
Refractory oxide titania Silica
Feed applied Feed A Feed B
Temperature regquired for 10 ppmw 330 342
sulfur in product (°C)
Pseudo first order reaction rate 38.81 25.76

constant for HDS (1.1-1,h-
1, wes 5-1



TBP at 908 wt (C) 382 388 TBP at 96%w (C) 397 403
Testing was perfornmed under constant effluent sulfur 5
content at 55 bar and at 1.0 h-1 liquid hourly space
velocity of feed. Test data collected after 500 hours
on stream and expressed as the tenperature (neasured
in C required for obtaining 10 ppnmw sul fur in the
product are shown in Table 3. The obtai ned nitrogen
content in the 10 product at the tenperatures shown is
also given in Table 3 as the neasure of the HDN
activity. Table 3 Conparison of HDS and HDN activity
of catalysts at constant efflyent sul fur content
using a full range 15 straight run ("virgin") gas oi
as feed Calegdtysd vExabpie Rrfeypbe 6 Heiract orypoexi de
F

titania
Tenper at ureSéeRt +e8-9YFt 20 HSHTAPS30 34‘2 sul furlin

pr oduct (Q’)seﬁera mﬂ L den :@@@ctl Q9. deat & 388
25.76 const@BtadtOforHBS (lad-d-h | . W% S-1) -33-
Rel ative volusetsic activity for 151% 100% HDS N

content i rﬁegﬁdﬂcﬂ%ﬁqﬁe&@ti‘éw €dr <1 I38#per at uk¥d

(ppmy) Ps

constant for HDN §1 1-1. h mﬁ@’N—l Relat|

vol unetric actFv? fef%erenlf’o‘?“/ TA0693 SRENe cactéﬁysﬁ' mag8en

from Tabl Y3usipgtitaea @atthp yrefraseiy B -ud3TMeEssi t ani a

as t he refqda@qlgqus@)fpd@ontaeﬁﬂe\}:@g effluent (product) stream
5 at 12°C lewer temperature. When comparing the pseudo

first order reaction rate constants for the HDS reaction,
a significantly higher reaction rate constant is found in
the case of the titania-containing catalyst, compared to
the silica counterpart. This translates into a 51%

10 improvement for volumetric activity using the silica-
based catalyst as base case.

The elimination of nitrogen containing molecules
from the feed is also considerably improved by the use of
titania as the catalyst support. As is shown in Table 3,

15 at temperatures where 10 ppmw sulfur was obtained in the
product stream, both catalysts achieved nitrogen contents
below the detection limlt of measurement.

Converting this result into pseudo first order
reaction rate constants for HDN helps to assess the

20 differences in activity. Based on the reaction rate
constants, a 32.6% increase in relative volumetric
activity for nitrogen removal can be attributed to the
use of titania {(Example 5).

Example 8
25 Comparison of aromatic saturation activity of the

catalysts of Example 5 and Example 6
The extent of aromatic saturation under the reaction
conditions discussed in Example 7 was also evaluated. In



identical sulfur content in the effluent (product)
stream5 at 12C | ower tenperature. \When conparing the
pseudo first order reaction rate constants for the
HDS reaction, a significantly higher reaction rate
constant is found in the case of the
titania-containing catalyst, conpared to the silica
counterpart. This translates into a 518 10 i nprovenent
for volunetric activity using the silica- based

catal yst as base case. The elim nation of nitrogen:
containing nolecules fromthe feed is al so

consi derably inproved by the ugg_of titania as the
catal yst support. As is shown in Table 3, 15 at

t enper at urresatwhe relubhScpipraet Bty Wsr was bt ai ned imst he
pr oduct I '

contents bl tRSHEELET ST t of Treasurenetht .

Conver t i n@stltoStik-s dhderl yihocipsauetd fi Bsisgor der 41.10
reacti on ratesconsteartos fl0r-HBN hel ps to assess the

20 differentestisnllactivity. Based on the reaction rate
const ant s RHRE3% BOAPREEEASEIHIY £ at i \I@3Yol unet F0k

activi ty formrtrogen—renovat——can—be—attr+buted—to—the

use of titani oy, . 5 arisgn of
aromatic_sat u??at(: Fﬁ(%e Slc@tg T \%}?my Fﬁgﬁwghﬁcé}ea%n? st o'?age
Exanpl e 5 .é{n“cfﬁaﬁtar’ # 8° THe “EXPEY Fridey otfRi e

sat ur at i oft9tiTdeA FHET sepEeRtoAn tho REFEEN PReFEFlSFEERM N
Exanpfe 7 2hald @llseereiamperatend. When 28wpaRelyathieveseudo

vol unet ri disgt ondet yedcionl D% KDOCMEL it tiN GOM tresrt o)
product ata sigACAbaRLFhighhr doGPREK Fhid SsmstHRMY tRHAUGO
first ordehe BACLE QRe hkMHintoftB14hg 1ra168NSLARE rJaOL0

FON (1.3 Balshaith Uobbuelode! SLLY e MglUIPLALS 2041 VI T

improvement for volumetric activity using the silica-
based catalyst as base case.

The elimination of nitrogen containing molecules
from the feed is also considerably improved by the use of
titania as the catalyst support. As is shown in Table 3,

15 at temperatures where 10 ppmw sulfur was cbtained in the
product stream, baoth catalysts achieved nitrogen contents
below the detection limit of measurement.

Converting thils result into pseudo first order
reaction rate constants for HDN helps to assess the

20 differences in activity. Based on the reaction rate
constants, a 32.6% increase in relative volumetric
activity for nitrogen removal can be attributed to the
use of titania (Example 5).

Example 8
25 Comparison of aromatic saturation activity of the

catalysts of Example § and Example 6
The extent of aromatic saturation under the reaction
conditions discussed in Example 7 was also evaluated. In



HDN It can be seen from Table 3 that the catal yst nade
by using titania as the refractory oxi de, achieves
identical sulfur content in the effluent (product)
stream 5 at 12C | ower tenperature. Wien conparing the
pseudo first order reaction rate constants for the
HDs reaction, a significantly higher reaction rate
constant is found in the case of the

titani a-containing catalyst, conpared to the silica
counterpart. This translates into a 518 10 i nprovenent
for volunetric activity using the silica- based

catal yst as base case. The eligjnation of nitrogen
containing nolecules fromthe teed is also

consi der alkyer sPrDMEHatRYpdshid1bS@ctiont id BRdrRoBRaiilae

catal yst SUPRbiia, Ade | 13mShOMRe ivds kaPI8 335 d2n achese
t enper aturtsétsm%g é&&e%&%ﬁur hiaidde ow the
product st re"ﬂts oLh, ca ran%et K Iaifh% rﬁu%e%f% | L ode

contents oWt he asur erren
Convert | njefchl %helréé’ﬂH 5?"rﬁh5 VBERGIRSf 3Ty e droERie

reacti on rearientgnse aptosdddobetMeng thel e fasdassridsd tife

20 differeheesstisn activity. Based on the reaction rate
constants, a 3fe @SnveBfibeAS@elisNcalellatddy EronOirdn®ties C

activity feQhreRt tdrOBRNEe8 Y ahe GRPaRE mahdukbd Wb alolQ t he

use o tit@piaeffExamPlgra 1n BYATP Erd Zé,dmgpaac,a&on of
aromati c satur%< QrHDaé:tlwt of the. cat aI 1;5295

Exarrpl e 578 rogen parttlal ]preasur

saturati orﬁqlﬁ]??dglfdr?%Q ¥3aler o‘i’?te EBHAHT JE)‘i’1’§1”dF%"‘hcﬁssed in
Exanpl e 7 vaasisiesoofevdl aat &, 1447l h34-at oHdET. B

el i m nat e gpOsatd)| enev aftadiddOduliur L) @FEAEY NBKIWE is also
equi lisbri apsfdiced eApesRt 4re was set to 345C in these
tests. This ensured conparablg,,gujfur slips for both

catal ysts. Full gncge %%§p%1%meg&ed&oﬁkmg used as

5 feed, where on aromati c
for testi aromatic saturation performance
UV arcmatics LESY (1.1-1.n~1)
conversion
1.5 1.0
silica titania  silica titania

Mono aromatics % -15.6 5.8 6.7 27.1
Pi aromatics ] 88.1 91.7 89.6 93.2
Tri aromatics % 9g.8 9¢.6 94 .4 96.8
Tri* aromatics & 91.4 94.7 94.1 96.2

‘silica’ indicates use of the catalyst of Example &
‘titania® indicates use of the catalyst of Example 5
Table 4 clearly illlustrates the benefit of using
20 titania as a refractory oxide in the catalyst
composition. The largest benefit is seen in the

hydrogenation of moncaromatic compounds. At 1.5 1.17%.h-1
space velocity, the catalyst prepared with titania can
achieve positive aromatics conversion, meaning a

25 conversion beyond eliminating the mono-arematic compounds
that are produced by the hydrogenation of the di-



content were recorded between the two feeds applied in
the tests. The conversion | evels cal culated from
aromatics content of the feed and the product
measured in mmol/g 10 (U nethod) is listed in Table
4. Two conditions were neasured at 60 bar hydrogen
partial pressure, at 200 N1/kg hydrogen gas flow rate
appl yi ng hourly space velocities of 1.5 and 1.0
1.1-1.h-1 at 345C. As guidance, the obtained sulfur
in product (ppmv) is also 15 indicated in Table 4.
Tabl e 4 Sel ected properties of the feedstock used for
testing aromatic saturation pegf ormance UV aromatics
"LHSV (1.1-1.h-1) conversion 1.5 1.0 silica titania
silica titaamiadicsybinis ansdradivekily tidne tha8 ward 27.1 D

aromati cs g/ggagaﬁy%genggm%gsfegd Tr| aromatics s 90.8
94.6 94.4 96. Tr| 94.7 94
“silica' indi S‘ét °ﬁ§leY g%HH@p °°Llfy Sf &Y Jl‘f%llgg o,
“titanic' Hhd &’aﬁ"‘e‘?“E&ié”l?f c"ttﬁJé’sE%ltCS‘I‘ Jateh 'fhiEfé’ﬁ’p?‘éi‘E‘
Tabl e34 clle¥sl- yHowpveys tthattdtenih copdaePrt Lafreasddntpe 20
titani a ascsverefonadh thege gricterdnatichempatnds \tot27.1%,
conposi t i @Bintkink ahgepb operref iditdeSerecin tHd Edd@ersion
hydr ogenatgeOfhe0f nBINQEHE OIRE 116 i SNRRLY dSnpotilas Lindthe
1.1-1.h-1 fégé‘c@;\yeln‘a%a&é’s aldiGes8) %W:%&:BEPA%%&%Mt h
0

tlta a can [1.Cs C ¥er5|on

neani Rg apfg"ié’ et%st s ‘bg%’n?f i? MR Hatath
nono- ar omat i ¢ REnHEIAREed LHet ‘%FE“EWS&W@&%V“PW&Y .
hydr ogenatthe fyefogenpsion actiwlty fog mepe@gomatify sompPransis
convert i ngat lheseet hatbaner geaspraogiavabighepnfas i tiantde
f eed. catalysts, based on the similar activitles achieved at

15 1,0 1,171 n-1 with the silica sample, as achieved at 1.5

1.171,h"1 with the titania sample.

In the hydrogenation ¢f heavier aromatic compounds,
such as di-aromatics, tri-aromatics and heavier, the
titania-containing sample preserves its leading

20 performance as compared to the silica counterpart.

Example 9

Comparison of activity using titania of different origin
Following the preparation route described in Example

5, several samples have been prepared using titanila of

25 various origin but combined with the same amount of
nickel and melybdenum, Available properties, such as
B.E.T. surface area, pore volume obtained from the
adsorption curve of the B.E.T. methed, and average
particle size of the titania powders are shown in Table

30 5. The percentage of anatase content 1s also shown.



At an hourly liquid space velocity of 1.0 1.1-1.h-1I,
the silica-containing catalysts can match this
conversion 5 |evel. However, the titania counterpart
i ncreased the conversion of these nono-aromatic
conpounds to 27.1% maintaining the gap of -20%

di fference in the conversion of these nost
difficult-to-elimnate conpounds in the feed. This

i ndi cates a superior hydrogenation activity 10
previously seen only with noble netal catal ysts. Wen
translated into relative volunetric activity, the
hydr ogenation activity for nnng aromati ¢ conmpounds
can be seen to be at |east 60 %@6h|gher for the
titania catalysts, based onthhie simlar activities

achi eved airlé-i% 1byge alg. . RudeaWd Ghedt hﬁns'ﬂok&%ﬁﬁgpdp%,
as achi eved Q;d r@mlloagi ?11 Bv\l:b) Mfttbnengbt déﬂ tiﬂ'@' Qla‘ls_ l'e.

In the hydrogenation er aro I C conpoun
such as di -GPbift i30S, *he (FEF et TRer25rRe ﬁ@&iﬁeér‘“?‘ﬁe
tit ani*a- cofrrathepry s@ﬁ'p# én ppredyet when prosedxingifnyl 2enge
performance asradgmpaured'wiegihhiegsd blicandzeuntierparivw
Exanpl e 9 Conpari son of act¢osiidtMontSi Ng titani a of

differ ent_O.LL.g.LD_EOJ_LQAM_D#hLDLED.aLalJ_O.D_LO.UI_L_
descri bed in Exanple er 3t P%arrrﬂ‘fé% RaYE e died

pr epar ed /alis B ol n'But 9
conbi ned It he ane amgignt Sobi. ni ket andy Y
nol ybdenum Avai | antsaopr oper tioesz suahsas 1oE. T.-17
surface arfaashupdny eivot une3®bt &i-#ed f rioid t hel? -7
adsor ption curve of “the T.. net hod n aver
particle si'ze®8f if’?‘f’effc‘imtaé’l‘?gﬁ pI(?Mefrgs g?’%‘ g rade
Tabl e!®30 5.* THETYPE¥%ent age of anat ase content |s al so
shown. -36- T&bt ebEri@q gityudatepaereBeyusifed ang fryed dpien
(SA), poreoved mesh {AAWion tard ipauttied| rseatel tDy 563tiod
the powderin 4 hﬁbt_ﬂ.@ﬁtta:&ﬂ:le 0 eddlctordnittbherafetset of

t enper at urg Fiediich et il &b Pef1RbrylOrRIRy &¢l fur in

pr Odulgt Hm%ga%?égs Icthl;sl\Us tﬁégg&vn.ty in

hydrodesulfurization was measured. A full range straight

run |‘virgin’) gas oil was used as feed having a 1.63 wt%

sulfur content. The test was performed at 1.75 1.1"%.h™?
liguid hourly space velocity with 55 bar hydregen partial

20 pressure. The activity is expressed as the difference in
the required temperature to process the above mentloned
feed to 10 ppmw sulfur in product, using the performance
of a catalyst prepared by following Example 5 as a base
case (i.e. providing the reference temperature of

25 activity). These values are also presented in Table 5.
Note that a larger absolute value of the negative numbers
{a larger difference) translates intc a more active
catalyst compared to the reference.

From Table 5 it is clear that with titania powders
30 having considerably different physical properties, it is



straight run ('virgin') gas oil under trickle flow
conditions. N2 SA N2 PV Dv50 anatase ATreq Oigin
Type (n2/g) (cnB/g) (pm (8) (C Degussa P25 50 0. 14
3.36 80 -12 MIlenium Gs 293 0.34* 22 100 -1 DT-51D
BE 0.32 1.56 100 -17 Haishunde Ti2 * 354 0.37 5.11
100 -17 * obtained from another LOT of G5 with

i dentical grade 10 ** FCT010925 The obt ai ned
extrudates were crushed and sieved into 30-80 nesh
fraction that is suited for catalytic testing in a
tubular trickle flow reactor. After proper sulfidation
usi ng common refinery practice,for 15 hydrotreating
catal ysts, the activity in 3rodesu|furization was
measur ed. sAifulpbssiBRgeo st:triaveg btsigﬂfmca(ntwjnﬁgeiaee )ingas

oi I was usqdsatadRedphaving SpdovBnit % acimriftgrcan be

content. The.4188dq M\@%sﬁgrm{azs@%g % bccks !
i qui d hourl y sSpace. \é ocl t

avar %/ a t:l.cJ.e size o %’droqzen

parti 0 pressur e’ 4817 VT y 1% éRpre % he
diffe ence" ferst Tﬁ'@l‘?yéa'u|tF"e51%h§?Fpé‘r't&f”cFrYe°aE‘ob°pF‘iﬁ?é?ste?he
above rrent"fiéhé’&rt’Fé%di’teé begow) pie sl $her inipiadr vidanie
usi ng the yedf ormance of a catal yst prepared by
fol l owi ng £X l{ 5 as a base case (i.e. providing
the refer erature of 25 cht% These
val ues ar e”BPHSHr 85 BREE™ i halfrEeasing NEew s FsEent
| ar gel? absol utfe@lipyingethss pieprrahingafTube dptrvbRadsin Expople
| ar ger di f§-eFene efditiensd| samrples i wek® Paempreusioti ve
cat al yst coHpated bt:déheitheirerentg plapornidabbe thtdnial S
cl ear thatrnhel daBalyitlQBerFoRAWEL LSS tetledlANddITidentical

consi der ablo¥a @i b{LLL AL RIS 16O xaRE QPSS bl Srtahded S - 37-
still;spossi, Qk&maéc‘a ﬂC%lpgé’s%eé?‘ 181 QS LP%Q&a&: %E&aﬁde&”

per f or rmnce l{ 1% I n"act can

ct on ate t ' I 5

associ at ed t0 usfnq1 vari ous jtn {ugn yoli]g 8% o' YraBE 6P
Note that a"higher reaction rate ccnstant indicates a

more active catalyst.

-t

Table &
20 Refractory oxide, the percentage of titania in the
refractory oxide and the relative temperature required to
. raach 10 ppmw sulfur in product

Refractory Titania content as Pseudo first order
oxide a percentage of the reaction rate
refractory oxide constant
(wtd)} k(HDS)
(1.1"%.h"1. 8wt 5~1)
Silica* 0 19.9
Silica-titania® 70 27.1
Titania’ 100 37.2

! gilica used is SIPERNAT 50
25 2 sillica-titania used is FTS 01 from Haishunde
titania used 1s FCT010925 from Haishunde

Table 6 clearly demonstrates that with increasing
titania content in the refractory oxilde, the performance



Based on the average particle size of the titania 5
powders enpl oyed, the highest activity can be
associated wth particle sizes below 10 pmin the
initial ‘titania wused. Exanple 10 Conparison of
activity with increasing titania content 10 Fol | ow ng
the preparation route described in Exanple 5, three
addi ti onal sanples were prepared using refractory
oxides with increasing proportions of titania. The
-catalytic performance was tested under identica
conditions as described in Exanple 9. The obtained 15
performance is expressed in terns of pseudo first
order reaction rate constant33na the HDS reaction in
(Tabl e 6) .oz DY eahillh, 3 NnlSEa! FARLL QeloR1.5,C094200
i ndi cat es AnsdRe active C %@I yst. la Fe°6 20

Ref ract or y° 0xi de, " th& Parcetays o Bt Enfu S t he
refract or yExemgldelland the rel ative tenperature required

to reach fiQ/mogmos by 3002 REHDUCE whOEE.ACLAYYs, i d:ani a
content as PseIlrJldaosirst order de a percent age. of

d a

the réaction rate- Fért 28r6ry° do’%éd@ ‘E:%ﬁgt"ﬁrrﬁ "’ﬁﬂ?% and
k(HDS)  (1'*Rtof FR $OGhwUpen Fpachiyq phegtengenpgure, 90.9 g
Silica-titshieez (STBERNAT £0),TP40ahiwBickeD c8%bopate] (39 ¥hitca
used i s SIRERNATL 50n2bniln Skptiegelybdatanisd. a3swd Hd®:)FTmd01
from Hai shunde g dBmbritndRkeatusRthteS (s (GTH0E 35 wddeOfBaed.
Hai shinde Alabjrecfi fdeadlchita8QRDNShIALAS dataaiid by
I ncreasl n%ow&ért il a Fgﬁ%tvﬁugt tﬂer]ad'ﬁt@.omrt %ffrﬁgE 'Pr yam%)o(lj&ge’
the perf oraﬁ%ﬂﬁ.@n _(§ ._wtgfanutt\ch?a %S‘Et%L%?t&e' tsemiaer;él;t?r\{eewds
hi gher pseudo reaction rate

kept at 80°C for 30 minutes, while the pH of the

resulting slurry was 8.8 (measured at room temperature

15 for a small test portion).

After 30 minutes the heating was switched off and
the slurry was spray dried. In total, 407.7 g of solid
material were collected. This powder was extruded
directly, after which it was dried and calcined at 300°C.

20 Example 12
Ni0/Mo0Q3/W03/Ti07 ~ 30,2 wt#/19.1 wt$/30.8 wtt/19.9 wtd
In a 5 litre bulb, 3094 g water were heated to 80°C.
Subsecquently 84.2 g titania, 240.8 g nickel carbonate (39
Wt Ni), 94.1 g ammonium dimolybdate (B1.63 wt% MoO3),

25 143.6 g ammonium metatunsgstate (86.11% WO3} - all added

in powder form - and 122.7 g ammonia soclution (25 wt%
ammonia) were added, while maintaining the temperature at
80°C. The pH of the slurry was B.6.
After 30 minutes the heating was switched off, and
30 the spray drying of the slurry began. The resulting
powder was extruded, dried and calcined at 300°C.



constant were obtained for the renmoval of sulfur.
Exanpl e 11 N10/ MD03/ W3/ S102 - 30.2 wtt/19.1 wtt/30.8
Ww$19.9 wt* 5 1n a5 litre autoclave 3088 g water
were wei ghed and heated to 80C. Upon reaching the
tenperature, 90.9 g silica (SIPERNAT 50), 240.8 ¢

ni ckel carbonate (39 W% Ni ), 94.1 g ammoni um

hept anol ybdate (81.63 wt % MoCG3), and 143.6 g anmmoni um
nmet at ungstate (86.11 % W3) were added. 10 ALL of the
nmet al - cont ai ni ng conponents were added in powder
form Follow ng the addition of 122.7 g anmmoni a
solution (25 w % ammoni a content), the tenperature was
kept at 80C for 30 minutes, vih?le the pH of the
resultinggs rlgyl.a.was 8. 8 (rreasured at roomtenperature
15 for a ED gﬁ’) @féFl 30 mnutest

heati ng was psa\ﬁfc’é'h"efd B FCEAREY PhfesFATAIXtags BpTe 5 12
dried. |n2ot3rPlad?. 7 g of solid material were

col l ected. Thicss pbwies temtsneXay bekddrmed| inex mhnyoflaf t er
whi chsit wasupdtideed taimtie hai paciivion3008ng K201 Exagepl e
12 Ni O/ MoQ3{MO3{“T122a5:gnBQur b Uil Us lredli) ARD chatdrk19. 9

W t In a w§s l-c'rLJhgd QH& Qu.ev%ggl%tcg a"\@J-% m\éﬁ'r giﬂeﬁtaggloko
80C. Sub nt l.

n| C
car bonat e W.—%;q 4}13 94%3?%%%#8%% | B’gzh e
(81.63 w % ol\iBfB At toperdphze prop e ?Pé‘?hﬁia‘i% %’tlafe
(86. 199 WEB) testipgy "aﬁld’é?fll’?tﬁ ‘tﬂﬁn’é‘l’-ﬁf‘i&? FLER B aezlz. 79
amoni a sdéterliforret@8ingt 8¢ 2 Afaprard ) reforey athtedhrenhi | e
mai nt ai ni ng t Resttienpar atufpsedtat BOCS, Wner @Y 0 t he
slurry wasy8roden Ahit@h1 3fksgidalItAsh thp@rohantingatsass 300
swi tched Ghfug aRd, Nsoadhmm%aqr@s dersys&agd Qb tthbereswary
begaq The resutlng g‘g S_ex cg g g d and
cal cified &*3Y A% glgquid ﬁ%‘?épafﬁ %’% ¥ %50 3P HDs
activity oRriedebegmeeal i3 sm@)fi‘ FRabp- e l1daluemd Exanpl e
12 The obtained product sulfur contents corrected to
the target conditions, the pseude first order reactioen
rate constants, and the calculated relative volumetric
20 activity based on the performance of Example 1l is shown
in Table 7.
Table 7
Actual sulfur in product, temperature required for 10
ppmw sulfur in product, and relative volumetxric
25 activities of catalysts tested in full range straight run
(“virgin”) gas oil hydrodesulfurization

Example 11 Example 12
Silica titania

Target LHSV (1.1"1.n-1 1.75 2.5 1.75 2.5
Sulfur in product (ppmw) 24 Jal 9 118
Temperature required fer 358 408 344 387
10 ppmw sulfur in product
(°C)
Relative Volumetric 100 100 166 182

Activity (%)




Gas oil HDS testing was perfornmed in a nanoflow, 5
setup under trickle flow conditions, using full range
("virgin") straight run gas oil as feed. The catal ysts
was crushed and sieved into a 30-80 nesh size
fraction. After drying, they were | oaded into the
reactors with SiC as diluent to ensure proper plug
flow conditions. Prior 10 to testing, the catal ysts
were sulfided with the feed itself, according to a
standard refinery procedure. Testing was perforned at
345C, under 55 bar hydrogen partial pressure, with
hydrogen gas rate of 300 NI/ kg feed. No additional H2S
was added to the recycle 15 ga% while the liquid
hourly space wel@Cld Vo L&dRVDrolaSb1eY & gﬁedcgke&w%e“ 1.75
A/ ne
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| In this preparation, Example 7 from WO 00/41810 was
cata E/St

reproduced with the addition of 20 wt% alumina as

refractory oxide after the precipitation was complete,
Solution A: 52.95 g ammonium heptamolybdate (81,62

wt¥ MoO3) was disselved in 2400 ml water in a 5 litre

bulb, In addition, 80.8 g ammonium metatungstate (86.11
20 wt% WO3) were added and dissolved in the agueous mixture.
The mixture was then heated to %0°C.
Selution B: 135.5 g nickel carbonate (39 wtg Ni)
were part-dissolved in 600 ml water and heated to 20°C.
Sclution B was pumped into solution & over a 10
25 minute period of time with vigorous stirring. The
resulting solution was kept at 90°C with stirring for 20
hours, After this reaction period, 71.5 grams of Versal
Alumina were added to the slurry. 30 minutes after the
addition ¢of the alumina, the ﬁeating was switched off and
30 the sluxry was spray-dried. 200.3 g solid material were
collected in total. The powder was turned into the final
shaped product by extrusion, drying, and calcination at
300°c.



Exanpl e 12 achi eved | ower than 10 ppnw sul fur in
product wunder the chosen test condition at 1.75
1.1-1.h"" space velocity. This was not possible with
the silica 5 containing counterpart (Exanple 11).
Furthernore, the required tenperatures for 10 ppnw
sul fur in product are systematically |lower for the
titania sanple with an activity gap of approxi mately
15C at both space velocities. This clearly
denonstrates the benefit of 10 using titania with the
applied conposition and preparation route. Exanple 14
Ni O Mb03/ W3/ A1203 - 29.9 wt % 19.2 wt % 30.9 wt B/ 20.0
W% In this preparation, Exanfté 7 from WO 00/ 41810
was 15 repemddced with the addition of 20 wt % al um na

as refract X ter,t cj pitation
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period, 74,§ grans of Versal Al um na were added to

the slurry. 3 mth fter the. addition of th
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After this reacticn peried, 47.3 grams of titania was
added to the slurry and mixed thoroughly. 30 minutes

20 latexr the heating was switched off, and the slurry was

spray dried. In total, 189.0 g of solids were recovered.
The powder was turned into the final shaped product by
compaction, drying and calcination at 300°C.

Example 16
25 Comparisen HDS performance of the catalysts of Example 14

and Example 15
Gas oll HDS testing was performed in a nanoflow

setup under trickie flow conditions, using full range
{(“virgin”) straight run gas oil as feed. The catalysts

30 were crushed and sieved into a 30-~80 mesh size fraction.
After drying, they were loaded into the reactors with Sic
as diluent te ensure proper plug flow conditions. Prior
to testing, the catalysts were sulfided with the feed
itself, according to a standard refinery procedure.



Ni O MOO3/WOB/ Ti @B - 29.9 % 19.2 wt % 30.9 wt 8/ 20.0
wt % Exanple 14 repeated with use of titania instead
of alumna 5 In this preparation, Exanple 7 from WO
00/ 41810 was reproduced as in Exanple 14 with the
nodi fication of replacing the refractory oxide by 20
w%titania. Solution A: in a5 Ilitre bulb 52.95 ¢
amoni um hept anol ybdate (81. 62 wt % M)03) was

di ssolved in 2400 mM 10 water and then 80.8 g

amoni um net at ungetate (86.11 wt % W3) was added and
di ssol ved. The m xture was heated to 90C. Sol ution B:
135.5 g nickel carbonate (39 W% Ni) was slurried in
600 ml water and heated to 90C#*2t5 Sol ution B was
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Hydrogen partial pressure 55 40 55 40
{bar) .
Sulfur in product (ppmw) 37 49 5 13
Temperature required for 340 354 310 334

%0 ppmw sulfur in product
°C)
kaps (1.1-1.h=1 . gwt g1y 55.1 47.6 158.0 93.5

Relative Volumetric 100 100 287 197
Activity (%)

It is clear from Table 8 that the use of titania in
the catalyst composition has significantly improved the
activity. The sulfur remaining in the product was lower
at both pressures applied for hydrotreating. The

20 temperatures required to process the feed to 10 ppmw
sulfur product content is 30°C lower at 55 bar hydrogen
pressure for the titania-containing catalyst, and this
advantage is only diminished to a 20°C at 40 bar. When
translated into relative volumetric activities, the

25 titania counterpart is approximately twice as active as



Testing was performed at 55 bar hydrogen partia
pressure. An additional testing condition at 40 bar
hydrogen pressure was al so neasured. The liquid hourly
space velocity (LHSV) was set to 1.75 for both 55 bar
and 5 40 bar conditions. The feed contained 1.6 w %
sul fur. Test data with sulfur in product, the
tenperature required to process the feed to 10 ppnw
sul fur, the pseudo first order reaction rate
constants, and the relative volunetric activity based
on the reaction rate 10 constants are given in Table
B. Table 8 Sulfur in product, tenperature required
for 10 ppmw product sul fur Cdﬁtent pseudo first

or der reasghlopumi msggng %E‘%%::%%E?' ahd %foa\éoéougﬁ}eglc

tivit
ot Fie oot aames shaek ot MRS b e 1o

Al um na tPIERATR®Hydr ogen partlal pressure 55 40 55 40
(bar) Sulfur in product (ppmw) 37 48 5 13 Tenperature
required for 340 354 310 334 10 ppnw sul fur in
product (C) kHDS (I.l-1.h-1.%w S-1) 55.1 47.6 158.0
93.5 Relative Volunetric 100 100 287 197 Activity
($) It is clear fromTable 8 that the use of titania
in the catal yst conposition has significantly

i nproved the activity. The sulfur remaining in the
product was |ower at both pressures applied for
hydrotreati ng. The 20 tenperatures required to process
the feed to 10 ppmw sul fur product content is 30C

| oner at 55 bar hydrogen pressure for the

titani a-containing catalyst, and this advantage is
only dimnished to a 20C at 40 bar. Wen



translated into relative volunetric activities, the 25
titania counterpart is approximately twi ce as active
as - 43 the alunm na version at 40 bar (4 Ma), and
close to three tines as active at 55 bar (5.5 Ma)
hydrogen partial pressures. -44- CL AI MS 1. An
unsupported catal yst conposition which conprises one
or nore Goup VIb netals, one or nore Goup VIII
netals, and a refractory oxide material which
conprises 50 w%or nore titania, on oxide basis. 5
2. Catalyst canposition as clainmed in claim1, wherein
the refractory oxide material conprises in the range
of from70 to 100 wt% titania. 3. Catalyst
conposition as clained in claim2, wherein the
refractory oxide material conprigges in the range of

|0 from95 to 100 wt%titania. 4. Catal yst conposition
as clainmed in any one of cl gingrl to 3, wherein the

refractory oxide matetial ccrn'pﬁ-s%siin t he range of
from5 to 70 % of the total catalyst, on an oxide

basis. 15 B.l-Cathalusipponepesialjencaposdt ainn@ch Roph8ied
4, wherein dnber mire @6 Yrodek£12, MRAL &l fre GREY 58S | n
t he range OfnetfysPmndS Lél’r?c’iow J:9icltp kﬁe@iﬁbhlyicg compr{ges

the tofal CRlaVs! modciChal Yo, LOMROFLLIOR a5 %

cl al ) ~i rh amé tal t cf:ompos o
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and mi xt'ures ?ﬁ}é Feegrory aﬁ’fﬁ"e Taterial GOPPTIRYS Hikks ange of
conponent | SO 7B PP MEb Rty bdenum  t ungst en and
m Xt ur es t heéreofatalystProppasdsiof @ dlhabreprapeiait 20 Whafeim
cat al yst 25 tbenpbsktdrgpxids Git@iiaE Gehgri€dsaintte ragerc@i N
one OP nore fréa 68k ob wiettdtantNnpounds are conbi ned ‘
W th one or 40r @atalyst composition as claimed in any one of
claims 1 te 3, wherein the refractory oxide material
comprises in the range of from 5 to 70 wt¥ of the total
catalyst, on an oxide basis.

15 5. Catalyst composition as claimed in claim 4, wherein
the refractory oxide material comprises in the range of
from 15 to 25 wt%, preferably 20 wt%, of the total
catalyst.

6. Catalyst composition as claimed in any one of

20 claims 1 to 5, wherein the Group ke metal component is
selected fr%‘f:_“&‘:kd' cobalt, and mixtures thersof, and
the Group 'V-PE metal component ig selected from
molybdenum, tungsten and mixtures thaereof.

7. Process for the preparation of a catalyst

25 composition as claimed in claim 1, wherein one or more
Group VIb metal compounds are combined with one or more
Group VIII metal compounds, and with a titania-—
containing refractory oxide material, in the presence of
a protic liquid and optionally an alkali compound; and

30 the catalyst composition is recovered following
precipltation.

AMENDED SHEET



Goup VIIl metal conpounds, and with a titani a-
containing refractory oxide material, in the presence
of a protic liquid and optionally an al kali conpound;
and 30 the catal yst conposition is recovered foll ow ng
preci pitation. AVENDED SHEET - 45 8. Process as
claimed in claim7, wherein at |east one of the netal
compounds is partly in solid state and partly in

di ssol ved state. 9. Process as clainmed in claimS§,

whi ch conprises 5 heating a precursor conmposition
which is in the formof, or is recovered from a
slurry, optionally after aging at a tenperature in
the range of from20 to 95 deg‘@‘for a mninmmof 10
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microns or less.

11. Process as claimed in any one of claims 7 to 10,

wherein all metal compounds are added to the protic

liquid as solids.

20 12. Process as claimed in any one of claims 7 to 11,
wherein the catalyst composition is recovered by spray-
drying.

13. Process as claimed in any one of claims 7 to 12,
wherein alkalil compound is present and is ammonia or a

25 component that will generate ammonium ions in the protic
liquid used.

14. A procees as claimed in any one of claims 7 to 13,
wherein the prepared catalyst composition 1s further
subjected to any one or more of the followlng process

30 steps carried out in any appropriate corder: cooling;
optionally isclating; drying; shaping, preferably by
extrusion using no extrusion aids; calcining:; sulphiding.
15. Use of a composition as clalmed in any one of claims
1l to 6, or as prepared from a process as claimed in any



wherein the prepared catal yst conposition is further
subjected to any one or nore of the follow ng process
30 steps carried out in any appropriate order:
cooling; -optionally isolating; drying; shaping,
preferably by extrusion using no extrusion aids;
cal ci ning; sul phiding. 15. Use of a conposition as
claimed in any one of clainms 1 to 6, or as prepared
froma process as clained in any -46- one of clains 7
to 14, shaped and sul fided as necessary, in the

hydr opr ocessi ng of a hydrocarbon feedstock.

- 46 -

one of claims 7 to 14, shaped and sulfided as necessaxy,
in the hydroprocessing of a hydrocarbon feedstock.



