HYDROTREATI NG CATALYST CONTAI NI NGA GROUP V METAL The

present invention pertains to a catalyst suitable for
woOheoshygsboet r eat i ng of hydrocarbon feeds, whi chpCcomPa08904265

a Goup VIB netal conmponent, a Goup VIII netal

conponent, and a G oup V netal conponent. The

invention also pertains to a process for preparing

such catalyst, and to its use in hydrotreating. In

general, the object of catalytically hydrotreating

hydr ocar bon-contai ning feeds is the renoval of

i mpurities. Common i rrpuri ties are sul fur conpounds and

nit rmbePﬁZW%AT gbfmﬁaprqm’éw SROUPDYWRETAL

1guch i mpur i rom a ensure that, when the
i nal product is burnt, femer sul fur oxides and/or
nitrogen oxides, harnful to the environnent, wll be

r el Gasqitesdm irackdiion pertaivsltd Larcaidgrqstwﬁtdbleafndthﬁ bydsgtseating of

d
o PHeGRIh e i pRais o Blal VELAEHT PydReR 8broue
r ealdmjj hwtaltt:bﬁ;nﬁvn@du;atnﬁ a ?ﬁ@ﬂpﬁk/g&e’mf csnEphner&I Thy stvention also
i ncl ude. cracking catalys t
19ne PPORBS 1t G dReGRSoId. PIaPaS HEh e orbet uanani: y&1 5o in
f eedgdiofreBngubj ect ed to a catal ytic hydrotreat rrent

prior to their being processed in, say, a cracking
unit. Catalytic hydrotreatnment inplies contacting a

feeg, ‘@feﬁ@ra‘i‘yﬁéoﬁﬁé‘c’c%f é‘étSMﬁéaﬁl? ﬁyﬁc’imﬁéa%h rr%/d?dtiérbon-contamlng

pressure 1n t he presence of drotrea ng cat aI
I n fegds lartlameg@,oxtah@f ipurigies. c%mm@ﬁd@paﬂf@%ﬁrﬁr%%compounds

190”%% edr%o ou g%ﬁt%e%cqgéiﬁt%‘égla?%mﬁa‘i 8flsiidM ithpurities from

rea e and amoni a.
Becaubedtvwlé eneygi metmhem thiet final @sqsiist ist burnh dfeyvegauifyy oxides

per %ﬁio?%t?gééﬁ”oxﬂ@? ﬂéFrﬁﬁ?lg%‘ tﬁ@rgrﬁl%ﬁmbﬂt fWik! fe RERased.

econ n I'S a cont i nlous
addltlon sulfur compounds and nltrogen compounds are toxic to many of the

catalysts employed in the oil industry for converting feeds into ready-for-use

20 products. Examples of such catalysts include cracking catalysts,
hydrocracking catalysts, and reforming catalysts. It is therefore customary for
feeds to be subjected to a catalytic hydrotreatment prior to their being
processed in, say, a cracking unit. Catalytic hydrotreatment implies
contacting a feed with hydrogen at elevated temperature and pressure in the

25 presence of a hydrotreating catalyst. In this process the sulfur compounds
and nitrogen compounds present in the feed are converted into readily
removable hydrogen sulfide and ammonia.

Because the requirements with respect to the legally permitted sulfur and
30 nitrogen contents in fuels are becoming ever stricter, there is a continuous
need for hydrotreating catalysts with improved activity. Further, at.a given
final sulfur content a more active catalyst will make it possible to operate
under milder process conditions (energy saving) or to increase the life-span
of a catalyst between regenerations (cycle length).
35
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need for hydrotreating catalysts with inproved
activity. Further, at a given final sulfur content a
woneos/ 168206 ve catal yst will make it possi bl e t oOPOPEPEN®004265
under mlder process conditions (energy saving) or to
increase the life-span of a catal yst between
regenerations (cycle length).US Patent No. 5,275,994
descri bes a sul phur containing catal yst conposition
suitable for hydrotreating of hydrocarbon feeds and
whi ch conprises a Goup VIII petal conponent, a G oup
VI B netal conponent and a Group V netal conponent.
This tri-metallic catalyst is necessarily supported on

Si 11§ Pa@dnt NI BI2T8 WA dsbrifesed §u|@hurycdhl’t—:&tﬁlﬂgbe’ral%edomﬁosmon
conprising | ess than 28 wt % of the

( auitablatfechyaotsatadsf hydeaRen FISEE Wil BPTPRgRS a Group
Cat\ﬂ oly Rbtal B&nﬁﬁém Y GFB&&'VIquan@csmmﬁenm@ﬁe%semdwv metal

as an al koxi d I n wat er-free envi ronment and
t hecmmeaﬂsmas trmoptalie Gatalyst b cTeSBRSATiA SUPBRIEE PN pSlica or

g enﬁ&ﬁﬁﬁ'{/uorfd %l%tferéﬁl?ﬁ{ha%@éﬁzel}qsn@émﬂr@lﬂ g lesB8han 28 wt% of

acti vi Sts In tests usi ng |q i d
st rthBginistal usonyEsIents (mlaieéna%mmsi olnbihe awpar}zf,lon of the

O?ﬁ}ﬂy%tzcg? g%ﬁué gﬁﬁetg V\g ﬁér%’egx:c] ;'%rr?segér? f%&’d&f %se egmgmde in
a QG waferVited erpirahmeningrahibeatcatalystas apvholerist pieferably calcined at

Rggﬁ{&?ﬁ étua%] statﬁgg? %@gt lﬁor&gygly%%gacﬂﬁy& these catalysts in

1(;:at @kisusing IRpIpstraigiteun @ad bil had%epn ehewmkd lye BW5% t o
100% nore preferably 0.1%to 100% of at |east one
m xed sul fide, the catal yst possibly further

g?g@%}%ﬁ&& %%sq?%eg%éa&ﬁy%{fgr{ Ebiﬂydrg)ﬁt gﬁqg)ﬁ 5)%?’99”%0% feeds

net @hmh%ﬁtdﬂﬁ@ﬁﬁ@deﬁlﬁd&&ﬁfd efo AV malcb‘ontﬁmlnent a Group V
reference generally conprises, in %

15 espietal exmponent.oeaf Qﬁtoé‘lai}%ta rEsP gf}{}é trae@B cg%ponent This
pr e{:@&lﬁg ion %Oé%éﬁbeggm'és/%lvma@alﬁs”t@f c%hﬂﬁkhﬁgl@%llmo%—/preférably

east one matrix nateri al 1% to 99%
0.05% to 100%, more preferably 0. 1% to 100%, of at Ieast one mixed sulfide,
the catalyst possibly further containing 0 to 99.99%, preferably O to 99.95%,
more preferably 0 to 99.9%, of at least one group VIII metal. The preferred
20 supported catalyst of this reference generally comprises, in % by weight with
respect to the total catalyst mass, 1% to 99.9%, preferably 5% to 99.5%,
more preferably 10% to 99%, of at least one matrix material, 0.1% to 99%,
preferably 0.5% to 95%, more preferably 1% to 90%, of at least one mixed
sulfide of at least one group VB metal and at least one group VIB metal, the
25 catalyst possibly further containing 0 to 30%, preferably O to 25%, more
preferably 0 to 20%, of at least one group VIII metal. If a Group VIl metal
component is present at all in the catalysts of this reference, it is present in
limited amounts. More in particular, in Example 7 a catalyst is prepared which
contains 0.070 mole of molybdenum, 0.029 mole of niobium, and 0.029 mole
30  of nickel per 100 grams of catalyst. This catalyst has a Mo:Nb:Ni ratio of
2.4:1:1. In the other examples, the amount of Group VIl metal component in
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preferably 0.5%to 95% nore preferably 1%to 90% of
at | east one mxed sulfide of at | east one group VB

woreaoaliorne at | east one group VIB netal, the CBCHERRD5/004265

possi bly further containing O to 30% preferably 0 to
25% nore preferably O to 20% of at |east one group
VIII nmetal. If a Goup VIII netal conponent is present
at all in the catalysts of this reference, it is
present in limted amunts. Mre in particular, in
Exanpl e 7 a catal yst is prepaged which contains 0.070
nmol e of nol ybdenum 0.029 nol e of niobium and 0.029
nol e of nickel per 100 granms of catalyst. This
Catl@la‘féﬁ t@ﬂfe ambrnt dEUp VB iadd Grodp & tetal compbhents is even
ot her exanpl es, the amobunt of G oup VIII netal
conpwaent |nreI ation to the anount of G oup VIB and
Group V rret al corrponents is even |lower. Although the

cat g aﬁ\%‘i’s'&bsﬁ:ﬁbéd et gieneframe appkar to perform
perfor accepta

In the hydrotreati na of hydtrsﬂ? ra
5 eeatmeptabiyrio the hydiotreatinoneldiydresaripncierds yisera s sHll a nee for
| rrgég gé{alggtt ! \“/lﬁ‘%/ gﬁpr&% hydeggt ?SUH urghsat h?ﬂodesulfurlsatron

dénittrogena aromati cs hydr o%enatl on of
hydmyn:kreddmhbg‘ematisn and aramaticuhygrogenstien iof hiydreganbep feeds. In
catal yst _that co adqigh h syk ur, file’N high
act‘?#?lﬂ)aﬁfvl ﬁr?ré H%J E‘%ggtlf\glll.t% |%£é\l?gtermwa?:s dggﬁver sr%n 9
Ve hairedesaniufisaiiod ak:tl\aty with @ high@ctivity ivlarematigasggonversion.
conmponent makes up a specified anount of the total

16ret al conponents present in the catalyst, a catalyst

i s Pl phVie oW foandrthatnis rie@sErdupdtllivinetal compopenrismakes up a
|nvent|onthus erai to a sulfur |_Nj

cat SPerdfiedsampy %fr %@rﬁ%@ﬁ?lﬂ%@%‘&?rﬁ%gﬁ%e% 58 seislst @
f eegdsaNbi is Rb&ME Wiean ickdazep adtibtyret al conponent

sel ectéd from nol ybdenum tungsten, and m xtures

thereof, a Goup V netal conponent selected from
3’ angds Wraseht MRestBn thas bakaifd te@duifur-containing catalyst suitable for

the hydrotreating of hydrocarbon feeds which comprises a Group VIB metal
component selected from molybdenum, tungsten, and mixtures thereof a

Group V metal component selected from vanadium, niobium, tantalum, and
mixtures thereof, and a Group VIII metal component selected from nickel,

20 cobalt, fron, and mixtures thereof, the metal components (calculated as

oxides) making up at least 50 wt.% of the catalyst, wherein the molar ratio

between the metal components satisfies the following formula:

(Group VIB + Group V):(Group VIlI) = 0.35-2:1.

25

The indications Group V, Group VIB and Group VIil used in the present
specification correspond to the Periodic Table of Elements applied by

Chemical Abstract Services (CAS system).

30 It is preferred that molybdenum and/or tungsten make up at least 50 mole%
of the total of Group VIB metals, more preferably at least 70 mole%, still
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m xtures thereof, and a Goup VIII netal conponent
sel ected fromnickel, cobalt, iron, and m xtures

Wo b@sgaf206 t he nmetal conponents (cal cul ated as BXI/ERH)PS/004265
maki ng up at least 50 wt.% of the catal yst, wherein
the nolar ratio between the netal conponents satisfies
the following fornula: (Goup VIB + Goup V): (G oup
VIIl1) = 0.35-2:1. The indications Goup V, Goup VIB
and Goup VIIl used in the present specification
correspond to the Periodic TaBle of Elenments applied
by Chem cal Abstract Services (CAS systenm). It is
preferred that nol ybdenum and/ or tungsten nake up at

! ea@'bresg é?@rla%% af 1ebbeod Qﬁ@lb%oﬁt fHa um Mé&dmweqbrsfermner the

prefera | east 70 nole% stillnpre preferabl
| ea@rot@oVIﬁun@tai to gongisy ewnaé(lve%fu rﬁ@*vfgﬂe&uaf "Uf‘%g"e? ‘he
Group VIB netal to consist essentially of nol ybdenum
and/or tungsten. It is preferred that niobium and/o

vanhds prafeméd tha nibiurs and/@/ansdis oreke pp aideast mole% of

g ﬁ'fé %ﬁﬁtfg%@ ﬁg@@&gfﬁ%@?té@%B%ﬁa@Esﬁfb WI@% still more

es ppmfex’ably atn}eafseeﬂeﬂolé%r Itrhay e egpesialyeprafertes Pébﬁ?i Group V

esse ni

pr ef"l?&?'l teﬁ?%‘ﬁgﬂwgﬁgg é'?'rnco wdﬁgﬁg%pl Zt | east

50 nol e°/c]>¢of tlhe totlal of Group VIII non-noble netals,
refer 70 | e9

pr eﬁé$ gﬁf@;reoff th%gglggelga% ?%lcgp/aqpm?l(%rgéta%gagggg ‘ranol?{ of the total

1gg ﬁgeetmqa ‘f/mfntdnhlﬁbtﬁs ﬁ*;eﬁaléll rtdarlermefemm et lemstal0 mole% still more

i st essenti

of RIIREPIYR ﬁ@gf éa/é)%/gl |rﬁ§y ?eé;l%{a@%ﬁ)gﬁkegﬁqe&?or%ﬁg Group

par yjij¢ HbRhbYlerhekrto @ﬂ}sns?é@éé?ﬁlél%domtléél ysiti/or cobalt. The use of

conposi tions according to the |nv

I
cat Bicyskalotpo Greso M IPERLF ST RENE B par o B A RERES
consi st essentially of nolybdenum nickel, and

vanadi um a catal yst conposition wherejn th
15 Preferred catalyst compositions according to the mventlon lncluge a catalyst

composition wherein the metals components consist essentially of
molybdenum, nickel, and vanadium, a catalyst composition wherein the metal
components consist essentially of molybdenum, nickel, and niobium, a
catalyst composition wherein the metals components consist ‘essentially of

20 tungsten, nickel, and vanadium, and a catalyst composition wherein the
metal components consist essentially of tungsten, nickel, and niobium.

Figure 1 shows a powder X-ray diffraction (hereinafter XRD) pattern for a
catalyst prepared in accordance with the invention.

25
In the context of the p;resent specification the wording “consists essentially of’
and “consisting essentially of’ mean that the composition in question contains
the cited componenté, but may contain contaminant metals the presence of
which cannot reasonably be avoided.

30
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conmponents consi st essentially of nolybdenum nickel,
and niobium a catal yst conposition wherein the netals
weompaoend s consi st essentially of tungsten, nPCREP2005/004265
and vanadium and a catal yst conposition wherein the
metal components consist essentially of tungsten,
ni ckel, and niobium Figure 1 shows a powder X-ray
diffraction (hereinafter XRD) pattern for a catalyst
prepared in accordance with the invention. In the
Sontext of the present specification the wording
consists essentially of and "consisting essentially
of mean that the conposition in question contains the

ci thl l"ﬁBlH?QQﬁJ‘FéhNe*éHtthQﬁﬁ{etﬁpéﬁrﬁpdhshwmaﬂhilenmtdlysteambsﬂng to
the presence o

ol thb imianiion salsies et REnHB (GO RO B T araws i Has-
catahyg e(%%ﬁ@rtﬂ%ﬁgtlé Baf\/\%aen' t’ﬂéec?{a! aibl&adrnsetintes Gloap VIB and

formul a Goup VII1) = ﬁ
2: 1GroRpeV enatal gnd He rr@tar@nnm:tr\h@é@rphré W”(Bt”%ﬂtaln‘ﬁlag east 0.51,
rmunt of \VA
armrﬂﬁ'ie %rfefe%@z%tﬁaﬁ 3 %lﬂjgtnlartxﬁrée efé}ﬁglgtdiffeégﬂ|0a751 The
pr efatio aﬂekween thbetaiai nmm* amountcpf<roup ViBrandpegugr Ysnstal and
east
arm he majar @918%’: i %%gh&\;l %QSF \é’ep%‘feﬁtﬁ)é %an%Et ﬂT'r%L ?211; the total
anomelar @fndanoupewud Vigetad Grsumk/eﬁehahbl tpo dighhipstielation to the

1.5:1, If the tot

& St Soble bE' PRV, L he P9, M At il be
1(22?1;‘:?&21:&(%9'11‘1!1@ tofhl llnomi'taaiaunt bieGmmu ViR grnchrleeV metal is too

am@m%/lnégl\ém@@@ptﬁq: n %rfn%’ln%l %/Efmg%aés olﬂl%(ltjl‘?ér words, the

rel atbaRt &Gk vl métamemvpbn@it @t@m ltmg‘hl, lthe petfeﬂmar‘@e of the

in other words, the anount of CfD(

conpaialyat willsalse Be Anggieduaive QRsrFtonHYL '%ﬂb? npﬁgpreg&r([ﬁ %nges

\M | @g %gt p‘% é ‘E’W%%@ﬁ@ acmq‘ mbllQ’@la‘!’giél“vﬁ”ltdlﬁ)lllm]tloll UU

lact the legs pﬁﬁ%ﬁfr%idlaw?%t S Wth a conposition within

The molar ratio of Group VIB metals to Group V non-noble metals in the
catalyst of the invention generally ranges from 10:1-1:10 and preferably from
3:1-1:3.

20
The catalyst composition comprises at least 50 wt.% of the total of Group

VIB, Group V, and Group VIl metal components, calculated as oxides based
on the total weight of the catalyst composition, preferably, at least 70 wt.%,
more preferably at least 80 wt.%, still more preferably at least 90 wt.%,
75  calculated as oxides. In the above the Group VIB metals are calculated as
trioxides, the Group VIII metals are calculated as mono-oxides, and the
Group V metals are calculated as pentoxides (for example Nb20s and V20s).
The amount of Group VIB metals, Group V metals, and Group VIl non-noble
metals can be determined via AAS or ICP on the catalyst after calcination in

30 airat 500°C.
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the less preferred ranges. The nolar ratio of G oup

VIB netals to Group V non-noble netals in the catalyst
w@booshes2oeivent i on general ly ranges from 10: 1- 1PADER20d5/004265

preferably from 3:1-1:3. The catal yst conposition

conprises at |east 50 wt.% of the total of Goup VIB

Goup V, and Goup VIII netal conponents, calculat ed’

as oxi des based on the total weight of the catalyst

conposition, preferably, at least 70 wt.% nore

preferably at least 80 wt.% till nore preferably at

| east 90 wt.% cal cul ated as oxides. In the above the

Group VIB netals are cal culated as trioxides, the

Group VII'l nmetals are cal cul ated as nono-oxi des, and

the Goup V netals are cal cul ated as pent oxi des

examp| aidiionOgo ati \meha) Cﬁm@r@ﬁﬁurﬁls%‘ﬁsﬁ othPver Bt 6 catalyst

gt gqlvrilb%s%org%cg%@ s ne g a%épméﬂllélsé‘%‘rﬁbﬂ@beconventlonal

fgt t@%fﬂ@/tst aérhptbnemé tiken iriders omcaxtier matg@m@rqqlpr@d(ggmpqﬂ?nts
€ onent. b

S oSBT OrP S ABPTa8 R e on may al g0

conpri se conventional catalyst conponents |ike binders
or carrier nmater

conEANPES 2T Wg‘:lgr}?u&e&é%%ﬁgc %ﬁr%@ﬂ%@ a?? smc%(smc% -alumina,
. glf I %wgﬁlg?{}ﬁ]alﬁg rtﬁﬁﬂlilé -afuteing atircosia, hm::ercatwmc glays or Eml@@IC clays
al umi
oo 2 oite bae s el B g s
185 ?ﬁ%?@ii‘l’ tlﬁrefé?l%ﬂlt B8inbenerteire Nsilicse peilardlemina, alumina, titania,
hydrotalcite, and m xtures_ thereo Pre

conﬁslmalgunam@ iconiga begtanc% ab%ﬁq”ﬁqqamlggrﬁ&etﬁ%reof with silica,
titania, alJrth{‘%ﬁd é\hh’md“@emg béﬁé@l’dl@ préfeneeni te, boria,

and “m Xt ur es wth silica, silica-alum na, and
al um na bei ng espeC| aIIy preferred.

Examples of suitable cracking components are crystalline cracking
15 . components such as zeolites, e.g., ZSM-5, (ultra-stable) zeolite Y, zeolite X,
ALPOs, SAPOs, MCM-41, amorphous cracking components such as silica-
alumina, and mixtures thereof. It will be clear that some materials, e.g., silica-
alumina, may act as binder and cracking component at the same time.

20 If so desired, the catalyst composition may comprise any further materials
such as phosphorus-containing compounds, boron-containing compounds,
silicon-containing compounds, fluorine-containing compounds, additional

transition metals, rare earth metals, or mixtures thereof.

25  The catalyst composition may have many different shapes. Suitable shapes -
include powders, spheres, cylinders, rings, and symmetric or asymmetric
polylobes, for instance tri- and quadrulobes. Particles resulting from
extrusion, beading or pelleting usually have a diameter in the range of 0.2 to
10 mm, and their length likewise is in the range of 0.5 to 20 mm. These

30 particles are generally preferred. Powders, including those resulting from,
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Exanpl es of suitable cracking conponents are
‘Né;égfé%gkpg czafkin% conponents such as zeolites,

10 , (ultrehstable) zeolite Y1 zeol i t BCXEP2005/004265
ALPGs, SAPGs, MCM 41, anor phous cracking conpoazﬁts
such as silicaalumna, and m xtures thereof. It wll
be clear that sone materials, e.g., silicaalumna, nmay
act as binder and cracking conponent at the sane time.
If so desired, the catal yst conposition may conprise
any further materials such assphosphorus-containing
conmpounds, boron-contai ni ng conpounds,
silicon-containing conpounds, fluorine-containing

coné) @Blsal'y Wﬂl‘; &'eﬁé‘r%'ll haPs nddpdh patiaksliameterinehe tange of 1

rreta res t ereof The catal yst conposition
mayprhahde eyt dievitiensrirors thip eeneraliange PES B &

i ncl ude powders, spheres, cylinders, rings, and
symretric or asymetric polylobes, for instance tri-
andrige @dfaWs@ kaemrdiﬂgrml ibkdaverdisnl is i anguifurdentaining saiglyst. The

beadi I 1 et |
A I
;2‘;2@% ltofn ? disd e Aesant il ivemte pain pattds the dorm of a sulfur

r esEPRPRIY mq;rg%éﬁg?o trggpmgf}%[ qug}' nClnSngE?ré% Pé’scéﬁ the sulfur will be

medi 3 ePRbtihe! Ret %Uﬁbléé dufing hueer&rtge cmtal;]stnmm(dmtneatmg or
but deviations fromt

The g PyBIECSR TER R ODBUYRIO R G JFLeSRTes of firogen.
6“' frhlé SGRMH 'n[Hn"ﬂef patcalarst is Jélférélw' dtusasrBywtise, morsenaterably
cat a i n whol € or
net at legsl 15 w&%, stitl magg pﬁfgﬁbwea‘ﬁ%%@ﬂ ‘?F J}?Slsgﬂf‘dr cqrent of
par '&afnqgﬁt IQr@n% aIl? ﬁl}‘Hdéf 700 {R.94I NBrefsthbl Oatn phosb B0h@t.%,
onent is case, the sulfur will be
comdepdare:iing nmthamrmosst@lnfu des during use of the
catal yst in hydrotreating or during a preceding

reduction/activation step in the presence of hydrogen,
: .ﬁhe Theltbtat amonnteoftsutiir prasent i tieyeatalys ageprding Wh%,{n%ention is

asgtengram se?ecp%lrt% @Jr?e EBI‘?{P ltcy 70-200%, more preferably 80-150%, of
the stoichiometric sulfur quantity necessary to convert the hydrogenation
metals into, MoSz, WSz, CrS, CogSs, NisSz, FeS, NbS,, VS, and TaS2
respectively.

20
As will be evident to the skilled person, when the catalyst according to the

invention is used in the hydroprocessing of hydrocarbon feeds, the metal
components will be present in the sulfided form. A preferred embodiment of
the present invention is therefore a catalyst wherein at least part of the metal
25 components are present in the sulfided form. In this case, it is preferred for
the catalyst to be essentially free from Group Vill non-noble metal disulfides.
The Group VIII non-noble metals are preferably present as (Group VIII non-
noble metal)Sp with a/b being in the range of 0.5-1.5, as can be determined
by, e.g., XRD. Molybdenum and tungsten are preferably at least partly
30 present in the sulfided catalyst as disulfides, as can be determined by, e.g.,
XRD. Chromium, if present, is preferably at least partly present as sulfide
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at least 15 w.% still nore preferably at |east 2
wt.% The sul fur content of tﬁe cat al y)s/t IS generaloly
wWaroosne204d0 w. % preferably at nmost 60 wt. % PBEPRPIIOFIE4265
on the conposition. The total anpunt of sul fur present
in the catal yst according. to the invention is
generally selected to correspond to 70-200% nore
preferably 80-150% of the stoichionetric sulfur
quantity necessary to convert the hydrogenation netals
into, MS2, W2, CrS, Co9S8, Bi3S2, FeS,. NbS2, VSl and
TaS2 respectively. As will be evident to the skilled
person when the catalyst according to the invention

dyfl 8 % 2V PBE! il 8%, BydrrRBI P8 G&ﬁrﬂsv metal
the tal onents w e present in th I de
f ormmﬁbrmnéﬁsepr&fdrabrybahieﬁﬁhpafﬂv Ftrﬁ%erﬁraéshlﬁgzr n?Pg TaSz,

is therefore a catal yst wherein at | east
part of the
met SePEONpEnent s are present in the sulfided form In

this case, it is preferred for the catalyst to be
essent i

i BB N ceestgd fehg\?e; uaup tﬁpthgledlfuﬂﬁ&tgﬂmgecﬂglyé’ﬂ according to

non- no

pr eﬁ'\%ﬁﬁ@éﬂloﬁrrﬁéﬁatsoa& pr@serntpn\WHdle aoimpdt & et farm g sulfur
wWth a/b bei n

et Boprian 1) boun o P pachenlsy nah® (50 Biosent nthe
ggfgclﬁhy éder%tgnia@.@?lfurpﬁtf theyform ef ergariiq sulfue eomipoundsl or in the
XRDforéqu%%[giqln?quﬁulb.ﬁ'gécgmosuq%g%ete?@r égr QJIQ&% By tr{eerr%tals of
1gar Ejrbfu&f\ﬁsglﬂéuaw it Grawporlﬁr Aiet4lr acﬁaponems darnthisecase, the

det er
s i iraoatsihacaiabiss Map-he Sy el an e s’ TEYE bonver
andtli]l'ea%t I oRRehEhiCieadiSparidinta tirsr elifdes, 'ﬁl’rbeactrudaﬁan step

int fur-contalnln cat al st ac ﬁ n r%

i nveganératy mmpasebcwa@iHesféﬁtcar fabysiigife 3@1’05 B%.?temﬁerat”re

the oﬁ‘ %6'3686%9%?‘%“ dtequate period of time. Such an activation step can be

15 . carried out ex situ, that is, outside the hydroprocessing unit in which the
catalyst will be used, or in situ, that is, in the hydroprocessing unit in which

the catalyst will be used.

- Various groups of sulfur compounds which may be present in the sulfur-
20  containing catalyst wherein the sulfur is not yet bound to the metal compound
in the form of a metal sulfide according to the invention will be exemplified

below.

Preferred sulfur compounds include organic compounds having at least one
25 mercapto-group.  Within  the  group of  mercapto-compounds,
mercaptocarboxylic acids represented by the general formula HS-R1-COOR,
wherein R1 stands for a divalent hydrocarben group with 1-10 carbon atoms
and R stands for a hydrogen atom, an alkali metal, an alkaline earth metal,
ammonium, or a linear or branched alkylgroup having 1 to 10 carbon atoms.
30 Examples include mercaptoacetic acid (HS-CH2-COOH), beta-
mercaptoprioprionic acid (HS-CH2CH2-COOH), methylmercaptoacetate (HS-
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conmpound not bound to the netal conponents. It nay,
e.g., be present in the formof elenental sulfur, in
wo b@sfiei2oe of organi c sul fur conpounds, or in tPRET/ERINNF/004265
of inorganic sul fur conmpounds that are not sulfides of
the netals of Goup VI1 Goup V, and Goup VIII netal
conponents. In this case, the sul fur-containing
catal yst may be subjected to an activation step to
convert the netal conponents at |east partly into
their sulfides. The activatiog step generally
conprises contacting the cataPyst W th hydrogen at a
tenperature of 100-600 OC for an adequate period of

ti a ivati Y .
| T Sci 2y oLt abgen s crzeonER lvhon)
whi mbrosbtoacatatd (H43-GHA-CORCARY, aod maihy;dierqapigerorrionate

in ) r Lhg unit in which the catalyst wll
be {ﬁggo&x&ﬁ?ﬁséﬁgﬂps of sul fur conpounds \a/:h%/ih anllay
tbﬁ prels;ant in the sul furcontaining catalyst wherein

e_s ur is not yet. bo . e a . |
iheF\"rg?% B?mﬂoﬁlﬂé{_saﬁeg?ﬁr?éjglgthg@cth?dgﬁg‘bt lcj)f t ﬂe |§}I5n)t\6/g:r?{ﬁdl?J ghmds
;’V'nLilncg@e&a?ﬁiﬁﬁémﬁsltimbd)aievmptan@‘ mpresentad byrthe @epeiahdermula
ner ngte%é)_ré a%%n%;ﬁt O%tggﬁ%?%\r%ﬁ%a%%t W&%&ar%ﬁ group having 1-
e ¢8RP0 HHAY ElempEs 6Bthtss esthpoyridsineedel-amino ethanethiol
repr esent ed bﬁ’ t he gener al tI?or I = Rl< wherein
RL §12D@H3CHZ-§HYi akh 4ANING PBS%’F@&E%JF W th 1-10
16iarkb|on at:)rr]s and RI it ands for a hydrogen atom an
alkali metal, an a i th '
| nasongrmnais ! Geodp Ao SR e e
at O%{ﬁ% F‘ecptgéé?e‘?ﬁéﬂj%yr‘fﬁécﬁ’é?{e?ﬁP@Fﬁ\GlaaHBdQB-SH, wherein R3

(HS- etamer capt opri opri oni ¢ acid
( HSSErEGHor CAOH/alemb t myireRarbeipt ket Brdng 1-15 carbon atoms.

( HSQHR - _
(%%@mifbgﬁﬁhgﬁdg{n@%%mﬁm (HS-CH2CH2-SH) and
_.15.. . 1,4-butanedithio! (HS-(CH2)4-SH). .. . . 4

Preferred compounds also include thioacids of the formula R4-COSH,
wherein R4 stands for a monovalent hydrocarbon group having 1-15 carbon
atoms. Examples of these compounds include thioacetic acid (CH3-COSH)
20 and thiobenzoic acid (CBH5COSH). Dithioacids of the formula HSOC-R5-
COSH, wherein R5 is a divalent hydrocarbon group with 1-15 carbon atoms
may also be suitable. An example is dithioadipic acid (HSOC-C4H10-COSH).

Preferred compounds also include mercaptoalcohols of the general formula
25  R6S-R5-(OH)n, wherein R5 represents an alkyl group having from 1 to 15
carbon atoms or a phenyl group, R6 represents a hydrogen atom or an alkyl
group having 1 or 2 carbon atoms, and n is 1 or 2. Examples of these
compounds  include 2-mercaptoethanol, 2-(methy|thio)éthanol, 2-
(ethylthio)ethanol, 3-mercapto-2-butanol, 4-mercaptophenol, 2-
30 (methyithio)phenol, 4-(methylthio)phenol, 2-(ethylthio)phenol, 3-mercapto-

CONFIRMATION COPY



nmer capt oacet at e ( HS- CH2- COOC8H17), and net hyl

3-ner capt oproprionate ((HS- CH2CH2- COOCH3). Furt her
wa@eowaszds preferred within the group of PCT/EP2005/004265

mer capt o- conpounds i ncl ude am nosubsti tuted

mer capt anes represented by the general fornula

H2N- R2- SH, wherein R2 stands for a dival ent

hydr ocar bon group having 1- 15 carbon atons. Exanpl es

of these compounds include 2-am no et hanet hi ol

(H2ZN- CH2CH2- SH), and 4-am no 4di ophenol (H2N- C6H4- SH) .

Addi ti onal conpounds within the group of

nmer capt o- conpounds are the di nercaptanes represented

by §ben@parsdbl, f os-fstRyiR-R3; Shropdrasdedln RBdst aredsylthar-1,2,
a dlvaPenp hydr ocar bon group having 1-15 carbon atons.

Ex apigpasedi®l t hese conpounds incl ude et hanedit hi ol

(HS- CH2CH2- SH) and 1, 4- but anedi t hi ol (HS-(CH2) 4- SH).
Preferred conpounds al so include thioacids of the

f or BiHes SitableseoMaREnds indisles sHirKidaso P AedRBTUR R7-SO-R8,

d ing. 1 _
Y “pREBIT BT R Y (RkeftRrt SIS PO (& oony

andexdmplb éndioiethyd sbifox{desl@tBAyCHR- t hi oaci ds of the
formul a HSOC- R5- COSH1 wherein R5 is a dival ent

hydr ocarbon group with 1-15 carbon atons may al so be

sui Aafsheniumnhieayemateeandsthitiuréd veagigiacbegseful compounds, as may

( HSOC- CAH10- . Prefer u | ek Ueethylene
ner ggﬁ?%é(?'&%ﬁ%@%?ar?%@'%g%ﬁ%r %&Tﬁ%r ér}aﬂﬁgatﬂ%?%gf% (oA n, y _
19he pRYmNiBEarbamicesen tad éta saltk ydndgtimethyhdithiocprbansie acid gnd its

15 carban ato or_a phenyl gr enr t :
hyd F%@‘e ,Qr%ggrosrﬁﬁgpleé:ﬁnﬁéwﬁl @F@lgg %ﬁea{\clgﬁaél‘%ﬁ{sarez%gééc%rd@g%w salts,
at ogEeh ad1d, s0dinerchped-1.3,4, Dichipkaes ahd itdeslés. conpounds
i ncl ude 2-nercaptoet hanol, 2-(nethylthio)ethanol, 2-
Other compounds that may be useful are polysulfides of the formula R9-Sx-
15 R10, wherein x is a value of 1-15 and R9 and R10 are alkyl groups,
preferably branched alkyl groups, with 1-30 carbon atoms. Related
compounds are those with the formula HO-R11-Sx-R12-OH, wherein X is a
value of 1-15 and R11 and R12 are alkyl groups with 1-8 carbon atoms.

20  Additional sulfur compounds include elemental sulfur and inorganic suifur

compounds like (NH4)25«x.

The present invention also pertains to a process for preparing the catalyst
composition of the present invention, which comprises combining,

25  sequentially, or simultaneously, a component of a Group VIB metal selected
from molybdenum, tungsten, and mixtures thereof, a component of a Group
V metal selected from vanadium, niobium, tantalum, and mixtures thereof, a
component of a Group Vill metal selected from nickel, cobalt, iron, and
mixtures thereof, and a sulfur compound.

30
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(et hyl t hi o) et hanol , 3-nercapt o-2- but anol ,
4-mer capt ophenol , 2- (rmethyl t hi o) phenol,
wd2qosaodzys t hi o) phenol , 2- (et hylthio)phenol, PCT/EP2005/004265
3-mercaptol, 2, - propanedi ol , 3-nethylthio-1,2
propanedi ol , and 3-ethylthio-1,2, propanedioi. O her
sui tabl e conpounds i nclude sul foxides of the fornul a
R7-SO-R8, wherein R7 and R8 are hydrocarbon groups
with 1-5 carbon atons. An exanple is dinethyl

sul foxi de (CH3-SO- CH3). Ammonjum thi ocyanate and
thiourea may al so be useful conpounds, as may be the
various dithiocarbam c acids and the salts thereof,

Zﬁg ?S&ggﬁg%l g’nf?‘ﬂﬁ@g‘g %lhfhggé‘rcg oﬁeﬁ‘t@'lﬁ @@Fﬁglé 8t a'ltt 1§ also

amc acld and its salts.
sui padditste oGS tmmsummecmpmm sithzan a5 E1E8 il metal

t hel | t h
e ilin R i GO gt i, o e
WBYC&aR%h?rg:fsg'Hoﬁ\Fe@epC%wimd éonﬂaalngfmateelarsomnlaﬂ he fepndled in an
X 1S a va
81 ench EuaBEeTB B FERIERt PBRURE A SR T B PRt aLeC oy Ppment
1 39 f rﬁi@éésﬁtd? fﬁtgha%r?mnd@arﬁmstrsﬂao acemphn@é ofiatGroup VIB
X
o et am@nmneaihaf atrowp 3 e metd)s a’é‘? 8 ”gﬁmh%ﬁ?i*’% Gfdup Vil

car lﬂ%q? aafrg fé‘é[n Gltblf&ﬂ@bn %N&/ééﬂ-st@bﬁnﬂddmts followleddy combining
el ermen ur |norgan|c sul fur conmpounds |ike

( NHtigxoxyDles- Srﬁ@%émdup?w@h? i reﬂoglzp%'@gt ains to a

1grocess for preparing the catal yst conposition of the
resent invention, which conprises conbini

seqewts aré _wanws bieys |0 aHIBE FomBOBRIRINREToyP YB metal, 2
and%ﬂ?@ taEL e?e e\?‘rﬁé%alf BRI EINMRARAUSH a CragsVRInmetal may

corrponent of a Goup V netal
sel ertahtinen vanadl um ni obi um tantalum and
m xtures thereof, a

15 - In a first process, the metal components are combined and reacted in the
presence of a protic liquid, after which the resulting composition is isolated
and dried. Any protic liquid that does not interfere with the reaction may be
used. Suitable liquids include water, carboxylic acids, lower alcohols such as
ethanol and propanol and mixtures thereof. The use of water is preferred.

20
The at least three metal components used in the process according to the
invention, namely at least one Group VIIi metal component, at least one
Group VIB metal component and at least one Group V metal component may
be in the solute state or at least partly in the solid state during the process of

75  the invention. Thus, the reaction may involve three solute components, two
solute components and one at least partly solid component, one solute
component and two at least partly solid components, and three at least partly
solid components. The reaction may involve precipitation and, depending on
the state of the various components, also dissolution and re-precipitation.

30
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component of a Goup VIII netal selected from nicke
cobalt, iron, and m xtures thereof, and a sulfur ’
wa@ eowad2de EP2005/ 004265 1 1 It is possible to poOEPIWes/004265
all these conponents in a single step. It is also
possi bl e to conbine the sul fur conpound with one or
nmore of the metal conpounds and then combine the
resulting product with the other netal conpounds.
However, sul fide-containing materials nust be handl ed
in an inert atnosphere to preyent oxidation. Therefore
in a preferred enbodi ment of the process of present
invention in a first step a conponent of a Goup VIB

net al

e B RIS Sl Yl ltp 8 o

giwﬁoﬁ ggbtﬁeprr@?w% bf @ombivny byd ceadiingithg meial components
ro

ar dnveglytions tadyre .%li%mw o :a,ésul 8ﬁér ?8%%@% b&f{/@solution

”Etr%h )6‘ of %g%ﬂﬂrr\el?@%n@ ré&dﬂu@ the nﬂtailcpn'@ndelatsolm mﬁ)p@ﬁence
a

o IR N G T T RN R

in ﬂiﬁw P RE SBFPstafe MeRlivifict debighatdd asfthelsoliiiraltet)he
res ng conposition is isolated and dried. Any
protic liquid that does not interfere with the

rea fhgrkoﬁ[ﬁ%nq'gufés% n@%ltc%mp%nbh@%rdfcdnmwh}edlmmd when

car boxyl1c acids, [ ower al cohols such as et.hanol
pr ofhenare aombimed tandéns r%ﬂé@‘étﬁ formiAePrgsIae: (i3 Bpsﬁl@a &g, o
1 Lgf %{1@88 e E\eetﬁtcghﬁ:%%ntg 15 1By @ke ERERHNA fthé dl$selded state

ccor e I nventi on, nane
I eaand e r@vempemareactmcefoam apiegiitate: Howswqﬁfeﬁzg alaﬂ gossible to

met 58 Mg%ﬁrﬁ%ﬁ{ mﬁ%}gp B Thel doRboh&RS thdtnfe PatiPorVentirely in
the solid state with further metal components while ensuring that the metal
components which are partly or entirely in the solid state will dissolve when
15 present in the reaction mixture. In other words, at least once during the
solution route process, all metal components must be present wholly as a
solution.
~ Precipitation can be effected by, e.g.,
(a) changing the pH during or after combination of the metal component
20 solutions to such a value that precipitation is induced;

(b) adding a complexing agent during or after combination of the metal
component solutions, which complexing agent forms a complex with one
or more of the metals to prevent precipitation of the metals, and
thereafter changing the reaction conditions, such as temperature or pH,

25 such that the complexing agent releases the metals for precipitation;

(c) adjusting the temperature during or after combination of the metal
component solutions to such a value that precipitation is induced;

(d) lowering the amount of solvent during or after combination of the metal
component solutions such that precipitation is induced;
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be in the solute state or at least partly in the solid
state during the process of the invention. Thus, the
WO e@stioxzne may i nvol ve t hree sol ute conponent s, PCTP2005/004265
sol ute components and one at |east partly solid
conmponent, one sol ute conponent and two at | east
partly solid conponents, and three at |east partly
solid conponents. The reaction may involve
precipitation and, depending on the state of the
various conponents, also disspution and
re-precipitation. 65 12 Generally, there are two
possi bl e ways of contacting the nmetal conponents with

one(a? Ry a nB@QEIWntdeth@'ﬂ?lalﬁbﬂgorﬂblﬂaﬂcﬁﬁoﬁ the gnéthlecomponent
nponents in sol ufion to rec

(hereli’rﬁ%lﬂlloéﬁ tqlmeem REasipitgtion ﬁ@re%fo\w F&%nrs&’}%g )mee}ﬂlng that
B¥eggncé52§b9p1@f§jlsre%§5ﬁtl£9lﬁsmel@ithls%@wEﬁments in the

rotic liqu h at | east one of

met ) addn‘[g)aerm@%%@éleﬁhﬁgdathel eBPONRANS (3 SPﬁh tai'?eéx ent that
oli dnes(.gapﬁat{oﬂqg ﬁ'!dﬂg%& er designated as the "solid

out e sol'ution route, the nmetal conponents
are conpletely dissol ved when they are conbined and/ or

r ea&@ﬁg rfrggthﬁ hg mm’;\t éeggﬁd,{ ﬁag%r é[!)) rﬁbé’%ﬁé Bl &ddfhgda base or

to C hey are al ready
in aheadld smottheedeacttmnenaxtdra thwamre lt henls@aeassiole o add

forma S: 0551
conﬁ?rﬁeglﬂ}?é @b ﬁvp%or'gk%h? ﬁghﬁgatt b ln'E‘,l e%glgﬁt glﬁlt EE@orﬁaﬁ’ose into
mar h{dtofitle fatsi gred’ mnm whieh smreadesalndtc@cwaeh the pHheaspectively.
onent s il.e ensuring

ConbenERes ahcomeatpos R WO gkRibatss” iBh e, tymperature
St atrf%ré’élsld ﬁhésmbr@ymmrea@eeserdbcnease htberpldcaneourea nitrites,
m xture. In ot her words, ah(#@? ce durin tr
o1 aTsRIyD GYaneSe BB hvarerar. LG pREnLE et
present wholly as a sol ution.

15 The solid route comprises combining and reacting the metal components,
with at least one of the metal components remaining at least partly in the
solid state. More in particular, it comprises adding the metal components to
one another and simultaneously and/or thereafter reacting them.
Consequently, in the solid route at least one metal component is added at

20 least partly in the solid state and this metal component remains at least partly
in the solid state during the entire reaction. The term "at least partly in the
solid state” in this context means that at least part of the metal component is
present as a solid metal component and, optionally, another part of the metal
component is present as a solution in the protic liquid. A typical example of

25  this is a suspension of a metal component in a protic liquid, where the metal
is at least partly present as a solid, and optionally partly dissolved in the

protic liquid.

It is possible to first prepare a suspension of a metal component in the protic
30 liquid and to add, simultaneously or successively, solution(s) and/or further
suspension(s) comprising metal component(s) dissolved and/or suspended in
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Preci pitation can be effected by, e.g., (a) changing
the pH during or after conbination of the netal
weompaeené sol utions to such a value that precP@Ii/ERZ00D004265
is induced; (b) adding a conplexing agent during or
after conbination of the netal conponent sol utions,
whi ch conpl exi ng agent forns a conplex with one or
nore of the nmetals to prevent precipitation of the
metal s, and thereafter changing the reaction
condi tions, such as tenperatujge or pH such that the
conpl exi ng agent rel eases the netals for
precipitation; (c) adjusting the tenperature during or

af tﬁ% BRITRI ﬂ(%iﬂ.orft of 456 PRt CONBRNICBEMBIAkUSDItoNE Gither
sucha’value that precipitation is induced; (d)
| owsimuitgnaduslyanoiunsuesessiyelendndute n@UB?eod*fel“éy add  further

conpi I: f e ; Ot SOjtHdron t
prg%"?s%lgbg? ﬁ%g iayai ngﬁtﬁ:@&”ge) ad?irhgsga aélﬁgé-s%??gﬁfed@@ o
dur suggessively.t er conbi nation of the metal conponent
%ol utions to induce precipitation thereof, with a

on-sol vent, neaning that the precipitate is

essastiora) by at lemet abeé enetal comiponeol isettieast Partlydi the salid state

excess of either pof .th .

oot ArbuR. 1 RRRRET D Ao A0'at st

g- gpartl9pmljmtre é@l)ﬁl aetaté B3 rencrifieald oFteisbit iadpbssiple foagd metal
r an aci the r tl, | xt .

o apacin b b SRR B b ef LBl 4 48t prty

1i¥)ggg%g§6lléﬁﬁaten¢méﬁﬁtivgyml rhetdE composentiwttich figy dt teastipartly in

i 0

- CBe pita 5o bR ATpITRNL GGt dam AR e} 1P solue

dece{m&%.'gy RAB dfee hiroaipenentsns added apleasipdriigiretng solid
i ncrease or decrease the pH are urea, eglitrites

ammstete And e 8aeb leaghonARPIRRIABYiWE MR CARRIIFNEAre added

car lﬂ?ﬂ%t &lute state. In another embodiment, e.g., two metal components are
15 added at least partly in the solid state and at least one and preferably one

metal component is added in the solute state.

That a metal component is added "in the solute state" means that the whole
amount of this metal component is added as a solution in the protic liquid.
20
As will be clear from the above, it is possible to add the Group Vil metal
component, the Group V metal component, and the Group VIB metal
component in various ways: at various temperatures and pHs, in solution, in
suspension, wetted or as such, simultaneously or sequentially. It should be
25 noted that it is preferred not to employ sulfide-containing metal components
during the combining of the metal components, as these components and the
resulting products are not stable in the presence of oxygen, which implies
that all process steps subsequent to the addition of this metal component,
even those at a lower temperature, will have to be carried out under an inert

30  atmosphere if resulfing of the material is to be avoided.
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The solid route conprises conbining and reacting the
metal conponents, with at |east one of the netal
weomsosené s remai ning at least partly in the sPCT/EP2005/004265
state. More in particular, it conprises adding the
metal conponents to one another and sinul taneously
and{or thereafter reacting them Consequently, in the
solid route at |east one netal component is added at
| east partly in the solid state and this netal
conmponent renains at | east pa.ély in the solid state
during the entire reaction. Le term"at |east partly
|n t he solid state" in this context means that at

t e C
sol éH't#Z a"Va ﬁ‘ﬂB‘HSné%uﬁquﬁ. onaclbﬁyehgﬁgtn%ergé deed T3 e
t he{)f&béé of @ (rivention mqh:dessaits gucl asonitieiesn hyqi\rafqgienl?rates

nggl@%géqlﬁa%ggragew& e@oﬁ@éiégn) Fh%ft%& thlgattélszf mates acetates,
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elussquvaseb Shetes; arotpap e, b BaE gl ey thbreot as
e Well%@'ﬁﬂ@(@?ﬁ'}pdpﬂoéﬁ]ﬁtepsotame Wiatgiso|ubtediraroceraieRnents include
si mul t aneous % or successiyvely 8 | 9 g
wwmm%@&@%@%%@ﬁ%ﬂ%%W@ﬁ%ﬁn@)

di ssol ved and/ or suspended inthe protic liquid. It is

al so possible to first conbin luti
si mswtahleowstey -solublsyGreda 8| &egﬁ?dg‘{r@g@%ﬂg | hgur%el Group, VI8

159%&12 Sy Ss.léﬁ?eélﬁﬁho%sénﬁﬁ%uﬂﬁt b ngkdly nﬁélhlu&mmmhm)lybdates and

taneousl y or successi vel

I eflanngstﬁemsa/vellcmwateéﬁplqbg @ppplg—gg%pﬁgpqq 9P &ﬁﬁi)ﬂ%num and
f}gt ;{S 3 %%Hgﬁtag'h%;:&f& oS 4, rd?%aﬁer—édﬁ@olé‘%@i&épdw compounds

are at' least partly in

SIO: it l?bl?b@enum rovt tuog$ten ccompripings fyrther.se |Sos'§1 §|| Igl‘:, &r Co or
a nme

to g@nggrbqt neergé S§ngoﬁ?°w%%w@ fsBBol§o! &t 1 Béteropoly
15 compounds are given in Molvbdenum Chemicals, Chemical data series,

Bulletin Cdb-14, February 1969 and in Molybdenum Chemicals, Chemical
data series, Bulletin Cdb-12a-revised, November 1969. Suitable water-
soluble chfomium compounds include chromates, isopolychromates and

ammonium chromium sulfate.

20
Suitable water-soluble Group V metal components to be used in the process

of the invention include water-soluble salts and acids such as vanadium
sulfate, vanadium heteropolyacids, niobic acid, NbOCI3, and tantalic acid.

25  Ifthe protic liquid is water, suitable Group VIl metal components which are at
least partly in the solid state during the process of the invention comprise
Group VIII metal components with a low solubility in water such as citrates,
oxalates, carbonates, hydroxy-carbonates, hydroxides, phosphates,
phosphides, aluminates, molybdates, tungstates, oxides, or mixtures thereof.

30 Oxalates, citrates, carbonates, hydroxy-carbonates, hydroxides, phosphates,
molybdates, tungstates, oxides, or mixtures thereof are preferred, with
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the solid state. Alternatively, a netal conponent
which is at least partly in solid state can be
w@omobiteRde Wi t h a netal conponent which is in tPEl/BPL00S/6)4265
state. E.g., one of the netal conponents is added at
| east partly in the solid state and, e.g., at |east
two and preferably two netal conponents are added in
the solute state. In another enbodinent, e.g., two
metal components are added at |east partly in the
solid state and at |east one gnd preferably one netal
conponent is added in the solute state. That a netal
conmponent is added "in the solute state" means that

t he@{m&hﬁ a?B’é’rH’d’iés Qfndt E'ér%orﬁ@b@' bsnmm rﬁreieﬁreeld Meeailya the

sol protic ear
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mponent | n various ways: at various
tenﬁ)andmmSésrﬁwabMQﬂ -0i& sol ution, in suspension,

tted or as such, sinultaneously or sequenti al I y. It
houl d be noted that it is preferred not to enpl oy
sul ffitike prodictligiidl lagﬂla’tet aUIt&ﬁﬁdﬁ%NéB mﬁtﬁlr@”ﬂﬁpé‘e”ts which are

conb h
and lﬁg&g%ag{y { ﬁsr%’r'g ? %@ttac@}ﬁga%{lﬁ&%é’@mwm Setal
pr egempenertts witl gelow smlbdlltv lanﬂHltEE§UGih a8 dixlandgrigdess carbides,

o S,-B@FH%%? 2 @Eﬂtrq %ggstehgglc?sddért rlnB&h gg tﬁgﬁ’eﬁ nﬁrte?érred Group ViB

ower enpera

IUaVﬁ'lne}tzﬂ B@rn?@ﬂidﬂts?dmfndﬂi amdet leasti panly mtmméd estiate during
resulrtin

| ot o "B Wi ot T R 3R
tsg | ??begﬁgﬁm;bsoﬁﬂmn?g?gﬁdm@fnolybelgnmem arahtriokide utelybdenum
hy dFaroiste. CRPYPFRMEN o r‘%hfefljﬁgclt@%“aai?eﬁ“gﬂgg%r 2668 (.o
f or RR{RS,), 3FFhaki8s phosphomolybdate, or mixtures thereof, with molybdic
15 acid and molybdenum di- and ftrioxide being preferred. Suitable tungsten
components include tungsten di- and trioxide, tungsten carbide, ortho-
tungstic acid (H2WO4*H20), tungsten nitride, aluminium tungstate (also meta-
or polytungstate), ammonium phosphotungstate, or mixtures thereof, with
| ortho-tungstic acid and tungsten di- and trioxide being preferred.

20
If the protic liquid is water, suitable Group V metal components which are at
least partly in the solid state during the process of the invention comprise
Group V metal components with a low solubility in water such as oxides,
silicides, phosphides, and borides.

25

It is well within the scope of the skilled person to select suitable soluble or

insoluble compounds, as the case may require.

In the context of the present specification, the material which will be at least
30 partly in the solid state during the entire process has a solubility of less than
0.05 mol/ 100 ml solvent (18°C).
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or hypophosphite. Suitable water-soluble nickel and
cobal t conponents include nitrates, sulfates,

wae@saorse chlorides, formates or mxtures thePEDEPZS5/004265
wel | as nickel hypophosphite. Suitable water-soluble
i ron conponents include iron acetate, chloride,
formate, nitrate, sulfate or mxtures thereof.
Sui tabl e water-soluble Goup VIB netal conponents
include Goup VIB netal salts such as ammoni um or
al kali netal nononol ybdates apd tungstates as well as
wat er - sol ubl e i sopol y- conpounds of nol ybdenum and
tungsten, such as nmetatungstic acid, or water-sol uble
het er opoly conpounds of nol ybdenum or tungsten
conprising further, e.g., P, Si, N, or Co or
congi gatdeamsd,t hefredrial Ssldotd dronatibe - goLpbbE birgi@pdmterlais

and het er opol

CherArYaTOT HBFARESHS a0 A0y Fibs S St AR pr mixtures
FEebiAAL caN 8 a%ﬂ@d'pﬁom whiethe danebiningland readtiegiof fle metal
data series, Bulletin Cdb- é‘ea reyi sed 1895?

Sui @@bp@ﬁm éﬂé/@r §HPILARROIELRIPC *F&ﬁ?uwageb'iaﬁ% Wﬁcpe gnated
chrgg‘agagﬁeé ?lsvyggg\g_mat es and ammoni um chrom um

sul Tate ui table water-sol uble Goup V netal

conponents to be used in the process of the invention

| nch. gg CoalBL e hi éHél‘béa‘ﬁ 8l éoﬁie@r‘grlé‘ﬁtdﬂ&héLt@hta@ﬂng'ao‘fatﬂ\eum\etal

vana I'um heteropol yaci ds, niobic aci
Nboebrapomus aine 4. eoreliniag it with Rae GF GAgre hut @8?8” jof the metal
ter, suift |
C ameBlerhs B 5o Fo S G e g PR
Of &ﬁwnomymradded roetap corspor@nts githar| slmﬁﬁqr@ougu@mﬁggswely

oxal aelgé)rwgg%%bg%ll gé’n kg%d\r%?g(jgg C%E@ngfee(s\cb h{]a%gl‘ri‘g(‘;xc?f fhe metal

I?Egg;glg@?gints gj)?lpgrgl,l slamltauaéw@ynmml@mngﬂhg @ggteégnatenal “and the
meta componen?s or flrgt] o%b?rﬁné hﬂ{eeoﬁmtal components either

15 simultaneously or successively and then adding the carrier material during
the reaction of the combined metal components. The carrier material can be
added subsequent to the contacting of the metal components by, e.g., adding
it directly to the reaction mixture obtained after the reaction of the metal
components or by adding it after any of the further process steps which will

20 be discussed in detail below. Preferably, the carrier material is added
subsequent to the contacting of the metal components. Optionally, the
catalyst composition resulting after combining and reacting the metal
components can be subjected to a solid-liquid separation before being
composited with the carrier materials, e.g., filtration. After solid-liquid

25 separation, a washing step may be carried out. Further, it is possible to
thermally treat the catalyst composition prior to its being composited with the
carrier materials. The carrier materials can be added in any suitable form,
e.g., in the dry state, either thermally treated or not, in the wetted and/or
suspended state, as a filter cake, and/or as a solution.

30
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Oxal ates, citrates, carbonates, hydroxy-carbonates,

hydr oxi des, phosphates, nolybdates, tungstates,
weziodas3200r m xtures thereof are preferred, PCT/EP2005/004265

wi t hhydr oxy- car bonat es and car bonat es bei ng nost

preferred. Cenerally, the nolar ratio between the

hydr oxy groups and the carbonate groups in the

hydr oxy-carbonate lies in the range of 0-4, preferably

0-2, nore preferably 0- 1 and nost preferably 0.1-0.8.

If the protic liquid is waterqgsuitable Goup VIB

metal conmponents which are at least partly in the

soI id state during contacting conprise G oup VIB netal

n@?ﬂ@r@ll? et bro%eé@Wf 3104 phadeht jnvientiovateay, ceraptiseathedfurther
and trioxid car bi des, dﬁl tri des al um | um sa

aci BOCest StﬁP&PUF%@yldﬁé'P% ashpdeying ’r’E'H'n@“ d{I/]ngbf@ryémlxmg,

cond Wt t ahers caRmin Mixirg mebnsl th
stat@n%rrn contac?ln@ alare d|el anddy[t)rémxrrges mrxrng ©

andca*ebyﬁma@@pwsr@ne@fthesirvt%ﬁ Vitho?RihE ﬁ@éfﬁﬁﬂ%&ﬁ?‘é in the
Sncérwﬁaféow&qﬁ dig., e8Hpides UM, thgﬁlllé‘tkmil@ﬂwke comprising

car mnltrlde alumnlumm)lyd
mol {tedicetadyst d@n(r@sgrom—awb@gtlona Fm@BWi efmthe "above Shaterials as

ph °§8®§§%‘ é(#)\g/%lg ﬁl'teroéaéélg'_ % trfSa t%%c%%ﬁouﬂpta&e”@rbyéﬂ | Shaping

aci enum and trioxl bei ng preferred

Sui tariubes&s,ra@ateaotru&r@ﬂppﬁi@hzleg,r hesdingeandgRrahdying. and
trioxide, tungsten carbide, orthotungstic acid
(H2WCVH2O), tungsten nitride, alum niumtungstate

16al $tds geheralty peferr(edrfgsﬂmtm@cesammmdm to the invention to comprise

gP? %gshohﬁgg?etpgtrgglsgagﬂgéiq%}r gyéfgr%fgﬁloéam%ﬂ {muq after J]e combining
g‘a: {égg Pg@f&ﬂg Lcﬂ!dhe hfetdl Imnmonbnts Ifraqcmr:qrden matmralers to be added in
S i eescra et & 455 TRENRGL e 1 Paflf Sl gtore e

mvgﬂg}b,ﬁ sfepPehgiedGueup V netal conponents with a | ow
solubility in water such as oxides, suicides,

18hosphi des, and bori des.
If so desired, the product resulting from the combining of the Group VIl metal

component, the Group VIB metal component, and the Group V metal
component may be submitted to a calcination step. This calcination step, if
applied, will generally be carried out at a temperature of 100-600°C, more in
20  particular 150-400°C, still more in particular 250-350°C. The calcination time
generally varies from 0.5 to 48 hours. The calcination may be carried out in

an inert gas such as nitrogen, or in an oxygen-containing gas, such as air or
pure oxygen, optionally in the presence of steam. Preferably, the calcination
is carried out in an oxygen-containing atmosphere. '
25
As indicated above, it is preferred that sulfur is incorporated into the catalyst
composition after combining the various metal components o form a product.
There are various ways to do this. It is, e.g., possible to contact the catalyst
with one or more of the sulfur compounds described above, e.g., by
30  contacting the product with a sulfur-containing liquid. Such liquid may be the
liquid form of a sulfur component. It may also be a solution of a sulfur
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It is well within the scope of the skilled person to
sel ect suitable soluble or insoluble conpounds, as the
wea®s/10m96 require. In the context of the presePCT/EP2005/004265

specification, the material which will be at |east
partly in the solid state during the entire process
has a solubility of less than 0.05 nol/ 100 m sol vent
(180C).If so desired, a material selected fromthe
group of binder materials, conventiona

hydr opr ocessi ng catal ysts, crﬂfklng conponents, or

m xtures thereof can be added prior to, during the
conmbi ning and reacting of the netal conponents and/ or

S u bs& ﬁfqnn&ir Fﬁjg% gﬁw%n aTE&Igﬁllﬁ?bS%%ﬁ“e% YHcopditedss! bﬁlﬂﬁ‘hﬂd the

e carrier material can
be estdigst \a |nm1tmgoortm11mammdt israjscopossitde kpsudfide the product in

onent s {
TR SHseuR ety oSBRIHLEfath o 0 CORaRlne B s
Z ggs@ause?ttulbxelsbomysmlmga $ittdenihet catalystibyrcantesting it with a su|fur-
ed neta 0 h
g coRa T oAb hleBicr Seh BYIrarrba, RELPHK B foen spiked
gr‘ﬁuwlﬁﬁgﬁggwﬂ{?&oﬂfaggh@ mﬁpdurﬁomponea:t sdimgthyddigulfide (DMDS).
us co n
e BRSPS
corrggm iy &nidRindSdafet ﬁﬂﬁéwaut\fn@ftu snde ssisitel Gortacting the
hen adding the carrier materi al in he reagction

of - presiugbi pgasheEs fb RpBRRTY stihes B chn bE e R gt or
6anupglt@dé'&'ga&hﬁgstﬁgu&%udt%ﬂhﬁ s@ﬁﬁﬁ-@ﬁrﬁénﬁ@gq{ydtdit%rbm feed is
conponent s

ding it direct

[ eaotefenabm Sarerla sist Gomtaelingrthe caiist wgééiqr@ﬁ‘ﬂ Frsuffeor with a
i’]hwao&pg RESN& Qﬁ|ftﬂyﬁﬁ€¢]&ﬂi hé o%fs.&r%edaahfo@‘ wﬁllhgenerally be

process ste di scussed
det alohe teal gity. [rPis eaaebitymay he otesrred EpWRYHE'e (P alJbJP%f the sulfur-

?g?r%gﬂ @eﬂ%g%} aé%é’ Iaf' %%tl\fﬁﬁﬁhaé{éb Qth HydFdienBY déscribed above.

15 The activation with hydrogen can be done ex situ or in situ.

In the context of the present specification the indication in situ refers to a
process carried out in the unit in which the catalyst will be eventually used in
the hydroprocessing of hydrocarbon feeds. Conversely, ex situ refers to a

20 process carried out not inside such unit.

Two preferred embodiments of the preparation process according to the

invention will be elucidated below.

25 A first embodiment is a process comprising the successive steps of
combining the metal components in a protic liquid, optionally mixing the
resulting product with a carrier material, shaping the resulting composition,
e.g., by spray-drying or exirusion, optionally calcining the resulting
composition, and combining the resulting product with a sulfur-containing

30 compound. A more preferred version of this embodiment comprises the steps
of combining and reacting the metal components in a prbtic liquid, isolating
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catal yst conposition resulting after combining and
reacting the metal conponents can be subjected to a
waelosde2dgui d separation before being conposi t BAI/MPL005/004265

the carrier materials, e.g., filtration. After
solid-liquid separation, a washing step nmay be carri ed
out. Further, it is possible to thermally treat the
catal yst conposition prior to its being conposited
with the carrier materials. The carrier materials can
be added in any suitable formye.g., in the dry state
either thermally treated or no? in the wetted and/or’
suspended state, as a filter cake and/or as a

sol g}% r%gﬁt%?{)aér%gg#béfpﬂ&ngm Hﬂ)?ﬁft @Eul‘hh@ cBfa8&EBbmposition with

i nv rise process steps of
spr awadiarlmgerlélf blzegting theyneagjtmgrppnnpﬁ@tlonq fehdPWh @pray drying or

iglufe%# m_Xi %ﬂ ﬁ]{;y h%r re\g@ﬁmgﬁ nﬁl&osn%?]a@n@gsulﬁ&ﬁ? Ofhe resulting

X1 means m xi ng t he catalys
,comeﬁalon in the dry state with any of the above
materi-als in the dry state. Wet mxing, e.g.,
éonprises nixing the wet filter cake conprising the

cat §Jo¥Hcc6@imOBithé Piveatith opti onal |y any of the above
materrals as powders or wet filter cake to forma
honmpbgenous paste thereof. Shaping conprises, e.g

ext sl QffalyftohfidsitioR Bcchgiay fogthanaventios maayoedlusyadug virtually
It is generally preferredfor thef C Ceor ME%Ja

t he allmyeiprenestipg PERFEPS tojfreat 24 W% 'Q’t"igee"% L&‘ Sﬂapl ngﬂgmg
Dt eR é&noﬂf(f?cfrﬁﬁtﬁa%y egﬂ B eéinwétuaést e-r mehmn:gmbf 2D0%y tadd0°C,

react I ng conpone

Tt cnyHyeh press s 1B dRUATOR o Rdo P88 Sl aPaFVRgeies (LHSV)
the .\ nye Q%r’g%éw of th5' &, 7o @'fer'l"h@' ﬁérrﬁdﬂ%’robﬂfc@éﬁng’hm this context

shadlng arried out. so desire
pr ochmbmpassﬂSt aih g>r¢06c$ﬁ$~°e firee vﬂwho.anh)‘fb’oarb% éeélﬁﬁe%t?q with

e i o, R e cpmenprenandincun

Lsal Chydiadgematist,ep. Thl Isyotradeauﬁamza@ﬁnst ep, i hydrodenitrogenation,
hydrodemetallization, hydrodearomatization, hydroisomerization,
hydrodewaxing, hydrocracking, and hydrocracking under mild pressure
conditions, which is commonly referred to as mild hydrocrackin'g. The catalyst
composition of the invention is particularly suitable for hydrotreating

20 hydrocarbon feedstocks. Such hydrotreating processes comprise, e.g.,
hydrodesulfurization, hydrodenitrogenation, and hydrodearomatization of
hydrocarbon feedstocks. Suitable feedstocks are, e.g., middle distillates,
kero, naphtha, vacuum gas oils, and heavy gas oils. Conventional process
conditions can be applied, such as temperatures in the range of 250°-450°C,

25  pressures in the range of 5-250 bar, space velocities in the range of 0,1-10 i’

1 and Ha/oil ratios in the range of 50-2000 NI/

The present invention will be elucidated by the following examples, without
being limited thereto or thereby.
30
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applied, will generally be carried out at a
tenperature of 100-6000C, nore in particul ar
was@sAe0C, still nore in particular 250- 3500CQPCTER2005/004265
calcination time generally varies fromO0.5 to 48
hours. The calcination may be carried out in an inert
gas such as nitrogen, or in an oxygen-contai ni ng gas,
such as air or pure oxygen, optionally in the presence
of steam Preferably, the calcination is carried out
i n an oxygen-contai ning atnosphere. As indicated
above, it is preferred that sulfur is incorporated
into the catal yst conposition after conbining the

var EQUS oIt Hre A BRSNS Satalysf SdriigingmAGlicdenui eapadiue, and
various ways to do Is. Tt 1s, e.g., possible to
connigkel t he catal yst with one or nore of the sulfur
conmpounds described above, e.g., by contacting the
product with a sulfur-containing |iquid. Such |i ?( i d
may Abeataliiet dompastiion ovas repared asfiallovs Sdavams . of nickglyydroxy-
I'sg lhu u g‘f@rﬁ idé were
ul Pﬁ&%in?t § ;% pé)@&%b%mt%gsl%r{{:do%g r at g, Vgﬁgﬁumu?&?g*o o
t he combiledsit an aquedusi mgdism. SUts slnﬁvwbaﬁ aged joyergighg at 90°C
possihle to s tef
by dbripceiing THe (iRl BEPEin, s REraPaRe, RERRer cake
I'|25mliﬁied]éIDlJlsrng ithe i mixigs dhepd:smpbrﬁuneowsal mpr@@sem@omewhat to

cat al cont t |
hydﬂ‘ b%é Wg@a%%g e&g of ih ?e uo{)t‘éirf: Qﬁ %{%Qlﬂe mix. The
lpeemisik ahswineh extrdetiuend ane aaxtmdgtes omgreudiiecs at H26% and

di met hyI di sul fi endi n t
usedalcings c%n@gg% ql%ereglﬁf yg}at%,aﬁ) h éﬁgmgﬁ B9% wt% of
sul an'él?éHEn@hﬂ'déQ:u@é@@drtﬂoﬁa@ 2@4W%|@°dvamabhunm caldulated as
and/or” ex situ. Contactln LkBEDWItha

sul N@ﬂa@émpéﬁ@ﬁ?t“d%@ﬁda%z @l%& tgg 8?('%% The

St Yyo: Mtrﬁ&%f ﬂéﬂoﬁﬁ‘@me@r@%@@u%d@ eRE03BUr, - cont ai ni ng
hydrocarbon feed is preferably done in situ.

IGontacting the catalyst with elenmental sulfur or with

abl il‘:q&éirrm‘fhl_?erz%'rééé% &5 B Yl EaalyeP FBRtAHh R SurtREH. ive@ddium. and
abo y be

nickel

A catalyst composition was prepared from 65 grams of nickel hydroxy-
20 carbonate, 18 grams of vanadium pentoxide, and 45 grams of tungstic acid in

a manner analogous to that described in Example 1 above. The resulting

material contained 29 wt.% of tungsten, calculated as trioxide, 18.4 wt.% of

vanadium, calculated as vanadium pentoxide, and 50.9 wt.% of nickel,

calculated as oxide. The W:V:Ni molar ratio in the end product is 0.18:0.30:1.
25

Example 3: preparation of a catalyst containing molybdenum, niobium, and

nickel

A catalyst composition was prepared from 72 grams of nickel hydroxy-
30 carbonate, 32 grams of Nb2Os3H20, and 29 grams of molybdenum trioxide
in a manner analogous to that described in Example 1 above. The resuiting
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done ex situ. In this case it may be desired however,

to subject the sulfurcontaining material to an
waedaosued2oon step with hydrogen as descri bed abPOBEPIN&004265

activation with hydrogen can be done ex situ or in

situ. In the context of the present specification the

indication in situ refers to a process carried out in

the unit in which the catalyst will be eventually used

in the hydroprocessing of hydrocarbon feeds.

Conversely, ex situ refers to,A process carried out

not inside such unit. Two pre%erred enbodi nents of the

preparati on process according to t he |nvent| on will be
el uci fdt oS8 lﬂ @Eloé@%ﬁmde 26.0
con"E’)‘ra{j an'%ﬁggglu%ﬁés\'{éﬁ%eﬁst e& ?n?n t he net a|

conypuest miobiung qalaliated IasquUIurmpemtgnldej 9nqln475| Yyl %; plenickel,
resultln produc th A | 4-~Shapi
[ esEA gqlﬁtgd %%é’é‘hqtet \Afahe I\@o @% Ni b@%l@%ﬁ!i d‘ﬂ the Qﬁ&’ Pt8dddiwas

ext paaiooss:1.0ptional 'y calcining the resul t| ng

conposi tion, and conbining the resulting product with

& sul fur-containing compound. A nore preferred version
of ERbfpRHP peigERatonCsTEE:talgst cohmirshehmgstencuinbiun. agd nickel
and reacting the metal conponents in a protic liquid,

i sol ati ngt he reaction product, optionally m xing the

Lgsglr F%t?@s?%ﬁu'p)é&ﬁoﬁ%%‘répéﬁéd Vit 61 geams eof nickel hydroxy-

t [t t
spr agrbqnqten@oérgg}at pﬁgir 2(35 Idégr’] ggrﬁ) ggogsrhg{s?cg [Hng?%cg a¥ in a
onﬂ%%hérl %ﬂalo@ﬁgs ?H'tﬁbfj'dggcrfb'éa lheEidén’hbl'ém f@dcﬂél ghe tdsalting

e dF e invention The catalys t] .
accmaﬂerraj; comtainied 39 whta @friuegﬁie'bé?atfé@e‘i’ %a??{% wt.% of
al | ckalycatbulated
Fee B R B B B et

t enperoxider €se WiNbH¥ nn@langr@tloﬂn the@ndpragishwas 0.32:0

15 Example 5: testin

The catalysts were tested in an upflow tubular reactor. Each reactor tube
contained 10 ml of catalyst mixed with an equal amount of SiC particles and
sandwiched between layers of SiC particles.

20
Before being tested the catalysts were presulfided via liquid phase
presulfiding using the feed described below which had been spiked with
dimethyl disulfide to a total sulfur content of 3.7 wt.%. The presulfided
catalysts were then tested in the hydrotreating of a diesel feedstock having

25  the properties shown in Table 1:

CONFIRMATION COPY



hydrogen pressures in the range of 5 to 300 bar, and
space velocities (LHSV) in the range of 0.05 to 10
wh2d5/1732e6 t er m " hydr opr ocessi ng" in this cont eRCT/EP2005/004265

enconpasses al

processes in which a hydrocarbon feed
is reacted with hydrogen at el evated tenperature and

el evated pressure, including hydrogenati on,
hydr odesul furi zati on, hydrodenitrogenation,
hydr odenet al | i zati on, hydrodearomati zati on,

hydr oi soneri zat
hydr ocracki ng u

i on,

hydr odewaxd ng,
nder

mld pressure condit

hydr ocr acki ng,

i ons,

and
which is

commonly referred to as mld hydrocracking. The
catal yst conposition of the invention is particularly

drotreating hydrocarbon feedstocks.
i ng processeiéébhbrise, e.g.,

sui table for hy
Such hydrotr eat
hydr odesul furi z

ation, hydrodenitrogenati

on,

hydr odear omat i z
Sui t abl e feeds

ation of hydrocarban fee
8dws%are, e.g., niddle di

sk211 4

ker o, napht ha,
Conventi onal pr

and—hea

e gumagas ot ts;
gg@%@ ponditions can_be 4

%M as
pplie

as tenperatures
t he range of 525
of 0,1-10 h \

Nl /1. The pres{
foll owi ng exa

D

RO (R
Tﬁ?yh[l&l@é\t arhalit KH’N)SI)S

| e

|n the range of 250-450¢

val-ael

L pres

vy T UGl LI €S

Jin the r arffe

U1
80f

e

wi t hout anﬁ .|m1

t her eby. Exanpl ¢

=Nmn0pﬁf @fpjlaﬂ%ﬁ G“Brﬁ)of a cata

i That ed
al 1Bs?

cont ai ni ng nol
conposi tion was

y

D

PR e g U and T C

prepare olloms 78

f0.8A

rans.

ni ckel hydroxyc¢

a’nbfarlernetlcs?(vvl"/@r ams of Mo

®8and

grans of vanadird

aqueous nedi um

pent-oxitde—were conbime
The slurry was aged over

T
hi_ght

under stirring.

and the wet filter—

Sﬁhmaﬁﬁﬁﬂﬁﬂbﬂ@1AS?WED&%on

r

was f

&Y, C

184°C

5vol.%

218°C

10 vol.%

231°C

30 vol.%

265°C

and
st ocks.

it es,

oi ls.
such
sures in
e range
50- 2000
by the
eto or

cat al yst
of

21

n

at 900C
iltered

50 vol.%

287°C

70 vol.%

310°C

90 vol.%

345°C

Final boiling point

374°C
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m xed. During the m xing, the tenperature was
i ncreased sonewhat to reduce the water content of the
wWorRoos0063106 o obtain an extrudabl e mi x. The m Xt PCEERS5/004265
t hen extruded, and the extrudates were dried at 1200C
and cal cined at 3000C. The resulting materi al
contained 27.3 w. % of nol ybdenum cal cul ated as
trioxide, 20.4 wt.% of vanadium cal cul ated as
vanadi um pent oxi de, and 52.2 wt. % of nickel,
cal cul ated as oxide. The Mo: V,Ni nolar ratio in the
end product was 0.27:0.33:1. anpl e 2: preparation of
a catalyst containing tungsten, vanadium and nickel A
cat r f
o cRoy SR Es p e Rg MRS RAs Eed s o A TRLRT2
pent oxi de, and 45 grans of tungstic acid in a manner
anal ogous to that descri bed anpl e 1 above. The
resulting material contai ne% % of tungsten,
cal cul ated as trioxide, 18.4 wt.% of vanadium

cal cul at ed—as—vanadtum sate —ge—and50-9
ni ckel , dal cul ated as o @gUl?e}Jﬁlg \ﬁc\??aNiOHr?D’I%\énquHz in

the end prefpeatlfe @C?l @20’30. 1 . Bganpl e 3;340
prepar at ilan nf a_ca st contai-ni
ni obi um |dliessyrekeEn) A ca‘ﬂ%l yst ccrﬁgosi tion| 4vas

pr epar ed o) I'CKel |mpdr oXycarfgpate, 32
R B, PR

grans of grans |of nol ybhdenum
trioxide iWHSVr(am)er anpl.@ous td that desch-BBed in

Exanpl e 1 Fhe—resihingmatey fst—confagped 29] 8
wt . % of nﬁ%gw‘ﬂ)m cal ﬁ'logt ed as 'dr)qloxi de ﬁg 0 W%
gf ni obi um cal cul at ed as ni obi um pent oxi de, and 45

wt . % of nlck cal cul.a xide. The Mb: Nb: N
nol Jhert%%turésti'ﬁ% FREVERH :5?@835‘?6?%3 0.34:0.33: 1.

Table 3

NiMoV NiWwv NiMoNb NiWNb

Example | Example |Example |Example

1 2 3 4
Condition 1
Product S (ppm) 27 31 19 26
Product N (ppm) 1.7 1.2 1.7 1.8
Total aromatics (wt.%) 20.0 18.7 16.9 14.8
Polynuclear aromatic | 0.9 1.0 0.4 0.7
(wt.%)
Mono-aromatics (wt.%) 19.1 17.7 16.5 14.1
Di-aromatics (wt.%) 0.9 1.0 0.4 0.6
Tri+-aromatics (wt.%) 0 0 0 0.1
Condition 2
Product S (ppm) 563 424 72 72
Product N (ppm) 17.1 16.5 2.0 4.7
Total aromatics (wt.%) 26.6 26.4 25.4 24.9
Polynuclear aromatic | 4.2 4.3 2.1 4.0
(wt. %)
Mono-aromatics (wt.%) 22.4 22.1, 23.3 20.9
Di-aromatics (wt.%) 4.0 4.1 2.0 3.6
Tri+-aromatics (wt.%) 0.2 0.2 - 0.1 0.4
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Exanpl e 4: preparation of a catal yst containing
tungsten, niobium and nickel A catalyst conposition
wormsporpared from6 1 grans of nickel PCT/EP2005/004265
hydr oxycar bonate, 27 granms of Nb2q s'3H2q , and 42
granms of tungstic acid in a manner anal ogous to that
described in Exanple 1 above. The resulting materi al
contained 39.5 wm. % of tungsten, calcul ated as
trioxide, 22.6 wt.% of niobium calculated as ni obi um
pent oxi de, and 38.7 w.% of njckel, cal cul ated as
oxide. The WNb:Ni nolar rati® in the end product was
0.32:0.33: 1. Exarrpl e 5. testing The catal ysts were

tested jn an up

cont i ARRVgsif SR PR HpRa g P s RRENcnRE Ry iae i
of Silforpand i mtregerandm&aldvmmmnalﬂre.t e rdgcegases inpfpalynaclear
particl es. n tal ysts were

pr e8(AMatigagn .dgarprinaﬁqsdlgmﬁg&fiﬁyéﬁﬁfﬁdi n)é usi ng the

feed described bel ow which had been spiked with

di methyl dlsulflde to a tofal
W . : 10: Brepayafion of cataly

thenm(grotreatl ng of a diesel feedst ock having the
properties shown in Table 1: Table 1The catal ysts were
tested under the two conditions shown in Table 2:

Tabl @A nickel rexy3cdviedrate, niobic
Ta bldea?t%%% g@p@)\%ﬁtnoﬁ@%r&%ré’d&% nicRe!| il y

e results show that th
t hi :acndnaemmngﬁtlcaa@d fp gmqnng&@wegw tgffh?&ﬁfe fied inExample
@' t)r? REVd! N%T(%Y |Yuobid1%cﬁiﬁcéﬁ@sﬁlngstlc acid were
nu

oi YROGT edr " &r ot 1 ds an I'aromatics is particularl oc
str |cbmbgnedEnaaiplaqse®JSt medim. Prhep BlUEY Was gged é’ﬁ’%ﬂ@\t °0

cont aLg) Dby PR Pty ARIsPBhsiG haR fiRld and the wet filter cake
was mixed. During the mixing, the temperature was increased somewhat to
reduce the water content of the mixture to obtain an extrudable mix. The

15 mixture was then extruded, and the exirudates were dried at 120°C and
calcined at 300°C.

The composition of the resulting materials and the molar rations of Ni:Nb:W
are shown in Table 4 below. Also included in this table are certain physical
20 properties of the catalysts, namely their surface area (SA), pore volume (pV)
and median pore diameter (MPD) and wherein BET represents Brunauer,
Emmett and Teller, and Ads and Des are adsorption and desorption

respectively.
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Cat al yst conpositions were prepared from ni cke
hydr oxy- carbonate, niobic acid, and tungstic acid in a

woranwsan32ecal ogous to that described i n Exanpl ePAT/aPIN®004265

Ni ckel hydroxy-carbonate, niobic acid, and tungstic
acid were conbined in an aqueous nmedium The slurry
was aged overnight at 900C under stirring. The
resulting suspension was filtered and the wet filter
cake was m xed. During the m xing, the tenperature was

i ncreased sonewhat to reduce é
m xture to obtain an extrudab
t hen extruded,

e water content of the

m X.

The m xture was

and the extrudates were dried at 1200C

and cal cined at 3000C. The conposition of the

resulting materials and the
are shown in Table 4 bel ow

rati.ons of Ni:Nb:W
included in this

13Be

t able—ate—eertata—hl cal e T ExheLs ExaMPLE 10

RCRARS TP Ea IS T T ExamblE P CEmrLss
caf ar.'?/sts,m' nanefcyweidevey | sur f ace area (($A) Spor el (CEIPAAEVE
(pVWoam@anedi ah paB& di Anet0dr (MPEP-2and wHireinBET

- 5.7 37.9 - 283 0 4 13.5

r epNOdwtht s Br uhaud?l Emretilland—TeLher—amgsAdS| antzas

1 Nbg,Os (WPl ror bt o158, 1~ 227071 263~ 285 :
De St S st S Of P N6 aies (T BhdHa|AM0.52:0.51 | 1:0.95:0.92 | 1:1.36:1.27
respeed:wvel y. PRO05/ 004265 26 Table 4 (hviously, '1
act Ny es/SRETHAGR| ar e27wi LI i fSr ove tH2 adti-viBy—ef—aprs
cat{ARyBY Ads(pldbqual d: i-gh %ﬁ.e volc;'%c g e 0.1
di e%{_%?@%ﬂp'cr eqyi st tesglg0r [N ghis act|i vi 6g. Exanpb.e
11 JEepphBm) NE cabal ysis were tested iln ad4upflow 44
tubular reactor. Each reactor tube contained 10 ml of
Gatal yst m xed wth an equal anmpunt of SiC

rticle
and Obviously, a high active surface area will improve the actgﬁy omL a catsalyst but

equally high pore volume and pore diameter are prerequisites for high

activity.
10
Example 11: Testing
The catalysts were tested in an upflow tubular reactor. Each reactor tube
contained 10 ml of catalyst mixed with an equal amount of SiC particles and
15  sandwiched between layers of SiC particles.
Before being tested the catalysts were presulfided via liquid phase
presulfiding using the feed described below which had been spiked with
dimethyl disulfide to a total sulfur content of 3.7 wt.%. The presulfided
20 catalysts were then tested in the hydrotreating of a diesel feedstock having

the properties shown in Table 5:
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sandw ched between | ayers of SiC particles. Before

being tested the catal ysts were presulfided via |iquid
w@b@saooesul fiding using the feed descri bed be¢D®RP2005/004265

whi ch had been spiked with dinmethyl disulfide to a

total sulfur content of 3.7 w.% The presulfided

catal ysts were then tested in the hydrotreating of a

di esel feedstock having the properties shown in Table

5: 2005/ 004265 27 Table 5 The catal ysts were tested

under the two conditions sho in Table 6 that notably
are different to those previoti'sly enpl oyed (and shown
in Table 2). A person of ordinary skill in the art

woul d recogni ze that Table 6 depicts nore difficult
hydrotreating conditions and woul d t herefore expect

| ower conversions than previlabels shown in Table 3.
Tabl e 6004265 28 The test results are given in Table 7

bel ow whefein RWA TS relative wei ght GastQivFEERSTEDK | i

hydr odeni orREht e DS s hydfodesultfi28 i sati an.
Table 7 T Sg%%gf{?cbﬁteﬁ?&%ryvﬂm the catal yst gshavi ng
conpositi gas—tnstde tte cf al med range are better than

t hose j us N%ﬁbsdr : {iééL(”/owflge' Exanpie 12 Haeg X r ay

(7]

di ffracti eg-patte Hown T Frgure I was gefi ved Ry
scanni ng @éﬁf‘ﬁmawff%w? at-ed——accordanceg® th
Exanpl e 8 | DParopics M) ver e re Ei:

st andar d mw P © -":J[‘mf.;d .uﬁ'ig?‘i’r?cl nd
™I~ T1
Cu- KD K Simulated Distillation M-D 86 o

Initial Boiling Point 180
5% Volume ("C) 220
10% Volume ("C) 233
20% Volume ('C) 250
30% Volume ("C) 262
40% Volume (°C) 273
50% Volume ("C) 284
60% Volume ("C) 295
70% Volume (°C) 307
80% Volume (°C) 321
90% Volume (°C) : 341
95% Volume (‘C) 345
Final Boiling Point (°C) 354

The catalysts were tested under the two conditions shown in Table 6 that
notably are different to those previously employed (and shown in Table 2). A
person of ordinary skill in the art would recognize that Table 6 depicts more
difficult hydrotreating conditions and would therefore expect lower

10 conversions than previously shown in Table 3.

Table 6
Presulfiding | Condition 1 | Condition 2
Temperature (°C) | 315 315 340
Pressure (bar) 45 45 20
H2 to oil ratio (NI/1) | 200 200 200
LHSV (1/h) 3.0 1.5 1.5

15
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radi ati on. The generator settings were 40 kV, 40 mA
and utilized the followng slits: divergence and
waniosAsed ter slit V20, detector slit 0.6mm APCT/EP2005/004265
nmeasuring range of 2D = 2.0 - 70.0D, at a step size of
O dQand at a neasuring rate of 2.0 seconds per step
was enpl oyed. As can be seen fromFigure 1, five
reflections are featured which equate approximately to
d=26A 2.3A 2.2A 1.7 Aand 1.45 A. O these,
the reflections at 2.6 and 1. ? A are the nost intense.
Conpared to XRD patterns obta%ed for other exanples
prepared according to the invention (not shown), the
ation of Lhe.r oRRM{8trelative weight
dep hriERt FSHS AE UHEICEHIET BRI AGRARRANS elative weig
pat L&IVRY, HIDR i€ hadradérdirogeetioy and Husa@thyﬂmesvlﬁwa&%
be i ndexed as the (100), (002), (101), (102) and (110)
refl ections of a hexagonal unit cell with axis |engths
of approximately 2.9 - 3.0 Aabledd 4.6 - 4.7 A This is

representative of a neta-stable phase with atomc
8li sper si on, _which is ea u t-o—stH

| uc a I 11 SRS
catlal ytical Ily EAVRKES TheE tF‘F’é‘g""E clﬁ&ééggz:;i.:ls&-
thg XRD spect@QﬁMPﬁﬁéﬂMEthaF t erFaI s |JSEYTH
t he prepar atli on héVP Lndeed re r‘f ed wth—eachlother
i ngi@enditienc| ai ned range. CLAI 1. A Sﬁl fur-cantaining
cat|dl yst conposition suiitable flor the hydrotreating of
hydr ocar bon feeds which conprises a Goup VI Blretal
conpRpedntt Se| ect ggdf rom mogypdenumpod ungsioes. (and 2672
m Xt@pey thereof,"a Goup V netal conponent selected
fror@mbum ni t agj al um - M Xg4uq es 78.2
t hergof , and g%p VI 1L érl%é‘?al cgrarbrﬁgn ent sel ect ed
f r OPRWAKDS, coba168 i rdn, 288d i xt8dr es t h95 eof , t HOO
met gbGARPINENT S 51 05 16 6.4 19.0
(ppm)
'Cg’/’“’ersm 974 = | 994 | 980 | 922 76.9
n
RV\(I)A HDN 249 348 269 174 100
Condition 2
Product S 703 324 | 343 120 870
(opm)
Conversio 94.3 97.4 97.2 99.0 92.9
n%
RWA HDS 114 174 169 285 100
Product N 33 17 | 18 12 33
(ppm)
Conversio 598 78.7 77.6 85.6 60.3
n % ' 5
RWA HDN 99 168 162 210 10

The results show that the catalysts having compositions inside the claimed

range are better than those just outside this range.
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(cal cul ated as oxides) making up at |east 50 wt. % of
the catal yst, wherein the nolar ratio between the
waoredoalioxesponent s sati sfies the foll ow ng for meCBEP2005/004265

(Goup VIB+ Goup V):(Goup VIIl) =0.35-2:1. 2. A
catal yst conposition according to claim1 wherein the
rati o between the total nolar anpbunt of G oup VIB and
Goup V netal and the nolar anount of Goup VIII netal
is aleast 0.6:1, preferably at least 0.75:1 and at
nmost 1.5:1. 3. A catalyst conppsition according to
claim1l or 2 wherein netal comnponents make up at | east
70 wt. % of the catalyst conposition, calculated as

oxi des, and preferably at least 90 wt.% 4. A catalyst
conmposition according to any one of the preceding

cl agxampedrei n vanadi um and/ or ni obi um nmake up at
| east 50 nole% of the total of Goup V netal

conmponents, preferably at |east 70 nole% nore
pr efis Xolay dffrabees batféim nabloedhinfigurept efagrdasived by scanning a

substantially of t e G
A c@ﬁtalb’?sf:‘r%ﬁidoﬁ 36N QE%%%&nEX%banycgﬁgogs B %car% were
Fggget%grsdg@ rrlgleu?go Hstanaerdepswdsp itffractameteri vatheNi- Iﬁ&lﬂéewda@u -KO

f th
con’fﬁﬁ*?é@ﬂs ,Ther Qg@?ré‘tﬂeryé%{”%seg‘ge{gfgy%yl\’n %/d R 8hd utlized the
fdﬂ ﬁl@/ %%%rﬁeﬂcé’éﬁﬁ efnalicrttat sitevad, @ectol sl 0.6mm. A
preferably substanti all he Grou

ot sfeasaing REngesor 87 A S8 arJS0 bl S dLogPEeRg o 2
150 FekiMiny ratd18f 26'seEbRRDer Ridd\as Binpleged.

As can be seen from Figure 1, five reflections are featured which equate
approximately to d = 2.6 A, 2.3 A, 2.2 A, 1.7 A and 1.45 A. Of these, the
reflections at 2.6 and 1.7 A are the most intense. Compared to XRD patterns .
15  obtained for other examples prepared according to the invention (not shown),
the exact location of the reflections is somewhat dependent on the chemical
composition; however, the patterns are characterized by the fact that they
can be indexed as the (100), (002), (101), (102) and (110) reflections of a
hexagenal unit cell with axis lengths of approximately 2.9 - 3.0 Aand 4.6 - 4.7
20 A

This is representative of a meta-stable phase with atomic dispersion, which is

easy to sulfide and, therefore, catalytically active. The absence of other

peaks in the XRD spectrum shows that the raw materials used in the
25  preparation have indeed reacted with each other inside the claimed range.
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makes up substantially all of the Goup VIII netal
conmponents. 7. A process for preparing a catalyst
weommsosi2oé on as defined in any one of clains 1PCDEB2005/004265
whi ch conprises combining, sequentially, or
simul taneously, a Group VIB netal conponent sel ected
from nol ybdenum tungsten, and m xtures thereof, a
Goup V netal conponent sel.ected from vanadi um
ni obium tantalum and m xtures thereof, a Goup VIII
metal component selected fro i ckel, cobalt, iron, or
m xtures thereof, and a sul fur conpound. 8. The ’
process according to claim7 wherein in a first step a

§§9 MSB netal conponent, a G oup V netal conponent

xyg up VI11 netal conponent are conbined to form
res It| s@f@ﬂc&ﬁ aﬂ{lﬁqjgﬁtglyéﬁicé F‘@égt(lﬁ)’p gﬁﬁiﬂé fUrriﬁe ll'1‘9€¥rotrc-3a’nng

pr gg ess oamdrrodammfeedﬂ \ahich omipeses A Geep é&l%pm;ﬁl component
comnbi ni n esul t
1 ncl udes }:? g%ﬂ #?@g??l%%no%ggho%@ep\eﬂ %H%?h lﬂgtaé‘sstt ﬁ?J%?fr@‘ogIr(b(dlp v

t he met ghetaPpepOnst %Iected)rfmt\@ailadwn‘o miplipm, tantalum, and
respectlve sul fi des

CONpOSi tMixtres; tibeé«pq)fn@g ,%Lc%ﬂv& o\ﬂ ltcglrﬁgéﬁcint sel%cted from
hydr opr qg@&s| B8bat, hiysH, ogmd bmbttt.fr&dlaemok the metal components

(calculated as oxides) making up at least 50 wt.% of the catalyst,
10 wherein the molar ratio between the metal components satisfies the
following formula:

(Group VIB + Group V):(Group ViIl) = 0.35-2:1.

15 2. A catalyst composition according to claim 1 wherein the ratio between
the total molar amount of Group VIB and Group V metal and the molar
amount of Group VIll metal is at least 0.6:1, preferably at least 0.75:1
and at most 1.5:1.

20 3. A catalyst composition according to claim 1 or 2 wherein metal
components make up at least 70 wt.% of the catalyst composition,
calculated as oxides, and preferably at least 90 wt.%.

4. A catalyst composition according to any one of the preceding claims
25 wherein vanadium and/or niobium make up at least 50 mole% of the
total of Group V metal components, preferably at least 70 mole%, more
preferably at least 90 mole%, most preferably substantially all of the

Group V metal components.

30 5. A catalyst composition according to any one of the preceding claims
wherein cobalt and nickel make up at least 50 mole% of the total of
Group VHI metal components, preferably at least 70 mole%, more -
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preferably at least 90 mole%, most preferably substantially all of the
Group VI metal components.

A catalyst composition according to claim 5, characterised in that nickel
makes up substantially all of the Group VIl metal components.

A process for preparing a catalyst composition as defined in any one of
claims 1 to 6, which comprises combining, sequentially, or
simultaneously, a Group VIB metal component selected from
molybdenum, tungsten, and mixtures thereof, a Group V metal
component selected from vanadium, niobium, tantalum, and mixtures
thereof, a Group VIII metal component selected from nickel, cobalt, iron,
or mixtures thereof, and a sulfur compound.

The process according to claim 7 wherein in a first step a Group VIB
metal component, a Group V metal component and a Group VIII metal
component are combined to form an oxygen-stable product followed by
combining the resulting product with a sulfur compound.

The process according to claim 8 wherein the step of combining the
resulting product with a sulfur compound includes a sulfidation step
wherein at least part of the metal components are converted into their
respective sulfides.

Use of the catalyst composition as defined in any one of claims 1to 6 in
hydroprocessing a hydrocarbon feedstock.
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