; H JKLMe3eF(n6T"; ~ 4 _JUN 2003 Goppp2 HYDROCRACHI NG PROCESS US| N&@E#K
GROUP VI11/GROUP VI B CATALYSTS CROSS REFERENCE TO RELATED APPLI QAT) Thi s
is a continuation-in-part of U. Ser. No. 091231, | 56 fi%gﬂg%@w@gy 15,
1999 whi oloigs/4zm280nt i nuati on-i ﬂmmmymwwwﬁ Ser. No. 08l 900, I'Ted July
15, 1997. FIELD OF THE | NVENTI tion relates to the

hydr opr ocessi ng of petrol eum and chweal feedstocks using bul k G oup
VIT1/Goup VIB catalysts. Preferred catalysts include those ] 'ﬁed of

Ni - M- W {BOSSERORR CRINUEPROENBIVSING BULKUGRAUBVIIML RO ow

ni trogen =€ EdS e s mergg‘s]«ﬁ[p{grgcessi ng crudes with greater
sul fur and nitrogen contents at t me that environnental

regul ati ons are mandating | ower |evels of these heteroatons in products.
Consequently, a need exists for increasingly efficient desulfurization and

deni t r ogePRich §§ REEFERENEE TO RELANEDacPPL Sof conpounds, rel ated
to hydrot=d . e.0., amonium nickel nolybdates, has been prepared.

Whereas X-ray diffraction, anal ysishas qe Py et €3, 1996
conmposed 'Bhlsllay@ﬁ@&“ﬁﬁ‘é%’é‘é“'\ﬁf‘f[t?%r}zé' 3?(/’??8%)2@6}&%@8%%&3 §U§H)tcg yghangeabl e
ani ons | owhidisiacdmmugtibhenipest Pebweerert e ﬁggﬁ had | g i e at ég ammoni um

ni ckel nol ybdate phase has nol ybdate anions in interlayer galleries bonded
to ni ckel oxyhydroxide sheets. See, for exanple, Levin, D., Soled, S. L.,
and Yi ng, FIELY) ORTHEINVENTIONe of an Anmoni um Ni ckel Ml ybdate prepar ed
by Chem cal Precipitation, Inorganic Chem stry, Vol. 35, meth 14, p‘.r
4191-4197 (1996). .Th r et dB8tiap iofilpstraleam clesaigak eport ed
by Tei chner ang)*‘b%ﬂng%&g‘%f‘%éQ&%y%p%z| -2 P f~ SUN 2003 WD 001 42128

PCT/ US00/ ?%ﬁqggocggsg%%ﬂ%wk@fbu GiIGroup VIB c83lysi3 Prefeggd)caltdyils . R Acad.
Sci. 304 , 11, "563-6 ( f987) and Mazzocchia) Solid State Tonics,

63-65 ( 1993hdd Hos8Tomwedwiawi-NMod-YWodenum is partially substituted for by
tungsten, an anor phous phase i s produced which upon de\mmmm“m’wm and,
preferably, sulfidation, provides enhanced hydrodenitr DN)

catal yst actiyvi ol at i ve, tQ HRERRON tuted (Ni- M) phases SUMVARY OF
THE | NVENERADM oS- OeaH Pt vention there is provided a process
for hydroprocessing a hydrocarbon feedstock, which process%corrpri ses
contacting sai da§ aedaii¥of &w bylfonjowossoger CRSRHAEEA, rHH'd 3ul k

catal yst conprised of at |east one Goup VIII netal ¥l B
metal s, whprobessiigtmmsies sotipgieses sulfyup ﬁﬁf%enfgpngggqgé\r%?@%%mnon- nobl e

Goup V Il netal nolybdate in which at t i trodtems ihhan al |
of the nolgideonmental regplasiosy ab%,ﬂkﬁﬂﬁ@‘é%koe‘ge?‘h‘%éﬂ%fg}??gé’gss? ng prlocess is

selected from at | east one, of r et A fieyesin ddsaulfunizaggenat i on,
hydr odenetﬁqqdé‘FPsor§°W8P yalﬁ&%giezg‘??géfﬂ%dr o?gy(;emeri zati on,

hydrOdemxgﬁ]@deJﬁYr%rggﬁﬁt% LRgysfydrof i ning and hydrocracki ng.

In one approach, a family of compounds, related to hydrotalcites, e.g.,

ammonium nickel molybdates, has been prepared. Whereas X-ray diffraction

analysis has shown that hydrotalcites are composed of layered phases with

positively charged sheets and exchangeable anions located in the galleries

between the sheets, the related ammonium nickel molybdate phase has

molybdate anions in interlayer galleries bonded to nickel oxyhydroxide sheets.

See, for example, Levin, D., Soled, S. L., and Ying, J. Y., Crystal Structure of an

Ammonium Nickel Molybdate prepared by Chemical Precipitation, Inorganic
Chemistry, Vol. 35, No. 14, p. 4191-4197 (1996). The preparation of such

materials also has been reported by Teichner and Astier, Appl. Catal. 72, 321-29



I n one enbodi ment of the . nvention there is provided process for prepari.ng
| ubricating oil basestocks which conprises: (a) contacting a hydfit&cﬁ&

f eedst ock feedstock derived fromat |east one of thermal treat nené

cat al yti cMO®A2#8nt, extraction, dewaxing or fractionationF&H/&0 1P%1 eum

crude or fraction thereof, shale oil, tar sands or synthetic crude with a
bul k netal catal yst under hydrocracki ng conditions,.said catalyst
conpri sing non-noble Goup VIII netal nolybdate in which at |east a portion

but | ess al,l o I Rt t 4 JUN 2003 -
23 (b) frgwanépphghﬁ?)dr a?@d‘?’} {e@gb? gcﬁo pjﬁ{g%ﬁc%qaﬂg{g |I#I¥:£1te
ubri cat | 339 {19k Aahi Maz Adehhie SofIBedle TBAks O3 b1 9ameTBIon. Tel ates to a
process for r| catl ol I” basestocks whi ch ‘conprises: (a)
feeding a hydr ocar bon feedstock derll ved fromat | east one of thernmal
treatnment, catalytic treatnent, extraction, dewaxing or fractionation of a
pet r ol eum cr ud®Now, Whee malpbddreme i parshly sulmtitutetidor bumasgsden, sgnt heti ¢
crude, to a first hydrocracking zone containing a hydrocracki ng catal yst
wher ei n samorplyairsophiase s pgthegwlnch upom dpeATRpOsitian apdt meﬁfér@bkyorrpr i sing

non- nobl e Grou VI1I netal nolybdate in which, at %ﬁ ort| on but | ess
than al | &8l mprdemmd%serﬂa@r:g@éMdr@?eBWN@%@wn féﬁ -?‘a?&&é Y the

f eedst ock ynder ckin tions to produce a hydrocracked
feedstockr‘%iésw%% S?%g%flﬁlr g}&‘?)é%i‘é%l feed to a second hydrocracking

, one containing a second hydr ocracki ng catal yst and hydrocracking the first
hydrocracked feed under hydrocracking conditions to produce a second

hydrocracgﬁ:!‘tmgqiquﬁ;ﬂr fNWN'P][QNI ng the second hydrocracked feed to
produce a T raction. In another preferred
enbodi ment of the present invention the catalyst conposition is prepared by

a process which conprises contacting at | east one Goup VII|I non-noble
net al conponentinwiccordanee Griduthis/insentomtheroisoiowided; mprocess for

hydroprocessing a hydrocarbon feedstock, which process comprises contacting
said feedstock, at hydroprocessing conditions, with a bulk catalyst comprised of
at least one Group VIII metal and two Group VIB metals, which catalyst
comprises a bulk metal catalyst containing non-noble Group VIII metal
molybdate in which at least a portion but less than all of the molybdenum is
replaced by tungsten. The hydroprocessing process is selected from at least one

of hydrodesulfurization, hydrodenitrogenation, hydrodemetallation,

hydrodearomatization, hydroisomerization, hydrodewaxing, hydrotreating,

hydrofining and hydrocracking.

In one embodiment of the invention there is provided process for
preparing lubricating oil basestocks which comprises:

(a)  contacting a hydrocarbon feedstock feedstock derived from at least
one of thermal treatment, catalytic treatment, extraction, dewaxing or
fractionation of a petroleum crude or fraction thereof, shale oil, tar sands or
synthetic crude with a bulk metal catalyst under hydrocracking conditions, said
catalyst comprising non-noble Group VIII metal molybdate in which at least a

portion but less than all of molybdenum is replaced by tungsten; and



~ b JU>~i 2003 WD 00/42178 PCT/ US00/ 01004 -4 the pr esence of a protic
| i quid wherein during contacting not all of the Goup VIB and/or Goup VIII

non-nobl e nmetals are in solution. The preferred catal yst conp05|14dHN5m3the
present invention can be further described as a bul k m xed nmetal oxide
which is preferably sulfided prior to-Yse, and which is represented by the
formula: (x)b ~M~)c (wd ~z wherein X is non-noble Goup VIII netal, the
nolar ratio of b: (c+d) is 0.5/1 to 311, preferably 0.7511 to |.5/1, nore
preferably 0.7511 to 1.2511; The nolar ratio of c:d is preferably >0. 0111,
nore preferably >0.1 /1, still nore preferablé 1110, to H@1 étill nor e
preferably 1/ 3o 3Yric11¢mm°m}eire¢rabkqﬂ foedstoak o Rredpce 'U4F amounts of
M and W e.g., 213 to 312; and z [2b + 6 (c+d)]/2. The essentially
aﬂDrphOUSuBﬁb@ﬁﬁ@bHHaxnhmunique X—ray diffraction pattern show ng
crystalline peaks at d = 2.53 Angstrons and d = 1.70 Angstroms. The m xed
netal oxide is readrly produced by the deconposition of a precursor havi ng

the formil a: ﬁ, ﬁbe(*?)ﬁ)ood}@ﬁeﬁt 6W)Hé iremier eilates rea poocsss FQItArBAFNA: b i s <
DY

1.011, pref era c, and d, are as defined above, and z = [a
+ 2b + 6 {BEdhlihg oiliReROERLWMSh b@Bpstasi | ar peaks at d

(a) feeding a hydrocarbon feedstock derived from at least one of
thermal treatment, catalytic treatment, extraction, dewaxing or fractionation of a
petroleum crude or fraction thereof, shale oil, tar sands or synthetic crude, to a
first hydrocracking zone containing a hydrocracking catalyst wherein said
hydrocracking catalyst is a bulk metal catalyst comprising non-noble Group V1

metal molybdate in which at Jeast a portion but Jess than all of molybdenum is

replaced by tungsten.

(b)  hydrocracking the feedstock under hydrocracking conditions to

produce a hydrocracked feedstock.

) (¢)  conducting the hydrocracked feed to a second hydrocracking zone
containing a second hydrocracking catalyst and hydrocracking the first

hydrocracked feed under hydrocracking conditions 10 produce a second

hydrocracked feed: and

(d) fractionating the second hydrocracked feed to produce a distillate

lubricating oil fraction.

In another preferred embodiment of the present invention the catalyst
ition ] 3 ] cting at least one
composition is prepared by a process which comprises contacting

Group VIII non-noble metal component with the Group VIB metal component in



= 2.53 and 1.70 Angstroms.. ~ 4 JUN 20D3 WO 00/ A2128 PCT/USOO/Ql 2008_
Deconposition of the precursor may be effected at el evated tenpgeratures,

e.g.) tenperatures of at |east about 300C, preferably abou < in a

sui t abl e MO¥¥43K8re, e.g., inerts such as nitrogen, argon, %gﬁagstog,g%%unti I
deconposition is substantially conpletg, i.e., the ammoniumis |
substantially conpletely driven off. Substantially conplete deconposition |
can be readily established by thernogravinetric analysis (TGY), i.e.,
flattening of the | h - A I OheRRANPNGS Fi gure
1is the -qgvsﬁ?qer&a:ggf%ﬁc W?ﬁr}éﬁ %‘ﬁﬁﬁﬁ?@%o&gm conpound pr epar ed
by boilin /Rl i i | 6bm| iRFdbNgio) and after cal cining at
400C (QJH?&W&)FZB?Q%I t @g%??eﬁ%tglsﬁfﬁfgth the precursor and the
deconposition product of the precursor are quite simlar with the two peaks
at essentially the same place. The ordinate is relative intensity; the
absci ssa is t wrHehsrefertetboaiais) corfipggitien 2f shopresemianyentsgn eAry be Burthesn
patterns, by CuKa radiation (~, =l .S40SP.), of NH4-Ni -Nb, .x-WK-O precursors
wher ei n cdeseritfed m a/bp)lomdxet-metal vaide whichop preferably sulided rics ‘%’8‘?5%. 5~
curve Dis MO,3W). 7~ curve Eis MOl W.9 and curve Fis MpWI . The
ordi nate and vahichils seprasented by decharaBiRf or Fi gure 1. PREFERRED EMBODI MENTS
The catal yst conposition according to the invention can be used in
virtually all hydroprocessing processes to treat a plurality of feeds under
w de ranging reaction conditions ratures of from 200 to 450C,
hydr ogen pressures of from5 to gggc@zlagﬁ |E’E§H hourly space vel ocities of
from0.05 to 10 ~, ~~11~ 203 WD 00/42128 -6 PCT/USCO O 004 h'' and ,
hydrogen treat gas rates of from35.6 to 1780 m~/ni (200 to 10000 SCFI B).
The ter m "WiyekeaPKas eowi-eble Sroappaibarta lthepnolze smésof bi wWhidtis &-Hydpocar bon
feed is reacted wth hydrogen at the tenperatures and pressures noted
above, and/l ppieficrabhy@76dkerat 560 morpdreferablyihgd/ Ingdeddésul f uri zat i on)

hydr odeni t rogenati on, hydrodenetal | ati on, hydrodearomati zati on,

hydr oi soneri zati on) hydrodewaxi ng, and hydrocracki ng including selective

nydr oot acki ng, DepPeon B g 5. ahNNA 0T ARG o adet o
viscosi ty gl ﬁfﬁ%{é‘%@f Y% 821 cP L Yt inbre @‘é&rf&%ggfr@txuml Rhefgirefeesbly

volatiliti arization. oprocessi ng i nclude reduced

crudes, hygqnReakeledsimbik hifainesef M Meal. g2/ fos3/2 aamtbs phi@hbi+ 6and
vacuum gas oils, coker gas oils, atnospheric and vacuumresids, deasphalted
oi | s) dewaxad)PR] s, slack waxes, Fischer-Tropsch waxes and m xtures
thereof. It is to be understood that hydroprocessing of the present

i nvention can be practiced in one or nore reaction zones and can be

practiced in eifher countercurrent flow qr A }
count er cur r ent &Bﬁﬁsm‘é‘ﬁ]\)@m oys W&J@g&a%géléﬁ;ﬁe{ak%}{ﬁe g)g Stream
flows counier gt &PLtalifnd i WPW=LE SBYLRAGRIANE SR 8INT 70 Ah@ongas.

The mixed metal oxide is readily produced by the decomposition of a

precursor having the formula:
(NHL), (X) (Mo). (W)4 O,

wherein the molar ratio of a:b is < 1.0/1, preferably 0-1; and X, b, c, and d, are as

defined above, and z = {a + 2b + 6 (c+d)}/2. The precursor has similar peaks at d

= 2.53 and 1.70 Angstroms.



The catal yst conpositi.on of the invention is particularly suitable for
hydrotreating the hydrocarbon feeds suitable for hydroprocessi ng) aguxnaned
above. Exanpl es of hydrotreating include hydrogenation of P odofthES:

hydr odesw® /#2428 i on, hydr odeni trogenati on, hydrodearomati zation and mld
hydrocracki ng. Conventional hydrotreatding conditions include tenperatures
of from 250 to 450C, hydrogen pressures of from5 to 250 bar, liquid hourly
space velocities of from0.1 to 10 h'', and hydrogen treat gas rates of

from90 to 17 m é\ﬁg)g Q?Kléelg%%rsgf:ﬁ@y'beTme&W&ihP_élWﬂkﬂ NEgmpeRVEBS,es Uusi ng

t he catal yst & ECPTHPR nvention“may be particularly suitable for
maki ng lubricatin | ? IR abbupB0@460RC) inla base oi |

r equi remﬁﬂgs?emp‘?%ﬁ‘?{?bﬁ?%g%%g%%bngd&'gﬂlggr'l U§00/ 01004 _7.mlA wi de range of
petrol eu ] edsieak SuSfs Wieroaedr agoacesseam] untdccor dance with
the pr escragn &:B}]{/gﬁ@%ﬁer%%%ébl e fléedst oclggkr ange fromthe rel atively Iight
di sti || at geddnitsdsi @6 is'subiseantindh comipléted et heksnmonhimais subsiaatiaHyde

petrol eum reduced crudes) vacuum tower residua, propane deas hlal ted
resi dua, @gmgletayicbmemtmﬂfk Substehtalty ¢aMpIEECISERMAOSHIMN ChTEDE Efé@‘ dils

i ncludi ng coker gas oils and_vacuum gas Qi deasphal. t ed.r,esi and ot her
heavy oi l sstamhmwdadgtemngmvnmenﬁwrm?){sys @léﬁgﬁc;%ﬁ?‘éfé‘d%% gﬁ&?‘* ‘équ*r@é li ght
oils will usually be free of significant quantities of waxy conponents.
However, thenggraid¥8s is also particul'arly useful with waxy distillate
stocks, such as gas oils, kerosenes, jet fuels, lubricating oil stocks,
heating oils, hydrotreated oil stock, furfural-extracted |ubricating oil

stock and LS g6 pour point and viscosity
properti emﬂﬁ?ﬁu Ill’”’f I{I@P RA Iwgggrtai n specification limts.
Lubricating oil stocks, for exanple, will generally boil above 230C and
nore usual ly above 315C. For purposes of this invention, lubricating oil or
tube oil is that,part jOfhetlgaidfraceobpatdraedst NHgNhgsMag s¥dwi | i ng poi nt

of at |east 315C§ as determ ned by ASTM D-1160 test net hod. The hydrocarbon
f eedst 0cks o dAdaHrBpAntRi B3AbdiNng phicesitaeidnt i fonedrabciningl(CGug Ve éneind aliar|
typically boi'l at "a ?errperature above 150C. The feedstocks can conéai n a
subst ant i aly]@pRuni 400°0i (QwgeB). Moy that tHeepatternOfayhioth e PIEGEIOT 4RE even
greater than 500 wopm in the form of organic nitrogen .ﬁf&r%gtunds. Ihe f eeds
can al so hhedeeompgsitibnqunduas f the preewtsenare QgAY M4 WOREAS Wt o6t o
3 wWm.% or higher. If desired, e feeds can, be t o or
convent i orrilessantially the samgpiace; Heheqramate Kfglanys 1&%%?1%1 gelhégg%%i%%}[’@t her eof .
Exanpl es of h%céjr O(:dar bon,feedstocks are those derived fromat |east one of
ther mal t r&g WEH (FE8IEeyti ¢ treat nent, extraction, dewaxing or
fractionation of a petroleumcrude or fraction thereof, shale oil, tar
sands or synthetic crude. 2 4 JUN Z003 WD 00/ 421 28 PCTI USQ0/ 01004 .g_ In
the present hydrpegs DaRosQREXSrayadiffestionqeitterss, dyKjusesadigoRydr ocr acki ng
in afirst zone in the presence of the bulk nmetal catalyst ,of the

i nvent i on. (5465 AY; lof NHe Midvibi . pNexOhpreguesor e mMbercaR GHBE BASfrom 300 to 480
"C) hydrogen pressures of from 1000 to 3500 psig (995 to 234 KPa),

li qui d houMop sP4gce aaved isiMe) gV e.gotHrae & isoVR00 AR YFoydh treat gas

rates of froml 000 to 15000 scf 178 to 26.7Q ,m- ' : t from
the first h@%.@%@%%efoﬁwﬁﬁy%gf?’%fgﬂrefﬁ? lég'qf)g’/v?g'ol)rgte yg"ﬁ&%&ﬁati ng
oi | fractioa. .The product |fe .k{%grocrackate) fromthe first

hydr ocr ack PR¥I1SEREE AR etraited {PhEIBUWS dr ocr acked in a second hydrocracking
zone. The hydrocracking conditions in the second hydrocracki ng zone are the
sane as those in the first hydrocracki ng zone. The hydrocracki ng catal yst
in the SecngMWEMBQMENW be the bul k nmetal catalyst of the
first hydr , StalTTne or anorphous netal oxides or m xtures
thereof. Preferred crystalline netal oxides are nolecul ar sieyes including
zeolites and si IThecatalystnanhesiiat scordingfte theemveauen easbe HEEdHE zeolite X

and Y which nmay be supported on a refractory netal, oxjde., Preferred
anor phous retradllyall iydroprotessimggirpeessesiodrs é.PhH?é'%9ti&‘69F éﬂé‘aﬁf gl&f'om

either the first or second hydrocracking zones b ed by
fracti onat irenging reatiomcendiii@ns JUca s “?’U%‘Frﬁ&iﬁ ﬁgﬁéﬂ f?é &%ﬁg\cq{?@?@%
distillate fraction yay fhe sal vent e 08srého

sol vent s swﬁs%esf‘?frggﬁ lo Sﬂ@ﬁﬁr %8?"%%&%%3%%%% ‘gﬁ%"%g@luf\)/g) under

sol vent extraction conditions. Raffinate from sol vent extraction may then
be further processed by a conbination of dewaxi ng and/or hydrofi ni shing.
Dewaxi ng may be by solvent or catal ytic dewaxing. Prefen ed sol vent

dewaxi ng utilizes conventional solvents including ketones such as nethyl
ethyl ketone, nethyl isobutyl ketone or mxtures thereof. Catalytic

A~ T . T T T Y o




Preferred zeolites include ZSM5, ZSM 22, ZSM 23, ZSM 35, ZSM4€ 250 7003
ZSM 57. Preferred SAPGs include SAPO 11 and SAPO-41. In the alt f’ ative,
the distillate fraction may be catal ytically dewaxed wit h%TC{EEboiomﬁrVeni ng
sol vent ¥Q#WBA%N step. The solvent or catalytically dewaxed product may -
t hen be hydrofinished in a hydrofinish.ng zone under hydrofini shing
condi tions. Hydrofinishing conditions include a tenperature of from 200 to
370 C, pressure of fromlI50 to 3000 psig ( 1136 t}o 20786 kg&%o,(}l iquid
hourly space ' s : )6 & 0720 hy'dhho (200 ta ate of from
100 to 5800““9\0/}1'%,@8#1’};%@5% asg%gﬁ/fﬁ‘sg?gﬁdr of i ni shing cat al é.sts may be the
bul ket gk-hpyg alpel Hﬁ@ﬁydrﬁphﬁt‘ésfmg" eacatlhsgs atirocessenin Wdidohvent i onal
hydr of i ni"shi'ng cat aFysts such as those containing at |east one Goup VIII
met al - on padr&hFReH Rigd iTRiaetedwittichydirpgen at thhitempaEunss ApARIBISUEES The G oup
VI1I nmetal may be conmbined with a Goup VIB netal, If the G.oup VIIl netal
i S a nonnpedd sbawey, ahd indludeshpdregenatidry, m@mmmgmhvﬂrqsie@’éﬁszw% met al .
Products fromthe process of the invention,include G %5 Il and Goup |11

a

| ubri cat ihygrmidniﬂnagmiockbydr@déwlqua“@&sB%‘?r@g@r%‘"\‘}ga turates content of
t | t 90% | f tent | t h , 0% : th 120.
G oup |1 Iyssvisamenratpm e dp e AL b aros e R YHSHATE i ur
content |l ess than O. wt ..% and ine2&hd i reptigoses of the
pr esent imﬁ@rﬁéﬂ“ﬁhﬁ?epg’q%orbg& &ggﬁg%%&rggﬁgéﬂ% Tube basestock the
feed can be a.w dg var f ;)a%}? i sheedihpoked ivisdositiesg f eeds
deri ved fcrod@équfdgheo?‘rog,%%ﬁglh ol @egénsghgar gssands a‘gmwell as_synthetic
feeds such.asiihRaRedahiamtsiconmert NowiempantuTe ppopeitior, ooduditicsyptcal
wax- cont al hi ng”’feedst ocks for the preparation of |ubricating base oils have
initial bgdddiAgzdRintFecd fabioydropideessiog ih¢lyderedugsd cr¥@dsude feeds such as

reduced crudes, hydrocrackates, raffinates, hydBOtreaéed oi | sdas%hgnspheri C
gas oi | s)hydrBcrackatds 2afinars hodratpaated posy AMOePRTROA"S VIGIVEGNIM das oil s,

coker gas oils, atnospherjc. and,vacuum resid i 18l ack
waxes andcekes@asilsy @B&%HL%% ?“%ﬁ’éﬁ“‘f’@éﬁ?aﬁr‘a@eaﬁgﬁ@geﬁk@!a%%grgbr#gi)msl? illation

over s (aliTaeRherl Sl vAEHUN v QU oEsackREPndu al eelies sndunslosol vent

t
extract i onaghi axes Ve wax contents of up to 50"lo or nore. The
present ipvent loS§F thE pesRdt Ifveptiodwan betpraeticsd i, onghen WOFA ner al
oils) cal p‘é‘g%(mbésg‘?lfg‘,g are colorless, transparent, oily liquids obtained
by the refifhipg Zohes bidearbt pedcticed finethenchumtencnrieRbIIPPORILEATIIEDL!  whi t e
oils) an appropriate petroleum feedstock is refined to elin nat

conpl et el Ylows npdssiBy eoumargyment fApw BYER)WLR§as IRTGFESS SHRA LN FC%P é‘geit ive
hyd b i ncl udi tics, and her. i IRRVARTYAY I d
oY event udecdstreamdipus gpntareurrant &8 Bo AP SiEipkiRLbnbiilB A 4 ©

i ndustry. The feedstreamis contacted at hydroprocessing conditions with a
bul k catal yst containing two G oup VIB netals and at | east 8r$ehr;on- nobl e[ﬁ
G oup Vil net 3 VEBtio® isapartiankiriyrsita ble Gou
VIIlT netal, mﬁéhep%ggsg@ﬁﬁﬁﬁmgwg@ﬁe bul k Sglzbat al ystlg_'corrposi thons of the
present i Ru@RbiORingthe BgdRicapssTErtely saitpledesbydiopradeasiag|asgiotehabawst al
precursor conponents aré in solution or where not all of the netal
conponent SEaimples of biydtdreating fmtluds hydrogepaees ohHPERU@Por i ses cont act i ng

at | east one oup VII'l non-noble netal, co nent w t g aane G oup
VI B net al Inahpdesatfurizatiomdygr edengegeratp gg& eﬁ%?‘@%é‘ﬁgﬁiﬁ‘t“ggri ng

contacting nol all of Ahe Cioun M2 anghol GANBNYIhudoRrRbberesal s are

in soluti érein not all of the netals

are [ Sl MO8 RRNRHA! Hyark D, RRLGEL I arch s Be25tFba) iqaipianeny spice t he

presence rirses mxing the metal conponents and

subsequent Lépkﬁggtgg%rﬁ B8 {oSFO’ht'i asd H%;&ng@ﬁ-treht ghsraeseifroat 96 ¢o 1H&0 sol i d

route that one fre conponents i s added at |east partly in the

solid states3gusi i 'GE’/BSF hea R dmtﬂeaﬁng@fdc@musm% gatapst
PCTNS00/ 01&)&“ (360 {000 ¢

according to the invention may be particularly suitable for making lubricating oil

basestocks meeting Group 11 or Group III base oil requirements.



that the netal of at |east one of the nmetal conponents which have been
added at least partly in the solid state, remains at |east parti ymnnﬁﬂme
solid state during tine mxing and reaction step. "Metal" ircl 0?0 ﬁ&nt ext
does not Wwsxe0/4RmR8 netal in its netallic formbut present i KCE 4
conpound, such as the nmetal conponent as initially applied or as present in
the bul k catal yst conposition. CGenerally) during the mxing step either at

| east one metal conponent is added at |east partly in the solid state and

at | east one ne al.gg? g%ln(gaé?lir(gsﬁﬁd%énﬂé ha t%?{iéj&&(ss&ﬁ‘ltl% or all netal

conponent s ar e ‘adt € 'sO state, wherein at |east

f th : ‘ ' dtedsearks tl
o, o LR AR S RE gt it oLy

in the so east y in the solid state during the
entire prqgass iR iHageRRivel ligHt Gistilla@tfractivns alp todripbbeiling sockddech "i n t he
solute state” neans that the whole amount of this nmetal conponent is added
as a sol utjsaphelk dridépetroletial. redwgedrnmodes, nacthem power residuqup@pahiat a net al
conponent is added "at |east partly in the solid state" means that at |east
part of thicasphaliedaesidancat. itsigstodk ayckovilsd FRE WIRRIEIRKBIRAUS
optionally, another part of the netal conponent

, iﬁ dde asrg]a tzw(;‘)l ution of
this net alinchwdbemeokerigasohks andotacyum gas @lls. geasphatied reying p1aeh,
suspensi on of a metal conponent.in a praqticAliguid.i al Chy: . @l is at
| east partllley”"ﬁr%gerﬁ“%\éegg% g1l ngrmatlye eo‘hgfq+y%5§?t?P§’%@6$@§él%ﬁt he

protic liquid., Lf duri t L X1.0G: SiL MHovlevepiRONent is
added at | ly Dg: ?%/OfﬂgPﬁicag‘]&ﬁPg&é@%t@”g%@)g‘?’ﬁ %ngé;rﬁs one rregjt al conponent
s added 1 dBe SOWH Garibafafly dobfull Olth WiaiiiIeaestocks (sechab igaesilcan be
applied: iT 1spossible to fI'rst prepare a suspension of a netal conponent

in the prokéesticdued fadld, luBrirlng oiuidckseheming, oits, hydmtzeatedroit sieclot her

sol utions andl or further suspensions conprisi;g di ssal ved andl or suspended
met al conpfurémiabekmadtae lybriatng éifsiogk and otkeradigiligte SBCHPBS VHORG PYT conbi ne
solutions either sinmultaneously or one after the ather and t uently
add f urt hepokigpe YiSCopity RFRPEsHES Befd \wbes’@rlml?laﬁg V@F‘l’ﬂ&F'a‘g’i“rﬁR%F'Zﬁgg‘g’gl y or

one after the other, If during the mxi st.ep t 2003
WO 00l 42129HPQT|19§0W6§8@4{%‘8 BBF’“FEBI Bl gSPSﬁggsb?ﬂpagjhv ﬁoﬂcé e solid

tate, it i ible t  one: CAUDLE Si Yo
component s TATh SSBABEAM Vel T g er St pBREr oS ATEN QL 0 QRIERROr b o
STl t aneougliy i LakSorthe fyBARAFBAE (SRR Hadmg@ballingguimruintidems such to

a suspensi on or's east one of the netal conponents. In all
the above- gqgcé,' REGk1E25ASd ByNRSTNE DRN$60fese aptiodsi ng a netal conponent can
be prepare y suspending a“preforned nmetal conponent in the ..erotic
l'iquid. However, it is also possible to prepare the suspepsion by (co)
precipitating oﬂéxedtydmmwbamfaedsmiqgowénﬁ@rq WP!Qi'él}’él“BﬁCEec{]'oqui d. The
resul ting suspension can either be applied as such i thei ngccﬁg of the
sol i d rout dydroazacking heresn wibktipicaByhoHa semperalyre; apo¥s lalisn ' urry or

per se are added to the resulting suspension) .or it ¢ Il after
sol i d- 1 i quifgedseksfansontain %H&Pfgmf’lé‘-“s‘?% ‘f’?ﬁ% eogrﬁtﬁ%sggteé’f ed sol i d

metal conponent in the erotic |i qu t ' JorbASic apeysencases,

i nst ead of ’Htrgﬁgbéiﬁgiegﬁn&e%eﬁk}agrgd?owggﬁégﬁmifitoprln?]falrgo possi% e to use a
metal compq st shalmifivbitisatuptostent, meigihg Gonponent s
can be prep%?’gﬁom#n;ats)’m pre\éf?%(?frgagpér%tggjlﬁvconpgg}rllents or by precipitation as
descri bed ahpyeoandt by cyRaeBlenhighepalftdeasired, the feddstainyber eeated pa t he
erotic liquid. However, care nust be taken that any erotic liquid is
present durkmigveontamientional manmmet toreduemthedulfug ang/os NHFBES YT

alternatives are only sonme exanples to illustrate the .m xi st.ep.
I ndependenttlhyreforfoiﬁmhmlmmﬁ)bydraﬁarlb@nafﬁedﬁ@%ﬁé%f@sFﬁépvﬁaeﬁ'gﬁ‘pqtieigﬁli n the

solid route, the order of additiop js generall ot crifl o the process
of this invers phbthermal @fﬁétré%oemg)ﬂtc %gatmﬁat»ﬁ%éér%}h‘?“"‘{?\k}}e"h‘f’?%%‘l(so| i dp
route)) one_of ,the nmetal conponents is.ad r { e solid
state and f{TREpRpatesofja pe qg“ﬁj(gﬁae%&?c(;@qg%}ﬁ%g@é@ %’&’@Ff i&%so%‘?omm

conmponents ar dded .in the solute state. For instance, one netal conponent
i s added atsﬁgg ‘:ﬂ39F1y inthe solid state and two netal conponents are
added in the solute state. In another enbodi nent, two netal conponents are
added at least partly in the solid state and one netal conponent is added
in the solute state. 1n still another enbodi nent, three or nore netal
conponents are added at least partly in the solid state and no further

nmet al conmponents are added in the solute state. Generally, the nunber of
metal components which are added at |east partly in the solid state and
which are added in the solute state is not critical to the this invention.
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preferably at |least 15 wt.% of the nmetal conponents .are in theﬁofUN% @tate
during m xing, based on the total weight of all added netal conpone p ,
i.e., of all metal conponents enployed initially in the solql:{fl ﬁ‘% tl&lld

cal cul at edoa@s/zmes al oxi des. Wien it is desired to obtain a’ /b’ ;/})le d,
i.e., a high amount of the bulk catal yst conposition, the use of metal
conponents of which a high anmount remains in the solid state during
contacting is reconmended. As in this case, |ow anounts of netal conponents
remai n sol ved in the nothe

liquid, th f: ~ 2003 WO
00/ 42128 - 14 PCIPCBHRIEBY ogz:ggﬁlp pg%‘f*fzﬁgh"gﬁégeféﬁ i’?\éu%géieélkyhe wast ewat er
duri t b t | j i QU ' ' of theh t al
whi ch-ar BYSERGRCANE bR Aond (e rRRRALEL B bk e e T S
suspensi On’%rﬁ]th]oﬁaﬂﬁﬂ%rﬁkiﬁ%%ﬁ’diﬁ%h@lrﬁ:lﬁd\s tifthpesuseeos from 360 tbd8det er mi ned
0

by fi!t_ré‘PY e suspension at the conditions which are applied during
the nixi ng &g%%?%§U%%ﬁrpmomeig@m 1ao242340k6Pa). ligwiduch a way

that all so contained in the suspension is coll e‘g‘{(&d as solid
filter cajerly¥paetvefcinisghttfrom 0.Beo 4d) and hydrogendigal 23 BHECRKEOM he wei ght
of the solid™metals can be determ ned . by standard techniques. If several

suspensi a)0aree] 300 so&M) (K A8cto2iTghm /o1’ )t Thegspdect B he Bifonent s cont ai ned

in these suspensions nust be added to, each other.t. i veathe.tat al anpunt
of sol i d hystratrackingornnetmay bafraghapaiad 4Q '%Pé?‘&lae‘&?f@%@g @'ttgh%&‘:og'e, if apart

fromsolid netal conponents further solid conponents such as a solid binder
are present in the filter cake) the weight of this solid and dried bi nder

e DLt A e brh iR LBk e frif ! et fiodiooReRlite and iney bel | d, and

dried filter c andard techni ques such as atomc

absorpti o G aiggzent. Thahydiceyaaking CP can
ﬁrﬁ?%ﬁ%?@?’e%ﬁﬁw%{?gydm&a y

det erm ne s inthe filter cake. If th?, net al

conponent ¢oNdttiehs i tRddeshdhydieasdckirg 2one ine thhsamelap thaseapdhe figstadded i n
the wetted or dry state, a filtration generally is nOtddlg)?cﬁ'Si bl E In this
case, thehyeéiaprickiig towe. SBhé Hydnocrackinghemabyst 1n HeS6eQ) GBSO to the

wei gnt_of zena mstha thedmpbmbsaiaauat G D iSGrSqnRting AR b TRr of &
initially enpl pyed as.nmetal conmn I TRicametiotédes |t has
been fou%ﬁ%gnge%%ﬁgfgéwnlgglﬁggleh}ﬁ(r?@ %fﬁ?%@?gl corrgonent , " whi ch
remai ns af %g@ﬁ%cr@ﬁ{geié{esiiﬂclh ﬁlqﬁliﬁdli‘i‘eﬁrﬂi glidualuRgnephusphatesg Prefiegredet er ni ne

t he m)rph(')lT ure of the bul k catal yst conposition. 2 4 ~tl f~
2003 WO 0914EdR8nciubiS ze HFENSeRE 01 GhictOmay dgseppbsted on g.refmaglary meithg et al

conponent particles with a certain norphol ogy and ?té@(t.ur e, the norphol ogy
and text uopxidd. PMenreGaﬂnbipimusuhktabaxldB?mdbé@r $IICAEUTRIR- he control | ed.
"Mor phol ogy and texture” in the sense of the present invention refer to

pore vol une, pore size distributi on.. ﬁl‘érfi%?%r?éc%@d myédrﬁéﬁnkcﬂoﬁhs and

particle size. The hydrocrackate from eit

may be further processed by fractionation to obtain a distillate lubricating oil
fraction. This distillate fraction may then be solvent extracted with conventional
solvents such as furfural, phenol or N-methyl-2-pyrrolidone (NMP) under
solvent extraction conditions. Raffinate from solvent extraction may then be
further processed by a combination of dewaxing and/or hydrofinishing.
Dewaxing may be by solvent or catalytic dewafcing. Preferred solvent dewaxing
utilizes conventional solvents including ketones such as methyl éthyl ketone,
methyl isobutyl ketone or mixtures thereof. Catalytic dewaxing is by 8, 10 or 12
ring molecular sieves, preferably 10 ring molecular sieves under catalytic

dewaxing conditions. Preferred 10 ring molecular sieves are zeolites or SAPOs.



To obtain a bulk catalyst conposition with high catalytic actig'gtmN m}g IS
therefore preferred that the netal conponents, which are at t ngr ly in
the solid state during contacting, are porous netal conpor})e&%tﬁso /bioj,s
desired tW@00/HH@8t ot al pore volune and pore size distributi o? Iguese
nmet al conponents is approximately the gsame as those of conventional
hydrotreating catal ysts. Conventional hydrotreating catalysts generally
have a pore volunme of 0.05 - 5 nmlg, preferably of 0.1 - 4 m/g, nore

prefer ablg%ﬁpf 0¥ %e&l%tg%mc%ezzgmﬁg%%%ﬁﬂ'mpz?M‘%:Z?M'%/agd det er mi ned

by nitro er smaller than 1 nmare

I | ' : > alnathy sltemakivet her,
genera g}%&ﬁ.g@.&?@@@he%?gﬁmlg@@%ghﬂ@'1%a@%p@gﬁncatna galemakive her

convent i reatin sts have generally a surface area of at

| east 10 ,gR/ h gkalid déwasdd GQhoed an mmerveodig pref er abl y
of at Iealggd?%gﬁgﬁﬁgﬁggt@ﬁﬁggm\% B ?the B.E. T. nethod. For instance,

ni ckel cajppdateguaanonstephosen which has a total pore volume of 0.19 ~ 0.39
mlg and preferably of 0.24 - 0.35 nl/g determ ned by nitrogen adsorption
and a surface area of 150 - 400 m/g and nore preferably )(5)4{ 00.-.370 m' /g
det er mi ned by Thes&vEnTor catalytidallyFdewaxadnproductiaal thas bg h ﬁg‘ﬁﬁgﬁ@s shoul d

have a nedi an particle dianmeter of af |east 5Q.nm r referably at | east
100 ainch ngéiméﬂhi g One Hade hxéwftl@@*@@g ORAIATS b FsT ﬁg’fsi"f%l t
thannglooo ~tb, Even yre referably ‘thgzq Ffd'%lo@ rtelksqugoﬁl ggg[([]ioesn});le
t he rangec‘tﬁ‘m)?‘ls Incyieq FFIF)rﬁPIE&TaWB%P frent & (gE(f; i n ’tar§1e tange gifm "5 50 ~tm
For inst b ' h: i s GFheq @b 1d sdst tl
I the sttt B aRd0 AR B RBAE TigiRIRARR bt b, e O e the
other  Zang ByapRER i Gale tAHCn 100110 3600/5648047 .8 tbEB9OMRL h’)conponent s

W the outer f the

will only reac | ayer o | arge metal conponent particle.
In this Cﬁiﬁroﬁﬁlsﬁi@ﬂg'c%‘ilal')'/@l@rrﬁaﬁlbtﬁihb'buﬂvmtewlm:ht:ﬂmtklscm!aﬂyﬂst particles are
obt ai ned. An appropriate norphol ogy and texture of the E’ret al conponent can
ei t her behpdrviceackihbyomppt Fiaydesonventianap hydwmiinsthing cap ﬁ&ﬁ&ﬁeﬁﬁts or by
preparing these netal conponents by e above-descri bed eq:pltati on under
such condthasesentapingatdedst SB¢ STABP b}ﬂgl ’BE)E??QHCT fF@Q‘E‘&F ® n?cggloc’{lgé ned. A
proper sel ection,of appr.opriat reci pi B HahvARScdAbinke wigde by
routine eXPREGTHRICH p@&_beggrowgecge'gﬁé ?é{)ﬁéwﬂa@g@gwo retain the

mor phol 00%;,BRA ViBduidl, af ;He{?r({ﬂ?‘@ill KRGS AHoh-NeHlE masle itdd peefermbly east

partly in €' so state essential that the netal of the netal
conponent ¢ginbigabwithal Gryup ¥MBim&al.n the solid state during the whole
process of this solid route. It is noted again that it is essential that in
no case s)~ould the anmount of solid netals during the process of the solid

route becones zero. The presence of_ solid netal .c I Si i can
easily be det ediredugly fxam thg PFQ%iﬁlet‘f“%H“’ét‘mloé‘dgfluﬁmrﬂgpgﬁgﬁgéﬁoﬁt he
solid particles.in . which the netal r ORRM [ htenbapatt he

wavel engt ubpcaing jf Basasks- rOBBSIr %@,&S{%{ﬁﬁoﬂ gggﬁéﬁlrg%g ggasi Yol astic i ght
scat t eri ng. fLBha) NuAFort A1 dhaif @ i1 At VI ek ehkn 020, CrospHlski || ed
person ca A 0 'Bé Used 10 ensure that in no point in tinme of the process
of the solysdediotlisthavdld sdiBFadsSconiéntiof at leass@0%i e ssifat eonteit lesithani shing to
be bound by any theory, it is believed that during the process of the solid
route) the@).0®wal%eadrovégreatenthawh2@r e added during the mxing step at

| east partly, react with each other. The protic, li ui.db' S resgonsi bl e for
the transport dfordiwsposesaef theprgsenionyeniat Whersid 1§ SeRROEL G RICEPE ¢, the

met al conponents cone into contact with.each other ot o It is
bel i eved tlHbe bﬁ?ﬁséocrke@étf%‘i’mc%‘bhe ave eWﬁ'ﬂ%typqr}a(‘fv@xfcfong#%nﬁeaﬁégﬁagg}ﬁsponent s are

virtual ly .conpl et el ~! ~~JN 200 / 04 . 17 . in
the solid ‘QFgﬁé‘.‘g %.?éstdS“tvﬁé fmgg‘}#eo:igmlaﬁg Oggéﬁgéﬁgégéﬁgwﬂg%al | fraction
of metal conpo i bl dj dch preaeds. tkeadcri bed
above. Thesglmeggc%gdwcf léér{gxtolsgh?xﬁ\%ﬁ’ goﬁﬁg Fgggb?ﬁgqg?%ces% of tﬁ%‘pgg?i d
route is t Sﬁf‘cfoﬁfa‘?niﬁg%b@ﬁba& RF AR BrephratibhoMEBEAtnY trse obls haveinitiekd by
any conventional technique such as 1R spectroscopy, Ranan spectroscopy, or
by noni t orjigink Hdimk 0P fabblie3 1324 bf highet,dndrieclutla fesds suchfasredecednbodi ment

of the solid route) durinb mxing not all netal conponents are added

conpl et el yerudet,teydsodrackmitstreffinatest bydrolrgptedtoilse agBOSPhENGLAS OFS, nor e
preferably at least 0.5 wt.~lo and still nore preferably at least 1 w.~o0
of the metal conponents initially enployed in the solid route are added as
a solution during the mxing step, calculated as netal oxides. In this way,
proper contacting of the netal conponents is ensured. The erotic liquid to
be applied in the solid or solution route of this invention for preparing
catal yst can be any erotic liquid. Exanples include water, carboxylic

o o o o -~ . r -



2 G,~tJN 2003 WD 00/42]1 28 18 PCTNSOO 01004 different Goup VIB netals is
generally not critical. The sanme hol ds when nore than one Group(‘\JUNr[[m'j
r~on-noble netal is used. In the case where nol ybdenum and_t n&ﬁoi@ are
appl i ed OOV Vi B netal s, the noi ybdenum tungsten rati oP(E#E |4y lies .
in the range of 9:1 - 1:9. The Goup VB netal generally conprises

chrom um nol ybdenum tungsten, or m xtures thereof. Suitable G oup VIII
non-nobl e nmetals are) e.g., iron, cobalt. nickel) or m xtures thereof.
Preferably, a conbi.nation of t (RS alo Y oF nmol ybdenum
and tungs‘t’\{‘EHuH‘rgfﬁiQ?Eselcpﬁ%ro%glcm,%’ %%ﬁgﬁg%ﬂgﬁée?ﬁ@gﬂgsﬂgﬁ' 9?‘{5@%‘%}‘?%(1 in the
PrOCESS Q)filsf,\gﬁcﬁ%dﬁsr'%Htﬁscl{ef'-’l"raﬁdﬂr@‘t:k.c ShEN ¥écdisirfiay\Be @erived foabl e ni ckel
conmponent’s Whi Ch are a‘lt |'east partly in the solid state during contacting
conpri se yet BaidheN b (antsph&lic sRPanaithy hydedtrackens dialrovenomade, ni ckel
hydr oxi de, ni ckel phosphat e? ni ckel phosphite, nickel form ate, nickel

sul fide, soiedlextratibnangs, andakey havegakatoatents ckep to2Dbeor motkel al | oys
such as ni ckel - ol ybdenum al | oys, Raney nickel, or m xtures thereof.

Sui t abl e nol ybdenum conponents, which are at |east partly in the solid
state during cbm potsenginvention carealsaberuseddo prasiuseivhiyd @dfudY Misponent s
such as nol ybdenum (di - and tri) oxide, nolybdenum ﬁﬁrbi dg nol éa enum
nitride, minerahoils, e6llosadute oilsoprpraieriess, rapepagent Oy AEIdSRROWEE DY m
sulfide, or mxtures thereof Fipally, sujtable t ent s which
are at Ie‘§§tre B ‘Frﬁg? HQITQEPFYHP%F%{%EK%UH%%8%‘2}8‘?’} §g %%?ﬁ’séﬁtungsten
di- and trioxide, .t .S J = : bi de,
tungstic %Pé?fapf‘é\‘.eg‘?efefr@é@ﬁzb‘? kq&%dsﬁgﬂﬂﬁg , ?u“ﬁé@?ﬁ'%’fﬁ de, al um npum
tungst at &,{ali5e Ty Rfo(g@ﬁ! YidQafiralotpQinds] abiies hydescatfons These
conponent’s are ge aFPy ommercially avail abl e or can be prepared by,

e.g., PregicRidiag afsmagey and Ahg beler gapbainathidawobkl preapat vst ofrtben a ni ckel
chloride, sulfate, or nitrate solution by adding an appropriate anmount of
sodi um caresohitgewhite cikingbe phainiacekiealrortfood ieduskiyl | ed person to choose the
precipitation conditions in such a way as to obtain the desired norphol ogy
and texture. Z ~ JON 2003 WD 00142128 PCTI USO0/ 01004 - 19 In general,

met al conponents, which mainly contain : ' netal, are
preferred beca 8f?‘Féﬂ}reéP‘e'sI"8§§acgegtﬁi%g?%&?sgn%‘g&e#ﬁﬁghﬁ@n%milfli ckel

car bonat e.j . M ah@ aPRagBHROhdH-nbBRGrduarVily in the
solid staf%aépgégé@éﬁ{\%ggwﬁﬁﬁ&qg%gﬁ%% gﬁi 2 aSpI i ed) CO- evold\?gs and

posi ti vel yheitff brg tWas GrbupVIBhAetaRagid one non-nobke GFoup NéH)metak to the
transformation of carbonate into CO-, the carbonate does not end up in the
wast ewat emorPrpeéferatdyl NitMoeW . cBinpbulkereasalysti compositicnsddfthepresedt sol ute state

are ater soluble nickel conponents, e.g,, ni cﬁet nitrate, nickel sulfate,
ni ckel ac#vensionrsapias PreRaseibye proFesti wherewsakl RE themet b HIE Yy npl ybdenum

d i.ch dded .i h
vt er - o1 GOMPORERS BRERA AHEn PLRgereRo cuhBoeTrERl ShRrShBR Bt B oy or
anoni um Gt BASUF8L SSREER e morkel conih@lAgar leleRb Gregs Wil o

tetradeca ani on conpounds, W-Si heteropol yani on
conpounds noW:PoH]?h?étﬂpéﬂrﬂﬁdﬁeﬁf‘w@mrm%ﬂ%ﬂ &ne \Grdup NaBeme | cpampomentiontheunds,
Ni - Mo- W het er opol yani on conpounds, Co- M- W het er opol yani on conpounds,

al kal i nepa¢sepce afaprotioiiguidoshereisdran g oomating npwalhof thesszoup ¥iB

pol ytungstate)) or m xtures thereof. Preferred conbi nati ons of netal
conponent andfar GionpeV 11E aohawhleemetalmgretinsoliian. and ol ybdenum oxi de.

Anot her preferred conbination is nickel carbonate, anmoni um di nol ybdate and
anmoni um net atungstate. It is wthin the scope of the skilled person to
sel ect further suitable combinations af mtal jorP€ noted
t hat ni ckdiroegssforpreparing catalyst w, cAUSL RIS v 0 :

It is preferred that the anount of hydroxy-groups present in the nickel

car bonate be gl H0SGhALLQH. e HEEA SEFRRREAATRTR: BAAGhL BNedr NG

the m xing an reac n step sha escri bed:
protic liquid comprises mixing the metal components and subsequently reacting

%

1A 39 A o e b 2
= & v

the resulting mixture. It is essential to the solid route that at least one metal

components is added at least partly in the solid state during the mixing step and



2 ~ ~u~ ~aa3 WD 00142128 - 20 a) Mxing step: PET/US00/ 01004 ﬁhmp-[mcess
conditions during the mxing step are generally not critical. It 1s, e.qg.)
possible to acid all conponents at anbient tenperature al i ral pH
(if a suBsesRd or solution is applied). Generally, it i g&?ﬁls@%ﬁ?@e‘
preferred to keep the tenperature beliQw the boiling point of the erotic
liquid, i.e.) 100C in the case of water to ensure easy handling of the
conponents during the mxing step. However, if desired al so tenperatures

above thﬁp?ﬁ{' | Q&éggb{]foeﬁgﬂ;?@h@f {RE M8l é%ﬂgg?ﬂgf whid gavebegnrhddetiues can be

~appl i ed. pis carrie i ncr easeo‘laréje(rper_at ures, the
suspensi ' | fdn#@ne apRdedpatuyiinthe $ulidstaienduringiiner e

gener al I@g%r@gglgw%&gﬁm%creased tenpgg‘?at gre whi ch can be equal to the
reacti 0“nﬁ%gearn@treaaiorbéteﬁear/tdmn i Uip cofetxe doesirotrmeart theonp@hEhils have
been m xed, tThey are generally agitated at a certain teén}grr]ature for a
certain petilid f@rfmbhtrpretsemailnl:ometdﬁeonw@nﬁowawstthk@%iﬂ NPaRt fdact i on
tenperature preferably is in the range of 0 - 300C, nore preferably 50 -
300C, evanitiakly eppliest er atopresag in thobekamalyslsiomRStEPubl y in the range of 70
- 180C. if the tenperature is below the boiling point of the erotic liquid,
such as 100C in the casa of water, the process is generally carried out at
at nospheric pressure. Above this.te r 141 @Bnipong g adbédy
carried out at 8?%’@@55@@1% ngs‘m’BngEZ’f%wa%?‘VefaE‘e%ﬂee‘g’ﬁt ocl avp? General ly,
the m xtu is_kept. j i 1hh’§brﬁ§@ﬂ‘drit¢m@d@pi-n thee pH is
preferablag/iaeiaﬁt Qe}@?ﬂg%ee&%lf‘d gﬂe@at%ﬂ%ﬁgﬂf&érabl y 1 - 10 and even nore
prefer ablsgm'tﬁ séatio&%ggﬁem cémpofentdard@ddddenemepanlytinabeelidstate nust be
taken that the pH and the tenperature are chosen in sqchm%&gat not all
the net alwheem slilsmobwedf dh inemls bbtheanetal sampospnts which VO
00142128 PCT/ US00/ 01004 _?~. The reaction tinmge energJ I % | i es iﬁl’ t he range
of | m nueast partheingthalsolidytate rnainp gbleasbpanly in el $IEANTIRE € and nost
preferably in the range of, 5 mnuyges to 10 hours, b & oned
above, t Ieatir@ REQGESMOL &wo@égeﬁﬁs ‘@H&e?gﬁﬁw&{“ﬁﬁ‘é? aﬁé‘%%e@?“"s??é‘t‘(i)
according to,the sql ution,rou i Bkhegeahs yely to the
above- de @tpbg&a%ﬁ}agtﬂ?%a/pg?q%ﬁoéﬁleéﬁ f%ﬁ@lﬁgclﬁ@‘ﬂgﬁg% possible to prepare
the bul k caldly st FOIRERIcohfbnlit  tRE 666 ligaithrTiitRgnemhcompgnen ia
reaction mxture a Goup VII'l non-nobl'e nmetal conponent in solution and a
G oup VI Byd@eiiaty RASPRAENtn tife soilddthieh meanshihati at leasppadiofthemetalas in the
case of the solid route, preferably, one Goup VII1 onnotgll?e WI e
conponent cimpomean ieaddsidt4s solid raetalporopenenitand, eBHeRAn AROER B e ratio

of Go VIB netals to Go VI11_ non-noble al i i rocess
of theugd!mtﬁll@ﬁmg@ﬂ@’é‘ isfggg 2%?&8]‘{}@%%@%%@C‘&’Z‘@B?‘Jﬁ%‘ﬁq?%?“? e gol id
route. Suj.tahle ou n P in QOpHiRBa Siuid ar e,
e.g., thod@u t‘%ﬂ@%ﬁ@&?g’ﬁ? bskg‘?slﬁgﬁ%{éhgé%&%e%ﬁg&tﬁggg%?el%%corrpo?glnt s

descri bed; ARy §8Tndilifis @ Al patlypredeit ebarsofidoan dffiidnallyrpardy] o et al
e.g., cobalt or I

conponents  are, . n conponents. Further G oup VIB netal
conponent §;3hi¥ed$n the pridtieTiguid.conponents. The netal conponents can be added
to the reaction mxture in solution, suspension or as, suqc(g. If1 sol ubl e
salts are addéfidasngtiehmixihgytepidtlleast onomasal sompraenbisaddsd Hilsthr e and
subsequently be precipitated. The reacti OT mxture.i s, ke Ctﬁﬁ% sto?utgbt ain a
pr eci pi t apertlyPnabe solid staomand atlepsianedngipl SOERPAREH 15338%?) W Y© Nonnobl e

nmetal salt solution at a tenpetature and pH Whi': : 11
nonnobl e a@mnhgfmmwg@rews\#tsm?&vaﬁ AP E’Eiﬂgi’l‘g@émaﬁd%?‘%’? g&?és\rgpound whi ch

Corner oo AEB S B A LRI s e agi i o L
solution at & 5 SIRENAbYbfie 2fter i ctherVSbiatioh an&fop dirtherl suspensiods JUI ~ 2003
comprising dissolved and/or suspended metal components in the protic liquid. It
is also possible to first combine solutions either simultaneously or one after the
other and to subsequently add further suspensions and optionally solutions either

simultaneously or one after the other. If during the mixing step, each metal



WO 00/ 42128 PCT/ US00101 P04 nonnobl e netal and Goup V1H netal precipitate,
changi ng the tenperature) changing the pH or |owering the amouth e
solvent. The precipitate obtained with this process appears %@Eﬁ\@ 4hi gh
catal yti W@ev4n2&y. In contrast to the conventional hydr oﬂ’rcf)r t §

catal ysts, which usually conprise a caprier inpregnated with Goup VIII
non-nobl e nmetals and Group VIB netal s, "said precipitate can be used w t hout
a support. Unsupported catal yst conpositions are usually referred to as

bul k catal ysts. Changing .the pH can : L 0g: idto the
‘react i on SRHRANESL ‘%?géﬁg‘f‘rlﬁaségﬁﬂbﬁﬂb@’,% %ﬁ?gﬁ%égg dc%glebl?ﬁggg&i) g%Cper ature,
increase into h I | | RSReRbin¥ &hdsel sHEHA@REFh SO -

decr ease St”ﬁ@“bﬁ{‘g%&éhgﬁé@%gﬁe@A({)ertr%igcudrﬁgé?%@?&n&conpos)ggu?)on te}?rperature

i ncr ease il LAELERY thOEIHRRDE sivhuliffoasse I Balidbessiblaneadd thd metads,

ammoni um cyanat e) amoni um hydr oxi de, and ammoni um carbonate. In an

i 11 ust r atdomgpdicEeas sear® sinpehsiohlte sohitiohiofmt denst epe obthet ek of anmoni um
salts of a Goup VIB netal are made and a solution of a Goup VIII

non- nobl ecmﬁp@{emg,trate is made. Both solutions are heated to a tenperature

of approxi mately 90C. Ammoni um hydroxide is added to the G oup VIB netal
solution. The Goup VIII non-noble netal solution is added to the G oup VIB

metal solution and direct precipitation of the Goup .VIB a oup VI 1I
nonnobl e . 7ehh1111é@rﬂ%%@%s%‘i’éarcﬁ?esTl‘ﬁ%S‘EPPd@é%C%‘Qﬁ”&r@o‘l ﬁ‘gmg)nduct ed at

| ower tenperature and/or decr,eased pressur r_hi ; nd/ or
i ncr easedYPRORENH €A be BrEBIRGDY; ﬁqsﬁg?&géwge%%gggé]&gkéor %ﬁﬁk‘%ﬁﬁ]‘e

sol ut i on #&gfceli Lgdgl-?WeMngq?Eﬁb ﬁ?ﬁkﬂ)ie & frepMe té bbspEnkidh Balcb) and

anmoni um roxtde are mxed 1n s tion together and heated so that
amoni a i re@fﬂiﬁﬁﬂlﬁ%ﬁe gPghokEmepdt dosnpanemtssd thoprotieHiquidwihetregultng pi t at i on
occurs. r 1nstance when nickel, nolybdenum and tungsten conponents are
appl i ed, Qispehgiohalancitiey beappligd as suclsinathe aronaspef e solid roptes 1861 | ~ 2003
WO 00! 421 28 PCT/ US00J0) 004 -33 | ndependently from whet her the solid or

sol ution further metat hosponents sither in Jolutier SIEEYIPE PelgsanrTeiRdded 19 §Et

conposition preferably conprises and,.nmqr r ef er.abl j St.s essentially
of bul k cEISHIYRE SysREnFiONeSr ﬁ&GPE’& W@@Eﬁi@ﬁ&(ﬁ&f—ﬁlggﬁdﬁ%&%{@eﬁ\gu| k catal yst
particl es _descr,i bed under J "G Wsm i]—@”ﬁ-ogé ligagd.

i nvent i on.c’p“?ﬂ%ﬂ%{ﬁ'ﬁhj’@a?% @gﬁlegogﬁgfgglgtspgﬁ%dstoep (i) can gener aFI y be
directly shaped into hydroprocessing particles. If the amount of |iquid of

the bul k catal yst conposition resulting fromstep (i) is so high that it

cannot be di r qiriher sinbiletHeesbolve caseshapitergl ofteepuspensson Pl aimejal d separat i on
can be performed before shaping. Optionally the bu] k cat al %lcﬁt ‘g&rrposi tion,
ei t her as cempionent, af isealsespossible ite ubeia segial campanent HhthseW eI Uy bef or e

hapi ng. P t i) It f t dd ' {al duri

he. pr ocestior Weiied ok dhtheiel cuBpBneaS san crecrared Jogh RETorfR B4 S b
dded duri th ti f th . B;ogmjg i t he
gulﬁ ca’tJ ;:nglp%‘g r‘g"ip%r' gﬁcg‘gﬁ%ﬁg aégdﬁggéﬁ?(g@ﬁe%@tda bl n g?&éng{ye‘%?g* @{)ef o(rae:

the shapi At dEhRH Mowsved CALE sy bpnaerr thadanyThe bi nder
mat eri al g%r@g‘%%gée]ﬁo%ﬁ%ttﬁéep r§°e‘é ate, either calcined or not, in the

vetted angfrgfijc HigaRENISEsaitdhpingr@nedcting. sol ution. As has been nenti oned
above, "binder nmaterial" in the sense of the present invention refers to a

bi nder andlor a precursor thereof. If the binder material is added during
the preparation of the bul k catalyst conposition, the follow ng options are

avail abl e: |1f, lamopst berrotedithat ther haperPTOBeSS GYEMAYNCS ATePUY SPIETi s pr epar ed

according to the solid route, the netal c¢o nents ¢ he

bi nder natexamplesiq HBISUSINETRNE SIFD- Ipdiggradently ’Sfoma‘rp‘e%“%qe"q rhéfat
components that are applied in the solid route, the order of addition is generally

not critical to the process of this invention.

In one embodiment of the present invention (solid route), one of the metal

components is added at least partly in the solid state and further metal



~r~ .11l Nx003 WO 00142128 PCT/ US00/ 07004 . 24._ after the other.
Alternatively, the metal conponents can be conbi ned as descri begajg\véliand
subsequently a binder material can be added to the conbi ned {r{gsb(%l 04
conmponenizgo odrd2148s further possible to conbine part of t he P 8rrponents
ei ther simultaneously or one after the other, to subsequently add the

bi nder material and to finally add the rest of the netal conponents either
si mul t aneously or one after the other. For instance, the netal conponent

which is at least partly in the solid stat.e duri i be first
.mi xed ancomponents peeiaddediadhaisphie A8, EﬂéPS%ﬁY%%‘SﬁRQ‘tﬁg%ﬁgggﬁﬁgt ly,

further netal conponents gan be added .t o t 1 adkd it ur e.

However , addeq at IgpPasdy & eéO?@ %%%ngé%tohlﬁ&gfg%ﬁaﬁéwﬁa%t al clorrponents in

the solute state dto su W eappenaddedait léasast partly
ZI?] qﬂoﬁlﬁrl e?r?t%ﬂ‘iﬂﬁltnll twadfedl E‘@rtnan e

in the sePiuLF Yol ., sI nmul't'aneous addition of the1 nmet al ;orrponents
and the binder naterihab,bin@neiké@l cdfpemneis added inithdeolutmsioici ah can be
added duplaﬂg/ %‘ggrsgggﬁ?%%aggep of the sgl idroute in step (i). If the

sol uti on ¢ AUt cRRRdiffnt, Thidkair hode metabctmpaesntsareddedd ¥61She added to
t he reactslon m xture either in conbination or not with one ﬂ{esﬁﬁ{te of the
met al compAne thelsolidrstate and frioefurphee cigsdltcompannenisarg ded iy Grial is
added as a solution, care nust be taken that tkhe. bi nd(fgélea/\glll Lasli)gmqﬂ,nverted
into the sxnbi Geseatlly, dhe numbenef et €omnoneRts WhIRH art AgeE A R Whe “done
by adjusting the pH conditions duyi te i), 1.0: : Haahi

preci pi t anithn solid stage Md\b}’@FC}b‘é"@Lﬂd'i‘l?Hgﬁ?‘i‘ed%]étec%ﬂgilfﬁgﬂ%rﬂg%@y? Le 9
precipitation, of the binder are known to the skilled person and need no
further eRPERMA-ion. If the amount of liquid of the resulting bul k catalyst
- binder conposition is too high, optionally a solid liquid separation can
be carried out. Follow ng the preparation of the bulk catal yst- binder
conposi tion afid,gpbd oRat thaeltis, d.quiodsisieshs wt proparetfikst BEPRIUOA: al yst -

bi nder conposition can be shaped directly, Opti onall%/, tihe bltl|.k catal yst -
bi nder cOémﬁgﬁgiingmmmmeomboemsmeamsmy fan i prepRpEi g0l ey 2003

PCT/ US00101004 subsequently re-wetted prior to shapi I Sntk S pecially
pr ef er r edcatalysheorpesitishand @ ﬁéb%ﬁﬂluﬁnﬁléfﬁﬂ’rﬁglﬂ’“@%@gg?? ?rgﬁgh%]s&'bgg)ﬁ pr epar ed

VIB the solution route using.nitrat.e. . i SithbSnenhddtaeaser
addi t i onalt syitaBlerORAREPTOSESSION “B%ﬁﬂa@%qg‘%é@%gmé@o thlge pern epar ati on of

t he above bu] k. cat al yst . bi i b Heorftigoheanclsas out above, it
is preferP%’d Xg F[sgtia&ag%grgcg[? ﬁ@%ﬁbéggbﬁyst co(r)rposi tion and to

Subsequengéﬁ{ &%m@sl%ltl%rta%lﬁ)@%lﬂ Ipkot@ligildkn satiab wety, taatpdsaddedingipk h t he
bi nder nma er?al. Gptional |y, the bulk catal yst corgp,osi ti oi’n can be gubj ected
to a sol i dohiponesitseepraennat lbastat someisAECCOMMLF P RechIuR S ndl,

material. After solid-liquid separation, tionally, i p can be
i ncl uded. tieicomeary, ag hasbgsasset Qpbal?%vecgwc*gﬁéoﬁ%o%é %ﬁg%\gg %/Es]?[aztg?rrposi tion

after an optional solid liquid separati i [ cka hast to
conposi ti r@eiquﬁwtﬁwwcﬂﬁ'@fs Mgﬁ %4&8?2%%&%5%8933%%2? desgri bed process

alternatives, .the term"c Sifid gl the eatil professosfinhis invention.t h a
bi nder rmtEFa We‘&ﬁgﬂaﬁ&wﬁ}%ﬁé’t‘%%@:ﬁ'ﬁa?eri al is added to the bul k
catal yst conposition or vice versa and the resulting conposition is m xed.
As has been set out above, the nedian dianeter of the bulk catalyst
particles is aprdfeasly,adieast 1 wr%, evef moebpreferablysddeast a0 \-ﬁqﬁb angnost
preferably not nore tthan 5000 ~n and nore prefer ablr% Eot lncgrl%et 3000
~tm Even Sﬁiﬁf&abr tdeall§, wit Foeofrthdimetabeampeneatsarg B ARF SQHASAIG ARG | ange
of 0.1 - 50 mand nost preferably i he, range of 0. 5- imder
materi al s mixing, hagedicrothe no%tahé/epﬁlﬁégsaél wided H@e‘PﬁWéﬂPS%eﬁ‘@ﬁggy"b‘g “Eﬂy
materials that are conventionally .appligd J o \dled¥§RRBN OCESSI Ng
cat al yst s. MEKRROMPOTCAL ‘ﬁﬂ%‘oé’?é i‘%&,aﬁgi“l‘ ﬁ?as-%ilpgrr%mr?é?g@gcdge as conventi onal
silica-alumna, .o itis desired to obtain a high yield, i.e., a high amount of the bulk

catalyst composition, the use of metal components of which a high amount

remains in the solid state during contacting is recommended. As in this case, low

amounts of metal components remain solved in the mother liquid, the amount of



Z 4 JUN 2D03 WO 001 42128 PCT/ US00101004 -26 silica-coated alum na and

al um na-coated silica, alum na such as (pseudo) boehmte, or gingUU§qm3
titania, zirconia, cationic clays or anionic clays such as saponite,

bent oni t ayoleiedizse, sepiolite or hydrotalcite, or nixturespﬁﬁgﬁﬁﬂ?mm
Preferred binders are silica, silica- Lunina, alumna, titanic, zirconia)
or mxtures thereof. These binders nmay be applied as such or after
peptization. It is also possible to apply precursors of these binders that,

during the process of the inventjon are conyer.t I hihe

above- dedR¢RbeRMBORRIUS §¥‘8‘§@i URH) e YRV UG \éugpg%%%&,e ag%/q([ghhhrret al

al um nat?s uﬁéo obtain.an alum.,na binder), water glass (to obtain a silica
bi nder), AW RERATRUQR 1S98EIFISeHet al al uni nates and water glass (to obtain a
silica alum na binder), a mxture of sources of a di-, tri-, and/or
tetraval ent netal such as a m xture of water-soluble salts of nmagnesium

al um num and/ mhé}rleiuﬁ%r(i&g Y SRR deRbhal ih Wk aplidndionrerdedias cl ay) ,
chl orohydrol, alum num sul fate, or m xtures thereof. If desired, the binder

mat eri al gi@pemfor; AP afiduad olsslid anc@ile i this Buspemnaionaragy e deicianiogd byl | |
non-noble netal) prior to being conposited with the bulk ,catlgl yst.

conposi t i fokragiodlofnhe sispensmnbrithe canditidnsiwhi ehyaterpphied shrag; e IKEE of .
Conpositing the binder material with anﬁ of @hese net al s hmiﬁ be,.carried out
by i npr egmep (lempefatbres pibipressbredarousit ok lighichdn sHek A wasthar Al sgld s o,

skilled in the art knows suitabl e, i npregnati,on t i bi nder is
pept i zed)mpteriag C%’P@B‘%’o‘é‘s‘?‘%ISBSHe@SPé‘rrrlgﬁogE‘fteil 8 SB@%W%&#?%% H\OI{] ﬁe presence
of Group VIB, and/or u .l ~hon- I mna is
appl 1 od a¥etERGLITE saliedfh fhiee AR LR offe WElH SRR SORA bibwaly cafbl T 05
400 m /g, rﬂ@?&: - / emashy 8¢ dpyliebdahB. E. T.

nmet hod.gﬁ%ggggga{?g%ﬁ&e&g?%%e ush‘ilﬁgaiegmp%g?erabl y ind??hle range of 0.5 -
1.5 Mg wRasH0Ethd¥oINd hiebddnastieniidonmained th thekesusRASHNNONGDI42128

PC f/US00101004 . 27 Generally, the binder nmaterial to be added in the
process ofddéietoieackmthartolgise thestotal ammount pf salid matelcarppenente bul k cat al yst

iti tal yti tivit 11, Co tl b di
b nder aediebiled et onidesy Of caurte LATLEOR 310 EHM ST ey Do
duced. Therefore, th t. of Dbi . pateri : |
process. ofortis soligeRPHomegB by WHoREa e GG B (he
oAl oF 2t el oTRIRARH A arfld MR AR b (U ABA froBbuietweight of tiche t ot al

conposi tion n be“surtable ndi ng on the envisaged catal ytic

appl i cati gibraly entd I thekeliddyanirrddiler dake. Teshik tasg stamdardal  hi gh
activity of the conposition of the present invention, binder amunts to be
added ar Ctesmmiﬁ\ah sich as tteemicabgerptionEpBctrostepyt(AA L), sfRF neet gieapca
conposition. If in the process of the inv nt{,gn, alébi ngef. matei(ri al is used,
the resul anakysisaomIGR cai datsoming e asenmitiof salid maetalsi iR the PUFTEKS ar ti ¢l es
obtained in step (i) inbedded in the binder material. In other words, ’=
during the process of the invention, the bulk catal yst particles generally

do not disinte te b nor Vool e hekdlig afadd, ySt
particles is eggﬁlﬁtmgaltlffow%’léﬁ’ r\?’e}%afhs%gagggﬁx% Pélrgy}(}gttal yst conposition.
Process staR ég{ {he \;Jrgﬁec?@f §thteC @M &LISH géherr_ﬁﬂylﬁst nawgpdssibie.t hethis
above- descri Be process altérnatives can be directly shaped. Shaping
CoNpri ses cgyd, i wWeflghtiest thesolid ngtalmanpongnt mnatinsidesed aqualgithgyweightnust be
noted that if the catal yst conposition is to be applied in slurre/qft ge
react ors, dflthe dozespdneitsg initall ngmplajed resipheiBpoRdits Thertoky) a1 ghs g‘}i eds,
spray drying or beading is generally applied for fi X?S, bed@agﬁl i carxi ons,
gener al | y,metabcarapangnis ichepsrountef allgnesals thabare 1pe1a bt YPRYYSN 4F §1° Yeaded.
In the latter case, prior to or during the shaping step, any additives that
are converRorRpaIents, Gaksylated pnpela toé%%&shapi ng can be added. These additives
may conprise alum num stearate, surfactants, graphite or m xtures thereof.
These Z 4 J~JI~ 200 WD 00l 42128 PCT/USOO 01004 ~g_additives can be
added at any st ' j : alumna is used
y x?ﬁg%/BgéerPgan% ﬁagfm%[}g{?g@gl Efd festfirBF thavifmal

as a binder, it esirabl e ids prior to the shaping step

such as ni écfﬂmgcgﬁftﬁhg%'ﬁﬁhi r@ﬁ{gﬁ?ssﬁ 1654 paRB M The 3blidisteedutingfcontretiags r udat es.

It is preferr a binder material 'is added prior to the shaping step.
Further, ifalfeRn@ld ROmbisHolédeashenturg of tlep bilkk craalysleePrapesiiion.t he
presence of a liquid, such as water. Preferably, the amount of liquid in
the extrusion mxture) expressed as LA is in the range of 20 800 The
resul ting shaped catal yst conposition can, after an optional drying step,
be optionally calcined) Calcination however is not essential to the process
of the invention. If a calcination is carried out in the process of the

. o o o, ey o, o Y e . Y . Y. o e



Addi ti onal process steps: In a preferred enbodi ment of the invengiéomﬂ zbdge
catal yst conposition is subjected to spray drying, (flash) drying, mi1%i1'ng,
kneadi ng, or conbi nations thereof prior to shaping. These additi gglﬂql
process wbeps2i1aen be conducted either before or after a bPGHYPIY added,
after solid-liquid separation, before_or after calcination and subsequent
to re-wetting. It is believed that b?Séppl yi ng any of the above-descri bed
techni ques of spray drying, (flash) drying, mlling, kneading, or

conbi nati ons thereof) the degree of mxin . .cat al yst _
-conposi tGensearrRnthhe-Hi EH@P&Q‘&IWE’B CPH’H%%P{S@%’?EE%Y%@? %ggH‘(”e”g to both cases
where the binder material is add f thanipaobklgat i on of any
of the daewbgg(é‘és‘/c?’?%@a‘“ﬁstWS&?%&@%%fﬁe?E‘f’gﬁgﬁ%ra| I %referred to add
the binder .materj.al . pLi ¥ iHato ANgHPiexairy” il therseate wtiteechni que.
If the ﬁ%ﬂgﬁﬁ H“ﬁ@&&@é@éﬁég%gﬁ? tl\?;é pr ayg%gr yi ng andl ogmgny alternative
techni g Rend P&t (BYPROFblun® pove Bizefdistaiblision reurfaggharga, mi xed by any
oy an gt gt e O b R Bl o1 01004 %g. techni que
pri or t%ﬁ-h@]@imgm,ﬁﬁd%dmﬁﬂlé gige. of ) e.g.) spray drying is that no wastewater
streans are obtained when this technique is applied. It nust be noted that
conbi nati ons of the above-described processes with respect to the binder
addition can be applied. For instance,, part. of .the hinder. terjial can be
added during Thebtaispabulkicatalyst comPOptIan Wﬁhgﬂl%f:‘leg’%d%cihtvmhﬁégnd part of
the binder material can be added at an ub t | Qfthk 0 shapi ng.
Fur t her , therefpre Brederrpd skt @%W@qﬁﬁmﬁ?“ﬁﬁﬁe%ﬁﬁ%ﬁgﬁo&naﬁ%%g? ﬁgwa@ot\}}edescr i bed
techniques.,ln all .t he above RSNty 19Mdekir&liild: thest be
control %@.‘d jtpte duning “pp 8‘?“5’%@%&2&%%&%@%& al ys_tl conposition to spray
't on ¢ KRGVl s e e D oo the oatalyst
conposi themﬁ:ﬂmW%ﬁ ad thawé of Eonvemtionabhydrotreatiedl¥SHs- | i qui d nust be
reduced by, e.g., solid liquid separation via, ep.ﬁ)g., L‘{ﬂlltrﬁ |0§2,5
decant at iGonyentiogaldpuiratrédimganatdlysts gareratlydiaye anoge Yaime £ Q iterial can
be dried and subsequently be re-wetted_.to C ain t or all the
above Prmﬁ&@@&éﬁgy qft()_.i/sémll/wﬁmf%@eé%fala@ %’f(sﬁ ﬁel%?gﬁ%@dm Bgr als)on tof ;
control the anpunt. o i qui d_appr.opr Y Porés With e preferre
to ﬁhoosé’r?fﬁg‘ W&il@ti(‘f W%ﬂfﬁg%meﬁngffﬁ%&%P%g@ﬁstepg r(il) atnd (i il) in
such a wa \ LY¥hE1$ iR pr&sefipessmveitipnalor to appl yl ng
oGk L B, PR arahadny otk

spray dr al ternati ve technique or shaping. Further, it is

Deurt | na LRI By T o s 'tg-"?n L e
% 1l Sty ot o SRR S 01
200?: and m?fgénﬂrréf)@rlﬁbf%faqli@fﬁ‘ l@ét:l.&i‘ﬁ‘a&rrp‘ﬁm?%devgg r%ﬁgrBr 'Pﬁaﬁl?eri al s

hyar odon TEBGEn TR Gutegul SRl il CERBN Skt o somlpore | e
e 2 s G 8P e A O3 - O e Lonar
hydr odes U{ngx;brrggﬁ %g; RRhRoSqirpice dken G50 ha66 nr'dg ahy stareiprefeszdy of a

bi nder nm recursor thereof. In other words, it iségossible to
carry out 2gd13y0en’4ba¢eratsad byt REGEemethad: drurtharmese HfsEasiak he bi nder

material or precursor thereof is replaced, full rJn t b
convent i ooampbyehtsoshoddssivag median particle ﬁl%ﬁ‘i"ﬁgf’g?‘el?aﬁt@%@%i onal

hydr opr ocessi ng catal yst can be added at any stage s of the
present i prefeabbyaipleadsr 100nmnandsprgifrablysie .Owﬁﬂi‘éa@%ﬂ’géﬁéﬁ of this

description, "at any stage qof the process prio t i djgep” nmeans:
it can bepmfdablynet mgre Han TRt ﬁﬁ“@ofwegﬂ%@yt&%axﬁgg@hggﬁ%osi tion,
andl or subsequent. to the preparati of the hul : idisan but
prior to tdhametgrlies Uh“@fmf‘ﬁfeog{)ﬁd' Hﬂ@$m0§ygﬁé§rgpwdéﬁpﬁg gjnd/or
subsequent_to the addition of the bin LAl whikHbs RAG& aftleagipr ay dyi ng
or any al 5848t iKas IRstang bY £ 85‘)8?33&??‘%&c§‘%’§§ééﬁsﬁ%l§gg%ent to spray drying
or any alterpatiye nethod but ori bagh RerRlERidrietes thostebl e t o
add a con Yﬂhéle ﬁ&‘r%%?g’gégﬁléghgg?éﬁgtﬁduri ?g t he conpositing step
(ii) with the binder If desired, the conventional hydroprocessing catalyst
may be mlled before 10 being applied in the process of the invention.
Furthernore, a cracking conponent may be added during the process of the
present invention. A cracking conponent in the sense of the present
invention is any conventional cracking conponent such as cationic clays,
ani onic clays, zeolites such as ZSM 5) {ultra-stable) zeolite Y. zeolite X

Al PN~ ~ A PPN~ . o o v o o o



The cracki ng conponent can be added at any stage of the process of the
present invention prior to the shaping step. However, it is prefldrsiilo
add the cracking conponent during the conmpositing step (ii) with the

bi nder. Y@ervemaiZsy, it depends on the envisaged catal ytic dSgV¥RYPI%Bh of the
final catalyst conposition which of t g above-descri bed cracki ng conponents
is added. A zeolite is preferably added if the resulting conposition shall
be applied in hydrocracking or fluid catalytic cracking. Qher cracking
conmponents such as silicg-alumna or cationi | rably added if
-the fi name&t%w&@“%ﬁ%@iqﬂilbFF%h&’I“Ih @8 %rdl%?'% ?g@? gér%gﬁ{' ?‘%g appl i cati ons.
The anmount of cracki.n terial that i ( P ik ed

act i vi t yCOMPPAENY P?{é&cg‘fbgﬁb@éﬁ f‘}SSnp"éFLa%“?s%Zgﬁgégpggag‘?‘?ﬁ“géﬁv‘?@gé’gﬁﬂasﬁd t hus
may vary _fromO0O_ - % based on the total weight of the catalyst
conposi t%l}]l'cl]q's ;ﬂrgs‘?lﬁg}é\fedfurther materials can be added in addition to the
met al conponents al ready added in step (i). These materials include any
material that is added during conventional hydroprocessing catal yst
preparation. Ju hpptehrxe@myrpiolets apd esxinoe of theanplali ndsipohenticamedbepounds,
fl uor-contai ning conpounds, additional transition netals, rare earth

metal s, belachievpddry applyingesuitabier prefornsud mgkil €OPMPHSABIAPLYRIEPYIHIS i ncl ude

anmoni um phosphat e, phosphoric acid, or qrganic. phosphorus conpounds.
Phosphor tiseseanplali sospeanntseyadigaboxe-dgaoreg B@Cﬁgtaﬁlﬁg ‘B‘rdSEé‘é’g‘ of the

(O ti ior.tQ th hapi t ndlor. sub :
Chapi ng SOBAMIONS (AL B kEISE HRIPBPICRY TG SEPEE ot ite pharn T Eaeitas can
I b d for. tization. For. .i , j it i 03 WO
001 42125 ShaTPIRIAE FubGPIaa0 SaORES R DA e cxper e oL

phosphoric acid or wwth a m xture of phosphoric and nitric acid. Suitable
additional transition netals are, e.g.) rhenium ruthenium rhodium
iridium chroniyRas besReétsnt abbos, togetn the mosphclogy apdtdxaiewhtheobal t,

ni ckel , nmol ybdenum or tungsten. N ckel, nolybdenum 6 and tungsten, can be
appl i ed imetaheofnpoments whighaire nidedrait leastipasdy imthe salidkente, Kot ¢35 m andl or
tungsten conponents that are descri bed above for the sol.i d rlro#n‘q These
metal s cahabibeangiad ofthemplalcRmPosent Heast RAEY Igpaimg dn the U SHRy ent i on

i h hapi . fr. di : i +1h
Pt ocess dlumstienyBels Bicess St bis 1ol ToBL] s bl Maf il Eiepinls
cat al yst tgﬁgﬁjﬁégl&%@s c{lﬁ&% ﬁx{ﬂﬁugtﬁ]of: SlicPmBtals B9S8E MeeploRedsoimpgaalie the

final cat osition w npregnation sol ution conprising any of
these metglige bddiines 265 SHife Peséite dirsesidnheiah vemprismgf martipiee pan easjlyt he bul k
catal yst conpositions may further conprise a sulfidation step. Sulfidation
i s gener abé geteered teyglvisual ingpenitnaatieasy if the damatey of the ik partisles &p

LI T ur - ybichgbe Telas ae compateqsaimEatanthe SaarIorest Ponstln TaBRePhrl ¥ be
ied b | h i 3 |

conpos: t | SRITRBTBMGS subh ehauaTA B g St (CRESL b BpadorEd

thecat a YebBepUBi iy o Reffo P GrteRIREs LA 4180 bekedl SR,

Spray dryin or any alternative nethod,
andl or su ; % hieegd'ce& $iMBe GBITRRSLe, 8N nicalspraln theysohge andl or
any al terﬁgﬁgygmr%el%‘ﬁggebgt prior to shaping, and/or subsequently to shaping
t he cat al yate.conposition. It is preferred that the sulfidation is not
carried out prior to any process step that reverts the obtai ned netal
sulfides into their oxides. Such process steps are, e.g., calcination or
spray drying or any other high tenperature treat t i he.ptesence of
oxygen. Consediithohywisting tebe houng by apy therrvt l‘dgg&éeve%ﬁﬂt.dlﬁl%[%%m?) VO

00/ 42128 PCTI US0Q/ 01004 .- 33 subj ected to spray. gdryi .

al t er nat | PEOGESE B the s0lid Frute iheimelpl CHMBANHS ‘B@%ﬁ?@%ﬁn@%&quem to
the application of any of these . RO j 1d 9% rdshSiSEd of ) a
sul fidati (S‘ﬁ‘xé‘igeﬂeptaﬁég%ﬁPﬂr[@atr%ﬁcgg{'ﬂlc%%o@ﬂ&’ o—rlﬁér;gt/dt%eﬁ rlceigaF esg from at
(cast one nehal 'fiﬁg ' et Whe 1o igpRhémet,ithe Aleed (i),
t he bul k ég& Q\%ﬂ@%@g %n%%{olgg%ﬂgéélgzﬁe arﬂgg form ni ckel su‘ﬁii de and/ or

ol ybdenu ﬁ’)tﬁ&éfeg?s AL Shtoldoneach SRtsedch ¢tBer and tdrerenat. altysbeleoveddbatt i on i s
used in a TIXxe ed processes) the suifidation is preferably carried out
subsequenthisGehieors Baweten skempiandf allfmegaptomgppnentb segvishially sompdetplyst
calcination step. Preferably, the sulfidation is carried out ex situ) i.e.,
the sulfidation is carried out in a separate reactor prior to |oading the
sul fided catal yst conmposition into the hydroprocessing unit. Furthernore,

it is preferred that the catal yst conposition is both sulfided ex situ and
in situ.



Cat al yst Conpositions.of this Invention The present invention further
refers to catal yst conpositions obtainable by any of the above- qezﬁgmnm&b
processes. Furthernore, the present invention pertains to a catalyst
conposi t iwp @eRsi sing bul k catal yst particles wherein thePEWF@O\c@t“al yst
particles conprise 30 - 100 w. % of at.] east one G oup VIII nonnoble netal
and at |east one Goup VIB netal, based on the total weight of the bulk
catal yst particles, calculated as netal oxides and wherein the bulk

tal yst particl.es h f : acls t
Compod ti Bhibe sl st B Dine S EePee O e Mot TRl vl BackR BLUT )

- nobl t.al d : 1bas abeen f d
Thai in ¢ ReCIcoloheh el BHH R AR Come Uiy R e ooy St ant -

Thus the ?ﬁé lpg%@g%ggg&b@%(gﬂﬂgfd th%c%lﬂﬁénr@@éﬁldﬁhe pakid rmitess ikerefaient ai ned

during 128 P 001 01004 . 34 _ use. The nol ar
ratio of %r?sl?@e VHBskaht{@ OThe Yeddtionamnissomenireted tsy arngmwyegtiosalal [y from
10:1 - 1:1 andr preferably from3:1 - 1:3. In the case of a coreshell
structur eﬂkcﬁﬁfcfde&iu@h ds HBsgpet absapyo Racour spectapisiopyt of PhE1fcaINg 8%nt ai ned
in the shell. |If nore than one Group VIB netal is contained in the hulk
cat al yst phlof tlegsactidremaxtui®o of the different Goup VIB netals is

general |l ~~ not critical. The same hol ds when nore than one G oup VIII
non-nobl e nmetal is applied. In the case where nol ybdenum and tungsten are
present as G qup VIB netal s,, the L yhen t Lahi lies
in the range gf‘ @?Pwé?ff%ﬁ)“ﬁb?fi}&eg? ggp}e #ﬂ?ed @%}Sjgﬁgﬁﬁmﬁgﬁgﬁg{blﬂg%?al
conpri ses nickel ! R Bk esrasl, hhRasthé G oup V1B
nmet al conﬁPW@é’eg?s:}g%rg@ggé)P@hbz)eftélb{drég%gélladr]nagtneg If.)‘fgngst}gn. Preferably,

conbi nat | Qis7e0ndit pctetdBRy HPLASLOS twingsiRNstAhshoeoprdfeabl y bdensint wufigst en
and ni ckel/ cobal t 'ybdenum tungsten are used. These types of precipitates
appear t 0 dfehé imtitalrcongsorhaninitidlhpemptdyedan the/sollrouig areardadedds 3 he
precipitate is remained during use. The netals are, preferabl resent as
oxi di ¢ comsphuimsduring the wiking Siepn arleylated a3 meta) Oxjges ﬁ@&‘ét‘%%ﬁz%{"?er

conposi tion has, beetn sul fided, sulfidic cor(ripounds of the correspondi ng
metal s. | SORRRENG ATIHE MERHOBRPIENS AV ar ticles (in the fol | owi ng
designated as "particles”) which are present in the catal yst conposition of
the present invention will be described iri nore detail: Prée};]erably t he
particles hav TGuia' Abdligasd sdi o solgiemebuooé this ef er abl y of
at |east 100 ﬂﬁ%ﬁfntggﬁ elg t@?)g@;pﬁe B.E.T. nethod. It is furthernore
preferred jhhahtidbm forseparihgsatabispcars be a0y pratgoliquid~ Exammes HEdHlenpr e
preferably 70 - 100 wt.% of at |east one Grou&@gl I ngn- r‘iobg,e rre%}&laand at
| east one veawnpcavb@xylist adids, radaicaipls pech 2t BE Pt‘Plrt etgpnQl LIS ablY) &g

cal cul ated  as 2 4 .~~I N 2003 WO Q0142128 PCT] - t al

oxi dos. THERAASSPTNEET VR S8 TGS AT O FI-oRoh OB AN Pe an "easi 1y
be determ ned VIB TEM EDX,_ . IS;: i g )r | dgfedemtprotieit i on of
the parti cpr(?geriab%a\ﬁ’ﬁ%%ﬁ }?‘%ﬁde#%/é’?ﬂgqsﬂgg%agﬂfl %lmc;ﬁ)éﬂgf A(l:?nvent i onp;al

hydr ot r eat{;ng: I ieYRirful ki mthakolid Fare. For fnscares, ldve :

pr ef er abl yhg&gg%té‘ﬁ\%me%ﬁgy%@@S )jrri/g, nore preferably of 0.1 - 4 mlg,
still noreppysghienaabd adusPersion 8f Ainh@abesmparsnt pr ethenabloyarpaqueoud rn| / g
determ ned by nitrogen adsorption. Preferably, pores smaller than nm are
not presengolubibhtdf@notres mdiskseompendns] &s spmeicaseshi HahOBPARA 5A 8F anet er
of at least 50 nm nore preferably at | east 0 nm .an r ef not nore
than 5000 usachwhichodissqives By bHPY N fEYStALVale h g%@tﬁéal\}?’%.epﬁféﬁg ?rg#’)é“@
preferably, the nedian particle dianeter lies in the range of 0.1 - 50 ~tm
and nost plléf@r&b‘l ¢3#Cthe range of 05 - 50 ftm It was found that the

bul k catal yst particles have a characteristic X-ray diffraction pattern
which differs fromcatal ysts obtained by co-m xi ng and conventi onal

nydr opr ocessi ng 43! A5t B ;B8 \AB (o BGGAILE Abn-bie Metaly agplidd act i on

pattern of the b yst particles conprises, and preferably

essent | al | ¥hCodR Miic PAnecl PAKEraANAFGG! 0.1 i L0 4ot predemablycirom Bdt-al:3.
conponents. , €.g., nickel hydroxy-carbonate has been contacted with a
mol ybdenumjange tadeastt @ite cheld erractured parivtesi bede ssinsanay He ousside theng bul k
catal yst particles are characterized by an X-ray di%f action &attern whi ch
conpri ses pébaks ranged. faharsthen ofig @opp BIBmetdl 154seq; tApTalio ohthe; 77
(1.54), 1.47. Values in brackets indicate that the correspondi ng peaks are
rat her broad and/or have a low intensity or are not distinguished at all.
The term"the X-ray diffraction pattern essentially consists of " these
peaks neans that apart fromthese peaks, there are essentially no further
peaks contained in the diffraction pattern. The precipitate for catal yst

I o I 1 ey o



~ ~u~~ zoos WO 00l 42128 ~' CT/ US00101004 -36 differs from catal yst obtﬁj‘ ned
by co-m xi ng and conventional hydroprocessing catal ysts obtai nebl I'JUN 003

i npregnation. For instance the X-ray diffraction pattern of ﬁ{fﬁ‘}/_g{@‘fw
preci pi t w0e00a13128r epar ed by the solution route has peaks at’ ¢ PR ot
?.52. 1.72 and |.46. Cenerally, it isgpossible to performthe
above-described process in such a way to obtain bulk catal yst particles
characterized by an X-ray diffraction pattern that does contain virtually

no peak characteristic,to the netal S i A < bl ess as
" st arpti ngg‘g'getr%?‘i @{%{P JEpSds &e_f]eragg?&gg‘?ﬁ?%l' i's a dé’?%%‘?éi”@?? rfagfbcchoose
t he amug}ailhog{{ﬁagfoéﬂ \Z/ggfﬁggﬂgdylirﬁéﬁalsik'?:??(ﬁ Wethe@asd wheBd aidlybddnkincat al yst

particle -ray diffraction pattern still conprising

one or ”?ﬁcg tLﬁfggt,?x ﬁga‘:h?ﬁ%?ﬁ% Eﬂ;&ggt\g%eiaM%e fioty fenune s gsenadatioonponent s.

If, e.g anou | conponent which is at |east partly in
the soli Ereﬁ’éﬁa‘bﬂf gégjmquﬁgcagf'gng_ i:9.added, or if this netal conponent is
added in the formof large particles, small anobunts of this netal conponent
may be traced in the Xray diffraction pattern of the resulting bulk

catal yst particles. Generally, if the solid route is applied, at |east one
of the netal ThesGenipsYiB opstalbgeneraiseompusashromiyeg. H&Qﬁf‘? N, The netal of

the netal conponent that is at |ea artly.j.n the soli tate during the

f?\l i ]9 r ofﬂf&gSi?},@Fﬁ@%wrpyl i eré%lﬁii‘?jaﬁ’i’ﬁ ﬁ{yli“_r?ﬁé?o%gﬁgaﬁag&')z he tC(I‘)lr e of
e final partjcles. ner a e €0 i : in the

out er pal‘rtol,%* F?‘é‘ﬁ}- "‘c‘?]‘@?:‘?femetB?éstthgeBgrPfeggléijl?}g agbn%g?ﬂgi%meg 1i n nost

cases at gﬁggpgﬁ%‘;c%ﬁ?érf@%8@2&2%@3%@% ahQitsng¥edrabr hitkeheobaite of the

parti cl e§ e t the netal of a netal conponent
that is b&&hu R ahBeussdkar B &ipled ifltid pocesieofabkisdlidaotte. 1§ ted so

ani sot ro%?@gr)ﬁgndciﬁgtri%u? ed i nﬁ{pﬁe parti gllg)es. More in particular, the
concent r grbQe lighid iveatertsaitable rtitlel compoakntshwehiphiar leastpArHR MR |y | ower
than the concentration of this netal in the ng?l |, SLi r_nore [i n particular,
t he concentidstitedutingichntacHpg LOmpTiseeatesHs0 RiCkSLPOMPPREN SUE st 80%

and frequently at nost 65Qlo and often ~ o~~~ . ,

PCTI USOOIa8 Togke] catbppatg, ke hEg e»t“h‘é‘ecl,8H8W§eat“|‘<g)‘gqu’fh\ggﬁlﬁgé’4&é&t%? in the
shell. It. nust be ngted.that ,th a [ t#Rl ARkEPHkideNRicREL

di stri butfPBrﬁ%m?:’afHdﬁeg S‘P&Ejied%ﬁcr#etlﬁ%& odr/rag%’grﬁ?llg%r%po the i nventi on,f

i ndepend ) RRTROS)s, Rafe) afcker mixitoiesebereof.not andl or
sul fi ded%*dﬁtngk?g%%%gg{soelg% he shel | hasy]general ly a thickness of SO -
1000 nrn Suiehtide eicRysdenyimpéorhPOnent5,00hicard heleastinantly o thensdid ateti cles in
the catal yst conposition of the invention pr,eferabl¥ lies in the range of 5
-, 100 wt .during targacting comprisetvaatenwisghtble mol edeadh EQEPORSHS SUFR fon. ~ As
previ ously been nentjoned,. the cat i

| yst it ' - addi ti |1
b Sui t abl @OAeBHM GMCHF) 34T AP ORT IR AR RIS 1 | U hose
d i bed ,ab . Th ticl .ar e. ' j pal that '
Funct | onsaHEHr Bamp B PRalee e e S T o R, P s b et ol es
are_homggneus] eristt FihediiiPiihgsh RirmiatentsTHbid seantesopathe bi nder
y

t hus | eads genéra t0 an-increased mechanical strength of the final
catal yst goiHRQSliHiseile dFAREcBhtatting Rempaise tyisdstarodipasiitrionidst Wwrigstennvent i on

has a mechani cal strength, expressed as side crush strength of at |east |
| b. | mm anguifidef(% Sydnd WS;atuhgsish carbide, tomgstigusidiceeg oW rdefdtes with a
di ameter of 1 - 2 . The binder material generally contains O - 90 wt. %

of the G By B Xatungstey nitrige mlHBEIUE HEESade W%/%H‘eé?'e %%l so cont ai ned
T 1t hacpAbRuRGEHC Lo dngeoh Lhp ool s AERRIRLT, e g
b nder depammergRIp avsiade Bekah ETRRRLA b s & pRfpiraton, SuBnRERLN O der
aTOUn L e G Ml P LIS, STt S ity

advant age ag&%ﬁ;ﬁ%{%m&g@flswm edrbbhiftec drgasenerally kiowheo fireesent

~ .M~ ~cu~ JO1004 -38 invention, binder anpbunts are
general | y sif)iddRers@ectRios@ e preéipitationiconditionk én suthah veyngrolsi alitan. | f
desired, the catal yst conposition nay conprise a suitable cracking
conponent th&desisdd morptaddgynand expaeent s are preferably those descri bed
shove. The anount of the cracking conponent is preferably in the range of 0
- 80 wt.~l~.



based on the total wejght of the catal yst conposi-tion. Al so as pr \zi ng%}
stated, the catal yst conposition may conpri se conventional hydropfocesst g
catal ysts. The binder materials and cracki ng conponents of the conventional
hydr opr og&sgo/sagrscat al yst general |y conprise any of the abPEIFYPMYped

bi nder materials and cracki ng conponents. The hydrogenation netals of the
conventional hydroprocessing catalyst l%reneral |y conprise Goup VIB and
Goup VIl non-noble nmetals such as conbi nati ons of nickel or cobalt with
nol ybdenum or tungsten. Suitabl e conventional hydroprocessing catal ysts
-are, e.g., hydrotreating catalysts. These catal ysts can be in the spent)
regenerated, or fresh state. Furthernore, the iy may
conprise any ledaRsIAHdMe FOWOESRQEW?'?%%:’FUY 6%‘%@#?%%&8&%??&&9 ng

cat al yst ch a hospho co . i\ tals, rare
eart hy?ref‘agg?e‘ rs Wﬁ?@@ﬁ%@?’@%&% g‘glgtl %ﬁﬁfghﬁggﬁtt%? (I:)éngflrérbtﬂrvgﬂr?? {mte?‘gn rr:t al's
are, e.g... theni r | I 1 hihdrfdi s 1008 thadh ey, i ron,
cobal t, gﬁ'&%Fﬁfﬂ#g}ﬂ%{Fﬁ%g%&n@ngﬁgl éﬁrﬂqgtxgéirﬁ t({r)lmE;}::;/]ggenum otrpé?u%gst en. All

.these netah; OSRET Aicky] @irBoRdtesepplied, 0@, evdldéscaridopositively he
cat al yst S?glr?p%ggleﬁég%as beer? cal ci ned angl?%r in the sulfided formif the

catal yst japeAsdstthepHastHeaencto mixtere. Fimtharudbabethersanséermnonct al yst
conposition preferably is at least 40 mlg, nmore preferably at |east 80
m-/ g and ¢apbbnae éiter@Obythatatbonste daed net egd UpHB theWaASIEWHel || ~ 2003 WO

brefer abl y at pederedniehsombarntsucyreraddas iy Bt oile ARG Pl ©
determ ned by water porosinetry. T bt.ai n A with high
mechani ca$oly ke‘ﬁ@kfﬁ,C%i"%PQ*PﬁQ[SbEédég&ejmlga&ehggkg L%Lﬁgaetl 'a| ys(fSl atgg@fp{%si tion 019
t he i nvention s.alo Pt i i Neicdkesls 1. Side
crush st r B EhORTEe iR SR 8D, ¥refEiRa AR Ridenind @i Mgl Biidat e

particle &&nﬁﬁﬁ%ﬁﬁ (cRaf dduen ih ke sohtdidlatearparaércictuble malybdetua t o
conpressive foading by a novable piston. The force required to crush the

particle hgd ma%t;swm@bmﬁmnm aahcsradkals mesglemtosnanium siolyledie (U8 ext rudat e
particles and the average is calculated as forc (Ibﬁ.Mcgﬁr unit length
(M) . 2. Pétoxo-pdirdsi- ntetray hepea- peste-, @6 etradestmg DB eM % det er ni ned by

filling the pore space to saturati wi.th er. nyytpy of water is
det er m neHeBFoPRly¥aRioN CREIPUALS ‘&P'?‘[}&‘mpaﬁ@ for{lccr(;g?tg% o* ’:‘Yw sanpl e. The
pores space can be filled by .ingr | B8mpBhHads, NidWoaWburette to

t he sanpl Bﬁte\xpm}ye?l&}rcgwogﬁgﬁ’%gﬁ%@ﬂ%@@ddi tl)sgn, until the first sign
of wetnes ' b 4t "o 38PWencidpalanioaimpouptssalkblil i ty is to
saturate %ﬁé&gé@%ﬁ@%?ﬁ%@eg in a tube fi t?efwith a porous bottomw th
vater in aRett] bf ABAMWMuIAALNEstFBS (As rEsa-ypamRr, Hexae AROSYIURBSAIESTdi ng i n
the pores) is renoved VIB centrifugation and the difference in the dry and
sat ur at ed mixtwley shereef.ght s is then used to determine the total water
uptake. Fromthis, the pore volune is calculated. 3. Determ nation of the

|l ose on ignition (LO) A sanple is mxed well to prevent inhonbgeneity. The

‘Q’re{]g,h Ef'ef"m?hg" rggqsrgqr%clz(?ergf)i%aﬁ(r)@gif Sl LohtpoReRiseheRiGe] eabongeghed x
tungstic acid and molybdenum oxide. Another preferred combination is nickel
carbonate, ammonium dimolybdate and ammonium metatungstate. It is within
the scope of the skilled person to select further suitable combinations of metal
components. It must be noted that nickel carbonate always comprises a certain

amount of hydroxy-groups. It is preferred that the amount of hydroxy-groups

present in the nickel carbonate be high.

In the following, preferred process conditions during the mixing and

subsequent reaction step shall be described:



z 4 .~~;~ zou3 WD 00142128 PCT/ US00/ 0100A -40 then put in a dryi ng) Qggm@g ,
cold nuffle furnace and the tenperature is increased. The sanple is drie

or ignated at this tenperature for one hour. The crucible contai i@g t he
dried or w@nenads sanple is cooled in a desiccator and wei g'f‘@d”%’&&? The ,
LA is determ ned according to the folfowing formula ~loLU = ~~~ ~~ ) x100
n where a is weight of the sanple (ingramj, b is the mass of the crucible
and the sanple before drying and/or ignition (in gram) and c is the weight
of the crucible and the sanple after drying and/or ignition (in gram. In
the prczcess according to the present invention, a Goup VIII non-noble

nmet al -cog# ai nirﬂg&iﬁgg{%@und in solution and a G oup VIB netal -containing
conpound®f n sol'utidon are reacted. Thus, the netal conpounds are in the

sol ute state Wignheas @hditoRiaidg MehiihPbieptaee gdinrally mopcmi¢al. don- nobl e
met al cont ai ni ng conpound and the Goup VIB netal -containing conpound nmay be
in sol utior. yhepssisidad ddd dihemparntom ambient emperauseabihelr ngderehpH

di ssol ved when present in the reaction mxture. In the Iattergcfase, t he
metal s a(id peispeatipndirsehitionds iapplied). rGensraldy, inisefugaursq piefemed ¥hce by
stirring, increasing the anount of solvent, changj n? t.H: te @J@t ure,

changi ng kebp the tesspereture belsvais brjling ®opi of the PRRUGEIS HayChd Mdi's &bl ved in

o hanol . e Shaol st 40 enitc s REUME DB COTBOTEBTA LT AR 110l 67
t b h whi ch . t..int | t | Ph; [ tion.
T Sonssiiba el esar s ASSr AL Bt e hodve e SEIFs ROl B frefe o0 o

such, they. wisl ] i i i i i3 eMepWis Ichrrsedomaquent |y be
r oo pi 1 dlaut gr ditreRat K vdlubic BAEAIRG, TOtheleci e T g e Y

descri pt i;qer3QbdiRinepdrRARNSs, 398 URipendiong hed sellnient waiich ire adsiedeiuaingr e and pH
of the reaction m xture. Suitable nickel, iron and cobalt salts whjch are
sol bul e itRe walxéng step ané geadraly phoitatedetd ami inceeneed tegnpesatuge Y¥iFyEARPed .
chlorides sul fates, hydrated sul fates, heteropolyani on conpounds of N -M-W
(sol ubl e dquabdé thergachor tgmpdiatuge.opol y ani on conpounds of Co- Mb-W (sol ubl e
in boiling water). It is also possible to add G oup VIII

non- nobi c, met al - cont ai ni ng conpounds which are not in solution at the tine

of additi,an, byt olution is effected in the reaction m xture.
" ¢ Eeatll Seb

Exanpl es nds arc netal conpounds which contain so nuch
crystal water Wiah ;RABL BFRBHALME BaldBé@natxdd) ehavedrel genermiyngitatdd |
dissolve inits own cyrstal water. Further) non-soluble netal salts may be
added in guspenshaemperasresoe h candingmriad efntiing tenatlewttbd reactiandortdst i on

m xture. Suitable non-soluble netal salts are heteropalyan@n conpounds of
Co- Mo- W (pinder dthelrgactignteimperaiussoprgieiablyris in H&@PBB&W’aﬁ@? @oﬁ‘p% nds of

?Ll; ('\)/End\tjvm( S%?fﬁépzbéé'a i 3%)5‘%29%2,n?@rlednw“%%llé;70?‘%223’@5@@}??@&\%%5 rg?n*‘ﬁma:
ungst on Bg fiize of 137 FROCCTIPHREnRRRIR S Ao HoThitie fEmoBERD M anc

sol UL on, Wet1 A0l AS,SHERC H nEGhabbewARk! hediscaddedeseraiycitriedey wi |

di ssol ve P reaction m xture. ey w Il subsequently be precipitated
wWth the &Papaﬁﬂdsgh@ﬁapm@m. b@e thiiehperatufd, thepredeBomes genesally s whi ch
are soluble 1n water are amoni um salts such as anmoni um di nol %bdate,
anmoni um tairied b@tat ancreasddapressuct prefeaatdly ivanavmsiaveadbgrgratly, &rmoni um
para-, neta-, hexa-, and polytungstate, alkali netal_ sal{s, siligcic acid
sails of Guictyre\s Bepeatatssnasursh pHsduring theireadian $eR A0F @, }Fo?fﬁiﬁif‘@yél‘l i cic

tungstic acid, tungstic acid, netatungsiic,acid, pert t:1,G i

het er opol Yag FagectibodAdmors prekerpblyvb= &) angyeyen eW%i%?aﬁ]]W? g%aﬁqgge

possi ble tqg ad up 2 4 JUN,ZOn3 WO Q0 PC. T LAY - 42 VIB
met al - contofidnt gg%ﬁ?ﬁ?cﬁ?@ SEhPHRbOVE, GALE m%kggﬁé&n&ﬁag{h\ﬁﬂg tIaITE of

addi tion, but ere solution | f ' s meatd hendisiolied urilxanpl es
of these éBWBSVf?\{(riﬁrse %F&hﬂ‘gtréﬁ g@%‘r}%oﬁﬁggh%\?\ﬁpgﬂﬁcont ain so much crystal water
t hat upon increase they will dissolve in their owmn netal water.
Furt her, ﬁé%qggt%hl%igprret al salts may be added in suspension or as such, and
solution is effected in the reachon m xture. Suitable non-soluble netals
salts arc heteropol yani on conpounds of Co-M-W (noderately soluble in cold
wat er), heteropol yani on conpounds of Ni-M-W (noderately soluble in cold
water). As will be clear fromthe above, it is possible to add the G oup
V111 non nobl e netal containing conpound and the Group VIB netal-containing
conmpound i n various ways, at various tenperatures and pHs, in solution, in
suspensi on) and as such, sinultaneously and sequentially. Five
precipitation nethods will be described in more detail: 1. Simultaneous

-, = T o o o ~



— T

nobl e et al - cont ai ning conpound and the Goup VIB netal - cont ai nidgJUN 0%
JIi~ Z&3 wo oo~az~zs rcTnsooi oi ooa - 43 conpound are added slowy and
sinmultaneously to a reaction vessel containing protic |iqyj conmpound
whi ch deWQrP%i’& upon tenperature increase and thereby ingzr:g/gg@gb]gor“
decreases the pH The tenperature of ,fhe reaction vessel is kept at the
deconposition tenperature of said conpound. 1n this case precipitation is
effected by pH change, and the pH at the beginning of the reaction differs
fromthe fin bETinRE &l eRhiihEOR: f pumRutdhRE sevBRl Baggi pi tation
P FaBiof ¥ RPN HC S g roRSof Suiliule o

"obtained with atively Targe particle size (larger than
15 ~tm . dre FefGhBly Rhlife 1bR4NHWEE REGRER Préfeealilyanphe/idngemdrs- nobl e

met al contal ni ng conpound is added slowy to a reaction vessel containing

G oup VI RiiRéalo FPAbaishi Aghaosgeaunentitined alboed, the rpactiarctimedigpands/on vi ce
versa) and a conpound whi ch deconposes upon tenperature increase and

t her eby theceippsesurer decreases the pH The tenperature of the reaction
vessel is kept at the deconposition tenperature of said conpound. In this
case precipitation is effected by pH change, and the pH at the begi nning of

the reaction differs fromthe fi nak H after precipitation. It was found
that thePpocess piepibaesardingte thesolyonrodte,oq had a rel atively smal |

icl i b 1.and 1,0 Vi :
o Group w1 B AeraFRCETRAaRACyeohe el ) el oo PR R [ P s

Larger thgp (i 3eusg” o%pghf{ogﬁép@%%%p{gtﬁaédmgsﬂ@m@@mﬂé@wraim@@les@bove. 4.

Precipit at” a cons procCess the Goup VII1 non-noble
et al - copbRbAkRg EAERPNCSrdastiaddatusd 8 GroupdvHI neastdbdameedsel cont ai ni ng
G oup VIB netal -containing conpound dissolved in protic liquid or vice
versa. Thempbhém ikeplutiumcind hGtomyIB meetchoseporeydnisohiticatpabiinde)
precipitation occurs by adding acid or base_to the reacti vessel . 2 4
JUN 2003 preipiorte.2 AzdnplTraseor/ibe 60 Butsdrgferalyopne Spacan RYKpounds i n

sk cnabhetl L EPEERER: SUBPETTY bRl AS o P

met al - cont ai ni n ou 2 | ;MdM@dGatpound are
m xed i n“éoq?rera% iOﬁﬁ@&é‘gg‘g}ﬁﬁﬂ%‘hgg%ﬁé@‘?‘pmlﬁ‘r&@?%ﬁgﬁ% ﬂ%lﬂhg netal s the
water is ?N&PQBﬁElfedsolﬁ’t%ﬁ AL b YprdRGE1y (BE Sae ab desdritsat faynkeiglid ati on. One
enbodi rret?t of the present 1 nvention pértains to a process for the

pr epar at irgiite OfSutabhi Gkotgt ViB apd Group VItlompr-neblegmatabeompovents afdn- nobl e
metal and a Goup VIB netal wherein a Goup VIII non-noble metal-containing
conmpound eig, thobeitiater-solabla nigkelymelybderiira |and SRBESIER RGTPOREYANd i n sol uti on
are reacted in a reaction mxture t btaln a Lpit hth the proviso
that the dsp@Ehesh abave fog ‘}??O?OI’ﬁir@REﬂ ﬁm%ﬁ?gf’gpi\ﬁflgﬁ?@ﬁoﬁeewg\%t a portion
but less than all] of Lhe i a HeY GrH8 N B mefiibsequent | y
to preci &O%QHSH{,S *‘Eﬁ’ee-ér8%@!5@?@“%@8@%&@?%3 frrongt he 1iquid and
dried. Aldo COmuGRtd L5 8hAh U mneAds Tecmeas cbilponenisaan be

centri fugéé)tl on,%ﬁg’edérg’%gt?}gn may be used. Also all conventional drying

met hods ajdded 4 teacEoE nixtuas imsstiioh, susgensspr ayassudhadf seluble sris
precipitate can also be dried at roomtenperature. Optionall ﬁ i;YhS

pr eci pi t adre alded heswd, theyt wihdissblve irottggeactighiax Wr e and SHBEAHERMY B%ich as
air, steam in steam and oxygen-contai ni ng atnosphere or in inert

at nospherprecigiiptedt her mal treatnent is conducted at a tenperature between
100- bOOC, preferably between 350-500C. In a further enbodi nent of the
solution nmethod of the present invention a filler is added to the reaction

m xture and/ o'TRE ?e%ic li()ltl %txiﬁturg id leGERdTEbblEn ﬁqﬁlgﬂphﬁte. Precipitation is
effected by adding a Group VIII nonnoble metal salt solution at a temperature
and pH at which the Group VIII nonnoble metal and the Group VIB metal
precipitate, adding a compound which complexes the metals and releases the
metals for precipitation upon temperature increase or pH change or adding a

Group VIB metal salt solution at a temperature and pH at which the Group VIII



2 ~ JUN 2007 WD 001 42128 .PCTI USO0/ 01004 -45 the catatbyst conposi fiJdN 2600
dilute the catalyst when it is too active or to adjust the density. These
fillers can be added either in suspension or as such at an% @hgﬁﬁ¥&ﬁ t he
process a¥QO¥#xd3 ned with any ot her conponent added. Suita ? ers

i nclude used hydroprocessing catal yst, regenerated hydroprocessing

catal ysts, fresh hydroprocessing catalyst, clay, and m xtures thereof. The
precursor conpound can al so be readily prepared by one of several nethods,

el udi b f th 1 4 Aot s i ch

and Ast | SIOMOH ek AR R R B Sh LA PR by P B by, S ure of
| ybd | &, ' ATP i O6recidi t

Sr ggi )[;i tgct %g?ﬁﬁ%n@edﬁﬂg(})rﬁl?rg{ﬁrﬁgd&gﬁgg? pI ta?*%gl%l%@ﬁa Segﬁrggﬁdfsag to prepare

the pr ecﬁh@g@gﬁ%fﬁ?%g préébs@%ég&:ﬁ% 8§ haPOWRIEEataMBE Qi Siey Ul eomstadst 0 of -

ni ckel , enum and "t ungst are enployed. Preferably, the nolybdenum
and t ungsherohdbh o] hyarapotedsisosmanses whiclgusualyomprisenbéydat e,

anmoni um et atungstate,” while the nickel salt may be the nitrate or

hydr at ed imhgregh@ed with Greupoilll non-tebtenpetils anh Greupy¥dB malsspids are

di ssolved in water to nmake an acidic solution, after which addi.ti onal NH40H
i s added precimtote eabheiused wiithoudn supperts dinstpperted catalyst FYRPEYHNPES boi | i ng

to drive off ammonia and forma precipifate.which is filtere .dried,
e.g., at amosuaByrefesredie %ih’”é]étca‘]?f)@&-p' ﬁ%ﬁ%‘B& ‘%PH Ptfenﬁneg?ﬂy’@%*ﬁ%

nol ybdat e _and tungstate salts are dissolved | ¢ i ded to
forma baB¥e %rd}ct’f?f% e r&ﬂﬁ“?’ﬁémémrﬁ’t?ro#dilgc %&R@g}’g&\’%\ér m%%d."g‘.’@goc,

ni ckel salt sol ufi ' ; t torshBat rekpdcliveBol ution,  a
pr eci pi t at'Be} gerﬁéérgr@dgﬁﬁggggﬁﬁéoﬁ]ﬂk%dﬁ5@@%& ed and dl%i ed. @Fn ei t her
the boili QFRRSFdse e BHN aEk RRipleb o f dbmpounds trit de¢anhpose umrhod,

washi ng OPQtrﬂngfi | t ratg i séTﬁi ni m ze% to prg?gnt | eachi ng. z 4 ~E~~ zoo03
WO 00/ A21 28 p¥ratupSRéeddehd dierdby lmerensalor datieasd theipd eohpEaePBESt he N,
Mo, W NHS, are mixed in solution together and heated t% aéH <7 to form
t he preci pmmaompn ¢ynnate, heuppaicun bpdroxitg G0f MIAPKITHE PRBA%cconpl i shed by
either of two nethods: ( 1 ): adding all of the conponents together with an
excess of amonia to dissolve the conponents and then heating to drive off

the ammoni a SUE{? atggﬁégéq%egﬁo?%s(%fggfdggg tggiye ﬁguﬁén k&8, {dMaonsOsC,

preferably abo toget her one or nore separate

sol uti ons gf, 556 & f@@i’”&?@troﬁ?'thﬂﬂéialtaFtemfa'UBahdFAHdhaioﬁﬂof i Greag V1Hase
recovering e resulting precipitate. In another enbodi nent, a binder can
be added 4@ntkublowdiarinatt wahade. oBbdesdlotions aedieatagdpta temperaiueg®fi ty. The
bi nder can be silica, alumna, silicaalunina or other mat eriﬁs neral |y
known as ppptéxitmatdlySORE€s A mheoniumi hydroxigeds pddrrtio the K&ORROY) "Wgﬂj range

from about 1-30 w % of the finished catalyst, preferabl qut 6 W % of
the fini sisetitoam allysGroup Va1 m@baobkirﬁ@mf ﬁ@lUBPBd%P%‘gﬁda‘ﬁr‘ﬁagl’c)’P}’Pr‘é ordl ess
of preparatio t.hod, .the precursor is, de rangi ng
from aboutm%‘GBSQq\EJU@“iaﬁdé{;’éeﬁfpléﬁﬂ‘@/%an?&?f %P%@B;\?@p%%g}?gw[}ﬁg%ﬁomos ed

D e oxanmoble ﬁ-getﬁégcofg}#gog%{x?s: o5 Stthis! (18Leddadt A& bEEIndUctéddiBweet hods.

For exanpl on product” can be contacted with a gas
conpri si n%k‘@%rﬁﬂf& MHb08ERe 2 dresshddot higher teriperatury ahefdr irarpasedt ur es for
0

a period ime sufficient to sulfide the deconposition product, usually
at the poilj}bsm‘re_HAS breakt hrough in the exit gas. Sulfiding can al so be
effected, in situ, by passing a typical feedstock containing sulfur over
t he deconposition product. Any hydrocarbon containing feed which al so
contains nitrogen nay be treated with the enhanced cat al %(st S gﬂ{fgﬁl S

i nvention. Thusln anmsheDilupiraee process accordingdgdhpplghpn 5p418- B 0/ 01004

-a~with these catal ysts_ nma e from petrol eu [ & A e i dual
stocks, ei YH8meta} ﬁ})ih a&r%%a%iﬁgpetggsag{,ﬁpﬂmoﬁg} §§’dsljagﬂ&ea§etg§gﬁg?ﬁl s or
shal e ofl SSolIESn together and heated so that ammonia is driven off and the pH is lowered
to a pH at which precipitation occurs. For instance when nickel, molybdenum,
and tungsten components are applied, precipitation typically occurs at a pH

below 7.



HDN process is particularly useful with feeds conmtaining high I@l%kﬁ @E
nitrogen, e. 4., at |east about 500 wopm total nitrogen conpounds. t2 gen
renoval is at |east about 50% preferably at |east about 8QAQ, Porﬁﬁess
condi t i owe oaapiascabl e for the use of the catal ysts descri BET/UREYATA may
vary w dely dependi ng on the feedstoc%_to be treated. Thus. as the boiling
point of the feed increases. the severity of the conditions will also
increase.. The following table serves to illustrate typical conditions for a
range of feeds. FEEDTYPI CALTEMP. PRESS, SPACEH= GAS

- RATEBO LI NGCBARVELCOCI TYSCF/ BRANGE

CV/ VI HRnapht 5-210100-10- 6 < . j o 6ep 19 11 00. 5-4
500. 6. 00oA0OHEEPS RO HO RO M o SRS g P P+

oi | 290- Sli]g %Q%lfﬂpé ﬁQﬁk %ﬁé\?)%g Ecla,gwggﬂﬂﬁ%eﬁérﬁiw EbMpPREEHTE Bde plefbmddO. 1- 12, 00

0- 10, 000 e 1n descri bed herein shows enhanced activity

for hydr ' mal) Qﬂ,bulllpéﬁtatj@[\lpmid?ésﬁmvémg/\ihleIchat&@tﬁri;shigwof the
hydrodesﬁﬂ?ﬁ%‘%%g{éﬁon ?,HDS) activity. Consequent| t he cat al stg{ and

Yy
pr ocessepyfastslybesartielesideswibdd bedardbé beading ' Galadyst 6pMRPRIURES B ni t r ogen
and sul fur, and"wll be particularly useful on feeds high in nitrogen. 2
4 JAN QOGReM@on0/ 42128 PCTI U500/ 01004 . ,t8 _ The foll owi ng exanples wl|
serve to illustrate) but not Iimt, this invention. Exanple 1. Preparation
of NH4- N - Mb- O Phase (boiling deconposition as per Teichner and Astier

procedure): In a 1 liter flask,.26.5 psgolall : . | es Mo)
and 43.6 g nﬁél@eb“lhicpfﬂgt’% Cﬁmy%?%gﬁgmmﬁ%%éﬁm@g\%ﬁgﬂgisgg)oelra\[/)ed in 300
cc of water ,so, that the r i iduid of Tiee bililkscasdhstt i on. a
concent ré‘?‘@d"m%ﬁchf‘ﬁlﬂgPgﬁw\}\éagsqgé‘gé;a&%g?i ??lr@%l a prredci pidt a%vg. f{qrdrred whi ch
on furth Libd i b5 8i0liy a8l htah hibvie canmdt darditsicuy sybjegtedon with a
pH of 8. %?n%%gltgddﬁﬁsggh%ﬂ%ﬁmgkﬁ??-ZSOCC)@Was added until a pH of 10 was
reached. |Jhahsplds dtep, Mesiichighiddseparation daorbepenfogmer Qi SBAPRENONI a gas
evolved and a green precipitate fornmed. The fi na}lf {)I—bl ggll‘b@t.we n 6.8 and 7.
The suspehsiicamliyethedndk edtaiyst compositiope el SUeh Pt BLESONBLRED with water
and dried at 120C overni ght. out 18.6g of material was obtained. The
sanpl e arsepgrasi@n; ean ke calcines! pefgre %3&‘?@(;‘% at 34 wt.% The X-ray
diffraction spectra of the phase matches the pattern reported by Tei chner.
Exanpl e 2. Preparation of NH4-Ni - Mb. 5W5-0 by boiling deconposition:

Process step (ii)

It is preferred to add a binder material during the process of the invention.
More in particular, a binder material can be added during the preparation of the
bulk catalyst composition and/or the bulk catalyst composition can be
composited with a binder material before the shaping step. The latter alternative
is generally preferred. The binder material can be added in the dry state, either
calcined or not, in the wetted and/or suspended state and/or as solution. As has

been mentioned above, "binder material” in the sense of the present invention

refers to a binder and/or a precursor thereof.

If the binder material is added during the preparation of the bulk catalyst
composition, the following options are available: If, e g., the bulk catalyst
composition in step (i) is prepared according to the solid route, the metal

components can be added to the binder material either simultaneously or one



In a1 liter flask, 13.2 g anunoni um nol ybdate (0.075 nol es N?),‘,%mm g ‘
anmoni um net at ungstate (.075 noles W and 43.6 g nickel nitrafe hexahydrate
(0.15 noles Ni) were dissolved in 300cc of water so that the resulting pH
equal ed 4W®.00M2128hi s sol ution, a concentrated NHAOH sol uti SET(LEHBLS “was
added until the pH reached 10. At this,point, sone precipitate renained.

The solution was refluxed at -100C for 3 h. During this heating, the
precipitate dissolved to give a clear blue solution and on further heating,

between buenfte Gher ARty iR e RellEghhoe oY iR birsgase B reached
suspensi OQ%%B%OZEHQQ%H{“Q s%@?g utgﬁsﬁp%rlﬁ%éremaféﬁa] ehf e adashesiihe t h wat er and

dried at overni g of materiral 1s obtained. The X-ray
diffracti f sqt {sSfugihee BodsibiEitgwoentins pamiofgh@mesator phous
hackgr oung&nw%{?ﬁ&{ﬁgt?m%ﬂ@rngggt qt)zasafks at @d:Z. 58 and 1. Yg. Exanpl e 3.

Pr epar at i gmplonbhié-eithelMoiraWdncBusly dtiorectiteptiecotier apisubsequendynddither
flask, 17.65 g of anmoni um nol ybdate (0.1 nole M) and 24.60 g of ammoni um
met at ungsbatder(hateriabhed Wiinalby addithesssvefdhe maelrempeneiia eBPChi vi ng a
solution pH of ~5.2. To this solution 0.4 noles of NH40H (~30 c%.%ﬁs
added, rabignulgandoushyor ene afterghe odhar: i ingtances the TSIl COGIPARGE WHHed to

90C. A second sol uti.on s prepared by addi ng 58. 2 g.of ni rtrate,
(0.2 moi o6 1 IpaskpHyad e debtequrmeerieside s o e aPbE AR ana

mai ntai ned at 90C. Thi s, Sol ution . i radg of 7 cc/mn
into the gﬁﬁ%ﬁ EMMVBBZQ% H‘r‘%\%m\%ﬁ‘@gﬁ@%&%@‘{q’g@?@o bk?:iréﬁé.tgk precipitate
begins to Clantbéaded! ' adasdureTTHowWeEPANS hidd whi ch
was at a Shﬂrﬁ@n%%saéaré{)? Lrldr%j‘eeg [P g?égbﬂﬁhﬁ& %}g‘%&hi l e trﬁe t enperature was

mai nt ai neghoddibddfe cIMBinERhe birtler With frietdl ebathonents inabéieolunt statdhand ieat er
and dried at 120C. Approximately 38 g of material was recovered. Exanple 4.
Pr epar at i @abséqudrndiyMddvomstalicosippSem ayleass partly incdesaligrsedepifnallon: Two

solutions were prepared wth the same anounts af n%%@l, tunglsten,
mol ybdenusimntianeensnadsdition af he retah cempegents pag the, AR 8o) uti ons A

and B) except, that, each sql ut.ion cont ai ned, ab letenldfe tWO
sol uti ons Rﬂ?é?’@t]%td epmroﬂgulg@ %{rr&gger%gglépe |aﬁ#%cl’ éﬁﬁggg%é;{eg:éﬁ?ﬁgstefo cc of
wat er hel ¢, at ol.ytiom B (the acidic solution) was punped into the

vessel at qQGEBﬁggg‘ﬁ@ ‘?‘Eg‘éé’ 5 --15cc/m n, while solution A is added through

a separate punp which is under feedback PC control and set to maintain the
pH at 6.5. On nuxing | "~ J~1~J ZC~-3 WO 001 42128 PCT/ US00101004 -50 the
two sol utions K thesolyidnabate wrapplied e sepui) thedeinder inatesinl gan de@dded 30
mnutes, filtered hot) washed with hot water) and dried at IZ(?({h Exgr{'ple ~.
Cat al yt i c tBvhExaadtion WEXtH GHihes iy 6OMDIRAOROT(9E W iLh ene O MPIEOL ARG MELY | v 5t 5
of Exanples 1-4 wer | aced.in a quartz boat which was in turn inserted
into a horq%ﬂ%ﬁmﬁgﬁfqrﬁofHgsrﬁrﬁﬁﬂmaé‘@é‘d into a Lindberg furnace. The
tenperature was raised to 370C in about one hour with N2 bl ow ng at 50 '
cclm and the flow continued for 1.5 h at 370C. N~ was switched off and 10%
H2SI H2 then a ' hiion, icafe frRrpee aikenaharntheeased to
400C) and hel gplﬁﬁet?lgd%’g@a%ﬁ%g&%d@gh%thsceégt was then shut off and the

catal yst cgldes will el comvegedinfb e tolid O@ie durinvghiherprpoesstofithe sn¥aniinvwas

di scontinued and N2 was added. At roomtenperature, the quartz tube was
removed an@hisheanisd donaby tdjasshg theepHioonditionsziusnegdep G) & SEbi Wa¥at al yst s
were evaluated in a 300cc nodified Carberry batch.r eafto desi 8ﬂed for

constant hihdt presipitatbon offthe hinger| QesursaRuikible endHgNS for, eRIESBI A esh and

Tayer of ol 1he Bngeraks knad g ek b e a Hibs p PRy o ar <

di benzot hi gphene | i 6 Roee T 1 ow of
100 cer m nisanpaeCobifsh e Tl HEERIR AT A ot B8  ed
L eToOk DAL, MbBnBRG BB TR ARG el bd BrleaTn! Foloauingshe al sed Lo

350C at 5- m n run el ther 50% DBT was converted or until 7

hours was ﬂgﬁE Bf sEbi1k 2hizfpe! biddepedsipesitisandepnoadl solit liqaid ni nut es
arid anal y?e 5%& Rat e cons?%gnts for thg overal | conversion as well as

the conver siparation}ihe Higlaeitalyst pbiodier tsmpbgitienydan (BRhaped dgellphexyl benzene
(CHB) were calcul ated as described by M Daage and R R ghi nelli [J. Cat.
149, 414- 2Dgtidily] thenbulicetatyso whinder Tapipositionsendes e3f 4% that article,
hi gh selectivities to cycl ohexyl benzene relative to BP during the

desul furi zation reaction are a good indication of a catalyst with high Z
~r ~u~ ~co3



WO 001 42128 -51 PCT/ US00101004 - hydrodenitrogenation activity, whereas

hi gh selectivities of BP relative to CHB i ndicates a catal yst %tjﬁN%[Qh
hydr odesul furi zation activity. The results show that partial substitution

of tungstagohuzia®! Ybdenum results in cataiysts that are suBSHEMOPAy

hi gher for DBT conversion. A standard supported Ni-M on A103 catal yst is
al so shown for conparison. The high CHBI BP ratio suggests that the
catalysts are active for HDN. Table 1. Conparison of Activity in DBT

Kot 2l GEHBBER el irg YR RR i IOER R 15 SSOESE 00 B PTG e o1
W - Ok Nowareabe Op R tpe CROTBRS B9 DI BRI N En el P e o 0
D S ar A N YR Pt o o
erative 1R POy R o O R O Vheat & and ammoni um
met atungst@&rﬁgggggg?to the sol utions. Deconposition was effected as ~n

~; U~ Z0o03 Wo s -S2 PCT/US00101004 described in Exanple 5. The
catal ysts so prepared are shown in Tabl'e 2 al ong
As has been set out above, it is preferred to first prepare the bulk catalyst
composition and to subsequently composite the resulting bulk catalyst
composition with the binder material. Optionally, the bulk catalyst composition
can be vsubjected_to a solid-liquid separation before being composited with the
binder material. After solid-liquid separation, optionally, washing step can be
included. Further, it is possible to calcine the bulk catalyst composition after an

optional solid liquid separation and drying step and prior to compositing it with

the binder matenial.

In all the above-described process alternatives, the term "compositing the
bulk catalyst composition with a binder material” means that the binder material
is added to the bulk catalyst composition or vice versa and the resulting

composition is mixed.

As has been set out above, the median diameter of the bulk catalyst
particles is at least 50 nm, more preferably at least 100 nm, and preferably not
more than 5000 pn and more preferably not more than 3000 um. Even more

preferably, the median particle diameter lies in the range of 0.1 - 50 m and most

preferably in the range of 0.5-50ppm.

Binder materials to be applied in the process of the invention may be any
materials that are conventionaily applied as a binder in hydroprocessing catalysts.

Examples include silica, silica-alumina, such as conventional silica-alumina,



with their catalytic activities for DBT nmeasured as described in Exarrpﬁ 5.
Tabl e 2. Conparison of Activity in DBT Conversion Tests with VarﬁétJU(NrM n
Rel ati ve Wand M content PCT/US00/01004
Ammoni umAW@eV43HS ckel ri t ot al CHBI BP- - Mbl ybdat eMet at ungst at el\ﬂ rat e@
350CCat al yst Sanpl e( g) (g) Hexahydrate ().3g0CN

-Ni WO018983-97036. 9543. 6212811. 3NH4- 18983- 1252. 6533. 6243. 6213214. 1IN Mo W
- ONH4- 18983-1017. 9425. 8743. 621541 1. 6Ni Mo W :

- ONH4- 18357- 1091 - )egNbdRi1MA, alumina such as (pseudo)

- ONH4- 1898 g e gty A R e i 18983- 9223. 833. 6943. 62141i
0. SNi Mo W, mﬂ@eoﬂgﬁfbsﬁéﬂ‘i\fahh&%tziﬂcbﬁia@éﬂiorﬁcTcﬂage aramadnis tlayssueh AS an

appr oxi matel'y equi ar m xture of tungsten and nol ybdenum Exaynple 7.

2. 4 JUPJ 2503 1aMBeAfirm] REofhd NSRRING 6P Aiydfidalaits cor pixtafesdhergPlist s wer e
prepared as described in Exanple 3 (direct precipitation) in whi.ch

equi mol ar pyefertedasindérshdre ailita\silimaentpmes . pil drainge LANCtAECORIL 08 MIEBIERNt  was
varied. Deconposition was effected as described_in Examt)l e § .,Tr?§e/0 catal ysts
so prepar aberenf Thesmbindemamiay te apphiad aRispab PRafter RRUAN P e iR ties For
DBT neasured as described in ex le 5. ,Table 3. .Variat.i j.ckel

Cont ent i rpassibleyio app 5\ ecuss eLsof] ggesbinders that, %un}{g lh@bf&‘@sﬂ)f fe

AT U oK) K oL 81. L PLY R BUE! ARG BinBE! iR

(SO0 RN o e, v

- ONH4- 1908, 17 187284 Bibkbr PN mixtMe Walkali metal aluminates and water ,
- OL11NH4- i @8%56(-‘%;%@43%2%87. 3t 489?55Ni 5Mb W-OL12 Catal ytic, performance’

does not chaBgRoPWREhandilied huminarbinder) at moxiwre af peurcesoph Ddisir-oand/ey
al t hough K appears to go t hrough a nmaxi mum at abogl;txﬁl 25 N . Exanple 8. A
series of wmatwhlent mensrwichrsgamadura0iyaLas-SOHDIg Salts ¢§ PR WMPoH used i n

the preparation was varied. The catal ysts wer i :
Prep aluminum and/or silicon (to prepare 1 Gatfonic cFayp P& Siffohid clay),

chlorohydrol, aluminum sulfate, or mixtures thereof.

If desired, the binder material may be composited with a Group VIB metal
and/or a Group VIII non-noble metal, prior to being composited with the bulk
catalyst composition and/or prior to being added during the preparation thereof.
Compositing the binder material with any of these metals may be carried out by
impregnation of the solid binder with these materials. The person skilled in the
art knows suitable impregnation techniques. If the binder is peptized, it is also
possible to carry out the peptization in the presence of Group VIB and/or Group

VIII non-noble metal components.

If alumina is applied as binder, the surface area preferably lies in the range
of 100- . 400 m*/g, and more preferably 150 - 350 m’/g, measured by the
B.E.T. method. The pore volume of the alumina is preferably in the range of 0.5

- 1.5 ml/g measured by nitrogen adsorption.



accordance to the procedure described in Exanpl e~3 except that the anount
of 4. .)UJ 2CC3 WD 001 42128 PCT/ US00/ 01004 -54 NH4OH i n sof ¢tjldriilA was

varied to change to NHFIOH/ N nolar ratio when the two so{,é}/b%ﬁ) were
m xed. D¥OGHMIVIEBt i on was effected as described in Exanple S e catal ysts
so prepared are shown in Table 4 along with their catalytic activities for
DBT neasured as described in Exanple S. Table 4. Variation in NH40H
Addition to Preparation

Catalyst A e ke hiGriaT 10 be aGUBE HPieNsreb s dtihernehtiogst at eni tr

gog?Sarm}I]gs(lgg; G ARA A WAL RGN BRPATK ot @)Y NG iL&NBIHIE 7. 6524. 643. 65

0210. 596 ; 11 7CBSehuBaly 28v 4dRA8 A derinaRsial . e 68MnGoRihe el 6712, 823
:119086-%9?‘%@5@%%7. 3411 U‘411.y41%44: 119086- 17. 6S24. 687. 35516112 1] 06~ Wi | e

deconposgithRRt Bdmipasitidhansy be reduvepo Tireford, thiz pmeunt of PHEEr MaferRbt a11, of
t he amoni um portion of the precursor, the preparation afyéhe Erecursor and
the cat ateybé added I the prbcesseofdbe insosionigsRery Y Aependson B 455168t ed by the

anmount of NH40I -1 enployed. Thus, the effectiveness.of 4h osition
product aetivityaf the/Snali Gy LHERROSHEITh %H@%N%PE fr&gxt(? O@?%ﬂ?ﬁée@? S 2 f
luUd 293 WO 001 42128 ,PCT/ USCx 1 004 -55. O o ecur sor
conpound thestotalHaAmpRIoR C?’lgf’ﬁué%&é%e?‘?”g@?g{rﬂ% \gﬁéf %S?bl%’lgl to about
4.1, and nore prefgrabl ' LudtindhibseanBighvictibitpeft o be
bound by “BR C‘Bg‘?rf'igﬁlw P/X{.ﬁgg:%e %q&%a%ﬁ?gﬁg%r&%ﬁg“e 'S Soms y

the composition of the present invention, binder amounts to be added are

generally in the range of 0.5 - 75 wt.% of the total composition.

If in the process of the invention, a binder material is used, the resulting
catalyst composition comprises the bulk catalyst particles obtained in step (i)
imbedded in the binder material. In other words, during the process of the
invention, the bulk catalyst particles generally do not disintegrate but normally,
the morphology of the bulk catalyst particles is essentially maintained in the

resulting catalyst composition.

Process step (iii)

The catalyst composition resulting from the above-described process
alternatives can be directly shaped. Shaping comprises extrusion, pelletizing,
beading, and/or spray drying. It must be noted that if the catalyst composition is
to be applied in slurry type reactors, fluidized beds, moving beds, expanded beds,
or ebullating beds, spray drying or beading is generally applied for fixed bed
applications, generally, the catalyst composition is extruded, pelletized and/or
beaded. In the latter case, prior to or during the shaping step, any additives that
are conventionally used to facilitate shaping can be added. These additives may

comprise aluminum stearate, surfactants, graphite or mixtures thereof. These



evidence the NH.,OH/ N ratio causes the N-MWO phase to c: han~e in the
deconposition product. Exanple 9. The catal ysts of exanples 1 anq 2 Jene

conpar ed agai nst standard supported Ni-M catalysts for the

P

n of a
LSADO (| oWQ@PHIR8 aut o di esel oil feed). This feed contai nede gﬁ{@g@h _
sul fur, 50 wppm nitrogen, and 30.G-In aggematics with a gravity of 39.8 API.
The catal ysts were tested at 579F, G0 psig of H-, and 1850 SCFH B of H-~.
The relative activities of the different catalysts are sumrari zed in Table

5. Table 5., Rel at | = td D(Fureiesd, wh
Gat alyst RAIGSTVE A br AN CACERT SR QoL o R T

ActiVvitN, A0 2N MadeR 1231y 2R sirhbleNd add-d0lds4gti@3oThe shipingbl Al ~O-
cat al yst izl;mgﬁ‘é% %dard sHDNI HDS cat gl yst, the NH4-Ni Mo phase is the bul k

phase wi t hst@?_sbéﬂ‘%hﬁﬁl: aRMWd inerdds¥ 1 mechdicA\WBsnadh of thhexbudriephase with

partial subs

itution of Wfor Md. The NH4-N Mo-O catalyst is al so

representative Rfis neferredahmaubitser Faterediangdad pron i Be SAYRABISER: i s
illustrated by NHa-N,.oMo sW.s-O and the data, show the cl ear fgjvant age
of anmoni uRurnbek & istprefestedithabthgishapiagistep WONTAed PYY ythe BICSTRFE O 8.

Preparation of a bulk catalyst conposition

accordi.ng, to the i out e:
n n' ~ ~ .~Heuid, such as water. Preferab?y, the amouant of ﬁqm% inthe xS oR HikthrkoU

expressed as LOI is in the range of 20 80%

The resulting shaped catalyst composition can, after an optional drying

step, be optionally calcined. Calcination however is not essential to the process

of the invention. If a calcination is carried out in the process of the invention, it

can be done at a temperature of, e.g., from 100° 600°C and preferably 350° to

500°C for a time varying from 0 5 to 48 hours. The drying of the shaped

particles is generally carried out at temperatures above 100°C.

Additional process steps:

In a preferred embodiment of the invention, the catalyst composition is

subjected to spray drying, (flash) drying, milling, kneading, or combinations

thereof prior to shaping. These additional process steps can be conducted either j

before or after a binder is added, after solid-liquid separation, before or after

calcination and subsequent to re-wetting. Itis believed that by applying any of

the above-described techniques of spray drying, (flash) drying, milling,

kneading, or combinations thereof, the degree of mixing between the bulk

catalyst composition and the binder material is improved. This zivpplies to both

cases where the binder material is added before or after the application of any of

the above-described methods. However, it is generally preferred to add the

binder material prior to spray drying and/or any alternative technique. If the

binder is added subsequent to spray drying and/or any alternative technique, the

resulting composition is preferably thoroughly mixed by anyvconvemional



WO 00142128 PCTNS00101004 -56 18.1 kg-anmoni um-dt nol ybdate ( 112343%%%051)
are dissolved in 575 liters water. Subsequently 28.5kg ammoni um
nmet at ungstate (24 69kg WO~) is added to the sol ution. TheP 0;0.5({39
sol uti onyvooprieheat ed up to 90C. 26.Skg NiCO (49.710 N) (F) er 1s mxed
W th water and the resulting paste i sjadded to the ammni um
di nol ybdat ¢/ anmoni um net awngst at e sol"uti on. The resulting mxture is
reacted for 7 hours at 89C. Exanple il. Preparation of a bulk catal yst
conposition accordi n(g to.the

t@s

_ .sol utjon route: - ictiBht fd ask, 13.2 g
- ammoni unteRBRIBE RNET ](WB“%'DIAé’s“(*WP!agleé).f’?y'g"aSR#&nﬂmérrigtlgttungst ate (0.075
noles W and 43.6 ni ckel , ni it @pgledol €es N ) were
di ssol velaftEWals sﬁgawata& Ogglé%ﬁﬁ?'ﬂgﬁsgﬂpﬁlﬁé pH equal ed 4. 3. 'hl'o this
solution) a ¢Q t.r ' heahboNe-§&ribked prasesaedwdhunti|l the
pH reached lg.rﬂﬁﬁrqeh@%é%,gﬁgﬁ%}%ﬂfgilpi tate remai ned. The sol ution was

ref] uxed, 5006 thbirdicl aulionRdhilanpplicd. [Feainstancet partpf b pindgt e di ssol ved

to give a Clear ue solution and on further heating, a green precipitate
fornmed. Ffigeriaahbhmne d&@%dmlﬂih'gnhedramrdtlomcbfethprbu%é%!ﬁb’d‘ 80WROEEOBet ween 6. 8
and 7.0. The suspension was cooled to roomtenperature, filtered, washed
wi th wat end pard ofthedimter 120gidwen hegrided agapy sihsegrea s BI'OWer e obt ai ned.
Exanpl e 12. (sanple 2110S87) 657g of a Ni - M- W bul | yst conposition
obt ai ned shamiogdiFnghen it 51§ PR %Oaxa%‘armw&&y‘\i/“hgﬁésﬁﬁéé‘s 10 or 11 was
added to 1362 g of dan gﬂueous slurry containing 125g of alum na (prepared
by preci pbpxedesaribgd KSAMANCH uni nate and al uminum sulfate). The resul ting
Ni - Mo- Wbul k catal yst al um na conposition was subsequently m xed at 80C
until an LA of 31 ~lo was obtained. The resulting conposition was

subsequent Iy G EGHoREBradaSs stefs theklo@INQUDMELEE cpamplUsboki01004 - 57

extrudates were drie 120C for about 90 m nutes and subsequent]y
cal ci ned @  B88F1d Qbjeditng e caialysaicompExidiop! te SPBLY qryHifpIthe mPYRLYs) The
process of ~ Exanpl e 1% was repeated except nat }nstﬁad of tt}@ l,um na
suspensi diguid isido losv, adbitmat bgwicgu ! ’ r ppFi'’ed. Exanpl e
i dig idoi low, sdittemat hawidrmustbevadded; J1, onthe QR §1°' d |
14. (sanple 2110591 ) 6579 of a N -M-W bulk | GPARORIotHi O obt ai ned
accor di ngoNer X YseRRfUNE cavbyst FB@BOF‘WOEXQW&%Z%@%Z?I@?MS gd&%ﬂ to 510,
of a boehm te paste.,.containin M t81d TiBgid fdicioviaasis was mi xed
at 60C to ‘H“Qﬁhﬂb} ws%ﬁ{gb_]d%l?g%ggggm,%%g 1(@0@%3@“ on was extruded,

2110460) . R Sl AR E??@é%”?’?‘%‘i‘?ESF?%“??W&‘”?SP'EE?Q' except
that be dried and subsequently be re-wetted to a certain amount. For all the above
process steps, it is within the scope of the skilled person to control the amount of
liquid appropriately. Generally, it may be preferred to choose the amount of
liquid during the process steps (i) and (i) in such a way that no additional drying
step is necessary prior to applying spray drying and/or any alternative technique
or shaping. Further, it is preferred to carry out any of the above techniques in
such a way that the resulting, e.g., spray dried and/or kneaded composition
contains an amount of liquid which allows the composition to be directly shaped.

Spray drying is preferably carried out at an outlet temperature in the range of

100°- 200°C and more preferably 120° - 180°C.

Apart from the binder materials described above, it is also possible to add
conventional hydrodenitrogenation catalysts. These catalysts can be added in the

spent, regenerated, or fresh state. In principle, it is hydroprocessing catalysts



alumna is present during the preparation of the bul k catal yst conposition.
To 7559 of the resulting dried N -M-Whbulk catalyst - alum na carpdf ¥ilon
cont ai ning 60g alum na, 461g water and a small anmount of nitric acid were
added. Thavo em42128 ng m xture was ni xed at 70C while evapor aR¢HYSRAIYF unti |
an LA of 34%was obtained. The resulti 99 conposition was extruded, dried
and cal ci ned as described in Exanple 1?. Exanpl e 16. Ammoni um nol ybdat e,
anmoni um t ungst en and/ or amoni um chronmate are di ssol ved and conbined in a

fi . Th .Sel F , : | It i

i <ol ved stRh 35 EORuePEL B oA BAHERT Y eheltifuo J08 R Mlallad, o711 °
dded to t.h | : t : ~ ' ' i ivlel t al

ol uti on 10050 BG4 R HAEHALpPRTEIRePBRFOR e okds iSleRsiie® TN

2Q03 VO O%ﬁl?yjaﬁﬁﬂ%Qg%@é%@%ecg&oetmwmaxNésewha@imMiaaer tierial

precipitate I's tered and washed. The precipitate is dried overni ght at

1 20C and ! grbAgdorthed&TGs réplacad fally Tor iffparpbyaicpnvettiamal met hod of Exanpl e
16 was used to prepare a precipitate from amoni um di nol ybdate, ammoni um
met a t ungshyairepranessiey tAthyNO; )i prifcipBOthaicadnyioshbhydreprecsssing satadysive . %
Fe~O~-, 21.3 wt.~lo MoG, and 36.9 w.% WD~. The surface area of ,the

preci pi t at@nvesaddgdrat ahy stagecofibe raasiss 0 thespieserRiiAEeNYR PHOBE thi by BET
usi ng the adsorption_curve was

, 0.147 nm/g. EXx l,e 18. Th i RLiati
ot hod of eaa Bene WALNIEoNEH5PLHNF ST pr bRl REEBES6H 0,
NH. ~) ~MD~0~44H~ d (NH=).~Cr ~O-. i 7. 7% M LS w .~/
N O 0.4 BROHPNDBSTARE L8 Gt R et fir BB op B et - 0
preci pi L atg, pasy Q smT&hesangiog %Bérﬁa;ﬁ%n% (R aHpadtiBR of ehaBUMM by BET

usi ng the adsorption curve wa g. Exanple 19. The precipitation

met hod of ExaeRl &mpodasen %ﬁ%?rib@t%@&@ﬁﬁi@q of g iintiat waferiai Hid(@03) ~GH-O,
(NH4) 6 H~W ~040, and (NH4)~C~O- in 87.7%vyield conprising 44.0 wt.% N O,
42. 4 wt . % ¥¥@3ng,and/crisudsedquett @ te-addiiien sfitlesiader matesfalt bt psrasdPpi t ate was
199 m "/g. The pore volune as nmeasured up to 60 nm by I%ESI' usi ng the

adsor pt i onspray dyingaer yzaerndtive mehoss pad/ay dunngsmd/ OrauosEHeR A SPTBY ocessed

at raffinate hydrocracking condjtipns i.n a small-. scal e j 4ni er
both a conUBRRE BHARY twaﬂyaf’&t"f‘%‘ﬁ%@‘?ﬁ—fﬂﬁ%ébﬁ? S,ts‘?ép itRb bOLsibiR4b a8Y
a conventional hydroprocessing catalyst during the compositing step (i) with the

binder If desired, the conventional hydroprocessing catalyst may be milled before

10 being applied in the process of the invention.

Furthermore, a cracking component may be added during the process of
the present invention. A cracking component in the sense of the present
invention is any conventional cracking component such as cationic clays, anionic
clays, zeolites such as ZSM-5, (ultra-stable) zeolite Y. zeolite X, ALPO's,
SAPQ's, amorphous cracking components such as silica-alumina, or mixtures
thereof. It will be clear that some materials may act as a binder and a cracking
component at the same time. For instance, silica-alumina may have at the same

time a cracking and a binding function.

If desired, the cracking component may be composited with a Group VIB
metal and/or a Group VIII non-noble metal prior to being composited with the

bulk catalyst composition and/or prior to being added during the preparation



and the bul k netal catalyst. Feed quality, operati#sg conditions a&d gu*)?pm
plant test results are given in the table below The relative con e[F |

activity for the bulk 2 4 J~iJ 1Q03 WO 04142128 PCTIUSOOl%%&ﬁ bﬁ%+netal
cat al yst WO 08823280 400% hi gher than for the conventional c 0010 e

extent of saturation was also higher. Lybe yields at the sanme product
quality VI were simlar for both catalysts. 250N Ratfi nate FeedConventi onal
Ni Mo HT Catal ystBul k Metal Catal ystH2 Partial Pressure , pslgl B001800 1

R o B Cot i GO B A e, ¢
~0.7 1 437 - ks %281 837 . 1als

70! 237oc+ctied U BN mgReng D b MG SRR ok R R T e on

Catal yst Activity Versus Fresh Conventional NIMo HT Catal t /e667169316304
~411Dewaxed 370C+ Product Pro ertiesKm-matic Viscosity t~ 40 C

cSt 56. 1538. 7232Th@3ack2R2cO638nE 2n 1\Adaled it EnPotage 3 0Be process of the
~114110115127t 20Sat ur at es, W %6596 ~95979q9999 Exanpl e 21. An FEC |i ght

cycle gas pidsefiLiGeEhtiomgrier iy die shiedingntepablpweaetimsarsfanad to € wer e
processed at Stage 1 hydrocracking conditions in a snal é ﬁcal e pilot unit
over both erachmgseamperent KuNDE e EOMPOsIngSIgRr) Witk 4hs Bindgh 4

Generally, it depends on the envisaged catalytic application of the final
catalyst composition which of the above-described cracking components is
added. A zeolite is preferably added if the resulting composition shall be applied
in hydrocracking or fluid catalytic cracking. Other cracking components such as
silica-alumina or cationic clays are preferably added if the final catalyst
composition shall be used in hydrotreating applications. The amount of cracking
material that is added depends on the desired activity of the final composition
and the application envisaged and thus may vary from 0 - 80 wt.%, based on the

total weight of the catalyst composition

If desired, further materials can be added in addition to the metal
components already added in step (i). These materials include any material that
is added during conventional hydroprocessing catalyst preparation.. Suitable
examples are phosphorus compounds, borium compounds, fluor-containing
compounds, additional transition metals, rare earth metals, fillers, or mixtures

thereof.

Suitable phosphorus compounds include ammonium phosphate, phosphoric
acid, or organic pﬁosphorus compounds. Phosphorus compounds can be added
at any stage of the process of the present invention prior to the shaping step
and/or subsequent to the shaping step. If the binder material is peptized,

phosphorus compounds can also be used for peptization. For instance, the binder



the bulk metal catalyst., Feed quality, operating conditions and pilot plant
test results are given in the table below. The relative denitro d{mﬂﬁli

activity for the bulk nmetal catalyst was 2S0 to 550% hi gher than r the
conventi V@POXRMI yst.  z ~ ~~~ Z~0~ WD 00/ 42128 . 60 PcFﬁTﬂé@(%’PI)@ﬁm
LCCOHVGEOConvent i onal N Mo HT Cat al tB;l,k Met al

Cat al yst FeedFeedFeedL CCOHVGOLCCOHVGOHZ “Paril al Pressure , ~ sl ~1200 ~2100

~~1200 ~210j H2 Treat Gas Rate, SCF/bbl ~4900 ~ 6300~49006300 i -.IIRX

T_errp, C299 360299, D~-R X L.HSY, .hnl - . -~ P.
(|;(Ii B rogen,C‘Wzl?ﬁm%?gg ;Yﬂém‘gﬁéﬂé&éthBé%HﬁOg‘&e“ﬁg‘é ‘D%F\&Q@o‘f tFjiﬁﬁlrr’\g‘SEI }Aect Vi,
0. DO10G ;91005515)&%0199 and RGP Wg, 2 ~ JUN ZC03

Suitable additional transition metals are, e.g., rhenium, ruthenium.
rhodium, iridium, chromium, vanadium, iron. cobalt, platinum, palladium,
cobalt, nickel, molybdenum, or tungsten. Nickel, molybdenum ,and tungsten can
be applied in the form of any of the water-insoluble nickel, molybdenum and/or
tungsten components that are described above for the solid route. These metals
can be added at any stage of the process of the present invention prior to the
shaping step. Apart from adding these metals during the process of the
invention, it is also possible to composite the final catalyst composition
therewith. It is, e.g., possible to impregnate the final catalyst composition with

an impregnation solution comprising any of these metals.

The processes of the present invention for preparing the bulk catalyst
compositions may further comprise a sulfidation step. Sulfidation is generally
carried out by contacting the catalyst composition Or precursors thereof with a
sulfur containing compound such as elementary sulfur, hydrogen sulfide or
polysulfides. The sulfidation can generally be carried out subsequently to the
preparation of the bulk catalyst composition but prior to the addition of a binder
material, and/or subsequently to the addition of the binder material but prior to
subjecting the catalyst composition to spray drying and/or any alternative
method, and/or subsequently to subjecting the composition to spray drying and/or
any alternative method but prior to shaping, and/or subsequently to shaping the
catalyst composition. It is preferred that the sulfidation is not carried out prior to
any process step that reverts the obtained metal sulfides into their oxides. Such
process steps are, €.g., calcination or spray drying or any other high temperature

treatment in the presence of oxygen. Consequently, if the catalyst composition is



- 61 CLAIMS: 5 1. A.process for preparing lubricating oil basestocks which
conprises: (a) contacting a hydrocarbon feedstock derived from at? 4 ¢@é6llibne
of thermal treatnent, catalytic treatnment, 10 extraction, dewaxi ngo or

fracti ond¥O©0m42328 a petrol eum crude or fraction thereof, s U100
sands or synthetic crude with a bulk ngtal catalyst under hydrocracking
conditions, said catalyst conprising non-noble Goup VIII netal nolybdate
in which at |least a portion but |ess than all of 15 nol ybdenumis repl aced

by tungstep:, %&gt d %Bragrdgfiltnig?dﬁﬁgﬁf{%‘ﬁ{w%8’9%{"%%&%@@&% o6lfidafioRTshoude a

di stillat'e YUubricatiin A process for producing

| ubr i cat i jgcgied @ﬁB%@nm (hB pPIRAHSES arfypdf thesmathalshydr ocar bon
f eedst ock d%@?l\?e fromat | east ogg of therna)fadtreat ment, catalytic

treatment, 25 extraction, dewaxing or fractionation of a petrol eum crude or
fraction thereof, shale oil, tar sands or synthetic crude, to a first
hydr ocr acki ng Addiiamhtyabnonigseeatyodr osulfichtion seat dieynrk gaeetn sai d
hydrocracki ng catalyst is a bulk netal catalyst c&gyri ffj ng non;pg%l e Goup
VI 11 30 neerapositipyimarst e preparsdiiont atlleast ong rpgipk swhhdeuil ces dhe all of
mol ybdenum i s repl aced by tungstepn. (b) hydrocracking the feedstock under
hydr ocr acKiUig l%ﬁﬂile@ilﬂﬁégﬁ éi)’ﬁg%gﬁﬂecéal%(§b¥%‘?wgﬁaq g‘é&é"tpd’é%&gor 4 JUN
2Q03 nickel sulfide and/or molybdenum sulfide and/or tungsten sulfide.

If the catalyst composition is uscd in a {ixed bed processcs, the sulfidation
is preferably carried out subsequent to the shaping step and, if applied,
subsequent to the last calcination step. Preferably, the sulfidation 1s carried out
ex sity, i.e., the sulfidation is carried out in a separate reactor prior to loading the
sulfided catalyst composition into the hydroprocessing unit. Furthermore, it is

preferred that the catalyst composition is both sulfided ex situ and in situ.

Catalyst Compositions of this Invention

The present invention further refers to catalyst compositions obtainable by
any of the above-described processes. Furthermore, the present invention
pertains to a catalyst composition comprising bulk catalyst particles wherein the
bulls catalyst particles comprise 30 - 100 wt.% of at least one Group VIII non-
noble metal and at least one Group VIB metal, based on the total weight of the
bulk catalyst particles, calculated as metal oxides and wherein the bulk catalyst

particles have a surface area of at least 10 m’/g.

Catalyst compositions comprising bulk catalyst particles comprising one
Group VIII non-noble metal and two Group VIB metals are preferred. It has
been found that in this case, the bulk catalyst particles are sintering-resistam.

Thus the active surface area of the bulk catalyst particles is maintained during



WO 00i a212s -62 PCTNS00/ 41004 .(c) conducting the hydrocracked feed; tioN 2003
second hydrocracki ng zone contai ning a second hydrocracki ng catal yst and

hydr ocracki ng the first hydrocracked feed under hydrocrackil%]}g”ﬁ&@m@j‘ons to
produce awge@mentkshydrocracked feed; and (d) fractionating thé Secon

hydrocracked feed to produce a distillgte lubricating oil fraction. 3. The
process of claim2 wherein the second hydrocracking catalyst is a bulk
nmetal catal yst conprising non-noble Goup VIII netal nolybdate in which at

| east a portion but |ess t | f | i ten. 4.
The pr o chese o helaplaroun el LiraoR b@&tg&%ﬂ%’?@? RohSndtfiP hRdsH rhgdsungst en

ocracking catalyst is a

crystalline h ot Al i . hed oF @ coftor o n th
crzst al li ,g@ngfgg@ﬁ?{gﬁ] ﬁﬁﬁrgﬂﬁg@ﬁ%@a@ fr-ﬁg\g 3PF 0§85 SIndthe @ade of dcofeerei n the

. . e : process of clai m 4 wherein the
STrersy SRR AL L Tt Ty, ettt | & o
(3 A Rt e
+d)yJl2. particles, the ratio of the different Group VIB metals is generally not critical.

The same holds when more than one Group V111 non-noblc metal is applied. In

the case where molybdenum and tungsten are present as Group VIB metals, the

molybenum:tungsten ratio preferably lies in the range of 9:1 - 1:9. Preferably the

Group VIII non-noble metal compriscs nickel and/or cobalt. 1t is further |

preferred that the Group VIB metal comprises a combination of molybdenum

and tungsten. Preferably, combinations of nickel/molybdenum/tungsten and

cobalt/molybdenum/tungsten and nickel/cobalt/molybdenum/tungsten are used.

These types of precipitates appear to be sinter-resistant. Thus, the active surface

area of the precipitate is remained during use.

The metals are preferably present as oxidic compounds of the
corresponding metals, or if the catalyst composition has been sulfided, sulfidic

compounds of the corresponding metals.

In the following the bulk catalyst particles (in the following designated as
"particles™) which are present in the catalyst composition of the present invention

will be described in more detail:

Preferably the particles have a surface area of at least 50 m*/g and more
preferably of at least 100 m’/g measured 'VIB the B.E.T. method. Itis
furthermore preferred that the particles comprise 50 - 100 wt.%, and even more
preferably 70 - 100 wt.% of at least one Group VIII non-noble metal and at least

one Group VIB metal, based on the total weight of the particles. calculated as



WO 00/ 42128 -63 2 4 JU~-~ 2G03 PCT/ USO0/ O100A 8. TFhe process of cl egl N?zgp
wherein the nolar ratio of b:{c+d) is 0.7511 to 1.5/1. 9. The process o]

claim8 wherein the nolar ratio of b:(c+d) is-0.75/1 to 1. 2511, ]19 The
process wo mMaiz® 7 wherein the molar ratio of c:d is >U 1PFT/USQYOI00H, o

process of claim 10 wherein the nol ar , atio of c:d isl1l/10 to 10l11. 12. The
process of claim 1l wherein the nolar”ratio of c:d is 113 to 311 13. The
process of claim1 wherein the hydrocracking conditions include

tenperatures of fro 300to4 11899 to 3500
‘psi g (6995}2[@‘00)2‘@%4 F’é‘)“oulnf aﬁ&m%wg ’%@E@Rﬁﬁ&?’ |'g(§sb]%¥ iﬁrém 0.2 to 4.0
and hydroge at 1000 to I 5000 scf/B ( 178 to 2670
m*'/nB). e%gp?y %’ﬁge g@@gﬁ%ﬁg ]%‘rpggnmherel n the hydrocracking conditions in
the first and second hydrocracking zones include tenperatures of from 300
to 480 C, hydrogen pressures of from 1000 to 3500 psig (6995 to 24234 KPa),

l1quid hourly Iigsaﬁ@su\é%' B4 ﬂhb?%ré)&zé apmiBuior of thedatdehydammenimatelyt gas
rates of from 1000 to 15000 178 to 2670 nB/ nB%VI 15. The process of
@

clai ms 1tRé sZmehgItRe Bnt e cdmﬁdmulohal leydrotreatdag caiglystst rgdmp@mqugarsm vent
extracted under solvent extraction conditions to duce finate rich
i n par af fthedecpdryidtesdmvb gefesnblly apoexvoliote of QRS- rﬁo g{l’ (gngtqrg pre crably

of 0.1 - 4 ml/g, still more preferably of 0.1 - 3 ml/g and most preferably 0.1 - 2

ml/g determined by nitrogen adsorption. Preferably, pores smaller than 1 nm are

not present. Furthermore these particles preferably have a median diameter of at

least 50 nm, more preferably at least 100 nm, and preferably not more than 5000

um and more preferably not more than 3000 pn. Even more preferably, the

median particle diameter lies in the range of 0.1 - 50 pm and most preferably in

the range of 0 5 - 50 pm.

It was found that the bulk catalyst particles have a characteristic X-ray
diffraction pattern which differs from catalysts obtained by co-mixing and
conventional hydroprocessing catalysts obtained by impregnation. The X-ray
diffraction pattern of the bulk catalyst particles comprises, and preferably
essentially consists of, peaks characteristic to the reacted metal components. If,
e.g., nickel hydroxy-carbonate has been contacted with a molybdenum and
tungsten component as described above, the resulting bulk catalyst particles are
characterized by an X-ray diffraction pattern which comprises peaks at d values
of (4.09), 2.83,2.54,2.32,2.23, 1.71, (1.54), 1.47. Values in brackets indicate
that the corresponding peaks are rather broad and/or have a low intensity or are
not distinguished at all. The term "the X-ray diffraction patiern essentially
consists of " these peaks means that apart from these peaks, there are essentially
no further peaks contained in the diffraction pattern. The precipitate for catalyst

obtained by the solution route has a characteristic X-ray diffraction pattern which



hydrocarbons. 16. The process of claim15 wherein the raffi natg,;i Eavent
or catalytically dewaxed. WO 00142128 PCT/ USOO 01004 17. The ‘pr?ﬂ @

claims 1 or 2 wherein the distillate lubricating oil fracti ' vent ur
cat al yti M¥PI0)4H3haxed. 18. The process of claim 15 wherei nk’{%ﬂ@@%ﬁ\%‘m i s

furfural, phenol or N-methyl-?-pyrollifone. 19. The process of claim 16
wher ei n ;olyent or catalytically dewaxed product is hydrofinished under
hydr of i ni shing conditions. 20. The process of claim 17 wherein solvent or

e G L b T )

condi tions eln catal ytic dewaxing is by an

ei ght, 1Q51ydid db'td]ﬁedTB&@ﬁﬁb‘r@gnatﬁo@:vQ’orZﬁstaffé@tH&rmqe?a:ﬁﬁfac@balpmtm ofher ei n
catal ytic deV\/aX| ng I's an eight) 10 or 12 ring nol ecul ar sieve. 23. The

process aqf NQJIﬁbﬂWﬁreUMaﬁa % % repaidll by thg sobitbmutane haepeakssatal vaoes ofe or a
silicoal um nophospate. 24. The process of claim22 wherein the 10 ring
mol ecul ar2.52eV&2iandal .4@0l ite or a silicoal um nophospate.

Generally, it is possible to perform the above-described process in sucha
way to obtain bulk catalyst particles characterized by an X-ray diffraction pattern
that does contain virtually no peak characteristic to the metal components applied
in this process as starting materials. Of course, if desired, it is also possible to
choose the amounts of metal components in such a way as to obtain bulk catalyst
particles characterized by an X-ray diffraction pattern still comprising one or
more peaks characteristic to at least one of these metal components. If, e.g., a
high amount of the metal component which is at least partly in the solid state
during contacting is added, or if this metal component is added in the form of
large particles, small amounts of this metal component may be traced in the X-

ray diffraction pattern of the resulting bulk catalyst particles.

Generally, if the solid route is applied, at least one of the metals is
anisotropically distributed in the particles. The metal of the metal component !
that is at least partly in the solid state during the solid route is generally
concentratea in the inner part, i.e., the core of the final particles. Generally, the
concentration of this metal in the outer part, i.e., the shell of the particle is at
most 95% and in most cases at most 90% of the concentration of this metal in the
core of the particles. Further, it has been found that the metal of ‘a metal
component that is applied in the solute state during the solid route is also
anisotropically distributed in the particles. More in particular, the concentration
of this metal in the core of the particles is generally lower than the concentration
of this metal in the shell. Still more in particular, the concentration of this metal

in the core of the particles is at most 80% and frequently at most 65% and often



25. The process of claim 19 wherein the hydrofinishing conditions incl ude
a tenperature of from200 to 370 C, pressure of from 150 to 30004pkiNgi0d1136

to 20786 kPa), liquid hourly space velocity of from0.2 to
hydr ogen woeats21eéit e of from 100 to 5000 scfB ( 17.8 to BQOPQ&%@WOO@ 7 ~

.1 UPV 2(13 WO 00/ 42128 PCT/ US00/ 01004 65 26. The process of claim 20
wherei n the-hydrofinishing conditions Tnclude a tenperature of from 200 to
370 "C) pressure of from 150 to 3000 psig ( 1136 to ?078G kPa), liquid

hourly space vel] o¢i of fromaQ.? 5. aforgdathat of from
100 10 5000“@%,&5/%% PH*%’. @orzc&ng@gow? R“‘?“qﬁgpg\‘r@%@w&?ﬁ?@%& ¢I'ai m 25 wher ein
the hydrofinishing conditi. I.: an: fchfAbefongdgdatied yst contai ni ng
at | east ‘S?ﬁé‘b@’ﬁ' SV?'?PTA ﬁ@?&%f"g%&aﬁ%@g‘r%g@ Cgf cl ai m 2G wher eéﬂn t he

hydr of i ni shi ng. . ety ' u figonswhepecdteal opsposeiontt kdsni ng at

| east onecﬁllggi}ﬁ@maﬂ}lr‘r%pg’lemggf H‘?ﬁgeﬁgéglygsgmgf cl ai m 27 wherein the

hydr of i ni ghingnicRkalY $ot had/oRgulfided. met al catal yst. 30. The process of
cl aim 28 erein the hydrofinishing catalyst is the bulk nmetal catalyst.

31. The process of clainms 1 or 2 wherein the lubricating oil basestocks are

G oup Il basestocks having at |east about 90%sat ur at a r,nagont ent
| ess than aboufn thcdxbone. asemdheshall bas aenerghya s .c%é’?%zpnél@do%gs‘lgaof

claims 1 or 2 wherein the lubricating oil. basest : I

basest ockprefavabiy ohd 00 e 200 rapodt eg@)&@ét‘)&r‘g‘?%é’)"nﬁ&éiﬁgﬁ %ﬁy £e{nt | ess than
[0) .

about 0. O:c)’:ovrrvmtﬁos/(i)tﬁ)r;ldofath\ellin\l/eensiisont Fr%?erlaglgflies in the range of 5 -.100 wt.%. based

on the total weight of the catalyst composition.

As previously been mentioned, the catalyst composition comprises
additionally a suitable binder material. Suitable binder materials are preferably
those described above. The particles are embedded in the binder material that
functions as glue to hold the particles together. Preferably, the particles are
homogeneously distributed within the binder. The presence of the binder thus
Jeads generally to an increased mechanical strength of the final catalyst
composition. Generally, the catalyst composition of the invention has a
mechanical strength, expressed as side crush strength of at least 1 Ib./mm and
preferably of at least 3 1b./mm (measured at extrudates with a diameter of 1 - 2
mm). The binder material generally contains 0 - 90 wt.% of the Group VIB and
Group VIII non-noble metals which are also contained in the particles. The
binder material generally even contains these metals if it has not been

composited with any of these metals prior to being combined with the bulk

catalyst composition of step (i).

The amount of binder depends on the desired activity of the catalyst
composition. Binder amounts from 0 - 95 wt.% of the total composition can be
suitable, depending on the envisaged catalytic application. However, to take

advantage of the unusual high activity of the composition of the present
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preferably at least 01 ml/g as determined by water porosimetry. To obtain
catalyst compositions with high mechanical strength, it may be desirable that the

catalyst composition of the invention has a low macroporosity.

Characterization Methods

1. Side crush strength determination

First, the length of. e.g., an extrudate particle is measured, and then the
extrudate particle is subjected to compressive loading by a movable piston. The
force required to crush the particle is measured. The procedure is repeated with
at least 40 extrudate particles and the average is calculated as force (Ibs.) per unit

length (mm).

2. Water porosimetry

The pore volume of a sample is determined by filling the pore space to
saturation with water. The quantity of water is determined by its volume added
or the weight increase of the sample. The pores space can be filled by
incrementally adding water from a burette to the sample, with vigorous shaking
after each addition, until the first sign of wetness at the outside of the sample
appears. Another possibility is to saturate the sample contained in a tube fitted
with a porous bottom with water in an uitrasound bath. The excess water (the
water not residing in the pores) is removed VIB centrifugation and the difference
in the dry and saturated catalyst weights is then used to determine the total water

uptake. From this, the pore volume is calculated.

3. Determination of the lose on ignition (LOI)
A sample is mixed well to prevent inhomogeneity. The weighed and

mixed sample is transferred to a preheated and weighed crucible. The crucible is
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then put in a drying oven or cold muffle furnace and the temperature is
increased. The sample is dried or ignated at this temperature for one hour. The
crucible containing the dried or ignated sample is cooled in a desiccator and

weighed again.
The LOI is determined according to the following formula

(h-¢)
a

%LOI! = x100

where a is weight of the sample (in gram), b is the mass of the crucible and the
sample before drying and/or ignition (in gram), and ¢ is the weight of the

crucible and the sample after drying and/or ignition (in gram).

In the pracess according to the present invention, a Group VIII non-noble
metal-containing compound in solution and a Group VIB metal-containing
compound in solution are reacted. Thus, the metal compounds are in the solute
state when reacted to obtain a precipitate. The Group VIII non-noble metal-
containing compound and the Group VIB metal-containing compound may be in \
solution when added to the reaction mixture or else will become dissolved when
present in the reaction mixture. In the latter case, the metals are actively
dissolved in the reaction mixture, for instance by stirring, increasing the amount
of solvent, changing the temperature, changing the pressure, or changing the pH.
The metals may be dissolved in any protic liquid such as water, carboxylic acids,
lower alcohols such as ethanol, propanol, etc., or mixtures thereof. Of course, a
protic liquid must be chosen which does not interfere with the precipitation

reaction.
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Within the context of this description soluble means soluble in the solvent at the

temperature and pH of the reaction mixture. Suitable nickel. iron and cobalt salts

which are solbule in water are nitrates, hydrated nitrates. chlorides, hydrated -

chlorides sulfates, hydrated sulfates, heteropolyanion compounds of Ni-Mo-W

(soluble in boiling water), heteropoly anion compounds of Co-Mo-W (soluble in

boiling water). It is also possible to add Group VIII non-noble.metal-containing

compounds which are not in solution at the time of addition, but where solution

is effected in the reaction mixture. Examples of these compounds are metal

compounds which contain so much crystal water that upon temperature increase

the metal compound will dissolve in its own cyrstal water. Further, non-soluble

metal salts may be added in suspension or as such and solution is effected in the

reaction mixture. Suitable non-soluble metal salts are heteropolyanion

compounds of Co-Mo-W (moderately soluble in cold water), heteropolyanion

compounds of Ni-Mo-W (moderately soluble in cold water).

Suitable Group VIB metals are chromium, molybdenum, tungsten, or
mixtures thereof. Suitable chromium, molybdenum, and tungsten compounds are
soluble chromium, molybdenum, and tungsten salts. Said salts can be added to
the reaction mixture in solution, wetted, or as such. If soluble salts are added as
such, they will dissolve in the reaction mixture. They will subsequently be
precipitated with the Group VIII non-noble metal. Suitable Group VIB metal
salts which are soluble in water are ammonium salts such as ammonium
dimolybdate, ammonium tri-, tetra- hepta-, octa-, and tetradeca- molybdate,
ammonium para-, meta-, hexa-, and polytungstate, alkali metal salts, silicic acid
salts of Group VIB metals such as molybdic silicic acid, molybdic silicic tungstic
acid, tungstic acid, metatungstic acid, pertungstic acid, heteropolyanion

compounds of Mo-P, Mo-Si, W-P, and W-Si. Itis also possible to add Group



910%& ()- 7y 10%& ()- !y3g 10%b& () - xHHHI] JUNNAE} _=0! | | T, 10%u&’
91 10% u&' ()- Y10% u& ()- S 0 : I » L0%u&6 1003

10% U& ()-y" 10% u& () - 10% u& () - NQQQQ+QRTV =01 I | p# 1094T& ().~

1> 11090 Zr‘(‘é"?/ﬂz-lz%! 109%7& ()- %1 10%& ()- 10-u 10-u 10, uY.‘(‘)lTé%"B@L’“{’i-

VWL XMXNXOXA X XoXr SA0109%<&’ () - 3109%& (g & 10%& ()- 10TT 10TT 10TT!\ Of

1094 T& ()-!50z 109FT& ()- oX~X[][2~~~"""dE:/ 10< 10< '0! 10%& ()-. 10%& ()-
109%& () - S10%& ()- ! 10%& ()-"10%& ()- " " a@xY:/ 10<l " 10%@& ()-

0% () il ¥ o BiiF LompOtEBwhich¥BhHoVEBsdlution at the time of

addition, but where solution is effected in the reaction mixture. Examples of
these compounds are metal compounds which contain so much crystal water that
upon temperature increase they will dissolve in their own metal water. Further,
non-soluble metal salts may be added in suspension or as such, and solution is
effected in the reaction mixture. Suitable non-solublc metals salts are
heteropolyanion compounds of Co-Mo-W (moderately soluble in cold water),

heteropolyanion compounds of Ni-Mo-W (moderately soluble in cold water).

As will be clear from the above, it is possible to add the Group VIII non-
noble metal containing compound and the Group VIB metal-containing
compound in various ways, at various temperatures and pHs, in solution, in
suspension, and as such, simultaneously and sequentially. Five precipitation

methods will be described in more detail:

1. Simultaneous precipitation at a constant pH, in which process a Group
VIII non-noble metal-containing acid salt compound is added slowly to a
reaction vessel containing a protic liquid which is kept at a constant *
temperature, with the pH being kept constant by adding a base containing 5
Group VIB metal-containing compound solution. The pH is set.such that
(at the chosen reaction temperature) precipitation occurs. The Group VIII
metal-containing compound is added in solution or as such . It was found
that the precipitate prepared by this method had a relatively large particle
size depending on the dosing speed (with low dosing speed larger than 10
um (as measured in the slurry with near forward scattering (Malvern)) and

a large surface area of 100 m’/g or more.

E\)

Simultaneous precipitation, in which process both the Group VIII non-

noble metal-containing compound and the Group VIB metal-containing
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compound are added slowly and simultaneously to a reaction vessel
containing protic liquid and a compound which decomposes upoh
temperature increase and thereby increases or decreases the pH. The
temperature of the reaction vessel is kept at the decomposition
temperature of said compound. In this case precipitation is effected by
pH change, and the pH at the beginning of the reaction differs from the
final pH after precipitation. It was found that the precipitation obtained

with this method had a relatively large particle size (larger than 15 pm).

3. Precipitation, in which process the Group V1II non-noble metal-
containing compound is added slowly to a reaction vessel containing
Group VIB metal-containing compound dissolved in protic liquid (or
vice versa) and a compound which decomposes upon temperature
increase and thereby increases or decreases the pH. The temperature of
the reaction vessel is kept at the decomposition temperature of said
compound. In this case precipitation is effected by pH change, and the
pH at the beginning of the reaction differs frofn the final pH after
precipitation. It was found that the precipitate obtained with this method
had a relatively small particle size (between 1 and 10 um). It was
further found that the amount of Group VIB metal compound which
actually ended up in the precipitate was larger than in any of the other

precipitation methods described above.

4. Precipitation at a constant pH, in which process the Group VIII non-noble
metal-containing compounds is added slowly to a reaction vessel
containing Group VIB metal-containing compound dissolved in protic
liquid or vice versa. The pH is kept such that (at the chosen reaction
temperature) precipitation occurs by adding acid or base to the reaction

vessel.
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5. Solution of the metal compounds in their own crystal water with
subsequent evaporation of the water so that precipitation occurs. In this
method the Group VIII non-noble metal-containing compound and the
Group VIB metal-containing compound are mixed in a reaction vessel
and heated. After solution of the metals the water is evaporated,

optionally under vacuum, to effect precipitation.

One embodiment of the present invention pertains to a process for the
preparation of a catalyst composition comprising a Group VIII non-noblc metal
and a Group VIB metal wherein a Group VIII non-noble metal-containing

- compound in solution and a Group VIB metal-containing compound in solution
are reacted in a reaction mixture to obtain a precipitate, with the proviso that the
precipitate is not nickel molybdate in which at least a portion but less than all of

the molybdenumis replaced by tungsten.

Subsequently to precipitation, the precipitate may be isolated from the
liquid and dried. All conventional isolation methods such as filtration,
centrifugation, decantation may be used. Also all conventional drying methods
are suitable such as oven drying, spray-drying, etc. The precipitate can also be

dried at room temperature.

Optionally, the precipitate is thermally treated in oxygen-containing
atmosphere such as air, steam, in steam and oxygen-containing atmosphere or in
inert atmosphere. Said thermal treatment is conducted at a temperature between

100-600°C, preferably between 350°-500°C.

In a further embodiment of the solution method of the present invention a

filler is added to the reaction mixture and/or precipitate. Fillers may be added to
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the catalyst composition to dilute the catalyst when it is too active or to adjust the
density. These fillers can be added either in suspension or as such at any stage of
the process and combined with any other component added. Suitable fillers
include used hydroprocessing catalyst, regenerated hydroprocessing catalysts,

fresh hydroprocessing catalyst, clay, and mixtures thereof.

The precursor compound can also be readily prepared by one of several
methods, including a variation of the boiling decomposition method used by
Teichner and Astier in which a tungsten compound is added to the initial mixture
of a molybdenum salt, a nickel salt and ammonium hydroxide. Dircct
precipitation and pH controlled precipitation may also be used to prepare the
precursor compound. In all cases, however, water soluble salts of nickel,

molybdenum and tungsten are employed.

Preferably, the molybdenum and tungsten salts are ammonium
compounds, €.g., ammonium molybdate, ammonium metatungstate, while the

nickel salt may be the nitrate or hydrated nitrates.

In the boiling decomposition method, the salts are dissolved in water to
make an acidic solution, after which additional NH4OH is added to make a basic
solution. The solution is then heated to boiling to drive off ammonia and form a

precipitate which is filtered and dried, e.g., at 100-125°C.

In the direct precipitation method, initially the molybdate and tungstate
salts are dissolved in water, NH4OH is added to form a basic solution, and the
solution is warmed. A warm, e.g., 90°C, nicke] salt solution (aqueous) is slowly
added to the initial solution, a precipitate is formed, the solution is hot filtered
and dried. In either the boiling decomposition method or the direct precipitation

method, washing of the filtrate is minimized to prevent leaching.
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In general, all of the components, the Ni, Mo, W, NHj, are mixed in
solution together and heated to a pH <7 to form the precipitate, i.e., the precursor
compound. This may be accomplished by ecither of two methods: (1): adding all
of the components together with an excess of ammonia to dissolve the
components and then heating to drive off the ammonia such that the pH <7
(heating may be at less than 100°C, preferably about 50-90°C); or (2) adding
together one or more separate solutions of each component such that the final pH

is <7; in each case recovering the resulting precipitate.

In another embodiment, a binder can be added to the bulk mixed metal
oxide to maintain particle integrity. The binder can be silica, alumina, silica-
alumina or other materials generally known as particle binders. When utilizing a
binder, the amount may range from about 1-30 wt% of the finished catalyst,

preferably about 5-26 wt% of the finished catalyst.

After recovering the precursor product, regardless of preparation method,
the precursor is decomposed at temperatures ranging from about 300-450°C in a

suitably inert or air atmosphere.

The decomposed precursor can be sulfided or pre-sulfided by a variety of
known methods. For example, the decomposition product can be contacted with
a gas comprising H,S and hydrogen, e.g., 10% H,S/H,, at elevated temperatures
for a period of time sufficient to sulfide the decomposition product, usually at the
point of H,S breakthrough in the exit gas. Sulfiding can also be effected, in situ,

by passing a typical feedstock containing sulfur over the decomposition product.

Any hydrocarbon containing feed which also contains nitrogen may be

treated with the enhanced catalysts of this invention. Thus, the HDN process
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with these catalysts may range from petroleum distillates to residual stocks,
either virgin or cracked, to synthetic fuels such as coal oils or shale oils. The
HDN process is particularly useful with feeds containing high levels of nitrogen,
e.g.. at least about 500 wppm total nitrogen compounds. Nitrogen removal is at

least about 50%, preferably at least about 80%.

Process conditions applicable for the use of the catalysts described herein
may vary widely depending on the feedstock to be treated. Thus. as the hoiling
point of the feed increases. the severity of the conditions will also increase. The

following table serves to illustrate typical conditions for a range of feeds.

FEED TYPICAL |TEMP. | PRESS, SPACE H; GAS RATE
BOILING °C BAR VELOCITY SCF/B
RANGE °C V/V/HR
naphtha 25-210 100- 10-60 0.5-10 100-2,000
370
diesel 170-350 200- 15-110 0.5-4 500-6,000
400
' heavy gas 325-475 260- 15-170 0.3-2 1000-6,000
oil 430
lube oil 290-550 200- 6-210 0.2-5 100-10,000
450
residuum 10-50%>575 | 340- 65-1100 0.1-1 2,000-10,000
450

While the invention described herein shows enhanced activity for
hydrodenitrogenation, most HDN catalysts will also show hydrodesulfurization
(HDS) activity. Consequently, the catalysts and processes described herein will
be useful on feeds containing both nitrogen and sulfur, and will be particularly

useful on feeds high in nitrogen.
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The following examples will serve to illustrate, but not limit, this
invention.

Example 1. Preparation of NH4-Ni-Mo-O Phase (boiling decomposition as per
Teichner and Astier procedure):

In al liter flask, 26.5 g ammonium molybdate (0.15 moles Mo) and 43.6
g nickel nitrate hexahydrate (0.15 moles Ni) were dissolved in_'300 cc of water so
that the resulting pH equaled 4.3. To this solution. a concentrated NH40H
solution was added. At first, a precipitate formed which on further addition of
NH4OH dissolved to give a clear blue solution with a pH of 8.3, and additional
NH4OH (~250cc) was added until a pH of 10 was reached. The solution was
heated to 90°C for 3 h during which ammonia gas evolved and a green
precipitate formed. The final pH lay between 6.8 and 7. The suspension was
cooled to room temperature, filtered, washed with water and dried at 120°C
overnight. About 18.6g of material was obtained. The sample analyzed for Ni
at 26.6 wt.% and Mo at 34 wt.%. The X-ray diffraction spectra of the phase

matches the pattern reported by Teichner.

Example 2. Preparation of NHg-Ni-Mo.5W 5-O by boiling decomposition:

In a 1 liter flask, 13.2 g ammonium molybdate (0.075 moles Mo), 18.7 g
ammonium metatungstate (.075 moles W) and 43.6 g nickel nitrate hexahydrate
(0.15 moles Ni) were dissolved in 300cc of water so that the resulting pH
equaled 4.3. To this solution, a concentrated NH4OH solution (-%600cc) was
added until the pH reached 10. At this point, some precipitate remained. The
solution was refluxed at ~100°C for 3 h. During this heating, the precipitate
dissolved to give a clear blue solution and on further heating, a green precipitate

formed. The heating was continued until the pH reached between 6.8 and 7. The
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suspension was cooled to room temperature, filtered, washed with water and
dried at 120°C overnight. 18 grams of material is obtained. The X-ray
diffraction spectra of the phase is given in Figure 2 showing an amorphous

hackground with the two largest peaks at d=2.58 and 1.70A.

Example 3. Preparation of NH4-Ni-Mo sW 5-O by direct precipitation:

Ina ] liter flask, 17.65 g of ammonium molybdate (0.1 mole Mo) and
24.60 g of ammonium metatungstate (0.1 mole W) were dissolglcd in 800 cc of
water giving a solution pH of ~5.2. To this solution 0.4 moles of NH4OH (~30
cc) was added, raising the pH to ~9.8 (solution A). This solution was warmed to
90°C. A second solution was prepared by adding 58.2 g of nickel nitrate, (0.2
moles Ni) which was dissolved in 50 cc of water (solution B) and maintained at
90°C. This solution was added dropwise at a rate of 7 cc/min into the
ammonium molybdate/ammonium metatungstate solution. A precipitate begins
to form after 1/4 of the solution was added. This suspension which was at a pH
~6.5 was stirred for 30 minutes while the temperature was maintained at 90°C.
The material was filtered hot, washed with hot water, and dried at 120°C.

Approximately 38 g of material was recovered.

Example 4. Preparation of NH4-Ni-Mo 5-Mo 5W 5-O by controlled pH
precipitation:

Two solutions were prepared with the same amounts of nickel, tungsten,
molybdenum and ammonium hydroxide are described in Example 3 (solutions A
and B) except that each solution contained about 700 cc of water. The two
solutions were added into a separate vessel initially containing 400 cc of water
held at 90°C. Solution B (the acidic solution) was pumped into the vessel at a
constant rate of ~15cc/min, while solution A is added through a separate pump

which is under feedback PC control and set to maintain the pH at 6.5. On mixing
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the two solutions a precipitate forms. The slurry was stirred at 90°C for 30

minutes, filtered hot, washed with hot water, and dried at 120°C.

Example 5. Catalytic Evaluation Using Dibenzothiophene (DBT):

1.5-2 g of the catalysts of Examples 1-4 were placed in a quartz boat
which was in turn inserted into a horizontal quartz tube and placed into a
Lindberg furnace. The temperature was raised to 370°C in about one hour with
N7 flowing at 50 cc/m, and the flow continued for 1.5 h at 370°C. N» was
switched off and 10% H»S/H» then added to the reactor at 20 cc/m. the
temperature increased to 400°C, and held there for 2 hours. The heat was then
shut off and the catalyst cooled in flowing H2S/H» to 70°C, at which point this
flow was discontinued and N2 was added. At room temperature, the quartz tube
was removed and the material transferred into a Ny purged glove box. Catalysts |
were evaluated in a 300cc modified Carberry batch reactor designed for constant
hydrogen flow. The catalyst was pilled and sized to 20/40 mesh and one gram
was loaded into a stainless steel basket, sandwiched between a layer of mullite
beads. 100 cc of liquid feed, containing 5 wt% dibenzothiophene in deéa]in was
added to the autoclave. A hydrogen flow of 100 cc/min was passed through the
reactor and the pressure was maintained at 3150kPa using a back pressure
regulator. The temperature was raised to 350°C at 5-6 deg/min and run until
either 50% DBT was converted or until 7 hours was reached. A small aliquot of
product was removed every 30 minutes and analyzed by GC. Rate constants for

the overall conversion as well as the conversion to the reaction products biphenyl

(BP) and cyclohexylbenzeﬁe (CHB) were calculated as described by M. Daage
and R. R. Chianelli [J. Cat. 149, 414-27 (1994)] and are shown in Table 1. As
described in that article, high selectivities to cyclohexylbenzene relative to BP

during the desulfurization reaction are a good indication of a catalyst with high
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hydrodenitrogenation activity, whereas high selectivities of BP relative to CHB

indicates a catalyst with high hydrodesulfurization activity.

The results show that partial substitution of tungsten for molybdenum
results in catalysts that are substantially higher for DBT conversion. A standard
supported Ni-Mo on Al»03 catalyst is also shown for comparison. The high

CHB/BP ratio suggests that the catalysts are active for HDN.

Table 1. Comparison of Activity in DBT Conversion Tests With Tungsten
Addition by Different Preparation Schemes

Ktotal @ | CHB/BP @
Catalyst Preparation Example # 350°C 350°C
technique
NHg4-Ni-Mo-O | boiling decomposition 1 106 10.4
NHy4-Ni- boiling decomposition 2 171 10.2
) Mo sW 5-O
NHy4-Ni- direct precipitation 3 167 12.4
Mo 5W 5-O
NHy-Ni- controiled pH 4 181 12.0
Mo W 5-O preparation
Ni.Mo/Al»O3 impregnation 129 6.4
Example 6.

A series of catalysts were prepared in accordance with the general
preparation scheme of example 2 (i.e., boiling decomposition) but varying the
Mo and W relative ratios by changing the amount of ammonium molybdate and

ammonium metatungstate added to the solutions. Decomposition was effected as
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described in Example 5. The catalysts so prepared are shown in Table 2 along

with their catalytic activities for DBT measured as described in Example 5.

Table 2. Comparison of Activity in DBT Conversion Tests with Variation in
Relative W and Mo content

Ammonium | Ammonium Nickel Ktotal | CHB/BP
, - Molybdate | Metatungstate Nitrate @ @ 350°C
Catalyst Sample (g) (g) Hexahydrate | 350°C
(2)
NH4-Niw-0 18983-97 0 36.95 43.62 128 11.3
NHy- 18983-125 2.65 33.62 43.62 132 14.1
NiMo | W -0
NHy- 18983-101 7.94 25.87 43.62 154 11.6 }
NiMo 2 W ~-0
NHy- 18357-109 13.17 18.74 43.62 171 10.2
NiMo sW 5-O
NH4- 18983-95 18.54 11.09 43.62 158 11.5
NiMo 7W 3-0
NHy- 18983-92 23.83 3.69 43.62° 141 10.5
NiMo gW ;-0

The data show that the most active catalyst contains an approximately

equimolar mixture of tungsten and molybdenum.

Example 7.
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A series of catalysts were prepared as described in Example 3 (direct

precipitation) in which equimolar mixtures of Mo and W were precipitated but

the nickel content was varied. Decomposition was effected as described in

Example 5. The catalysts so prepared are shown in Table 3 along with their

catalytic activities for DBT measured as described in example 5.

Table 3. Variation of Nickel Content in NH4-Ni-Mo sW 5-O Catalysts

Ammonium Ammonium Nickel Ktotal | CHB/
molybdate | metatungstate nitrate @ BP @
Catalyst Sample (g) @) hexahydrate | 350°C | 350°C
(2)

NHy- 19086~ 17.65 24.6 43.65 171 13.0

Nig 75Mo sW 5-O 110
NHy- 19086-82 17.65 24.6 58.2 167 12.4

i Nij oMo sW 5-O

NHy- 19086- 17.65 24.6 72.75 174 11.0

Nij 25Mo sW 5-O 111
NHy- 19086- 17.65 24.6 87.3 148 0.55

Nij sMo sW 5-0O 112

Catalytic performance does not change substantially with variations in Ni

from 0.75 to 1.5, although K appears to go through a maximum at about 1.25 Ni.

Example 8. A series of catalysts were prepared in which the quantity of

NH4OH used in the preparation was varied. The catalysts were prepared in

accordance to the procedure described in Example 3 except that the amount of
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Table 4. Variation in NH4OH Addition to Preparation

Catalyst Ammonium | Ammonium Nickel cm? Kiota | KCH
NH4OH/N molybdate | metatungstate nitrate 1@ B/BP
i mole Sample (g) (g) hexahydrate conc 350°C @
ratio (2) NH40H 350°C
1:2 19086- 17.65 24.6 43.65 6.8 102 10.5
96
1:1 19086- 17.65 24.6 58.2 14 137 104
97
2:1 19086- 17.65 24.6 72.75 30 167 | .12,
82
3:1 19086- 17.65 24.6 87.3 41 164 11.4
104
4:1 19086- 17.65 24.6 87.3 55 161 12.1
106

While decomposition of the precursor compound will drive off most, if
not all, of the ammonium portion of the precursor, the preparation of the
precursor and the catalytic utility of the decomposition product can be affected
by the amount of NH,OH employed. Thus, the effectiveness of the

decomposition product as a catalyst is enhanced when the NH;OH/Ni ratio in the
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Catalyst Relative Volumetric Relative Volumetric
HDS Activity HDN Activity
Ni,Mo/Al»Oq 1 1
NH4-NiMo-O 0.25 0.50
NHg4-Nij oMo 5W 5-O 1.4 2.05

The Ni, Mo/AlLO; gatalysl is a standard HDN/HDS catalyst, the NH,-Ni- |
Mo phase is the bulk phase with no tungsten, and the NH,-Ni, oMo sW 5-O is the
bulk phase with partial substitution of W for Mo. The NH,;-NiMo-O catalyst is |
also representative of known compounds. The catalyst of this invention is
illustrated by NH4-Ni; gMogsWos-O and the data show the clear advantage of

ammonium nickel tungsten molybdate for HDN activity.

Example 10. Preparation of a bulk catalyst composition according to the solid

route:



10%p&x& ()- S 10%p&x& ()- zzzzzzzl-vUdy %40% p&t & ()-5W99Q %y

%0% p&t & () -y %d0% p&t & () -y %d0% p&t & () -y %d0% p&t & ()-zzzzzzz) VAN

%40% p&ty g 9 za/g%& ()-y A40% p&t & ()-y %40% p&t & () -y %100 &t& g}%

%4.0% p&t &"@’ﬂfé % p&t & () -z{{{{{${nN. vUdy %40% p&t & () - @y() y

%40% p&t & ()-y Y%40% p&t & () -y %d0% p&t & 4).- SWOQ %${" {-{. {/{8{A{mv+vU4y

%0% p&t & () -y %40% p&t & ()-5W9oQ %y %40% p&t & ()-&y %40% p&t & () -y

%0% p&t & ()-A{IT{O X Y{_ ) vUsWoQ % %0% p&t & ()-y %d0% p&t & ()-y

%4.0% p&t & () -y 9BOPHg&ntn 84%8? {di

%40% p&t & ()-y %10% p&t&é%mbﬁ %d.09 B%%(g?ﬁkg/%g%@%%% W&X‘W/?@&t& O-y

¥L0% pat & Gﬂler}s{wz{tél{{sclb&qtié kgm%m ik Mre1¥bon 691( WO

%0% p&t & () -y %40% p&t & ( %40% p&t & () - {{{ {vVevUs W y

%40% pé&t & @yided mmmﬁm@)mw&mlﬁ@ Yeluopds fréheale AP DB 26).5Rg

%40% p&t & {@{/i )VUSWOQ %y 0/(10% P& & ()-y 0% p& & ()-y

%4.0% pé&t & nowder 98 omk pdmELh Watef ffif g tos W.Qp}l%lsa e
OVICI ot N oo 48 oo i i B tosess dded

%40% pé&t & %10% P&t &.. py, %40% p&t & () -% %40% pé&t & (

%40% p&t & um oeileeggiple 1%0 prsehting- y
(3 8 Smovirpial o oyt epers sobyion i

040% péi & *%«Aéé%%f%ﬁﬂ% B350 pa &' ()-y saompare ()-

040% p&t & ()-5W9Q Ypy %d0% p&t & ()-y %d0% p& & ()-[[| [I]]Z <5y
040% p&t & ()-5WIQ %y %0% p&t & ()-y %0% p&t & ()-y %d0% p&t & ()-y

94.0% p&t & Eyalnh % 00% pat &
000% Pt & (T Rlet1. L@ﬁ%b?‘)?ﬁ’?y%ﬁ%%‘{%‘&t é? §‘)C§ﬁ%‘(5§£§'@?‘%‘%ﬁ mg‘o prapsr& ()-y
04.0% p&t & PhyioWOUep&t & () -y %40% p&t & ()-y %d0% p&t & (

94.0% p&t & ()-5W9Q YD E| F| G L| U [|rR2<5y %40% p&t & ()-y ‘V&O%p&t& ()-y
94.0% p&t & () - 5\We @ bliterdnks pR& (lr)m}orﬁmﬂ%]p&tb&a(c) (q q>75 fﬂqlctspM@l){lls 7 €5y
94.0% p&t & ()-5W,9Q % 94.0% pat @(7) V40U &L & () -y 9A0% p&t & ()-

94.0% p&t & PIUBRIpM Iqerqt}laa&%@? (9 %m&le&wasd\m /amlmtn&rqtywxahydrate

3&8‘5‘; DS & (4 NS il AT e SRR PEE S i et

e .45 PRI A A b w8

F109&&9%d 0UBS (he-1994036k&d(10; 9,%-@17 ofnk SQ)@;@O P%‘%lp(l)mc Fhaied (Dhe solution
Ff SL0%&&' ()-~~ i M- 5 994 0%&& ( 0%BE (

so" %W&OW&&B@F@@%@@/&&JQW@%@/R&rﬁ) Dﬁmﬁ.’g%tms b¥ting, the precipitate dissolved
SO" Y994 09%8& () - 99%4.0%8& () - 99%0%8& () - 9%0%R&" () - 9% 0%R&" () - 3<CGKWZdD- 5W
S0" %094 0YRL? @Vﬁghxalemg!ugsomm on fmtmmmu@gr@mme(: g foveed () -2 f gl

Sy%ﬁg?ﬁ% é%g%%%&nﬁ?c? %8%& rejchggla value between 6.8 and 7.0.

"Goa00aa () TSOMRR() 8 ﬁ@%ﬁ%ﬁ%@@f@%ﬁ@%@@%ﬁ&% P ‘{f‘&gfy&

0%&&' () - 9%dlig¥d&t 1 20HIY Kt) @ D&%t (ateMi] were obtained.

S0" %1(6- 5994 09%R& () - 994 0%RE! A ()-B5W

S0" 909 09RE () - 9%09RE () - Z: - 59%10%& ()-5W

S0" 909 0YRE () - 9%AL0YRE () - 9%A0YRE () - 99A0YRE () - _?- 59%A09RE () - 9%A0YRE () - 9
%4.0%8& () - Yaoyme 12) (s w&m@fyaowm ()-rV:-59%40%& ()-9%0%& ()-9%0%
&8 () - 9%100/&& () cm " 0

' R2- 599%4.09%&&’ P @ O;V*éba!b%aab'ﬁt SUNBRSipD Ehtmiaed pscoydingo@thy ) -

@WM - - 599%4.0%

S0" Y994 0% %dégﬁowﬁisiﬁbeédﬂﬁmlz‘fs SOBId S M%Q%@@M% 5V
0%&& () - 90@1%14%’%&?(&%@%5% éi) al%ﬁg{%eﬁa&e%%;}p]@é%lp(x O %%%1 drh~ VKO- 5

710%2&& () -
aluminate and aluminum sulfate). The resulting Ni-Mo-W bulk catalyst -

alumina composition was subsequently mixed at 80°C until an LOI of 31% was

obtained. The resulting composition was subsequently extruded and the
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755 of the resulting dried Ni-Mo-W bulk catalyst - alumina composition
containing 60g alumina, 461g water and a small amount of nitric acid were
added. The resulting mixture was mixed at 70°C while evaporating water until

an LOI of 34% was obtained. The resulting composition was extruded, dried and

calcined as described in Example 12.

Example 16.

Ammonium molybdate, ammonium tungsten and/or ammomum chromate
are dissolved and combined in a first reactor. The temperature 1s increased to
90°C. The Group VIII salt is dissolved in a second reactor and heated to 90°C.
Ammonium hydroxide is added to the‘firs.i'reactor to form a basic solution. The

Group VIII metal solution is added to the first dropwise with stirring in 20
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precipitate is dried overnight at 120°C and calcined at 385°C.

Example 17.

The precipitation method of Example 16 was used to prepare a precipitate
from ammonium dimolybdate, ammonium meta tungstate and Fe(I1I(NO;); « 9
H>0 in 98% yield comprising 41.2 wt.% Fe,0s, 21.3 wt.% MoO:;, and 36.9 wt.%
WO;. The surface area of the precipitate was 76 m%/g. The pore volume as

measured up 10 60 nm by BET using the adsorption curve was 0.147 ml/g.

Example 18.

The precipitation method of Example 16 was used to prepare a precipitate
from Ni(CO;),¢6H,0, (NH4)sM0;0,404H,0, and (NH,)-Cr,0, in 87.7% yield
comprising 52.2 wt.% NiO, 29.4 wt.% MoO;, and 16.6 wt.% Cr.O; The surface
area of the precipitate was 199 m’/g. The pore volume as measured up to 60 nm

by BET using the adsorption curve was 0.276 ml/g.

Example 19.

The precipitation method of Example 16 was used to prepare a precipitate
from Ni(CO3),06H,0, (NH,)s H,W 50,0, and (NH4),Cr,04 in 87.7% yield
comprising 44.0 wt.% NiO, 42.4 wt.% WO;,and 11.8 wt.% Cf:O;, The surface
area of the precipitate was 199 m%/g. The pore volume as measured up to 60 nm

by BET using the adsorption curve was 0.245 ml/g.

Example 20.

A 250N raffinate was processed at raffinate hydrocracking conditions in a
small- scale pilot 'unit over both a conventional NiMo hydrotrc;ating (HT) catalyst
and the bulk metal catalyst. Feed quality, operating conditions and pilot plant test

results are given in the table below. The relative conversion activity for the bulk



- 10%$& (
310%$& (

10% $° & (

T T10% S &
& 10%

)-

Uipid
' &
F37:110% $

10% $° & () }abA410" $°

1T10%$&" () -
L1098 3& () -

(_
&()- &

)- jVD|[:-410>% : &10%$& () -
% 10%3$&' () -
WEL! 10988 () -
#@plOtV$ & ()-& 3 10% $ & ()
,110% $° & ()-9{Z9, 410"
S5&10% $° & () -
Y9109%x$&' () -

Y7 10%t& () -
VbA410>$ L:
F%M0% $° &

10% $ &

& 32 91on x& () -

FY 109%$& () -

510%$& () -

10% $ & () -

() -

()-
A)

Tt 10%#8&' () -z

B4 JUN 260
10>$10>%- 9{ Z9A410>%

& :110% $° & () -PCYIUS00/01004
& FO& 10% $ & ()-&

5t | 10%K$& ( ey @5@9%@%ﬁq%591§@%%0£er e %59 AR ca G 5 A)
100K $& () N )RS0 U A L0%SE (-
10Z§$&N(2 ) i%x&ﬂfi/%@%g}a(u)% g&lagg)&gghffd 18R 2 g%g@;%gg%

10%<$& () - (veNGhhi%4% for BN A4

sth0U$&' () - AONCAH AJ 109%$& () - AJ

0 AJ 1094$& ()-A) 100K3& () - EFGWXY_dI L, 4AJ 10%$& () - AJ
igéﬁg 8 A) 10%$& 8 Al 109&$& ()-A) 109%$& ()-AJ 109$& () - Al

109$& ()-dijel), AJ 10%$& ()-AJ 10%S$& ()-A 109%$& ()- Al s (- Al
10%$&' () - XAONCAH (AJ 10%$& () - g%AONCAH AJ 109 $& (())-A:] 10%$ g)é&- A
109 $& () -AJ 109%$& () - (AJ 10%S$& () - gGAONCAH AJ 10%$& ();AJ |10/o<AJ ()-
100 $& () - A) 109%$& ()-AJ 109%$S& () - (AJ 10%S$& () - aAYAJ 109 $& ((,)'&. N
109 $& () - AONCAH AJ 109%$& () - AJ 10%%$& () - AJ 100 $& (g-dDAJ 109%$& () -
100 $& () - A) 109%$& ()- Al 10%x$& () -AJ 10%$& ()-AJ010/?<$& ()-Al
109%$& () -j N2AJ 10%A) 109%&$& () - AAJ 109 $& () - Al 100/o<$§L ()-AJ 0O (- A
10%$& () - AONCAH AJ 10%3$& ()-12AJ 10%AONCAH AJ 109 $& ()-AJol i ,(A.)J
109 $& () - AJ 10%$& () - Al 109%$& ()-59>?DI cCAJ 10%AONCAA] 109 $& ():_CAJ
109 $& () -AJ 109 $& ()-AJ 109%$& ()-AJ 109%$& () - Al 10%<(;$& ()-1NSZ_ “oA
o et e

Wx$& () - 09 $& () -AJ &'[ (Gpnvaghio alalys §
184@%‘ 8 g iowg& 8 } aA %1'1'“' ) 10%(&3'3'158%@& ()-Ap 12%%‘ (A)1-c1)/ﬁoo/fo4lH Al
109 $& () - 10%($& () - oG[AAT TOIXAT 109K & () =AF 1P FE(—AITEOUSIE&' () - AJ
109%$& () - Aresgure) psiy] | 10%x SR (yeoe G ARG 1

VDDA JOY88E (b
T ] \ W) T
109 $& () - W'Fﬁpr?‘:d’%tel §CFRY! 1094|100t X<ANT 1OADS 10DGEE () 2AAJ (10564
109 $& () -

1694« 035 3 S 4 (N 35
HSM,JH{OQJ:‘(SL \) IAFT—169% ﬁ.ux 0@)’3 Ad 6?'&0/\‘1:%?\ X 14?/

10%$& () -
10%$& () -

109K 3& () - AT TTOVKSRTC) =A0NS
Gyswwrm«m 10%68AT| T0FKHE

109 $&' () - Bbe

109%$& () -

40040 Q1 ,Vq:l{\_A]
T Y O A R YRR IR B
109&$& () -
109 $& () -

fat i) - AT IO CgAS

()-AJ
109 $& () -
109 $& () -

Btal $0ANTE VersusA | 109K $
[T eatra o) - A) 1 xS$E (
109 $& () - £,
109 $& () - SRV 1006 (S - 0%
)05 L

AONCAH =&KAITI0 ()\:‘];AUI 1T I_\\:
PG}NBXQWP(O)QWHH\/-U 10 ATAIS
$& () -A110%$&! () -AJ
A B3
10% & () - - Y=8 &u()-' 51(93(0&" :
S-y10% & ()-SMEwWHS10% &1 ()65C " 10%s &
%l 10% & () -
Example 21.

() - A
f F*<AJ

§
2]
'—
d
S

TSR] - A
Bt X<AJ 10%$AAJ
J Bl ZORT| 109K $A]
R' (- Al 1838 -[ar
)- A 109&$& () - A
10%x $& (\ Al

1004, ‘9' /\ A1
LU 7N\

H<AJ ZLO%<$AAJ
$8.46) 1 |- 2608
AY AVAN aW7~: N\ U
LY ) 120
99

OSZ?S<°H°
| w—

LW aV VRS HY
LU7RKP

109 $&
P26 -

4004 1o

b

Y o5 L0 & () F

X 7S

4O A.

a0y

An FFC light cycle gas oil (LCCO) and a Arab Medium Heavy Vacuum
Gas Oil (HVGO) were processed at Stage 1 hydrocracking conditions in a small
scale pilot unit over both a conventional NiMo hydrotreating (HT) catalyst and
the bulk metal Eatalyst. Feed quality, operating conditions and pilot plant test
results are given in the table below. The relative denitrogenation activity for the

bulk metal catalyst was 250 to 550% higher than for the conventional catalyst.
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CLATIMS:

5 1. A process for preparing lubricating oil basestocks

which comprises:

(a) contacting a hydrocarbon feedstock derived from at
least one of thermal treatment, catalytic treatment,

10 extraction, dewaxing or fractionation of a petroleum crude
or fraction thereof, shale oil, tar sands or synthetic crude
with a bulk metal catalyst under hydrocracking conditions,
said catalyst comprising non-noble Group VIII metal
molybdate in which at least a portion but less than all of

15 molybdenum is replaced by tungsten; and

(b) fractionating hydrocracked feedstock to produce a

distillate lubricating oil fraction.

20 2. A process for producing lubricating oil basestocks

which comprises:

(a) feeding a hydrocarbon feedstock derived from at
least one of thermal treatment, catalytic treatment,

25 extraction, dewaxing or fractionation of a petroleum crude
or fraction thereof, shale oil, tar sands or synthetic
crude, to a first hydrocracking zone containing a
hydrocracking catalyst wherein said hydrocracking catalyst
is a bulk metal catalyst comprising non-noble Group VIII

30 metal molybdate in which at least a portion but less than

all of molybdenum is replaced by tungsten.

(b) hydrocracking the feedstock under hydrocracking

conditions to produce a hydrocracked feedstock.
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(c) conducting the hydrocracked feed to a second hydrocracking zone
containing a second hydrocracking catalyst and hydrocracking the first
hydrocracked feed under hydrocracking conditions to produce a second

hydrocracked feed: and

(d)  fractionating the second hydrocracked feed to produce a distillate

lubricating oil fraction.

3. The process of claim 2 wherein the second hydrocracking catalyst
1s a bulk metal catalyst comprising non-noble Group VIII metal molybdate in

which at least a portion but less than all of molybdenum is replaced by tungsten.

4, The process of claim 2 wherein the second hydrocracking catalyst

is a crystalline or amorphous metal oxide.

5. The process of claim 4 wherein the crystalline metal oxide is a

zeolite,

6. The process of claim 4 wherein the amorphous metal oxide is

silica-alumina.

7. The process of claims 1, 2 or 3 wherein the bulk metal catalyst is
represented by the formula:

(X)s (Mo): (W)a O

wherein X is non-noble Group VIII metal, the molar ratio of b: (c+d) is 0.5/1 to

3/1, the molar ratio of c:d 1s >0.01/1, and z = [2b + 6(c + d)}/2.
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to 1.25/1.
10.  The process of claim 7 wherein the molar ratio of ¢:d is >0.1/1.

11.  The process of claim 10 wherein the molar ratio of c:d i1s1/10 to
10/1.

12.  The process of claim 11 wherein the molar ratio of c:d is 1/3 to 3/1

13.  The process of claim 1 wherein the hydrocracking conditions
include temperatures of from 300 to 480 °C, hydrogen pressures of from 1000 to
3500 psig (6995 to 24234 KPa), liquid hourly space velocities of from 0.2 to 4.0
and hydrogen treat gas rates of from 1000 to 15000 scf/B (178 to 2670 m*/m?).

14.  The process of claim 2 wherein the hydrocracking conditions in the
first and second hydrocracking zones include temperatures of from 300 to 480
°C, hydrogen pressures of from 1000 to 3500 psig (6995 to 24234 KPa), liquid
hourly space velocities of from 0.2 to 4.0 and hydrogen treat gas rates of from
1000 to 15000 scf/B (178 to 2670 m*/m”).

15.  The process of claims 1 or 2 wherein the distillate lubricating oil
fraction is solvent extracted under solvent extraction conditions to produce a
raffinate rich in paraffinic hydrocarbons and an extract rich in aromatic
hydrocarbons.

16.  The process of claim 15 wherein the raffinate is solvent or

catalytically dewaxed.
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18.  The process of claim 15 wherein the solvent is furfural, phenol or

N-methyl-2-pyrollidone.

19.  The process of claim 16 wherein solvent or catalytically dewaxed

product is hydrofinished under hydrofinishing conditions.

20.  The process of claim 17 wherein solvent or catalytically dewaxed

product is hydrofinished under hydrofinishing conditions.

21.  The process of claim 16 wherein catalytic dewaxing is by an eight,

10 or 12 ring molecular sieve.

22.  The process of claim 17 wherein catalytic dewaxing is by an eight,

10 or 12 ring molecular sieve.

23.  The process of claim 21 wherein the 10 ring molecular sieve is a

zeolite or a silicoaluminophospate.

24.  The process of claim 22 wherein the 10 ring molecular sieve is a

zeolite or a silicoaluminophospate.

25.  The process of claim 19 wherein the hydrofinishing conditions
include a temperature of from 200 to 370 °C, pressure of from 150 to 3000 psig
(1136 to 20786 kPa), liquid hourly space velocity of from 0.2 to 5.0 and a
hydrogen treat rate of from 100 to 5000 sc{/B (17.8 to 890 m’/m’).
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26.  The process of claim 20 wherein the hydrofinishing conditions
include a temperature of from 200 to 370 °C, pressure of from 150 to 3000 psig
(1136 10 20786 kPa), liquid hourly space velocity of from 0.21t0 5.0 and a
hydrogen treat rate of from 100 to 5000 scf/B (17.8 to 890 1n3/1n3).

27.  The process of claim 25 wherein the hydrofinishing conditions

include an hydrofinishing catalyst containing at least one Group VIII metal.

28.  The process of claim 26 whercin the hydrofinishing conditions

include a hydrofinishing catalyst containing at least one Group VIII metal.

29.  The process of claim 27 wherein the hydrofinishing catalyst is the

bulk metal catalyst.

30.  The process of claim 28 wherein the hydrofinishing catalyst is the

bulk metal catalyst.

31.  The process of claims 1 or 2 wherein the lubricating oil basestocks
are Group III basestocks having at least about 90% saturates, a sulfur content
less than about 0.03 wt.% and a VI of at least 120.

32, The process of claims 1 or 2 wherein the lubricating oil basestocks
are Group II basestocks having at least about 90% saturates, a sulfur content less
than about 0.03 wt.% and a VI less than 120.

33.  The process of claim 7 wherein X is Ni or Co.

34.  The process of claim 7 wherein X is Ni.



