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Tlais invention rel ates to a m{NMQGMMI i ag | aych-ocrackates | ow
irn sul fur and nita-ogen. The process conaprises contactv~g a petrol eum

feedsti-eaimwith a nultinmetal | ic hydrogenation catal yst conmmmwmmmm
| east oaa non-n , and 3 I t vao
~AC~G(tﬁR@§§~pREFEE JNCEIT&%@ A i USRI processes «abieor

desi gned to upgrade a vaai ety of pefi~ol eumfeedstocl cs, such as vacuuna

gas, o1 Sk 5 8y 51 BB BRI ien SERRRL TSRt | 5, O
by 29 N 0GB RS SRR O8RaN i B0 T

parti cul aa- uct's are petrol eum gas ht na ght ha,
heavy naglglgna jet fuel, diesel fuel, heatiaag oil, pet a~oche| ni cal
f eedsi ocl cs, | FCC feedstock, ethylene cracker feedst ock, and~l ube oil base

stock. Al so, as the supply of low sul fur, |ow ni tﬂﬂ”ﬁﬁ“ﬂmmﬂﬂmmm:es decr ease,
ref naes~es we processi Zag crudes with greater sul - ogen

co~at e~aF ERDIGFEr BT ENVENTION enviroavnent al regutcato®ns aa~e

mandati szg T oWwer Irevels of these heteroatoans 14 J(!'l. 2083 2 v-~a

products. Consequently, a need exists for i~ac~-easia~gly eflacient

desul fi z~i zat ildns mw@tm@nﬁﬁeﬁg@&chgss ﬁmunog}mmg h@déocapgdfratea:}@wm pr epar e
unproved rot~~eat|ng talysts is, a~r~il ’éd%\ o]rrﬁ P? related to
hydr ot al Spifesand nyfrogen, The, pracess %\Q’?’Eﬂlﬁ%sl ContungA peltolegLIgsdatiediPo nar ed.
Wher eas t ?‘ﬂﬁ [ re
corrposedau?lnT g?/‘]elgéﬁ téﬁfc Bé%' hg%sc?ﬁ]gﬁl asrege ast E%%?gﬂg%%hkgﬁgﬁgeabl e
ani ons Inmﬁnﬂb]émdthﬁ;ghétlleisteﬁro@tO@EWB Inﬁetsllseets, the rel ated a~moni un
"n nclcel nolybdate phase has nol ybdate aeons iii uiterlayer galleries
bonded to nuckel oxyhydi-oxide sheets. See, for exanple, Levin, 17., Soled,
S. L., aBACKGROUND OKXTHEINVENTIONe of an Ammoni um Ni ckel Ml ybdate
prepared by Chenucal Precipitation, Inorgaiuc Chem stry, Vol. 35, No. 14,
p. 4191-4197 (1996). The preparation of such materials al so has been
reported by Tghelhiide6crabRindrbedssesd Bl desfgiledlto uza%ra&?évaﬁe@ml) Ann.
Chim Fr. 12, 337-43 (1987), and C. R Acad. Sci. 304 (Il), 11, 563-6
(1987) apetraleurniredatock Soivich asvacenmaissls, sBaight ME%)OJTSB:DOB& gaow, when

ol yb demé s, 'd%agghatlte%l ox¥sj:|tb tclyélléto? S, {h%gmaﬁy cragced stc‘)cks straight run and

cracked naphthas, by adding hydrogen and cracking to a desired boiling range.

The particular products are liquefied petroleum gas (LPG), light naphtha, heavy
naphtha, jet fuel, diesel fuel, heating oil, petrochemical feedstocks, FCC

feedstock, ethylene cracker feedstock, and-lube oil base stock.

Also, as the supply of low sulfur, low nitrogen crudes decrease, refineries
are processing crudes with greater sulfur and nitrogen contents at the same time

that environmental regulations are mandating Jower levels of these heteroatoms



. anor phous phase is produced which upon deconposition and, preferably,

. sulfidation, provides enhanced hydrodewt'-ogenation (H ~N) catalystys jy @03
actil~ity relative to the unsubstitutéd (N -M) phase. S-CTh~fh~If~l" ~
~'HF JN pJ. FNTJ~N A process for treating a hydrocal -boa~ feedst'-eamto
produce a hydrocracl <ate ha~~ing a relatively |l ow sul fw and iuti-ogen
content, M]ﬁ@)ﬂl]@&‘?@@ﬁ@qﬁ%ﬂy,! $REd exists forr ﬁl@ﬁédsﬁfgl%éfﬁhiélﬂedﬁ rearn ins at

| east one r~eactiot~ stage, 111 the presence of a hych-ogern contair>ing
fr-eat gadesulfveizaiionaadrdesitzggermovnpratalysts one or- rnore reaction zones and
wherein one or nore of the reaction zones is a ~nultirnetallic catalyst
conprising at |east one Goup VIII nova-noble netals and at | east t<wo

Goup VIB netals wherein the ratio of Cr oup VLB~ nagial, s i.o Goyup ~JTII
noai nobl e met aPBEAPPERRSH tomyepate dmPBINAd W£'gg'€mn&0§a %dﬂgﬁﬁgﬂi‘) nt of
the present |l YVentron +he V1) .npn-noble nmetal is,select.ed fis: Ni ar-~ad
oo ahd & Hoep R TR O ol BR8P0 8, el oh D RO RE her

pref e-ed i ] - 110/0; < THAR ¢ 4 Bl €
pref - e IRGHOARRY, WriPauRRr BREA U AR HR b I BB e |
yet anot hge cengiosed of 18ydred iphiBsds wiih %Jb_ﬁﬁi?élglsﬁfafrgéms‘l%&ts #1 &hchapgediden
zultinetallic catalyst 1s a 1ll-inetallic catal yst represented by the
fonnul a: amiis Yoaled in' the gallzriehibetweien the slsceds, the vglatedlammonimo bickehet al |

the nolar ratio of b: (c+d) is 0.5/1 i0.3/1, preferably 0.75/1 to 1.5.1,
more pr efBphtpdgtaplyasehiasgnalybdate anjopsdpjinterlayer gellenssdranded te Mdd nent  of

t he present ii i egr.nolw rati f c:dyi referahl . 0%/4,, nore
pr ef er ablw)&;@a}i&@?é gﬁf%tp %F’e o&eé@gpgeb%vw,ﬂ%, $8Pef,g%1i“ "saﬁnl ?&r‘g&é'r&?é
pr ef er abl@rybiad Suehchirk of RSANBHEhAHARI ke WS Bﬂﬁﬂe?rkflaréd 4yIChemlcal003
equi anol ar "aJnounts of Mo and W e.g., 213 fo 3/2; and z'= ~2b + 6
(c+d) ]| 2 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 (1991); Ann. Chim. Fr. 12, 337-43 (1987), and C. R.
Acad. Sci. 304 (II), #11, 563-6 (1987) and Mazzocchia, Solid State Ionics, 63-65

(1993) 731-35.

Now, when molybdenum is partially substituted for by tungsten, an
amorphous phase is produced which upon decomposition and, preferably,
sulfidation, provides enhanced hydrodenitrogenation (HDN) catalyst activity
relative to the unsubstituted (Ni-Mo) phase.

SUMMARY OF THE INVENTION

A process for treating a hydrocarbon feedstream to produce a
hydrocrackate having a relatively low sulfur and nitrogen content, which process

comprises:



,1 b.JIlI1~ 2003 WO 00/ A2129 PCT/ 13S00/ 00992 I n anot her preferred enbodi nent
.of the present invention the essential Ly anorphous naterial has a urli guiel 2003
X-ray diffraction pattern show ng cryst3al | ine peaks at d = 2.53 Angstrons
and d = 1.70 Angstronms. In still another preferred enbodi nent of the
present invention the Goup VIII non-noble netal is nickel. In yet another
preferred enmbodi nent of the present invention the feedstock is hydrotreated
ina first reaction stage containing one or nore reaction zones and the

ef f| uent leactpg ot felsiteann imaskeasnehe reactiorstage.dgshe gressnconf &i ni ng one or
nore reacti on zones. ,In another prefer r@it enbodi nent of the present

i nvent i onYdegeR contaming et gas Wherear eachstags cOTHPESESSONQITHNATE 0 a

ctage. BACRFOPREORFPRGWDG R CHRARES Bhiberecbonaare 15a PR RECt | on
patterno E,Nl—lél; %?% pitation
before ca aéiﬁ O]?@Jl gth X}é\ﬁgﬁgf B Wkﬁﬁ?ﬁgﬁgeﬁn%%%%ﬁp Not e t hat
the patt eGiguy WBhﬁ&ﬁlst\hﬁelreﬁﬁqwxfa@io m&zﬁbmﬁmm%t(h%pmﬂh%- of the
precursor are quite simlar with the two peaks at essentially the sane

pl ace. Theolde aietalsasiaboutel Giflito@bont £1i€ity; the abscissa is two theta

(degrees). Figure 2 shows the X-ray diffraction patterns, by CuKa radiation
(~.=1.540y), of NH4-N -M~. X-WK-0 precursors wherein curve Ais MO, g\W.I| ~

curve B is MOm/y\gy e?en@d’%ﬁﬁm@uhénﬁ@ﬂh@ esent fiVeYiioR the WlOhhiMoBle curve E
is MOl W.9 and curve Fis MOW1. e ordi nate and absci ssa are as

descri bednéml iFsgacted from Ni and4Co -and the Goodp VWIBaDLtYd 2@ sDletied ffDm

DESCRI PTI ON OF THE | NVENT10N
Mo and

In another preferred embodiment of the present invention two Group VIB
metals are present as Mo and W and the ratio of Mo to W 1s about 9:1 to about
1:9.

In yet another preferred embodiment of the present invention the bulk

multimetallic catalyst is a trimetallic catalyst represented by the formula:

(X)p (Mo)c (W)q O,

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

to 3/1, preferably 0.75/1 to 1.5/1, more preferably 0.75/1 to 1.25/1.

In still another preferred embodiment of the present invention the molar
ratio of c:d is preferably >0.01/1, more preferably >0.1/1, still more preferably
1/10 to 10/1, still more preferably 1/3 to 3/1, most preferably substantially
equimolar amounts of Mo and W, e.g., 2/3 t0 3/2; and z = [2b + 6 (c+d)]/2.



PCTNSO0/ 0099Z The bul k nmultimetal lic catal yst conposition used in the
practice of the present invention can be used in virtually a1l 14 JUL 2003
hydroprocessing processes to treat a plyrality of feeds under w de-ranging
reacti on WO9dMEE26ns such as tenperatures of from 200 to 450CT/US)M08Zen
pressures of from5 to 300 bar, liquid hourly space velocities of from0.05

to 10 h'' and hﬁpéxﬁ’(ﬂﬁ&,%{/eg@ttre@@&bro‘aﬁrﬁémoéftﬁé%Es%%t SheiibAifle Bl 200 1O

10000 SCFB)) The term roprocessi ng® enconpasses all processes 1'n which
a hydr ocar #nBrpiRed matefiaRRALE unidue udy dofclontpatieht SMAY idigWrPtaling
pressures note.d above, and include hydrodenetall ation, hydrodewaxi ng,

hydr ot r eat peaks atyddr ddSnAngstmomnyg dinddks Ul TAngstroms, hydr odeni t r ogenat i on,
hydr odear omat i zati on, hydroi soneri zati on, and hydrocracki ng including

sel ective hydrocracki ng. Depending on the type of hydroprocessing and the
reaction condi t1Tossl] apeidiepprrfated estbadymenieodeesapt nryendonihe MspwR ed
viscositie§,,I viscoaﬁt¥%in i ces, .saturates content, |ow tenperature
properti es? \UdORrRotIEimetalis nigkelo ari zation. It is to be understood that
hydr opr ocessi ng of the present invention can be practiced in one or nore

reacti on zones an %tcﬁl%)t}l?% Jﬁ%@éf&q%@“ﬁ%&?%ﬁQ{'&Eﬁ{‘?‘g%ﬁg&% tHcel ow or

cocurrent flow no curren we e rocess node
wher ei n t higelisodR tis Bpdrotieatdd o4 fir R reabtiodHtagOcoMBinih®6h©br more reaction

hydr ogen- contai ning treat gas. The hydroprocessing reactor can al so be

oper at ed i normsyansluthe afiflecntas hlydedoraeic danracsegond meaatimiestageprlsexanpl e, it can
be a fixed bed, ,slurry bed, or ebul ating bed. Feedstocks on which the
present i nYPHRINGHS PBE BF MATCIELUQMNZAES. cracked streams in the distillate
boiling range. Non-limting exanples of such streans include vacuum gas

oil's, straight ) ker (o] h i cycle
oils, thernall yf"fé?’ggﬁéﬁ&ﬁfg’gﬁ@ g"‘zpﬁgﬁé‘i\‘tdd‘ﬁﬁ pgﬁ%?@ P’?&&g‘g“g%%ﬂ‘r‘gg by
addi ng hy dfagetheaiiflir6fraati Qtag@ié‘ 542848 k&4 sEPAratibfl ZoAO $hereinthe destltihg! | _
2003 W 00/ 42129 . Pt: T/'USO 100892 The feedstocks used in hydrocracking
processes botoms are fdd torthehydrogeackingsthgei n t he case of resid feedstocks,
nmetal s, such as nickel and vanadi um Because such conpounds have a

del eterioug effect on hvdrocracking catalysts, the feedstock typically
requi res hitdtddid: DANGRIBIION QF DRAWINGS h t he hydrocracking catal yst.
For that reason, nost of the hydrocracki ng processes involve both
hydrotreating and hydrocracki ng steps. The hydrotreating and the
hydr ocr acki ng SF?%Qﬁ'cqfisttlli'é X-H}'V@i'i’frh@t'ibrpﬁéhé?ﬁ oTaAQH, 991 sMbSWer a single
stage or in tw stages. If in“one stage, the two catalysts can be either in
the sanme reampound prepas¢cbi doiliveg peecip tagiontbeforeocaltinmg (Gurvbe )ianddiffer er ent
reactors linked in series. For_exanple, if the present process is practiced
in a singl ealcueg 8t 4@ (Curvedd).i Notmihat theypattenns fasrhoth theprecusreand at al yst

bed arrangenent. The.upstre b wi |l conprise, the.hydr.gtreating,

Dypi cal 1y e HRTORRESIHGTPIORE) b e Brechs ot Me.giits NEnHb SR MEdomRekt yst bed
w Il contaj . i C I T r L £.UE L QR ;cat al yst

For this | BvenpruilCIR B bRge IR of iR AR TfGR MMy b aliom g™ 0 0
The hydr octwelthels (8édraés)st Wil be a conventional hydrocracking catalyst,

al so as defined herein. Typically, the hydrotreating catal yst used to treat

the feed for subsequent hydrocracking is designed to convert the hetero
conmpounds in the feedstock. Such catalyst usually conmprise_sulfided

nol ybdenum or t Higje drshaves hedksry diffiashan pagermsnby i e sadiabpiort . The
reactor wl n I erat e, at eratures fromabout 300 to 450C, and
hydr ogen pde‘_sgSftééﬁssr%rﬁgbﬁﬁrm-xt\%ﬁ(rz’ré@rﬁ‘é%rs?rsl‘ig@le%ﬁ‘g"ﬁﬁ@. Under these
conditions,,in dition . er tom el i gi.naqti on,,,signifi gant

v ogena M0.a8G <o K isibos oW H e Eus NagaWE S RuYeT3®: ¢ ound by
the inventgrs hgreof that_the bulk multinetal i.c&gat%]ysi. of t.his invention
are superi HfO@aMN.JsPEVES 15:M00. 19,9 @nd iV e F 45 Mol -y SBE OFInRE aBfet er r ed

!

that two separate reactors be u%ed. The upstreamreactor will contain at
| east one BBECISY 33 IaR deegrilseforigurech al yst of this invention. The
upstreamreactor can also contain a conventi onal 14~~~ 1~0~ WO

001 42129 ~ PCTNS00/ 00992 hydrodesul furi zation catal yst along with the bul k
multimetallic catalyst. It is within the scope of this invention that the
effluent fromthe first reactor be separated and fractionated, with the
fractionator bottons being fed to the second reactor. In general, the
hydr ocr acki ng process operating conditions are: 300



450C, 85-200 bar pressure, 0.5 to 2.5 hr ~ liquid hourly space velocity,
505 to 1685 nnB/ nB8 (3, 0G60-10, 000 scflb) hydrogen to oil ratio,1qqﬂ12 590
nmB/ N8 ( 1200- 3S00 scflb) hydrogen consunption. The hydrotreating catal yst
of any oneworeomapizeé of the reaction zones of any one or bot hpotusbeos9:z
hydrodesulfurrzatron stages is a bulk nultrnetallrc catal yst conprised of
at | east on two Goup VIB netal s
and wherein ;1 B e ' | non-noble nmetal is
from about 10:1 to about 1:10. It is preferred that the catal yst be a bulk

br ef o abl 'yCN?:at s W‘ﬁ?‘%‘%%‘ﬁ‘gm Shlo BRaTAMEPRRLE of the o
that the ratphseit 1Wcﬁtibﬁ/\‘.:}|}€bé‘t?@b'& m9vﬁtdaﬂy3hll’ph'§'dr% ?bce?sho% Br&dessesad thuat k

trimetallic catal yst conpositions used in"the practice t he present

i nvention i splueglitysdiiteds myddrhweideoramgirg reatidn cdhditiopsyuthGs rempeeitoreX of s a
Goup VIl non-noble nmetal, the nolar ratio of b: (c+d) is 0.511 to 3/1I,
preferably OFgsy20Q v 450%], hydregen pressusesnf from $501300dar, Ixsnd howry spatear

tio of c:d f er.abl 0 ferably >0 1
pref or abl y IYelactss sbFem 7 1o bk SRLRuFaRes ERtdasgaier of e S B er al y

26" (ona) s 12 TEOYPIR, COEE NG RCERD) STk el Hisomsdes errealinteea 1y

amor phous rrvetrppr&desia%avmhws drotatbofli feéd PsCxte'aQtédRﬁthﬁ RydropBa vt fie
crystalline peaks at d = 2.53 Angstroms and d = 1.70 Angstrons. The m xed

met al oxi de temperatdirdsyanad ptbsseﬂ:sbmtttd‘ndmiepmnbwlnd@hydxbdarnptaélcauoﬁpr havi ng
the forrmula: (NHa)e (x)n_( (~"f)a ~~ wherein the nolar ratio of a:b is
< 1.0/ |, prxdredaneying, bydwtaeassmge hysisegenatigndhygsodrsp|fHEgeti@ibve, and z =

pnget roms.  CORpboRREUPt R Rt P ERPReleaon Bcvarod

tenper at ur esyydrocracking including selective hydrocracking. Depending on the type of

hydroprocessing and the reaction conditions, the products of hydroprocessing
may show improved viscosities, viscosity indices, saturates content, low
temperature properties, volatilities and depolarization. It is to be understood that
hydroprocessing of the present invention can be practiced in one or more
reaction zones and can be practiced in either countercurrent flow or cocurrent
flow mode. By countercurrent flow mode we mean a process mode wherein the
feedstream flows countercurrent to the flow of hydrogen-containing treat gas.
The hydroprocessing reactor can also be operated in any suitable catalyst-bed

arrangement mode. For example, it can be a fixed bed, slurry bed, or ebulating
bed.

Feedstocks on which the present invention is practiced are the cracked
streams in the distillate boiling range. Non-limiting examples of such streams
include vacuum gas oils, straight run gas oils, coker gas oils, deasphalted oils,
FCC cycle oils, thermally cracked stocks, straight run and cracked naphthas, by

adding hydrogen and cracking to a desired boiling range.



e.g., tenperatures of at |east about 300C, preferably about 300-4S0C, in a
suitabl e atnosphere, e.g.r- inerts such as nitrogen, argon, or stggmilJeiil
deconposition is substantially conplete, i.e., the ammoniumi-s
substanti g oyl etely driven off) Substantially conplet [pgss tion
can be readi?(y establ i shed by thernogravinetric anal ysis (%gﬁﬁa/ 3
flattening of the weight change curve. The catal yst conpositions used in
t he practl ce of Hhe fpedstecks usedanbydroceanking ppoaepsasswntain anlfus witrogene

d wherein not all of the netals are in

means. su ans is.a
sol uti on. @Hﬁr‘ﬁrTF?Ca?%@fﬁégf&égﬂﬁ@ksdmfﬂhlé sahas nigkel Andtadadimne presence

O b OB R CRERRRR n b TS Bt O RARSE PR cottESE o Y
| east one nplalee GABPRGS: gng(gecfﬂ{é %yaiq&q‘mg }H?drltUéo fact uﬁmsmy d state

during the mX| ng step eas one of the netal
conponents @% Eﬁﬁﬂys%d%ﬁt}ﬁi réa@éﬁtmlésﬁl( of &e'h@dﬁd‘&a@@hg drédeaé®

remai ns at Ieast partTy in the solid state during fhe m xi ng and reaction
step. "M et mvblveboth lsydrotreating dodhydrocravkang steps.netal in its netallic form
but present in a netal WO 00/ 47129 - ~4~ U~2UU3 PCTNS00/ 00992 conpound,
such as the netal cqonponent as initially plied or as, present in the bulk
catal yst conposi 8 h§hydeatiesting gnd &herhwﬁlgoqrh@lﬁgﬁ% of thig ‘éYQ’HQ“%PtL%ast one
met al conponen at e d at | east

d h
one net al cBWﬁbﬁE‘ian %I%té’d’gf%ssit ari %’foeé}ét ¥ ﬁo ra.ongpfag,%vlg Qonponent s
are added a atéﬁg a‘i%é Eﬁhéﬂnttngﬁ?r@%'rgarcz&gg;\?es \ﬁglgerdeﬁéd 5’rrrarl to&et Eg the

netals of t onent's east int solid
state renai &g Bé in dﬁffércnaféab)brs linké®irssdried. Horlexanmpld, riﬂt}iehﬁeszm ipFéces Ocess
of the solid route. That a netal conponent is added "in the solute state"
means that tsipraghetdimasingle ofactaritise reattor is onpamavhich thezelisenistackesl sol uti on

added "l | %%glys”ﬁ?é‘%?am‘sgmtﬁgte i vpsheamtbed sl somuriscate PudOEHRE. of ' ho
par - of t e Shad 2 BHEdth b Bl R AR Mo ARt P AR i ot

in the prot ththirﬂtHe%yd%&r)ﬁékﬁ@ 2P PP Thel l@&o&éﬁ%‘?ﬁz’aﬂﬂn RhtafystBdothis
component in a protic liquid in which the 'netal is at least partly present

as a sol i d, invedtioptwidhibe b putianultymetialisotatelyst as défnqa lneremn. ITthul d. To obtain
a bul k catakyst conposition with high catalytic activity, i s therefore

preferred tR¥erockeking sptalystyuHdstasconyentianal ydipcrpekiag C}%ﬂlﬁtya SR a3 he solid

d | dth
The total paPaTgMNCIER aypsals: LRI AR RO R el B B onent <
| S approxi ”ﬁil%e ubfChyRoRrARind 19 WRsighed WS drPfiR! heterd! Onfstinds §n &1 al yst s.

Convent i onal gr otreatl ng catal ystgﬁgenera have a pore volune of 0.05 -
5m/g, pr efeadatdci( @Budh datalyst wdually compelsprsaffedealhhylyrbfdeﬂum or tBngdtéy andd

nost preferably of 0.1 - 2 m /g determ ned by nltroHen adsor ption. Pores ,
with a di andickel engebalt om@aralqmmﬂsappogeﬂ&eaneagtow aea sy qmr@smentl onal

gencral Ly alupeiapires Fom sbout S1Ladore, ad B34 eﬂ&a?%sfsﬁ?‘%}fi&am%y S e
| east SO |4 1 t
preferably %QO&@ Liagq b%g%%g\j\oég’%ar@lgacﬂ%%g 8%(%%@ (E‘Q(th net hﬂgﬁl For

i nstance, n dan lo 1B urge of

0 0 0, 30 O B g e T ogen
adsor pti on aaslbeers fofratky dicmvehtols E@cefttmathﬂx@kmmdtnmtahprcataéyabifyhmf 200
- 370 n2/g determned by the B.E T. nethod. Furthernore these netal

conponent s Shamtioniare supemenitatalypiafor diisuss. anet er of at | east SO nm nore
preferably at least 100 nm and preferably not nore than SO00 ~m and nore

f bl h 3000 Vi f b d
Dart i clo Ui ant ot Y@ StasS eRouraliyis TOFIeOTes by HeAddes FERtORIg Selbl y i n
th
o’ 2 2 Beme B o) AARHREE Bas N EPOOR O LR RS,
medi an partgg}gsg‘;\e&gx TB@@ éa%rexefoalcaﬁ%wemm M drventibyal eact with

the outer | e larg conponent particle. In this case,
so-called "core-shel " structured bul k catal yst particles are obtained. An
appropri ate norphol ogy and texture of the nmetal conponent can either be
achi eved by applying suitable preforned netal conponents or by preparing

t hese netal conponents by the above-described precipitation under such
conditions that a suitable norphol ogy and texture is obtained. A proper

sel ection of appropriate precipitation conditions can be nmade by routine
experlnentatlon As has been set out above, to retain the norphol ogy and

M Y b1



nmetal conponents which are added at |east partly in the solid staf g, U'I IIIIIIIIS
essential that the netat of the netal conponent at—|east partly renﬁl nsin
the solid state during the whole process of this solid route. It is noted
agai n t hatyigigols8128Ssential that in no cask shoul d the ambunjcpfisalbsd

metals during the process of the solid route becones zero. The presence of
solid netal

A D Rl SEnar T e B e LA s ) 1
2003 WO 00/ 42129 > PCT 0/ 00992 i h I isad i I
2003 90 001 42158 3o VETR) IRt e O Mo Pl ORE g 1= 1o o
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known to the person can e used to ensure t no point in
time of the ps@eess of the solid route, all netals are in the solute state.
The protic liquid to be applied in the solid or solution route of this
invention for preparing catal yst can be any protic |liquid. Exanples include
wat er, carboxyl i dnegsingssl, thadyarewhdtisgguotesaopexatingreoinditrorstaneint)0-
Preferably, a liquid conprising water such as m xtures of an al cohol and

wat er and not€°6s 8P ed¥bbar ressure,iks e dd larIéI Iquad iheurly spree velogHy s5Q19 d
route. Al so differents proti Lqui ds. can be applied si a usliy in the
solid route.I(agér"mﬁﬂsa@e@O'fQ’bb@ %@Ig)slp r@gﬁrbkggl& rafig, 'gﬁ(?BImBé“net al
conponent i k 1on of another netal conponent. The
G oup VIB tIgI’II?@?@r%ﬁ@?ﬂ@%ﬁ@@@hﬂﬁ%ﬁum nol ybdenum tungsten, or

m xtures thereof. Suitable Goup VIII non-noble netals are, e.g., iron,

cobalt, nickel, orhdthydronesatihgearpist oPasy 8h@bt yhord of eididaatibRRofés SR
conponent s conpri sing nickel, nol ybdenum and tungsten or nickel, cobalt,

mol ybdenum ame arthagh tofrthée Bydnodeswthrizationestages ¢es dulld multtemetallicicatolyse. | f
conpon
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tungstate, nhétpls RShsboud IlﬁI‘leIo APy 51 G Uk s ﬂalﬁ):lt”é}Iré‘(I(ﬁIat iR yARsssURR albufy's

Raney ni ckel, or mxtures thereof. Suitable ybdenum conponent s, whi ch
are at | easttripmtalliy damaly$teosyristdstfaine GrouprdlIE non-aobiemetal ppreferably Ni
wat er - i nsol ubl e nol ybdenum conpgonent s _such as_nol ybdenum (di- and tri)

oxi de, nol ysu&mand therwe Grawp yHBamaialnMa andeW. o llLisipratarmsst dhistedatingf ybdi ¢
acid (e.qg. , I enym.sul f.ide, or - 14 ~ ~n 2u03 WO 001 42129
12 PCTI USOO%%@@&%‘I@?EI e?lé t.l'ﬂi nal Iy, suitable tungsten conpoents
which are at |least partly in the solid state during contacting conprise
tungsten di- and Thd prdfe@ed bﬁﬂfk%ﬁﬂamé'idtﬂast(dﬁﬁlpo%ﬂ%déﬁ@sd ih Woptaetice
carbide, tungstic acid (e.g. HZWH4 - H20, H2WI0,3 - 9H20), tungsten
nitride, al wfithapresentysivansoy & spresested bythedfoimulangst ate) or mi xtures

t hereof . These conponents are gener)g)l I &con%r%al |y avail abl e or can be
prepared by, e.~;., precipitati on. ( .bd. ,O}ni( e[Vzcar bonat e can be prepared
froma nickel chloride, sulfate, or nitrate solution by adding an

appropri ate anmount of sodium carbonate. It is generally known to the skill
ed person t QyRARASY isEGRIGCOV AT hdhliibl1€ Al {HRMHolal rAH6G B B: We¥d)As (Leyjobtain
t he desired norphol ogy and texture. In general, netal conponent’s, which

mai nl y cont abrB/C, préferabll @75M thelsbdenidre prefemsbly 8178/ prel @5%Ed because t hey
are less detrinental to the environnment. Ni ckel carbonate is a preferred
metal conponent to be added at |east partly in the solid state because when
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conmponents, s%-hgtanﬂiaﬂg% uithblapbfouRtCEEM ooatld Wi @.g. M Bkel3/acaids e [2Bi-ckel
chloride, or mxture tqhereof. Preferred nol ybdenum and tungsten conponents

whi ch axe added)yn the solute state are water-sol uble nol ybdenum and
tungsten conponents such as alkali netal or amoni um nol ybdate (al so
peroxo-, di-, tri-, tetra-, hepta-, octa-, or tetradecanvol ybdate), M-P

het er opol yani on conpounds, W-Si heteropol yani on conpounds, WP

het er opol yani on conpounds, WSi heteropol yani on conpounds, N -M-W

het er opol yani on conpounds, Co- Mo-W het er opol yani on conpounds, al kal i -- =~
~ .~ a ~. 2003 WO 00/42129 ~3 PCT/ US00/ 00992 netal or anmmoni um tungstates
(al so neta-, para-, hexa-, or polytungstate), or m xtures thereof.
Preferred conbinati ons of netal conponents are nickel carbonate, tungstic
acid and nol ybdenum oxi de. Anot her preferred conbination is nickel
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An alternative nethod of preparing the catalysts used in the practice of
the present invention is to prepare the bul k catal yst~conposi tip{pm\ymﬁl
process conprising reacting in a reaction mxture a G oup VIII non-nobie
metal conpRN@d2idon sol ution and a Group ¥l B netal conponentpdiu&elotbs on to
obtain a precipitate. As in the case of the solid route, preferably, one

G oup VIII non-noble nmetal conponent is reacted with_two G oup VIB netal
conponents. The #Be gssandrally aspoxpheup matgriaidhaslasuniqueotgy diffractiempaitssh e
nmetals appli,ed in the process of th olution route, i referably the sane
ho descr, bethpmBaRafinapeabngs 4 o3 Rabh e Bt 170 SPEUEPT |

non- nobl e netal conponents are, e.g. those water-soluble nickel, nolybdenum
and tungsten conponents described above for the solid route. Further G oup
VII1 non-noble : : Rl - } SO S.
Further G oup Vlnghferg?lga(lgaggér}gg%g]r??sﬁga?lg’ewgegc r%%%er#%éc?r?rnponen?’g.smrhe nmet al
conponent s pretubsdr dddarg the foh@ulLaction mixture in solution, suspension or
as such. If soluble salts are added as such, they will dissolve in the
reaction m xture and subsequently be precipitated. Suitable Goup VIB netal
salts which are soluble in water _are ium.sal s such as ammoni um

di nol ybdate, amoniumtri-, tet(ﬁ\rﬂﬁ‘i)mémogd‘&i and tetradeca- nol ybdate,
anmoni um para-, neta-, hexa-, and pol ytungstate, alkali 1 ~J1I11 I_ 20G3
WO 001 42129 ~ 4 PCTI US00/ 00992 netal salts, silicic acid salts of Goup VIB
metal s such I ' i cle, .acl d, I ' I hi€Ci ¢ hungsh b i,d,
tungstic acrg’?rﬂgtt%ét)ﬁiﬁggﬁakwa%f?%?q%grlt'%géﬁq%ﬁgﬁ g Ic’ﬁglg (yrﬂ gp%’lt]é)l/ghiﬂg r?g
conpounds ofefiRed’abdVe;, @hd 2\ Pa +aitf+ W(el-d) V1. The pr&urfGafsiMilbepaskd atgoup
VI B net al - cont ai ni ng conpounds whi ch are’not in solution at the tine of
addi tion, beat2.5hene 1sH) Anigstroms. ef fected in the reaction m xture. Exanples
of these conpounds are netal conpounds which contain so nuch crystal water
t hat upon tenperature increase they will dissolve in their own netal water.
Furt her, non-sol

| | b dded i i h, d
solution is effe eggn{ﬂﬁtsﬁlr?éls%e@%tqqg#rﬁ&xﬁay E’.e eléfﬁc?é;fgﬁgeq%‘léﬂgg g‘{rﬁﬁ";rsrgrsulﬁ%t al gn

salts are hgter i : t in cold
nater) - het EEa e b O B g O M e TR BB R s B Ol
wat er) . Thegiigsslé h@RodPherelecgl ndrBucREs tn@tr@%ér@'aﬁg@h,ﬁfr%fdam,tlﬁitﬂ-
Precipitation is effected by adding a G oup VII'l non-noble netal salt

sol ution at decersppsitien is substahtEHyatonnpliets) i.£h ¢hGammponibim isrsobstanbally net al
and the G oup VIB netal q%ﬁecisg’i tate, adding a conpound, whi crl&fo | exes the
metal s and Femplately drivenifa Substaptigly epmnieteidsrompentioa fserba 5adIY ncr ease

o ot wni cnevRet P ORrrC R s BV s RO 8 OBy SRR e,

changi ng thgh,g@gmﬁ{raé_ure, changing the pH, or |owering the anount of the
solvent. The precipitate obtained with this process appears to | eave high
catalytic activity. In contrast to the conventional hydroprocessing

cat al yst's, whi chThsgatdlystconmrosstions wsedrin ¢he prastiegodtisprasent iGveontpny | |
non- nobl e nmetal s and up VI B, als, said precipitate can b sed wit hout
a support. ERAR Eﬁé?ﬁaé"g g&t“&b’)ﬁé‘t"%&fﬁé@?%iéﬂ% S‘é&b”\?ﬁﬂﬁ!ﬁ a/me@wfw [ as
bul k cataly . i n h H gan_ be~done . by..addi haser or id to the
reaction m ﬁﬁﬁ?]ég?g}%gglléapec&ﬁ?gﬁ%%, G\fﬁ?’@H?’dteh&%E% I%p%fnt?’fg éﬁ%@rﬂ ature,

i ncrease i NkgnNGHEMY N hd PRSeRe biftHeddtit ihid ESHRBALMAINMnE MRE it OF
decrease the pH. Exarlrpl esﬁfo}}f?”ccorrgt(;urel:gjsﬂll tt‘i‘%lgita ]cfécongoses upoﬁg -1~aa-~
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| ncrease or decrease the pH are urea, nitrites, anmonium cyanate, anmmoni um
hydr oxi de, aoldd zeuto thatratdeash onameetal compondnts st adsteidvat lgasbpasly mctbesdlidg t o

the solution route, solutions of a niumsalts. of a Goup . VIB tal are
made and a SBIGERGHE Hie mlana@em/ﬁﬁ]%ﬁh%maé iﬂaShPW af the efdde. Bot h

solutions are ed t t rat ur. p I,k i

nydroxi de | €oubanane 3Pl RaFBRRehadaR 1o RaRHY FRbRE ot Seaish PR &
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di rect pr e(r:r? %a?s{t g?l?bﬁhc}? etsﬁgd?%ﬁgubﬁ tgﬁ # E%MVX:%FIHE‘?\%%\‘F bb%kﬁe%ﬁﬂ%
conponent s @gfatHx3 doddh6t INENE HESned) iRlitS Indta]lkofotmchirédent dyvemétanper at ur e
and/ or decreased pressure or higher tenperature and/or increased pressure.
In another illustrative process according to the solution route, a G oup
VIB nmetal salt, a Goup VIII netal salt, and ammoni um hydroxi de are m xed
in solution together and heated so that ammonia is driven off and the pHis
| owered to a pH at which precipitation occurs. For instance when nickel,
nol ybdenum and tungsten conponents are applied, precipitation typically
occurs at a pH below 7. | ndependently fromwhether the solid or solution
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The nedi an diameter of the bulk catalyst particles is at |east 50 nm nore
preferably at |east 100~nm and preferably not nore than 5000 pn, gandjypre
preferably not nore than 3000 ~tm Even nore preferably, the nedian

particle dvewelugkelies in the range of 0.9 - 50 pm and nostpgreé@ioaddby in
the range of 0.5-SCppm |If a binder material is used in the preparation of

the catal yst conposjtiqn it can be any material that is conventionally
applied as £opRd cihw&'sgns*@ SUMpENekRaPYisRdy aPPHRPOESS PRREOLE YFI i ca,

silica-alum h nyentional silica-alumna, silica-coated alum na
and al um na-bé@%@é?yﬁt ??r&ﬁ%si}lo&m na such as {pseudo)boehmte, or gibbsite,
titanic, zirconia, cationic clays or anionic clays such as saponite,
bentonite, kaoline, sepiolite or hydrotalcite, or mxt~. ~res thereof.
Preferred bi nder sGederaliy, during thel mixingbtepiefther & leastrune rétahOo@ipoAtntdoni a,
or mxtures thereof. These binders may be applied as such or afrter

pept i zat i on.added iat leastparpyssithe eolid statepdngd airleastionemsetal carhperensiinddded t hat |
during the process of the invention are converted into any of the .
above- descr i1Bdle solyigestate, oniall angtal eoraponeats areadded at deast pamdy|in the selid

al um nat es obtai n an al.umn i nder,) , ter glass (to,obtai,n a silica
bi ﬁder) , a Sﬁ&ﬁ?my er'&m ﬁﬁ%ﬁﬁtyo%&a‘?'leﬂ%ﬁ% r‘?g\ﬁg%mzfﬁﬂ GRER CB}Sa\gb'ée‘t%eob!t a: n a
silica al um i ' : f {3 e s oMY

tetraval ent atrl:igf gla'f'geﬁéﬁp%rgygh )rﬁlg% ﬁl}&é@tgmﬁfagrr?s_%()lﬁ%%ﬂigﬂé}éfr{{sheo maé%gsi um

al um num andiwingstheiegtife piokedd 6Pthesolid ¢ailite OThEt £ hityalasosioneanisoqddedctiny) |

chl orohydrol, alum numsulfate, or mxtures thereof. If desired, the binder
mat eri al mayhpeokuerptatatraeansi thht theholp amoBntref tis arsddlmonzpadrent s added

Composi t | on BrialRtish P %eéa&?qér?%é‘aﬂ&fﬂ%éﬂe et dbat &PEA - 1 4 1 U :
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with any of 1 soene%lsagsggﬁagggegg%éﬁl?g’éﬁ%ﬁ“%@g:’ﬁ%ﬂ%ﬁ%ﬁatg#&? ﬁéns ][ie(rjI :

bi nder wi th thbasRalEmpdritng is ddRdPRTDAB nidthl é&ﬂg%@eﬂt%d%étiwlfﬁ afbihkabl €

i npregnation techniques. If the binder is pepti , 1t 1s also“possible to
carry out t hmrpefthezatetad rompdnieat raided aea adbluGomugf tHisBmearal companenpinVI | |
non- nobl e mebal congon,ents. |[f alumina is applied as binder, the surface
area pref er 4b¢ Profeiapid. AHapiceh guampleris aeuspensiomes § mesComPRNgHt & ar abl y

150 - 350 . d, b h BT hod. Th I f.th
alum na i snﬁ#@?‘éﬁﬁf#{qewh{‘%etthﬂ'gaF’éfat &Fggttpa?-ﬂﬁ?rﬁ% %ﬁééﬁpgg“e%gp%éqglé’gen
d tion. t: i : ial to b dded in th f
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conposition or no catalytic activity at all. Consequently, by adding a
bi nder material, the activity of the bulk catalyst conposition may, be

reduced. Ther ef orEQ obtain abulineatalysbeerapesivien aithahighcagalytaeiaedvity i e
process of the i.nvent}on neral | epends on the desired actj,vity of the
P el car al yBEre Bt g dRAEHE el BTRS et otiih STEal BRs Y b o1 o
conposi tion L i | epdi | d tad Yo

appl 1 a1 on. T e SRR ol AR B ol e O ORI 1O el ot e
activity of totu poesrpelanid 41t poretdige PiseiRfibnioT\Beéde Btal bbrm@eneswasints to be
added are generally in the range of 0.5 - 75 wt.% of the total conposition.
The cat al ystappsexiostelydhe sametas tivseadtdopventignad hySretrsiating cetalystses

T
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In the latter case, prior to or during shapi ng step, any additives that
are conventidiameter susdiér tiarf o hﬁe?e@cﬁiﬁl Rioigresent in eenventibnal a ~ zaa3 WO
00/ 42129 ~ 8 PCT/tJS00100992 be added. These additives may conprise

al um num st dayrdrotreating ¢atalyatst Surtheaptonvertional hiydromrestingoataysts hawese
additives can be added at any stage prior to [he shapi ng, step.. Further,
when al uni na8§ngralbee surface HEAQd at lgast %Sflz@eardt@ioff’aBT"gJﬂtaleaﬂggtal@?ﬂ Grior to
the shaping step such as nitric acid to increase the nechanical strength of
the extrudates. It is preferTed that a binder material is added prior to
the shaping step. Further, it is prefeiTed that the shaping step is carried
out in the presence of a liquid, such as water. Preferably, the anount of
liquid in the extrusion m xture, expressed as LO is in the range of 20 -
80% The resulting shaped catal yst conposition can, after an optional
drying step, be optionally cal cined. Calcination however is not essential
to the process of the invention. If a calcination is carried out in the
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resulting conposition is preferably thoroughly m xed by any co \ﬂe.guttilﬂﬂal
techni que prior to shaping. An advantage of, e.g., spray dryi nS i'sthat no
wast ewat er streans are obtained when this technique is applied.

Fur t her nomep o@4q2839acki ng conponent nmay be ®@dded during cat al yetrugggpseat i on.
The cracki ng conponent may serve as an isonerization enhancer. The cracking
conponent can, be any conventional cracking gonponent such as cationic

cl ays, ani omi'égendyrostyuefarably afiateass 198vnT3g, determinedtvabthe) BLebl method,
zeolite X PO s, SAPQ s, anprphous cracking conponents such a

$i1i ca- al umFRRSSNGR, Aickel s arbuiaio pan be Chipsan WAIGH watia 1OflPOse BN @ | al s

"t ance. st 030 Mk A AT BR, SOTRE s By b SRR b8 o bi nai ng
function. | agieplibitind #18u Gh80 KA IBORONA I TP PO BB ok, 7 oup

VIB netal an a Goup VII'l non-noble net rror to ng “conposi te
with the buln’/gderirittihed bynheiB.EON medbar Ruriteimioee iRkOthetdldRshpbaehrg t he
preparation thereof. Conpositing the cracking conmponent with any of these
met al s may Isboeldrhavech medidry parisiediamedtemofodt least Srmukinoge prefgrabbmat wi t h
these materials. The cracki ng conponent, which can conprise about 0-80

W . % based least { A@ nmat and praferablyonot mere thaal S0, pwaandoporgiprsderablynoy st age
of the process of the present invention prior to the shaping step.. However,
it is prefemeg then 88Q0uHe. diveaunate prsigahbhthe mediap P%C@&gm@ﬂeﬁhﬁgl%tep
(it) wth the binder nerally, it depends on the envi ed_catalytic
appl i cation tﬁq Iangs qf;Q’rgF‘ @;HH} moghpsdeiabbn e dangs Ofﬁg -2 F¥cri bed
cracking co t . d olite | r.ef er ed i J

resul ting cgﬁ%%gléf i%gn s‘ﬁogﬂfg %é‘éé%'g‘f"."é%&?érﬁﬁ%%&% g‘?‘#ganagqgﬁsqf)?{ﬂytd'gggf alytic'
cracking. OSBRR stdi@akinohict MRRElc MEafhndsarticle diamefer; the-YtherahPd] WO

001 42129 z0 PCTJUSO00/ 00992 silica-aiumna or cationic clays are preferably
added i f t heomponentsawill paty ceacposthtthewusdrdhlebef the darge métabeahperanit ng
applications. The ampunt of cracking material that is added depends on the
desired act ipartsleofn this qsaaio-eallgsbsiore-shellinsirggtureddmik catalyst particlesaged and
t hus may varo%tf.ro 0O - 80 w.% based on the total weight of the catalyst
conposi tion. 14 sired, fi.~rther materials can be added in addition to
the netal conponents already added. These materials include any materi al
that is added during conventional hydroprocessing catal yst preparation.

Sui t abl e exanpl esAmapprdpriaié ansrpholvgyanddexture ofthe AR ¢odfonent can

fluorine-containing conpounds, additional transition netals, rare earth
metal s, fil lesther beachievedbysapmigingsuitable praforengshmel eompovents®ubys i ncl ude
ammoni um phosphat e, .phosphoyic acid, or organic pho or us. conpounds.
Phosphor us (ﬂsﬁmnﬁj &a %}é{ comeanets gbﬂ;}gggga\é -GFSTHEdrecipHation up

present inv i e ] . i : t

Chapi ng st ench Popicals e 4 BEPRdIEnGIcES, AP I GRAMER: ARrddRE .,
al so be usedefeetioRitdppropdte PrecipitisémB6Rditions cbh BeeRadedy Rrutipept i zed by
contacting the binder w th phosphoric acid or with a m xture of phosphoric
and nitric aipdnn@entatadrn.e additional transition netals are, e.g., rhenium
rut henium rhodium iridium chrom um vanadium iron, cobalt, platinum

pal | adi um cobalt, nickel, nolybdenum or tungsten. N ckel, nolybdenum, and

ol ybdenum and/ orct BRGEEEhsE i aRaRSouAn e Rl o Bl s SRR Rl e
solid route.n t@?@@mﬁ%ﬁ@hé \Qﬁﬁhba?ﬁagéﬁﬂaﬂteaﬁ%xgg??ﬂ?é);o] afe! RG§EsseRtall he

present invention pfrior to the shaping step. rom addi hg these netal s

during the phachssnedhl biithd meedltdoatponeht atsleastgaripsembing ik chesolibsatee t he
final catalyst conposition 4 ,~ a | 2003 WD 00/42129 "' 1 PCT/US00100992
t herewi t h. Iduring the wholeguesess of this Sohigrrogteat B is hetedi again that Hliy gssential

conposition Wi th an inpregnation sol utjion, conprisin ny of the tals.
i that in 1o case shotld the amount of solid metals 3ungg the’ process of the Solid
route becomes zero. The presence of solid metal comprising particles can easily

be detected by visual inspection at least if the diameter of the solid particles in



The processes of the present invention for preparing the bul k catal yst
conpositions may further conprise a sulfidation step. Sulfidatio l'li
generally carried out by contacting the catal yst conposition or Bre l“ -75[}%

t her eof wwdomamwd f ur contai ni ng conpourld such as el enent ar pCEU$0000992
hydrogen sul fide or polysul fides. The sulfidation can generally be carried

o T TR b Rt R T
20111, ol ASEs It Al sl 5y RIS A Rk
subsequent 'sé’atb%h O%Wh‘?&ﬁ bk A dien ?6’ s% flé@gergﬁn TRh @ so%é’bé&% 16%%% tRALY

alternativ but prior tosaln or su sequently to shaping the
catal yst cofpesidihOm. mlnte df3h@pebcss Gﬂt}{eh@ﬂldtﬂ@@tés tanfmdatls &ré ihshe@dluearri ed
out prior to any process step that reverts the obt ai ned netal sulfides into
t heir oxi defte.Such process steps are, e.g., calcination or spray drying or
any other high tenperature treatnent in t he presence of oxygen.
Consequently, if the catalyst conposition is subjected to spray drying

Subsequent ot TEGRPTCRGBF ams it thrcseid it soddeon R ef B Iy to, or
st ead of iyt bR ERa VSERPHL kng BIGIY Ry ROTBORHILETIATRK O°

prepared froma i1droute is

appl i ed i nvadten datboxyliteadidy Iﬁnaauamtﬁé sifcharanetian6Por Bhansle Pa¢febiygam
ni ckel sul fide and/or nol ybdenum sul fide and/or tungsten sulfide. If the

cat al yst cdquodicompmising watd sunh as mixedebefiapalrobskand waker andihortat i on i s
preferably carried out subsequent .t h ap tep and, .if applied,
subsequent PreferaRly water isysedmsmratic g‘ﬂ anlj?@f@ﬂgjdl%“et @If%%tpif@if i's
carried out J I42 JU x situ,

e e digids e bhApdtied MmllipBoptty i IS s faule BALRERNSE 85 To' oadi ng
the sul fi degdsGal@toyald & UMRisidnOSY d ﬂfe?al%'% pOREhPR &ﬁﬁﬁ@'tﬂgan%ukous

Fur t her nor It 1s preferred that the cat yst conposition is both sulfided
ex situ andolunics ofandther wetaleompohefibe reacti on zones of any or both of

t he hydrodesul furization stages, may contain a conventi onal

hydrodesul furization catalyst. Suitabl e conventi onal hydr odesul furi zation

catal ysts for u the ese tl nve tion incl ug lt@g
conpri sed of at Sﬁb @f % gﬂxerra f&P’prﬁFﬁf lﬂl/'n F‘Eo M e%lmel nor e
preferably s‘-i@l‘i“d}rmmture%riﬁefé%?t Shit 1@@%;5 A1 néfshoble hRAAS aRDE. ﬁGr oup VI

nmet al , prefer bl'y M or nore - preferab Mo, on a relatively

surface arégms npba)llttmn’aé]enr atixnpeefieredfl yPrafevablpoa cOtrbenatim dfahetel
hydrodesul furization catal yst supports include zeolites, amrphous
si | i ca- al uFPHNONERE quaﬁslagalglmlnmweeumwd nwss&nﬁtmclé%lnccdqaéto

| d, b| th bl | d f Pd [t i
W Ehi ht he RSNBEERe %Psgéntq? PRI o PRORSSR G g Fi B t@}]g -
hydr odesul fﬁr‘&hé‘l’atqhﬂi‘{s%é SliaBfe HERE) doBRRRORRICAE Rt PSS! e

Goup VIII present 1n ‘an anount rangi ng out 2to

20 Wt . % prsehersaehbwuhmgraoahbmtngﬂcdrﬂprleé’/ﬁvaﬂéhen@@bna nitkelebmpotiehts suylpi cal |y
be present in an anount rangin romabout 5 to 50 wt.% preferably from
about 10 t @s4dckel cagbanate, rmq:leelgwdf@ndb,l xycmlcphoapbm, nigkeloplamphite,mickel 1

nmet al s wei ercent e, on t he
percents a%gn'ﬂ e HICKS ﬂéd\ﬁep £ @PYI?‘F@%L%%W tee&‘\gﬁﬁll Q‘vam‘f

suPpor Tk ik ohdR oV AR g RS DB,

this case, §1nabtha§g§aaLu¥ﬁtzo hbﬁdseah?ahearelama@t ParheiRithE 3pkid sthus the

active surface area e bu catal yst particles is maintained during
use. The ntdtﬁtfngr@dm@ctiﬁg,%msVI%tEﬂxﬁMe‘vﬁdlybdﬂmm@bhfpdmhals:achamges

generally from10:1 - 10 and preferably from3:1 - 1:3. In the case of a
cor e-shel | momhdenumc(dpaand m)emdheselybdcnw aarbideumodykdepu nicridthe netal s
- '~4 Jal tuii~ 0142129 cont ed in shell. If
nore t han cﬁ%@n@%ﬁnﬁ’}l)’%d?r@b gol b’églé 3\4 éﬁe %GE’PI&EE‘E@IS}@‘? D& ticles,
the ratio of the different Goup VIB rretals is generally not critical. The
sanme hol ds when nore than one Goup V IIl non-noble netal is applied. In

t he case where nol ybdenum and tungsten are present as G oup VIB netals, the
nol ybenumaungsten ratio preferably lies in the range of 9:1 -1:09.
Preferably the G oup VIII non-noble netal conprises nickel and/or cobalt.

It is further preferred that the Goup V1B netal conprises a conbination of
nol ybdenum and tungsten. Preferably, conbinations of

n| ckel / nol ybdenurﬂ t ungst en and cobal t/ rml ybdenum t ungst en and

I T e o, —yr " L



The netals are preferably present as oxidic conpounds of the corresEomﬂi ng
netals, or if the catal yst conposition has been sulfided, sulfi Yk UL L
conpounds of the corresponding netals. Preferably the particles have a
surface angpo®d21pt | east 50 n2/ g and noré preferably of at pEgetookasd2n2/ g
measured VIB the B.E.T. nethod. It is furthernore preferred that the
particles conprise 50 - 100 wt.% and even nore preferably 70 - 100 w . % of
at |east onuxtyresphereei. Himallyobnitable tunigstenccamporenss whirh @eqtjeast paribyt al |
based on the . totgl,wejght .of the particles, calculated as netal oxides. The
amount of 8 sl RE poRiAFing smABIE Snasien & aad tagxidey tupgsten

determ ned M35 T E bty LS. desired. that the po Si | stributi on of

the parti cﬁ‘ﬁﬁes%b%%‘ﬁéﬁ)m‘?ﬂ%ﬁi@ %‘Hﬁb&a@q&? c@ﬁ@%ﬁ'%@ﬁfi%l

hydr ot r eat j t.al i A t A1k i s have

oy ot or oty ATOLR OHHO), el BiRRE dIGihRim AAESRRBIOURLER A0V, /g
- 11t

still noreppheatirgable) opmiknires titergdd. dTlezd omdSionenes & aehyrallyl - 2
.1 J | 2003 WO 00l 42129 24 PCTNS00100992 nmi /g determ ned by nitrogen
adsor pt i oncommérsiadby yvailabler sambe preparethbyl, i, arecipitatiqr. essymickel

T et B b SRekd o Mol & A b S50
~ d f I h 000 : : f bly,..th
e 5B bl R e IR B AAS k™
f bl yi 2 | T -al yst
pretera yski’?léd*}fér&ﬁrf‘ﬂ?cl?&os@ tFS retipitdtion %cﬁﬂ&fxé‘ﬁﬁsxﬁé%{%% ag?&fﬁéﬂﬁ ys

conposition prefierably 1s at ne/ g, nore pref east 80

2/ g and misd desigddemabpholepy lagdséxthizd) n2l g. The total pore volume of the
catal yst conposition is preferably at least 0.05 m/g and nore preferably
at least OL nmMl/g as determ ned by water porosinetry. To obtain catalyst

it i th high hani cal st th, it b i I hat th
Cat Bl yst compos TDERRER: R CRPmAPFBH, WL Hmaniy aBRupos o1 AWOnH aas f ound
that the bulLk i iy SL: i ff ti
paf1 ter newh Péﬁdg?@?ke’?"zélf rggern{s %"%’3?%? ?%ﬁég%’g%‘%qgg e(i:‘%{:'l'rﬁ%f(] ?gﬂgg)a{'%égl cog\allgnlt iognal

hydr opr ocegfiignmeht! Wikl RaFsdnaedi sy piefatt DRI Wdmpdhenttd BY adddd 4act i on
pattern of the bulk catal yst particles conprises, and preferably

essent i al | yeasopartit m the, sopidasitate beaausetvehersbickel carbheate esapmiedy€id

conponents. If, e.qg., nickel hydroxy-carbonate has been contacted,with a
mol ybdenunt¥abyes @ﬁa Hl%ﬁ%ﬂweaéh%&ﬂtb@aemépmﬁé- rrauther dug ul k

catal yst p i r ragteriz ap. X- iffr i 3 whi ch
corpr | ses M liahdpriafof (sl Bl Cos syl Lo 0L AL BT B¢ |
1.54), 1. 4%Wasm@laes i n brackets indicate that the correspondi ng peaks are
rat her broad and/or have a low intensity or axe 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 cont ai ned freterred mickel campenentawhicharepdded i thesalutestatsare at al yst

obtai ned by the soluti.on route has a charagteristic, Xr di f.ftraction
pattern m%’”&%"‘ﬁ?‘fﬁf‘ht’es“‘rcg%‘rﬁ%a?%‘ ¥ eo%trﬁ?lﬁegd“ 9&68‘-le<§"ﬁgatﬁ’t"mc%%nventi onal
hydr opr oceggj : [ ' ipéa leRshPfise the X-ray
1. 14 J~~I %lf%?@%ﬂ&%ﬂ@%@gﬁ%@ﬁ%&%ﬁ%% [ ffrrnE@{bidgg pattern of a
Ni - M- W pr eengstérat@mponprite petiiet apy added inahbisohne st erehastepsakiblat d val ues
of 2.52, 1.72 and 1.46. Also as previously stated, the catal yst conposition
may conpr i seolybdenum and tungsten components such as alkali metal or ammonium

molybdate (also peroxo-, di-, tri-, tetra-, hepta-, octa-, or tetradecamolybdate),

Mo-P heteropolyanion compounds, Wo-Si heteropolyanion compounds, W-P

heteropolyanion compounds, W-Si heteropolyanion compounds, Ni-Mo-W

heteropolyanion compounds, Co-Mo-W heteropolyanion compounds, alkali



conventional hydroprocessing catal ysts. The binder materials and cracking
conponents of the conventional hydroprocessing catal yst generally 0 r'0§e
any of the above descri bed binder materials and cracking conponenlg rﬂ%@
hydr ogena aI s of the conventionahs hydroprocessing cg&i}&%&}/ gner ally
conpri se oup °B and G oup VIl non-noble netals such as |ons of
ni ckel or cobalt wth nol ybdenum or tungsten. ;suitable conventional

hydr opr ocessdtalgorcahalonsim tahgsta®s galso hwiaopmathm Qﬁtpailyﬁfhgstaiﬁje@le

catal ysts can be in the spent, regenerated, or fresh state. As wll be
clear frommikturebthez¢ofit is possible to add the Group VIII non noble netal
c¢ont ai ni ng conpound and the G oup VIB netal -containing conmpound in various
ways, at various tenperatures and pHs in solution, in suspension, and as

h, | d | b
Seadi 1y prepare “%{%ﬁecoa? daihest ﬂlkaagm PREP Al Big<e VAPPERFon of the
Dol |11 deRQIRAE | IRII0IURA oiicT ARG RSB I

tungsten comf Initi ure of a no numsalt, a
ni ckel sal tamamﬂhamuhydrrﬁeﬂy@aatefanﬂ%ﬁmahﬁmh me&aﬁhgﬂa@nq& BvigsiAt r ol | ed
precipitation may al so be used to prepare the precursor conpound. In all
cases, howehvescopeatfehe shilled| persan tosseddct diantherl sitableydodennatiemof mngdt en ar e
enpl oyed. Preferably, the polybdenum and tungsten salts are ammoni um

conpounds, SeMponenisndhmis ke Npksddhat nl&kﬂﬁﬁrmﬁ%wﬁmg@mr&esm%m he

0 001 433'25"%%&?}1@63?6%@3%6%%18@&% Al Bhoto nudrey @abet aed or

pre-sul fidegdedavii fh RS ods. For exanple, the deconposition
pr oduct caﬁJ e coneth%cdt]g% &{éx?éé"g%ﬂ?oﬂ;p“ sing HZS and hydrogen, e.g., 10%

H2S/ H2, ai el evated terrperatures for a period of time sufficient to sulfide
t he decorrp05| tion product, usually at the point of H2S breakthrough in the
exit gas. Sul fi aﬁmgltmnae;mﬁtbed e%pmpasug thecasakysts usyd pashs practice 9pi cal

f eedst ock cont ai ni n?’ sul.fur over the dﬁ ition oduc{3 Process

condi t i ons UXOBTCSEHORYSREPN 1510 RISRATrihe REIKCHAIYOmRSHaT Bbd RBFSen may

vary Wi del %ofiERRI AlloRe Y1 rbAGROBIICH BFol O Gidn. THUiE malg) e, LOI i ng

p0| nt of the ncr ea Severl e con | ons W al so
i ncreas fe f Engp‘oﬁabhpm sutiePhed adkroap VIB Heldl%bhﬁioﬁeﬁﬁfml sohbtiewtdobtaiing for a
range o eeds

precipitate. As in the case of the solid route, preferably, one Group VIII

non-noble metal component is reacted with two Group VIB metal components.
The molar ratio of Group VIB metals to Group VIII non-noble metals applied in
the process of the solution route is preferably the same as described for the solid
route. Suitable Group VIB and Group VIII non-noble metal components are,
e.g. those water-soluble nickel, molybdenum and tungsten components described
above for the solid route. Further Group VIII non-noble metal components are,
e.g., cobalt or iron components. Further Group VIB metal components are, e.g.
chromium components. The metal components can be added to the reaction
mixture in solution, suspension or as such. If soluble salts are added as such,
they will dissolve in the reaction mixture and subsequently be precipitated.
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



FEEDTYPI CAL BO LI NG RANGE CTEMP. CPRESS, BARSPACE VELOCITY V/ VI HRH~ GAS

RATE ,
SCFBNapht ha25- 210100- 37010- 600. 5- 10100- 2, 0000 esel 170- 350200- 400154 ¥H3I8. 4
500- 6, 000{RAYYzE@S Oi | 325- 475260- 43015- 1#00. 3- 21000- 6, 000 TURETUSI0/00992

oi | 290- S50200- 4506- 2100. 2- 5100- 10, 000Resi duun0- 50%575340- 45065- 11000. 1- 12

, 000- 10,000 The followi ng exanples will serve to illustrate, but not limt,
this i nvenmeta salisesitioiceacid Ralepefr GrtounVoB mlbt«ald\kudiﬂnsmé’lmm githioicl dcidy
Tei chner and Astjer procedure): 4 .1 Ul _ Z003

deconposition a
WO 00/ 4212@0Mc§=€$§509mw@2 acy, aurz.gsuwd;rma@&unmcswgf DOFONEENA 350 ybdat e

i ssol U‘éheﬁ %ﬂ%"ﬁg chatheporh o Wik Fe RS e Y A oF ki BB Plssigh 1 €
sol ut i on, 45 B 000 B SRS RY0En oA bl Lol oPEER P! Lt

f or med whlch on urther addition o ear blu

sol ution Wi of 4ddi9dn S, witéte saRfion! 1§ercN!d4ﬁHhéT3§9WmYV€t§r@dded unt i | a
pH of 10 was reached. The sol ution was heated to 90C for 3 h duri ng which
amoni a gaExamplesed thas: eogpeendsmare engtai admpbondedhictheorftamaso mbch ay
between 6.8 and 7. The suspension was cooled to roomterrperature filtered,
washed wi t9ryskal dvatemthaguped tqqu@nmean@neﬁsq;mey %b@ﬁSQScﬂi@ﬂ@ﬁ" f¥beri al was

obt ai ned. The,s alyzed f at M at 34 wt.% The
%oray i T (TAE VGATEG e e elblsimel sl maY beaddr WenAbeEen b6e by

Tei chner. t i rrp05| tion:
Inalliter ”‘Fégﬁgf@ﬁ}ﬁgﬁ éf%’i’]% i Ctﬁ% ENX‘?BC %‘tm%" Hoﬂ%ocs‘i'ﬁﬁg

amoni um nigfedls 84184 Méte&&lymh&ﬁc%panﬂdésf 6otviv- uk@hoaeﬁa&ay@ommhydr ate
(0.15 noles Ni) were dissolved in 300cc of water so that the resulting pH -
equal ed 4. &ldTwatet), hetaybpolyenionaompmerdsreftedMd-¥0 Kmederatelyrsoluigodrc) was
added unti | the pH reached 10. At this point, sonme precipitate remained.
The sol uti ¢19\Waeef | uxed at 100C for 3 h. Duri ng this heating, the
precipitate dissolved to give a clear blue solution and on further heating,

between 6.5 and e ToHEiIE RS eRea 0 SRR B e Bl Breb b 8RR R | Pl ered,
washed wi t gffueea rbyadualﬂg laQGratp APRoRMRILIE Htital sht HIRTEh &f a PeMhRirhidte | S

obt ai ned. The X-ray diffracti on spectra of the phase is given'in Figure 2
showi ng anaraadprpd‘touhlchahkg}mupd/m non-noble mtdlamgethe QIeajs{s\,/IBtmdtaIZ 5S and
1.70. .14 711 2003 WO 00142129,  z8 PCTNS0Q/ 0099? e;ian ~Rle 3
Prepar at i oﬁre@pmmwﬂl%a@wmm Byhigh corpplgrescihgimeta So‘ﬁ‘dT eaée&the. ter

et at unge: Tty Sor AR To R e it Reaga it Bl Gradtiiag o
sol ution pHr&hp ’vtiBZme'm shnlsahﬁ%tﬁtlaqe e?atﬁpésﬁd Hé‘d"\l@ﬁ’i‘dh(thé@h@ﬁ;) wns

added, rai si ng the pHto ~9.8 (sol utlgﬁ) . This solution was warmed to
90C. A secnon-meblatretal amlsGmlmpﬁIEmdlyl pxdadnmgstéS&thgmgfthmtcxk:pbramm,r at e,
(0.2 moles Ni) which was dissolved in 50 cc_of water_(solution % and
mai nt ai nedchangpgtherplls os dowenng theamewmrtcef Bespliess Hhe preciitate pbiaingd/ ni n

to th | ybdat e/ t tat. | t tate .
bogins. Lo POTN PREER: PO (e neb o Vae oy, Driur ChaRer on' v ch

was at a l%lgp; e was
mai nt ai negtbn 18‘4‘@%28%&{@%5% rgv\cgga]?%tﬁ,l['l%lre WEE(\)J![a;ﬂy ?’H; Eﬁot wat er,
and dried ahpredd @tedAwﬂhC@tdI%DVHYnSﬁ-r@bQé n{mélgrahd@ma VIR eystaledsaidExam ne 4

Preparation of NH4- Ni - 5W5-0 by controlled p
precipitate can be used without a support. Unsupported catalyst compositions

are usually referred to as bulk catalysts. Changing the pH can be done by adding
base or acid to the reaction mixture, or adding compounds, which decompose
upon temperature, increase into hydroxide ions or H" ions that respectively

increase or decrease the pH. Examples of compounds that decompose upon



precipitation: Two solutions were prepared with the sanme anounts of nickel,
tungst en, nol ybdenum ant anmoni um hydr oxi de are described i n Exalnpl/gl 3003
(solutions A and B) except that each solution contained about 700 cc of
wat er. Thewiory/@edout i ons were added intol@ separate vessel ipgirised/doys2
contai ning 400 cc of water held at 90C. Solution B (the acidic solution)
was punped into the vessel at a constant rate of ~I5cc/mn, while solution
A is added feiRPerghire Infgaseaand thenghbynhiceense or deoraase thedpld @ke peacpites) and
set to maintain the pHat 6.5. On m‘bxi ngx.é(ge two solutiong a Preci pitate
forms. The SMMEYURLEYaraic. AERmaron bYAETXids A0 ABONIYM CEdaBlhor ,  washed
with hot water, and dried at 120C. .~ t 1. 2003 WO 001 42129 29
PCT/ USOQO 00992 ~xaT Catal ytic Eval uati on Usi ng Di benzot hi ophene (DBT):

1.5-2 g of the cafahYstsrAlv gpés%cgaf&ing% thePd AGEGh FSUtE Hdids droat which

was in turn inserted into a ﬁorlzonta gquartz tube and placed into a

Li ndber g f uanmeeniuthsalisesfeeGabuy & I1Banetadbfeetiatio and @Goluticabeild Gemep WOIr with
N~ Bowing at 50 cc/m and the flow continued for 1.5 h at 370C. N2 was

swi t ched of noampbiomeri 3itatet is enaded ddotht solutiensraradieateddo axemperatyretdfe
tenperature increas‘%g,toomoc, and held there for 2 hours. The heat was
then shut ofPPE¥IMaleey TG yYwnmassrmdydioxidgvs addedly the GreupodB metahni ch

point this flow was.,discontjnued and N2 S added, r.oom t er re, the
quart z tubeswgope%eér J"’?ﬂé’%‘? lFeS'i‘éAt?lr uihen PseﬁqeﬂttBrRée %g‘ﬁh%gd gl ove
box. Cataly : j : ] r react or
desi gned foﬁ%%l\r,@t’hgt@y y%rai)rggtnt) ‘?Fg’\}v‘%g%?fﬁ%’?}‘gﬁ‘@gsgﬁﬁ%r%‘g?gﬁg sized to
20/ 40 mesh apA-rIbee BcRdD RSP AERRESCIURE. OTRisProt s a3 8¢ cHmfletld at

sandwi ched between a | ayer of mullite beads. 100 cc of liquid feed,

cont ai ni ng owettebipeesnr imdphdaereasedderesdure onhighed demperattrhandiorocl ave. A
hydr ogen fl ow of 2100 cc/mn was passed through the reactor and the pressure
was mai nt ai HEICSHECPTSPR usi ng a back pressure regul ator. The tenperature
was raised to 350C at S-6 deg/mn and run until either SO% DBT was
converted or until 7 hours was reached. A small aliquot of product was
removed every 30 #hfibihes ilAMratR pra s Wt cfing @ he GONRIHYOR AGdap over al|
conversion as well as the conversion to the reaction products bi phenyl (BP)
and cycl oheMlBoeetzd salt,(O8BpupAIIE melal shibtand aandaianilyddoxide bte mdaeganand R
R Chianelli [J. Cat. 149, 414-27 ﬁ 1994)] and are shown_in Table 1. As
descri bed i folutign tagether and heard se thattammeniags dsivenp afbarsk thedeid 2elowvered at i ve

to BP during the,desul furization reacti are a good indicati of a

bt oyt i b BELACRDiehref R eDRn eRes, Yhedhdiefcs b piker Aoy BaShur
selectiviti i g—ﬁ, | : oW i

hydr odesul fgf??gr%ﬁﬁ(%rﬁilf}f)ﬁ{?ﬁ%r _ltéa?-bii&q %ﬁm g%%‘% o\;:\%h%s‘(}}t% | 29 3~
PCTI USO0/ 00Bemwifie results show that partial substitution of tungsten for

nmol ybdenum results in catalysts that are substantially higher for DBT
conversion. A standard supported N -M on A1203 catal yst is al so shown for

conparison. The high CHB/ BP.rati u sts.that the catal.ysi{s ar.e active
for HDN Tabl o 1 ngehepiendy i whebie ife soid sBsolff EPuR it Shishaf o,
Tungst en Addiyt P |

@atal yot pr OaTRteaigl bhB GRS ERBRAMIRA crERTIAG chiiries ShYRIe
deconposi t i preféddbl Bordikid ebbenvially\0fbulk ehlalyie pdaitdeOieaiihg Bt characteristics

21 711 0. 2NH4- Ni - Mo, 5W 5- Odi rect preci pitation

31 6712. 4NH4-ofithevbylgwatalgxtqartioles ddsqrthed under the heading "Catalyst compositions
418112. Opr ep?r atj onNi,, Mp/ A1203i npr egnat i on1296. 4 E~cammte 6 A series of
catal ysts we glep’r”é’ﬁ&?@é} in accordance with the general preparation schene
of exanple 2 (i.e., boiling deconposition) but varying the Mo and W
relative ratios by changi ng the amount of amoni um nol ybdate and amoni um

et at ungst at e adﬁg-n'@e&xgk chﬁ(ljég e '&@ﬁion%oégﬁ%éﬁ | BE diRe ¢ Ehffda s

descri bed in Exa atal'ysts so prepared are shown in Table 2
along wi th hhardpreedssing partiolds If tHeembent dPB M@$m@mla&am$gri bed in
Exanpl e 5. - ~ .~ JU" 2003 WO 00/42129 3 ~ PCT/US00100992 Table 2.

Conpar i son ebmimisitiant iy sorki@BThaiahvamsit be difestly subjektedaoizathiapmg steRel ati ve W
and Mo cont ent

Anmmoni umAmoni unNi ckel Kt ot aCHBI BMol ybdat eMet at ungstatcNitratel @

@cat al yst Sanpl e(g) (g) Hexahydr at e350C350C( g) NH4- Ni W O18983-97036. 9543. 621281
1. 3NH4- Ni Mb. | W 9- 018983- 1252. 6533. 6243. 62132] 4. 1NH4- Ni Mb. 3W 7- 018983-1017. 9
425.8743. 621 5411. 6NH4- Ni Mb. 5W 5- O1$357-10913. 171 8. 7443. 621711 0. 2NH4- Ni Mb. 7W
.3-08983-9518. 5Q 1. 0943. 6215811. 5 NH4-N Mo, 9W 1- O - 18983-92 23.83 3.69
43.62 141 10.5 The data show that the npost active catal yst contains an
approxi mately equi nol ar m xture of tungsten and nol ybdenum Examlie 7



A series of catalysts were prepared as described in Exanple 3 (direct
precipitation) in which equinmolar mixtures of Mo and Wwere pretipil.afBd
but the nickel content was varied. Deconposition was effected as descri bed

i n Exanplwooi43fze catal ysts so preparedi@re shown in Tabl epdraistyishoyd t h
their catalytic activities for DBT neasured as described in exanple 5. -
~~14 .1 U]l ZUi3 W 00/42x29 32 PCT/USQ0100992 Tabl e 3. Variation of
Ni ckel Confehé lighid\sepaxptiom cawps perfcamed pefase shaping. Optionally the bulk

' i umi ckel Kt ot aCHB/ BPol, ybd gt tatenitratel @@
3500Cat al y SRR L AT EH )b ERRE st G0 ST RAHAN D SRR SN <01 9886 17 6524

643. 651711 ' 'S W 5-019086- | 7. 6524. 658. 216712. 482NH4- Ni |
. 25Mb. 5 Wg‘i‘@i’%"%i}ﬁi%@m 672. 751741
1. 0T~4- N~1. SM 5W 5- 019086- 17. 6S24. 687. 31489. 55112 Catal yti c perfornmance

does not change Thi¢hntanh dhméteMdfihy Bﬁ!kaéaitﬂg& pdtiblesfi§ AMelst 59 rif, thove
al t hough K appears to go through a maxi num at about 1.25 Ni. A series of

catal ysts préferddipraleadt 100 Wi, ahdiprefesiininbt Yot thiM SOOI And indree
preparation was varied. The catal ysts were prepared in accordance to the

procedur e gesferdbhedot mdreahmi 80G0 pxteBver hvre phefetabidyinthe aiediiiPdrticre
solution A was varied to change to NHAOH/ Ni nolar ratio when the two

sol uti ons wveametef keslin thecramge ©f 0. bn SGagn end anost greferabdy or thegdngmofxanpl e 5.
The catal ysts so prepared are shown in Table 4 along with their catalytic
activiti esOfoP0PBBM. neasured as described in Exanpl e 5. c 33 WD 00142129
Table 4. Variation in NH4OH Addition to Preparation 1 4 J U L 2003

PCT/ US00/ 00992 Cat al yst NHQOH/ N nol e rati o Sanpl eanmoni um r nol ybdat e

() ammoni um et 3¢ Ygsi fateBhl skl in the preparation of the catalyst composition

it can be any material that is conventionally applied as a binder in
hydroprocessing catalysts. Examples include silica, silica-alumina, such as
conventional silica-alumina, silica-coated alumina and alumina-coated silica,
alumina such as (pseudo)bochmite, or gibbsite, titania, zirconia, cationic clays or
anionic clays such as saponite, bentonite, kaoline, sepiolite or hydrotaicite, or
mixtures thereof. Preferred binders are silica, silica-alumina, alumina, titanic,
zirconia, or mixtures thereof. These binders may be applied as such or after
peptization. It is also possible to apply precursors of these binders that, during
the process of the invention are converted into any of the above-described
binders. Suitable precursors are, e g., alkali metal aluminates (to obtain an
alumina binder), water glass (to obtain a silica binder), a mixture of alkali metal
aluminates and water glass (to obtain a silica alumina binder), a mixture of
sources of a di-, tri-, and/or tetravalent metal such as a mixture of water-soluble
salts of magnesium, aluminum and/or silicon (to prepare a cationic clay and/or

anionic 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
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- 1.5 ml/g measured by nitrogen adsorption.

Generally, the binder material to be added in the process of the invention
has less catalytic activity than the bulk catalyst composition or no catalytic
activity at all. Consequently, by adding a binder material, the activity of the
bulk catalyst composition may be reduced. Therefore, the amount of binder
material to be added in the process of the invention generally depends on the
desired activity of the final 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 resulting unusual high
activity of 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.

The catalyst composition 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
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before or after a binder is added, after solid-liquid separation, before or after
calcination and subsequent to re-wetting. It is 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 applies 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
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carried out by impregnation of the cracking component with these materials.

The cracking component, which can compnise about 0-80 wt.%, based on
the total weight of the catalyst, can be added at any stage of the process of the
present invention prior to the shaping step. However, 1t is preferred to add the

cracking component during the compositing step (i1) with the binder.

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
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Suitable phosphorus compounds include ammonium phosphate,
phosphoric acid, or organic phosphorus 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 can be peptized by contacting the binder with phosphoric acid or with

a mixture of phosphoric and nitric acid.

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
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high temperature treatment in the presence of oxygen. Consequently, if the

catalyst composition is subjected to spray drying and/or any alternative
technique, the sulfidation should be carried out subsequent to the application of

any of these methods.

Additionally to, or instead of, a sulfidation step, the bulk catalyst
composition may be prepared from at least one metal sulfide. If, e.g. the solid
route 1is applied in step (i), the bulk catalyst component can be prepared form

nickel sulfide and/or molybdenum sulfide and/or tungsten suifide.

If the catalyst composition is used in a fixed bed processes, the sulfidation
is preferably carried out subsequent to the shaping step and, if applied,

subsequent to the last calcination step. Preferably, the sulfidation is carried out
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alumina. Other suitable hydrodesulfurization catalyst supports include zeolites,
amorphous silica-alumina, and titania-alumina Noble metal catalysts can also be
employed, preferably when the noble metal is selected from Pd and Pt. Itis
within the scope of the present invention that more than one type of
hydrodesulfurization catalyst be used in the same reaction vessel. The Group
VIII metal is typically present in an amount ranging from about 2 to 20 wt.%,
preferably from about 4 to 12%. The Group VI metal will typically be present in
an amount ranging from about 5 to 50 wt.%, preferably from about 10 to 40
wt.%, and more preferably from about 20 to 30 wt.%. All metals weight
percents are on support. By “on support” we mean that the percents are based on
the weight of the support. For example, if the support were to weigh 100 g. then
20 wt.% Group VIII metal would mean that 20 g. of Group VII] metal was on
the support.

It has been found that in this case, the bulk catalyst particles are
sintering-resistant. Thus the active surface area of the bulk catalyst particles is
maintained during use. The molar ratio of Group VIB to Group VIII non-noble
metals ranges generally from 10:1 - 1:10 and preferably from 3:1 - 1:3. In the

case of a core-shell structured particle, these ratios of course apply to the metals
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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.

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. It is
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
metal oxides. The amount of Group VIB and Group VIII non-noble metals can

easily be determined VIB TEM-EDX.

It is desired that the pore size distribution of the particles is approximately
the same as the one of conventional hydrotreating catalysts. More in particular,
these particles have preferably a pore volume of 0.05 - 5 ml/g, more preferably

of 0.1 - 4 ml/g, still more preferably of 0.1 - 3 ml/g and most preferably 0.1 - 2
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&910%& () - e.2@nIERE Hydrbx y-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 compnses 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 pattern 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 differs from catalyst obtained by co-mixing and conventional

hydroprocessing catalysts obtained by impregnation. For instance the X-ray
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has peaks at d values 0f 2.52, 1.72 and 1.46.

Also as previously stated, the catalyst composition may comprise
conventional hydroprocessing catalysts. The binder materials and cracking
components of the conventional hydroprocessing catalyst generally comprise
any of the above-described binder materials and cracking components. The
hydrogenation metals of the conventional hydroprocessing catalyst generally
comprise Group VIB and Group VIII non-noble metals such as combinations of
nickel or cobalt with molybdenum or tungsten. Suitable conventional
hydroprocessing catalysts are, e.g., hydrotreating catalysts. These catalysts can

be in the spent, regenerated, or fresh state.

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.

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. Direct
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

nicke] salt may be the nitrate or hydrated nitrates.
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The decomposed precursor can be sulfided or pre-sulfided by a vaniety 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.

Process conditions applicable for the use of the catalysts described herein
may vary widely depending on the feedstock 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.

FEED TYPICAL | TEMP.° | PRESS, SPACE H; GAS RATE
BOILING C BAR VELOCITY SCF/B

RANGE °C V/VHR

Naphtha 25-210 100-370 | 10-60 0.5-10 100-2,000

Diesel 170-350 200-400 | 15-110 0.54 500-6,000

Heavy gas 325-475 260-430 | 15-170 0.3-2 1000-6,000

oil

Tube oil 260-550 200-450 | 6-210 0.2-5 100-10,000

Residuum | 10-50%>575 | 340-450 | 65-1100 0.1-1 2,000- 10,000

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):
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that the resulting pH equaled 4.3. To this solution, a concentrated NH4OH

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
NH40H (~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 NH4-Ni-Mo.sW 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 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

background with the two largest peaks at d=2.58 and 1.70A.
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In a 1 liter flask, 17.65 g of ammonium molybdate (0.1 mole Mo) and 24.60 g of
ammonium metatungstate (0.1 mole W) were dissolved 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 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.
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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 N, flowing at 50
cc/m, and the flow continued for 1.5 h at 370°C. Np was switched off and 10%
H7S/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
matenal transferred into a Np 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 decalin 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 bipheny! (BP) and
cyclohexylbenzene (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
hydrodenitrogenation activity, whereas high selectivities of BP relative to CHB

indicates a catalyst with high hydrodesulfurization activity.
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results in catalysts that are substantially higher for DBT conversion. A standard

supported Ni-Mo on AlpO3 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

_ NH4-Ni-Mo-O boiling decomposition ] 106 10.4

NH4-Ni-Mo 5W 5-O  boiling decomposition 2 171 10.2

NH4-Ni-Mo sW 5-O direct precipitation 3 167 12.4

NH4-Ni-Mo 5W 5-O controlled pH 4 181 12.0
preparation

Ni,Mo/AlL,03 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 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.
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Table 2. Comparison of Activity in DBT Conversion Tests with Variation in

Relative W and Mo content

Ammonium  Ammonium Nicke} Kiota CHB/B

Molybdate Metatungstate Nitrate | P@

Catalyst Sample () (®) Hexahydrate 3590c 350°C
NH4-Niw-O 18983-97 0 36.95 4%6):2 128 11.3
NH4-NiMo (W ¢-O  18983-125 2.65 33.62 43.62 132 14.1
NH4-NiMo 3W 7-O  18983-101 7.94 25.87 43.62 154 11.6
NH4-NiMo sW 5-O  18357-109 13.17 18.74 43.62 171 10.2
NH4-NiMo 7W 3-O  18983-95 18.54 11.09 43.62 158 11.5
NHg4-NiMo gW ;-O — 18983-92 23.83 3.69 43.62 141 10.5

The data show that the most active catalyst contains an approximately equimolar

mixture of tungsten and molybdenum.

Example 7

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

ammoninm  ammonium nickel Kiota CHB/BP
molybdate  metatungstate nitrate @ @ 356°C
Catalyst Sample (2) (®) hexahydrate 350°C
NHg4-Nig 75Mo sW 5-O  19086- 17.65 24.6 4525 171 13.0
110
NHg4-Nij oMo sW 5-O 19086- 17.65 24.6 58.2 167 12.4
82
NHg4-Ni] 25Mo sW 5-O  19086- 17.65 24.6 72.75 174 11.0
111
NHy4-Nij sMo sW 5-O 19086- 17.65 24.6 873 148 9.55
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 NH40H in solution

A was varied to change to NH4OH/Ni molar ratio when the two solutions were

mixed. Decomposition was effected as described in Example 5. The catalysts
so prepared are shown in Table 4 along with their catalytic activities for DBT

measured as described in Example 5.
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Catalyst ammonium ammonium nickel em3 Ktota | KCH
NH4OH/Ni molybdate | metatungstate nitrate conc 1@ | B/BP
mole ratio | Sample (8) (®) hexahydrate | NH,OH | 350°C | @
(8) 350°C
1:2 19086-96 17.65 24.6 43.65 6.8 102 10.5
1:1 19086-97 17.65 24.6 58.2 14 137 10.4
2:1 19086-82 17.65 24.6 72.75 30 167 12.4
3:1 19086-104 17.65 24.6 87.3 41 164 11.4
4:1 19086-106 17.65 24.6 87.3 55 16] 12.1

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 preparation of the
precursor compound is from about 1:1 to about 4:1, preferably about 1.5:1 to
about 4:1, and more preferably about 2:1 to about 4:1. While not wishing to be
bound by any particular theory or mechanism, there is some evidence the
NH,OH/Ni ratio causes the Ni-M-W-0 phase to change in the decomposition

product.

Example 9

The catalysts of examples 1 and 2 were compared against standard supported Ni-
Mo catalysts for the conversion of a LSADO (low sulfur auto diesel oil feed).
This feed contained 510 wppm sulfur, 50 wppm nitrogen, and 30.6% aromatics
with a gravity of 39.8° APl. The catalysts were tested at 579°F, 650 psig of Hy,

and 1850 SCFB/B of Hy. The relative activities of the different catalysts are

summarized in Table 5.
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Table 5. Relative Hydrotreating Activities on LSADO Feed

Catalyst Relative Volumetric Relative Volumetric
HDS Activity HDN Activity
Ni,Mo/Al203 ] ]
NH4-NiMo-O 0.25 0.50
NHg4-Nij oMo 5W 5-0O 1.4 2.05

The Ni, Mo/Al,O; catalyst is a standard HDN/HDS catalyst, the NH;-Ni-Mo
phase is the bulk phase with no tungsten, and the NH;-Ni; (Mo sW s-O is the bulk
phase with partial substitution of W for Mo. The NH4-NiMo-O catalyst is also
representative of known compounds. The catalyst of this invention is illustrated
by NH4-Ni; g)Mo0g s Wy s-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:
18.1kg-ammonium dimolybdate (15.33kg MoO,) are dissolved in 575 liters
water. Subsequently 28.5kg ammonium metatungstate (24 69kg WO,) is added
to the solution. The resulting solution is preheated up to 90°C. 26.5kg NiCO,
(49.7% Ni) powder is mixed with water and the resulting paste is added to the
ammonium dimolybdate/ammonium metatungstate solution. The resulting

mixture is reacted for 7 hours at 89°C.

Example 11

Preparation of a bulk catalyst composition according to the solution route:
In a 1-liter flask, 13.2 g ammonium molybdate (0.075 moles Mo), 18.7 g
ammonium metatungstate (0.075 moles W) and 43.6 g nickel nitrate hexahydrate

(0.15 moles Ni) were dissolved in 300 ml water so that the resulting pH equaled
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4.3. To this solution, a concentrated NH;0H solution (about 600 ml) was added
until the pH reached 10. At this point, some precipitate remained. The solution
was refluxed at 100°C for 3 hours. 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 a value between 6.8 and 7.0.
The suspension was cooled to room temperature, filtered, washed with water and

dried at 120°C overnight. 18 grams of material were obtained.

Example 12 (sample 2110587)

657g of a NiMo-W bulk catalyst composition obtained according to the
procedure described in Examples 10 or 11 was added to 1362 g of an aqueous
slurry containing 125g of alumina (prepared by precipitation of sodium
aluminate and aluminum suifate). 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
extrudates were dried at 120.C for about 90 minutes and subsequently calcined

at 385°C for one hour in air.

Example 13 (sample 21 10598)

The process of Example 12 was repeated except mat instead of the alumina

suspension, a silica sol containing 10 wt.% silica were applied.

Example 14 (sample 2110591)

657g of a Ni-Mo-W bulk catalyst composition obtained according to the
procedure described in Examples 7 or 8 was added to 510g of a boehmite paste
containing 125g boehmite. The rebuffing paste was mixed at 60°C to obtain an
LOI1 of 42%. The resulting composition was extruded, dried and calcined as

described in Example 12.
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The procedure described In Example 7 or 8 was repeated except that alumina is
present during the preparation of the bulk catalyst composition. To 755g 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 ammonium chromate are
dissolved and combined in a first reactor. The temperature is 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 first reactor to form a basic solution. The
Group VIII metal solution is added to the first dropwise with stirring in 20
minutes. After 30 minutes, the precipitate is filtered and washed. The

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(III(NO,); « 9 H,O in
98% yield comprising 41.2 wt.% Fe;03, 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 to 60 nm by BET using the adsorption curve was 0.147 ml/g.
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Example 18

The precipitation method of Example 16 was used to prepare a precipitate from
Ni(CO3),06H,0, (NH;)sM0,0,404H,0, and (NH,),Cr,0, in 87.7% yield
comprising 52.2 wt.% NiO, 29.4 wt.% MoO3; and 16.6 wt.% Cr,03 The surface
area of the precipitate was 199 m*/g. The pore volume as measured up to 60 nm

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

Example 19

The precipitation method of Example 16 was used to prepare a precipitate from
Ni(CO;),06H,0, (NH4)¢ H;W 13040, and (NH,),Cr,04 in 87.7% yield comprising
44.0 wt.% NiO, 42.4 wt.% WO;, and 11.8 wt.% Cr;0;. 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

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 catalyst. 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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NiMo HT Catalyst

, Catalyst
; Feed | Feed
:Feed LCCO | HVGO | LCCO{ HVGO
iH2 Partial Pressure 1200 | 2100 1200 | 2100
ipsig
|H2 Treat Gas Rate, 4900 | 6300 4900 | 6300
SCF/bbl
RX Temp, °C 299 360 299 360
IRX LHSV, hr-1 1.0 1.0 1.0 1.0
|
Product Nitrogen, 741 858 423 219 28.6 | 223
wppm
Relative 100.00 { 100.00 550.00! 250.00
Denitrogenation
Volume Activity, %
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5. The process of claim 1 wherein the bulk multimetallic catalyst is amorphous
and has a unique X-ray diffraction pattern showing crystalline peaks at d=2.53

Angstroms and d=1.70 Angstroms.

6. The process of claim 5 wherein the Group VIII non-noble metal is nickel.
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Ni and Co and the Group VIB metals are selected from Mo and W.

10. The process of claim 7 wherein the bulk multimetallic is represented by the
formula:

(X)p(Mo0)c(W)4O,
wherein X is a Group VIII non-noble metal, and the molar ratio of b: (c+d) is 0.5/1 to
3/1, preferably 0.75/1 to 1.5/1, more preferably 0.75/1 to 1.25/1.

11. The process of claim 3 wherein the molar ratio of c:d is preferably >0.01/1,
more preferably >0.1/1, still more preferably 1/10 to 10/1, still more preferably 1/3 to
3/1, most preferably substantially equimolar amounts of Mo and W, e.g. 2/3 to 3/2; and
z=[2b+6{(c+d)]}/2.

12. The process of claim 7 wherein the bulk multimetallic catalyst is essentially an
amorphous material having a unique X-ray diffraction pattern showing crystalline

peaks at d=2.53 Angstroms and d=1.70 Angstroms.

13. The process of claim 1, wherein said at least one reaction stage is operated at a
temperature of about 300 to about 450°C, and hydrogen pressure from about 85 to

about 200 bar (1250-2915 psig).
14.  The process of claim 1, further comprising a first hydrotreating stage

comprising said multimetallic catalyst and a second hydrocracking stage downstream

said first hydrotreating stage comprising said hydrocracking catalyst.
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than the feedstream, comprising passing said feedstream through at Jeast one reaction
stage, in the presence of a hydrogen containing treat éas, said at Jeast one reaction
stage comprising at Jeast one reaction zone said zone comprising at Jeast one catalyst
bed comprising a multimetallic catalyst comprised of at least one Group VIII non-
noble metals and at least two Group VIB metals wherein the ratio of Group VIB
metals to Group VIII non-noble metals is about 10:1 to about 1:10, and at a least one

catalyst bed is comprised of a hydrocracking catalyst, under effective temperature,
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| " HSOR () *+, - . 1D 123meessotor treating a Hydrocarbon feedstream to produce a
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hydrocrackate having a relatively low sulfur and nitrogen content, which process

comprises:

reacting said feedstream in at least one reaction stage, in the presence of a hydrogen
containing treat gas, wherein each stage comprises one or more reaction zones and
wherein one or more of the reaction zones is a multimetallic catalyst comprising at
least one Group VIII non-noble metals and at least two Group VIB metals wherein
the ratio of Group VIB metals to Group VIII non-noble metals is about 10:1 to about

1:10.

19. The process of claims 1, 17, or 18, wherein said multimetallic catalyst

further comprises a bonding material.

20. The process of claims 1, 17, or 18, wherein said multimetallic catalyst
further comprises a bonding material in an amount cof from about 0.5 to about 75

wi%.

21. The process of claims 1, 17, or 18, further comprising a separation

zone downstream said at least one stage for separating an effluent from said at least
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one slage into overhead gaseous and liquid streams containing converted lower
boiling point hydrocrackates and a bottoms liquid stream containing liquid

hydrocarbons, feeding said bottoms liquid stream to a second hydrocracking stage

for further hydrocracking.

22. The process of claims 1, 17 or 18, wherein the multimetallic catalyst

is a bulk catalyst.



