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WO 2007/ 048598 PCT/ EP2006/ 010300 A bul k cat al yst
conprising nickel tungsten netal oxidic particles The

WO pwenisses rel ates to a nickel tungsten bul k CBCHERRD6/010300

to a process for the 5 manufacture of said catalyst
and to the use of said catalyst for the
h drotreatmsnt in partlct:ular t he

hydrocar bon feedst ock. The bul k- cat aI yst accord| ng to
the invention usually is in the formof shaped

pet investion reletesoto exaigkek tynasthnc dulkogatalyst, utoi @n pesicegs for the

10 L : Pt i _
PRI SHBIR R BTaTBAe e ey e ppediment i
qaartidulas t theof hydrodesdiphuiisatiah remte rhydiodenitrogenatioo ulofr hydrocarbon

i n%g material. A bulk catalyst is distinguished from

© éx')(rted catalyst in that it does not conprise a
prefo_rmad carrier material. The netal oxides are not
BRI S0eBR S OSER LHE SR 8Tl bt sliba parces,
dot akaraplei probiucdd ey éimt;rongoﬂ armhpfdsnnnsmmﬁsmgdthe metal oxidic
G5, 87 foe A0 hclTeag {9 AToJ05, WERME A dOF 4l BRYSY of an
téae.t.baﬁu rAatefial "Rt pHrticurdrdesindér rahteHs!. Acbdm@tél%taé dléﬁlhglhéhed from
of the bul k catal %%tp‘z)gv\hereas sug{)?grted cataly

as'ePRABed | catply:idR t b0k AOBPEARAGEToTmgY ShIer maferial. The

FABENSFISY Qr’é' ﬁdt%ﬁbéntéd' &ﬁfhet é’t@fbrﬁ@d Waffer 'Eli&errul Ck@lare present as
tungsten bul k nost preferabl

Un#at xidicc paﬂﬁ@s .Tgbes 9!&')'§t @m@lwal ISy fll'fﬁ\ﬁf n@sttmpg;he@ 5P esHPPOrted
%%télytk’fs ﬁLfNéP thé ﬁJIk %Efaﬂ)st @&qrﬁe%fﬁrlé@t%m@ of ?Hétsﬂ Qandlc particles

ni c met al Details of

wtﬁ{mmlquiam Qﬂ thﬁ@aalemi rn%talapy%s glativgdedhe et wgngt/\pf the bulk

t
FARPS) e bl RO SRR YRR on o supoon
freatasalora Rmatbts| signifidantiyess thanlﬁﬂ wi%.. TheRnigkeh 8.8@sten bulk catalyst is

% aém qubﬂ/ RHRERARS tHaPls sJ@%n@@“éﬁ@Q‘éﬁ@gﬂqgﬁe&as the Group VIB

strong supported ¢
cmetpr argd pgaferabiy'mlsrahanng ooly micksdlas,theiGriegp VI metal. Details of the

PRSP Bl 0k R o SORTRET R B Cor 1 &1 Tt b

is used in an anount between 60 and 99 w% rel ati ve

Ehengied Piiceall' fftaldhmdstin Bkl spor Pe UTR figrofgatment o

d@eamhmd febdmdkeﬁeb&ngékﬁdwrdinrtge artweB 8205386 describessd p@cess for

wt % support .nmateri al 17 wt% of netals, co unds . .
e | DARIBEDR o BeRiaT oY s Bupsriagt SHEVE FRRIEAS  Comprising
tdebﬁﬂﬁﬁaﬁenbbf otsent; &lc}(élt fnolybeeAlird Ovaleritim BEelrigBten in which a spray-

aratlv exa es in, 35 the prior. art relating to
tq’PH@ELHP'P? @éﬁ%ﬁ??he% a’é‘Fé”@&?ﬁ@[ isuspd vryarae@eﬁwb%ween 60

andlgg WV@aﬁ\@tytﬂéS&aﬁwE’nﬁﬂ EHBREQG{ANLD306r exdm@e, |ﬁrExta€hple 1,a

the trinmetallic bulk catalysts con&:prlm ng two inste

dvicksh tynasten Q‘HRRS’He‘J’I @ta')‘l%t'ﬁl dessribpe SRtaingde by W"H%m a wet cake

r&hpb@ﬁ P M, pFBrt hYSERRT L8 7 Wi%: of YRefiN é&%é&hnas followed by
escrlbes trimetallic bulk catalysts conprising bulk

«cglcinajisn ahdB&°Ccl es 5 conprising at | east one group
VIl nmetal and at |east two group VIB netals, in

Bimetallic nickel tungsten bulk catalysts are also described in comparative examples in

the prior art relating to trimetallic catalysts. They are consistently described as being
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particul ar ni ckel / nol ybdenum tungsten based cat al ysts.
The trinmetallic bulk catalyst particles are prepared

WO oo/ ogsseress in which the netal conpounds ar ePCORRI0DEE0300

in the presence of a protic |iquid and wherein at

irfférior 18%e Gﬂ‘métBlﬁc bmtcﬂtalfﬁﬂﬁeﬁﬁﬂgn?lmhmea’ﬂ of dr@@she group VIB
partly in the solid state durin e entire process.

meéal% an%araraaeiqv@nttym\‘gme&b%nwp&ﬁ@ inghydeanseeassipgl y
descri be a ni ckel - nol ybdenum and ni ckel -t ungst en buI k

cat al yst. repared by reacting one solid conp
Mrﬁq/ﬂ &9 dmrlges;upmxalhr bk satalyls epteprising Qvlé catalyst particles

| \ t
'ﬁﬁe%m% | ngguﬂ iﬁé‘% Lrbist s 3‘e5§u rg;lg%ﬁtf%:ﬁrqw VIB metals, in
pa@h@'ﬁ' cickeV/polybdensim/ingsten thased rratalystat Ehe Himetalli bulk catalyst

5354 BRSPBE By ERIR SRR il

pa&sehgsbf a profibliglid and Whaesin at Iepsjrone@mmmeﬂabggnpmds remains at

f th d i I .
?ﬁ%?’?g‘{ i 4 ?%% Sg%‘ggadgﬂgttﬁ% gﬁ I%ﬁ?rl)ﬁ%% g?gp@g?raltl\sle examples A
anhe rmrrabebvvebb_e despribei m@wblemblyb@enm eodp‘tiddei-tmg}tea bulk catalyst
Besrtech Y GFag08 AneC s FaHR e reioe h Mo YA Y and one
’Blued cdiﬁ;bdmdfcbﬁml*srhg th?eJd;mtrpMB mEia. T &imetdllic bulk catalysts have a

tr| cbul cat al hayve a si nlflcan i gher . .
e S bt hGeor s AL st e by 25l BB in e

@gﬁ@g@g@@lekmyag conparative exanples (NH4 N M- O and

NHA N WO that were also prepared by the boiling

deconposition of a solution of the anmonium netal

W@%@&S?@%é@@n%@@ Ptk ARTeirédng &Jllb%biély%ﬂrﬁhrhlch at least a

oxi de cat al yst con‘prlsmg one or nore netals group
Wrtlonalmi 'Gﬁ% than athrof thetraplkbdsmugy SUB‘S\/PE‘(?‘nmPHB??"Uf" catalyst is

E@eoorb ?E@ﬁ f%én %ley@t \'sef ﬁr@ﬁ&r‘éﬁy KX %omﬂ&@mg (boiling

nmostly nicKel denum bi net a
[gigpqup@chm) yasnlgkela(p@nmr@m)r @Qlybgoty@gﬁtatm preeursor from a solution or

Qﬁr? Pr%tﬁntghfgéhal(?)ﬁ atﬁ@@&scﬁ&@ QS Ifsefr[)fi\cmg %oiRHoPXTHE obtained

oun era anmoni a

¢rm‘nealhn|m@< maipsm hews a|s||grt;f cap )ohlgben ¢a§@ly’qp aqtl(gqtyﬁh,ag the, bimetallic
f
%anlﬁg%tgﬁpétcé’ﬁctﬁéﬁ B heN& é&ive?él%n{ ;Fésr G O &5 NH. Niw-0)

subse I's clalne
ttiattwetrl ealspnr meeal@drbyshnbtlzolhng d:ﬁqzbmposmrabﬁ/etsglumm oh thﬁ emmonlum
suQs |aIIy anor phous, characterized in that there
M?ectl on in the X-ray diffraction pattern
haV| ng a characteristic full wdth at half maxi nrum of

s. .2 WD, 2007/ 0485 /

A0 88 b SR R TSR PE 8 mors et
lof gFdupaliii @d oA @r eidre usstalg oﬁgrohydmmmthelesmdel gr bulphide form and a
cat al yst c. nprd si one,_or. nore s of u

{ga naths P?ﬂlf(af:gta Ftsgr'aﬁﬁ ?In r‘?%&@”@% hgn%?lhc bulk
Fdéidbiytsjearfeorbr@pér@d ? rcaﬁtrrarétiomcrpxatdﬁ of h%tﬁ diuﬂw;b’ounds refractory
cat al ysts descr t& >§ ngll es are nF
F%fdﬁl alegal qﬂdcqlkqill compoun (preferably ammonia con a|n|ng corhpounds) ina
protic liquid, forming an ammonium complex of the metal and refractory oxide
materials which is subsequently heated. It is claimed that the process results in bulk
catalysts which are substantially amorphous, characterized in that there is no reflection
in the X-ray diffraction pattern having a characteristic full width at half maximum of 2.5°

or less.
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nol ybdenum and ni ckel -tungsten, and are prepared by
reacti ng one solid conpound conprising the group VIII

woretoal4sasri one sol ute conmpound conpri si ng the RPCDEP20W/E0300

nmetal in the presence of the refractory netal after
addi tion of ammonium solution. It is described that

he structure of the obtai ned oxidic LI cles S . .
Vo 2OPS/B087 AResThEs cRAOURSS, Lo RISATE  pbricalings Pase of using a
HHRIpYstesHRS balkidaeHys? coMBriéitg bRE o hidke metand bbgl@np rVflll and one or

catalyst in sul phur’ renpval ?romt he |ubricatin FF%
Erere oBptels A @soymVIE oy topiniBKide 108 dyiphidedpimp @8d & fie ?tam pgde. The

ek é%Yéiﬁé?@r@gs%ﬁﬁé&glncﬂ@|éﬁéhﬁ>le§%r bitdetslic® @ QPhticular nickel-

VIT1 metal, 1n particular l'ybdenum tungsten or

rmolybdeasm and siskel-tungsten, ganduaie \arepaied By reagiing anej «alid gempound
I

Refifling S05hp YRR o Yo sBind s el do i

nnetalrin tize btesemeeofrtbe aefractory onetal afigr edgition Bf ammeniyim splution. It is

SR 45 o083 LIRS b S tous by X0

tannalysnSaI Thte: niskélktuhgsien patatyst was gutrerfarmed by ethei nickel molybdenum

B8 Byt IR B AR RS oot one o oup

VIII metal conmpound in solution with at |east two

BB 1 BB ARl R SFELAg cotas

tooirpriialld grobp MKl metd! ah;p&h&uhamlymdengm fungsteh loy mixtures thereof,
higher atal tlcat|V|t han ﬁvp'b imetal li

0 AIB et AT Tk S el i Ditirgs direor.and a group V

(e&xBRlih Méﬂlcﬁh‘ﬁ&ﬂ@tﬂhm \iW”aCﬂﬂ'e’sé‘rlt:I@Herﬁ@faedwdw ra@edi The f:holar ratio of
sol utjon conprising the group VI1I netal cobalt to

SBPYR VEhMERII0 AEPYR) V IRRIAIS Sandes befweeRet-d1anAd) yffé%ﬁe%bween 0.3

fgige. ng a suspension of precipitated bul k catal yst
particles. 30 The prior art references consistently
describe that binetallic bulk catalysts have a | ow

EWU Ud/&?’i?1'1rhé%¥ﬁt& ﬁh‘i‘\éiglh'é bﬁlﬁtHyQI'?opF&@Eﬁﬁ@Gatta@sts and a process for

trimet cata vvever trinet
dhe m%nyf@tufa\ﬂ@erﬁﬁfecmr@'&mgaﬁhﬁeﬁg@%%qonwwa@ amﬂ .r@actmg at least one

g&?ﬂew‘lf Mefal86m WH §8Iu95n with &t fé%@ﬁ%cg%ﬁg VFB"ﬁ’metal compounds in

rent group conmpounds, tHhe production
mobidiensnia reantipe ot |t@a:tbéain aApraginitater Tdiespbtﬁ@?d trimetallic bulk

dda?%}%\f%:ﬂ%?@ ?E]nlf I&rﬁlg?éma%*élﬁlc ?&tfuty ?ﬁ%nm'af’ Fé'l'%gélllcj bulk catalyst
(dmscritseedin tbat@ln}parmvekm(amw@m(cobait/rtlolﬂhdemluht) Wblch 3s \p@pared by
ér%%?r{g ?g% {) gg &Qﬁﬁ‘{eoér%ag%ll %&rcﬁjbglt&%\gnégé toﬁrc[%m\f)rlsmg the

afroah &/IBi memhtmm;nbdenutm fcpmmg (aeswspteamah yoft pnebmttathdsbtﬂk catalyst
a&,a?ﬂh h%/drodesul phuri sati on and hydrodenitrogenation

is able to reach very |ow |l evel s of residual
sul phur in treated feedstock and is relatively sinple

el SRzehrences S Efroly HBBe ity BHE Ul Bastznave a tow
kagkitityC i HydrddeS@PMIrisatiory domplafdd teingsketillic belkatatalysts. However,
tmng{a Ilcpgartgllysctls %Sévg ?tﬁg Id%gg\llaentga/e ové?'r ?r%gtsaﬁlccga / t§c’ Ithaq because of
the presence of two different group VIB metal compounds, the production process is
more complicated. A further distinct disadvantage of the trimetallic catalysts is that it is
difficult to reclaim the metals from the spent (or used) catalysts, because it is difficult to
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(i) forming a slurry of a first solid nmetal conpound
conprising Goup 10 VIII netal nickel and a second

wGolord4ssest al conpound conprising G oup VIB neRGi/EP2006/010300

tungsten in a protic liquid, the slurry further

E%éﬂe%gdlhér%ﬁt §rap \ﬂl@ Mol YMwh Mg Ql“er'h@frﬁélﬁ Mj&tlve of the

metal (relative to the total anmount of G oup

irupaion e PES farpaialyst b DA% diat JUpreRiphyrisation and
%?%@éﬁlt‘f@gén‘étléﬁ%cﬁ\ﬁt&a‘s thlettaereﬁrp%’ry\'fbﬁ IeJer!s %Ftr@‘.h&)al .sulphur in

reac first and second Solid
Ueaq@ddﬁ@l@tmk mdewateléuvelx sifiie i Boduceh én@mﬂw@eft? the constituent
q?gecond solid netal conpounds renmain at |east
partly in the solid state during the entire reaction
to formthe ni ckel tungsten oxidic bulk catal yst, 20

fé\%c%ﬁ'ng% 'R n%n‘ﬂ IMhERUS gré\nﬂeﬁ igﬁlk%?{aysy E&mﬁﬁ&ﬁé Aickél tungsten

|nven as av
hgaﬂalmmmbaﬂnles staalnablem mpres@s ccmirpnsimgl s close to or

even better t
Apart fr@m t h#fm'ngﬁae atgfs ﬁ%% %ﬁ{ﬁ? %%&’eﬁérfupnsmg Group
is also veryini gbtal &&k@handhlackaiondw@dtreetabubMpound comprising

cat al yst issbsta al | inmetallic, that.is

subst anti al | y Lé #y?‘ﬂ”&?&& &h %gr&ﬁellw%uwe\/ﬁl‘grw further
metal . The bud;dfnp?%tr@l }é%*s tﬁafy mtﬁmma/oqu & Gapond Greup VIB metal
second Group VI|

most preferr e@e'P%tOttﬁ%i%ﬁ'l qlnolﬁgt%gﬁ?%'fp Q@s@ﬁﬁwﬁw less than 10

conpri ses onl yofi %K&t a Evods Yuetdl (relaiis ¥ i wtdl WY Sroup VIB
as group 30 VIB netal. A binetallic bulk catal yst can

be di stingui sHet!¥roma trinetallic catalyst in that

it conpr ,,fes le@dting BrNfirkP anB! ©c¥n@fsofid Sﬁét@lngorﬂ%&ﬂﬂs\ét%levated
nmetal (relative to the total anmount of G ou

nmetal s) but pteaTreraiweywoeyapy ithe §rsg lﬁﬂgt%ﬁ‘%lspgﬂ Bigta) compounds
one Group VIRBnfd af Ieag_thﬁar{lye Hﬁhe%bhéfs?eﬁé 'dﬁhl"ng’ tHénéerré’P@actlon to

group VIB or group I nplies

cat al yst rmstfopnéheenl&mlyumﬁwldﬁ helk Cat’s'lMSt may have an

i nsubstanti al anount of 35 another G oup VIB or group

VIIl metal, preferably less than 5 nore preferably

lewss sdrprEngly CouEH 860 hePCatalEFLaBer dng o the inventios hasda very high

{ggﬁ\é p{nek?{]rggés\ﬁ éh%?%t@'ﬂg?f bieet Q/vt'\r/)%lf i€ lc% [%5 bP ﬁfquﬁ better than

grou
catmphyabie tlrmetaihmd:aialmststhmrt freﬂnathat thﬁmﬂblty in hydtagdepitrogenation is

nally further conprise less than 10 nole %
g?%veap%§EVrretal (relative to the total of the

Goup VIB netals). In a speci al embodi ment, the bulk
Eﬁ%al'gi\g H@%%ﬁ%%%ﬂg?%gégl |§,s s'é%r\lt%ﬂ;( bf%netélﬁgg%segugstantially having
YWeRGsteR .ab taBCGrbOp I‘mBenéfa( rHealbulk €atalyst reayt apti@haltyf comprise a
e e U . 0 ESRACISL ' RS v v
afatysPlegésttiall Yomprises only nickel as group VIl metal and tungsten as group
VIB metal. A bimetallic bulk catalyst can be distinguished from a trimetallic catalyst in
that it comprises less than 10 mole % of a second group VIB metal (relative to the total
amount of Group VIB metals) but preferably comprises substantially only one Group
VIB metal. The term “substantially only one group VIB or group VIIl metal” implies that
the catalyst most preferably has no other, but may have an insubstantial amount of
another Group VIB or group Vili metal, preferably less than 5, more preferably less



10

15

20

25

30

35

between 0:1 and 7 and nost preferably between 0.1 and
5 nmole % The group V netal was found to increase the

W@eda07wigsys even when present in relatively | ow BODEP1086/010300

10 In the bulk catalyst according to the invention,
ttiheh $and Phoét bﬂefér@blﬂés\éﬂhéﬂ B rieé 9 (remtia to thatatal of the group VIB or
(hereafter referred to as the netal nolar r )D
@awn Vil metalsk ke eatalysh g erpntaig) ofber metals. b’ffn bk catalyst may
Wp’t!&‘\‘éll?'fﬁrtl’{é%rdbnﬁﬁfs\éﬂéﬁ aflero ﬁi?o(ée% of Q@r@&é@lﬁétal relative to the
t ween . Cenerally good results can

d@tabefrfba GmmeB ﬁ@taés) 1) apeq*adtembos@'@%ethe Qulk C&FﬂﬁYSA according to
éﬁ‘e meﬁmrﬁﬁ&gﬁﬁ%ﬂté"@rﬁ%t VS5t pretbrabRNISSiuME frfan amount between

I st1 ngul she al molar rafio range bet ween
®. 2 apddiO1miote ¥p (relatieai tajther totaliaf the Greup VB drelpls).emerg preferably

%%ﬁ%é?’l G 14D Py ﬁ{org\’??é?erabgeoeftwéeﬂ 0.3NhdSE e more preferably

conpounds are’'reacted under at nospheric pressure
detwian & hand Joud most drefetably between 8. 1cang: exolenfeahbe group V metal

Wi B B ksl D e B sentin releively fom amouns

than the prior art). In this nmetal 20 nol ar ratlo t he

R S B LR BRI b B Mg o

ahiys (Eresfter befenmedstoads thei cietal ln‘idlaa'dratm)aam iparicular nlckel to tungsten

TRORE TG an ih plTao YaRihehuden Hids HAdes, FStexgRiE behiEen 0.1 and 5.
eérersift godSesuigaad brnsbtéingd @ithianmétal Slolw natRGetweemd) and 4. In

A I Biprect PHibTArEE MEre (isgHisheRe I redhetg) mplar rato range

HeuhEerPE 2Qbal if Sﬂpéﬁﬂéﬂ‘d'ﬁ&@h |frr%@ﬁﬁp&@|b@1*o\/wﬁln aloliicatdlyst when

and second net al n‘gounds t akes pl ace under
Hb%lrftiﬁ‘héf‘ﬁa?fec%%dﬁ? FEMPPHRAS: @Fenredfies Jtnder imospheric pressure

C&thlbhé) od shd"BMat it thid BRHt¥xt e td Bk eandists \ii?lﬂ'i5 hlgh or higher
wherein the reaction tenperature is above the il

thydfasiegulnhirisgtion pr yrsogsniireaenatiof pefivitythan tbeuplﬂphgﬂ) N this metal
trﬁ&HP F%e%s XRD Faaéth §h|6ﬁ/eB°d |a¥§&n&rﬁﬂ&eéf%éérk§ ﬁéssmrl]y due to some

at nos N c pressure. It was surpr|S|ng Yy foun
trey G@tﬁlaissﬁt"b@tﬁﬁﬁdi Byt mainlndo ¢wéln§ﬁrlemurﬁasofaumdﬁmlf ied inactive

Ogn)% getivity, in particular in
hydrodesul phuri sation, conpared to the sane catal yst
prepared in atnospheric non-hydrot hermal conditions

qg\g/ag %8@@“@9{ ?odn?iv\’ﬁgt Wﬁgﬁlthﬂ ﬁarl n{o?ér erlo E?g'tv&é%nl 0/2 3H§ |7| a good

{0 a pressure
aiuliosanhlgsu (goqud emsbletterammlst d:umext hmmlyea@anmg a bulk catalysts with high

8‘#5??&2‘%' erf Wﬁwﬁ@ﬁaﬂ&b%&??n‘a %r% c\:{\)@}]d dtéef obtained when the

aetactgmmb@tvfzereenssm efirst hatd isecond hoatal aq:qmgoungs takes place under

ddi ti onal pressure. aut, devi ce .capabl.e
I IEEL RGO oo L0 de Ry RriSh Sapdilarg H REM o impy
aeastion ddnditibnd ahkieirgtHec@pétiont temperdturetis abpvectherbodlilg temperature

enbodi mept where, the .oth| uid.is water -

) P51 BP0 W B re, i, st fhe ppiipg femperature at
tdtmdsphdiier prassura. lte\m?ﬂsatpﬂémgl}'l ued thhatel O4tGlyst-aécording to the
many ~reasons water is the best c[%mc %éor t

|p\ﬁﬂt|3n hﬁé\ﬁeWéFh h@pﬁ@?ctmty)tlp (part,ca radesy uﬁsa%on compared

GRSQIHéJ gafe %Eélfsh?ﬁeﬁén‘éﬁﬁh bitosphEAE AbMAYdIBIhefrR@Goh@ifions and even at
condi tions’ his context is
a lower metal molar ratio. Typically such conditions give rise to a pressure above

atmospheric pressure and then the reaction is preferably performed in an autoclave,
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-intended to al so cover reaction conditions using a
protic liquid other than water at tenperatures above

wa b@7heishs ng tenperature of the protic |iquid BCT/EP2006/010300

pressure above 10 atnospheric pressure. Better results
\gﬁéféra‘b@t @ndee hutdgeRicatressu@! thbt is0lieout applging additional pressure An

eferably, in these hydrothernal condifions
ROICHAE 43 b Bpae RAMHGRIEIOING PEseaTS ey GRBH o Brcids above

Gher bolRigReRpefatiabl y more than 0.5, even nore
preferably nore than 0.6 and nost preferabl

nor e .
t"héhﬁ preferregserppedimeniewhere 4he patisrliquigh is gvater, Q%‘H\‘?’@‘ei’“a'i gonditions
| IP %@Eﬁ%ﬁﬁéﬁér(tm 1%t bhd Féot%ﬁ'lp@‘éiﬁretm?hé‘-‘rfthan 100°C. For many
hydr o ernal conditions, so it is possible to make the
cramnyyta;t,erb@ﬁmﬁ bestw;mcetf@rethﬁmrotwdwdam“@ﬁer smgmt@ liquids are
ﬁ%?%&&lbﬁéhs tan<'i I?ﬁer@t& &t ﬁfr?atl réa“"ctBH'éoﬁg ﬁrthls context is
houg oun e activity o
dntendedsto hlsoignyemn reastion cnmhta@ns using aoprOﬂCdnuwoetéer than water at
S
FAEREATELY bS5V sAuR ook ah, POl dipessure aboe
raahatprreucrmassiset Better psalte vmeleobthvyneld aathikiginerl metal molar ratios.

I 11 0oNns r
%ﬁgﬁ%&b& én t ?§ I%d?%tﬁ%%rga blggifg e ?"trﬁjge |rorr?t'° 1:?1 more than 0.3,
.kwéfbrabqamma/thm Mcndnehrmeteoablw maren‘lrmmt?} Gne\;egn rpomcbrgteajably more
i,n_a process the reaction in the irst an
§€%’b?1g q‘?@t'ﬁ?“@ﬁ%ﬁ@b&d@@ém&gl ace in hydrot her nal
conditions, in particular in a process wherein the
protlc li UId/ ol vent. is water .and the reaction. is .
d¥hen ihraeEtapan vdrraam%?ﬁave Lokt PRioReespary, (Pucgl ssivle) to use

tHyaRBhatal Bortitne, dOf iCpagibla tPhekeune ditaheas botmatrhyhrothermal
bar. The reaction is preferabl Mone i.n an_ autocl

FdambientagestuEe epnditions dthe abaidest eataliet 1+ QHfiR Pt alifough it was

QS&rYEP?rﬂat ]tﬂé)(%cﬁﬂ@ 3f7QCBuIHT€51%Iy§f ﬁﬁﬂh@@ el tneian rat|b28fC1 or more,
and even nore preferably between 140 and 160

wafﬁah%bwen doas Bi1AlS05a Rk HIGHEE When A Feastion,petyeen the
"’}" ré‘feérﬂi s@wnﬁrmét%'i 'cBmBSENH%efékgs ?pléfb@durqde'? hyant}ﬁHrﬁfaPE:éfmlﬁ(ons at a

bet ween and . , nor e pre erab y bet Wween
Pressafel hmbgt thapr ‘ebé? diegefere; i ene gmpogimen of m%wwanﬂon the bulk

REBAGRE ScESr ARG WY tHOhWntish i hro! ldééd ih% ﬁ%&tﬁss%ﬂéré‘iﬁtthé/ feacfon in the

use atnnspﬁmglc reacti on condi ti1ons erefore
diretfandrsegond metal sompoundsdakes relaq:ﬁgmthydtqilaermai/@cmdltmshlaspartlcular

T VB e A GREIA b  A f  gre er

_Fr@armtmme at prredation températune above HiOClargl a prggsure hlgher
5o e LT Pt 9P SR Lo BUBEFSEChidtideric elevaec

tpresgur@tand temperatuies bettveen ati@®°Chand N@al,i more preferably between

CEARE 0o ORI B B, A TR0, s

adonditleldﬁbmi atientagedus rapplige efth raabieyal ahalaerdhio Getbeero02 and 1.5,

pr e{e ?ﬂ? abov 606% 1”%6@0 qr I%fr%@g‘zyy p%wggn 0 2 rﬁf'%tnﬂ 2, and most

Uirelferabn mgbleolzcarfdeactl on conditions a higher
activity can be -obtained by choosing a netal nolar

rati o higher than 1, preferably nore than 1.1, nore

PFrefed awcﬁsm&om%lrﬁ oPvie@\IES niBpé %ﬁﬁcﬁ@fc&fﬁe}btﬂﬁbs@enc reaction

than 1.3 and nost
conditions. Therefore, the preferred bulk catalyst according to the invention has a

metal molar ratio between 1 and 4, more preferably between 1 and 2 and most



preferably nore than 1.4. Too high netal nolar ratios
are however not preferred 10 because that may result

WO wornessopl et e reaction of the nickel conpoundeCI/RP20DEN0300
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of preventing that problemthe netal nolar ratio is

IBFe%FaB@%éwa@A PWnd: 1. 5“35 |Er&ft£ﬁ:§’3?éb abﬁjoeééslwﬁbrefﬁhﬁe reaction is

eaction tine, both un hydr ot herrm and at nospheric
deae &t substantidlly atnw§ph¢r§ PF§§SLlfﬁ obxpicallyfthe eratistinyid|ip wgter and the

tr@ac%HpSt&ﬁ\g%rla?u\l{#yur&{%ﬁgétﬁbgpﬂ&% %c?‘-@gfohg’rls b-EhﬁV r19@€(§' @dlally below

X-ray ct ogr am of .
46p%0. a't'rmj resction ioxanied qubat wdﬂve@dd@gmeraiure sprﬁiwably above 50°C,

igﬁ({;!a %géfg%%ﬁfh%gov% rb% o n{n%fec &r‘%ﬂ?réfﬂ? ﬁ%b@é’ 75%ﬂé‘ tﬂﬂ%% pﬂteﬁeé’ably above

actron chosen suc o
fsor@l It kvak qumarabw thaf areder mtmos@ens neqsitioy canditions a higher activity

calcin show r n u
e e T

|201 ,atlbref ﬁr"ef@ably meorefthar 1l236%1bn211mluprsferab1$frmrahhgn 4t3 and most
st 4 hours ef era at least 6 hour
?"ﬂ?fyemr%@vng I-E%‘PSF‘ é“ I FaHes o3 aréoewesvp?rﬁ%t preferred

rbﬁé@étﬁeh@faFMayC@édlt tin Wrﬂp‘ﬁete trb@dtlohhﬁ theaﬁ(tHeOl@ompnmd dn view of

shorter, so reaction tine

RGRHESING 4 IFT IR (86 metal BRET T3l oy rilecitiy BePyed) g, referably

tHakwPikk catal yst according to the invention has a

net ast abl e hexagonal structure having an X-ray
diffraction pattern with a single reflection between

%eaﬁé‘gcﬁﬁ\ (u‘ﬁbf BBtﬂcﬁddéP h?&l%ltl'?én%gb aﬁd‘@trﬁ@ég)ﬁheﬁ@fréﬁﬁ'bh Moaditions, is

tween t ween .
@m s@fffchnﬁmlg@g ém wggg\tlgllyc |cg@gle&dk%deﬂgmgon@e reaction is
(Pl APURT5: 5] R Ry GOl el 8 oo o

cshowrreﬂentnpgsanf ﬂhawrea@ta:mmn@ cempoundsn th anypass, thavyeagion time is

c‘@gg&%{g gu&oma?'iﬁg Rl tu Qﬁa@&?%ﬁé}qﬁg ngt a " rgt {te calﬁlnmg does not

n gen atons I'n
cqmbwsrteﬂem:bus of ﬁnadmm@t@ starting comarunrdsh asplaallyemgtrhactlon is carried

t t h dj
55 0 B 080 A5 ST PBR SRMIE AR il oot
tHbeIrsaxlid most preferapinatl least Bkelurs. Amgaxdvantage h&byﬂrahhermal conditions is

=b= 920464an tom +/-0Q. 02)

386‘7‘%64@%@‘5’ NS B30 roiéé%?}’qm%%“eprgg"s"é’n%g %t eygfPelow 6 hours
nisuamyt islkuffickkekagonal phase appeared to be indicative

of a high catalytic activity of the oxidic bulk

catal yst, although there is no strict quantitative

rehwaki shzehedngat méemmlawataw arce@'ﬂmgStofme |hVEmt|on has a metastable
correl ati on are not Z aﬁderst 00
’66 He

i hexagena! §tragumavwgsqp FARiAT Pattem Mltﬁﬁ g\émgqls rgfgechon between

t8e i/ 65°T(affradtieh %nPkin@) anfwhdin fetleatiotstbebosa 3k a@u 8®and between
the invention is clainmed without reference to

d&am 58 The Xdgy @pweerdiffastooramishpws a epsh Pﬁ@%’dﬂ%@ona' (cph)
gﬁ‘CIStge% WitV e ;I.tamn%oh'\e bn p&‘aﬁﬁ:keI' tand | fingsten over the

erre hat re ectlons ot her crystalline
cmnhqlflndmlscaymesaqjtﬂ;eaawgm ||§m@ﬁb$@ﬁfe"'l‘ rﬁhe @handcby axes have a length

d(%on%rﬁ\ m%/%ntpg %ﬁsbﬁ‘rcg be't\keénstv&q{é?dﬁﬂ)%ﬁﬁﬁg bRRen AR O POHE same layer
in the cph structure and whereln the c axis has a length twice the distance between
two successive layers in the cph structure. The relevant lattice parameters of the cph

or hexagonal nickel tungstate phase are a=b=2.92 c=4.64 angstrom (+/-0.02).
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10 The netastabl e hexagonal phase has not yet been
identified in bulk N ckel tungsten catalyst. The

woeoap4s3pg f raction pattern of the bulk catal yseCT/EP2006/010300

according invention is simlar to the x-ray

ink frégdnice bf e Fn%fd%té!iie h&agBhalPhags tapbéér@ﬂttél'blellﬁdlcatlve of a high
Ni / Mo/ Wbul k catal yst described in WD 00/41810, wt

cRtaIYF f3ckivibh ok the é’f"dton bulkrqatlyst althauohr there & ”Ba"'tti"grwa”t'tat"’e
*@Iaﬁ&PY&mﬁWhQ%&céld@H%r@ fc@th@%\’@%‘ﬂoﬁa’ar@ﬁﬁt %lyauﬂ'fberstood or

t he netastabl e héxagonal hase structure of

knewejand m@@y@rﬁogsaioamgﬁgwsrh beyng ang linpted; tqy\,tgﬁqryo'ﬁherefore the

f
%gﬁ‘é\%t%?!stsdc@&{@g; %Ottf 8"7\}3?@%%@‘5 v\/léq‘?@%td \@@;&él? Ifeféﬁan%’ RO ¥RAdescribed
%t@ytchfﬁamm fpatunes: 1siating tauthebpisserae0fia metastabls bexagonal phase. It

ol ¥R rerRBhorsThr i, A Lo RSIPE 9 ohhtbiaty absent in
pmeas}@rayedifffacﬂon trlaiemetitist gbmsiddred dhatnamorihave pivase may also be
%P%%%Ed to this prior art good activity was found

' jul K catal ysts that do have an X-ray diffraction

pattern having well devel oped nain reflections having

%ﬁ%ﬂeﬁ%‘ﬁaﬂ&?h?ﬁqg?ﬁélﬁp@%@ }Baa lm[ Iy\g/rl?’\%e@elds%ﬂ?fseﬁ ih ri)%ﬂ( N%kél tungsten
rratast. atHeex-hxdith@antidn pdtese of thewslik catdiybt ausedrdiny inkentiph is similar

t he rretast e hexagonal se.i s also crystalline, it
1 BT & o Scho s PR Lo i Bppaa Tngiate, SieF bui catalyst
[GRBEHDBddinSYWO [0014118M0,0ditH ItWGiﬁewﬁetmagm&ﬁrlmﬁ diffraction pattern

oct ahedral caviti the oxygen | attice.

OB S A2 b3, L o PN L tpa™ie0e Ll hexagona
Ph¥sé atrutiire of THEC higka!” tun?@téﬁ Yeatast Sdcf:bt@ﬂdgrtb @fehlﬂ(/eﬁtbﬁﬂshows a
the netastabl e hexagona hase 1 s neant.

SRR reflestion pb aRYtab3-63 - SCOB%QSlchtPe%”qrr?rf %0&9%/073859 which

GREEDES! sLdstaRfidllyNEmbiphblne NnM@\bﬁﬁétme cAfysBArit e |oB§édIed that in
sensitive to heat treatnent. is inmportant that the

e ratalyst agopeding to nheamvetnf'@atfw aetivly iseasseriatedy withbe qresence of
Fhd PRSI Hex bGP tphﬁéé"ﬁh& 'a@rbdp%sé’d t& "th§‘pﬁB|1 hﬂ%ood activity was

structure occurs. he hexagona
éﬁwdarvvwawbulbh@atglyﬁaa@et os hﬁY%lrﬁB’f aﬁrrre«yddifffﬁqtjon rr@j@rrarhavmg well

Qfebgﬁgbl g s Frir? ](é?l'egﬂ‘tg', Iidgﬁ%% Alicwi Qﬁh%wmmgﬁ\gm}lﬂ% less than

arison wt e stand
v é’rhnsdlmmnead:at dlme 3¢l sbhdattice) oPibs- meipBtable hgxagonal phase is well

SR TRy P 5 g s

talspatoreain dissrdgpsn an airhestpamihmtdlsmbupom)oésskeifaruhangnhen(over the

o?tag\eﬁéaﬁ] cagF é Rf'j‘ gvgdb&g? al y\ﬁ}lélngért %gse%ap{fgéhce is made to

Ctramsitiont tong enystaﬂ;hap;trﬂgture Praet@stabls;ructuteeothver khan the metastable
g%t%!%}/sﬁ i s heat t{eat ed below 450 C, nore preferably

¥geE! B 1S BFER nor e preferably bel ow 375C and nost
preferably bel ow 350C It | s consi dered essenti al to

Ir ¢ bu ogﬂéﬂﬁ%ey ah%ﬂéflhﬁhh]‘?pgﬂlk %l)ﬁ haccorde ing to the

rigVERtion arelpﬁaﬁdula@@réénsutwe tbhl@eaﬁQi‘édﬂméhtatlﬁ is Ghiportant tthat the bulk
entire reaction to formthe ni sten oxidic

isatalyst 43 pglstreatep &t @etempegqturfobég\gsq tesperatyre th:;@etransmon to a

Qﬂétﬂllr% SheturBBRBSrst AthightT, IR Réxdghal Hask AdIBR aorphous phase
ound i
is g‘gnsformed into "regular” orthorhombic nickel tungstate oxide NiWO4, which can be

identified by comparison with the standard powder diffraction database: JCPDS-ICDD
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present as a solid netal conpound and, optionally,
anot her part of the netal conpound is present as a

wa@eloaisses of this metal conpound in the proti cPCT/gpiode/010300

This process is referred to as the solid-solid

POFesd 50755500ES¢1896d72-048) THX 4pHIES tasany and alifheat treatment
sever al oss‘J&gl e

Siesdndn Peodain Picars, Bt el fa/Siel v pdiet n prgieylar aio t

dRaf rttebﬁﬁemtnop@nwéoatbumecaéﬁyeplpantalesnam Q%ﬂdﬁﬂrﬁg \wAd shaping.
prepared in a process in which olgﬁ;f?the

&5 she bl catalyst ig bgak trpated) Below 45Phé‘9 sBPieg Peferably below
Hobbd Qevteh%@retpkéfsrab@%ﬁdvpms ’Id a0t Prerdohabelék 350°C

prior art solid-solute route resulted in

significantly |lower activities as exenplified in the

Qf(f'ér% fﬁere%pe?%feh I tB Hie Bﬁﬂ%dt&?stséc%&dlﬁdqﬁ lﬁ@ﬁﬁ\‘enﬂ&h @Haﬁ the first

parti Pes prefera have a nedi an particle size

tamel tharsgeorm selid metﬁ,tcompgumﬁs bath sepmaiss etrlamtypaally |nef5.\§tsohd state
| n

Yo 2 B S ABRY i b8 Tl Rrch S BIEEASY, T o

deast pavﬂ}nIn“rmeesgdldestet\%ib‘nqam?othahrtatdeaSﬁamiFBOf)thﬂ mtai compound is

&?% a"gﬁf sar %?L&é ek gﬁﬁ‘goﬁfﬁa Qﬁn@ pt @by ~4AHEP fart of the metal

rcongeund id presébDag @ s‘&ﬁutmndofnlbst mptad cemablnd Imﬂ'BhB'OtIC liquid. This

tﬁaré%%agé r%fﬁrgeqlrgqoayt |Eesroﬁ§|p¥c?cg%£§ngiﬂg nt& H WC? 00/41810 as

Soesbfagévendl| pbslsibléﬁpm@afbtlbn robtes btol ;krepaﬂeatrlyrmtalhﬁ belk catalyst. The

SRR S0 SR R%p EAbhels helh ¥ W Wyprpro was

GRéParEd tin ﬁQﬂMds’éeﬁmtcH iheGchkﬁl %mbomﬂsderrﬂﬁ'ieﬂi at least partly in
particles (w % cal cul ate

h bas f tal .
56 il St Ch0es Ths PHES Faciom bR undyth iy for art solid-solute

CrBht%' réSlitedas sngﬁiﬁéémw%w&fa%dwfé@éa SXEPRANIFEE fh thaeRAMBIES.
that have netal oxi des deposited on a support

material in amounts significantly less than 60 wt% In
VAW re2BicH &P Iné 'n%al‘b&ldﬂi ;Yérhéles ﬁx‘*e‘fér&bl&)‘\ai/é alnfedian particle size
preferred that the bul st according to the

iindhentanga of ahleapts@s 1, n:wel erabpoatigast 1mm gnost preferably at least

PGSO 3 A BB Tt 1000

reveh norefprefebdbly Adt r‘nemSthaﬁSOWt;ﬂrﬁ rmtdahostmrelﬁecably not more than 150
particles. The renaini n f?geﬁ'?(y c

meEmrapreanrgfegaéqheé@eew naarﬂan BET Psmthaéﬁmge of 1-150 pm
rg?‘ﬁ:ﬁ'h efer KQI’\E (f‘?!?@'of bldfsgﬂfn‘?cP?e?ér‘%ﬂycﬁ%%é/diéﬁrartlcle size of
acl s an

racki ng conponents E@
dhe enetebnmsmamuye%femams Aetrsiantially dinehangediig |tee bulkt Wtayst after

b C [ f
e e HOBIRLRT P, SALBn RE AL, b pr Fomvra
Sttedngiul Kk catalyst it is preferred to conposite the

nmetal oxidic particles with binder nmaterial to

i nprove the side crushing strength of the shaped

pEvet bulk eatalybh eomnprisast at deashi68owtf/e bfitmetal okidicsireatices wviPik calculated

cat @1% %t glgatrxlt %gtaﬁiﬂx,c glpr;g‘a%'yﬁ gottﬁgttgfatl @gi@ﬁii:gfgﬁ]ekbulk catalyst) as

Ozﬂit&ig)a&he@abtn supported catalystsstbet iaveernttay oxitématepasited on a support

RO DA ppptety ey e o T, dib B PRaig fon cataic

adctivityo it 6§ @réfbiryd Rhai&hetbutmcdtblyeﬂ accdrdiag to'tey invantidnCé@mprises at
SIleazset 7%| t");,l rggrteI ;g)rgfergb?); ate fégm f WBX g\'/e% mOI% preferably at least 80 wt%
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or agglonerating. The invention also relates to the
use of netal the catalyst according to the invention

WO 200a/0¢4598 ry hydr ot reat nent process, preferabl BCTUEP20g6/010300

nmetal oxidic bulk catalyst particles wthout
Shd Fioaf biefdrablg Ep Rkt 831 ¢t% moetaheyidic partitfes PTied nadiiyg 0 to 40 wt%

t he bul k catal yst accar d| ng to t t
5?%fl§? 8y o4 [n)éfe C'Bﬂtﬁﬂgﬁt §%5ctggngog1hgrﬂﬁenrﬂfoum = hinder Iéﬂaterlals

Eonviertibrt ngafdb?ocﬁfwﬁé cafiits, Jé?:ldi@/pﬂ:mcﬁfélfsearw efaeklabwpmponents
at | east % and nost pref era

fepigallya aftercomposting jof themetsl pxigic qﬁgq I'[h qut}i@dﬁédfu%ﬁomposmon

Mt?ap@ﬂ aﬁ%f&ébl§ égtor@défd H‘ﬁ)rlﬂoilﬁtplé@|bH[@cdt§yé!?JaﬂWle%alrdshaped bulk
di ameter, the other 20 50% above it) of [he netal

gaﬁatyst; ltggpqu@qrggtopp@n@q%mtye,rgetgl oxigig qamcl%wlgm binder material to
61oGE B dide crushin %Eg@tcﬁrtﬁé BRSp pé\@clgéesﬂ{e%i/émlbn also relates

tot pore vo the netal oxidi particles
m éfaﬂeamuy( Gatalyst padigles compEsing tae metal ﬁmd@ narticlasy Aierpatively, the

ﬁetéle ddlc Quk El%élg?t |clg§ BhBd' 6% dﬂ’&r&@cm%:{go xfﬁtBHte ubstantial

esired pore size distri
quposmgaalyt‘sshm@nm narfg'dtatretatmentl proeassi ber, thisrusee thebparticles are

ggqt{%rragfg}{%gfd ;) colr%q’a?l%%h ggmﬁfegslzae%gt%utmt %r%xgrnsle by sieving

ventlo roprocessi hg
oabgglymbsatlnybﬂm inkendmntalscutetates tdwthermea:lf rrtetaldlne: catalyst according

S on'h A O RnBolce B0E ol Bl e v

%Qia%ﬁp@‘ﬁcl@s Qﬁhout&uhétémlal oorhpogitiref aridediapingf 0. 1- 4
m/g, still nore 30 preferably of 0.1 - 3 n/g, and
nost preferably of 0.1 - 2 nml/g, as determ ned by

Piréfe @B titsl DOk datayst aﬁeﬁlﬁir@i ioythet |h@erhiohkptéﬁérably$iﬁer compositing

according to the i npvention aft cO
&pd shapind Haas & BnEchafiriace ¥g2 @ at ﬁaggl%f)we/gsgef%gfeé?fae'y at least
Gbuﬁ’ffg Séﬁd%sitfbréféﬁéﬁ)y ofodt I@ést lseaﬁ%/g las :aéaéd@éd it 8.E.T. method.

pr ef erabl y | east 3 | bs/ mm (peasured on

éfkw@rmm@regow dlﬁnatea K%Pétheowore lupgs sqeiovh agid gipmeter, the other
lBedy 55’(%/8%/0@ Wﬂgtalomd@ ﬁmaesTﬁ}@fe% @f3 t s nktlInkore preferably 5-

cat al yst can be ad eq uat el Y i ncreased b conmp OSItI

t1Renmeldgterminedi by Mr desqretion)i The éo@hPPFQ: P’@'aneaﬁfoﬁm metal oxidic
%’gﬂ%@s profer 9&#% Bt GsRIOVR /EWHdr@%?ef@#abl} & BEst 0.1 mlig, as

ani ca ength, it may be desirable for
cateamined hyd\lﬁo@@omt@n of the invention to have a Iow
macroporosity. Preferably, |less than 30% of the pore
vol une of the catal yst conposition is in pores wwth a
di mdesired thayHbe ponersizeodistribuficetafr thisnuk patatyst carcrding to the

A3 580 85 cORAbing 400\ 5, AP EATATH e 3 o

lofi cénventiana) bydroprogessingcatalysts| Moteaingiayticular, atbe memal reidicoparticles

t h%efS'l'ag%& %v;egntrﬁf@# %‘E Plaﬁes gPa?Tg{?ls ut BN gg q1m T féY:%‘eh%} nitrogen

cat'a
ek priptiors ch bodeWoﬂmhab&SDSde&nﬂ/gbmdrab:e&erablprof 0 1 - 4 ml/g, still more

B B o Bl Snd R B b, 2R 0L o miBLRG Rt ined by
gﬁlrogﬁmadgﬂgtiémr ultra deep hydrodesul phurl sati on of

Generally, the bulk catalyst according to the invention after compositing and shaping
has a mechanical strength, expressed as side crush strength (SCS), of at least 1
Ibs/mm and preferably of at least 3 Ibs/mm (measured on extrudates with a diameter of

10



15 nitrogen contai ni ng hydrocarbon feed conprising
contacting the feed with an (un)sul phided bul k

W@ 2102038598 accordi ng to the invention. |In view BET/EP06/010300
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relatively low activities (as nmeasured in the DBT

tespmmf. ThHeesOs &k te bilk BaalyeNcanbe ladsduadély arrgred tbywdmpositing
exanple B in WD 00/41810, it was surgrlsmgtoflnd

dbe pefal oxidic Rartigles with,a ﬁsffé'ﬁnb%mR“’gé’f Ing&% according to
the present invention has a very high actrvrty and

allows it to reach very |ow sul phur levels in

hyedplipincradalyst sgmppsitionsewith hightrreghanicahsirengthy rﬁmav be desirable for

Ctﬁé‘ thfa@’sf‘Sorﬁ&?s‘ﬁron' df tRP PRahtor 1Baavk réelorv‘iﬁécr&%ro@@-r P?éf&r%bly, less

cessarily reveal the catalysts that are best

ftban Be% thti‘ﬂérm%m/bbﬁ\ef efethe C@tarxsaucramngsm@n isripgrayies with a diameter
Sip b 0

e B  {R0SHnP ARt EROY] Weredly o o pgie” 2407 more

alref@rahlmlgssthanrﬂ@% nvention is not only good at rem)val

of S, but also better at the renoval of nitrogen. The

renoval of nitrogen prevents the catalyst from

pihes mventiprbalsb arelatess ta angpiphideld dulki oagfalystt c@gpmsrng a bulk catalyst

RGN B 4B VBT AR o5 BEh sBnBte T Ak alsglferates to the

Tdse df errarrbulhxadtrarypr orcssdpshiided” bullncathiyst stnmdeattme cbafrp"qrslmocessrng

esses i.n i droc on feed is r
ot A AR erE Afediiarbnoduriaing, LT cnd Bty (B organic
rtfoﬂmhes dndcloudli mgthpd e SRS deers ydmdbyulpingisatidri o sulphur and
dr odesul % uri zation deni trogenat |

SR TG, OB P SRfb SRR o CPDRCa the fesd with an
huH)sQiphRIEE bulikddatAlyst ackording @6 wdxinvghtioRy dr ocr acki ng, and
hydrocracking under nmild pressure conditions, 35 which
is commonly referred to as m | d hydrocracking. The
OAt Bew f thOTRREVY M @ktivitis (a%lm\%&?r@@m QHSTHEY test) of the nickel
PCT/ EP2006/ 010300° invention is particularly suitable
flongsiGR catalyshel smRrARive PRI Bé@&!@&@k’sﬂ 81@,ul& Was surprising to find
hmgr Ak MRALS tUH Qé@ﬁ@ﬁ%ﬁélﬁ{)gﬁdrﬁﬁ% tthe present invention has a very high

rodesul |zat| on y rodeni rog enat i on, and

ryiviocian abeves it b aseh oenhipr siehus develsaadbe bidroprocessing of a real
Sitrb e Snﬁefgﬁﬁrp%ﬁta%@a fé‘edg It aﬂgbggl fhatl1tRd 'testaito?SDBT does not

kero vacuum s ol | eavy gas oi |
Qmvessariy reveabther catalgsts dbatdaner st forareab ydrpparben, feeircepntammg

%tr%q?etm ﬁra%'dlfroﬁ?o Eﬂ‘lgg@etb rr?d?ﬁﬁd? fWﬁvcg.' OCQ}%Q toﬁ?eeﬁtﬂﬁderﬁ/ theory it is

e range o space
rassgmedfthat, tlme t@talystlacc:mmjng K thei inverdibn msnwtmrﬂmgoqdaatgemoval of S,

Thee? St e [28a%of g Pind bt ifedehpravents the
1éatalystdems peisdring beebasra strbnglalad‘sgrbmg riitecgyea congeunds and prevents
. Q. ..,aft
e R ety peS g tee 808 By asia® sphvgest
pressures in the range of 5to 300 bar and Irqurd
I f
B e R B T L o Ber SRS et BUGBPERRES 1 Which 2

t MRirddavison Fedid isS reaafedi wwrh dHydyogeri 4tablegatb@tempbratire and elevated
ultra deeggH%drodesul huri sati on of di eseI

viRIessyre,o | A9t PERCep aanyi 3y hygdrogenation. CS‘@(grodesulphurrzatron

t peSdePfrdgehbtionahpdry§émeamigatind By dredddtembfipedioh, rﬁj@rdr§omerrzatron
positively dependent. on the hydroprocessi ng pressu

QAewaxing; Mtﬂrocra%'nad@aﬁt'b\@éoqwcmh ugeeTc Vi rgfﬁ?%"e “Conditions,

which is commonly referred to as mild hydrocracking. The catalyst composition of the
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activity and the very | ow residual sul phur levels is
even nore pronounced at high pressure. Particularly

wQ@owado48s281l t s are obtained at pressures above ROI/EPRON&010300

20 preferably above 30 bar, even nore preferably above

Heptish MOSparficdrgr gbliable?lbeh/ Qlyafbtrebﬁrﬁg h'l}hftfcﬁfbbhefeddbmcks Such
catal yst according to the invention

YR BN DICHSEE SPMAFISE.a8 Fr. dyggo:‘deﬁglphyrg@tlon hydrodenitrogenation,
f&)‘ngrlﬂéﬁ‘oﬂébﬂﬁﬁ'éﬂzﬁf?&d Sﬂh?d}gc:mégﬁ PEkRitdck S ISifbled feedstocks are e.g.

pre-treat ment of drocracking feed stream or in
prigdie glistilates k@;onﬁmm tV@cHUpfgas Pilspand disavy gas oils. Conventlonal

r benho o

FAeE G Zoor cat b Gopls, SAEh o Rmepratiiedin 1 Ringe e 2sbrasoec

mumsng th@ ranige ofrfiy8%A bamn space yelpeitigs in tbelréwesef 0,1-10 h-1, and
eferably below 10 and

%@Z@ﬁ%ﬁ% fértg%}ré}l\ﬂg?qq bgp')\ﬂrrlx‘/vt The residual nitrogen

| evel s are even Iovver preferably bel ow 15, nore

gﬁgfbm%)gt%lygglg?%}lgﬂ\gt% g?’egl\avvéfﬁ%g nc%\ %]:e Efs@@ IirV “HSAII?‘%I "'I_’iygr%processmg

Ipecded sed tcsnnéairajplutahtye:bfs‘em ondet vidernahgireysiedotidn condltlons e.g., at

nitro n Iev | s _belog o p b r
RohpaafBes EURegands B2t Moo DB b stk B the range of 5 to
B00\bar, 2nd liguidehoarlg paceblejocities (EHS V) ianble ramge of 0. 05 to 10 h-1.
preferabl y above 40 bar. 12 WD 2007/ 048598

PCT/ EP2006/ 010300 The invention further relates to a

Hecaske! higstenebuiR batapst adcerdifg tdthebiblentiontisiparsitularly suitable for
according to the invention

daiisp deeoidradesuiBhyTsating of A 'eés'nfésﬂr?!& W%ar?éﬁq ‘{%’Pﬂi‘; that the activity

@ P nikkéll tuRBsteh bulRi kst %BQO@m@QSQﬁé* |rﬁ/@hﬂ|dih Bﬁio@ltlvely dependent
conmpound conpri sing G oup. VIB netal %@ten i n

PNathe hydrepriegessing epr%qsurer ﬁ%ﬂ%ﬁh &t t'@&ntﬁ? |a§,’| age ok a¢ PH% catalytic
3%%!61 | gﬁ%ﬁ g?ysl%ﬁlofégld@ép%lpM':rBleV@IE% e@éﬁ'rﬂéﬂeV&oh@uﬂdéﬁ at high

G ou -nmetal s) and | ess than
ASEISUIS. oPaﬁlC@iaﬂwng?dwé?%{"S( A Abtajred @ttwésw?%lahswe 20, more
sdgcongw&fq\%%orﬂ%‘i’ adveh: mc(ré'p}eférea%ﬁf éB?)ge hb%nﬁ'nﬁ&& pfeiétably above 50

npoun s at ‘el evat ed
thanpEheseiore: theheatalyst amerdmgr @tthawegé@bﬁdﬂgﬂladdamfeg%nusly used in

QUAAS, 1 RIRLBroBbsulpHifSatid?Phdd KydrB rﬁt?og%‘ﬁla ich pledfr&atment of a
o PREUE For Y | Fydrigenodeiat

entrre reaction to nicke
thydgmankmxfe@dcstmahk wfamaaywm:eStSh@r ﬁh@d@wfagiurﬁoﬁfaal lybricant (=

E@r‘ §n‘pr|5|ng one or nore of the follow ng
roc L eps: (iii) separating the netal oxidic
partlclesfromthe slurry, 15 (iv) conpositing with O

cTheareptiont ShepRE aFs, B ik SeRuetiBlitithn MedPEnt Wi ane catalyst

Qa”ceurlﬂlr@f tohhédu&\rentlmisetyplahlsj below\30n brederably below 20, more preferably

L D R P Do RaFERE S BEH ol oo ovr

Cléwérh@ré’fﬁlfa@ly below 15, more preferably below 10, even more preferably below 5

and most preferably below 3 ppmwt. For achieving residual sulphur levels below 10
and residual nitrogen levels below 3 ppmwt, preferably higher hydroprocessing
pressures are used of preferably above 20, more preferably above 30 and most

preferably above 40 bar.
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conpounds, 20 (v) spray-drying, (flash) drying,
mlling, kneading, slurry-mxing, dry or wet m xing,

woeoocosspsat i ons thereof, (vi) shaping and (viPQT/@P30061¢10300

and/or thermally treating at a tenperature bel ow a

tTeRPRUEitidhefurthiie fefatbs 301 pioeBsd forathgismwrhdtumeeof the bulk catalyst
structure occurs, preferably bel ow 350C. 25 The

AGFPrgingdp the IBVentiod COMPEBPGi ng to the invention is

deSﬁrl begbrinihgdesiainy of @frsPB8lidrhetahEompdinidudmnpiisingesretp Vill metal
bul k' catal yst manuf act ur i g‘g processes, .in W) 00/41810,

whi ch i shicke!rang @reepﬁraq),sg gietq| qgmqogpgrcgmpélsmgoGqu VIB metal
(i) The gy 9Et'eﬁ in b PPt Ihgldbfheasﬂw ﬁﬂhéﬁcdmlﬁﬁéﬁssﬁ\aﬁﬁo mole %

the present I nvention can rotic 1liq

Exanpl esobaeseﬁem%ﬁrowraw%mtalc(re!a \gsto tmdtoa' @mﬂng of Group VIB
such as fRiaIMN 1688 R0 moke o@whltsreapmﬁéep(renam tbfie total of
protlc |Iq |nt € process O t epresent I hventi on
preferabtl’ye Gror.lpqwmatais)used that conprises water, such

Hxtu eea% \Aﬁ A8 ﬁ}'s(fog ngn§5 SBRd efne?a{ﬂdccgmé&nds at elevated

pre rab erent protic 1iqui

applied tetnaoémUmnﬂéremﬁ&a’rﬂﬁﬁdEezo%so}me@I compounds remain at
simultan ro s,of t e .
" R S §58S g BE AR 45 m e i
net al cotqmgsired dxldloettdﬂacaiblysto an aqueous suspenS| on of

th d. T t
8 baResn Pt aELARD e BT queor® R pliagib Higless sieps:
t he(iir ot sepdrating tHe insetalixidic patrhdesfvbmbhé slUyy of the

et M) oRRORRU M) ap i, o HBRUYE o 10 lf el or e buie

stat e duchtagst) hef aﬁ@@smﬂa‘ nmenamvseractemfrgﬁnmalglraup of binder
| ess than O 05 nol / (100 water at 18C

protic | Magrils sogygnipnal §M?ﬁ°8[ﬂ°§s‘ﬂ'i‘9: R%tlaly)EErﬁﬁ’(glﬁﬁ%‘g('”g compounds

whi ch ar gefdte,| Bagig R bhtar ithe t &nbinih§ 8&d/bE rEd@ing of the metal

during the reacti on conprise, and nore preferably

consi st €8%BPYNd8l |y of, oxalates, citrates,

car ggnat hd X Hras rQR/‘iHHefﬁll KneXHiAE S s| d t

nol %dat génay%‘;ﬂ & ﬁgt@s tungs{ Iz??y oiﬁégf surry mlxmg fy or we

m xt ur es n’t'*ﬂég @dipomwnﬁhpﬂﬂ'fbk@pf hydr oxy- car bonat e

nic h% | &g nickel carbonate, or mxtures

t he el ng nost preferred. Generally, the nolar

r at (\w) beﬂm anger Hyermally tgﬁa@n@satandemerattﬁebbﬁiewa temperature

groups i I °

ange. of WeltErBhiS S eIl Rk BEARE, cre@ehbadie ssoe

1 and nost preferably 0.1 - 0.8. Suitable tungsten

g'lj{g)golfgt%%lla\mo%gssaggco lné antQh |R\%r£t||o}é r']é §%§J?|Se§m B&aﬁtaa::t&e of the

warieus |d|fEamdan1ttbLm< catatyst manutamumgd;srpceaseh BmsWQ®0/41810, which is

t.un en di - 02 ”'foxr'mcde tungst en sul phide (W52 and
isisvit Qaopefetil IR ¢ ho

Step (i)

The protic liquid to be applied in the process of the present invention can be any protic
liquid. Examples are water, carboxylic acids, and alcohols such as methanol, ethanol
or mixtures thereof. As the protic liquid in the process of the present invention
preferably a liquid is used that comprises water, such as mixtures of an alcohol and
water and more preferably water. Also different protic liquids can be applied
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tungstic acid (H2ZWD4*H20), tungsten nitride, alum nium
tungstate (also neta- or polytungstate), amoni um

w@bmspsspringst ate, or m xtures thereof, wth PCTI/EP2006/010300

ortho-tungstic acid and tungsten di- and trioxide

Qﬁhlﬂ&n%lﬁlﬁw e pr%@eé%r eff ﬁ?kaihl/é’ntlohhﬁof RtinceNit e pussile to add a
the first and second netal ound is an aci d/ base

SEERANSIN efna netal FOrPRRUNGY '“s%tEB tﬁe?’h?%"cﬁi‘ﬁo%ae"%o% of another

blccér%d&hdawm&m at &6&: N§iad! choSeHTMIBRCddes ﬁcﬂ |ﬁl©l‘fdf63wnh the
i d ound. nost preferred enbodi ne

tfﬁ%c'ﬂsﬁotfé P&é@dlqwdnlﬁ W’i‘ie& HBe isAlelity efntheGreup ,\@létnong@ble metal
#éﬁﬁ&n gnﬁ ArbGp VBB FhetaPEHABSGhART Whitt &fe faf ‘IHst‘ bhRQYRthe solid

and the protic liquid separated fr
rswetdedngrﬁ’t&wm@@@iscnféhixW@nt&neﬁeﬂeﬁa"é!t'%l?sﬁ ﬂha)n Q 95 mel/(1Q0gmi water
%ﬁ1k st in part to formthe slurry in step i). Most
preferably, in this process the first netal conpound
is a nickel (hydroxy) carbonate and the second netal

SERRAD: M) 5,88 BBl SRSy i o

rsaed statda eluhing ltees reaxtiom damgried, andvimoon mezﬁerablwyconsrst essentially of,

|
B Y RPN, AU P bRl RS | it
mkmdﬂesnlttmngetes abxades, ol mixtures theracft ivath oiokes hydtoxy-carbonate
SR e el o BER Bkl TR el L proterea

%@ﬁefrﬁly)/trfefrﬁ@laﬂffatlﬁIbbm&nhahyﬂrsxy dieapsandtheaarbonate groups in the
accunul ati on of .en_ions

5 ferably 0
RO EArbRnaiR [ e G108 S5 - o ELETEEY e opTg preferably 0 -
tNeiEmbst prefepdly 6.4 - 0.81eed for washing the obtained
separated oxidic particles, there is |less
envi ronnental hazard because of reduced |oss of heavy

tgtﬁt%%let 1uRGstaR tBlripoads WRRhearkSatNBadl gy indthe solid state during the
expl osionS due to ammoniumnitrate salt formation.

mieeassr of Hre: inyeBtiom compfisg Yeater-igsalpblgj typgsien j MAoyAds, such as
onﬁd{/@t@ﬁ G dnd tﬁ&@dé Q@ﬁds‘téms@&ﬁﬁe (WSS dMRIWRS,), AngsiRAr Qirbige, ortho-

one 3rou ere can be no composition
dungstici aci Hé‘z%dﬁzml ungsten Jitdde.r albginiumgtupgstaiee (also meta- or
5&%& I t BAFESs keSO WRR WHHS-tungstic
re Prﬁc}sﬁ% 1'eﬁ&p§?tﬁ3éﬁ§®&gﬁr?ﬁg thesentlere ung
racicbandungsten divaod triaxiderhsting prefiresol ved in the protic
liquid is small and hence | osses are smaller.
Furthernore, the spent binetallic catalyst is easier
thefdiablyE,dyle reaction beweeotise fitstiand seeandl meteheampduad is an acid/base
rgagf 4&}8 5§tal yst Epe ﬁn%?glafco“bmkﬁd 133? ;Bg\sllgfséﬁd ah@ the other metal
dédniipotind tis arCacidnelsbild)cmhpqmmdcesses for the separation
of nickel and tungsten can be used. This is
advant ageous in ternms of reduced recycling process
Clarthé evdst yrefeded embodinient b theesrooeisadccortirgyr the imvaintion, the first

APl st e 3 3B e it o B roe i
agébasa@%) ﬂdmféﬁé k?hﬁfﬁﬂ AbtaC 61810 lpﬁd(c&)s imEep mp liotesusedtatleast in part to
conpounas or e

prrmﬂaq iy Eb3tBB oSt tBieterghibrnabs @%2% %p frStghé G sgppound s a

nﬁﬁélEbl (RydFoxp PES LYKt BRd INé secBnd hetdTbtpband idatirystit Bride or acid.
by nitrogen adsorption), and the median pore di aneter

MPD > 3.8 nm (as determ ned by nitrogen desorption)
and

14



25 for the second netal conpound, preferably tungstic
acid, SA> 19 n2/g, pvV >0.04 cnB/g, MPD > 6.1 nm

WO 2007/948388%1 red that the total pore volunme and RECIEEP9NE&010300
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30

3

w

size distribution of these netal conpounds are

il dedbrdl Qehdtmse tRI§ procesenineerkathe higﬁdétoﬂéﬁ@adSd>fnGnV|ronmentaIIy
catal ysts. Pr ef er abl t he pore vol

sl grdeemaicAippialstalys) Prﬁqugﬂgnqz\pa"f gy @Péﬁfﬁ;}h%ffhe metal
Q:o%oun@s %/ngt coHMsin MRfdgeR red RS, 2 o/ tHe- r@gctron?ddé‘s/n@t retftlire addition

eterm ned by mercury or water porosinetr
mframeeniat teetheufeagtien MidHreyrast & afapnnle "htWOI 2004/073859, so the

BB% = ggreﬁtlrg tyefi‘réaé’ 3P||1Mo§’én Qforr{se%ferezig H@é&un@moﬁ‘bﬂahen ions like

east /g, as determned via
anmnurmurream@r nitrale lmathe amottsalmld: pa repesied ecyeling H@re is no strict.

Tde th?@?SﬁﬁéWO?ﬁinbg @E&%’t FEJBFHC% gh%?e is less environmental

prerera e ran mor e
azhei bédayseof regused lossof heavy traaslwn metEly eﬂKBB@aae is no danger of

‘og oggo e %Oa?h(\)r%omﬂ{rﬁ ﬁE%O%%t Po'fmgf;r‘&'?tFLﬁthF étﬂ‘étg?use the catalyst is

t  nore m nore pre
rmmetdllicamemmstny ip ftenre@otian stepﬁsesua‘hnllqr ammermlsmmmm group VIB

d f
%?@%Z%ﬁ\ﬁ&@%ﬁ@%ﬁ ny I'Ifg m@oég étﬁﬁmrﬁégrglsﬂnege ?E\mg of the
tdeparatéd gguid faftér redchion. nBecrmhsthe cpnmbamclaslbre;nalm at femst partly solid
er

L@?%Séﬁég%g eir(sggstggnt ﬁgn%%g]t OZ 5'#3%'59655 VFﬂ dn me Rré’PC liquid is small
[£175] herlfc%aéﬁséél ar¥. smaTBefF&frme&norEEtr@ smﬂbmdlﬁc vatalyst is easier to
f;.%[:;r'a; Eﬂe@zgp%ggtgggt%glgﬁg%m G %Illc? %ar%ﬁli Igggéﬂsseat[were is no need
| {8VeRiphat M&?V&ME\VIB mefald) eidHis \ﬁa@f gifficult. GBﬁ\/entlonal processes for

enV|ronnent reasons, the handl i ng of such snal

paesepp@ton ofjnickelandapgsien cap beaerofais 1§ Pavaﬂt%qeé’us in terms of

Id.
St B o s N ey v

addition, the slurry is kept at the reaction

t?mﬁfamg?ﬁalfc%&alﬁt cSrﬁbBﬁi'th Wieh h@;ﬁ c%(al}ti'c"ﬂ%tl\tnf? 'H"li Br‘é’férfhf?j that the

reaction to Cenera he sl urry ept
afirst ands secondrsplid wtdmm@mﬁeﬁ) @é%\@f’i%'ﬁ @Qtebconnnpunds For the first

pff\é#a'l EHJn?&u %ré?&%ﬁ,e%thgdéé& %8%4f?ﬁ'(€3§%95urﬂa%e args (SA): SA > 220

anmonrum i pre era
i m*/ghther patg e/oimeDpV >10.29mm ég (a8 éet@rralbe@ by rmttqg@nramg@tlon) and

theige%gn p@l’édd %&Q{ NPT > éafﬁr Qld%ténrﬁlﬁehe %ﬁ geﬁ’fdeﬁor{)tlon) and

een Set out above, care must
t foe tipeHseguohdt hetat eorppmtatdu peefanablycthos&m aoid, SéAch 19 még, pV > 0.04

ﬁ%ﬁf{gf gﬁPéEt ? ? nff ﬁhi&%s %agkl‘? d?clé%l Oéjoerg;voilﬁge taﬁg utrﬁ? pore size
odiistpibationc dfi mesd |n$etaiotcomp|onndsal aranainikar c tmtbosee nefl yconventional
R RToCo0) DA et WEiFGrs VDY OFf S SplbE pcferably of

| 5.051-e5 @MY, indreeprefsrably BAD. 05he3 sy apd erost befewably 0.05 - 2 mlig, as
in cas ctiv

stirred reover,

SRAPITnes Py pleacir i WatEE PPmsEnetnt Fultben famurRe8 gia krgterably i at
tl@aét 1 en? @ WhoraBirefer Iy of aacaaswgaﬁ’wysérw mbsteprdferably at least 30
duging their addition. This cgn agai n be achi eved by

eMy9, ?%Q?téﬁg'ﬂﬁ‘bv’?ﬁ'ée BflrePdsol vent or by | owering

the tenperature at which the raw

The median particle diameter of the first and second solid metal compound(s)

preferably is in the range of at least 0.5 um, more preferably at least 1 pm, most
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25 materials are conbined. The paraneters that are
i nportant for the performance of the bul k catal yst

w@moneissry to the invention, in particul ar theCT/EP2006/010300
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reaction tenperature and pressure, the netal nolar

kefuy BEeBYF O G BRdTeraBRCAdAflofeORh 15000 SurRoleBreferably not

tinme a escri be above 30 in nore detai
trivere dieaye 1008 ;umne\@fn move frefekabhanet pere thaw Sy and G‘IOISt preferably

TAORAER 1900 hobxe RBTEP/ERR! (e il bl JHHeP s n the

Yandd6f Neafs0 e arfd Mosf priefd?hily dofife Hemderof By disOt ;tmr Gaherally, the
conditions at a reaction tenperature abagve 100 C

#malles $0¢ epatigeersizn g thepgietalvrmPeYNdsdbe h'%efafhe'f reactivity.
r'lfffﬁe'réfor‘es n@?ﬂ‘b%n%uﬁ&ewﬁ@bﬁhﬁé%t siFdat @élm%éﬁ@f@ﬂeﬂ%\b& limits are in

advant ageous!y produced under 35 hydrot her mal
dsingipte d pesferrechembedimgntyef the peesept BventionHawenarHaf health, safety,

g&%?%ﬁ,é%gé"/e\éffﬁ)égggontso thﬁlq’!amr?gogﬁ /sgél’?@rf’all particles requures special

use | ower nickel molar ratio or
rpeecautibns t(Barticleiize/Ristribution, wasvmsaswie by iNsiar §oryaid fSﬁettermg )
econoni cs of the process itself, the bulk catal yst can
be (and preferably is) manufactured in a process
vtep éi)n the reaction is done at substantially

5 BRRPA e S g g RIGE B DA 1o ror

reeatain ptamostoé pmel tb aﬂaw e‘sasraagtmrt todalkebplacer é3eneslly) thesiudiyds kept at

i ’H‘%{?FB‘H%@FIH%@}  FRRATHES. P, o4 fifbeg Jo o 2bbRo73ese,
BNERb anhieriura |§ adddd. ameusH padfernablytis @n theqrange iof 0 - 12, more

use thaI o -1li ee e d f

S FterAtlDs G7gs i dire B S TP SABTN PR GLR 5. As has
C%ddeﬂfdei Mutlbfbov? fb’a@@lfhuaf b@fak@ﬁ&ha!mtﬁél pld @Ap diss tﬁmra'wﬁefare chosen in
addi tional material as e t

Rkh e baa TR GS PRET e iapod S s feetiad SR’ n the soli-
PIdiiA Prédels I amelLitdofl drétid Bhuid %ﬂ@dt&frltléd’n ahﬂ@ﬁtbrﬂléﬁleﬁﬂil chosen low
be used. The separation can be done before or

LrAoygh te @ﬁbegneceasemt Freatedvastgdiaridnpiqyided that EAF&'@F'ent amount of
SsQJNe‘F\t hd Sl‘ébgntst%@{s@@ Mt tHEPSILAPRBhYbe @el%@tﬁ?&d]mﬂo}éo@treiﬁ case of

can be included. Further, it iS possible to therma K
tvesyureactiee pog/er @éﬁ'ilS)leb'eaf%maéﬁf'a%ﬁtﬁf\?%’l be prevented that the raw

Sﬂéﬂeﬂglk'nrggétq/ r?% s e rle%9¥ ﬁﬂﬁnifﬁéllrﬁdﬁfbﬁﬁ Wty @alﬁ’ "abﬁh HeQachieved by

tional nmateri al
. gpnn(:nea;mg@he amountdufsolvent orabpy lewering Hiestempataturezat which the raw

Srﬁ!afe%l@%ré E{ﬁﬂhﬁg@ group of binder materials,

convention roprocessi ng catal ysts, cracklng
compounds, aC|d|c pronoters such as phosphorus of

ftﬁ%éﬁrﬁ%eﬁ{rs %gi HL% ?&fthgig{fﬁﬁn tggtﬁ t% IBgl?g:aHVst according

€sCri b pre ara Ion O
ptarthe dhvestion, ib cpattlcelanﬂteateaomrdteu:nmaturecamtp@ssme the metal molar

nrgf ﬁhglhy g:rtrgeta'ﬁlggrﬁag{l gorit{ﬁ &ﬁ? an f %Jhg'l' %E\%l are described above

plhe'ﬁaéadeltmhln(lﬁe tdbscrrpabmlof the blullc cptalyst Asedesariltedoit isorequived in the
t he separ at s*h D any
process accor |ng to r'iventlon at when the metal molar ratio is between 0.2 and
1, the reaction is preferably done under hydrothermal conditions at a reaction
temperature above 100 °C and a pressure higher than 1 bar. When the metal molar
ratio is above 1, the catalyst obtained can also be advantageously produced under

hydrothermal conditions in order to be able to achieve somewhat higher activity or to
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case prior to the shaping step. This additional
material is nostly added after the separation from

wa bw7/048398 d i n the m xi ng/ kneadi ng step. Exanpb@BEPRX006/010300

ot her additional mnaterials that can be conposited

st Nowdreniedll Mol&ratld ©r B Fddce Ffterl PlovBeere & ﬁbwsdf simplicity and the
according to the invention are descrj bed in

@gmqrelm of3¢he rPregesst feelfanhee Pulks EatalyEl CﬁPoE%s@”d preferably is)

rﬁ.ﬁéb%ﬁrb& G%a ﬁrBé‘esIse«X/ﬁBreiﬁOtHE qehdtioRds dbRe v Istibéiéﬂitiéllly %tmosphenc
a material" nmeans that the material is added

tpneesutﬂ anctalitempenatuse belowe! 20e1Cs prefarblythelow &QJPH%C
conposition is mxed. Mxing is preferably done in the
presence of a liquid ("wet mxing"). This i nproves
tShep (chani cal strength of the final catalyst

17. WO 2007/ Q48598 .PCT/ EP20 1
é%{%&g?tﬁeﬁg"%gteﬁeefapewawc Ber gq%gp%% n\'ﬁtgl 8§|g|9 958%es can be
adgarated #onmakerigald, angl/ ovia |fmcatropoo|atspray diyirey. nat ené aditernative

durln the pre aralono t al, oxi di art
%ﬂ tSygh § mlm@m 6’% pb%{ﬁlqé’lﬂ Ertfssedﬁp%h ||qun§ needs to be
@ﬁ@@ﬂé@ﬁbmshéesw& headtidnstbductuThe wet réétﬂioﬁ&dbdm:t can dlrectly be
particle size of the _netal OXIdIC artjcle EF%”)
sheeecba@err P PNALSPTIRES TG HAI additigp erie o &lowand then
Pt eF%rnﬁhe) sép%rétfbnt Btetrfeaﬁﬁ@al Q'fxmﬁé hARRE A &lﬂﬂﬂplénéh? solid-liquid
era | east m nost preferably | east

mepgmlorprtmmmc?nm us,egr &he ;sgRanstion can beﬂgoge before oT%fter being
i Eip% ﬁ’% Wltﬁ‘%dltléﬂ%’i ﬁtaLel?i%& Aﬂgpscﬂlmhg@ﬁ%‘é{:ﬁi%[@n optionally, a washing

y not nore referably
raiep oay be irfchuded SEurther, Etxerpqsslbe tortegranadly Fryat the @umt%b'ﬁt after an
%%ﬁl%hﬁls% n&i'llglgﬁtsgparla ﬁg atp&‘a r?bh% ?treg%? 5;§0Pf or fo its %éptgrﬁo%%sned with
dberpddltmmahg\abénalo the netal oxidic partl cI es VVI th the
material results in netal oxidic particles enbedded in
this material or vice versa. Nornally, the norphol ogy
dBtep kie) met al oxidic particles is essentially

OB sBoeely o 9iionE” Ml seefes RO MR aRLBror, pinder, materiat,
h&naartlolnadhyuwprbeessmg mmalgsts,abrzaclangnoempoomrisl lagidigpptomediers such
nd

as ers,i dropr essi ta a S

e PRoThNBRs of Tholie) EnPRETEE, (BB Bn? B iRl B the above-
sddsthtsechpreparation of theanetabatidid pattichasron tattee metal oxidic particles after
al um na- coat e il

silica, .alum.na  such as
(BeE RO reratls. ip ARtanal TREAPLE added fp dhe slyrmearer the
RPreparafion f [H‘eoit?tbfhl kc;&iatd @él'{laes @ha}fﬁloﬂto & @elrpafattdnaswp, but in any
such as saponite entonite iQlite or
rﬁ?apowrmrctpt*@e ghiaping; stepr Lbist ﬁféﬁffé%tep el 1S SOy Reded after the
as!e%a?dtnbh‘fﬁbm thd liGAd M tHE Ading?knEddihg, stbp.t BXtinipled of aﬂtea additional
20 coated alumna, zirconia, bentonite, or m xtur

tmalesals thahcap be rreatnssited) With Hisometal odic paricles i the catalyst
3 dcBFdimfRithé ﬁtvb.%n a%%@&éﬁbad%@\/@ lob/4ng10.0ptional |y

conprising any of the above additional materials can
be 25 subjected to spray-drying, (flash) drying,

m'nIA"it n% abSEAECABed ﬁrlo%gsyalfé‘rﬁ%tﬁgs th iérﬁlr"c%boéﬂlﬁﬂ fﬂtg bulk catalyst
or I nati ons thereo a conbi nati on of

nWIih agnaierial'kmeans th\gt the material is added to the bulk catalyst or vice versa and
the resulting composition is mixed. Mixing is preferably done in the presence of a liquid

("wet mixing"). This improves the mechanical strength of the final catalyst composition.
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slurry mxing and spray-drying being preferred. These
techni ques can be applied either before or after any

wotirhesabove (further) materials are added (iFCEEP2006/010300

all), after solid-liquid separation, before or after
@dnh'tﬁ)’smhb thd matdreiitic p%ﬁﬁ:lé‘suhﬂ'ﬁﬁv@aﬁdlﬁdhal fratetial arlitgor iB€brporating

Step(vi) If so desired, th oxi articl

S8 Mkartl gurng e REpRaetaRyodhe (T TRkl Podals lqasRdp bulk catalysts

thgftlcﬁiaﬂy 'ﬁ@ﬁ rﬁ@cfﬂﬁ%ﬁ&ré’i@h aA PaHicurt ifahe sietan( paricle size of the
havi ng been lied Shapi ng conpri ses extrusj

rﬁ@?tPIePX'Q!CnaamE‘é&dPﬁ@'Clﬁw§}zGr Dﬁmwoar‘y%@ewgﬂd by Near Forward
i

SHET 0 0 lpeSPabRaNeS BRakl BAGED ot 1 um, s

Tefé@bROaNL8st 35 A%, BAT| pnéreﬁeme/rmm@thmma i@, more preferably not

alum ni u earate, s f t

AR Par OGBS iTE ReBtADY B0 rRBROH 60 iy ] tmost preferably
ﬁ’\%'t Yt & 500 deven ﬁbr%%?&é@? ﬂw@ﬁ‘fﬁ&%n particlk lffameter lies in the
shapi ng conprises extrusion, beading and/or

gpngsyofdt y15£gum|and|reoqb pesferiablydn thezange ef %h*&@. Hheggpmpositing of
\Xg fifktdi [9r§ cgié‘noc}l& \R/Fth@rn‘?%gﬁgﬁeﬁflts% He?él' g%qbl@ssernbedded in

rusi on and/ or
dhnis umateodl ori ea dersa Nbormaily afriengporphetogy eof tbe(meé@lgmdlggamcles is

|§t%§%”t?’\}¥ p%?ni&%‘b%fin tﬁé‘o%ps@.lltmhﬁu'llgc}attg t aﬂ?rggczn%porsﬁ&g W@Q?{& binder.

above 100C, the resulting shaped cat al yst

si.tion, may be thernal | reate
CIREP RRfen, PRl 04, SRR, mhy BB Maldriafl %ffviﬂ"mﬁq' applied as
rmml 9n dydtdprodessiagt catalysté\s Edaraples kel sillvay ailithalumih such as
cat a

accordin thelnv nt.i on a.te rat.ure .
nisiopal ireoaimire el A5nd s and i Binar B HiEaS alumina
tgueh 9k QpsBudbbodhAity, OrYibbsiie, tﬁér’ﬂal QitaHi®codtbe bl Zirtdrea, cationic
metal oxidic particles are pref erablgéglheat t

aplqyé,ﬁjeqrﬁqqﬁ glays.push as F@Pﬁ%t?a entanite, ing &6Hlolit§ or%ydrottalmte or

thigipdd tHRRedfOPRfétets bibibisNgre SSilicdC EMES aRAT Y, Salumlna tltanla titania-
preferably bel ow 450C, nore pref er abl y bel ow 40

é-‘\PéF?drﬁiW@"Er arcopiap bsntpaite, i gnderes tharecty Thess %iaws éwrPe applied

%?Qﬁer pepizatiohher mal treatnment is typically done
on the tinal bulk catalysts after conpositing and

shapl ng, but could al so be done on the internediate

6’; followed by re- wetting. The heat treating tine
can ry fromO0.5 to 48 hours and is done in an inert
2ﬁ1egah:r@ucﬂptnaealm coropising @nyi af dhe @Wg@rﬁdﬁttmaﬁ rﬁnaignals can be

FDerRir S3a7uhil AT SHHO R bl B mng, v o we
smm? oiﬂmerqubmtmrectfhmﬂpraes@nblnatrw‘enft wehmpgyg and kneading or
£.CO
S GP if  B e ke oS B b it
dﬁfalewtaﬁgdam)emﬂthq alhcﬁ\tee(lfurtHee materigls @pmaddeadaif aball) hter solid-liquid
i.c_particles L0
oresatatBR St e e Fera Lot o el HolEL

shaping to a shaped bul k catalyst, with a sulphur-
lnlng conpound such as el enentary sul phur,
H%ﬁ Qen sul phi de, DMDS, or

If so desired, the metal oxidic particles optionally mixed with any of the above
additional materials may be shaped optionally after step (i) having been applied.
Shaping comprises extrusion, pelletizing, beading and/or spray-drying. Any additives
which are conventionally used to facilitate shaping can be added. These additives may
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i norgani c or organi c pol ysul phides. The sul phi dati on
can generally be carried out in situ and/or ex situ.

woe@i/essa y, the sul phidation is carried out exCBEP2906/010300

i.e. the sulphidation is 30 carried out in a separate

1cBABHSS aRfriiiimistedrate, Suraehints GrapHite] statchcmemrybedliuloge, bentonite,

bei n | oaded into the hydro r ocessi
PGW?&UPIH‘Br@'YC?lﬁ iPolystwiese, é’ddFﬁatort H'@g'é@?ah%@f If the shaping

H?F@éé &Rusion, Beddmy aedloP&irBy-aiyird, itUs phsderrét Biat the s‘haplng step
referred rocess of the present invention

R arioR pivih i Basee<! adiaudk Sy ASGRISL FEgIBraB. Tor extusion andlor

!%gﬂﬁﬁ?' e AhsuftWrkicurt M et spfier fixfidre! BxdrBgsed as loss of ignition
i nvention; contacting and 19 2007/ 048598

K Bpimthe/rangmef@0 8%kt i ng the first and second
conpound in a slurry with protic liquid as descri bed
above, slurry m xi ng t he obt ai ned oxi dic netal
;ﬁm(v@)es with, e.g. ablnder isolating the

Q-\qlreP |0K5Iadr$/|hét Q‘Ee SN 'aB@\?é 10@@&@%%&%& ﬁhtagcred catalyst

pre- rylng of p|tate wet m xin )
cakpositiom rrmyrtmtdaerrmu,y teaated i slesirasl. wd@e(madnmd‘nw@, however, is not

Sabatipl 18 1 refchs. 57 4 JolFhrer A8 otk b, o3 bulk catalyst
met:dsrdd@ to the iSietitior has fa mmmute é@wsﬁwesﬂetastbblel hexggonal phase

yd |
i o LA S B B 00 e
L@@%r@ﬁarétﬂﬁ Heas treatdl 6tsedempb5atl&rerrbe1a\bl 2 tpnmcature Where such
orce require

0 crush the t
5?36’5@8?,1 () %@sﬁa@agﬁrg&tur%opﬂﬁ'g[ prlegea{gtel%lo&?swggtrgore preferably
RRIdW 20°E, @alsh hidee pHAEraBy bEksv GRS Intdst gredsrablgreven below 350°C.

Uy e ridtnget et Gkie e A R eSaGeRctrer Bhposting

aHaeSHpiHY, butMbould- albs RS LiokE Ion theeinfdimadiary pbwa&r followed by re-
measur enent was carried out as described in:

eaiines T ey eaiing fme £ARINPRY I QB(PGAOLTS #7, done in an inert
%rrstéu% @s htdyBR! &9¥ an %rﬂﬁ@{télhing%b n§JchLH§Bdirt or ptie oxygen. The

orati on, hbrcross
Gh%als freatm@Enkcan/ bR eaTiAG QUHA tmp@san%tvwermw s
menti oned, we refer to the pore size distribution
extracted fromthe desorption branch of the n|tr0ﬂ
skhepprasess bt ther preserd oindemignt may hrtBrHcamprigr] aasulphidation step.

%&Hdcg{ler eﬁe{ﬁg %rrned lout gxlcéﬁrtéé@ﬁﬁ%t ea?@é\ chtalysf) Wectly after the

pore v
cpreparramrt ofothe metaboridic pagiclestarraftes any onewinthe urthehprocess steps

P AT 510 S s BEE) nPR Gy

Riohtainieg hoodipoSnd Buch aase ejenferitary Bsaighur, Aydrogen 'Bellplhéie DMDS, or
CRERARL S B3 A BB b o NGB, il ot s

Chﬁdmrréxmitnl Preferhlylp) thalshbphfdatnorpmmrﬂuhwtreg s@tOnire. dhne sulphidation is

(Goeh oo Aol eree P tor fecouiphiei Aty e (itsstion being

aB@HeG ke iy hydroéﬂ:@bystlmg: ahit. I\/Et:dnm‘moreq iFiprefarréd that the catalyst

Tceo(r:nhp%%ltlgg ¥s sulpm ged ﬁh ex s&u and in situ.

A preferred process of the present invention comprises the following successive

process steps of preparing the bulk catalyst according to the invention; contacting and
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I nst runment Cor poration, Norcross, GA, USA, 1977, |SBN
0- 9656783-0- X. The contact angle used was 140

waelzgreesds 35 3. Anmount of added solid netal cor@EPRIS6/010300

20 WD 2007/ 048598 PCT/ EP2006/ 010300 Qualitative
deactingi that firsihandisecqde sempeuraf ins el slgrrymwithl protiorfiquid ces described

A pRRE 5 gk e VP By B LY g, ot

dlosrpartioles viarfitratioaseptionahintenmediiatenprefdrying of mleepsem'i’itdte,avet mixing

4 B Y o o 283 BBOC g i b catcinng
sghatstucphidm;_S (QELS) or near-forward scattering, which

are known to the skilled person, can also be wused to
verify that at no point in tinme during the process of

e dafaifitd hrerthatdctdRbalusingithe follWing Médthédssol ut e st at e.

Medi an particle size was al so deternmined with |ight
scattering (near forward scattering). 10 Quantitative
delsRieBrist étfihgttt f the netal conpounds which are added

at least partly in the solid state are added as

dirshdhe ienaths 9f, etheam aistiidate padisle wasrmeasurednyulithgs the extrudate
t
Tl Bt e LTS ESIA 1ooiR0' Y B 88 581 i mpyable piston.
é"d@eerQ?rT@GIdlerw’@ gushithe mclwashnaa%:r@q;p'whee@roqeﬂurﬁgvas repeated
[ t

(4, st R GENEIA fnd g «REARHEE calbiBIeR! asorce (bs) per
cmittlengtie ¢nm). THeemsthod enefemblyswas sppliel Ite shapkdamartickes with a length
fi romthe weight of the solid and dried
frio#%gcgeeggégr,mﬁe wei ght of the solid netal conpounds
can be determ ned by standard techni ques. O course,
@fo gart fromsolid netal conpounds further solid

#% ¥ such as a solid binder, are present in the
fTHet N2 ad@dmstlort heaswegeht Wés tclarrred b lab deseribedrineaul A. Webb and

AR Pri R taIEal HghoRS i Finel SATicie Tt sfoaye) Vi iaeriies istrument

cccmp@nan@hs Norcidae, GA, tigSA, CWH a8BNab-9e56mB 3B Xe Wihdr@dmedian pore

%ﬁ%tgg d trg%&%%ngg i&psrg(%gltg %Qq?tgq?ﬁrencs?ﬁe (3 [)gtgnsextacted from the
|deBorptibn ‘bh!'hcﬁ&if&he BRicReN %Gﬁat‘bﬁllﬂhétﬁﬁa@éd@ﬁb & tHeeBSH method as

partly in the solid state are added in 25 the wetted

Rubligheds PaBarreth k.G tJoypenf: Jedtalenday The dgtormpngtien gf gore volume
landtdres d%ﬁfﬁ)@tloﬁé"'lﬁ ﬁﬂ?é&rgub@fancéé‘q 88inpGtafi®isPfrorh QiTRﬁéﬂ%otherms

IS considered he wei ght of the correspondi

ng
|Jnr°m &thep. Sast 6 d) ﬁ’@t 373r3<§9paeﬁh§urf&9ﬁ a5eqy isydebergnined by the BET
Hhanbet &, \q?urgi%r ofp ng' |EdRes alneowovaﬁée? Iﬁdsb&ﬁ.ogmwngases in
a net al s initial enpl oyed, a dry
ba@tl@olecwall lemrat d%&hm a3060k19§ék 60380%319.
Characteristic full wdth at hal f maxi num The
characteristic full wdth at half naxi num of the
dtaatopore avciums taetetadnadiene typicadyl fon potesehdang $0oMm bhdigher pore

>ﬂ:]a[rf’%‘é(tee \Hsr ?é?hé? &Pf %ﬁr@@{m‘gﬁo%@lﬂnﬂtﬁés’ dé&?ibed in e.g. Paul A.

aracteris
Webb and Clyde Orr, "Analytical Methods in Fine Particle Technology"”, Micromeritics

Instrument Corporation, Norcross, GA, USA, 1977, ISBN 0-9656783-0-X. The contact
angle used was 140 degrees.

3. Amount of added solid metal compounds
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hal f maximumis the full width at half maxi mum (in
ternms of 20 scattering angle) of the 35 peak at 20 =

w®2006/04859%) and at 20 = 350 (0.70). 21 WO 2007PCH8BA86/010300

PCT/ EP2006/ 010300 For the determ nation of the X-ray
did4litativd determinbtie: Thepresenad af doltbmetal cdmpduraist duringehe process

SNBSSt S SoBRARRY SR GBSl 1 e et

fc@Hp@M\ﬁds BreXprédenf e anétform St partiges wih k\diametedQargdr than the

wavel e strons, -divergence -

ARvEIeBa Farsiag gkt o 29U sarneiBpes Suchyay Qe Sielagip ight scattering
QQBLSYbr fédtHorare scatelRg (Whikh arelkhdwn/thé SKilledperson, can also be
seconds | nstrument; Bruker D5000. The invention w

[
peed tr verily that phige painkbin e AHENa-the RIPeass b i nyenfion all metals will

Rl iRhe RIILIE SRR, %e&n@rﬁﬁéﬂh@l@ é?iéJ%§saI§6h&ét8f'nﬂnéHJHIh t|lPﬁt scattering
first and second netal conpounds are at |east part

1seardovardiseatiegnddhe reacti on. R2 neans a reaction

route wherein at | east one of the first or second

nmetal conpounds is at |east partly solid during the
Quartiiative detg¢rminatiem df the meetaf coraprungs mevichf areadded at least partly in

%ﬁ& il TRl laré %HE&?J:}gf’re L%Ei?néécgh SPthe Gnitludt 8 sBid F;Fe"f'él Scdpounds

process er ei onents are In so
slddede du@Bp the eprecessnpfathtecihveotidn damdiet getemhinethby filtration of the

534k ] 3P4 SRS U e SPBA 40 e s

i(temebatared pih gressuréR\emaurd dRWui),einr ichta wayvtbhuet solid material
Boutaitestn (R Syirpnrionls? in SABMEAE R0 Flfer deRBPFIe 1 Weioht of the
rs@ﬁd:tagtﬂ drlé&DNter&ak?’ dh@de‘lighht b?ty\ersmhd crretahmdnid@&ndsc(:jan be determined

ro i sa e .
%teno%iﬁ%w{quﬁpéf Goure e Foat sl Peal SiBRreR gHgher soid

uRds sUBe aBOS Bblicxbihdér, afe bfestentematnalfmer Bald/MHe aveibht of this
refer to the test cond%él on

@@E%@E? idjiggl pinden mugipe spRifacted; frpmgt grvy_glqmtoggrrﬁ,mld and dried filter

Q.%Réuﬂﬂe érlﬂSurﬁt' df 'SR ek \cBmpolifids iRethe fﬁé#cddkerd:aﬁrélwlﬁé determined
were all | ow t hat the nmeasurenent i s inaccurate

v $téf‘%41’ée‘§°hfb‘é!{%e%lﬁ3ht A adQMR{s| Fesomtiont IRecEpRAoPY (HA (BAS), "SR, wet

'dﬂ%ﬁﬁdaﬁ gn%‘yg,g erfEpses in catalytic activity between
sanpl es urther, the residual sul phur and nitrogen

| evel s after the hydrotreatnent were determ ned and

gf fﬁ%%%lgl #cﬁm%s ar@oiddga aﬁeastsgarﬁﬁ‘ﬁ"n 8 -solid sltai’@are added in

tests erent diesel test pr ocedures were used
ithel M@ae@@r dsy shate, @filtratign gpaerghy st pvﬁ%blemﬁthﬁ\mse the weight of

@é geghﬁﬁﬁfﬁﬂﬁg%o@a&%%@g% resp ght of” pﬁ'lelcorrespondlng

mmtndlydemplnwld asetaloGompunds: hara RVAbLRESIS. The detal aueeght of all metal

SENA R R A0 o O TP ST 5,72 o o

R3jculated as metal oxndes

4. Characteristic full width at half maximum

The characteristic full width at half maximum of the oxidic catalysts was determined on
the basis of the X-ray diffraction pattern of the catalyst: the characteristic full width at
half maximum is the full width at half maximum (in terms of 20 scattering angle) of the
peak at 20 = 53.6° (+0.7°) and at 26 = 35° (+0.7°).
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22 WD 2007/ 048598 PCT/ EP2006/ 010300 115.2 g of MdO3
(0.8 nole Mo, ex. Aldrich) and 200 g of tungstic acid

wWOoRMDA485%®% 8 nole W ex. Aldrich) were slurri eeCT/RPB4OO10300
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m of water (suspension A) and heated to 90C. 282.4 ¢
of ni ckel hydroxycarbonate 2N CO3* 3N (G—|)2*4 H20 (2 4
re su ende 600

| f N
ot e Stermiieation oo 5156 HELRTYen SRS SrapeappaIeet gffiactometer
I&’qdfp@éﬁ Qﬁﬂh@?ﬁﬁﬂhlté‘%ﬁiﬁdcﬁroiﬂﬁt& €dndbé b@ed)t'ﬁhérme:!am&hest conditions

had a B surface area of 239 nR/g. Suspension B
%88, 28408 chesanasfolewsn A in 10 minutes, and the

r)@%}igéneeatmehwgg YeRy BRE Bbamed at 90C for a period
hour s &overnl ght) with continuous stirring. At
twavelengthofl.54A8 angstrans.t he suspension was filtered. The
Xifl\%'r%nc\é%daéﬁﬁ‘éﬁa@@ stits( PEPEAriale), e cal cul at ed wei ght
component s havi ng béeen 10 converted to
tdetectoreht: @mMm, The obtained filter cake was wet-ni xed

vggééwﬂge%qgﬁ@f a bi nple_r (based on the total weight
0 a

e ’'ca t conposition). The water content of the
time/step: 2/\eescoad§ usted in order to obtain an extrudable

' and th ] re was subsequently extruded. The
T@émf??fﬁg‘g@gﬁ s dried at 120C for 16 hours
(overnl ght) and calcined at 300 C for 1 hour. The
. ul and tested using the.
SCBMRTEN HbRe ATRee U aEd b Joe futiaRh peafiipbh pelom. R3 means 2
(rBéﬁ%ﬁWr@@és@&vh@ﬂelﬁ- bathdh&firsR ahd se@ﬁhﬁetﬂ)con@ﬂpdﬁ atel atéeast partly

rﬁ?bg iﬁhﬂnlﬁg,n%@dﬁgctmkﬁ)?grﬂbw Zogia %t Ipf%pl@ q%eantgne of the first or

AlBbhd Mhetal %@m‘ﬁﬁﬁrﬁjsqs a6 Iélagleﬁar’(lﬁ s6ituriny theteictiorgad leeﬁst one of
solution wth pH of about 2 at roaom ten‘pgaatu

The AT TN Sashd dIRlel ROARAUPIR Bi EISRIGectielel ) ERGHa process

Mherglﬁ?all%&apéomﬂﬂnﬁl‘ﬁ@ arQYr%élmé(‘s%étEOOBDQneans compacted bulk density
NI ( O (2.4 nole Ni, ex, A drich)

stélp)%ﬁ@féhrSli H 1mgqpqﬁydfq1hé\rmaéfeacgmjcqr}qlt@ns'ﬂjg?,gp§¢ldwdm§ocessmg
f}ggﬁ %@uﬁsoal% ﬁyér‘?‘ W PShE  PRhein RVASSHERNICER RilatReWdfume activity

to sol lon A1n 10 mnutes, and the resulting
amdsietative weight wativitraiespestively, hasenom thertotgl E%talyétjarapuriéoaded in

gggd}éadﬁ]t pID‘f\Pthh:){Hgﬁgﬁl ro ér{aftlb Gnd HOSisH t?ﬁg‘éﬁ‘lﬁh@r%%n The tests

e obtai r ca e was ext
werelpenfdengd usidg itwel dlf@sertt iteroperatugie aod preisgue tast conditions 1 and 2.

gﬁisé s k) L2 ﬁoce urrgg%tzﬁwé%ﬁ étjobgRar a P%/fgpﬁjgé?esf}rém't@ 1and2
(rNs;‘ledﬁWJy Faa')e RW2aHBNy gesuitssarg rnepshlcmn becades thei nittegenievels in the
except, that the o \/ t
R s R B e AR B e g iterences
Usstweers the. fangpleé acentoo remath toreerdifudiffetentes in catalytic activity between

(Z%Nag# 3 Tof an FS'HG% w@\%gra[pgngg r rgge%n}\ﬁ&ggl%ﬁeﬁlrzt&b@a%treatment

He&de( Betérnithe abli )givehhia Yalsle d® waderakshuhn 31, 952 @ndIN& eld the tests
gq:]{(férggt gggﬁ%gﬁgﬁ\@ﬁe@t groe]c usaed mgggt%d as°6'P°Sf'B§ D4 and D5. The
RWA/RVA values of the reference catalysts C1.2, C1.1, C5.1, C5.2 and C6 in D1, D2,
D3, D4 and D5 respectively were defined as 100. All other RWA/RVA values are

calculated relative to these reference catalysts.

Comparative Experiment C1.1 and C1.2 (Ni1.5M00.5W0.5 R3)
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WD 2007/ 048598 PCT/ EP2006/ 010300 to their oxides. The
obtained filter cake was extruded (with 10 wt %

whrodesds9s dri ed, cal ci ned and sul phi ded as deBCYER®A6/010300

in O and tested using the Diesel test procedure D2.
3162ny af MdOsB(0EX pale Nmntaxol-\ldﬁbln)l aril\B00 BIF tungstit alidsiH2WO4 (0.8

\é%ﬁe &{I(g%g[ﬁc?rwﬁ? W%Fﬁsgl{lrrb Ié,]lgﬁoﬂnl\ﬁaf aq&,'gly &Pa%‘%éob@n%nd heated to

\§93C a|28Ri4egl oft anEélaiyylﬁixyWBomn‘te 2AICO3BNiI(0H)230HZ20g2.40Mmole of Ni,

| ybde t d
B30 X RGN et suBencerya 1BeY s el A eaiaet e By fpysapnsion B)
I'ﬁ)@ nickel rfyamyeérbonawejsw ah dhléﬂﬁndibfélbthQB e%mi@shwd B.E. T.

on the calcul ated we met al conponent s

HURGRy k58 Bt §HSR%'Sme$ Masoéad&esto spReensitnf f JO minutes,
fankittRe ré‘s%ﬁﬁg\’iﬁﬁu?é(%h' MntéWeB hat B0%C ‘Mr% Péri&iedif)‘»e K6Ure fovernight)

cal ci ned nd sul phi ded descri bed Cl and teste
uéﬁhrr@ntm\t@@ stiging. Abthe Méalaﬁ@qaihe Sl@@ﬁﬁ'ﬁ%t«/ﬁ éi'tered The yield

Wt :{bloog 3B %:%a]se&'&ﬂ t@ cglcélb'léd vM?é?ﬁthY\@H 'r'_he%)coﬂréoﬁents having been

st was prepar ed as In excep
@nnmftedoﬂb their waides)s e cbkmned:ﬁlt%thake WﬁésW?irfé?SQ‘ﬂ @@Fh 2.5 wt% of a

%ﬂo?;g (l%alséd% %&g’é%&f@éah on‘@?sng@)qw%?/%?ﬁ)%gﬂent of the

mmx{tuﬂ&mvas gdjostemmlmdemgajpbta}rcanb@ﬁmdeble mix, and the mixture was

S0LEETAD SR B s bl o s e

\and c:diioumdi atva0h?Q fier hthoa2 Oe daialystbyas sndphlﬂed apnd tesiédk using the
t 20 m h 10
B eabite, FamGDESF Mt Erptauibe Y PRETpa PreSe s S pa 12

TbrE)Di esel test procedure D4 (C5.2 in Table 9). The

extrudates were crushed and 40-60 nesh fraction was
i sol ated by sieving. The material was then sul phided

TEmpaatied Eupbnﬂehhezwnncawm R2jrom Di esel test
procedure D3 1in Table

@14 oW ap@g)orwna a{eaqaygoﬂyb@age M};Moécaz@y e@chm@denex Aldrich)

QIere @%%dtuﬁmog%wwﬂ@? §hing M YbiBtisrehah a EHWOétﬁJ’M 5 2 at room
was used: a catalyst was prepared as in_ Cl using 1%249(”

demparﬁg}geu Theygplution wag subsegueptiyeheated tg PRI (SQH&S‘%S?Q
gu&fel ?k?atﬂﬂ(&{a@(w\?%@g@ﬂ‘(élﬁybk\" Iq:@ (§N‘ tfdd A4 §0A|l@'@'\) were

ﬁé@ was about 99 % based on
csusmnc@dem 1689 g of watea: and thig wspéaﬁg@n@ﬁtf‘@am\ﬁpr&?%é@rﬁpenswn

n"fﬂéﬁ es‘i*:sgé’ncfﬁd(?? B Y\{Qé aglﬁéd g J%"% R o of I'n'lr’itﬁés “é‘?"ﬂethe resulting

extru dri ed, cal cined
auepmlthwemmaasalu% et B%‘dfqrra pﬂrl an 1& b@tréwltbsqongnuous stirring.

sl h&%tabBQtoﬁ%“ e B Bb a.qqaemtéﬁlééi{( \ﬁasSéB&P’MdEB g\fwtﬂ h& wt% binder),

erformance 0 t ungst
cdmledl galtined afd sulphided aedesdrinedtim @1tandrtestau lusingdbe atogedure from

_ 48598 PCT/ EP2006/ 010300 (Tabl e 9)
Pyl el a0

an Ni Mo catal ysts (C2 and C4) and
than catal ysts prepared

Comparative Experiment C3 (Ni1.5W1 R2)

A catalyst was prepared as described in C2, except that the only one Group VIB metal
component used was tungsten: a catalyst was prepared using 393.6 g of ammonium
metatungstate (NH,)sH,W4204 (1.6 mole W, ex. Strem Chemical) ) and 282.4 g of
nickel hydroxycarbonate 2NiCO3*3Ni(OH),*4 H,O (2.4 mole Ni). The yield was about
97 %, based on the calculated weight of all metal components having been converted
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by a route R2 preparation process (C3). Exanple E2
(Ni0.75WM R3 HT) 5 A catalyst having a Ni /W nol ar

WO 2107/048598 0. 75 to 1 was prepared in a manner arEl/PRROOG010300

to what is described in C5, except that the reaction

WBShéirlokidesl PhE obffiRid Midr QEREI Was BXtAsRdr @vithN @M% blnder) dried,
aut ocl ave reactor heated with m crowave radi ati on

rcalginedand sulphidadasdescobed BuCE agddestad psipg dhe Rigsel fSﬁt procedure

tihgre was about 6 hours. 1.76 g of Ni carbonate (0.015
noles Ni)- was added to 100cc of water along with 4.99
granms of 10 tungstic acid (0.02 nole W. The

Zé;:g-@@é‘:%‘ti%E‘k@éTiﬂnﬁhtbﬁgﬂh@sﬁS? Vefl onTM vessel of

total volune and heat ed 10C¢ mn to 150C and
hfetatalyst wasprepanegeasadascebedin Ceommratn@ Expenmeph €l nexegst that only

S SR TSP 8 8 SN LEADA Gy 204

Tdfie nuytbaiendrd  tricixetei di.Bwasolpe Mgt exl, Aldrich) pahd e282.4vege of nickel

A Bee ANROTINQH R BBl i il Rl vas o o0 %

ltfasé@ ohltiee caladatdd Meldht ofralDmetat lcompemerms bmmeb&rfﬁanverted to their

SUf yibe %EY%'?$ﬁb‘$ e grvg?gn fjg(gef‘te%ém yv&‘? blnger) dried, calcined

ta’dd@lﬁildeld(‘ascdétsaﬂlbédtm () mtést(ehbing t8 Diesanesteprésedure D1.
(NiIW R3 HT) 20 A catalyst was prepared as described

in El, except that the Ni/Wnolar ratio was 1 to 1

26 ialtivh B pbRAfGhE €8, 16T éarzr(mﬂvnws—warsﬂﬂs) aut ogeni ¢

pressure I n an aut ocl ave react or heated
A catalyst avasaprepariednasin §1re>ec@pt &attl@wearapumteofom wggysed. The

s s pithalel G 1o A0 8 oW, A e, 200  of
(tongxsticracldeHMY O, (he ms]zi\ér&x; Aldrmla)sarmmB& o ef aickeldydepxycarbonate

ALETHRR38 8] (R rpIP o BiohilohoT: 798 Japisieto v e

habtaisedifiltér caketwasudiisd GVernvghhgt 1207€. é"aa'mb@lm filkeyotake was wet-

to.r e
b % BHEE R, Brnd Bl AL 8 n
tdrel teptad ading Digsel test pinectdarad D40({15C2 ire3bbler@c fTherexivadates were
i sol.ated by_si.eving.. The mater.i s.then _sul phi d
Rl pa 005 PR ek s BoPlesh PRl T, PAteIEF was then
peushidBdr #ndi8sted AsiBy tg proicedirg fronhbiepelntéstprasedareoD3 (©%: 1 in Table
be'hmstallic material of E3 is inproved as conpared to
e trinmetallic C5. 1. Exanple E4 (N O.5W R3 HT) A
catal yst was prepared as described in El, except that
the Ni/Wnolar ratio was 0.5 35 to 1 and that the
pexamaplgE NI 1BW1R3) i ed out on a larger scale. 164.5 g

5 a0 eREd YA BT FEROBRL P300ny oDV met

was a Mters of water g
WonPapent ag)kiseds aoeatalystnyas prepataddag i @1 msing 480, 9 phéungstic acid

EEPE N ek Hafth s 823 g PRkl SR § 80y aNiOr:
HddQl (24 nodlatNi) é’ﬂnpe)ndd uwas about 99 %, based on the caiculated weight of all
metal components having been converted to their oxides. The obtained filter cake was
extruded (with 2.5 wt% binder), dried, calcined and sulphided as described in C1 and
tested using Diesel test procedure D1. The results show that the performance of the

bimetallic Nickel tungsten catalyst of E1 is better than the trimetallic catalyst C1.2
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for 6 hours with continuous stirring. The sanpl e was
cooled to roomtenperature and 5 the solid filtered

w@o7/d485e8] over ni ght at 120C. The obtai ned nmatBCT/BEP2006610300

wet-mxed with 10 wt % bi nder, extruded, dri ed,

¢Paseé QBQndiﬁléo settethae diive cdta@@fsl (kDQGbridrCrﬁJandﬁHan tatalystd prepared
usi ng esel test proced%%% D4. Exanpl e E5

W|WEW©P@WW@E?C%S 10 A catal yst was prepared
as described in E4, except that Nb was added to the

reaction mixture, that the N to Wto Nb nolar ratio
\Example ER N9 Z5W1 R3 WT)o25, and that the preparation

car%tgl trHa‘\e/?\goauf\hIW‘rn@Iﬁl' fétﬂed’f ng w&@ﬂre}a%cﬂf\ aN'nanner analogous

was ad [iters of
wewdhat il dﬁsgnb@d In 682¢xept thad the retaqfr@swa& catried qub upder autogenic

%?és%u%%gkﬁﬁd gute I%ge gregét?ﬂ HRBt @fith Imi \gg e”Péd?aQtloNbLt a reaction

r es) e suspen3|on was put int
Aerﬁpgatdre)rof aﬁoo@ and thatttbe aaaciwhaﬂmem aoyt Sdheurs. 1. 76 g of Ni

%F?E‘ a{?r%%fcfpn]eg ngnra;s@oﬁeﬁ hﬁcg uogbnéétégﬁlél??g with 4]_%9 grams of

Smgsltne acide(8.02 oudie V)t oThecsuspersigrewas putentaradseaes Welﬂod vessel of

2ot 1o Bt atp ey o iy 38 ano s B8l @fberature for 6

ours e continubusl Btirih§t Tihiersderple wasicedieddalroomaemperdture and the

su, i ded a escribed. jn t est.ed i .Di esel
Sl Pereg SR Himbovsion, AT O RncTrs SHRRe b e Prleted. the
tdéﬁet%'bm&@rdr@dh@d Nghd"#06-80 inféshofradtionias isﬁlﬁfédvlﬁs,dsnésmg The material
npared to_the binetallic E4 and the tallic

("“Iaébihéngalﬂphlf:@@nﬂyf isterousing dhe pERFEds tl(chm 1mtgw)orgcedure D3.

RSy rbfsingly, @7d ?éd&?na%é opﬂ'fépcﬂﬁw%ﬁallw dahath Eqs Waproded/ds compared to
mol ar ratio 5 5gof NN 25

dhe Bisneialic calyst thq5e§(TMbJé Q\)és added to 100cc of water

along with 2.5 grans of tungstic acid (0.01 nole W
and 1.44 g of MoG3 (0.01 m)I e Md). The suspensi on was
pﬁxammecﬁ3e(Ns1éM@é l on"" vessel of 275cc total

yfg’s’aﬁﬂr 3 Pre élee% 4 é'sg%éﬂ i EP extald (ﬁgﬁqq%hﬁ{l\ﬁnﬂartr was 1 to

er au ogeni C réssure
c‘blahd rthatuthesteactidgmyas ﬁaeneﬁanm endessautegsinisd pessureom an autoclave

e Grated it bR aptehya et EfbelllRdy 15070, 235 g o

tmlecanlmdriam €0.0® nlescNi) stascaduied td01060c nkbwhtef ralongi with 488 grams of

| at ed, iy | syl phi v
Bh SR PRy TR B b LA A vsse o
[ESEO ttalvoRINGs aridﬁlﬁeatéry dr 1o Bémineb 1$010 amhheld at that temperature for 6
tri rretaLI i c. nater

{ 6iélower Iaatnthet t d th
HI9MER With jcentifuoRss '"'Pang FANRRIE Y37 to0Ea O JaPT; R TP and the
tR% ferd Andobried ovsrnight WO1209/ THESbBt8ined material was pelleted, the
PCT/ EP2006/ 010300 Con‘gar at i exper

(PRI RrTRShergnc, §8 88 Toeerh TaRion SARIFORR P Sieng. The materia
m%n%ﬂldmaﬂd edted Usifig Ré Prédedlie) erVWIBIeSQ Ltéﬂelb@ed:lure D3.

in 8000 mM of water and the resultin
ipRshaly the perormAS qhie BieElis maIgalas B3 1§ Mg orRs e compared
NBkhéhthetSk @59f tungstic acid H2W4 (0.8

Example E4 (Ni0.5W1 R3 HT)
A catalyst was prepared as described in E1, except that the Ni/W molar ratio was 0.5

to 1 and that the preparation was carried out on a larger scale. 164.5 g of Ni
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5 nmole W were added and the resulting slurry was
heated to 95C and nmi ntained at that tenperature for

w@2(enissos of about 24 hours with continuous stPCT/EPZYNG6/010300
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At the end of this tinme, the suspension was filtered.
Tdaebopater( Ne tndlé INip vas 2igdedas 1\4e|tterm ofewater blong withn699.6fgrams of

a binder . (ba edo t ot al t of the c

Tunesde, 25 4.3 oo s Shpareion s it il 2 5baIqE qutoctave, the
métﬁévéd;vamclagafénd ﬂe@tbﬂait A 0BTV td WSEAQ) endheld a2 mishttte@perature
10 m xture was subsequently extruded. The resultl

Jor oWt} FRnfinypus STNg- othersAmBple was cog\ed i ireprm )te'gn%fature and

QAL %bﬂfﬁlté}éd %QQ o@eﬁ QUveridHl Wt 1200 rd bbtdihbﬁnéﬁﬁﬁ was wet-mixed
crushed -60 nmesh Traction was isol at ed

94"8\/191g\ﬂ%T*Pf@d¢fa?€ﬂi'4ﬂd ﬁagd tqRiginad ansh pulabidegh @s C{eé§'t"?§ﬂ’ in C1 and

edure D5. 15 Exanple E6 (R3
ﬁ?ftgi%‘%'hg#%g@s‘ %r%g dl?ﬁ%stl c acid H2W™4 ?8 2 m)lé W

was slurried in one liter of water together wth 23.5

kbl Hs O K lORAORRBRENFN O8N () 205, FDO

suspensi on of the 2 solids was
h@aatatyst waé)ﬁ(éparad! dedebceabed imdE4, texngpirtbatiNlewas added to the reaction

G, B 8 B0 B P TR bl 99845 002, g o e

VWSpérlahdrewed carfied outonld langersebled 1645 grdfeNi catboi:ﬁ@s(h 4 mole Ni)

i o A 9 i RS R A e

tdid 11.88tg ennivbis acgdskcgmedwd»es Nlbwemgssslmnmrwso aThervesspension

th | 1
P EIA SalcRHiaten e AtagiekeT e nibhgated B 10°C/min to

P150eE HidEndR) at thE @erh@@ru{dr@ f@er)Wo&rI@aMthaéorﬂ.nnaﬁsaknrﬂnQ arhe sample
ratio of 1 it is inpossible to

2
s FoRled foransh lefpRAratuFR ARRIhE salct it ﬁ'tﬁﬁe% %ﬂ% Hieg uerniht at 120°C.
ExobtainEd ratefidlof R3mbinkdardite pfetiafatioht Wi eRIrGRA Qdth 10 wt%

under autogenic pressure in an autoclave reactor

Heiedest drigflt ¢alcined andsuprhided as idgacripeddn Cdaand tgpted using Diesel test
U SBR&: u?é LI!)”4e %fr r?s%%l;p tﬁé‘%e%ﬁfﬁéﬁ&noft ﬂhger\l@fcont%%lﬂ_f)ﬁ%er@l of E5 is

hour s. carbonate (0O

amwed@smmreﬂ‘tom bimejallih4 and thezltrlg@tay ZéTable 9).
tungstic acid (0.02 nole W. The suspension was put
into a sealed Wflon"mvessel of 275cc total volune
aGompaedtive Exiperimeant COWMNEMoQ WS BAHI) 10C/ nmin to

A pePAt wpe rateres ufA R o BB 0% g Aas oo

smndarfatms ozanbles Nip Wa@oaUdeﬂnmenmacr ¢f watdr tahengs with 2.85grams of

filt d. dri 2 Th ed .
upastoo B TRPRINE AR 118 afbept oy Mals B8 7t Buspgnsion was
Pﬁﬁf/uﬁaweéé@dm@r(bn%é@et roﬂshs@b fotal Vvilin®d ang Heated at 10°C/min to
fracti on |so{1atedb materi a

HREC' 8o Bt ddtoFunesetre” S, alloBRBc e sl Fhefs hours wit
t&lﬁiﬂn%ﬂs@iﬁhﬁ@d 'ﬁ'@sérﬁ;ﬂé Wéslb%bléﬂ tb rﬁ(Sbm Eérﬁﬁ@btu?@éiﬁd the solid filtered

procedure D5

canchAged ovm'gm abé?@& umepbtalm@egaﬁreeaw%%eﬁ'}eéeq rihg pellets were
ALK PHRI 4586 nMshiTRREEA was isolated by sieving. The catalyst was sulphided

and tested using the Diesel test procedure D3. The HDS performance of the
hydrothermally prepared trimetallic material of CE6 is lower than the bimetallic nickel

tungsten catalyst, in particular in test condition 2.
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with mcrowave -radiation at a reaction tenperature of
150 C and reaction tinme of about 6 hours. 2.35 g of

wooocasdsoat e (0.02 noles Ni) was added to 100RCT/BP2006/010300

wat er along with-4.99 grans of tungstic acid (0.02

WnﬁJathveT&Q)e‘iHﬁQﬂ@? 1msmwsm?o a 1.0 seal ed
flonT"" vessel of 275cc total volune and heated w

ﬂﬁ% rdwhickeh dydroxyrareanate) @GP SNKOGE Hath (hE| @wl?nafeN) were
@u&&%&u qnpém%leoﬁtwété}afanaefﬁeeréw.hg $10fry 6w5§3tﬂe§ted to 60°C.

continuous stirrin npl e was cool e

&bmqugnﬁ»eﬂaﬁ araf Mefas (Chg r@,@ieul\dp) amd 200 eoofatﬁagsm %Fj H,WO, (0.8
ﬂi??é V@gpéreaédd%a%d tﬂgﬁﬁ&gﬁ@n Fj{)%q{éai’éd pehd L HRfhtained at

ets were crus 60 nesh fraction was
thab It%meeratwe faraperipd oftaborh24 hpurs WithscantiBpoupsstisng: iAh dle end of

%%ﬁr?mgsﬁ gs%génshﬁt\kas Eﬁ%?%&;gfr oﬁ{alr’/é‘asr iiteh 3&%@%@&\@(& with 10

es procedur e
Bt%ngfl 2 bif@le( moasau RBt@?@)aleManathyg:{ataAm comppsitien). The water

0 e
#g&gét gpg%g%ﬂ{ttﬁre%%sfé \S/tgdrlg d?l“lo 8!) }ﬁaalﬁ Zegtgpgéble mix, and the
hxtper wasi rsebsdquinfly Exbuned: eTehet resalting rselld)fwasadmmi a6 120°C for 16

Bt ed sl 03 T el e v an

40180sinkesh mctibr( Waf@lasdsmtled BY sieVi hgz Thes preateviiad wasathep Wulphided and
onT el of 275cc total vol une
é??&eq%sé?% € 'eﬁ%\gﬁtrf’??‘:?g” f(j}i% and held at that

tenperature for 6 hours with continuous stirring. The
npl e was cool ed 25 to roomtenperature and the solid

ﬁxﬁﬂtﬂl%ﬁeéﬁﬂ NitWEPQver ni ght at 120C. The obtai ned
%gtog%'o Wr g‘g‘? ?—ﬁ\?}%o%ﬁo‘%% Gt sYéﬁﬁé'H ﬁ\rd&hﬁé’r éf"Water together

s 1sol ated sl evin
methe23i 2 ofmiskelHwaraxacarbarate aNscz@ﬁsw(@uoz*a HaQUP. 2 mﬁlg of Ni). The

Bﬁ%ﬂ;en:s%be%\?tﬁeﬁ%ggl uf‘g‘l’%?eg%% t%”{)’o%e%goeﬂelﬁ%tntﬂﬁ perature for a
Ipydod;tohéﬂnlmaursMrmlghtmgvliyhemntmumus stirfing ndtutheeend of this time, the
Cg?;; %\é%ﬁe% ofllt tr%]cg ?ﬁé' Pé'sﬁll’ingg{g;ﬁ?;\z/?s E%letdo at efﬁénﬁ)? 16 hours

e sane not  prepared
l(IGMIg'h‘l)’ drhet rbemlhrng solidomati pelletes], tl'lémﬂplsew&b@rl(slheﬂ and 40-60 mesh

200 B facton viblsdtited of 5 ing" T laterFiuds N Bicitarat 300 °C for

thogetThermatetidl wais. thewy solphided lael:i tdﬂgteld 0sipg thebDiezatletest procedure D5.

i CO3* 3N ()—tlz 0 / 0485 .
%/rggﬁtgos'grfm %‘O% q\mtagﬁbo%ﬁ rg |% Pgﬂrét lgfmms&é %Zoag?taa nghly active
(cBtah@binMdnafydMihermb e astiGrpedaiitoas of the 3 sol i ds was
heated to 90C and held at that tenperature for a

peri od of 20 hours (overnight) with continuous

Exahpl@ &7 (RIWHR3HYA28f this time, the suspension vvas
filtered. The resulting solid was dried at 120C fo

Therratalyst (vweprﬁp@rﬁg)undqzh autogsir tPreRFUE N an autpclave reactor heated
Qﬁl‘g' rﬁLc’?&r{a\feht%d@hBﬁ |l dt & ?ed&ﬁér? t&ﬁH&Eﬁﬁe %ﬂ42§@(§9n@‘?§&tlon time of

raction was Isolated by sieving.

ehoel § Abuisa2.-35h@ ef Milcaibeaatea0.Q20moles N} was h?é'd?d tori@0cc of water
%?Jngrdnfﬂ 4 989rdhE B %é&&é’&&i (G058 mdiE A e FHESIRBerddiéh was put into a

t est proced
sealed Weflon™ vessel of 275cc total volume and heated with microwave radiation at

10°C/min to 125°C and held under autogenic pressure at that temperature for 6 hours
with continuous stirring. The sample was cooled to room temperature and the solid

filtered and dried overnight at 120°C. The obtained material was pelleted, the pellets
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Exanple EIl (Nil Nb.0O5W95 R3) 1.0 47.4 g of tungstic
acid H2WD4 (0.19 nole W was slurried in one liter of

waoweoen4sseget her with 23.5 g of nickel hydr oxyRGK/PP206s/€10300

2Ni CC3*3Ni (OH) 24 H20 (0.2 nole of Ni) and 1.6 grans

Qfer@icRldhed ant 40460. raésrrmbaﬁmNbas isdiBed Bysgiauirs). Theohatehial was then
3 solids was h ated _g 90C an

tcgmp@.daq RO9 Cofor 4 bruri b graterin heltger( SVIQFQ% 3§ tgsted using the

Redd| ePpfocadire'DsNg. At the end of this time, the
suspension was filtered. The resulting 15 solid was

dr| ed at 120C for 16 hours (overnight). The resulting
'hg;m\@% (RIWPRaHT{g0f pellets were crushed and

mesh and the fraction was isolated by sieving.
TIHne catalysirwas preparedhdngler autngeBig RIESSROP inCan @utorlavgueactor heated

W ralfio doRh 468 0éra ret S{gptetiShG Fehdtfon time of
eséql%&st procehure IB Bp Iﬁ tS? de

Ndbo0f7 6 \WoBE5 2RE) g 46 N2 c_grmhateu(ﬂg&& rrxoleachaj w2 \a0ded do 1€8cc of water
\%?ér}% \&\%hé% gi%r%% F)tﬁ.g]ggﬁcygag gﬁ%% gY)V\ﬂ‘th%rSUSbglg&&b%S put into a

%Ha@ﬂﬁN@Nm( ﬁ‘eﬁof—lZGc(cGothl nolhmecn‘nd hdatecawith ticrogawaeadiation at

m gg& Jg@cdw&greegé upgo %ﬁc Rrgls%rgta%?rﬁ %ergper% uré If'éer 6 hours

tvﬁﬂ‘p&trﬁlhuws §thringd  [Taeisachptd waé dooled <o (romartarr@lata)urw drid the solid

TeforerdiabefambbtAtob, 1h¢ oBlined o) e RaIEdE. the pelets
didre drished 20€ 40®0 rﬁésmﬁumn(waseuwlaghtay sidVirgy. ITheUrhatierig was then
soliid was etsvveecr

Flastsdaoatear o Hehotrade Grateal YraSaheh sHPB(Ied a8 trged using the

T[blsselif&ttgfdcébur\é@)then cal cined at 300 C for 1 hour.
The material was then sul phided and tested using the

Di esel test procedure D5. Exanples E10 to E12 show

tEaim i ﬁﬁﬂifs amount of Nb results in an
[ npro'@é?egn(t 'ﬂ&t e a&t ivity. The activity levels are
nkheccathlgstenas prepatedcendes agfogehis pressuré dwaniautasiaye reactor heated

Evg{h' ficrOwWae’ "a%ig%i%ﬁ ét% t%%gpggtgiﬁég%ﬁjrw&%)s %]eand reactlon time of

al'yst was prepare eni c pressure
aabioat B shoars. €:33 grof INt aasabnaEs (002 moiascndx)mseaddadltaﬂloenc of water

o, 4is a8 PR BB 55800 i 00" EaRiehRyth Whs put into

hepatesl. W2AIGT " gestel Nif ZYécd:)tD‘lalt\ﬂ)IL(rﬂe @Ad mebted ati )0°Gamin to 175°C and

OOcc rA
31?%5@? {h@t pqyritgreofﬁ'g?g%}pg( sewﬁ\!; %ﬁ%‘“@“ﬁéﬁ'”ﬂgaﬂ%oﬁamp'e was cooled
b eborn tédpératurd afd @ive solidefiteid) andT Hreeds onspRigist atr 2086, 'ﬂw obtained
e b BT S5 a ke S 2 5p 2 W P8 ot
ttﬁj@ﬁf@ liﬂhé rﬁzﬁénﬁ vhﬁtthfn Baleihed taﬁwﬁ Qe Ushotiv.i THe mgterial was then
cooled to roomte n
s%i'ﬂ"ﬁf’edf?’ldtt@?téﬁ iaia T PlseoshRPaHIrS P 1%@5’%5 to E9 show that

Q%?dtﬁ&%am@&ﬂ t'lo'ﬁs ﬁé&ﬂt ined bﬁin%dncéd"'lﬁmp?&}elnfgnfﬁ of '!M%réttlwty compared
crushed and-40-6 sh fraction was_i sol ate

dp é@fﬁfﬁj‘ce?ﬁ@'m% Ansito fles same catalys E6 nehprspa@éwnéef ydrothermal

l.ohqibns. The material was then sul phided and tested
using the Diesel test procedure D55.

Example E10 (Ni1Nb.025W.975 R3)
48.7 g of tungstic acid H,WO, (0.195 mole W) was slurried in one liter of water
together with 23.5 g of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,O (0.2 mole of
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10 Exanple E14 (N | NbO.05W. 95 R3 HT150) The catal yst
was prepared under autogenic pressure in an autocl ave

wo smchesdheated with m crowave radi ati on at aPCEBERRI0D& 0300

tenperature of 150 C and reaction tinme of about 6

bSd 08 élfgmg OPEIONC R PR Roled N@? W?é E&X@h%ioﬁ‘@?the 3 solids was
ranms of

ad ged to wat er 15 al ong wi

theates 1oc9QRE; and( ’Gﬁ'@fgthﬂb tempgratue fay. alae@da?fva? ouss ¢pegnight) with

s eaﬂn%%eﬁﬁnﬁnhk UR.ay of ﬁ?t}@&sfﬂétr%fts[?{hs‘mfvdﬁ%?gérg& OTRe resulting

heesdid avas dried GECN 209¢ fop 16 B0 arsa(onetmight). abe rerultingenofic was pelieted, the
f t L Eng. T :
Cd(ﬁ)é[l)tftg dﬁ?rgrc?usﬁ% dhd 28% pr}Hé’éF? a@& {traeg hg%,oln d\li)&? fﬁ%[%": gy"%%gmg. The

roomtenperaturé an
dnatedalovas theg Iu:alcatedmcmo °CHer dihoui. b matesalivegs thes sulphided and

Rpef 8o b BieBlfllodpul B8, 10 “The mmterial was

then calcined at 300 C for 1 hour. The materi al was

sl = HBTNEBRIE RS (N oo, o7svo 995 Ro: Hriso

2y A jef ﬁfrtgahc/séud mwmr(en@rrﬁdle uwplwas alutrmqﬂ loﬁe Iﬂfe@%ﬁﬂbt%r together
in an_autoclave reactor heated

r4H) 23-P ghohpickel NQ@P‘V%"?@%@N&%% éN'&@HZes‘b HeOd mole of Ni) and

rﬁ@@?érﬁé‘ of th@ic %Eld qém%o@swr The Sudperisidh oflthe 3 SO|IdS was heated
car bonat e es Ni) was added to 100cc of wat

4P o9 Cnpeh gt gthahtemer@tw@éw a Beray pb.261 Beursoloveryoht) with
SRR’ I Fr‘\%é‘s A&fthé‘ 'eﬂg'& tHs 'tuﬁ'ne {rid QQF@nsﬁPA fas lﬁ'ﬁ%red e resulting

suspensi on a seal ed WflonTM vesse
xpid wag@liriedtah 2 @i@ﬁésé\wmh@aer@what The @swtingtselid B@E pelleted, the

mege\b&ea&uéﬂéﬁt aﬁ§ﬁ@$ﬁ%é’§l’? af\@ rthe6frg&|6?1swa sUéted RY sieving. The

conti nuous stirrin e was cool e ro
troatedalavas theamalqrhd at3d0p4gc fbr I heurd hamatanalemas then sulphided and

q&&galug%ttﬁg Di29%est 116 Qg}eab ed material was pelleted,

Wwere crus 40- 60 nesh fraction was
i sol ated by sieving. The material was then cal cined

30 0[N terial was then sul phided
%ﬁ@ég%&(iﬂéﬁ]ﬂ?ggms’gg Jesel test procedure D5.
of tngstid @cidlB,\WiagWoa1 85 il Iv)Cwas fslumétg i @hal ISt of water

ey B Nl A B TR 5E) 14002 mot o

| NVE B S Achrafmt iof hiobic Ea"lcgﬁfbam1c'fplmbrés Y- THEOS RbBRSIGRbS the 3 solids was

E12, but also a very

pre ared catal ysts
R0TC,Aneh s ebHiat dagmRyalvem for of Palted i A0, Aoussrfaerioht) with
t&nﬁn@d’%fsaétl)’rﬁ{g Ak aRAERS of this fifie, ﬁ@%s?&ﬂﬂﬂr\t W?é‘f Mér&ﬁ‘o?ﬁe resulting

the smal | anmdunt of Ni obi um

oy discmt 1200 8 P (umaIBVEhS (G (@Uansﬁobd wps palisted, the
f
ofé"%{sl:‘ﬁ%eltﬁ %iégx%/dgaf ggange Zﬁ%ﬁkﬁ [E‘Bﬁg% ?’bgze ving. The

rroaterigfwag then Talsined @t GOASCdar 1 bbur Fféezn§QWIald!33vvasn sulphided and
he@bgdsing 8DialH 188! Folldurd Hs. ESARPIR Eitd 842 3how that even a

small amount of Nb results in an improvement of the activity. The activity levels are

nevertheless low because of the very low Ni molar ratio.
Example E13 (Ni1Nb.025W.975 HT150)

The catalyst was prepared under autogenic pressure in an autoclave reactor heated
with microwave radiation at a reaction temperature of 150 °C and reaction time of
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10- period of 7 days with continuous stirring. At the
end of this tine, the suspension was filtered. The

wo e®abissssy solid was dried at 120C for 16 hourBCT/EP2006/010300
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(overni ght) The resulting solid was pelleted, the

%Iohfaé $o dﬁ PRG c@ﬂﬂmé@ (@(bmtésfﬂi? wab %dﬁé@% i100cc of water

I SO SI evl ng mat eri al  was

cakbl'tg Wit g? g8w0s of tupgstic amco 0 TBRAnofa MY 0. O%grame?f niobic acid
loe%‘?ﬁﬁ'esaﬁﬁ Rt &gp%@él&g wal ubirs &l séa?écf WnBR®dids8el of 275¢cc

e resu s show that at very g reaction
ttotabeolame iang heatedwah t107Gimércta 160°G a@dmew adhaemperagure for 6 hours

VFILE.F zﬁ%%l{s ?tﬁﬁn% ;ﬁq ?vgeaﬁﬁ)% k"’g E%En‘ptg?g%m tgﬁi%ﬁ*amr@ and the solid

Iﬂltpredvamedmed)bWamgbﬂathWEeThg@btalrle@r matenelowas pelgied, the pellets

SQ’X %gpe?f lé's@eé ﬁag Sgi rECtE??‘e S%S'Fé]gfeg vig. THmaterial was then

I aRoiried) athaom ‘E:dforvm hburtriThe onvateral veedi then sulphlded anddested using the

te érature C and reaction tinme of about 6
tesépgogeaurgf i carbonate (0.03 noles Ni) was

added to 100cc of vvater along with 4.99 grans of

tungstic acid e suspensi on was put

i Exanple Eééa(Né‘t?Smfr"Mﬂ 96 R:\\%E@) of 275cc total vol une
il Eﬁa@’ur e% glje%géﬂ thde? abaffenrNstedsur@ e dn ajutddiiie reactor heated

t enper a r 6 hours wth continuous stirrin

sulﬂph'ecwsve:oaﬂl@@n atoa reasicn drpwettyre ofalrd %Ch@ngwe?aﬂon time of
f o'ﬁ?%q‘ﬂ;u?@dz 95 ‘é&'i'&t]r%m g‘?z s Nil 'W‘asoi&o%ﬁrlsdl 00cc of water
I ete

erira ets were crushed and
Me@mm4f giauts drungaiciasisl @XQH® mplp ) 0 Agl6 TRETS of niobic acid

t d f T™T.

Egtcg)h @Ple\é@\?‘o)t Eg% s%@h&sﬂ)% w§§ gﬁgﬁtcggt%r Ie&js?\%gﬁn Wssel of 275¢cc

Diotss eblutnesandmeamichir1@°mnn 1th #50°€saridt held a@hatﬂempera’iursdor 6 hours
I dit

N EAGUER SR, IS MO b e an e sov

hfilghed anedeéd woéraight at n210°|Cs Thetohtainert swatefiabwas pelleted, the pellets

g\?{g%arglﬂ%g/%ﬁi% k R @'ﬁﬁ \lvai%g!?%d églgglﬁa\ly% maftial was then

aeamﬁewm 8G0 eC lﬂdﬂgﬁhﬂhﬁ The. Ratenibleway thaar&ulmldadodndetésied using the
of water gi ving a solution of a pH of about
SD@S‘a"ﬁGSttHﬁ?%edgfﬂ Bfion, 0.4 noles of ammoni um

hydr oxi de (ca. 30 rr1) was added, resulting in a pH
i ncrease to about This solution was heated to

oBxample Eit5 @h"ﬂ}o oﬁ\y@@@ﬁtﬁ%ﬁnﬁq)on was prepared by
d‘l’?ecr‘ %t‘ég/gg#?g gf pﬂaréd Dhadt éJt@éél@S?é@lé\Yrgrlﬁtaﬂ 4dfoddveRagtor heated

ter. The solution was mai ntai ned at
9@th (rslonouvavma@;tlorsel atreastion tRapesaidedold il sand gpaction time of

f%%#t&'fﬁﬁodor‘s 8 38 o G¢ R PJ b nd?é /,o(ﬂgbﬂ molgg‘ﬁh) ﬁé&@&d@d ©1100cc of water

vvassure m nut es "‘whi |
t alopeg mith 462 grams ofaumwc raed @t0186 mola i® ansk%?ﬁ srammf niobic acid

ok)(i é{ﬁ?e% @g be}mfl ns'&lna\hés Bt |ﬁt%0§sﬁ¥lgﬂ 'WQﬁHnTM vad&l of 275¢cc

r i a et ed, ets wer
Ctdﬂsl etinrenahdditeabéd ate‘m‘fomnacto i1 5ﬂ°Cl@'1d stlé at that @mmraiyre for 6 hours

Vi n The teri e
2 D8 L) e SN BN DR 1y find o so
Ufiltergd tahe drled vbrriight tat pQO‘tCEd[heeolﬂBl_ned' !matqerm lwas_spellsledwthe pellets
t rv]viaqtéq grlugrgﬁd %qJJ 1}(2?6 I %cﬁ?ﬁj (N%s Ii?gblétéd b? sieUiﬂa.SﬂHJ? h‘l%té}fal was then
calcined at 300 °C for 1 hour The material was then sulphided and tested using the

Diesel test procedure D5. Examples E13 to E15 show a Niobium containing catalyst
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| ower to get a highly active catalyst in
non- hydrot hermal reaction conditions. 15 Conparative

wexpenigset C9 (Nl O 9WL Rl HT150) The cat al yst P@EEP2006/010300
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prepared under autogenic pressure in an autocl ave

& il ?@Br%?\enwai RomBifidrRVAMEoRIR Haat & @’grﬁﬁcaﬂtli GRFAcRA activity

eratu and reaction tine m nut es.

T:gmaaeem tet inoh-hyerotermally; prepaned catalystre £4Ryior RiR bt glsg a very
ér%uN:éd hﬂ ggfeﬁ [ \)@?“e‘h& of‘de |\ﬁt9d&%p%r§ﬁtcgackfatalyst prepared in
rmon umrre tun st V\gan
2 mnomdﬂdwdtmmew"mmmtew@ U] e NH4C]—|) The
suspensi on was put into a sealed Wflon" "" vessel of
275cc total volune and heated at 10C/min to 150C and
lExachplé E1 6 {Ni1WNHRSE, Zidays) for 30 rri nut es W|th

201t 0 P e PR Q02 RV AR Sy f el e Mg together

QNI 28, &btofaqtckeﬂr%ﬁafoxyzfmoﬁheameo;m(eﬂ)gn Hy5(0.2 mole of Ni). The

ell eted, the C 60
Riseansn obre; £ ol iapyeatedd 1t g5 AT pent AT fetuserature for a
tdéﬂBd %ﬁF%d?@%t%tco?nﬂﬁh&sfﬂinrﬂg e itie end bﬁtH’ﬁiﬁméJ mb si@pension was

%ﬂtéégé%hg?ggjlt%gﬁ%% :vza;ttgertdeguétlga, é E%{t 1D|6aﬁé.gs I(q>]vern|ght) The resulting

r@bﬁ'& Wa'%eﬁém{edr @R bbRils Gnglichished ahdC46-8D Mﬁésrﬁﬁﬁ@mﬁ& Reiction was
| nvenfl on E8 has a higher activit

dsgﬁqud by Isievingt ghegmatgrp%mséaerbgalplagq at g0 y@@or 1 hour The material

GHPREAR SLbRidRY Rk tBEBY LEﬂﬂ%élthé"dleéél té@?bréb%d@regDS’fThe results show

ammoni um et at ungst at e O (0. W

ihateat derydong eagction tlraes)ammwat/ementgn aptngy a°§|6|betqbémned compared

%Pgth?)gﬁﬁ\ﬁgét'su séeqbgreﬁﬁﬂhliea't egl to S') %ﬁt?gly&?ﬁgncomeared to the

depovgmeht otitaiked by thedhysixgtbenmad sanditionsi CO3* 3Ni ( OH) 2* 4

H20 (0.2 nole Ni) were suspended in 200 m of 35

wat er, and this suspension was heated to 90C

(Exammsle €10 NiRSWITR8MTI88 pensi on B 32 WO 2007/ 048598

%EP 006/ 010300 was added to solution chl tor heated
ealalystawap PirRaregs el Ry aaFE|rTER e v&aé“r?éﬂ AP &gctor hea

atith Bfrolvave Padiftiohodst é)freécﬁlohctémﬁemtdrb of OY50i *CI@nd reaction time of

i:{p'oh{)'gﬂ%u(%&f;@qﬂs;ﬂtr{n ca O| I &#g mge I\A@sv@éiz gct:off%cc of water
F&Mgte\tv@fﬁh %@aﬁ@'df ?in?sﬂ@ héd (G DQSMIQ veyndr Hbos&‘éeﬁﬁérh was put into a
e

fraction i sol a by sie r%eg The mater.i

tere@!ed5W§ﬂprph.\@éae'amd’ﬂtse%fcéa' \RTHE apf Depiedcat) 1 °82f'3" to 150°C and

HAE SiaetdperdtlR fo?%%&u?s ﬁﬁiﬁ\&’ohtﬁ}ﬂbu@sﬁrﬁng n The sample was cooled
preparation route it Is Qosm le at a

al 1ol a
rtatrpemdempenagirg and éheh pejid Wit aRc driechpvaryight zptn1 20°C The obtained
NRGehXda B%fgg& tﬂ@ﬁ%\%‘t@ﬂeféo&qéhéooﬂﬁi 46B0PRIALfration was isolated

exper1 ment ? The cat alf/st was

rivmenmm T@ndeateaaltwagethe@ caleiged gF 300 C foi 1hnpupcihp/material was then
g 558188 YEHD 1L GGt ARk DIAITH fe8ARS A6 that in

reaction t
ercﬂhermafszorgmtaﬁnsmencgmmmw@s ¢an psobteined aNhughwa@etal molar ratio,

d.t f f
ol 5 i B il M plbll o fRrghie] amon U
into a seal ed Wfl onT"" vessel of 275cc total volume
and heated with m crowave

Comparative experiment C8 (Ni0.9W1 R1 90)
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15 radiation at 10C mn to 150C and hel d under
aut ogeni ¢ pressure at that tenperature for 6 hours

WOWRMn0es398 | nuous stirring. The sanpl e was cool BGI/ER2006/010300
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roomtenperature and the solid filtered and dried

OAﬁfé Bi & mr?Bnia%orgetam??s%% g(b g%’olmﬁ%?& didEsiveREinl 83CERM of water

thé “pellets were crushed and 40-60 nesh fracti on was

igivihg tae doltjors 0B ai pig . of Tatkeoutreft. 2 Tallthisvpdutione A-4 sNalesnH e ammonium
r

a}hlg% Sﬁeéo%’]“ﬁ’%é ac{cﬁgeﬁggftlﬁ? m"‘é mg?r%ggéahoféeﬂo%b?%e%ls solution

mamrheasecstmwmaoluaorse) mmmdwh:@pmas prepared by dissolving 52.4 g

ﬁggldtl tﬁ %ggaéﬁd%% ?Q,)l'? Fno‘?%ﬁﬁ w%@ g‘ll tonEi!%g Tﬂévseorl}t1oﬂg¥£§nanntalned at

ar abl e cat
020 s6ldtidyBY. c&dluiloRZB Wae afddbdi dmp»\llste ot schatioh Arrakarralm of 7 ml/min.

VHN : d f |l
4 ShsptOor RS e rasl BT RS WEPe Y% Rip e was
Dhaihtzedoatadoyst $hd\maaerta£91aed’lteredawimnd-driedm butanl120°c overnight.
actor. ach [ act or e con

r
cHiecptainetiate s men PeleER s PRIR RETB PSR Ay ¢pPggesh fraction
apsh maRmy siﬂ%ﬂevmgt ViR matefal auserttseroéalanéa paBDD Cefor 1 hour. The

\E,;;ﬁgtghglq;?;%tﬂﬁhfggéhgggtggﬁ Eﬁﬁtgﬂa 5.% é‘e\rﬁ qggesf Sul gguree[% The results
ds@ﬁJW !h%?glsbrin B?éﬁa@atibn%h!éth‘aldlsb ?Bssﬁﬂé le@ Métah molar ratio of 1 or

dimethyl disulfide to a total sul content of 3,7
viewes toTaed aighiy aciive gatalyshingiopstygratqraal fagetion endiiensy
the hydrotreating of a diesel feedstock having the
properties shown in Table 1: 35 Table 1 33 WO
zcompamm&xpaln@m@@wcmwdd“ KRS L FEEDSTOCK

SEh AR EDAE skl o USR0Sk AR tr nasts
Divith aniyowavec sadjatinn at @. réactibot tamparaturatdf IS0 (*Gwend Egction time of 30
S 55 Pyl 1 103 5T PeBelBldnd i, e yp r0se o
Vﬁrhﬂermxa@ added 9.8639 Uf Woimomiurt n2édtudgstdeUO\i mote \OY) 2nd.ca. 6 mi of
ammonium hydroxide solution (0.08 mole NH4OH). The suspension was put into a
sealed Weflon™ vessel of 275cc total volume and heated at 10°C/min to 150°C and
held at that temperature for 30 minutes with continuous stirring. The sample was
cooled to room temperature and the solid filtered, washed and dried overnight at
120°C. The obtained material was pelleted, the pellets were crushed and 40-60 mesh
fraction was isolated by sieving. The material was then calcined at 300 °C for 1 hour.
The material was then sulphided and tested using the Diesel test procedure DS. The
results show that also in hydrothermal reaction conditions a catalyst according to the

invention E8 has a higher activity than a comparable catalyst prepared by route R1.

Comparative experiment C10 (Ni1W1 R2)

49.2 g of ammonium metatungstate (NH4)sH.W;2040 (0.2 mole W) were dissolved in
800 ml water, giving a solution with a pH of about 5.2 at room temperature. The
solution was subsequently heated to 90°C (solution A). 235 g of nickel
hydroxycarbonate 2NiCO;*3Ni(OH),*4 H,0 (0.2 mole Ni) were suspended in 200 ml of

water, and this suspension was heated to 90°C (suspension B). Then suspension B
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50% Vol ume C 286.8 60% Volune C 298.1 70% Vol une C
309.7 80% Volunme C 324.7 90% Volume C 345.3 95%

wo/eloamess® 360. 3 Final Boiling Point C 373.8 TPEI/EP2006/010300
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catal ysts were tested under the two conditions shown

| WasT2dted t8 solufidPhgn 20 Mifites Wnahhéliddalticg Rdspdndidn was maintained at
Condition 2 1 Tenperature qn&CI: 315 320 340 Pressur

(¥5F)forsa Pationaf 18hbuTs Wih caniPyeHSNTIng, Ghe SeRitascsold g dried at
1{J0°8-18r 460hdur® (oldrRighY). ﬁ'ﬁétregulfﬂﬁ‘ge@élﬁoevdag peleteidliifg Yehets were

was | oaded into the reactor in manner anal_ogous to
\rashedsan 40100 esh frachan Wasy (5pIatask PHiqing: ckhoy Material was then

ﬁﬁ@;&g’\%ﬁt@d ﬁ’%ﬁ'fg%@ I éé%fjte}ét ﬂrgké&}l‘é tsp h’ﬁé ‘?esults show that also in

sing th descri b bel ow I n
Tmepse'ataon/\mutm RRdtlisiepassipe let@ meteh miafréahwpf tiite get a dighly active

pf e%ﬂ#@ﬁﬁéd’éﬁ cét{'{éfrﬁ/@? éﬁm}épgg?ﬁtlgns teos(; eghsn t he

hydrotreati ng of a diesel feedstock having the

oper s sh 3 15 GAS AL
HeeiE %Rg'(\?%eﬂgﬁﬁgﬂﬁ%g%@qé@zooal 010300
StHepbatalystonas ptepafédot mndbr%%ltdgmrw@easwem antautqutavst feaBbr heated
Mono aromatics ti 0 11.1 ..
S i ReYeL S doA 7oSchgT e TRP TP, Os 15008 |rgegction time of
St 8tiilird)izs82 bl cEtNiarshatd @.6% moles Ni) was added to 150cc of water
along with 7.40 g of ammonium metatungstate (0.03 mole W). The suspension was

put into a sealed Weflon™ vessel of 275cc total volume and heated with microwave
radiation at 10°C/min to 150°C and held under autogenic pressure at that temperature
for 6 hours with continuous stirring. The sample was cooled to room temperature and
the solid filtered and dried overnight at 120°C. The obtained material was pelleted, the
pellets were crushed and 40-60 mesh fraction was isolated by sieving. The material
was then calcined at 300 °C for 1 hour. The material was then sulphided and tested
using the Diesel test procedure D5. The results show that also in hydrothermal
reaction conditions a catalyst according to the invention E8 has a higher activity than a

comparable catalyst prepared by route R2

The full width at half maximum (FWHM) was measured for all examples and was found

to be below 2.5 in all examples.

Diesel test procedure D1

The catalysts were tested in a down-flow 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. Before being tested the catalysts were presulphided via liquid
phase presulphiding using the feed described in Table 1 which had been spiked with
dimethyl disulfide to a total sulfur content of 3.7 wt.%. The presulphided catalysts were
then tested in the hydrotreating of a diesel feedstock having the properties shown in
Table 1:
Table 1
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15

Initial

Boi I i ng Poi nt 180

.5% Vol ume C 220 10%

Vol ume C 233 20% Vol une C 250 30% Volune C 262 40%
wo/eloaness® 273 50% Vol une C 284 60% Vol une C POBEP2006/010300
Vol une C 307 80% Volunme C 321 90% Volune C 341 95%

Vol une C 345 Fi nal

Boi I i ng Point C 354 The catal ysts

were test under the Two conditl ons caB QW FEebstabks 4.
Table 4 Pr 'c&ﬁtEQt R TTon Confr T oN 154 T
Tenper at ur i 3 nm Pressure (bagg 45 49520
H2 to oil 200260 L"v’l/hoOl.?l.S
oot he [ ABREHEL Baidy The_carel vt R g e
1 LE=S RN A>A] ATITAT U JUUO U

descri bed CI-aerat% P "o g restbdthe R ol
were pres Dk s LWt g EJ\hase Hresuhp nqg 'ng
using the ot matiqsk(m%pl QL _gh_ha_@
been spiked with dinethyl 10 di qulf' de to a total
sul fur cortSimulated DistiNatiopy ASTM-Dhr esul phi ded cat al yst's
were then [8ested in the hydrotreating of a diesel
f eedst ock |HaitialBpilingePgimtoperti es shown in TA e 5:
Table 5 A% QoluntdFEDPTOCK S wt. % 1.2 3318W
2007/ 04859809 Volame0@6y 010300 N (ppmat ) 831.4ot al
aromat i cs (2604 Yblume (C) 250.9

30% Volume (°C) 264.8

40% Volume (°C) 276.4

50% Volume ('C) 286.8

60% Volume ("C) 298.1

70% Volume ("C) 309.7

80% Volume ('C) 324.7

90% Volume ("C) 345.3

95% Volume (‘C) 360.3

Final Boiling Point ("C) 373.8

The catalysts were tested under the two conditions shown in Table 2.

Table 2
Presulphiding | Condition | Condition 2
1
Temperature (°C) 315 320 340
Pressure (bar) 30 40 20
H2 to oil ratio (NI/l) [ 200 300 300
LHSV (1/h) 3.0 2.0 1.5

Diesel test procedure D2
The catalyst was loaded into the reactor in a manner analogous to what is described in

D1. Before being tested the catalysts were presulphided via liquid phase presulphiding

using the feed described below in Table 3 which had been spiked with dimethyl

disulfide to a total sulfur content of 3.7 wt.%. The presulphided catalysts were then

tested in the hydrotreating of a diesel feedstock having the properties shown in Table

3

Table 3

| GAs OIL FEEDSTOCK
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pol ynucl ear aromatic (PNA) (wt.

(W.9% 16.

9

5 di-aromatics (wt.% 1

. % 218C

11.7 nono-aronmmtics
0.8 tri+-aromatics

W@ 0709858 8 Sinul ated distillation ASTM D 86 pai/EPAD6/010300
boiling point 184C 5 vol

10 vol . % 231C 30

vol . % 265Goplr ¥sHten(FAC__ 70 VoI . [% 3T0C1 20 VoI . | %
345C Fi nj 'Nu ehcBHtePPIgpmwly #C The [catal' ysgs Wer e
test ed unger TE tWo CONart1ons Sio M Tabl € 6.
Tenper at o] FORBAONES S%%LL””F?;Z“'?’L“(‘J”G? 46401 20
2 to oi | [Dkeforates (B8hy os soahey tudlal o 66500
1.50 5 D@%—gﬁwpﬂure B4 ThecatatQhis were
tested as ic %ﬂ@ except—fbr anoz.ﬁ.é‘r Space
velocity iin the 1st condition_ 10 Presulfiding
Condi t i on | Siraulaged Pistillation ARFM-B ure (1 C) 320 330 340
Pressure (I8&r) 40 40 20 H2 to oil ratio NI/I1 300 300
300 LHSV| (rtidi BoBin@®oint50 1.50 36 MO 20078048598
PCT/ EP200650:080Me ([M)esel test procedure 220The
catal yst Wwa9% weidee (i)t 0 the reactof in a2s8nner
anal ogous [bo%W@tmeg @lescribed in Pl. Befagpe bei ng
tested thezpef @biymeS G)Er € presul phided vi geRi qui d
phase presUubpIV&LME (¢)ST NG LGO Teed| descrijygd beTow in
Tabl e 7 Whisgt, VAImBREE) SPI Ked W Th i et nyjgy

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 4.

Table 4
Presulphiding | Condition | Condition 2
1
Temperature (°C) 315 315 340
Pressure (bar) 45 45 20
H2 to oil ratio (NI/l) | 200 200 200
LHSV (1/h) 3.0 1.5 1.5

Diesel test procedure D3

The catalyst was loaded into the reactor in a manner analogous to what is described in

D1. Before being tested the catalysts were presulphided via liquid phase presulphiding

using the feed described below in Table 5 which had been spiked with dimethyl

disulfide to a total sulfur content of 3.7 wt.%. The presulphided catalysts were then

5:

Table 5

- tested in the hydrotreating of a diesel feedstock having the properties shown in Table

GAS OIL FEEDSTOCK

S (wt.%)

1.2
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5 disulfide to a total sulfur content of 3.7 wt.% The
presul phi ded catal ysts were then tested in the
whywrosssesmt i ng_ of a di esel feedstock having tPEI/EP2006/010300
properties shown in Table 8: Table 7 GAS AL
FEEDSTOCK S - (pgwt) 1969 N (ppmat) 102 g4 ot al
aromatics (W.9% 28.3 nono-aronatics (WM.% 16.5H

di -aromatics E‘Ml,ai’@mdtibs‘fwt.% TF-aromati CSE . 7 0. 8

Si mul at ed di o]0} poi nt
178. 4C 5 vopRalynHfieardn (PO O] o 06261 C
| méhg-aromatict ( tiAoL cont 185 7

50 vol. % 288 G0 9C—96—vot—9t €—Fmnal
il b diargmatice WhoA)” e ek 08 ot o

boi ling poin 2 fre—catat-ysts—v tested under

the two cond| FFaRamaReRMLA) Topi o o Ta(g'.ae 8

Presul fi di ngl-Conditiop-1—Condi-tion—2 —Ferperatur oC

320 320 340 | Dmudated distifation ATMID 8 it o il ¢ ti(o )

NI /1 200 300/ il btpllmpqlnt/ h) 3 00 3 00 1185C 37 wo

2007/ 048598 PIE52006/ 010300 N 0 M 00/ 298°CN- o CO ¢

CONMO Z 0|0 vat®%O O CO0 00 0) D
rNOrr O CBD@% O001g0 ZO

h2@5°C 00 0 CV)
hcoO >0 [50vel% r r r 287°C
70 vol.% 310°C
90 vol.% 345°C
Final boiling point 374°C

The catalysts were tested under the two conditions shown in Table 6:

Table 6
Presulfiding | Condition 1 | Condition 2
Temperature (°C) 320 330 340
Pressure (bar) 40 40 20
H2 to oil ratio (NI/) 300 300 300
LHSV (1/h) 3.00 2.00 1.50

Diesel test procedure D4

The catalysts were tested as described in D3, except for another space velocity in the

1% condition.
Presulfiding | Condition 1 | Condition 2
Temperature (°C) 320 330 340
Pressure (bar) 40 40 20
H2 to oil ratio (NI/l) 300 300 300
LHSV (1/h) 3.00 1.50 1.50
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The qatalyst wasrogded iptorthe feactar in a grapney analegays Ma“abs)deﬁf’“bed in
r r . . . e
w. &?fc?re ﬁe\’é\g %%E%ﬂ?{ cﬁb&%@é&/ﬁ%&g@%ﬂ&ﬁq\ﬂ% O@%'E ;geﬁl?hldmg
NsPQ NGOCleed descibesbbplowpin Ralkjg-7 vehicy had been [gpiked wjthpdimethyl
. C l, = | 0 r i r
gl{plf@eoﬁ’) %N t%”yﬁﬁr IﬁoR@rinf\'ris'/lf \évf /o(r.q _F’fhe Opr%s&l(%‘ilcci)édo i:%t‘él s were then
Gesied/linc thechydpotteating offa diesel feedstock having the properties shown in Table
8:

Table 7
GAS OIL FEEDSTOCK
S (wt.%) 1.1969
N (ppmwt) 102
total aromatics (wt.%) 28.3
mono-aromatics (wt.%) 16.5
di-aromatics (wt.%) 11.0
tri+-aromatics (wt.%) 0.8
Simulated distillation ASTM-D 86
Initial boiling point 178.4°C
5 vol.% 211°C
10 vol.% 224°C
30 vol.% 261°C
50 vol.% 283°C
70 vol.% 309°C
90 vol.% 348°C
Final boiling point 372°C

The catalysts were tested under the two conditions shown in Table 8:
Table 8

: Presulfiding | Condition 1 | Condition 2
Temperature (°C) 320 320 340

Pressure (bar) 45 45 20
H2 to oil ratio (NI/l) 200 300 300

LHSV (1/h) 3.00 3.00 1.50
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2007/ 048598 PCT/ EP2006/ 010300 CLAIMS 1. A bul k
catalést conprising nickel tungsten netal oxidic

| es obtainable by a 5 process conprising (i)
formng a slurry of a first solid netal conpound

conprising Gou VII1 metal nickel and a secgnd solid
et al Pcwbseiﬁusgeﬂmrlsmgﬁgc ketzusgpteyineetaeaxidic partiges ehtajnable by a

?&{eggggmb*,ghg the slurry further conprising |ess
an 1 /oof a second Goup VIB netal 10

(relativé to foreingm alumirafiunfirsbsolig metal wrmPRERd ICOMPESiag Group
| ess than 10 b o
ess than }/Eﬂé ln%;az( u’gé‘\*}F gﬁ% QY Qe%ér?e&ﬂlkj Et%'l %B Surgcp comprising

the total of r eac
the first andGsmpoViB soeiat turgsign crmrqocnmms hqwrd,eitm/@tlé@ further

tenperature V\@Oq.ﬁ r#h?t% ffhgﬁt@\%k?&ﬁo&d 2 ¥t !;S,ﬁcf "&JB% VIB metal

conpounds 1577 enal S| 'east part
state during (réletientoi the totebarnount df@rorﬁp)k/fB trietals)i aride less than 10

i di ¢, byl | _
Lungsten ox! bl S4B mofy (UYLt Bt Group v
tenperature ipetatsy,a tenperature where tranS|t| on to a

crystall e structure efer ow. 20
S50 3 e AR s RE i adip B g™ et o i gl levated
a nickel to tteﬁgﬁr@tnreﬁwhedebvfﬂh@lfrstramﬁl secbad ek nikt@ compounds
and 2. 25 4. The bulr fatal st acc rdl ? taq c

Gs

wherein the pl;emqlla af partly iR thesolid /stpte [uring g%:?ntgﬁ reaction to

i s done in hygrRtthe hidRél teRyMEr 6:ad16 balk cataly@gct i on
tenperature above 100 C and a pressure higher than 1

bar. 5. The bul k catal yst according to claim 4,

wher eifhet Kifik BRGRSE QEHo?dln# & Einh 51 RRIcHEE Re &t treated aBBdemperature

1.5. 6. The bulk cat al accord |n to claimb,
ekoved terppRiatyEs wherﬁdraa\smpattq 8 cr@tadiaevsér@ﬁtuoe gceurs, preferably below

350°C.

3. The bulk catalyst according to claim 1 having a nickel to tungsten metal molar
ratio between 0.2 and 2.

4, The bulk catalyst according to claim 1, wherein the protic liquid is water and the
reaction is done in hydrothermal conditions at a reaction temperature above 100 °C

and a pressure higher than 1 bar.

5. The bulk catalyst according to claim 4, wherein the metal molar ratio is between 0.2
and 1.5.

6. The bulk catalyst according to claim 5, wherein the metal molar ratio is between 0.2
and 1.
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and 1. 40 WD 2007/048598 PCT/ EP2006/ 010300 7. The bul k
catal yst according to claim1l, wherein the netal nolar

WO 2007048598 bet ween 1 and 2 and wherein the rearCT/BP2006010300

done at substantially atnospheric pressure. 8. The
lul k  creecBuistatalgstarcdomiingtto otdiri Inwherehtheanetal helametialis between

cLark] 3,280 WBets PR g e op imadhe eyl Al Ge RS pressure

reaction is carried out for atim of at |east 2

h 10 1A Th | k

tbo eI ARSI ROEB BT Tn GBS (EaeiaLBpEr ot T between
hexsoppal structure having an X-ray diffraction

pattern with a single reflection between 58 and 65
(diffraction angle 28) and nmain refl ections between 32

and 3&@%“@@&%@?&%&0‘%@%&@&@5 td B, WFEI%lrthekreﬁé‘ﬁ@J i¥ Thrried out
accord |n? to claim10 wherein the main reflections
Henatimefolpt leagtiZeurat hal f maxi num (FWHM) of | ess than

2.5. 12. The bul k catal yst according to clains 1 - 11,

wherein the first conpound is a Nickel carbonate or
M@dr oxBhecbull catalyst lagedrdigg do slaimacle taaP exhesgindhe |bulis gatalyst has a

. I C
%ﬁ&aﬁ%{)@f Bg%r g%eﬁalcgﬁ%:rt@‘é ha\ﬁﬁé ény St rag &lﬁfa@hﬁg éﬂﬁeﬁ{ if®a single
trlaﬁeahitm Ubetwesin $&end3661 (dlfftamraang(le @Pphand main reﬂeetlcnrm katween 32
of VI is between 0.1 and 10 nol e
gand %?B%eeﬂﬁ%r@a%al yst according to claim 13,
wher ei n the Group V nmetal is N obi um 15. A sul phi ded

gﬁ@gngﬁﬁ%éf %}g&g{%&cﬁ)@q r%lt%tcﬁul k}ég/h é}]tkgacéﬁlr%l@&ﬁo@&ave a full

Madth\d Bal mdxiteurh WP HMY Ellesstthan 2 8l phi ded bul k
catalyst of clains 1 to 15 for hydroprocessing of a

hydr ocar bon feedstock conprising sul phur and nitrogen

cnt a'THe”BuIWcG@g)sP aEéUifBiﬁg R8 Tlairftd 101 quﬂérglﬁ&ﬁ@& rst compound is a
PCT/ EP2006/ 0103 A frethod for ul'tra d
W‘l‘ﬁ@i@é@?ﬂ@ﬂ#w|h¥§"t°P%'ﬁa@Pn%te§1§M§‘E Frsusiqge ﬁrqarqu?é jpast 150 m?/g.
cont ai ni ng hydrocarbon feed conprising contacting the

feed with an (un)sul phided bulk catalyst according to
a8y oneThss bk gatalyst aceordng 9 elpmsan| y 14t fuphes sempdsing a Group V

gﬁ%? vs%gr%?ﬁ“ihe Smdht of i 8 fﬂalt(%tﬁg?ﬁg@fiﬁ‘a{l gf fﬂzféﬁroup VIB

catal yst according to anyone o
ovetals) isi bejween Of@ndit@gneledhurry of a first solid netal

conmpound conprising Goup VIII netal nickel and a
second solid netal conmpound- conprising
14. The bulk catalyst according to claim 13, wherein the Group V metal is Niobium.

15. A sulphided bulk catalyst comprising a bulk catalyst according to anyone of
claims 1 to 14 that has been sulphided.

16. Use of the bulk catalyst or sulphided bulk catalyst of claims 1 to 15 for

hydroprocessing of a hydrocarbon feedstock comprising sulphur and nitrogen

containing organic compounds.
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Goup VIB netal tungsten in a protic liquid, the
slurry further 1:0 conprising less than 10 nole % of a

WG amonegs® oup VIB netal (relative to the totabCERIP2NE/010300

of Group VIB netals) and |less than 10 nole % of a
G7oup A/ mhed  fér elteat deep thydtddesulphurisation tdfea Guiphor \4n8 nitrogen
e [
%ﬁ%}n?%goh o&%&n%ggn %%élcg& ggg ch@tg tlnﬁp}g?z eﬁc‘r)\g% kdrﬁsulphlded bulk
tchtalyist asdordingl tcsatyond of olaints rid 83, preferablyat pregsarssi aboae 20 bar.
| east partly in the solid state during the entire
reaction to formthe nickel tungsten oxidic bulk
aadt al ysproces fob i mundfactuleesf & bulk catilyspacsteding taranynefof claims
h&s foIIovm process steps: (iii) separating the
ar articles fromthe slurry, 20 (iv)

conposi t?ﬁg Worirg 4 @lufw ot Pirselsalid Mrtdl @obipduh@®icdmprising Group
wei ght of the bul k catalyst of one or nore materi

al s
sel ected fr onﬂllhgleéql d\ﬁkeb]angqua%qondngﬂhgrqngag compound comprlsmg

conventional ByslipoMBCAsRI *Gn rﬁ':rysé %Jrém!j lléu@C'fhéWQslurry further
conpounds before, during after the conbini

n
reacting of Fmprﬂﬁéi%lleséoﬁﬁﬁumjénd?#’(‘?f)aﬁﬁcﬁﬂ}‘?&rﬂ-‘hg\/m metal
(flash) dryingelafiid id g ’totﬁpﬁ‘rﬁgurﬂ%f G‘rbw "B me¥él§)9anod'iéés than 10

or wet mxing, or combinations thereof (vi) shaping
(vii) drying eele %Oft a&raep |Vymtetaéén6ia’qlge 4o the total of the Group VIB

tenperature bgls f2a1e)2 tenperature where transition to a
crystalline structure occurs, 30 preferably bel ow

350C and(iijvi i tepcting e ﬂrahgandlsacomﬁesop'd guetak cerppaungisng elevated
to claim18, Ln.th r e

02 and 15, FeTalel ey he T Hngt dcoBy cBy Hetibmpounds
reacti on i s denein at keadr partiyimtbe sclid stadediuting thee etira reaction to

reaction tenpgrature. ve 100 C.and. a_pressure higher

ot har PR isRS onsi Bl Ba RS 0500 2

Diptonmllg dwtrer aompnslhgn gné or mbee of thé follavingeirocdsk ateps:
reaction,is done S [ . at Shel‘IC

pr essur e™nd gﬁpqr éﬁ Fl??% @fco%”i%n%rﬁﬁr&e WHEY-ei n

t he net ativ)nol wmpdsﬁttrngNltrSO heuoeat fkiaivd td the tolal Akight o€ the bulk
process accor di erein

n claim 18, t he yeaction .
et veon tho f Fatagstl e iThore mRBHRS Bl T 406, 8foup of binder
aci d/ base r eagiateprialsangbnvbstioian Hyhﬂ);frd)de%tlngrcétﬁﬁyﬁl@d and cracking
metal conpound is % basi c solid and the ot

Q I net ?I .
conpound is afPTBRWNAE Rejpiey dpdRseNAfter theycarpbinipggand/or reacting of
process accor ghelfethPcomptufiigl, wherein the first netal

(group VI I l)
(v) ~ .spray-drying, (flash) drying, milling, kneading, slurry-mixing, dry or
wet mixing, or combinations thereof
(vi) shaping
(vii) drying and/or thermally treating at a temperature below a
temperature where transition to a crystalline structure occurs,
preferably below 350°C and

(viii)  sulphiding.
19. The process according to claim 18, wherein the metal molar ratio is between

0.2 and 1.5, the protic diluent is water and the reaction is done in hydrothermal
conditions at a reaction temperature above 100 °C and a pressure higher than 1 bar.
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conmpound is a netal (hydroxy) carbonate and the second
nmetal conmpound is a (group VI) netal oxide or acid.

WQ@3007/0¥839r ocess according to claim18, wherei PCT/RAR2006/010300

first and second solid nmetal 15 conpounds are free
fromnitrogen atons and wherein the protic liquid

ar " l.di ieles. in .
5" b ek 9B g B i sty
sdtmospheric pressare and ati@mperature below 120 °C and wherein the metal molar

ratio is between 1 and 1.5.

21. The process according to claim 18, wherein the reaction between the first and
second metal compound is an acid/base reaction and wherein the first or second metal

compound is a basic solid and the other metal compound is an acidic solid compound.

22. The process according to claim 21, wherein the first metal (group VIII)
compound is a metal (hydroxy) carbonate and the second metal compound is a (group
VI) metal oxide or acid.

23. The process according to claim 18, wherein the first and second solid metal
compounds are free from nitrogen atoms and wherein the protic liquid separated from
the reacted metal oxidic particles in step iii) is re-used at least in part to form the slurry
in step i).
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