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CROSS REFERENCE TO RELATED APPLI CATIONS This is a contin 80

USSN 09/723 |, 156 whi ch was filed on January 15, 1999, \MT
conti nuati on- | ﬂﬂwﬂm N 08/ 900, 389 whi ehGEas fil ed Mlg 1 %G 2000
This i nvention mm he hydrotreating, preferably

hydr odesul furi zat i @gy, rodeni trogenation, and combinations thgriegfl Wiksi ng

a bulk multinetallic catal yst corrprl sed of at Ieast one Group VI
non- nobl e et FYPROPREA \ aVvRan 6 T ARYISTf G oup
VIB netal to G oup V ' 107 - 10. esupply of
| ow sul fur, |ow nitrogen crudes decrease, refi neri es are processi ng crudes
with greater sulfur and nitrogen contents at the sanme tinme that
environnmental regul ations are mandating lower |evels of these heteroatons

i n products.~k NTcYeld 2 .:"‘o” 1;3.« ly efficient

desul furi zat¥ ~a < > of conpounds
related to hmqggt@b&mrﬁfauoﬁqﬂ ar@dﬁ?ﬁSNmmﬂk%6 mkafw?g Bled Il

prepared as an approach to inproved hydrotredting catalysts. ereas X-ray
di ffracti on Hnab98, whivhss alvontinhdtiamn- ilmyphrobﬁUSSNe@S/QO(MS@mmdﬁda@ﬁlddayer ed
phases with positi velé/ charged sheets and exchangeabl e anions |ocated in
the galleri & Bdy Jgeh99he sheets, the rel ated anmoni um ni ckel nol ybdat e

phase has nol ybdate anions in interlayer galleries i ckel

PACE 2- 1 4 J UL 2003 oxyhydroxi de sheets. See, ”" mm mmm” Levin, D.,
Sol ed, S. me%%mmmtal Structure of nlulec el

Mol ybdat e prepare y em ca recipitation, | norganl € em stry, Vol. 35,
No. 14, p. 4191-4197 ( 1996). The preparation of such materials al so has
@en reported by Tk investionnmelasestto &re hydspireating, preferably 321- 29 (| 991) Ar an.

F 1 .198 d, C. . -6
Cloay) and dvsedeshibytiz l%&lya?%qe@lm%vegon»@g ShimbIgions Hireafeising s~
Consequent | vou R flafshcfatls ol coBHSAPLAasFbhd P58 VISR AblZN_and

deni trogenation catalysts. I'n ac ance wth thisnvention there is
provi ded a pmdcatdeast owo I@tdnpt\rmaheaagwrhawmtlregmnomm}mhpmdnsml id at es,

whi ch process corrprl ses contactj| ng{ a feedstock conprised of at |east about
50 wt . % r aw Graugi ilThmeatal is fom abguiHPek tt d8ting conditions, with a bul k

mul tinmetallic catal yst conprised of at |east one Goup VIII non-noble netal
and at least two G oup VIH rretals and wherein the ratio of Goup VIB netal
to Goup VI IBACIOGROUNDOR _ about 10:1 to about 1:10. In a
preferred enbodi ment of the pr esent invention the Goup VIIl nonnoble netal
is selected fromN and Co and the G oup VIB netals are selected from M
and W

Y,

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 lower levels of these heteroatoms in
products. Consequeriily, a need exists for increasingly efficient desulfurization

and denitrogenation catalysts.

A family of compounds related to hydrotalcites, e.g., ammonium nickel
molybdate, has been prepared as an approach to improved hydrotreating
catalysts. Whereas X-ray diffraction analysis has shown that hydrotalcites are
composed of layered phases with positively charged sheets and exchangeable
anions located in the galleries between the sheets, the related ammonium nickel

molybdate phase has molybdate anions in interlayer galleries bonded to nickel
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~' CT! (~S 00~ 00 98~ I EEAIUS ~ ~ BUG 2000 PACGE 3 ~ 4 J apot her
preferred enmbodi nent of the present invention two Go SrééééﬂaQSO
present as M and Wand the ratio of Mo to Wis aboum : about 1:9.° I'n
yet another preferred enbodi nent.of the prepggE 2l nve Hul‘k[‘ 200
multinmetallic is represented by the formula: ~~b ~~~c ~d ~z wher | 3
one or nore G-oup VIIl non-noble netals, and the nolar ratio of

011,10, ooBR bR, S kol oV £ B SAEST Yot ﬁ;m%f";

ratio of c: GC?% ta) SELBRRO bY art Qn%%ﬂmn{'ﬂ'i&epl\ﬁlgﬁ 3 3}5re§19re1=1/ by Chénidamor e

preferably 1/ to 10/1, still nore preferabl 3/1,” nost preferably

subst ant i al | Breeipitation, dnongmwﬂhemfstrypVahGSVWoelg, p. AB3-410731296)arthez = [ 2b
+ 6 (c+d)~/2. In another preferred enbodi nent of the present invention the
bul k cat al ysireparatian ahsycl ngterialsralioohas besa reposted W@;g@exmdymer; raction

Angstr oms. 1 AP: CFI: R eI oI80E: Ay’ B S31“BRLEPeaBhE Ruvent i on

the G oup VIAtad@es.noer e (1BPind Fagisia, Spli BRard16ks Gl g act i on

pattern of a N -M ~ ‘¢onpound prepare 'i'ng precipitation

bef ore cal ci(1P8g) [3B8%¥e A) and after calcining at 400C (Curve B). Note that
the patterns for both the precursor and the deconposition product of the
precursor are quite simlar with the two peaks at essentially the sane

pl ace. The ordin [ [ t he ) .Setwo. .t he
(degrees). ~41Vi %sgﬁyémﬁf é nééd ex%@g‘g rf@ggmgll)ggﬁ'c eni%ﬁsuj%zg&&abﬁcf 4
Figure 2 shml&@ngné@gatql}isfsr action patterns, by CuKa radiation 1 4 J U ~
2003 (7~=1.540510, of Ni- X Wk- O precursors wherein curve Ais MO0.gW.1

gyrve B is MO, 7W). 3~ curve CIS MO, 5WD. 5~ curve Dis MO0.3W. 7~ cun'e E
1S+ MO 1 W.g, and curve Fis MoONI . The ordinate and absci ssa are as
described for Fi gure 1. Figure 3 is a plot of HDS activity for the

catalysts of goXAUNRY R TREFNVENTION

In accordance with this invention there is provided a process for
hydrotreating raw virgin petroleum distillates, which process comprises
contacting a feedstock comprised of at least about 50 wt.% raw virgin distillate,
at hydrotreating conditions, with a bulk multimetallic catalyst comprised of at
least one Group VIII non-noble metal and at least two Group VIB metals and
wherein the ratio of Group VIB metal to Group VIII non-noble metal is from

- about 10:1 to about 1:10.

In a preferred embodiment of the present invention the Group VIII non-
noble metal is selected from Ni and Co and the Group VIB metals are selected
from Mo and W.
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hereof. Figure 4 is a pLot of the HDN activity for th Y &\t f

exanpl es 20 and 24 hereof. The invention is based in ﬁ’acm’@s Bh@ @.QQO%BQ
t hat nol'ybdenumin a ni ckel - nol ybdenum oxi de phase rt4 al | f
substituted by tungsten. The resulting phase is an g&m;g‘nﬁoﬁg@eﬂe
subst anti al Iy anor phous oxi de whi ch upon sul f PA&Ei3en provi des enha% 2003
hydr opr ocessi ng acti vi ty relative to the unsubstituted Ni - M phase. é

invention is als fe ni ng at
| cact one Group. O TTOg PISLBRA! eriBodibentbOmR SEenPlnVERIAL KO Syl VLT
wher ei n t henfeadls ereqﬁreﬁ‘mtas M6 Bnd &Y ahdttie fatiolt Mb b Wignatisu? I9el foedbdlut r anges
fromabout 10:1 to about 1:10. The bulk multinetallic catal yst conposition

used in thel@actice of the present invention can be used in vi rtually all
hydr opr ocessi ng processes to treat a plurali ty of feeds under wi de-ranging

reaction conditigns suc t ratur es om 200 .t o 450 rogen
pressur es of f r offf ¥et3gio %’Ep’pﬁ HILRO{}”H qf)}ﬂ"sB’fégm\}BY |o[nicigg% from 0. 05
to 10 h-' £ r W{ from3S.6 to 1780 nB1nB (200 to
10000 SCFB) Tﬁ%gtag?%% k?ﬁég%’?g?é’stg.& ng 1ncorrpasses all processes in which
a hydrocarbon feed is reacted w t (Xhy@IoQ€W)RO,t he tenperatures and

pressures noted above, and include hydrodenetal |l ation, hydrodemaxing
hydrotreating, hydrogenation, hydrodesulfurization, - - - ~CTIIISOO

r 0098 PACE 4;a- —~~~~~ 0 ode ogenat i

o e oSl S o Pl Sl U B Al H b oot ng

i ncl udi ng sedeniis 0S/NY88AC pATEiBY 0.78RSRAL5Y, ﬁ‘ﬁbrégf‘eféﬁéﬂ @bshyterloﬁ/?ce%' ng
and the reaction conditions, the products of hydr proce sl ng may show

i nproved viscosities, viscosity indices, saturates content, |ow tenperature
Mroperties, vol at| lities and depolarization. it is to be understood t hat
“aydr opr oc es & Al anothge prsifersedembadisant of theapressat inveatipn dhe melasratiopf nor e

[ eact 'r ont Z?Q%Sls"’b@gfe?a%ﬁy Qﬁ(@i?crhbx%ﬁqefegabqﬁgﬂg%C H@?ﬁf‘f _ﬁJef&leyfl'/P(}fjtoG 000

PAGE 5 ~4~u180Q3tifl nfyYePReRra 1@%/@%@&&%@5&9%@%@@ é&ﬁi’fﬂoﬁrpr ocess
mode wherein the feedstreamflows countercurrent to the fl ow of

hydr ogen- coamsunisef Moaad Was.g., 212 thjd; epd occf@bing (eedRor can al so be ;
operated in any suitable catal yst-bed arrangenent node. For exanple, it can
be a fixed bed, sl urry bed or ebulating bed. The hydrocarbon feedstocks

whi ch are typica @ﬁt‘h cally boil

at a tenperaturehg ove %an%delgﬁ?f) E?)ge&ggﬁ{vgpﬁblg{hseu stanti al

anount of nicatabgeis, essexglallgztarhmhbuslﬁhd/\hmm mitueHeray difféactioarpagesat er t han
500 wppm in the form anic nitro L - npounds. The feeds can

aI so have aslgmgmgquaﬁmsmegm At Fdemt Rng%mgm@nq donl-dBAnssomswt o6t o 3

.% or higher. If desired, the feeds can be treated in a known or

c,onventi onal man g{lﬁ]% bftm; er eof .
Feedst ocks of i n é%’l? m?tﬁ efépr?geds%ﬂtéq{#\?gggf@% ﬂ;é%hﬁﬁg’ggﬁﬁlﬁa a¥ e

conpri sed ofVIftndreashle apaal is mickal,. % of the distillate boiling range product
from at nospheric distillation unit. Preferably the feedstock contains at

| east about 50 vvt %raw virgin etroI eum di stillate. The renmai nder of the
f eedst ock, SR DFICREBIEONONH d1se} | | ati on product can be cracked
distillate feedstock Such cracked feedstock are typically product streans
froma coker or fluid catalytic cracker. Streans from an at nospheric
distillation uni Flgafrglrlgmc\o(r,qylalﬁita@ﬁ@,ﬁrpammwami_m Waveonot under gone
any further processing and typically have a total sul fur content of about
0.5 - 2 w Y%empotnd prepared byybeilingipresipitationt kefatscuzicisidg (Gupve AThnd aftevent i on
i s operable over a range of conditions consistent with the intended

obj ecti ves pn lciningreat g0 pfi&@uote %LaNPWhatrfbﬂmmﬁforabﬂihé}éﬁlBﬁ%F@ﬁt and t h any
d t th whi t h
o e BTG Bt e RLTRRE R b B R B ko s, <o

00742120 ¢ essentially the same place. The ordinate is relative intensity; the abscissa is

two theta (degrees).
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c~ 14 J U1l 2003 essential conponent of the process. ' [ ifo
comonly operated at a tenperature of 500 - 800 "F (260%&8\6@;0/005980
preferably 575 - 700 "i~ (301.6 371.1 C). Operating pr ack uge 0

1 W00 prig, preferably ?U0 - 8U0 psi g. and nore gref eﬁzmg 4 Lgoﬂjbs?g[m
at gas rates oi' 5U0 - 1 U, 000 SCF/ B, preferabPAC&40 - 5000 SCF/B. Tﬁﬁ,\iﬂﬁw
rate may be varied over the range U 1 100 LSHV, preferably 0.3 - E]I‘L .

The hydrotreati nlgfil(‘gg}@b %B wé‘ﬁﬁdx-ira$ !aﬁ-ﬂgﬁg(?ﬁ g%iﬁ,lrg% gpkgx%lg&?&g{iob/nventi on is

a bulk multineta catal yst conpri se oup VIl

non- nobl ¢ Te{jaly, S5, of KMo B, CONBc M TRHEALE Bk MTEMbDIWIE, Tt [ 0 of

Goup VIB netal to G'oup VIII hon-noble netal is tTOm about 0 about
1:10. It is pits fs%ob\w?_gb®ﬁ@@ism%‘§g@5péllr'&eUisﬂﬂbﬁrb'\’g@jcé’ﬁr%}ﬁs'f
|

conpri sed of one G oup non- nobl e , “preferably Co and the
two G oup V|§MBbG}W0_§Paﬁdlé‘uMéP1fbM§ Wﬁf’fﬁé efhindtatind BBsdigdhiape 8 Mo to Whe
about 9:1 to about 179. The preferred bulk trinetallic catalyst

conposi t i onsdeseeibed forl Figupy pctice of the present invention is represented
by the formula: (X)b (1~'10)~ (wW)a ~~ wherein Xis a Goup VIII non-nobl e;
metal, the nolar ratio of b: (c+d) is 0.511 to 3/|, preferably 0.75/1 to
1.5/ 1, nore pref eFigore3 ds #plat of HIAS agivity fonshewdtalysts af ewawples 2§ th 24
preferably >ﬁ@01{'1’ nore preferably >0.111. still nore preferably 1/ 10 to
1011, still 8 preferably 1 13 to 311, nost preferably substantially

equi nol ar anmounts of Mo and W e.g.. ?/3 to 312; and z = [2b + 6 (~+d)]/?.
The essentially a d i SR i i tern
e A e A e L R S L
Angstrons. 24befd@f42120 7 PCTI US0O0/ 00980 1 4 J U L 2003 The mi xed netal
oxtide is readily produced by the deconposition af' a precursor having the
formula: (NHa)~ (x)n (I ~"10)~ (~'f)a ~Z wherein the nolar ratio of a:b is

< 1.0/ 1 , : ; ITR s =1 as defined above, and z
:[a+2b+?m§fcf‘£l??/wz. Tr ' jeaks at d = 2.53 and
.70 Angstrons. Deconposition of the precursor may be effected at el evated
tenperatures, e.gThe imvepdonivbazed df pat ohelhsdisedany tidiolybdaiued #bd y about
300-4S0C) in a_suitable atnosphere, e.g., inerts such as nitrogen, argon,
or steam unBickelmolyhdesnm axide Bhasgnray:be partinlly sebstishted &y tungsten.  Fee

deconpost t | oftBPEANeSt I8 SRR arubbiERed rubsitih Mo Phots FOE <
(TGA), i.e., whid]bsoh ffi@dtidnRovRies BhhAlted d§dfoptd@ssing activity relative to

the unsubstituted Ni-Mo phase. The invention is also based in part on the

discovery of catalysts containing at least one Group VIII non-noble metal and at
least two Group VIB metals, wherein the ratio of Group VIB metal to Group

VI non-noble metal ranges from about 10:1 to about 1:10.

The bulk multimetallic catalyst composition used in the practice of the
present invention can be used in virtually all hydroprocessing processes to treat a
plurality of feeds under wide-ranging reaction conditions such as temperatures of
from 200 to 450°C, hydrogen pressures of from 5 to 300 bar, liquid hourly space
velocities of from 0.05 to 10 h™' and hydrogen treat gas rates of from 35.6 to
1780 m*/m® (200 to 10000 SCF/B). The term "hydroprocessing" encompasses
all processes in which a hydrocarbon feed is reacted with hydrogen at the
temperatures and pressures noted above, and include hydrodemetallation,

hydrodewaxing, hydrotreating, hydrogenation, hydrodesulfurization,



The catal yst conpositions used in the practice of the Fﬂiﬁﬁgﬁ Ny

be prepared by any suitable means. One.such neans is a QEX?QOJjR%@fﬂ
all of the netals are in solution. Generally, the co ' of thg '
conponents in the presence of the protic IiRJﬁBEM-a-orrp“iDMi Agt tmuﬁﬂbﬂ
conponent and subsequently reacting the resulting mxture. It is essential

to the soli : t | C : . at | &4siL 2003
partly in tﬂ@kgéﬁﬁ%&QQ%P§BBuﬁﬁﬁédgﬂgWﬁﬁéﬁka’§ é%ﬁ§%%§F%§P&Sﬂ§pnetal of at

| east one ofhydpscraBkiab iﬁcﬂﬂ@i‘ﬂ?%k’éti%@h?&ob_ﬁ‘ékinlg.e@ep%ﬂﬂﬁ% @ theqpd ofpartly in
the solid state. remarns at [east partly in the solid state during the

m xi ng and rgakoponessingand tetreictionrcontitionsaht xodidtesf Inalropmaessinge net al
inits netallic formbut present.in a netal conmpound. such as the netal
conmponent asMANFROWIBPreyse) VisepsHiesauiseasty dngices sahgatps cqntent; W st

conposi tion. WD .00/ 42120. PCT/ 0 L4 J.U L. .20 ner uring
Che’ mi xi ng. SEEBEARATORFtes s B s dsrigRicgh 1 FR bR fopd tref
partly in th?ytﬁ@ﬂn'o@eﬁﬁ% §f@1@§)ré’§en{ BARAtIGEarBE AlacGESPRNG R ori Bodded in the
solute state.” or  all netal conponents are added at |east partly in the

sol i d st at e, reattiorezonestanieas be pnactwed i eitinertcabisteodurtdnt flowt aif cororrponent s

whi ch are added at least partly in the solid state remains at |east partly
in the solid state during the entire process of the solid route. That a
metal component is added 'in the solute state"” nmeans that the whol e anount
of this netal conponent is added as a solution of this netal conponent in
the protic liquid. That a netal conponent is added "at |east partly in the
solid state" nmeans that at |east part of the netal conponent is added as
solid nmetal conponent and, optionally. another part of the nmetal conponent
i,s- added as a solution of this netal conponent in the protic liquid. A
typical exanple is a suspension of a netal conponent in a protic liquid in
which the nmetal is at |east partly present as a solid. and optionally
partly dissolved in the protic liquid. To obtain a bul k catal yst
conposition with high catalytic activity, it is therefore preferred that
the nmetal conponents, which are at |east partly in the solid state during
contacting, are porous netal conmponents. It is desired that the total pore
vol ume and pore size distribution of these netal conponents is
approximately the same as those of conventional hydrotreating catalysts.
Conventional hydrotreating catal ysts generally have a pore volune of 0.0~ -
~m/g, preferably of 0.1 - 4 m/g, nore preferably of 0.1 - 3 m/g and
nost preferably of 0.1 - 2 m/g determ ned by nitrogen adsorption. Pores
with a dianeter smaller than 1 nmare generally not present in conventional
hvdrotreating catal ysts. Further. conventional hydrotreating catal ysts have
generally a surface area of at least 10 m/g and nore preferably of at

|l east ~O0 m'/g and nost preferably of at |east 100 m-/g, determ ned via the
B.E.T. nmethod. s For instance, nickel carbonate can be chosen which has a
total pore ~~ol ume of WO 00/ 42120 PCT/ US00/ 00980 14 JU 20 0.19 - 0.39
m /g and preferably o0i~0.24 - 0.3~ nl/g determ ned by nitrogen adsorption
and a surface area ot~ 1 ~0 - QO m /g and nore preferably of 200 - 370
m-/ g determ ned by the B.E.T. nethod. Furthernore these netal conponents
shoul d have a nedian particle dianeter of at |least 50 nm nore preferably
at |east 100 nm and preferably not nore than Q00 pm and nore preferably
not nore than 3000 um Cven nore preferably, the nedian particle dianeter
lies in the range of 0.1 - 50 pmand nost preferably in the range of 0.5 -
50 pm For instance, by choosing a netal conponent which is added at | east
partly in the solid state and which has a | arge nedian particle dianeter,
the other netal conponents wilt-only react with the outer |ayer of the

| arge metal conponent particle. In this case, so-called "core-shell"
structured bul k catal yst particles are obtained. An appropriate norphol ogy
and texture of the netal conponent can either be achieved by applying
suitabl e prefornmed netal conponents or by preparing these netal conponents
by the above-described precipitation under such conditions that a suitable
nor phol ogy and texture is obtained. A proper selection of appropriate
precipitation conditions can be made by routine experinmentation. As has
been set out above, to retain the norphol ogy and texture of the netal
conponents which are added at |east partly in the solid state, it is
essential that the metal of the netal,coepponent at |east partly remains in
the solid state during the whof'e process of this solid route. It is noted
again that it is essential that in no case should the anmount of solid
metals during the process of the solid route becones zero. The presence of
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The erotic liquid to be applied in the solid or solu . i
invention for preparing catalyst can be any erotic |§EM%UEQM gol Qc&gje
wat er, carboxylic acids, and al cohols such as nethan A/UéSha_’-_ndl ‘qu ZQPU
Preferably, a liquid conprising water such as ni xtures of anh al cohol "an

wat er and nore preferably water is used as BAGESe |iquid in this S(;i||j:h
route. Also different erotic |liquids can be applied sinultaneously ind U303
solid route. road St [ [ ' : t al
conmponent inﬂée:\?t%?ld(hs' ?g%g%]ntg%giggﬂgﬁé\glrﬁéfeoﬁggfeq gr?gqrég?sgsrﬁe?%%gg%@#gﬁt. The
Group V1B nefeadstgRitlaws XoaReRiuneas toCihe SIow6T hydby&femimnidgreatas, or

m xtures thereof: Suitable Goup VIII non-noble netals are, e.g., iron,
cobal t, ni ckBig hydropiocessieg reagtar ceh alsProefaperdied/in anycomtableatatalystdfednet al
conmponent s conpri sing nickel, nolybdenum and. tuyngsten or, ni ckel . cobalt,

mol ybdenum AENEGRIGE @@dﬁﬁabsmr@ﬁﬁm% ea?fa@grs@oﬁuw@e off Pl i}
the erotic lﬂe‘ﬂf‘" d is water, suitable nickel conponents which are at | east
partly in the solid state during contacting conprise water-insol uble nickel
conponent s such as nickel carbonate, nickel hydroxide, nickel phosphate,

ni ckel phosphate) nickel formate, nickel sulfide. nickel nolybdate, nickel
tungst at e, ni ckel Thexkbytrocarboi d¢edatocks whahcdre sigpicalbkaibjented/tadenum al | oys,

Raney nickel, or m xtures, thereof. Suitable nolybdenum co onent s, whi ch
are at | easthysipwreatinghergia widl tygcallybeil @t pitergperaire abevegl SXEGnpthese

“i nsol upl lvh . h. as.qml ybd di inand tri
ot de. | ol y baERIRS AR Rt Uaif DB IEER AEn ekt ol OB (ol v o ¢
acid (e.g. HuilYogen, andRhviéRGPeH4ER thith 500 Rppf, ifithe forMSoftdeiiehitrdgenal | v,

sui t abl e tungsten ‘conmponents which are"at Fast partly In the solid state
ci i ng cont ampepnslsndhiedeedsinag sl serhavie-a sagmificantsulfuecornttemty sanging frem-' | ~~ 0
0.~ D09 ~ i~ PAGE 11- ~~~~~~ ~ 4 AUG ~ gulfide (W52 and 3), tungsten
carbi de, t urfROMt wa-% o3 &t.‘szmthqzéf R e fmﬁamﬁmy\gﬁnmm ,
tungsten ni tlEﬂdifn oﬁkmeﬂﬂ%élqﬂﬁﬁf'cﬂ(?reﬁ%éﬁxer%ﬁqﬂ'r and/or Hﬂ&g%p%%ﬁfeﬁl e) or

m xtures thereor. ese conponents are generally commercical’l'y avail abl e or
can be prepahefkolfy, e€.9., precipitation. e.g., nickel carbonate can be

prepared froma nickel chloride, sulfate, or nitrate solution by adding an

appropriate anmount of sodi ym carbonate. It is generally known to the
skilled person tdFecdsgsks ehinteregdp the presan %Yﬁﬂgpﬂia&’ngloﬁ?lﬂ@ﬁéﬁ away as to

i ch il y RSt 1t MonF 30 O et anuRERENe rolfL PlodiPERBRE™

because t heyataioeph@ssdidellaticiemial Pleferhbls (RO féddoioaR RbntalsGt fdascatsdiarsote is a
preferred netal conponent to be added at |east partly in the solid state

because wherwhVcted visginpsteolenm distihipte. skhe reoringies lof 8 fepdsteds iotherdhan

i nfl uences the pH of, the,.r tion mxture. Further .., due to the

{ranss or ot i 0F ABrogheris tist Rt redist b Be etacktd distn i det Rt Srchy 11 (e
wast ewat er . r i e i i sute state
are water - so‘ﬁ&?lzég %?@ﬁgéll@%gr%@ggwg%gébmrﬁ ke ’ﬂr?ia%?gfg% ﬂg%d‘(}%glﬂ ﬂéﬂl fate,

ni ckel acet adrackeri ckedanthirom aleatnmuispheria disiatidnanpdre rédwefingin spleams yrbdenum
and tungsten_ conponents which are added in the solute state ar

wat er - sol ubl thatidley hawe nat undersuicydrtbenproressing anddipieally hrye Atk al or
t - - telra: - t &y
Fet radecansl JUARarA AL O 2 e nd sl i oon o a3B R0 Vo on

conpounds, ngpﬁ,.et er opol yani on conpounds, WSi heteropol yani on conpounds,
Ni - Mo- W het er opol yani on conpounds, Co-M-W het er opol yani on conpounds,

al kali netal or ammoniumtungstates (also neta-, para-, hexa-, or

pol yt ungst at e), Thisivengionss ohenablsfaver a varpsi ¢f vanditions conygistent with tipe
Preferred conbi nat,i ons .ot' netal c¢ nents.are nickel carponate. 1.4 J tl ~
2008t unost | BUIied BiRNeS Jrisans il BIOCHE QuRiBt FaposFBear A Cat i et |
ni ckel carbo i i érfﬂfﬂ{‘f H}x{%ﬁ e. It i5
wi thin the S%}g{)%o%ﬁ{q%gi gﬁcgﬁsg{gﬁ%gﬁl Z%hﬁth?s{)‘ﬂge ec S;é urt eﬁfé{}? ?‘gﬁ%e

conbi nat i onscdiAinon B sequendiaPRIACHr assehiblyURts Bederslond thhdlydrogedb agar bonat e
al ways conprises a cerfain amount of hydroxy-groups. It is preferred that

t he anbunt of hydrox~~-groups present in the nickel carbonate be high. An
alternative nethod of preparing the catalysts used in the practice of the
present invention is to prepare the bul k catal yst conposition by a process
conprising reacting in a reaction mxture a G oup VIII non-noble netal
conponent in solution and a G oup VIB netal conponent in solution to obtain
a precipitate. As in the case of the solid route, preferably, one G oup
VII1 non-noble netal conponent is reacted with two Group VIB netal
conponents. The nolar ratio of Goup V1B netals to G oup V1lII non-noble

. o o o Y " o o . Y o o S




time of addition. but where solution is effected in the reaction m xture.
Cxanpl es of these conpounds are netal conpounds which contain so nuch
crystal ter that upon tenperature increase they wll diﬁ,gaj 10 their
own net am"é?ﬂ Furt her, non-soluble netal salts may be a é‘yﬁ?ﬂr’ldggo
suspension or a5 such, and solution is effected in the reaction m)ftég[%.tgg '
Sui tably non-soluble nmetals salts are heteropol yani on conpounds of - %
(rmoderately soluble in cold water), heteropol yani on conpounds of Ni -M-W
(noderatel y heni er) L Ther: eartd ' j ted to
obtain a pr eeélﬁ’éprilitﬁé? 8%8?%@?%%%%%%%’5 efe*? } g@téé‘gang g%f)ﬁ)gdlgoﬁf@ﬁupf&%
non-nobl e makmnertide GOIGH] 900 At (Bo(} SUPEKAEYN ipH 3L 1o gh Group
VII1 non-nobl elpﬁet al an(?@% he Grosjp ({ I Fgeﬁet Z‘I&Sfégcszi? Bi tate, agdﬁgge%
conmpound whixA NP Gx&atiA S PreRbR! ifcAlEsIO0SARRM pdie. freferhBly 0 - 800
precipitation upon tenpera Ere i ncrease or pH cha[?lg‘é ﬁg? addiyng a Goup VIB
metal salt ggigitindmate preforablerH0W 20Gpsignit gals rades ofi S00e 1Q.GAPSEFIB,

non- nobl e et a‘l‘ and G oup VIB netal precipitate, changing the tenperature.
changi ng t herpldratdy 7|56we$3]Q@gS£HéB.ainadced>fatc maays¢ vaned oVerethgrangel d at e
obt ai ned with thij rocess ,appear ave high catalytic activity. In
contrast to 139&%@?{5@5@@63}43/%@&%@3};59 ng catal ysts, whielZ usually
conprise a carrier inpregnated with Goup VIII non-noble netals and G oup

VIB netals, said (o] . Wi t : r rted
catal yst conposi tlﬁ%eﬁlgyag?{é@{l}&é?{ﬁ?%teﬁ g&?%ﬁl\ﬁ"[egﬁgé“%u@kmgg’tr aﬁeﬁg@é Bgﬁﬂﬁgi ng
the pH can hen@RnguiimAsicnGt N9 oMprRsddoft £ 1ER] chBTroLE VI XbAUnBbIOr
addi ng compounds. whi ch deconpose upon tenperature, increase into hydroxide

ions or Ht imetal afditt leestpect Gralpy VIBanetadsearad wihersire aserat iveo HGroupXdipl es of
conmpounds that deconpose upon tenperature increase and thereby |Increase or
decrease t héngtel ¥ Grepre¥ I man-nekle metahisnirom ahoahd0d, toahesilu. Ny ds oxi de.

and anmoni um_carb te -~ G ~~ 18 00/ 00 980. ' PAGE 14-.~ lUS i _ ~
e e e RN G s ol Rk dems alli e umRd G oo P
sol utions ofyAIHBAINEBSRktal, HleférablyoNp o (3 AR He t%GGfB%{fﬁv_ a8yt i on of
a Goup VIl non-noble metal nitrate s made. Both sol utions are heated to
a tenper at urandoW. dpjy prefera¢@that dGatidnodiiows Wbk aboul®:1 so abdoed :90 t he

G oup VIB netal solution. The Goup VIII non-noble netal solution is added

to the Goup VIB netal solution and direct precipitation of the Goup VIB
and Group VI 11 norhepmsfaredkbulk wimmialiiotatalysiceampostions yiegddadhe peastisEso be

conduct ed at wer temperat.ure and/ or decreased pressure or higher

t enper at ur e 0;,}8? BFCSFﬂgﬁ?‘gﬁgﬂﬁnﬁ@g"(ﬁe&teqeﬁy ﬁfﬁf 1& ) ustrative process
according to the solution route, a Goup 14 JUL 2003 VIB netal salt, a
Goup VIIl netal salt, and anmoni um hydroxi de are m xed in sol ution

t oget her and heated so that ammonia is driven off and the pHis lowered to
a pH at which precipitation occurs(Xy}aMoRgVancO, when ni ckel , nol ybdenum

and tungsten conponents are applied, precipitation typically occurs at a pH .
bel ow 7. I ndependently from whether the solid or solution route is chosen

t he resul ting, bul k. cat St osi ti.qn preferably conpri.ses :

bref erabl y cupgrn X 8aduiip. AT BER ariR nbkifl oS PolarraiR LB HedRhis TR
characteri st}c | YAt hdetd [ er the heading
" Cat al yst c396%%ﬂ%?§%?ﬂ2$i?%gq?ﬁb%ﬁf|on.Jh%ﬁgaggﬁﬁﬂgg?gﬁ;qubonposition can
generally be directly shaped into hydroprocessing particles. If the anount
of liquid of the bulk catalyst conposition is so high that it cannot be
directly subj ect ébhe motarghtipiofg:& isepreferablyl +0.017 lqumere pepterablycd). bdnspié

performed before shapjhg. tignal ly the bulk t al yst, conpositi.on, either
as such or dPPEFPIE ’PBU’IV(&&QB l@é‘pé?‘ﬁtﬁ“@ﬁ‘? P’Ef%fﬁm%gv i)élt{?i’ﬁgdml?é'fﬁrteéergwé'pi ng.

bAAChNTN 1. ~= . o . o 1200~ 9 - LPamUs 10 22000, the
medi an di ane%“@P‘aBPaP%@Bﬁﬁ?‘%égg{’]a‘ﬁq’g&g%f% g\g‘ elé 5{3 Oe:g‘s’zf a@%?n - rr%;ge ~ ~+
.1 UL 2UU3 pq@ng )|y at least 100 nm and preferably not nore than 5000 pm
and nore preferably not nore than 3000 pm Even nore preferably, the median
particle diameter lies in the range of 0.1 - 50 pmand nost preferably in
the range of 0.5-SO-m |If a binder material is used in the preparation of
the catal yst conpbb¢ essontialy emeorpousnyataiiadhiaalk unigie Xgayahifisaatiosrpatieyn
applied as a binder in hydroprocessing. catalysts. al s, include silica,
silica-al umsfh&,mg&@w%%'neemé;ﬁ Ao =12-93 iAngstiarng f,i-rsw ANEYMRY al uni na
and al um na-coated silica, alum na such as (pseudo)boehmte, or gibbsite,
titania, zirconia, cationic clays or anionic clays such as saponite,
bentonite, kaoline, sepiolite or hydrotalcite, or mxtures thereof.
Preferred binders are silica, silica-alumna, alumna, titanic, zirconia,

or m xtures thereof. These binders may be applied as such or after

T L ] o o o o v o o o Y M o M



| f desired, the binder_material may be conposited with a G oup VIB netal
and/or a Goup VIIlI non-noble netal, prior to being conposited wth the
bul k catyg} ¥sha1s@nposi tion and/or prior to being added durpchgdobiBoose

pr epar ati on t%ereof. Conpositing the binder material with any of these
netals may be carried out by inpregnation of the solid binder mjih hp%ﬁﬁ
materials. The person skilled in the art knows suitable inpregna ﬁ&
techniques. If the binder is WO 00/ 42120 PCT/ US00/ 00980 16 14 J U | 2003
peptized, it is also possible to carry out the pcptization in the presence
al~ Goup VIB and/or Goup VIII non-noble nmetal conponents. Ifalumna is
appl i ed as bi nderThetrhixedunéad exateda reudifygsrabilyed beshd decohmosaitgeoiod 100 -
400 m-/ g, and nore preferably 1 ~0 - 3 ~0 m/g. neasured by the B.E T.

met hod. The pporuesardlaying die tonmudd:unina is preferably in the range ot' 0.~ -
1.~ m/g neasured by nitrogen adsorption. Generally, the binder material to
be added in the process of the. invention has |ess catalytic activity than
the bul k catal yst conposition o al Wt hC tivity at all.
Consequent |y, by adding a bi nde{Nﬁéo)t"gﬁ)%lkl%o:)h%Wj&g’vi ty of the bul k

catal yst conposition may be reduced. Therefore, the amount of binder
material to be added in the process of the invention generally depends on
t he desiredvafdrémithy nidlat Agid 6nab i§§tlad)/}{,5gre¢@ﬂm153011i:@ﬁd bBt ndRY d.aireust s from
0 - 95 wt.%of the total conposition can be suitable, depending on the
envi saged cdefihgd abowpphid zatilart. 2Hobe(ced)]/2.0 Thalpeeantsamhsa ganiddr pdodks at d
resul ting unusual high activity of the conposition of the present

i nvention, B -hdélndde{hBHESHOBE. added are generally in the range of 0.5 -
75 wt. % of the total conposition. The catal yst conposition can be directly
shaped. Shapi ng conprises extrusion. pelletizing, beading, and/or spray

drying. |t st WRcRiRdidinbr e prbSussl Ay te ARBAPMARFRORARD! | od

in slurry type reactors. f Vi ng expande eds) or

ebul | ati ng lkgdstenfRiaMredrofl didest abedd 0030, prafersdl #habout3opL4 5020, o af | xed bed
applications, generally, the catal yst conposition is extruded, pelletized
and/ or beadeditabla athesphere.ce.gc aserts guchas niwogen, dngdomgr steens agii ng st ep, any
addi tives that are,conventiona%hﬁiused to facjlitate shaping can be added.

These addi t CGEQMRESItIERAHFYRAanYAINY, ¢AMPlsice dLatthe ABIROHBMAR FUSIBRUAR t e or

! o (o e © rap o
Shapi ng. st esORRlsERAFNaRA. oty Bodlets aeBbpblush tHF ve by © e
desirable Vbl thePabghiBRIQOIBAYdis4TE A, i e2WdRehiagasidh@tedshipr i or

to the shaping step such as nitric acid t~ incrcasc the nméchanical strength
of the extrwuHangscurve. is preferred that a binder nmaterial is added prior to
the shapi n~~ step. Further. it is preferred that the shaping step is

ied out int f~a.liquid,. h as. water. Pref bly, th
amount of || qui o T8 SO ACPIRPSHORS WiethB HERFHSE Al TEPTEML IR THidhe T ange
f 20 - 80% [ [ Ll f
opt Fonal dr SPAGCIT SRt L LI BeD  BRER CAER Cuf SUREHGRER LRBMGEM AL |,

essential t ot BR oFiIRCHIREalOard itsdN et G@Eera'llyf tie EcHiAdinatdfhe nfetglar ri ed out

in the process of the invention, it can be done at a tenperature of, e.g.,
from 100 - @06(Momentspn ehepedsenc8bDtheqrbiodquod camprises mbaayg the mewh 0 5 to
48 hours. The drying of the sha articles is generally carrLeFHﬁH} t

ed p . . a
t enper at ur e§0mémlm§t§uhsﬁqHe’i;‘iﬁ))éfe@ﬂléﬂ thesshitRenmDgRre; Hds epsrohe % he

nead! ng, _orORBrobRdpH LR SPETHeh  paRbRerth o g AR Dartlyfh M e’ 17O
process steg tEﬂBH'HE tl?@ﬂﬂidll?ﬁﬁe}gg@@?deat?ﬁé gfe?alef ANR] orfe bf théGhefaP added,

after solid-l1quid Separat =ter cal cination and subsequent
to re-wetti rgmpdnehs wigichehoed Bdeataddyd aplelayi pegtiany tied sdlidestaeoreenalasar i bed

t echni ques of spra eringh (flash) drying, mlling, kneading, or

combi nat i ondeashpashfin thasoliddgitale dofingithe nmyxing anskreacten gap k' Matad| insthis
conposition and the bi nder terial .is inprgved. This applies to both cases
Sher et hebicRREA! ABEORFMERS M B Fis TBRta Aok DYTEERBbIT RS of any

f the above-d I,b RN -F , dd
Che bi ndor  meTBRUE ISR 08 DeLO0RYShen' & hfifSaftyen br B BLECAER R ol

I fthe bi nder,ig -adARA-SMPSSHANt t0o spray drying and/or any alternative
technique. the resdlting conposition is preferably thoroughly m xed by any

conventi onal WO 001 42120 PCTNS00100980 1 4 J U ~ 2003 technique prior to
shapi ng. An advantage ot~, c.g., spray drying is that no wastewater streans
are obtained when this technique is applied. Furthernore. a cracking
conponent nmay be added during catal yst preparation. The cracki ng conponent
may serve as an isonerization enhancer. ~'he cracking conponent can be any

o g, o o,



| f desired, the cracking conponent may be conposited.with a G oup VIB netal
and/or a G oup VII1 non-noble netal prior to being conposited with the bul k
catal ys {tion and/or prior to being added during t tion

t her eof sv%g&rrgfgz(}ti ng the cracking conponent with any of tﬂ@ggsrorﬁr@% S may be
carried out by inpregnation of the crackigng conponent with these 1n%tﬁer'%ﬁsa§s. ‘
The cracking conponent, which can conprise about 0-80 w.% based IJI k e
total wei ght of the catalyst. can be added at anv stage of the process of
the present invention prior to the shaping step. However, it is preferred
to add the cracking conponent during the conpositing step (ii) wth the

bi nder. General Genetdllydepeinghomiking stepyeisiheed |eRt shy hictalarphpeiii g of t he
final catalyst conposition which of the above-described cracki ng conponents
i s added. Aaddal attleast papileirettaidolidatdednd fat {dost omsoetal cgmpameasistidaeds hal |
be applied in hydrocracking or fluid catalytic cracking. Oher cracking
conmponent s HUEK sglutgistate LoranlLimetsh compeaenisrire added al lgzpsg paFiéY & Hisi spliddded i f
the tinal catal yst co sition all be used in drotreati appl i cati ons.
The amant - St PRSP RG FisPar! temets dhfemaiabiomBoasits el S o
activity of fiLnal Jotd : and the
applicati ona(?aé]e\?%stallé%% pgﬁg)lnmﬁig Slr?gg s\t/aé%r??%u%%ﬁ&_s { @%ﬁ%ﬁ piggsggégglg%n t he
total wei ghiuBhg theemre PryodssoIMROsdIid ®ute.| ThAashéPcorhBbhéiaris ABEEd 'R S can
be added in addition to'the netal conponents already added. ' Chese

mat eri al s i thel sodiete amate'ateans diat theatvhbke addent afithisngetaboompbhemal added

hydr ohr ocessi ng cat al yst. preglar ation. Suitable exanpl es are phosphorus
conpounds, BbRsplutigsihgsnerl gamparentdnihe protly kondolidie metdi ti onal

transition tals. .rare,eart tals,. tiller.s, . or, mxtures thereof:
Suitabl e phg@BR?)?ﬂg ‘&8%%‘1?%‘9@15@8%@&“&%8?@rﬂﬂgﬁo@sﬁ%& F%h A3RAT e aci d,
or organi ¢ pROJBRPEYMPBAEROKMSed FOEARN AR CHRARAIME P11R ﬁgﬁﬁ%tﬁér any
stage of the process 8f the present invention prior to the sﬁa I ng step
and/ or subspapefithd endthecahpphery isidded dsfa sdilatibn oferis madtelr ¢arhposenpépt i zed,

phosphorus conpounds can al so be used for peptization. For instance, the

bi nder can Hhe pepeiliguid. oy typiselaxemple iswe skspedsionf aimelabspmponentasiad or
with a m xt uret\. Olf Lﬁaos%orﬁ'l? and nitric acid., Suitable aqdd' tignal.
transition RERE AU waigh the meta {50t IFast Ramtly, ResERiGs; A.sR11q- @ndi Qptionally
chromum v i i T tinum palladium cobalt, nickel,

nol ybdenum ﬁg&@tdul%ggosl%léedrjlﬁ1 Tl{ﬁ%gﬁ'g}lg 11ﬁI{g{d;lbdenum .and tungsten can be applied in
the formof any of the water-insoluble nickel. nolybdenum and/or tungsten

conponents that are described above for the solid route. These netals can
be added at any $padpaiofa bk qatabyst semposithon witbdegh catalyerstdcdivityr itds to t he
shapi ng step. art fro ddi these netals dyring th rocess. of the

i nventi on, ﬁ}erég)r%pge(gerﬁgég?a&tggmgtai(gﬁﬁwnp@tst Mg ‘i‘gfglat i"é@ép's’lgfy ¥dhBosi tion
t herew t h. A e 1.0 ' j L naj, : '

conpositi ong(\B/\ln“{ %agend'i%n%ﬁ g@ﬁ‘?@?ﬁ aé%?h{q&éﬁgé;%%g?#@?%%hgny ]g? %%é%cg{hr%{haq S
The processegaiofort MOIRHE2AA T ord vige isefibili®dn B EHea¢ hitdaltdagnpitidntsat al yst

PCT/ US00/ 00980 conpositions may further conprise a sultidation step.

Sul fi dat i onapprogienatedyf the sanid AiSHOse 60c@BENLIORNCE d2Otreating eBalvsts. AUG ZOOO

carried out by contacting the catal yst conpgsition or precursqQrs thereof
with a ~ ~ Cobventienal hydigreasmgsilygs eengalindave apors veluwspeat 805 -sul fur,

hydr ogen sul f,i de_or I | fides, The sulfidati a nerally be carried
out " subsequiii pretsraiu bF Pebad B i R AAMALE 38 yRFRER AL LT on - but
prior to th iy f. ALk B8 A I e t o the
addi tion of ﬁ%‘ﬁgﬁ%}yngg(r)gnﬁ glrﬂ f%ﬁ%ﬁ”ﬁ%ﬁ%?rg@gﬁﬁfgé?ﬁﬁz '? Eg&c\g?g}ayst
conposi ti ondigmepr ayialérthag lamd/ags gewdraldy her padsemen ehbestiorgridJor
subsequentlﬁ to subjecting the conposition to sg)r ay drying and/or any
al t er nat i vehpdrowsdtibgrcalyss. Fortberapomgntiongl bydroirsaiéngiedilysts bavhapi ng t he
cat al yst corrposihi on. |t is preferred th_f}t the sulfidation js not _carried

t

t
out prior t8cBsplIpasuEtage are 0t deast d0dnt/g apddnesPiFicERP et At 1easi P des i nto

e e AR Bk oS PRERRORA e s B3 it o

Consequent | yor irfstdt@. irkel ﬁzﬁ%oﬁﬂ%ﬁ ibEicﬂ:a ¢r5 whikh 1RaLe@131DRABRJuME Y Ng

and/or any alternative technique, the sulfidation should be carried out
subsequent to the application of any of these nethods. Additionally to, or
instead of, a sulfidation step, the bulk catalyst . conposition nmay be
prepared fromat |east one netal sulfide. If, e.g. the solid . route is
applied in step (i), the bulk catal yst conponent can be prepared form

ni ckel sul fide and/or nol ybdenum sul fi de and/or tungsten sulfide. If the
catal yst conposition is used in a fixed bed processes, the sulfidation



is preferably carried aut subsequent to the shaping step and, if applied,
subsequent to the last calcination step. Preferably, the sulfidation is
carried Qo tu, i.e., the sulfidation is carried outpcipaRodicpgr ate
reactor prior %o | oadi ng the sul fided catal yst conposition into the

hydr oprocessing unit. Furthernore, it is preferred that the catalyst
conposition is both sulfided ex situ and in situ. One or nore of the JUL 2003
reaction zones nay contain a conventional . hydr odesul furi zati on. ~A11~A111CW
n~~__ - "0:939070.99 nRB0affd\gre érblyor0:24 - (.35%trg dateRfined byhnitdoker0D3
catal yst. Suitable conventional hydrodesulfuri zation catalysts for use in

t he present adsoeptiornand ncuufles atdaastel 0had 0Gne/canombeestetdrably o XXX - Hie
Goup VIII netal, preferably Fe, Co or Ni, nore preferably Co and/or N,
and rost pr ehéizadaternused dydihgtB Eehsnediod. Gusthervprenbesd mep spBIBERSMD or
W nore prefera Mb, on.a relatively high surface area support material,
preferably aﬁlﬂ\‘ﬁlé?v‘ﬁ’ ﬁ‘é?dléﬂipﬁﬁb]tl‘édﬁ‘}%‘f‘%ggﬁq ]Fﬁtsr‘i%ﬁa{}"i‘-dﬂo%@rg??§€"?§iﬁppor ts

i ncl ude zeol|tes,.-anorphous_silica-al un na titani a-alum.na Noble netal
catalyst s calied 108 B BRD RS Btaohe ol mdls M A dmaRfsiod AEIAR IR E) cct e
fromPd and i i £ hi n=t he 0 h [ t. L .1 .0n . Tor e
t han one typ%%(r)ef h{%’?dﬁ) (g)yeé'g’l'%Y%@?f%ﬁ%ég{agmgygB‘gaﬁ@&&rﬁﬁg%éﬁgtaem%% ghet i on

vessel . The VLEh metal | i f j - @RD angi.ng from
about 2 to 2‘%\%?‘?5% 6{3?'elf e?gﬁﬁﬂgﬁ?é %&%sﬁ@%&&ﬁa}lfﬁ?@%ﬁ@hﬁe& %g‘éu“ﬁ?w?’- TP il
typicall'y bengapeey thodyin@aaH&hl FRpbAhtw RN PRIN¢H aP IdaBt BEM M inAhe
preferably fromabout 10 to 40 w.% and nore preferably from about 20 to
30 wt. % Allsalet sthtevaidgihighehasemiasgeamedem partiplerdiam@ygr."the othgppoetel’ we nean
that the percents are hased on the weight of the support. For exanple, if
the support SEpRoRentswibiprdyoeast withothexpon laysrpishe layee matel campRENE mean
that 20 g. of Group VLI netal s, on th " suppor.t . | as_been found
that in ohi SPEHEE: Tobiseite. Sopllfs Roptisnels seoaBidBZRR svlvs! Plurliine
Thus the actimginedl face area of the bulk catalyst particles is nmintained
during use. The nolar ratio of Goup VIBto Goup VIII non-noble netals
ranges generally from110:1 - 1:10 and preferably from3:1 - 1:3. In the
case of a core-shell structured particle, these ratios of course apply to
the metal s cont ai AB@PPROpMegnerpholagy anst exturaof Sreemelabe@mpPRERER™al i s
contai ned in_.the bul k.catglyst partic| the ratio of the different G oup
VB metals | S Re iy Brpbesibiepilidimae’ HaRoRGHE o Rin one

G oup VIII z t [ i I ] and
Cunget en ar &opaang AR et SoBPBhbRs by e apB R ke P BRI
preferably |&fs dondithens thage softalfle InorphBloddr ffdoterivly istdigaiGed U\ Mdper
nor.-noble netal conprises nickel andlor cobalt. It is |11111~Nf1WL curry
~' G-l US00~ ofEle@on propriate-preqigitation cpaditions can he madebyxausineur t her
preferred that the Gioup VIB netal conprises a conbination of nolybdenum
and tungst enSXASTEREMABPY.  conbi nati ons of ni ckel / nol ybdenunt t ungst en and
cobal t/ nol ybdenunt t ungst en and ni ckel / cobal t/ nol ybdenum t ungsten are used.
These types of precipitates appear to be sinter-resistant. Thus, the active
surface area of tjag Hak®RERiskAb® dbdveElovendil the!ofthdls®y aTdeextliealfshar e
preferably present as oxidic conpounds of the corresponding netals, or if

t he cat al yst metalwosipanentshwhidiean added at st gartly inlthe sobidpoatady i9esseneal
corresponding netals. Preferably the particles have a .sur.fgcl}re%ﬁrea of at

| east 50 nR/ Gahthe metad ofthe sreidlgpmeponent phleast pagoy FUPYNHE id§tate; he
B.E.T. nethodg. .1t \i s t hernor e pref ar hat. [ : .se 50 -
100 wt . % Do K}%H‘W}’g%i"&cggsa%q\?“%{fﬁ‘-‘fﬁ‘g’éé'mﬁ.'ﬁ/é‘@gdggg“l e‘g‘éfﬁéﬁg%gﬁp VI
non- nobl e e i ; Bcédipitipg abligvei ght
of the parti%@kelsr?ﬂggﬁeu%lgﬁg tggﬁr#e@gjgf‘l?{)i@l egﬂél}' gugﬁgﬁt&of G oup VIIIB and
Goup VIII nesuebbtemeekedos Thaprasnde/ofsplitinetatrcomgriving phEiélEDXan kisilys
desired that the pore size distribution of the particl.es is approximtely
the sanme as bhdewgeddty vistabinspostion ahldastif de diagpetenvhthesialid pastieles in

articular, these particles have.preferably a pore vpolu of. 0.05 - 5 /g,
Iromr e prefer aB’Ihﬁb\‘h%dnitafs areqzQrgpriagd; i ﬁarrgﬁf \é‘%‘r‘gF éﬂﬁ&?ggfe OtOY’f‘%-Ie ggm- / (Qj{ﬁang

nost preferal . / N J elolcly . on. v Breferably,
pores snal | e?‘é)qrﬁg'n'%iﬂ]r?r%ﬁs rgﬁﬁgﬁﬁg%)-e@slgsﬁ?g ﬁ%ﬁchgrno’r(e@?%g{sg; l[])gdr}ttpc(@jg
preferably have a nedian dianeter of at |east 50 nm nore preferably at

| east 100 nm and preferably not nore than 5000 ~m and nore preferably not
nore than 3000 Vim Even nore preferably, the nedian particle dianmeter lies
in the range of 0.1 - 50 ~m and nost preferably in the range of 0 5 - 50
pm Afi ~EN~IFn curt, _ _  .."~" Tf~IS 00 ~ 00 980 ._ PACE 23- ~P~~ ~ ~~
auc7 2~~0



The surface area of the catal yst conposition preferably is at Iqa€z 4@1
n2/g, ~ 4 Jill 2003 nore preferably at | east 80 nR2/g and nost pre H“a IU%/ at
| east 12 The total pore volune of the catalyst co i1 d |

prefer abRY/giélgvé%st 0.05 mM/g and nore preferably at |east ér%%&ésgs
determ ned by water porosinetry. To obtainj,catalyst conpositions with high
mechani cal strength, it nay be desirable that the catal yst conposition of
the invention has a | ow macroporosity. It was found that the bul k catal yst
particl es haygaderth@ivMiéiLhleSown(d d¥ sﬂgie‘d;?&%xpearpﬂ%é% el Bndlirk S
from catal ysts obtai ned by co-m xi ng and conventional hydroprocessi ng

cat al ysts obtiainogmibyin timpeegna ptessTbfthé-soy rdifef bR eidiaR dpaid grokodhiet he
bul k catal yst particles conprises, and preferably essentially consists of,
peaks characts&té.stic to the reacted netal conponents. If, e.g., nickel

hydr oxy- car bonat e has been contacted with a nol ybdenum and tungsten
conponent as descri bed above, the resulting bulk catalyst particles are

chanecter i 2ed b 0 Sl 068 pHReg L G DB TES: By 2 ¢
L AT A el usvditi RERESNAAAYE il MEpAREIRAREN EAMARARE AR 1ot her

broad and/ or have a I'ntensity-or are n The term
"the X-ray diwiienehisoxyirtdceds) afd aRdhbR! duchGE8MeéthagolWr ethalRsPref@al by, aeans
that apart fromthese peaks, there are essentially no further peaks

cont ai ned i n ligued domprisotg watepavtleasimiftiveespotwi alcobolaandowateannd ysareobt ai ned
by the solution . rqQute has, a characterjstic X-ray .diffracti on_P,attern whi ch
di ffers fromPEslerRa)%WaIsk isiused appretr awidig thisgotd sous: iAlsgidifierent protic

hydr opr ocessijng,: cat.al ined by i npregnat..o For i.nstance the X-ray
a1 ractton: SREIETRHE LR Sirianesysty B A QU dBute, Mor MSLARE S bt on
route has pegjessile b Al #68spehsidndf afmethl ng“rggﬁ&ﬂ ih-eftfandl 16\ Aq@ous
previously stated, the catalyst conposition y conprise conventi onal

hydr opr ocessisoiptiont &ff arsdtser mbral bomgenentat eri al s and cracki ng conponents of

t he conventional hydroprocessing catal yst generally conprise any of the
above-descri bed binder materials and cracki ng conponents. The ~n~i vucu

ii-it f ~ .. 00,4212 CTl US00100980 ~ 4. J L 2303 hvd ti
s o —the cor B rana VIRVARED Feasraly semytisls Chibpfiutty mOpRAFRIAL oo | se
G V1l B i : - | . i i =i
el Vo oo tiinest it nlfxiheRdflerBoR| Syiflthe ol YHARIEAGDI AR e e

hydr opr ocessiifth, eabalt ysickelaoEmixtuges thBMmdTOPrefRiably cadmbiraition ofmeael
catal ysts can be in the spent, regenerated, or fresh state. As will be

clear from t emyanests ¢amprsipg sickel.emolybdedumrndanppgievior nicksh aedblte net al

veys.  at var PORG SHERgErnA RagEhts shalichin s pitieono! (1 SUCDOHE df " as
h. sinult i L@l l; - , b

readi 1y prepatou. Byushe SRCSEIER ksl SmARER ey SEREIAG FRl By o 0°

boi I'i ng decorngedigistdie duiizhontdetiag danpkiieohaef-imotlbAe nicke] compdhemsduch
tungsten conpourid is added to the initial mxture of a nolybdenumsalt. a

ni ckel salt aasdiidmirfm'rln%nalwmrigodl hgdrd)‘id&aaticlﬁlﬁl@hbwhm.iw@lnﬂlopphimmmkﬂlI ed
i pi i L 11
Eéﬁ;ééf" E?&Lﬁ&pﬁér&? sickel pulfide. ai%ﬁ@liﬁuéfy%é@‘?ekgkﬁrﬁg%?g%mi&gﬁ?p‘%‘c?m%{%i are
. P - i
conpounds., e 08 Sk ab AR EmASERITE Alaht TREERIOR 3 BPRuRETRREE |

ni ckel salt n&yddee hittybddrugt 60%08?'&5,3&@&5\%& hifeSt paH)¢ i UOSTIRE Qelte

precursor can be sulfided or pre-sultide y a variety of known nethods.

For exanpl e, durtngdasmamisd, contprise adatet-imsaiutie nodybdentadcamiponentgasch as

conprising HAS and hydrogen. e.g.. 10% H-S/H~, at elevated tenperatures for

a period of tmetybdentinc{denand isi)nxide.drolyhdenwn sapudetmelybsesumaritridgsual |y

t th int of HS b Kt h hinth it Sul t.i di b

gt ~f egt 23‘_ ni naciumix’mm mo ybdatre?um%lyllaé]xc acid (%).(é. Hfﬁgon. lﬁol'ybc'i@r%m%%{}lt‘;i & 0r°
mixtures thereof. Finally, suitable tungsien components which are at least partly

in the solid state during contacting comprise tungsten di- and trioxide. tungsten



WD 00/42120 ?5 1 4 J U 1. 2003 situ, by passing a t~-pic~l ieedstock c;

ont ai'ni n~~ 'sul fur over the deconposition product. Pr oc %?&thqhﬂg 9
applicable for the use of the catal ysis described he e
dependi ng on the feedstock to be treated. 'Mmsn.as A6 QUW
the teed increases. the severity of the conditions w II al so increase. The
followng table serves to illustrate typical conditions for a range of

f eeds. FEEDTNPRfidal Wl anid N SRANEE sETHitdibidERBESSIc BARGRAGEWB, OoH,DY M VI 2008

GAS RATE
SCF/ Bnapht hads¥alos 08H300 tupgsien nitride, @dvmmgomnagtétel(mosa@i@om40015 1 100. 5-

g??%&%%%@%ﬁ@ %ﬂg‘%%gﬁ% ’Efgggﬂ%e g "%%Q"%Egﬁhﬁggemllooo 1-13

, 000-10. 000 M&éibﬂ%@ﬂ]ﬂ@[ﬁpbﬁﬁb epar@INE elod rggb%aﬁéﬁcﬁ{% hﬁ&ké)ot limt.

this nmvent >l on. Exanp 1 Preparatio hase '1 ng
deconposi t i ocarbengtercaf dale(plnqmrechﬁdnmmokel mlondnjlsuk&te bmnitrafe dd]ﬂlt&m by ask,
26.1 g amoni | ybdate, (0.1 ~ noles, M) and B.6 ni ckel nitrate
hexahydr at e 3dsling aﬁr@pegoma§e sapuntnisodiuye gabanago Iis g@nerﬁavémoya Pr the

resulting p To t 1S sol an coneent at ed NH4A0H .sol ution
was. added. " AR pERod t phddhsi Bl Bret e otk RO i s ary AN bR o
NHAOH di ssol {edidsRed micipRolok§and kéxtfresol ution with a pH of 8.3. and
addi ti onal NH40H (~250cc) was added until a pH of 10 was reached. The
sol ution was PCT/ U500100980
Vs
In general, metal components, which mainly contain C, O, and/or H
besides the metal, are preferred because they are less detrimental to the
environment. Nickel carbonate is a preferred metal component to be added at
least partly in the solid state because when nickel carbonate is applied, CO,
evolves and positively influences the pH of the reaction mixture. Further, due to
the transformation of carbonate into CO,, the carbonate does not end up in the

wastewater.

Preferred nickel components which are added in the solute state are

~- water-soluble nickel components, e.g. nickel nitrate, nickel sulfate, nickel
acetate, nickel chloride, or mixtures thereof. Preferred molybdenum and
tungsten components which are added in the solute state are water-soluble
molybdenum 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
metal or ammonium tungstates (also meta-, para-, hexa-, or polytungstate), or

mixtures thereof.
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heated to 90C for 3 h during which ammoni a gas evol ved and a green

w~t ' ~S00~ 00 98~ PAGE26- ~P~~~ i'~ BUG 2000 ~4JUL2~03 precipitate formed.
The final pH lay between 6.8 and 7. The suspension was cooled to room

t enper at uV®,00f42120er ed, washed with water and dried at 120CPGFAISAVRMEC  About
18.6g of material was obtained. The sanple analyzed for N at 26.6 w. % and
Mo at 34 wt.% The X-ray diffraction spectta of the phase matches the
pattern reported by Teichner. ExamlIn a 2 Preparation of NH4- Ni -l\/b.$v.\[ﬁ){Qﬂ[lﬂy

boi ling deconmposition: In a l.liter flask, 13.2 amoni um no] ybdate (0.075
nol es M), 18.7 g %ﬁ\%ﬁ?‘ﬂﬁ?@f%‘%@ﬁté‘?‘aa%C.QJ"?BO’FI‘%I%ET%“E‘I'I[O‘%Q’B“% ni ckel

ni trate hexahydp 0. ' i | J.0, 43 0 WAt er) S0
that the res u)(l F%E;ce%ﬁgeaéaa eh@’?‘:g”“}'ﬁ%@@ﬁ g‘@z‘?ﬂﬁﬁginef&g Cg’gﬁ@gg{'?a ‘e@CNﬁMOH
sol ution (*60c9ﬁ8énd0&5arﬁ%ﬁﬂ1mrﬁih-lol%tﬁné’ﬁh&%ﬁﬁ'ﬁkﬁﬂui‘r@me AR ePRIiflvithiP e
precipitate remai ned. The solution was refluxed at 100C for 3 h. During

t hi s heati ng,theleops efihei skilled gesonhveeletofigihee saitgbleaonibinaissl (el and
on further heating, a green precipitate fornmed. The heating was continued
until the pH ¢ampineatheltvivesi kg iotad thar nicked cathopatsilvayssomuiseed cetainoom

tenperature, filtereqd, washed wth water and dried at 120C overnight. 18
grans of mat e‘?’rpﬁ‘i’micg AXYr&HOUPE U & preyeraed thahdhg BWOE‘@)‘e%ﬁPhdYBf‘)'tgﬁ%”Rﬁhase

is given in Fj . A rnpho background with the two | argest
peaks at d:Z‘?gyéﬁg}iﬁggmgggﬂﬁﬁé%ab%&’gﬁh of NH4- N - Mo, 5W5-0 by direct
precipitation: Ina 1 liter flask, 17.65 g of ammoni um nol ybdate (0.1 nole
Mo) and 24.60 g of ammoni um netatungstate (0.1 nole W were dissolved in
800 cc of water giAnmjteenanleunethodmt méparin@thelatalysts vsed it ileprdcdcedt es of
NH4O0H (~30 cc) was added, raising the pHto ~9.8 (solution A). This

sol uti on was H&MAEEENt 51\EOONAS s praparsdiedhulls satadgst LOBPOSEIPIHYY aPEPeess 58. 2 ¢
of nickel nitrate

. (0.2 noles Ni) which was dissoly in 5Q cc of water
(sol ution B) ttPasingirdpctie B @%emwmur.e,adéfqvp~\./ﬁ?nonﬂ%éﬁme% ot ~~
PAGE 27- ~P~~§, 3¢ T i i r:ORW at.e of
7 cc/mn int o%ﬂ%&'ae%%%lr%ﬁg% éf'-HaJaS 8§@1§¥I§%rr§@ iﬁ@glﬁggﬂ %’m%%%%nﬁo a(?)&{Hgs?t ate
sol ution. A psreipitaicat &s hetHdEase@fftRE Bolad tQlte Ipréferablynené Wraponimas added.
Thi s suspension which was at a pH ~6.5 was stirred for 30 mnutes while the

t enper at ur e wan-nebletmetabdorpos . is Teastedimathi o aeuf MiBemet! homponershed
wi th hot wate and dri.ed 12 r oxi nat el of terial S, .
recover ed. EX‘L- P@?@f rﬁflgﬂéﬁ'fq”&g\?@ SNp PB\yMé?U?‘b'Foég'ﬁ?’FEﬂl? %EP\q,a In
recipitationg ... i i of
P ckel .t ungangprosess DT SRS Bre¥cRRL B Hindas BN B Hofia

Exanpl e 3 (solduiéd. 0%wsitablaioBp EIE eRd Groap \BFChHorsAbblel fABtat @Binponetts apout 700
cc of water. The two solutions were added into a separate vessel initially

cont ai ni ng 409gcthosd waderesolhklechickelomolylsidnun amd Bingsten coonporengodescribed

was punped into the vesse] at a constant rate of ~I5cc/mn, while solution
Ai's added thRAYS Oét%ﬁﬁ%w%u rib# GFoWR VI AGn-PEIRBERR! SRMBSRAT O Cand

tt intajn t H 6 1 X¢ t I J Lhitat
o a4, ORI o n Ml OIS I8 MR BT R R 8
with hot wat eghrofidmddisomintd.2Pke nft@NRIBporertabal e hed&y &) thatresdiddsi ng
D benzot hi ophene (DBT): 1.5-2 g of the catal ysts of Exanples 1-4 were

pl aced i n a qumaxtuze imosdlutidn.cusperssiom ot Bs pud¢mskdisbamble sals @arehaided antath.quart z
tube and placed into a Lindberg furnace. The tenperature was raised to 370C
in about one WeNVillidigsalpe i Hig fegeten poxre and sHBSeqMENYY b EeFPIAEEd f or

L5 8L 310G, NG s suntebed ol B0t IO BRLAR S ARASHl B et

1o, o s, MBSl RS R e g DB Lo
tetradeca- molybdate. ammonium para-. meta-. hexa-. and polytungstate. alkali
metal salts, silicic acid salts of Group VIB metals such as molybdic silicic acid.
molybdic silicic tungstic acid. tungstic acid. metatungstic acid. pertungstic acid.

heteropolyvanion compounds of Mo-P. Mo-Si. W-P. and W-Si. It is also possible



ce e~ e, oo Moo o. 0 W.00/42120 ?8 and N~ was added. At room tenperature.
the quartz tube was rt:noved and the material transferred into a N~ purged

gl ove box sts werc o~~aiuated in a 300ce nodified ] ch
react or dgvsqc@?l%ki%f or constant hvdro~en flow. The cat al ystc\;\q;as pslro?{/f)&e3 and

sized to 20/40 nmesh and one gram ~~~~ts lemadud into a stainless steel
basket, sandw ched between a layer of nmullite beads. 100 cc of liquid feed.
contai ni ng ~ wt % di benzot hi ophene in decalin was added to the autocl el Al
hydr ogen sl owoalld@dupcV hiB mevabcomaignly compoeghds tvhicteaetmn iapolutine aprirssur e
was maintai ned at 31 SOkPa using a back pressure regulator. The tenperature
was raised tdirBg0Cadditions bueyhermsalntion imeliected irthhmwaciovanDBMroas
converted or until 7 hours ~~~as reached. A small aliquot of  product was

g
removed ever yEXRIRIES Of BiessrempoIngs dge Biptaksontpaunds oHNIER §PBRIAHE0 PRENover al |

ona cvel onesorranbwRRr BRI BhHettul ek SRGL M AN I EANGe g R
R Chianel |'i r{lﬁtﬂl GAter, ﬂ:ﬁﬁheﬁ!xfb‘nzgol&blﬁﬁé&] sANIMA} BeStagun i+ Eus}@ﬁ&i‘?m br ftf‘s
e, high enz ative

described in that artic ~el ectivities to ctycl ohexy ene re

to BP duri ng subk. siabsdlhitioh 2atifened ¢adiid Aacabr nixgaed Suivdbraionosvloblea
catal yst with high hydrodenitrogenation activity, whereas high

sel ecti vi t i esnefalsBrlsarahetesopayaridni qoanpaiings of CaMos t(madetatéliyesoluble in
hvdr odesul furi zation_activity. The results show.th artial substitution
of tungsten fesid w%%erfﬁ EAPR CPmPOURES 9&N¢-Mﬂ§§\’ Gredestigls %fﬁk"i"ﬁlmy

hi gher for D%Bl&%Yeerr:Si on. A standard supported Ni-M> on A103 catalyst is

al so shown for conparison. The high CHB/BP rati o suggests that the
catal ysts are active for HDN. Table 1. Conparison of Activity in DBT

Conversi on Tests Whdirehefl8a rgknneds téfteddo Shihines Si’gci;ﬁ[di‘@.al’%cii;ﬂfht%h?rms -
4 ,) U1l 2003 catalyst preparation techni que exanple t!total r~

350CCHB/ BP f -ffeEaibiHgd ding\io Gdoup BAT] non-ndbleanpias salt-svlution lat aitdsbperaluee a
PCT/ US00100980 WO 00/42120 .d _ PCTI US00100980 ~ 4 J-U L 2003 ' 9
NHg- Ni - Mb. Swahdupdiat weuel Sigpsewipl 1 Hnontneble mgtgl apd ths, @rqup VIR petal

oot proct Ak LA bl R Moe el RREHEL) 5 Bty v o
peEar e I, SHEARTACUI LBy 08 R0 FENIR OO AR
changi ng t he GroupnVIBmetahwali swiutioh ybdasepearuraramdrpiiat which the Group VIII
non-noble metal and Group VIB metal precipitate, changing the temperature.
changing the pH, or lowering the amount of the solvent. The precipitate obtained
with this process appears to have high catalytic activity. In contrast to the
conventional hydroprocessing catalysts, which usually comprise a carrier
impregnated with Group VIII non-noble metals and Group VIB metals. said
precipitate can be used without a support. Unsupported catalyst compositions
are usually referred to as buik 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

temperature increase and thereby Increase or decrease the pH are urea. nitrites.

ammonium cyanate. ammonium hydroxide. and ammonium carbonate.



nmet at ungst at e added to the sol utions. Deconposition S
described in Exanple ~. The catal ysts so prepared armeﬁﬁ%aél[} 980
along with their catalytic activities for DBT neasur described in

Exanpl e ~. Table 2. Conparison of Activity PACBEAT 8 Tesk %U\QBZQU[I
Variation in Relative Wand M content Catalyst Sanpl eamoni um nolybdate

(g) ammoni um net at ungstate (E)nickel nitrate hexahydrate (g)Ktotal ~ 14 Jut 2003
350CCHB/ BP an, . 330CiH]huskriti @ pio8esacoadnty fr thd s6itidd irdutdNsdjufibrdof

W g- 018983-1352. b533. 67a3. 621321 4. 11 VHg- Ni Mb. 3W 7- OQ8983-f 0l 7, 9a. 5. 87a3. 62I
~411. 6NHg- Ni smsywemarBsgla (oun VilBigetaharganade anthaosaingien rf abiroyp ¥1L| 8983- 9

518.3411.0943, 6315811 .5 - Ni Mo |-l 8983- 9333. 83--~ - 3.6943. 62141i 0. ~
The dat a sholP R HAD ETREBhBLIE SATHF. AP G LHTaBs AT Rersedls o SERTg & y
equi nolar m ‘ e ol 1 120
PCTI US00 1099@%‘5@?‘5’%}8@ g2Uo_g‘{3 ‘glolﬁ%hsl{é?i %@g&g{lgg@s&‘f&%?g& \Aﬁ/ger(ér%u_rp\é@aé)g{de és
descri bed i nsdudor! Thé Grdup 34l fvrekoble hivtal@Blution Wad&dd AU Trbap VIBXT ur es
of Mo and Wwere precipitated but the nickel content was varied.

Deconposi t i ometasobitioacnddiirest presipitabionl of theEieoypl €IB-and kroumMallyst s so

prepared are sho I n Tﬂble 3 alonL with their catal yt'%c activities for DBT
measured as BERAPPlsanetahcompomints accurs, hThis proagss Fan e beCoRvgted alcont ent i n

NHA- N - M, S WwerPedmpb Akt afid/or decreased pressure or higher temperature and/or
— increased pressure.
In another illustrative process according to the solution route, a Group
VIB metal salt, a Group VIII metal salt, and ammonium hydroxide are mixed in
solution together and heated so that ammonia is driven off and the pH is lowered
to a pH at which precipitation occurs. For instance when nickel, molybdenum,
and tungsten components are applied, precipitation typically occurs at a pH

below 7.

~ Independently from whether the solid or solution route is chosen the

\_:; resulting bulk catalyst composition preferably comprises and more preferably
consists essentially of bulk catalyst particles having the characteristics of the
bulk catalyst particles described under the heading "Catalyst compositions of the

invention."

The bulk catalyst composition can generally be directly shaped into
hydroprocessing particles. If the amount of liquid of the bulk catalyst
composition is so high that it cannot be directly subjected to a shaping step, a
solid liquid separation can be performed before shaping. Optionally the bulk
catalyst composition, either as such or after solid liquid separation, can be

calcined before shaping.

AMITMD RN A e e



ammoni umamoni um Jni ckel.Kt ot al -

f adCHBI BPnoi ybdat enet at ungst at eni t r at e350Cm . 350CCat aM&SpOeQJ) O;@h@)&
drat et g) NHA- N O ?SM 5W 5- 0t 9086- |1 10t 7. 6524. 6a3. 651 ?11 -Ni t. Ovb. 5W 5-
9086- 821 7. 65Z4. 658?21 671 2. 4NH4- Ni t PAGE 15- TP%NK?US 14 AUG 2000
~SMb, 5W 5- O 9086-1 111 7. 6524. 6?2. 751 ?41 1. OH4-Ni t . SM 5W 5' 01 9086- 1l 21 7. 6534. 6

87.31489. 55 Cat appd hfedli%ﬁ{éi%{é?é?%?tl?@?«ﬂh'&@%alfﬁ%ﬂﬂ?c]e%‘%?%% pabi 5 mo?]@" A JUL 2003
variations in N from0.?5 to 1.5, although’ K appears to go throdugh a

nmexi num at Biralily2h 18dst 100 961,288 pedfeadly2hotshoreBaR 500G pat &8 moravhi ch the
quantity of NH~UH used in the preparation was varied. The catal ysts were
prepared i n pretrablyme maretthan pOGEpourEvenanore greferably FhampdiaBparickpt t hat
t he anount of NH40H in solution A was varied to change to NH4OH N nol ar
rati o when tdiemelgs ligsiintheragasf 8.1 Xegm mi:mﬂﬁdqurgrlymsheeﬁane@péd as

described in | e ~. The catal ysts so prepared are shown in Table 4
along with t Srer talytic activities for DBT neasured as described in
Exanple ~. Table 4. Variation in NH40OH Addition to Preparation ~ ~ ~uc

7?00~ WO 00/42120 31 PCTI U500/ 00980 Catalyst ~ NHaOH/ N nole ratio
Sanpl eammoni um nHlayiddéemateralTRiRed i fﬂ%tﬁbgﬁlﬁﬁé@b?tl&%m]‘}iﬁbnfﬁdsftﬁ)h‘it

hcxahydratc (>;)cnB cone NH,i OHKtotal | a% 350CI " CHB

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)boehmite, or gibbsite, titania, zirconia, cationic clays or anionic clays
such as saponite, bentonite, kaoline, sepiolite or hydrotalcite, 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
thereof. Compositing the binder material with any of these metals may be
carried out by impregnation of the solid binder with these materials. The person

skilled in the art knows suitable impregnation techniques. If the binder is



[13P (r~ .
350C1: 21 9086-9617. 6i 24. 6-1 3. 656. 810710.11:119086-9717. 66?4. 668. ?1 -i 13710. 47

11 9086- | 672. 76301 6712. 43: |1 9086- 1041 7. 6634. 687cBhsdohosidl |
aa 1190080 AR O asy. Ses1al 1 2.1 wWiile deconposi ti o of the

precursor conpound will drive off nost, if,not all, of the ammoni um portion
of the precursor, the preparation of the precursor and the catalyti¢4 JyL 2003
utility of the deconposition product can be affected by the anmount of NH40H

I d. Th : ek et B e
caralyst i s ORI RRR RO RN ORI TURPE e T Powr

precur sor  conBundl/bsGlaValaeh-iible hiei@ibeyhpdrients., preferably about 1.5
:1 to about 4:1, and nore preferably about 2:1 to about 4:1. Wile not

wi shing to be bound by any particular theory or nechanism there is sone
evidence the NHAOH/Ni ratio causes the Ni-MWO phase to change in the
deconposi tion pr odudtmigk mppliTHas dandgary hiessusfaceesgropreserabndepingde e

conpar ed agai nst stapda supported Ni t gl.ysts. fos, the conversion of a
Do (1 onatitis TR U0, SERR S Soktere sty Yot et et S ey B o

sul fur, 50 wppgrmhi ns % A t11GS ;WM A, L YR 01, 39. & APl .
The cat al ys}t,\?'\/\}er'gt){tgg@eghg{b %5,%91(8.%%'5&(’5&%%&8&6& @l@gﬁ%ﬂ%géxh‘s@% éﬁgfb? H~.
The rel ative-act myigtmessupéd bhq,ﬁjld('bgd‘ned’@,aﬁ-pﬁ:@{m ysts are summari zed in Table
~. Table ~. Relative Hvdrotreatin~ Activities on LSADO Feed -- . ~~1~8
00/ 00 980 PACE 32- f ~~~r1r ~~~Z 14 J UL 2003 Catal ystRel ative

Vol unetric HDS ActiviRel ative Vol umetric HDN ] . ) )
Acti vi Ni - Mo/ A12030ERerall Mis: eindosmatgial tgoe pddag insthesprogessofohe fmeention

N AL203 B O AR P RS R e 1
glhgz e Wi th paediity asHPSEbhsEqueRiP by MdAhg MoindBEmbidtiaN NP aQicRT YrMiRe 18
bulk catalyst composition may be reduced. Theretore, 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 applic;tion. 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
be added. These additives may comprise aluminum stearate. surfactants,
graphite or mixtures thereof. These additives can be added at any stage prior to

the shaping step. Further. when alumina is used as a binder. it may be desirable



representative of known_conpounds. The catal yst of this invention is
illustrated by NH4-Ni ~, oMo, sW. s-O and the data show t he cl ear advant age

of amonj um ni ckel tungsten nol ybdate for HDN HDS activity, .P ration of

a bul k c‘é’PaﬂO%{mcorrposi tion according to the solid route: *fgﬂ‘%‘aﬁgo?g&mmni um
di nol ybdate ( 15.33kg Mb03) are dissolved in 575 liters water. Subsequently
28. Skg amoni um net at ungstate (24 69kg W)é} is added to the sol ution] 4Te 2003
resulting solution is preheated up to 90C. 26.Skg N C03 (49.7% N ) powder

is mxed with er..and the.resultin aste is..added to the a ni um

di ol ybdat e/ GriBHcine AEPL RO HESTPIETRBRRtRaS FHACPEL kg Bf TR r e T
reacted for f.hgiis, @ 39th ()Ppﬁ,pL hAatdapdy of a bulk catal yst conposition
according to the SO?U'[IOFI route: Ina I-liter flask, 13.2 g amoni um

nol ybdate (0.075 noles M), 18.7 g ammoni um netatungstate (0.075 noles W
and 43.6 g nickel nitrate hexahydrate (0.15 noles Ni) were dissolved in 300
m water so that lthe preferredithgy pbindgualaeetial.is addechpnociothe shapingtstdglf ~I S 0
0~00980 PAGE 33- ~~—~~f uS ~ "~r,UG2000 14 .~ UL 2003 4.3. To this
sol ution, a tenbemilispsefenedohrisibe shppiRg@bstcasned AlY INS RIBwEaEC ghai | t he

H hed 10. At thi i nt, s i pitate.remjned. The sol uti
P reached, Bl ol RBleraBL € nBL T TR ROF TbigPR S0 Yoo
di | ved t i I : o i ) furth heat i ng,

| SSol ve O?%Iﬁr}égsc?a #hl_?{]]esbmqﬂe§%llaég%€%? @@6%”] ur er eatl ng, a green

precipitate ating inuéd until the pH reached a val ue
between 6.8 and 7.0. The suspension was cooled to roomtenperature,
filtered, washed with water and dried at 120C overnight. 18 grans of

mat eri al were obt Ahaecsultng ghafedacathlvet abrbpoditicmcah yater aonguoingl dryindt ai ned

according to the procedure descr,ibed .in Exanple 10 was added to 13 62 g of
an aqueous s$GPrYc eBeRA ﬁgCII‘Eég Qﬂ‘C‘&PUﬁi‘%ﬁw(e}‘:ﬂ%ﬁa‘%%&siﬁmﬂ?&&ﬁiRfa‘ﬁqsén of

sodi um al um . 1 U | f.at e T [ i |- .bul k. cat.al yst
- alum na coﬁ%‘% 1ﬁpgqlt%gt§u€%§@a&§{xF%Cw{%@&uﬁ#@iﬁcﬂ%ﬁ%ﬁ 8@%\% L RIEY
\gifr 83;?;293\%&%@ B(@j’ rdbgg di A teiEpSATRE DL .81 (Y6 199PS §0eeCting éferatlod saneo t he
|
500°C for a time varying from 0 5 to 48 hours. The drying of the shaped

particles is generally carried out at temperatures above {00°C.

In a preferred embodiment of the invention. the catalyst composition is
subjected to spray drying, (flash) drying, milling, kneading, or combinations
thereof prior to shaping. These additional process steps can be conducted either
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 drving and/or any alternative technique. If the
binder is added subsequent to spray drying and/or any alternative technique. the

resulting composition is preferably thoroughly mixed by any conventional



at 120. C for about 90 m nutes and subsequently cal cined at 385C for one

hour in air. .---_ ~-: ~ The process of Exanple 10 was repeated except that -
i nstead of the alum na suspension, a silica sol containi ng %g, m‘ %Osi lica
vere appVPM42887g of a Ni-Mb-Wbul k catal yst compositi on?Gbrat hed

according to the procedure described in EE?arrpI e 10 was added to 510g of a
boehmte paste containing 125g boehmte. The rebuffing paste was m el e 2003

60C to obtain an . nr-~m- SHEt | _ ~t~~lu~uu~ uu ~~u PAGE 34- |PEAI~S ~ ~
MJUG ZOOO ~ ~ ~ 42%, 1 ti,n iti. ext ruded,
dried and céf%}}[ﬁg%e égag}ads_éﬂrqulfégd %rﬁ) ‘&Uéﬁ{ﬂrgg%bt_-bé%g%@%zﬁ‘%giﬁg\é@ﬁn| e 211

alumna is present during the preparation of the bu catal yst conposition.
To 7559 of the resulting dried N -M-Wbulk catalyst - alum na conposition
contai ning 60g alumina, 461 g water and a small amount of nitric acid were
added. The resul tiurthermorariecragking caapeneny oW dddegvdiporgatatalysinat er unti |
an LA of 34% was .obtaj ned. The resulting conmposition was extruded, dried

and cal ci ned®TSRATAUSR | heBrackinacompenars Maunsfhke ahPRBIOME AN SHRBRGEIm

tungst en and4or Nl chr re.dissolv and, combined in _a first
eactor. ha TerahaR sedtenTENE b a R BRI SRR oneesfir f

di ssol ved i Ry L i d S9PEM - ATIMRA LeKiede 1S
added to thre&af Prﬁgtca?gsaélﬁg@lt@gl%g?%n&gﬂ%ﬁgi]é(}:&sbol utig\'n. T%gmglr%ﬁ(}ge{i}le?? nmet al
sol ution is zadtedXt ALtF@'sf § APO sl rappovipheuscitabk isfel dompigheints Azhmisnut es.  Af ter
30 mnutes, the precipitate is filtered and washed. The precipitate is

dri ed over nisijita-alumine®ramiktoedschereefat vaH e, claarghpl s masariadh maytdeod of
Exanpl e 16 was used to Ere re a precipitate from ammoni .um di nol ybdat e,
ammoni um et & RIAGSK 3¢5 SFIFKHLE FPPPROS)IE Tae $9B° 1< doRRiPSIRRC G onpr | Si ng

17 8PS O O R M USSR 1

0
precipitat e pore volunme a y BET

(2691 The progeelWhRr dfeshi lﬁﬁcdolin'ﬁir@@wﬁrﬁkﬁtlﬂi?té@ﬁﬁid&ﬁ?ébﬁﬁe&xCept t hat

usi ng the adsorption curve was 0.147 m/g. .. -_.,.,.., cuc~r -

18 . T~US 00~ 00 1gaesirAfXth8lrackimg-coponent baybd fdpbsided withla GBSl ¥XBM I n a
metal and/or a Group VIII non-noble metal prior to being composited with the
bulk catalyst composition and/or prior to being added during the preparation
thereof. Compositing the cracking component with any of these metals may be

carried out by impregnation of the cracking component with these materials.

The cracking component. which can comprise 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. it is preferred to add the

cracking component during the compositing step (ii) 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
silica-alumina or cationic clays are preferably added if the final catalyst
composition shall be used in hvdrotreating applications. The amount of cracking

material that is added depends on the desired activity of the final composition



The precipitation nmethod of Exanple 16 was used to prepare a precipitate
from N (C03) 26H20, (NH~) 6Mb~0244H20, and (NH4) ZCr20~ in 87. 7% yield
conprising 52.2 wt.% NN O 29.4 w.% M03, and 16.6 w. % Cr T urface
area of 00442820 pi tat e was 199 n2/g. The pore vol une as ﬁég’;"&#‘%@@&"g to 60
nm by BET using the adsorption curve was @.276 ml/g. The precipitation

met hod of Exanple 16 was used to prepare a precipitate from N (CO3) 2¢H20,2003
(NH~) 6 HZW ~2Q4p, and (NH~) ZCr20~ in 87.7% vyield conprising 44.0 wt.% N O
42. 4 wt . % Y SESTT SRR XC I A K he, pr.ecli-tate was
195 el g, e B SrphrRidh cHbihadind G Y BE IROED Dl NS REREHEN' Bt
adsor ption auldevelgist & BéIatdIld cofifpshfon. vity advantage and the strong
pressure response of bulk multinetallic N -M-Wcatalysts of the present
invention, referred to herein as "BMCat," over conventional binetallic
Goup VIII/Goup VIB binetallic hydrotreating catalysts for HDS and HDN i s
denonstrat ed bel dWdesirediftirthprmetarisus cangbe addedsiny assiion ratheune@in feed, raw

g T
o A RS AR B oS et oo

Resul ts are drepRgspHoridebMpohndsS bdnéh Sompalthés, Gluotyhel dbnt#iain Wnhdsor
100% Virgin Distillate (FS-9593) ...r~IflT.r1 C u~ -T~~00-000%0 ' PAGE
36- ~~~~~ 1 additidnal OadsiTest mikihe ReswdarthaBetai sy fillens. Orinsi®850s fidreotdo en b

Ant ek79 w nmGravi 35.4 API GCD D-28875.0 w. %398 F 203 C50.0 wt. %61 F 294 C_
95.0 wt. %56 F (347 C) A reactor was charged with 6 cc of a Co substituted

BMCat (Coo, 3N .2 . SWO., which was,di lpted to 8. cc i denst one.
arter | iaud phaBtl BGslortheSBadiRscineli hrBoRid® phStE FRNRGs o1
distillate ( I b # o] = i 1 ut
liquid pr odua;:Et%s)' oaeo?gargg I f?ggﬁfﬁgrc Srsnlrjpfép ggs.bf;hé(ﬁgx%uﬁn %%rwr?i éﬁlrﬂgogée%&%?;

Ant ek. Conpartiangitape dixhopreced olidpresaitiheebr pneradoshe Rhipinpatdpul k
trimetallic catalyst of the present invention has ''"~ a much stronger

pressure resAieSubRequartido sumshapingsiep. bi thettinderomueriabis peptizedd yst. The

B

Exanpl e 23 aggia & 428yt OB @ik e REBRBLHANSRIA BF Wige much
st ronger prgggué}e a?l\élg%% szaﬂt%hb;n t te C nt\l;'gr%)tu?%%al irﬁ?me%ngoﬁ o KF%% cat al yst.
The procedurmimﬁrewrm?haﬂcma niteiReri®cd except that the 0.75 w. % Co was
used instead of 0.3 w.% Conparison of Exanple 22 with Exanple 23 again
...... ) cuc~l _ ~~'~S 00~ 00 98~ PAGE 37- iP'""' US ~ n ZUG
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 mckel. molybdenum

and/or tungsten components that are described above for the solid route. These

metals can be added at any stage of the process of the present invention prior to

the shaping step. Apart from adding these metals during the process of the

invention. it is also possible to composite the final catalyst composition

therewith. It is. e.g., possible to impregnate the final catalyst composition with

an impregnation solution comprising any of these metals.

The processes of the present invention for preparing the bulk catalyst

compositions may further comprise a sulfidation step. Sulfidation is generally



1 4 JUL 2Q03 reveals that the BMCat of the present inv Lon have nuch

stronger, pressure response than the conventional binet %ﬂ“@ﬂi@ ﬁe@egcgs)@o

Exam|In a 23 ~Comar ati vel The procedure OEP Exanpl e 20 was repeated

that only the conventional binetallic KF756PAGE Hl-yst i of

CoMb/ A1203 was charged in the reactor. Conparison of m&gS‘vﬁtAUG 2000
Exanpl e 20, 21 and 22 reveals that the BMCat of the present invention have

much st r ongesarpédsstecomsaingstic chalyst bemposiuenbi preahirseiserbol indthidr 7564 JUL 2003
catal yst. Table 7. Conparison of 1CF756 and BMCats at 150 psigr; Virgin

Distillate (FHy59entairing cappoumbstchnis=elernenpry sulfiBogdragmn pefide on. 0 LHSV,
TGR = 2000 SCEB. ..--... Product.S~' ~ ni.5-order k ~s~HDS RVA to
RT- 601Pr odudtolXgulfides,; Fhe wi}i&%‘&?r’l@ﬁ%m&@ opgried ewlwgsw.eaﬁbé%ﬁwm 00Exam

21000 4 oV SER A o YF TR T oty Y B A R dloT R o £ 7

(4) ~_ 125 (matetiallRadiorisubseqiemdy fNthBadasionofthebindanaalesiafiBu pricrad.
Product sulfurs are averages of a few balances after activity lineout. (2)
k~S = LHSV* (SbbSOHTE the catalySGrorsisiion ®osprggiryitgandibuany alteyaative: heses i s
the standard devi,ati gpn. Product nitro.gens %%e not |jned out values. Table
8. Conpari sdH® dB‘Mﬁ?’sS%S?‘Wq@F}Y% SpijEC (FOMRSRE LN SPRY EHINEPY ocess

Pressur s, il ok ¥eSinb550 S30Ripl 5 FaSRR0aRPE sublscyubfupig) - 330G,

1.0 LHSV, T

—_ shaping the catalyst composition. It is preferred that the sulfidation is not carried

out prior to any process step that reverts the obtained metal sulfides into their
oxides. Such process steps are, e.g., calcination or spray drying or any other
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 is applied in step (i), the bulk catalyst component can be prepared form

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

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
ex situ, 1.e., the sulfidation is carried out in a separate reactor prior to Joading the
sulfided catalyst composition into the hydroprocessing unit. Furthermore, it is

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

One or more of the reaction zones may contain a conventional

hydrodesulfurization.
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Rel ative to | CF756HDN Rel ative to | CF756H Pressure, M}Uéoﬁﬁ 7D60 980
psi g150250"' 400150250""' 400Exam | e 20C00. 3- BMCat 81130300170350432Exam | é _ - .
21000. 4- BMCat 6893200162230380Exam | e 22000. 75- BVCat 6348254 do k3000
23BMCat (powder)89--175-- ( 1) 1.5-order VvOAGRRt-ric rate constants. (2) 1
st-order volunetric rate constants. (3) Based on the data prior to Iine?%

A reactor was charged with 6 cc of a BMCat having a conposition N 14 JUL 003
, SMbo, swo.s (this is.the base ¢conposition for the bulk multinetallic

catal ysts usedelyst. iSrdigdlesonyspaanabhydeodesdfusization spiystsigsdse iutheon) whi ch
caal yst  vasP ey iR udOR 8B vl W coniied o AP RESGEEOMYITS) o

pressur e of e bfbrably el CBYPN; hiobRFAGBRUCS AndBF KiofiRl aed for sul fur

by X-ray and for ‘nitrogen by Antek. resul’ts were presented in Table 7

and 8 for copreferaslgrCoyiant aKFeastomnGroupt VEmeBGare ferabllydvie of W gmioee 3 and 4)
of HDS and HDN activities verses rector hydrogen pressure provide a
per f or mance PreégrablyiMa, o a petvely digh safase aseasuppattanetesal, areferslby at e

hyd e~~~ ~ . ~~TI ] ~S00~ el o
N e o boc i Other siibe ExtirsienuBrization SuabEy Swgsorivge Zeifact 1 ng a

feedst ock, aimbioaPsitiesanimmasiditaneDfumthd Neb18 Wéfalkcafalydts-cADD30 be
mul timetallic catal yst conprised of at | east one Goup VIIT non-noble netal

and at | eastemploy&l,qrpfevdtBy veteal the anblewhetakisselehtedrfaom®PdodndPodpisvl B net al

tg~S oup VIII non-noble al is fromaboyt 10:1 to about 1:10. 2. The
precess of cW&P"rﬂ tbe\ﬁﬁg?eeqﬁhgﬁéesqxbWCqu Hﬁbﬁl—oﬁ%ﬁla@ opettype PE sel ected from

N iand Co a érggisﬁvﬁu’iga%rpge{m%a%% ggeglig?ﬂneggagﬁgrgarcﬁ& WRss3 9T Goup! M€

process of clarm erein S are preserit " as "Pand W and
the ratio of VM ni€talié itgpiedlBpreBent ih @nakmht fan@ing 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 metal 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 VIII 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
contained in the shell. If more than one Group VIB metal is contained in the
bulk catalyst particles, the ratio of the different Group VIB metals is generally
not critical. The same holds when more than one Group VIII non-noble metal is
applied. In the case where molybdenum and tungsten are present as Group VIB
metals, the molybenum:tungsten ratio preferably lies in the range of 9:1 -1:9.

Preferably the Group VIII non-noble metal comprises nickel and/or cobalt. 1t is

AMENNEN curecy



4. The process of claiml wherein the bulk nmultinetallicJ resent by
the formula: ~~b ~~)c ~d ~z wherein Xis a Goup VIII ncﬂm-dﬁgogt/gl(fﬁa%o
the nolar ratio of b: (c+d) is r'~ ie 0.5/1 to 3/1. 5. nece f . clal

3 wherein the nolar ratio of b:(c+d) is 0. TAdE 32 1.5/’?% B?%&Usé Z3d8
claim 3 wherein the nolar ratio of c:d is >0.0111. 7. The process of claim

1 further conprising the step of sulfiding a nultinetal lic oxide precursor

in order to formthe bulk nultinmetallic catalysts, wherein the preduy sor s
essenti al | y furthemprefirodsthattherGraup NANB mgtah comprises aeembigiation afti on pattern

show ng cryst l,ne peaks at d = 53. Angstrons and d = 1. 70 Angstrons.
msﬁybdenurﬁ ap _mqgsiem#’rgfg@%ly,@g UOREOI40- ~p~~u~ i 4 AUG ~000

1 4 JUL 2003 @ﬁﬁ‘ﬁ@lﬂ | A i 1%1'?1‘137’ t.aak conprises at

| east one o?“%é%ﬁt“ﬁgpa | ese gsﬁ%aﬁgmgégwéﬁl?b% e (t)\qu%gggr? ﬁr esi duumvirgin
di stil | at es.nickel/cobatvinblibdetfustungsten are used-"THest §pfes @f brechpitatés dppedr 40-a 1
4 J ~J L 2003 9. The process of claim8 wherein the feedstock is naphtha

boi ling in tthbersingeresistaBCThasxheactivmnehrface argadefahe presipitateisastadhadi ons

i nclude a reaction t erature of 10 to 370C, .pressure, of. 10 Bar to 60
Bar, a spacéﬁwgdtsiet ﬁl{'@fm@?g qrgp&g%@%&rgre% aéoﬁwﬁﬂgﬂow ofthet rate of
100 to 2,00 T p S | al : [ f 1k is
diosel boi | ooirepondifis meASPAAR a7t BNl Heg bBed SARUEEIRIARK

condi tions id@ﬁhpﬁiﬁdﬁof&@ddrﬁ&%pbmgmse of 200C to 400C, a pressure of 15

Bar to 110 Bar, a space velocity of 0.5 VN H to 4 VNBr, and a hydrogen gas
treat rate of 500 SCFB to 6,000 SCFB. 11. The process of claim8 wherein

the feedstock is heav oil. boiling in the ra of 325¢ t0,475C, and
wher i n ¢ he. hyar dF GRS e Sertelisnebng sffaiares & At SRR ABAARRE: o of
2.60C to 433§efe§‘alﬂ§r%?%er%stofoolézlﬁ%eésﬁrem@a %B.E"{?ﬂ@%dﬁ{ geity of 0.3
VN H to 2 VNWH, and a hydrogen-gas treat rate of 1,000 SCFB to 6,000
SCFB. 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 via TEM-EDX.

e, 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
ml/g determined by nitrogen adsorption. Preferably, pores smaller than 1 nm are
not present. Furthermore these particles preferably have a median diameter of at
least 50 nm, more preferably at least 100 nm, and preferably not more than 5000
um and more preferably not more than 3000 um. Even more preferably, the
median particle diameter lies in the range of 0.1 - 50 pm and most preferably in

the range of 0 5 - 50 pm.

AMEN

e

(Vo)

H

rm
ida]
-



12. The process of claim8 wherein the feedstock is a |lubricating oil
boil'ing in the range of 290C to S50C, -and wherein tthot)c@ezﬁjpg()@Q
conditions include a reaction tenperature of 200C to va pressule”o

Bar and 210 Bar, a space velocity of 0.2 VRAEE 230 PM 0

gas treat rate of 100 SCFB to 10,000 SCFB. 13. The5,pr &?—12“! g@béﬁﬁb
wherein the feedstock is a residuum having a 10%to 50% boiling range of
575C, and wherein the hydroprocessing conditions include a reaction 14 JyL 2003

t enperature of Fhecurfocamre of sheeatalysireomyfosg®nmenefarablyipat last 40amsgace
vel ocity of

10, 000 SCFB."%r% pﬁ%%r'?{b& Bt ljfaéf/'\@r'@z/ 22‘563@2{%{ e%%&%%ﬁ&%ﬁ%ﬁﬁ:?ﬁ; ioztélgg?eit 0

Che bul K . . Al . ! o
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tungsten component as described above, the resulting bulk catalyst particles are
characterized by an X-ray diffraction pattern which comprises peaks at d values

of (4.09 A),2.83 A,2.53A,2.324,223 A, 1.70 A, (1.54 A), 1.47 A. Valuesin
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
diffraction pattern of a Ni-Mo-W precipitate as prepared by the solution route

has peaks at d values of 2.52 A, 1.72 A and 1.46 A,

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

the point of H,S breakthrough in the exit gas. Sulfiding can also be effected. in
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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/V/HR

naphtha 25-210 100-370 10-60 0.5-10 100-2.000

diesel 170-350 200-400 15-110 0.5-4 500-6.000

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

oil

lube oil 290-550 200-450 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):

In a | liter flask, 26.5 g ammonium molybdate (0.15 moies Mo) and 43.6 g
nickel nitrate hexahydrate (0.15 moles Ni) were dissolved in 300 cc of water so

that the resulting pH equaled 4.3. To this solution. a concentrated 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
NH4OH (~250cc) was added until a pH of 10 was reached. The solution was

heated to 90°C for 3 h during which ammonia gas evolved and a green
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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

O 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 1 showing an amorphous

background with the two largest peaks at d=2.53 and 1.70A.

Example 3 Preparation of NH4-Ni-Mo 5W 35-O by direct precipitation:

In a1 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.

ASMIMIINE A Ay e
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Approximately 38 g of material was recovered.

Exampled4 Preparation of NH4-Ni-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.

Example 5 Catalytic Evaluation Using Dibenzothiophene (DBT):

1.5-2 g of the catalysts of Examples 1-4 were placed in a quartz boat which was
in turn inserted into a horizontal quartz tube and placed into a Lindberg furnace.

The temperature was raised to 370°C in about one hour with N7 flowing at 50
cc/m, and the flow continued for 1.5 h at 370°C. N3 was switched off and 10%
H»S/H» then added to the reactor at 20 cc/m, the temperature increased to

400°C, and held there for 2 hours. The heat was then shut off and the catalyst
cooled in flowing H2S/H3 to 70°C, at which point this flow was discontinued
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9gEgghhhhbavs iz@R @il A CHE' sided 1HO20/40 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 u'mil 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 biphenyvl (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.

The results show that partial substitution of tungsten for molybdenum results in
catalysts that are substantially higher for DBT conversion. A standard supported

Ni-Mo on Al»O3 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

catalyst preparation technigue example # 350°C 350°C
NHg-Ni-Mo-O | botling decomposition I 106 | 10.4
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NHy-Ni-Mo s W ¢-O boiling decomposition 2 171 10.2
NH4-Ni-Mo W -0 direct precipitation 3 167 124
NHg-Ni-Mo sW -0 controlled pH preparation 4 181 12.0
Ni.Mo/Al~O; Iimpregnation 129 0.4
Example 6

A series of catalysts were prepared in accordance with the general preparation
scheme of example 2 (i.c.. 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.

Table 2. Comparison of Activity in DBT Conversion Tests with Variation in

Relative W and Mo content

ammonium ammonium nickel nitrate | Kiqeq | CHB/BP
molybdate | metatungstate | hexahydrate @ @ 350°C
Catalyst Sample (g) () (3] 350°C

NH4-NiW-0O 18983-07 0 36.95 43.62 128 1.3
NHy-NiMo } W o-O | 18983125 2.65 33.62 43.62 132 14.1
NHg4-NiMo 3W -0 | 18983-101 7.94 25.87 43.62 154 1.6
NHg4-NiMo ¢W ¢-O 18357-109 13.17 18.74 43.62 ¥E 10.2
NH4-NiMo 9W 3-0 18983-95 18.54 11.09 43.62 158 1.5
NH4-NiMo oW 4-O 18983-92 25.83 3.69 43.62 141 10.5

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

mixture of tungsten and molybdenum.
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A scries of catajysts 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 3.

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

ammonium ammonium nickel Kiotal@ | CHB/BP
moiybdate | metatungstate nitrate 350°Cc | @ 350°C
Catalyst Sample (g) (g) hexahydrate
8)

NHg-Nig 75sMo sW 5-O | 19086-110 12.65 24.6 43.65 171 13.0
NHg4-Niy gMo sW 5-O 19086-§2 17.65 24.6 58.2 167 124
NHg-Niy 25Mo sW s-O | 19086-111 17.65 24.6 7275 174 1.0
NH4-Niy sMo sW s-O | 19086-112 17.65 24.6 873 148 9.55

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.
Exampie 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 NH4OH in solution
A was varied 10 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 3.

Table 4. Variation in NH4OH Addition to Preparation
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Catalyst ammonium | ammonium nickel nitrate ems Kiotal | KCHB
NH4OH/Ni moiybdate | metatungstate | hexahydrate conc (@ /BP @
mole ratio | Sample (r) (8) (2) NH4OH | 350°C | 350°C

1.2 19086-96 17.65 24.6 43.65 6.8 102 10.5
4 19086-97 17.65 24.6 58.2 14 137 10.4
2 19086-82 17.65 24.6 72.75 30 167 12.4
31 19086-104 17.65 24.6 87.3 4l 164 11.4
4:1 19086-106 17.65 24.6 87.3 35 161 12.]

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/N1 ratio causes the Ni-M-W-O phase to change in the decomposition

product.

Example 9

The catalysts of examples | 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 304°C. 650 psig of Hop,
and 1850 SCFB/B of Ha. The relative activities ot the different catalysts are

summarized in Table 3.

Table 5. Relative Hvdrotreating Activities on LSADO Feed
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The Ni-Mo/Al,O; catalyst is a standard HDN/HDS catalyst, the NH4-Ni-Mo
phase is the bulk phase with no tungsten, and the NH;-Ni, (Mo sW 5-O is the bulk
phase with partial substitution of W for Mo. The NH,;-NiMo-O catalyst is also
. representative of known compounds. The catalyst of this invention is illustrated
- by NH;-Ni; )Moy sWg s-O and the data show the clear advantage of ammonium
nickel tungsten molybdate for HDN/HDS activity.
Example 10
Preparation of a bulk catalyst composition according to the solid route:
18. 1kg-ammonium dimolybdate (15.33kg Mo0Q,) are dissolved in 575 liters
water. Subsequently 28.5kg ammonium metatungstate (24 69kg WQ;) is added
to the solution. The resulting solution is preheated up to 90°C. 26.5kg NiCO,
-
L (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 mickel nitrate hexahydrate

(0.15 moles Ni) were dissolved in 300 ml water so that the resulting pH equaled
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aluminum sulfate). The resulting Ni-Mo-W bulk catalyst - alumina composition

R

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 2110598)

The process of Example 10 was repeated except that 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 Example 10 was added to 510g of a boehmite paste
containing 125g boehmite. The rebuffing paste was mixed at 60°C to obtain an

s sEMNEN SHEET
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LOl of 42%. The resulting composition was extruded, dried and calcined as

described in Example 12.

™D

The procedure described in Example 10 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,0 in
98% yield comprising 41.2 wt.% Fe,0;, 21.3 wt.% MoO;, and 36.9 wt.% WOs.
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.

Y i alcial (‘U:‘:‘i



“$$10% & (),- "$SL0B & (). $$10% & ()- " $$10% & ()
5Ww$049: ISYmvk aT3™ $$10% & () - ~$$10% & () - $$10%PDT/U&\Q/Q$/ @91(9/8&0()
"$$10% & ()- Y_einol-aT3" $$10% & ()- 5Wwé $$10% & 096 &
"$$10%6 & ()- $SL0% & () - _2aT3' $310% " $510PAGE g~ IPEAKIS 1§ AUG 2000
T$310% & () - "$SL0% & ()- "$$L0% & ()- " $$L0% & ()- *+m_'>2310 10'
y910% & ()-1 y510% & ()- y3z 10% & ()- ~$$10% & ()- 5Wwe+, 8GTWN- B4 JUL 2003
y10% & () - %ﬂ_}_& 10% & ()- '10% & ()- '10% & ()- 10% & ()-10' 3~|°
y10% Pod0% & ()-PUd0% & ()- ,-10% & ()- 10% & ()- 10% & ()- F :10% & ()-
+23 _)-5W
A gl MAPYA.0% Ehe prepi@iins nigthedobBxample FoaeImeed go;ﬁmoa@rgglpﬁmffmm hH- 5W
A gl MAPYA0% /«8 %1.0% & ( - PY4.0% PYd0% & (3&7 PY%d.09% & P%iO% & ()-[de
nuy} mvt - 5PoA e 35 63\4%%0@65%9 Op puii blod. 12O 7-18\RY - 7 y1e

2 g: m;g Egﬁig?ﬁ%né%mégﬁj \g){ ?)Iééé /é% Apv(ié. ’I/\/[&O( )ﬁ\%lq% 6 wt.% Cr,0;, The surtace
~_g! MPYA0% freh bt B A ):%xtﬁée e §ofumE (e i &irkd ’Ug?o BhR¥E 0% & (

) - PY0% & () - PUA0% PYd0% & () P d.O /6 ()-PUAO% & () - PUL0% & () - P%
10% & () - PYUdBYBET ysikydiEadtoptionitprve was 0.276 ml/g.

Example 19

The precipitation method of Example 16 was used to prepare a precipitate from
Ni(CO3),06H,0, (NH4)6 HoW 2040, and (NH,),Cr,0; in 87.7% yield comprising
44.0 wt.% NiQO, 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.

Hyd ing Raw Virein Petroleum Distill

The activity advantage and the strong pressure response of bulk multimetallic
— Ni-Mo-W catalysts of the present invention, referred to herein as "BMCat," over
| conventional bimetallic Group VIII/Group VIB bimetallic hydrotreating
catalysts for HDS and HDN is demonstrated below through hydrotreating of a
European raw virgin feed, raw virgin distillate designated FS-9593.
Comparison between the activity of the BMCat and a conventional supported
CoMo on alumina/silica catalyst, commercially available as KF756 from Akzo
Nobel, has been obtained between 150 and 400 psig. Selected feedstock
properties are listed in Table 6. Results are found in Tables 7, 8 and 9.

Table 6. Analytical Summary for 100% Virgin Distillate (FS-9593)
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| $10%&& ()-H ! $10%R& “"ﬂg@ﬁhﬁﬁ_]t_)_@- _ _C.LQHYW&&_(_)__H,O ()=

ravity 35.4 °API
GCD D-2887

5.0 wt.% 398 °F (203 °C)
50.0 wt.% 561 °F (294 °C)
95.0 wt.% 656 °F (347 °C)

Example 20

A reactor was charged with 6 cc of a Co substituted BMCat

(Cop3Ni; sMog s Wy .s) which was diluted to 8 cc using denstone. After liquid

phase sulfiding the catalyst was used to process a raw virgin distillate (Table 6)

in a pressure range of 150 - 400 psig. The lineout liquid products were analyzed

for sulfur by X-ray and for nitrogen by Antek. Comparison of Example 20 with

Example 23 reveals that the bulk trimetallic catalyst of the present invention has
fan a much stronger pressure response than the conventional bimetallic KF756

catalyst.

Example 21

The procedure of Example 20 was repeated except that the cobalt level of the
BMCat was 0.4 wt.% instead of 0.3 wt.%. Comparison of Example 21 with
Example 23 again reveals that the BMCat of the present invention have much

stronger pressure response than the conventional bimetallic KF756 catalyst.

Example 22

The procedure of Example 20 was repeated except that the 0.75 wt.% Co was
used instead of 0.3 wt.%. Comparison of Example 22 with Example 23 again
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response than the conventional bimetallic KF756 catalyst.

| ratj

The procedure of Example 20 was repeated except that only the conventional
bimetallic KF756 catalyst comprised of CoMo/Al,05 was charged in the reactor.
Comparison of Example 23 with Example 20, 21 and 22 reveals that the BMCat
of the present invention have much stronger pressure response than the

conventional bimetallic KF756 catalyst.

Table 7. Comparison of KF756 and BMCats at 150 psig. Virgin Distillate (FS-
9593) (S = 9320 ppm, N =79 ppm). 330°C, 150 psig, 1.0 LHSV, TGR

= 2000 SCF/B.
Product S 1.5-order | HDSRVAto | ProductN® | HDNRVA
ppm hyps® RT-601 ppm to KF756
Example 23 | ¥’ 177 (8) 6.5 100 53 (3) 100
~ Example 24 | M 210 (2) 5.8 89 39(2) 175
e Example 20 | Co00.3 BMCat 251 (18) 5.3 82 39 (5) 175
Example 21 | C00.4 BMCat 336 (4) 4.1 63 46 (2) 130
Example 22 | C00.75 BMCat 376 (14) 4.4 68 47 (4) 125

(1) The value in parentheses is the standard deviation. Product sulfurs are
averages of a few balances after activity lineout.

(2) kyps = LHSV*(1/SQRTIS] - 1/SQRT[S]o)*100.

(3) The value in parentheses is the standard deviation. Product nitrogens are not
lined out values.

Table 8. Comparison of BMCats with KF756 for HDS and HDN at Different
Process Pressures. Virgin Distillate (FS-9593) (S = 9320 ppm, N=79
ppm). 330°C, 1.0 LHSV, TGR = 2000 SCF/B.
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(3) Based on the data prior to lineout.
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Example 24

A reactor was charged with 6 cc of a BMCat having a composition

Ni,; sMogs Wy s (this is the base composition for the bulk multimetallic catalysts
used in these examples where there no cobalt substitution) which was diluted to
8 cc using denstone. After liquid phase sulfiding the catalyst was used to
process raw virgin distillate (FS-9593, Table 6) at a pressure of 150 psig. The
lineout liquid products were analyzed for sulfur by X-ray and for nitrogen by
Antek. The results were presented in Table 7 and 8 for comparison with KF756
and other BMCats. Plots (Figure 3 and 4) of HDS and HDN activities verses
reator hydrogen pressure provide a performance projection of BMCats of the

present invention at moderate hydrogen pressure.
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at least two Group VIB metals and wherein the ratio of Group VIB metal to
Group VIII non-noble metal is from about 10:1 to about 1:10.

2. The process of claim 1 wherein the Group VIII non-noble metal is

selected from Ni and Co and the Group VIB metals are selected from Mo and W.

3. The process of claim 1 wherein two Group VIB metals are present

as Mo and W and the ratio of Mo to W is about 9:1 to about 1:9.

4, The process of claim 1 wherein the bulk muitimetallic is

represented by the formula:

X (Mo). (W), O

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

. 0.5/1 to 3/1.
5. The process of claim 3 wherein the molar ratio of b:(c+d) is 0.75/1
to 1.5/1.
6. The process of claim 3 wherein the molar ratio of c:d is >0.01/1.

7. The process of claim 1 further comprising the step of sulfiding a
multimetallic oxide precursor in order to form the bulk multimetallic catalysts,
wherein the precursor 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. '
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velocity of 0.5 to 10 V/V/Hr, and a hydrogen gas treat rate of 100 to 2,000
SCF/B.

10.  The process of claim 8 wherein the feedstock is diesel boiling in
the range of 170°C to 350°C, and the hydroprocessing conditions include a
reaction temperature of 200°C to 400°C, a pressure of 15 Bar to 110 Bar, a space
velocity of 0.5 V/V/Hr to 4 V/V/Hr, and a hydrogen gas treat rate of 500 SCF/B
to 6,000 SCF/B.

11.  The process of claim 8 wherein the feedstock is heavy gas oil
boiling in the range of 325°C to 475°C, and wherein the hydroprocessing
conditions include a reaction temperature of 260°C to 430°C, a pressure of 15
Bar to 170 Bar, a space velocity of 0.3 V/V/Hr to 2 V/V/Hr, and a hydrogen gas
treat rate of 1,000 SCF/B to 6,000 SCF/B.

12.  The process of claim 8 wherein the feedstock is a lubricating oil
boiling in the range of 290°C to 550°C, and wherein the hydroprocessing
conditions include a reaction temperature of 200°C to 450°C, a pressure of 6 Bar
and 210 Bar, a space velocity of 0.2 V/V/Hr to 5 V/VHr, and a hydrogen gas
treat rate of 100 SCF/B to 10,000 SCF/B.

13.  The process of claim 8 wherein the feedstock is a residuum having
a 10% to 50% boiling range of 575°C, and wherein the hydroprocessing
conditions include a reaction temperature of 340°C to 450°C, a pressure of 65
Bar to 1100 Bar, a space velocity of 0.1 V/V/Hr to 1 V/V/Hr, and a hydrogen
gas treat rate of 2,000 to 10,000 SCF/B.
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particle has a core-shell structure.

16.  The process of claim 1 further comprising forming a hydrotreated

product.

17.  The process of claim 16 further comprising contacting at least one
of the feedstock and hydroprocessed product with a catalytically effective

amount of a second catalyst under catalytic conversion conditions.

18.  Thc process of claim 17 wherein the second catalyst is at least onc

of a hydroprocessing catalyst, a cracking catalyst, and an isomerization catalyst.

19.  The process of claim 18 wherein the second catalyst is present in at

least one of

(i)  a first reaction zone or zones upstream of the bulk multimetallic

, catalyst;

(i1)  a second reaction zone or zones containing the bulk multimetallic

catalyst; and

(1ii)  a third reaction zone or zones downstream of the bulk

multimetallic catalyst.

20.  The process of claim 1 wherein the bulk multimetallic catalyst is a

sulfided catalyst.

21. The process of claim 1 wherein the bulk multimetallic catalyst is sulfided in-situ.



