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MULTI METALLI C CATALYST 2 3 JtIN 2003 CROSS REFERENCE T E R

This is a continuation-in-part of USSN Ogn{gé%%kglg/? fil mw&'m%
1999, which is a continuation-in-patEPLAE 900, 3

July 15, 1997. ] F I IN *~0000z* This invention relat i@ﬂmﬁgﬂtﬂ&té@m
hydr odesul furi zi ng process for producr ng | ow sul fur distillates.

distillate boiling r} STAC 8 AbK Ut 3000 wppm
sul fur is hydrodesul furi zed § %’IfIME’TA PAT Wi Ng stage COM?S%N%UB
one or nore reaction zones in e presence of nydrogen and a

hydr odesul furi zing catal yst. The |iquid product streamthereof is passed to
a first separatl on stae wherein a vapor phase product streamand a liquid
product stre&BRQDS REELRIENCEIES RELATER ARPLICATEANS whi ch has a
substantially | ower suI fur and nitrogen content then the ori gi nal
feedstreamis passed to a second hydrodesul furizing stage al so contai ni ng

one or nore reactlrﬁg lﬁgg&?ﬁgﬁgﬁfﬁﬂgﬁOfegﬁtff%(ﬁltfﬁﬁ 'F“ﬁPQ‘I,-V. Wdrogen

and a second ~ I'ng ca Z’ng

condi tions. THe9 Iwmumts @b@ﬂmat@hrlﬂwémsstm(m/mgw\dhyarwﬂﬁﬁwdfurI zi ng

stage is passed to a third reaction stage containing one or nore reaction
zones wher ei lydi5d 199Gui d product streamis hydrogenated in presence of a

third catalyst in the presence of hydrogen and at hydr oge |ons
The catal yst _in any one or nore reaction zones is a bulk ’mmwmm

cat al yst conﬁlﬁwjéﬂlwﬂﬁl@ﬂe oup VIl non-noble netal an | east
two Goup VIB netals wherein the ratio Goup VIB netals to eX] 211
non-nobl e netal is fromabout 10:1 to about 1:10. r.nn~~ill Fm HF~ -

c~~ 00~QO~~~, - 2003
BAGREROUND OF THE bﬁﬁ%{i {éﬁ%igsrtc%’r%’rr’t’e“rtt1J~ ? reguﬁ%@gﬁ)ﬁ?%esy{ |’J\>Ies are
retd’ri ng evprodueitgrlowvestefus distilbedsh 4 dishuateaduih? eiplei feedstarkdignttdihingt e

|

fuels. For exanple, proposed sulfur limts for stillate fuels to be

mar ket ed i n HhRXCESS tBJrﬂQQrWPIUﬂ sulur ngarerdnsslfuszvgblmmﬁmtor | ess. There
are al so regH (ﬁtldoﬂﬂ t hat %ia i.re lower |levels of total, aromatics in
hydr ocar bons™4H§¢¢ 31 gg}tgg;ungt NG IBPTY TEFEHQN BPnes iR the PRSCRCSmat i cs
found in dis r her, the
maxi mum al | ogf/aiﬁ)* ?%ang(% ?(}:] I evgﬁf#@m%.x%ﬁ%rﬁo’ggglelgﬁ@r eseﬁct S@EEAER%1 r ef erence
di esel, and fheesififipddsad so h fitstesephration sfige witreind vapoo bhéte predpeictrcaal v.
Further the CARB and Swedi sh Class | diesel fuels allow no nore than 1.4
and .--_ 0. 0%ndaliguidprodusioieantare predysedt (e |gﬂuld:9rr§i@qh@rﬁqny, whigh hagor k i s

presently be e rotreating art eof h osed
regul ati ons. éﬁﬁ%g%tqtaéfg 5?'5@%9 e}pdtmgoggrg%org?ntttﬁ é] ﬁ%g&tp

hydr odesul f Uf)és%éa k@R seé&d@dro&%ﬁmnkxﬂgtsh&eadléo @d]ﬁaxh}t@ &R bymbRARESRSH
treating the petroleumstréans with rogen in the presence of a supported

catalyst at hombsovheaif mgemtﬂlrttherpseseiibmof:htychbg&t andsaweecald y conpri sed of

a oup VI netal with one or nore Goup VIII netals, as fers on a
reer" actory s b‘ﬂ)@ﬂ?snlﬁmﬁ”@ﬁ catakyshet }b'&lf%ffeﬁtf@“?lﬁﬁtcoaflléloﬁér t’f%gﬁt%rftsp@wt abl e

for h drodes i 0 r. , erall

cont a%/n nol y rqz(%ﬁ hf]gﬁ%C%?’gwdﬁo%l% @ﬂ%gg%&% gg%@@ t(?chlr a?acgggh 1~ )alts
cobal t, ni Ck@t'a ge tbRAIniAg ofe épﬂt?iré'?éa'cﬁﬂntzbﬁése@ﬁercﬁpﬁ@dﬂt QT(HSE@H@& dtRaybdenum
on al um na catal ysts are nost w dely used when the I|mt| ng specifications

are hydr odesis liydrogetateshin psdreenf ekkird pataiyst edthegirgseden offhpdrogenand at
catal ysts are the nost wi dely used for hydrodenitrogenation, partial
aromati c sat bY@ﬁqgéﬂatl%cmltllo%ﬁs ?hfo?aé%}éﬁtumaﬂrmatqr e NERPIRARES & & so

bei ng done t e Q Vv t el
designs 1 oﬁa@r%rh"ﬁe%ﬁf R B ST a Rl Y Ry PE RSB RS
processes. Vapj quRabtiNPGRAPVATRIRE \%H&fehgﬂhre%h@ Grolip Ve BOe I $160GR% e d.
One such con |gurat| onis a countercurrent desi gn wherein the

T

*166166*

AMENDER SHRRR



- REPLACEMENT PAGE 3 z 3~ u~ zo03 feedstock fl ows downwar cz’%T hr ough
I
beds

successi ve catal yst beds counter to upflow ng treat gas, ﬂj@ {fg/r . 7,;
a hydrogen containing treat-gas. The downstream cat al yst relativ “

the flow of feed, can contain hi ghrematemenmesst dut ot BPRAASS tode AT T
sensitive catal ysts because the upflowi ng treat gas carries away heteroatom

conponents, such as H2S and NH3, that are deleterious to sulfur and
nitrogen sensitive catalysts. A famly of conpounds related to 773 JUN 2003

hydr ot al ci t IND O K MHE EN&/ [@Oddat e, has been prepared as an

approach to inproved hydrotreating catal ysts. Whereas X-ray diffraction
anal ysis has shown that hydrotalcites are conposed of |ayered phases with
positively char gdinvdraseeentalrapdaggrlatogy abtiatives are reqiinng everdawerlavalstdfe

Il eri bet t h heets, the. r.el at [ i ckel | ypdat e ph
Pas. ol ybdame PO SFIAUEs 1) Bt SR o L ODBHIBRIG: FFORPERLII B R o e
heets. See, : , ' ¥ : | Crystal
Structire ofCRnHRARTRER: B inkelsin 8% EbtopBn Dnipr R ale Ry pbos s so @ veta

Preci pi tati afpprheNesniTherh 8@ 8340 deguMéions Bat Wil rediftre 1Bweft 1813 bta] 1996) .
The preparation of such materials al so has been reported by Teichner and

Asti er, Applaromaties in Ingjroeberxtar(d, he9¢ specifically, Gnlawerfevels o mubtdingt3 (

1987), d C R ,Acad. Sci. 304 (1]), # 1 ] 563- 1987 d hi a,

Sol iél St gtear@ﬁﬁegs'??%@deglde%gl@@A?Qmié?eaw?ﬂymﬁr ﬂrgrage‘%f&?r?v@ gﬁf? al :3
bstituted I ich

Substi LUt ed  op it HIORLEINC BAIRS AN FoPOTS BriisBH lMERE: Aeoh upor

deconposi tion an era I on, es” enhance

hydr odeni t r egfep@ideQtleddHANd Swédisly E1asa ¢ dicset arers! 80 hM@ Stvdl DhSresprtibelll t ut ed
(N - Mb) phase. SUMVARY OF THE I NVENTION I n accordance with thi's invéntion

there is prduithed the GARBsindwédish Cfase dieselnfyelsrablossso nopthai h§and ~~r ~us
00+ aD . Q,z=~0 - REPLACEMENT PACGE 4- ~pEAI~J.~ 14 ~ 3 JUN 2003 a)_ reacting
a “eedst r eafri% Ve '%Eﬁéb’aw}ﬁ%&rré%gl"ﬂd Eﬁﬁ’@é‘l‘i%ﬁb’ neugh aark dgprssengly

hydr ogen-co i N r . I y@Lonr i cont ai ni ng
one. or - mor o SRIELASHE B8 by BRTealiNF b Hebhyo i ARE BEGRBE Fe AR ° G S
hydr opr ocessi ng conditions and in the presence of a hydroprocessing

catal yst, ther ebyHydeettbdtinggor in the Ease shlifigrtethopalpHydrodedul faeiratidy), ipaelsi ng
the first liquid product streamto a first separation zone where a first
vapor phase kppoaibtthe ait andtypieslly requiras trepting theypetroleupr sitams with eam ar e
produced; c) reacti.ng the first |iquid . phase product stream.af b)..in a
Becond nydr SHRGERLAR hy Besge Sha sybopiedSaRbE: B A raog GARIBARSI g r ea
gas, the se y i el d stage
reaction zo%g%ﬁ%%gﬂsﬁgwgteﬁgfelg%in @?ﬁ%@?gk%@g@gfﬁg dggﬁﬁf‘?l?g?g wherein
each reacti ometaBre prandb@rien ardieadtary stppbrioth pardireadingadatdlysg that arer eby

resulting in a second |iqujid product_ stream d) passing the second liquid
product st r P QHarky gtable fop hydrodesytfyrizeting as el as bﬁ@roaﬁ@%r@gﬁm&ogecond

vapar phase g%}aéx%ﬂfx}“ c%xr‘}glﬁle m%?)%%gﬁiurlniog lt'limdgspeg%%ea]umma promoted with a metal such

\V as cobalt, nickel, iron, or a combination thereof. Cobalt promoted molybdenum on
alumina catalysts are most widely used when the limiting specifications are

hydrodesulfurization, while nickel promoted molybdenum on alumina catalysts are

the most widely used for hydrodenitrogenation, partial aromatic saturation, as well

as hydrodesulfurization.

Much work is also being done to develop more active catalysts and
improved reaction vessel designs in order to meet the demand for more effective
hydroprocessing processes. Various improved hardware configurations have

been suggested. One such configuration is a countercurrent design wherein the



stream are produced; e) seacting the second |iquid phase streamfromd) in

a third reaction stage in the presence of a hydrogen-cont t

the third hydroprocessi ng stage cont ai ni ng one or nore repmmzaﬁs/ E]aﬁ 9 C
operated at third stage hydroproce ns in th Of @ )
third hydrotreating catalyst, in or & chuft‘r#g third ﬁENW% ﬂﬂrJ
stream f) passing the third liquid product streamto a thlrd sep2 W

zone wherein.a,thi rﬂ vapqo haﬁfy%ﬁ mand a third i(aw d phase strea gt]re
produced: an@egstogk flogist WP‘B%‘ t qcae%\ﬁ-‘oqat HKetdeds CPURLST thd the third
liquid phas 0097 2003

wherei n at eujfﬁ (E‘Sﬁ%] %ﬂ?%ﬁﬁe\%%gmg‘!@gkzl@d:&grﬁuéq gélgingot?]e%_gas

hydr odesul f uddwhdtebaii é‘iﬁﬁ@s?@éﬂsaké]ﬁn% BU4h& W of 1284 8éalnl donkdh %hgt cormr i sed
~t' at least one Group VIl non-noble nmetal and at’ |east two Goup VIB

nmet al s and vwmfcﬁnmntb,ebmanhmie Borugu] fir Bemsitiad catalySrsdepade the non- nobl e
nmetal is ti-omabout 10:1 to about 1:10. In a preferred enbodi nent of the
present |nve1mﬂQ}ﬁm8HEea€£éﬁﬁamleﬁ aWﬁbhemtmr@ponegtSsem@bmHzfp edMYls, and Co
and the Grou VI B al.s are n anot her preferred
enbodi nent o h%redgge%gmu%tﬁ\;él faﬂ P&EP@&EBSIWY%C?F&Y&*S are present as M
and Wand the ratio of Mo to Wis about 9:1 to about 1:9. In yet another
preferred enbodi nent of the present invention the bulk multinetallic is

represented by thg fimilyudfaon{pounds-Mtated to-hyjdrozaleites; eigh afumdnive nivkenor e
Goup VIII non-noble netal, and the nolar ratio of b: (c+d) is 0.511 to

3/1. pref er apblybgateshas beemprepared as g8 apprsiagh 40 Impwved hydrasTerting/ 1. In stil |
anot her preferred e res . i,nvention the .nol rati o of
cd is pPef Iy Sts ST oS Rera il B SR Sisgrbs FRowR that S bl B ool y 1

/ 10 to 10/ IJ
substanti al | y et i%eﬁo zlﬂ%ﬁ%ﬁﬁﬁe?(&?ﬂﬁ%os cf%ﬂarﬁé& sheé@f%ﬁnd’é)gﬁfhgﬁgégr%e z =[2b
+6_{c+d)]/ 2anibis osetidn tiiy gdlirice denvdendhereidetqithd fegated efsiéniunvsiokélon t he
esséntially anorphous material has a unique X-ray diffraction pattern
showi ng cr ysmalybidate phase has molybdate anions in interlayer galleries bonded to nickel
oxyhydroxide sheets. See, for example, Levin, D., Soled, S. L., and Ying,J. Y.,
Crystal Structure of an Ammonium Nickel Molybdate prepared by Chemical
Precipitation, Inorganic Chemistry, Vol. 35, No. 14, p. 4191-4197 (1996). The
preparation of such materials also has been reported by Teichner and Astier,
Appl. Catal. 72, 321-29 (1991); Ann. Chim. Fr. 12, 337-43 (1987), and C. R.
Acad. Sci. 304 (II), #11, 563-6 (1987) and Mazzocchia, Solid State Ionics, 63-65

(1993) 731-35.

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

SUMMARY OF THE INVENTION

In accordance with this invention there is provided a multistage

hydroprocessing process comprising:



peaks at d = 2.53 Angstcons and d = 1.70 Angstrons. In still another
preferred enbodi nent of the present invention the Go I
nmetal is nickel. ~~ 2~ - REPLACEMENT PAGCE 6- ~PE~U~lﬁchS mﬁs??lﬁﬁ 9

anot her preferred enbodi nent of the present invention gt J
2003 portion of the vapor product SETASRYENFACEHE f i rs‘?gémf’a}{ioﬁl‘g{o}ne is

recycled to the first hydrodesul furization stage. In another preferred

embodi rent of t he, OresERL , HUEALL 8,3 LRR B ROLLLNLAL ot e pranar, PRI

stream fromthe sécon paration stage ard’ _

hydr odesul { ul2iajdropers camaini SR EESHRITH KRrChroREANNGS FLatimirg | 5 the
X-ray diffraction pattern of a N -Mo, sW. s-~ conpound prepared by boiling
preci pi t at i amenmfroore rattoomzongs( chweacionaote apemtetat foshstage at 400C (Cur ve
B). Note that the patterns for both the precursor and the deconposition
product of thErepesessyg conditions and 19ithe prasergerof a hedropiecpesangscaiplyst,
essentially . the,sane.place. ~-The.ordinate i.s relative intensity; the
abscissa is tb%byﬁa‘ﬂg’e%%? glégﬁl.quﬁﬁfﬂ% CLSERA0Us t he X-ray diffraction
patterns, by CuKa radiation (7~=1.5405A), of N -M-~_X-W-O precursors
wherein curve A i phaifiie firstigifd Ermc{va@ea% 2 deyftation SodDanelD: 5-
curve Dis MO,3W.7~ curve Eis Mp.l W.9 and curve Is MoON1. The

ordi nat e anch fiiss vapsephase pasduct steseon ahéd firstrliduid phaselpro@ictAtresatd dDESCRI PTI ON
OF THE | NVENTI QN The invention is based in part on the discovery that

nol ybdenum iB§odugidikel - nol ybdenum oxi de phase nmay be partially substituted
by tungsten. The resulting phase is an essentially anmmoni a-free,

Pydr opr ocess! ng. et ieayge el st Haid SHBRDe S SRR R $5nf Ace “The
| oaet one G SBeER e pledohts OF £ RAKORMN LinfRkRy HEhpDMienl N ng 21
or second hydroprocessing stage containing one or more second stage reaction
zones operated at second stage hydroprocessing conditions wherein each
reaction zone contains a bed of hydrotreating catalyst, thereby resulting in a

second liquid product stream;

d) passing the second liquid product stream of step c) to a second
separation zone wherein a second vapor phase stream and a second liquid phase

stream are produced;

e) reacting the second liquid phase stream from d) in a third reaction
R stage in the presence of a hydrogen-containing treat gas, the third
hydroprocessing stage containing one or more reaction zones operated at third
stage hydroprocessing conditions in the presence of a third hydrotreating

catalyst, in order to form a third liquid product stream;

f) passing the third liquid product stream to a third separation zone
wherein a third vapor phase stream and a third liquid phase stream are produced;

and

g) collecting both the third vapor phase stream and the third liquid phase

stream; and



- Rr PLACEMENTPAGE6G-a- ~»= ~ 1!~ 2 ;i JUN 2003 | east stwo Group VIB netal s,
wherein the ratio of Goup VIB netal to Goup VIII non-noble netal ranges
fromabout 10:1 to about 1:10. ,~ . ~4,~J 'y The bulk nultinetallic
cat al yst cW@P8R1Z40on used in the practice of the present i nVERMPWARAN be
used in virtually all hydroprocessing procegsses to treat a pIuraIit% ﬁl ‘
f eeds under wi de-rangi ng reaction conditions such as tenperatures af NJW
200 to 450C, hydrogen pressures of from5 to 300 bar, liquid hourly space
velocities of fro o X -esjyof from3
56 to o oAt bRl Siic o BUAIGRORACL O3 13 QI EUNT bace 7-
| pEAI U~ 14 ~Iyidrdesutturizig 20@3s 3dR8ing® bRk (RO8nieeal §0QAQ SETBinpritbe ot et m
"hydr opr ocessi ng" enconpasses all processes in which a hydrocarbon feed is
react ed wit h leasirongdnratp Vhlé nosrpehiametasanaind lgasessoEsupdf EBlmatubyand and

i ncl ude hydrodenetal |l ati on, hydrodewaxi ng, hydratreat hydr ogenati on,

i ng
hydr odesul f ur'th&ginthe M’d’r@c@?ﬂ”ﬂ)r‘éb‘%ﬁ%ﬁ‘?’dﬁ,GWGr‘@dbaPWbi’ezme%ﬂﬁ from
hydr oi someri zation,..and hydroctacki ng i ncludi ng sel ective hydrocracki ng.
Dependi ng on4ﬁﬂg?g9ﬂe&%?b%8drg%rocessing and the reaction conditions, the
products of hydroprocessing may show inproved viscosities, viscosity
| ndi ces, saturat eqnCPpifBired leﬁgfohﬁﬂ%f ttEE?rﬁs’eﬁPﬁx%hﬁém YOG ;JVLI'I Sdnand
depol ari zation. It is to be understood that hydroprocessing off the present
i nvention camddde pledgitisGettctad Gom NI amdCo drelaht iGroup MBsmnds Gseheted
practiced in either countercurrent flow or cocurrent flow node. By
count er cur r efftomI M@ ansi® .we nean a process node wherein the feedstream
flows countercurrent to the flow of hydrogen-containing treat gas. The

hyd [ t I b t ' i tabl I -hed
A rangenent mode. PSR TEARTRT o (A B oy ol VI

ebul ating bec}geélé"éx@ re8dSs WMo R Br\)?'a%l:!rfh@'?ﬂg&&emo%!WS%%%LFQJ?S(O%‘BBUPG
e . Sultable

hydr opr ocess I'n accordance wth the present Invention

f eedst ocks inghude whol e and reduced petrol eum crudes, atnospheric and
vacuum r esi dua, propane deasphalted residua ,e.g., brightstock, cycle oils,
FCC tower bottons, gas oils, including atnospheric and vacuum gas oils and
coker gas oils, | ilgmett&mom\pye@mdiem%m@@enh@f thaipresenaiir wantigh the bulk
distillates,gﬁdfocra kat es hédra regtﬁd oiﬂs, dewaxed oils, slack waxes,
Fi scher - Tr opSBRIWARBLIC [sJEPTesspied bYBEACHRNIA 4nd i xt ures thereof. The
instant invention can be practiced f b istillate boiling range

f eedst ock containing high |evels of?gaﬂﬁﬁgmgﬁgﬁﬁsfrogen to a first

hydr odesul f unviéereirnX iseset dronost Gesup VI exvpvisokde sieiosit amd thed maipuatio of bt he
sul fur WO Q0/ 42124 PCT/US00/009 i9 2 3 JUN 2003 and nitrogen. Suitable
seeds are thdsediin-ai himd/li arefrabls 056/ hold/ 3 mwe pipishalylF 1Y | and 22 &
typically raw virgin distillates. The feed is hydrodesul furized in a first
stage, which contains one or nore reaction zones, in the presence of
hydrogen and a fi rfdly dhahertdried BhBbythett i the BXAEAARIEAGN k! Blar
condi tions. The product streamis passed to a separation zone wherein a
vapor phase shfieamadds ardferatlyd>ploase nscmgﬁafewtﬂy pooducaill midre phdferabty phase
product streamis a passed to a second hydrodesul furization stage, which

al so cont ai nsl/dAdod0/ hoatidl mese prederablynkd toibrrgostipreterahly tsubstantially

hydr odesul furized in the pre ce .. hydrogen_and segqn

hydr odesul f ur§BHPIOMY %Pﬁig‘ﬁéﬁﬁ\q?ﬁéglj‘yqﬁﬂd 28?(5‘(‘.! ¢t 8g8,2e“aﬁ-7,ql} ?c@n(icmg/?second
hydr odesul furi zation stage is passed to a second separati on zone wherein a
vapor product streamis collected for further processing or blending. The
l'iquid product strppméhePpes&ded mBolithérfl OTeREpledentShagai diteesténtpgr at ed
in the presence of a hydrogenation catalyst. It is within the scope of this
i nventi on t haamatpHoeashamripbhas onnimfue theay diftnacporopatemshosang Ervsmalieng her

or both reaction stages can be recycled to the first reaction stage. The
practice of tpraksaédent-Ih0a8sromns and8ipasPednsBiBnal process schemes. One
process schene is where there are three separate reaction stages, each

cont ai ni ng one or r.e.reagtion . zones ch zo ntainin f
catalyst. The fir s[T“Dﬂ'iB apgglc?f Pbﬂe‘é’f‘i&g‘%’%ai‘?“F“‘c‘%r)*ﬁt‘égﬁ“ﬁ?ﬂ‘?‘ c‘fgggﬂrl? ﬁ%r‘?%%‘%ﬁ on
cat al ysts andyf hi r ii gpdjage Wi Il contain a hydrogenation

cat al yst eithé?nggﬁ% éggéﬁgﬁcgﬁgfysts or in conbination with the bul k

mul tinmetallic catal yst of the present invention. Wien this process schene
is practiced the feedstock introduced into the first reaction stage is a
distillate boiling range feedstock, preferably a distillate boiling range
feedstock from an atnospheric distillation tower. such as a raw virgin
petroleumdistillate. Such a feedstock will contain greater than about
3,000 wppm sul fur and a relatively high nitrogen content. After being

1 N - -, = oy M r I

~ ~ o~~~
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i.~~ Z~(~U ~ ;~ .1 L "12003 The different types of catal P}a 018
for the three reaction stage process can be: a) a bulk gz}ﬁ Zgﬁ%q
catalyst of this invention in eithgepracebenttrasE 6t he fir

stages but not the third; b) a conventional hydrodesul furi zat| on cat al yst
inthe first two reaction stages and only the bulk multinetallic catﬁ%@@mm
in the third reachisi &iciBe&:; prederfed@niitdiment éﬂtﬁeb?éskmcm@aﬁ@dmtleagﬂa

the first two reaction stages and also in the third reaction stage al ong
with the hydrargenaf ithevemirgiryduct sweamdjoralthe fitst separstimt zane istregyekediave at

| east one reactjon zone containing the bulk nmultinmetallic catalyst. It is
also within tbﬁéir§tc}6f55éoé?suﬂff¢ﬂ?yail@ii/&tﬁg¢ -on that only two reaction stages be
present. In such a case the feedstock to the first reaction stage wll be

t he sane feedsto hree .react i a ess pt that the
pr oduct streamfr@rﬁ?&%ﬁg fpréigfreg H‘g’é’dwg‘f‘ Oégﬁ? eﬁglgtﬂg ?n(i tlgaSESSOO wppm
preferably fyRpAROUe P4 oéuc@QQeaeﬁmmwse@eﬁ&s aétﬁﬁﬁah e fs'caR-apgut 300
to 750 wopm'sul fur. The 'second reaction stage wl en need to contain

bot h the bultk said fitstrhydiddesulfiaiakipaistag. t hi s |nvent| on as well as an
aromati ¢ hyCrogenation '-d catalyst. The final product streamw || contain
| ess than ahout 30 Iess t han about 20 wppm sul fur and a
subst ant i al ISRk 1o otV LiNgR- [ imiti ng exanpl es of aromatic
hydrogenati on catal yst S i ncI ude ni ckel cobal t - nol ybdenum

ni ckel - mol ybdenum and ni ckel tungsten. Nonlimting exanpl es of noble netal
catal ysts i ncl uderighRseidhe ol randibfradtionYsaRAs b4 maub(?@vy;ro Yéthpdurids
preferably supported on a suitabl e support materi al ypically a refractory
oxi de mater |pxepamd bydwibhg precipitatiohibefore ableming (Sutvieck) arld afielogldming

di etmaceous earth, magnesia, and zirconia. Zeolitic supports can

St 1 at 408 G (CumieR). Pvisbey e prtiems forbothihe prseursar 8bd e used. Such
catalystsa ble to sullur and.,nitr 0|s |ng The
romt . sadseatpes g proHEct s dhpipiod s e AL B IE plS pdk f%m about
40C to abouteséér%ntyrmé Qa) ?ﬁ&‘realqih% JrRIAR et P iRy SRRUIbS SRR

pressure from about 100 to about 3.000 psig, pre erably rom about 200
prig to abouhetﬁa.(ﬂé)@eps)tg, and at a liquid Dourly space velocity (LHSV) of
fromabout 0.3 VVV/H. to about 2.0 VVV/H. The hydrotreating catal yst of
any one or nore of the reaction zones of any one or both of the

Qtyj{ggif”éfnzrg?t}%‘)“ BOhert 5P (R of ke ebon PRl Pre bS G E BT & iﬁ?afi

?pom agfr);!tn % ?%@Ba butNm%‘p WB‘BO?E%@& erre(?%lﬁg%{h{ ”éq%g’@oggﬁ) et: blulsk
. . |

br ef er abl y 1900y e MG T LS P O B B Y e v U S MO e B e e

that. the rati a@ éoaxycy AfverayMa; WtOTIt?fGMHnale dnd Iﬁ@gé&ﬁ%@&r ed bul k

trimetallic cat onposi tions u e practice of the present

i nvention '%%@x@ﬁ&ff‘d?tﬁgu y; the formula: (X)b (M)~ (Wa OZ wherein Xis

one or nore a G oup VIIT non-noble netal, the nolar ratio of b:

ETAILED D RIPTION OF THE INVENTION

The invention is based in part on the discovery that molybdenum in a
nickel-molybdenum oxide phase may be partially substituted by tungsten. The
resulting phase is an essentially ammonia-free, substantially amorphous oxide
which upon sulfidation provides enhanced hydroprocessing 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

AMERINE M o) ) o



(c+d) is 0.511 to 3/I, preferably 0.75/1 to 1.5/1, mor r Y, !

to 1.2511;, The nolar ratio of c:d is preferably >0. Ollpﬂm Lgnﬁ/eﬁsﬁ% 79
>0.1/1, still nore preferably 1/10 to 1011, still nore, bly 113 to
311, nost pref er ably substanti al | y-REBLAGENENT PAGESnt S Of FB@/% \ki/ ,éug 202N3
to 3/2; and z [2b + 6 (~+d))/2. The essentially anorphous material has a
uni que X-ray diffraction pattern showi ng crystalline peaks at d = 27 53UN 1003
Angstrons anidast twolGrdhp Wi mi€@as, wherein WO 1860 2G2dup VIB@EtSOMGRUB79 2 3
JLIN 2D03 Deconposition of the precursor nay be effected at el evated

t enper at ur esY1I& ngn;nabderpetalirangss foomabobekyi tabbent I30UC, preferably about
3UU-~1~0C, in a suitable atnosphere, e.g., inerts such as nitrogen, argon,

i b | | X
o steam unl ! Scompel L M it et UL s St e g, amen
d -
(T o Phepaf etk hﬁ%@gﬁagleﬁ@g@;g%eef}wg@g cEpPUS

conpositio nSpluﬁeﬂﬁy olf fédiR uRdBE Wideragind R adti @BEHditi shsesith @b témperbrirey ¢par ed
by any suitabl e neans. One such neans 1s a nethod wherein not all of the

metal s are |ﬁlomcﬂ(lﬂtuoo¢50°Gehydxa)lgb1ypr¢shmesoﬁfram5 by300 bam dignist kourkyospaoeent s
in the presen e .of t tlc liquid conprises WIXIn th conponent
and subsequefft PSIUF%QEEIP Pﬁéorlé@u and gy drpgan treat g|a§r %ﬁ@ Qagaﬁ Qo the
solid route that at | east one netal conponents is added at (east partly in
the solid state during the mxing step and that the netal of at |east one
of the nmetal conponents which have been added at |east partly in the solid
state. remains at least partly in the solid state during the m xi ng and
reaction step. "Metal" in this context does not nean the netal in its
metallic formbut present in a netal conpound, such as the netal conponent
as~tnitially applied or as present in the bul k catal yst conposition.
Generally, during the mxing step either at | east one netal conponent is
added at least partly in the solid state and at | east one netal conponent
is added in the solute state, or all netal conponents are added at | east
partly in the solid state, wherein at |east one of the netals of the netal
conponents which are added at |east partly in the solid state remai ns at

| east partly in the solid state during the entire process of the solid
route. That a netal conponent is added "in the solute state"” nmeans that the
whol e anmount of this netal conponent is added as a solution of this netal
conponent in the protic liquid. That a netal WO 00/ 4212A 13

PCTNSO0/ 00979 2 '~ JUN 2003 conponent is added "at |east partly in the
solid state" neans that at |east part of~ the netal conponent is added as
solid netal conponent and, optionally, another part of the netal conponent
is added as a solution of this netal conponent in the erotic Liquid. A

typi cal exanple is a suspension of a netal conponent in a erotic liquid in
which the nmetal is at |least partly present as a solid, and optionally
pattly dissolved in the erotic liquid. To obtain a bulk cat al yst
conp05|t|on with high catalytic activity, it is therefore preferred that
the netal conponents. which are at |least partly in the sol id 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 0.05 -
~m/g, preferably of 0.1 - 4 mM/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 diameter snmaller than 1 nmare generally not present in conventional
hydrotreati ng catal ysts. Further, conventional hydrotreating catalysts have
generally a surface area of at least 10 mi "/g and nore preferably of at

| east 50 mM /g and nost preferably of at least 100 m'/g, determned via the
B.E. T. nethod. For instance, nickel carbonate can be chosen which has a
total pore volune of 0.19 - 0.39 mlg and preferably of 0.24 - 0.35 m/g
determ ned by nitrogen adsorption and a surface area of 150 - 400 m'/g and
nore preferably of 200 - 370 mi'/g determ ned by the B.E. T. nethod.
Furthernore these netal conponents



shoul d have a nedi an par&icle dianmeter of at |least 50 n nore preferably
at -l east 100 nm and preferably not nore than 5000 pm A%T (EOEf L@‘7,@
not nore than 3000 pm Even nore preferably, the nedian ‘”he di a 'g{ '
lies in the range of 0.1 - 50 ~m aREPUMESMENT RAGE7abI y in‘ db4oﬁLH5 DDD
50 ~cm For instance, by choosing a netal conponent which is added ikg'ﬁﬁﬁhﬂ
partly in the sol id state and which has a | arge nedi an particle di ¢ ;

t he ot her netal 3 00/ 42124 14 2 3 JUN 2003 conponents will only react
with the out Ef80 ivan” (X00tthd 0080 §EHMBY).alThe cerpotipmropracessiigd entomphssss case.
so-called "caore-shell"” structured bul k catal yst particles are obtained. An

appropri at e HOPIHESEEINarhick ahydracagion feed asieasted aviohedrogemat BEt her be
achi eved by | vi.ng suitabl e prefo d nmetal coppongnts or..b reparing
these netal COMSSHERESTAPTERDeREd b Fadiclidirodeneliaih: such
conditions t | t@b £ﬁﬁg TN Bk L . A proper

sel ecti on oﬂﬂgggﬁg%$$§%éh #ggﬁplt ??%Haggﬁ%ﬁﬁigﬁgoggw gﬁhg € by routine
exper i ment athydrodésitrogendizen hgélodestonsliRugon, tHydisik@nerizdifonyendhol ogy and
texture of the netal conponents which are added at least partly in the
solid st at e, hydrotrackingeineiuding sedactiviedydeacascking.t Bepersting oo shpyperf at | east

partly remains,in the.solid state.during.the whol rogess of thi,s solid
Poute) 1t SSHsPBraginRanhie e cadlibnsmamanudth OF By doBrocemtine o t he

amount  of S%h? sggfvﬁhﬁﬁg@ ﬂgcés}ﬁ‘?esp(/%ggﬁpg'r %Téﬁtep,esaﬁﬂ'kfegcﬁﬂfég;ﬁ 1ggcones zero.

The presence o onprisin €s can easl be detected by
vi sual i nspeehiperataie propétties| valagliterdmrlt ddpolirizatien.s il ik o Bahi&s®edithatwhi ch
the nmetals are conprised is |larger than the wavel ength of visible light. O
course, net Hadlropiasksssg qfithei preseas inventipylean be aracticedin GELISNONT near
forward scattering which are known.tq .the skilled pers can al so be used

t o/EMsur e ¢ HERCHOT ﬁ%neﬁcﬁnﬁtcamhemrmwﬁ ip REh g qRuBLeLC oW BT PR o, ol |

metats are i ﬂ?mﬁo&é?' Fg%oﬁ.ﬁf}h&me};pﬂow fbbe ?»Jei s gﬂacg& Ak R&%{éiﬂ e
solid or solutionrou 0 I's 1nvention for preparing catalyst can be any
protic |iquifdedstrcamples/sicoahtédeurivii & thedRdw of Hylfogesicdataiming tebcgdiol s such
as net hanol or ethanol. Preferably, a liquid conprising water such as

m xt ures of Bhe hydropodceasing reackar candiseobecoparated imbny swisabde catslygtbed as

protic liquid in this solid.route.. A.so diffgrent protic, P 100979

D0 001 42154 Prerbea: 5o Tos e BpItAl Bocs 4 el bed B oned phEPRRtTE
it

si mul t aneousjgy in the solid route. For instance, is possible to add a
suspensi on of a netal conponent in ethanol to an aqueous sol ution of

anot her netal conponent. In sone cases, a netal conponent can be used which
dissolves in its own crystal water. The crystal water serves as erotic
liquid in this cadavidepangy ofipetsalemand chemiral faedgtoskhigan Bes chroni um

'ybd N f: Sui.table Goun V. - nobl
rotal's are, WSBIERenGhdthtty W R s RGN (IR RHERECC )
combinat | on @idetythole ABPERIYE pEBRind Lde AtbBipheiRl HadaiRunaRddbanast en

or .nickel, cobalt, nolybdenum and tungsten i's applied in the process of the
sol i d rout e.probattdeasphtited tdsgimiade.igs brhestocks aytlalbile, FCCKeilverbotpament s
which are at least ,partly in the solid state during,contacting conprise

wat er - i nsol uBASeO: é’k‘éFéI@B RPBAEEEC AR ageuR; g3k 1S aBd seker gas Oﬁlgck&t to

hydr oxi de, nickel ..pk te .0 . phosphy N\ I i cke

sul fide, nic %ﬁwr%g@zﬁg{]g‘.&jrﬂl@ngk Hgg}’s@g@gt&ﬁp\éﬁgFleag%])gi‘;tggé’,rwrﬁil?%tﬁ%t&d;I | oys
such as ni ckgfis MRIWAREEBHUE) KOV ExesRRN@NeIT I8 L wakedraffinaRS, Adpueal .
Sui t abl e nol ybdenum conponents, which are at |east partly in the solid
st at e duri ngambntizmrésthereofinpri se wat er -i nsol ubl e nol ybdenum conponent s

such as nol ybdenum (di - and tri) oxide. nolybdenum carbi de. nol ybdenum
nitride, alum num nolybdate, nolybdic acid (e.g. H-Mb04), nol ybdenum

Sul fide, or mxtures.thereof. Finally, suitagble.tungsten.conponents which
are at | east partﬁngei“i‘ﬁtﬁqﬁé“‘éed’lt‘ioﬁ capdedragiice %yéﬁﬁéﬁag@i‘ﬁglliad%?ﬁ% I88%yst en
di - and tri ox] : i =~ , n car bi de.
tungstic aci Q"C?g‘?"é?‘%ﬁfg%@”g%&ﬂgega,swg}’@%?ﬁ"?e% ﬁggrgtn nitride,

al um num t uUngsdRddesIAlrsRtiBR réactioflstdpe! th reigsé akabst@itidNaxioinesf tHeayugt .
These conponents are generally comrercially avail able or can be prepared
by, e.g., precipitation. e.g., nickel carbonate can be prepared froma

ni ckel chloride, sulfate. or nitrate solution by adding an appropriate
anount of sodium carbonate. It is generally P~rn~~o0o0~-~0~.g . tc

- REPLACEMENT PAGE 16- sPE~~~ 14 Au~ z fl 2 3 ,1UN 2003 known to the skilled

person to choose the precipitation conditions in such a way as to obtain
t he desired norphol ogy and texture.



I n general, netal conponents, which mainly contain C .OQ and/or H besides
the nmetal, are preferred because they are |less detrinental to the
environnment. Nickel carbonate is a preferred netal conponent to be added at
| east part IWOi0421R€ sol i d state because when ni ckel carbonat BCTASHIPIPed,
Q02 evol ves and positively influences the pH of the reaction mxture.
Further, due to the transformati on of carbonate into 002, the carbpdil &0}
does not end up in the wastewater. Preferred nickel conponents which are
added in the te,; e l e nikckel: . i ckel
nitrate, ni ckgﬁJj g&ﬁ%ﬁ §%’?§:‘ﬁgl acé{iwgggﬁ:agﬁgﬁhg#%??%%omrb%}# ?(t()qu(a\{s7|'5ls:Aﬂ
thereof . Pref slilf@daanddgeiamvand il HianlfenrPhe ided iwihivabodis gl fadgatlin o
the solute state are watéer-sol ubl e nbl ybdenum and tungsten conponents such
as al kal i net 8rstotageawdniclcomalinsbetet @ rhateseap@omzoaes. di the presencetadt r a- |
hepta-, octa- r tetradecampl ybdate), M-P heteropol yani on, conmpounds,
W-Si het er opbvgwa@n@cﬂwaﬁy hygrotigating eata vy sngan hpdrodsspduneiag copditions.
het er opol yani compounds, N - Mb- W het er opal yani on_conpounds - Mb- W

et o ool yani SACEHBRIEEThI i Te0 O SRar S oh Ao BN AR P RSB Es o
met a-, para-, Lot L X{: r 2ot reed
conbi nati ons Sﬁgﬁiﬁllg?g%go%gﬁﬁé%&ﬁ%%l %ﬁlggﬁg&)%g@'t‘ﬁﬁggﬁ[ing%g@i lé%and
nol ybdenum OXFdﬁedQ@@tsﬁebn@h%_ﬂfdre@lﬂﬁmiﬂﬂdhaéta%w vilichaBkedont@hbenabemore
ammoni um di nol ybdat e and amdni um net atungstate. It is within the scope of
the skilled peextiontizonse|wbtrefitistthetheshydradesiifoideidiatthe pseseficaret bydrogen
conponents. It nust be noted that nickel carbonate always conprises a

certain i wapdagerard hydrodepgiunizmbionsataiystz The liquid prodeestgapuiiemdhe
hyd - Lt f d.th th t of h - t
o 0 P S AN BOBLTHT GO Tlgh R PRI TR e S SRR RO ShEREP
cat al ysts useg viaBof PRodcRetrt£R i19Eoidtee Pt BRher gx\b%eggiﬁ of Bldndimd epRe € the

hul k catal yse conhposition by a process conprising reacting in & reaction
m xture a G oliguM drbdnonstredh és passed teo ped egzction ssageuvhich inogemtdd iouphe VI B
metal component in solution to obtain a precipitate. As in the case of the

solid route, preseeeadf 9 hydregesavop catalyst.nbins monlie theseapectinffumaentien that
reacted with t oup VIB metal co nents. The nolar ratio of o VI B
retal 5 10 G oBhiEtA PSR RbIRE AP EPDAEp T fiork R e pef rifer it thec!
sol ution routg,h e PE t scribed for the solid route.
Sui tabl e Goupm{l/lﬁpaﬁfcf%(ggau%e\}pﬁ r%%gﬁglﬁglggg' netal conponents are, e.g.

t hose wat er-sol ubl e nickel, nol ybdenum and tungsten conponents descri bed
above for the soli dhequteticdof thogresenoinveltioh encompadsies seedral pmeegzonent s

are, e.g., cobalt or iron conponents, Further Goup VIB netal conponents
are, e.g. chr8PHEMedAPBRERRESS salraneristheredhers s tireg spPHALIEARIOR Hagsh

reaction m xture in.sol.ution, suspension or as such. If soel.ubhle salts are
odot oo Sucheheh kmaRint oREorPURBTRRRE RhstiaBi Hins chpBbE ot vent Ty
be "precipitat egk i I X I [ Qi i er
or e mmrond um CoeL IBRlE oM Realbh Tzl v cAtaBr e SuliBAL Lt 98t
hepta-, octa- andnitk thetd sderdan stk whdlajontaiamrirogeioa-catalgseeithenex e  and

pol ytungstate. alkali netal salts, silicic acid salts of Goup V1B netals
such as nol ybapie witalysts oragicambindtionvish ¢he bulkonplimetallic eatplyst elithgst i c
acid, netatungstic acid, perf{ungstic acid. heteropolyanion conppounds of
VP, M-S Wesennayenieh: WheT Bt P el s ae g aRp e

met al - cont ai ni; Ifelns] i : is it @t ot k; "

addi tion, but lﬁﬁ%r e sgﬁ{t})??)g\r,\m]isg&g?? @(‘:?@ge ilﬁa ta ﬁglwltﬁgﬁg?ﬁ}r% ljr%ﬁ%% ?ﬁ%s tQJI%(‘Z&W})I es
of these conmpeuéfdfatdy @ dRiiddte GOITRHBAASe W dstbckahé il ah SendBpbbric dysillationat er
that upon tenperature increase they wll dissolve in their ow netal water.
Furt her, non- soweblsechres alrawavitgn peyrobkeinadostidiaten Such a feedstos® Wil aatais 18

PCT/ US04100979 2 3 .lure Zogs suspension or as such angﬁﬂsol ution is
effected in tHECHEREANEDOH 3:00PevpmnisuHbr andasclabveh b ghatdpgen spRtentyy ¢

het er opol yani op,. c ounds o ~- M= W der at el I e i . er),
het er opoi yani ﬁﬁ%ro %ﬁ&ér%{esﬁ%—"ﬂﬁqwcﬁﬁgﬁ?@p rgdéﬁﬁﬁjﬁﬁgbﬁﬂ Sga(ﬁ%ghgé%/%).
The reaction i t.a Leehpi . Cipoil i IS
ef fected by a?&?%‘g&g&gtﬂga%‘gﬂglrwaﬁgfrg-sﬁoﬁdehgg,t@zla %gglxﬁﬁ%rglsgﬂhgnhg;stpgéﬂe%d

t enper at ure andatdd 1&dst Wik off thdfealdion Borvdsldonigin-ansdyl ef thietiallk amdtiteeal e oup
\/IB netal precipitate. adding a conpound whi ch conpl exes the netals and
rel eases the nmetals for precipitation upon tenperature increase or pH
change or adding a G oup V1B netal salt solution at a tenperature and pH at
which the Group VIII non-noble netal and Group VIB netal precipitate,
changi ng the tenperature, changing the pH or |lowering the anbunt of the
solvent. The precipitate obtained with this process appears to have high

T | o - o e o, b S - o o



PCTn)S 0O 0/ 0 0 9 #.~ - REPLACEMENT PAGE 19- ~U= 14%&8; MUN 2003
non- nobl e metal conponents occurs. This process can als n t,éc[}@@?@
| ower tenperature and/ or decreased pressure or higher tenperature and/or
increased pressure. In another ill®EbrstEMERT PAGICLSS acc Cot fh
solution route, a Goup VIB netal salt, a Goup VIII rreﬂgg@g‘h?lgnﬁug
anmoni um hydroxi de are m xed in solution together and heated so that

amoni a i s daialyd ofitie mﬁ@deﬂthﬁvcmﬂdn.s RR\eramg1d, heredbtoabf Wi Ghstpr ecilr tidt 108h
occurs. For instance when nickel, nolybdenum and tungsten conponents are
appl i ed, pr éydpdeauifonzation stagd ganomntais aatacked Hed etrangémentndeqremmcent |y from
whet her the solid, or solution route is chosen the resulting bul k catal yst
conposi t i on SPREsIEIE hydisdpsulBuizaling caiBhist peEPERSIIRE GONGTEEACHAYSEANE al | y

of bul k cat al yst ticles having,the.characteristics of the hul k. catalyst
par t1 ¢l es B The BB CRR Bl o MERESYT in Easoh imushes Be Shef
invention." kB £ e eSO i Jrl : : e directly shaped
into hydropPoceéIsPIIIIng rpar?Ilé%eseg WQ?F%&@%%P&%}?%\%IJP%% t he bul k

catal yst cohypdsidesolfurization datagdPsttanpdta hulk aanltinletd)Be dataBet by usadothect ed to a
shaping step, a solid liquid separation can be perfornmed before shaping.
Optional |y €heveniionateatalyyepe aPpistrea reastiongone or gongs. dt isgherer sol i d

| i qui d separatd on, .can,b al cined before, s ' he pedi an di anet er of
e bul k- paPRiyard s aBe rEicEh cBRe SEpN Rt Aol iRufERaRPy a8 east 100
nm and pre = ad: referably not nore than
3000 Vim E%gﬁé%%g%%@lggﬁﬁn% Eg&%hﬁﬁqﬁgﬁé@?rﬁ dianeter lies in the
range of 0.1 - 50 ~m and nost preferably in the range of 0.5-50 pm
~.rc~pyp Bli EE~ The reaction piod0é/id phsdéd RCT s&fa0aid10 201 where,avapotphaf203 |1 f a
bi nder material is used in the preparation ot'the catalyst conmposltlon it
cam~be any preduct siream andiadiqiud phase wadustystrapmiis prodused. Fhadignid phase

hysgle=¢ i talysts. Cx I i nclud il ilica-alum na, h
convent | onaPrafhet Sieat it ne ™ &GS Aeas b 0o H0ep R S cont ed
si i ca, al uff5uea in@iné BARANYRPEIVrizAonKhls Wiffch bisb BBAlinsdeConi .

cationic clays or anionic clays “such as saponite. bentonite, kaoline,
sepi ol i t e oor yate seadtiontzenear ThissecorekhydredesaifuriPatidrestage] likenble fisstar e
silica, silica-alumna, alumna, titanic, zirconia, or .mxtures }her eof .
These bi ndef3n ayialy 18 OPE PEMOLE Of ifs Feastion zere thedmilk muyltigetallie catalyst ol

possi bl e to,appl I ecyrsors .of,. t e binder s ,that f t he process of
the inventi 6@%?%”@?&\'/3??@5“%@% A&ﬁ% cﬁélyﬂecaﬁgg@.eqd&lgg@?éx%gd bi nders.

Sui tabl e pr PYHrSIeESlfdhation dtal @l kﬁIe'prGM@Istr@z_IIH% gﬁ’és% td h @ec¥hidai n an

al um na bindér), water glass (to obtain a silica binder), a m xture of

al kal i net alsepdratibmabes whackimatvapoxplese aid diquisk phiase araduct streahuiariena

bi nder), a m xtur ources of a.di-, tri-, and/or tetrayal ent al such
as & m xt ur Srofussay g‘Iheieﬂ%@pEasganrpéuqffsﬁﬁ%@ﬁ@%Iwcamam Siangport B i con
{to_prepare t.L.aRl I QAL G C I | um num
sulfate, or vﬁ%ﬁ(?hélgg r??]@rlg%éftﬁgl?ég%z@pg@ﬁ? he@%‘ﬁ&%ﬁgeg’iﬁt e |CII<'3 t%@ be

f
CO_ﬁﬁgsi ted whblit 80 GppupsMil. NEhial twadtdhyalro desAfoHRed/plobubpaireaabhél] et al ,
prior to being conposited with the bul'k catal yst conposition and/or prior

to bei ng adgedsadiuoianifpindireagirompuiags druhbe teaetedfin ticoprsesiceiod diydragepiandear
material with any of the tals nmay be rried.out i.npregnation of the
solid bi nderca\tlﬁl/ cepatle oig‘f‘g&?r% QC‘W%QTGpSé‘?@BﬁngEIIF(PE’é’BIIgY-FI%TH%‘?art knows
sui table i ' L qu ' rel SRl Whiniis al so
possi bl e t@é@?%”'@ﬁpg%ﬁ@mﬁ%‘%ﬁ ﬁ?gﬁu‘é@ﬁ%ei’h@ﬂ%@?@g@e OIH_&QHCI?JIHIIIII_ and/ or
Group VI negs ek kBowElvpsApRiTerbsy lebd thah ubbnes M@gaﬁrﬁhdeﬁb&s bi nder, the
surface area preferably lies in the range of 100 - 0 m /g, and nore
pref erabl y Iheferatdgdessithdrgabomdswppunt sujfur.hEhis tRirg ré¢4ction stageawill3contain,

in at least one reaction zone, a hydrogenation catalyst and optionally the bulk

multimetallic catalyst of the present invention.

cemriemmm RLWTET



WO 00/ 42124 21 PCT/ USO04L00979 B.E. T. nethod. The pore volunme ot~the al um na
is preferably in tl range t~0.~ - 1.5 m /g neasured bgfF (5 W
General ly, the binder material to be added in the progzggqg$g31%2qﬁﬁ3§§;ﬁgm
has less catalytic activity than tRg, Retderraagkyet conﬁEA]Uﬁ o4 Aoic 2000
catalytic activity at all. Consequently, by adding a binder naterial, the
activity of the bulk catal yst conposition may be reduced. TherefoL?4UNQ@3
amount ot~ binder material to be added in the process of the invention
general |y dependsr Wdﬁffé?exﬁ?ﬁ%ésetq C%Fatlj/sé'ahléngéméri@ f(&‘ fehheRredcridh stage
conposition. Binder anbunts"tromO -" 9~ wt~% of the total composition can
be suitabl e,prdegssredinrbg: on t he envi saged catal ytic application. However, to
t ake advantage of the resulting unusual high activity of the conposition of
the present invention, binder amounts to be added are generally in the
range of 0.5 &) apgillymuligretallie celgtyst of dipisaentiomin qlﬂeer@agarly@fitheéiﬁﬁdwpt i on
can be directly. shaped., Shapj,ng, cqnpri ses extrusion, pelletizing, beading,
and/ or spraJe ‘VPh .gq%bQiBQFhﬁghﬁgted that if the catal yst conposition is
to be applied in slurry type reactors, f7uidized beds, noving beds.
expanded begy, 3 QonSBHibBA hpﬂro%ﬂﬂfm%'ﬁ@}{ cg{a}’ys’f‘ﬂ] ﬂfe fise @Qeabﬁorggtggésa! ly
applied for fixed bed applfcations. generally, the catalyst conpoSition is
extruded. peindednly éice bulbl/moultipesallid catalyst tetheahiré Feaction staget or to or during
t he shaping step, any additives that are conventionally used to facilitate
shapi ng can ge aggﬁd.lghese addi tives may coHprise al um num st ear at e.
sur f act ant s,0)gthg ik andtimgtaliqeatalystiaeither thefisetwoirgaciior stagesanskalsRided at

any stage prij i aFHrther . ~~~hen a ing is used as a
bi nder, it d%gﬂ%gﬁre&ﬁg@@fgaggagﬁgggg}ﬁglgﬁpgpnﬁgoqﬁgabﬁgkpﬁg step such as
nitric acid to increase the mechanical strength of the extrudates. It is
preferred thpt alpthreodeictioR sRigeshaveatdeute dndFdaetioh 2ohdEorsthitiigGhe Hullp -
Fetsher, it i's preferred that the shaping step is carried out in the
presence of raultimeeaPlcAGBlFRT PAGE 22 n ~ ~I|.-;i liqu id, such as water.
Preferably, the amount of liquid in the extrusion m xture, 2 3 JUN 2003

d LA ,is in the. f .-. 80% T | ti h d catal yst
Compost 11 on can, b MR BRaRare of Bisigvertian PRLOBR bl AR PR noa.
Cal cinat i on Haqyeystr. I sitha ERIGHE Feldstolk H‘ﬂxe%ﬁ@"cﬁéﬁ&{ sthgﬁvdil!i%@%é on. If a

calcination is carried out in the process of t nvent i It can be done
at a tenper samedeedstoek g5 for thotrddfacti GDSepapHCPsse Ereapb itlyat FxDprodu&00C for a
time varying fromO 5 tqg 48 hours., The drying of the shaped particles is
general |y cdimepadrom: the firstestage sl gandainpbowt Siwo‘e.l,ﬁop wppre PEstebenbodi ment

of the inveryi t t conmpositiagn | ected t [ dryin
(t1ashy dryitgh ST SGR RONdrbg R ok Rrip et Sl g Lo ™
shapi ng. Theggprddifut 0TRE sdonaessctnRazet then aeddirtflainidoiethetsiier e or
after a binder is added, after solid-liquid separation, before or after

cal ¢i nat i on ranlinsetbBiecpatatyst od thie imentiongs well dssanrbmatedytiogenityomppl yi ng
any of the aboye-described techni ques of spray drying, ash) drying,

m I ng, knéé&n\ihﬂ; G Brodict s il captain Iess Hiegr @ug% MPPThg bet ween
t he bul k cat al it i ' LS Al . This
applies to g%?ﬁ§@§§ggﬁﬁﬁ%§@&ﬂﬁzﬂgﬂﬁﬂﬁﬁgﬁﬁféﬁ%%Fﬁﬁﬁé@ﬁaggﬂohg?%ﬁéﬁgﬁ after
t he appl i catdrgmafiks.any of the above-descri bed nethods. However, it is
generally preferred to add the r binder material prior to spray drying

and/or any alternative technique. |If the binder is added subsequent to
spray dryi ng and/Nen-dimgiting esamates\od araadiid kydrogenasionestalystaigcdusteposi tion i s

R hevant agangkel- hali-mol et Rtk RO et e, anE bikal bpelen oot ar o o
obt ai ned m?ﬂghﬁigz%{agﬁlg% G oIS nfRA! daf -s_tEWgMb%rtHBieebas%d% Xfig component

may be added duri preparati ot e cracki ng conponent may serve
as an i somerdzgéd pila@nianeRich iJ preferabBidupgofiodBR AeRitabRuBfod Myaterial,
conventional cracking conponent such as rr, r,r't~if~~~ ~ ~~"~~~

00/ 42124 ~ ;typibafly a2dfidctosy dpidieenatbrngisuchas ehintne) silisa, ahgolnatslcsuch as
ZSM~. (ultra-stable). zeolite Y. zeolite X, ALPO s, SAPQ.s, anorphous
cracki ng conpesastly, istemaceoys LAk, TARENES 1A NG RIGRTRE U LESIHREYRAMKS CRR wi | | be
clear that sonme nmaterials may act as a binder and a cracki ng conponent at
the sane tinme. For instance. silica-alumna may have at the same tine a
cracking and a binding function. If desired. the cracking conponent may be
conposited with a Goup VIB netal and/or_a,@oup VIII non-noble netal prior
to bein g conposited with the bul k catal yst conposition and/or prior to
bei ng added during the preparation thereof. Conpositing the cracking
conponent with any of these netals nmay be carried out by inpregnation of

o o " o o,



The cracki ng conponent ~Wwhi ch can conpri se 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 thr W@ #Ri3g conponent during the conpositing step (FCI/RAYHPne

bi nder. Generally, it depends on the envisaged catal ytic application of the
final catal yst conposition which of the above-described crackin@ScﬂNﬂﬂHents
is added. A zeolite is preferably added if the resulting conposition shal

be applied i HISBWl%%rd?%dw?ﬂﬁlygl's%é’t)ﬁ%:ﬁ%%lﬁ&eﬁlﬁslﬁb Qﬂ-ﬁu%ibeﬁixﬁfa@ﬁki ng

conponents such as silica-aluntna or Ic clays are preferably added if
the final capalspaing:oTheardmatic shatadtioReonedd préfeRpBir OpdreRUING @PpLiat@iel ons.
The amount of cracking material that is added depends on the desired
activity of ftiven hboul 4@ rposbautd®08admone pagtiptabiyafroonateow i268§€doahdutt hus
may vary from0O - 80 wt.% based on the total weight of the catalyst
conposi ti on PPOYesdtrpressyretlhem abapeiGpsigdarmbest g@%(ﬂ’sign PERfgTablhrofb t he
metal PCTI USQQ10 conmpanen read dded. These naterials .ingl any
Tt or i i t hatord 2k BAESHT 20055 nd W i B85 Retend SahUaneF o
hydr opr acesSbigofhBbYP0. IPVAPRALd fbut 20 Yabiar exanpl es are phosphor us
conpounds, boron conpounds, fluorine-containine conpounds, additional
transition metals, rare earth netals, tillers, or mxtures thereon.

Sui t abl e phosphor Thedoygrotreaiéng cathlysteo fanyponel or ploos pheacagiims phvasiof agei d,
or organi c phosphorus conpounds. Phosphorus conpounds can be added at any
stage of theope 6tboth of thenby odeanfurizatientsiages jpy ¢ bvlkirouliimeeta Higptataysit ep

and/ or subsequent. t g t.he,shapi ng ste 1 f the binder material i epti zed,
phosphor us c6RBFETES Ofh LB Srage TH gronsapble Aagtkand 1 165t e GHoBE, ¢ ho

bi nder can b@lBﬁ@%ﬁ?Qnﬁm&‘e‘?&mg& rifo 618 BUEAAR MG PERRRNOTH A dbIOT

wth a mxture osphoric an I'c acl i onal
transition maieddlssdfem aboit 101Nenibem 1710 Nem préferféiatiatiie datdldétsva bulk
chrom um vanadium iron, cobalt. platinum palladium cobalt, nickel,

nmol ybdenum thimetate catalyicorwrisedolf phel&monp, \diibineningklegncehproteragpNied in
the form of any, of e water-in ubl e ni ckel bdenum and/ or tungsten
Eonpggegt st t Hé&oaq'r@t g@s‘f&q é@]%g/ibén?taisyﬁea%ﬂk%éﬁf%?”t_ dhy th_ﬁf%ﬂ%oégﬂ
e added a r . e present invention prior to the
shapi ng step.ﬁ}i] ‘i?‘?%ﬁ%&”ﬁ& ‘ﬁ’gﬁﬁ%z@?m als during the process of the
invention, it is also possible to conposite the final catal yst conposition
therewith. It is, Thegprefareasbiikaribeidllipcagnydteohippsitiongausedimihesiractice
conposition with an inpregnation solution conprising any of these netals.
The processeof e preseplr inyention isweptrasenteddyy thedpemulay t he bul k cat al yst
conposi tions may further conprise 3x3ul i agwntostep. Sulfidation is
generally carried out by contactin h 3 d4t¥zconposi ti on or precursors
thereof with a sulfur containing conpound such as elenentary sul fur,
hydrogen sul fide or polysulfides. The sultidation can generally be carried
out subsequeniHeyeihdXtifienpoe pairatal @fbg?fvnmenobuﬂdbl@ﬁtemlymb molapesid bOb: but
prior to the addition of a binder PCTIUS00/00979 n. WO 00/42124 ?5 2 3
JI 1IN 2003 maferd)ds 0. ¥idbcY | sprissarablar(t.7y/ 1tto k.hd . avve prejerably e/ binbap/1:
material hut prior to subjecting the catal yst conposition to spray drying
and/ or any alternative nethod, and/or subsequently to subjecting the
conposition to spr rVi . L.of: 8 e her
CompOSt U1 o0 10, Py M ARARE sIU RPN S BBl 2019 i
preferred thajorehreferhblydBl0es 108, 80N neGre preterebly 193 t8/11 A Yyrateadess step
that reverts the obtainéd netal sulfides into their oxides. Such process
steps are, esubstantialty equinomapamepnaywfdvigiang W, eany2/dthadr2: hindle + ¢vlpertat ur e
treatment in the _presence of oxygen. Consequently, if the catalyst
conposition K%*’@l]&-ect ed to spray drying and/or any alternative technique,
the sul fidation should be carried out subsequent to the application of any
of these nmethods. Additionally to, or instead of, a sulfidation step, the

?‘i I kefgf a{ yst ngmﬂfé 4B ATRY aRBrH AR AGribl AR RhinigB@SErANGi fIFaEGbn patkdrhde.

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



route is applied in step (+), the bulk catal yst conpoment can be prepared
form ni ckel sulfide and/or nolybdenum sul fide and/or tungsten sulfide. If
the catal yst conposition is used in a fixed bed processes, the sulfidation
i s preferapPy @gff‘l ed out subsequent to the shaping step an(?CTNSO‘H?PBH ed.
subsequent to the last calcination step. Rpreferably, the sulfidation is
carried out ex situ, i.e.. the sulfidation is carried out in a se&g{%’\emm
reactor prior to |loading the sulfided catal yst conposition into t
hydroprocessing unit. Furthernore, it is preferred that the catalyst
conposition is both sulfided ex situ and i situ. One or nore of the

reacti on zones of [2ggpraposhiaem obthe prechngdr oy hel §itiedtedial elevated gempenatiyres.
contain a conventional hydrodesul furization catalyst. Sujtable conventional
hydr odesul f uFi&al€MuRfrares 9fst*tsle$-°étﬂb9§b3(?(h(t Wéefﬁf@éﬁboph%%‘h@@rpt WA udes

s ! R SR el T

0701 0 yg 1occotpaidhia b BatiA YoMt . JAB ARG @#’fﬁs%%%“y(r o

rel ati vel y hicgmpietefyaaivan 88f. SSIMReNtialicRptte dec8hpodftion @dnufse padilgx her
sui tabl e hydrodesul furization catalyst”supports include zeolites, anorphous

si li ca-al uni mstabhsited bya}mrmmdrmvmrmnt\labalgsnmtrémhatalﬂmtesmtgmt mlesmetght

enpl oyed, preferably when the noble netal is selected fromPd and Pt. It is
Wi thin the sEBMREGEURMEe present invention that nore than one type of

hydr odesul furi zati on catal yst be used in the sane reaction vessel. The

Goup VIII netal Ly, t om about 2 to
20 wt.% prefer abﬂf}‘ef ?‘r&gén Béﬁﬁgn%g%;ﬁ ‘$RQ %ﬁﬁe@?r?’?}é?pﬁs% WVERNH cal 1y
be present 'Baﬁ'ﬁe%ﬁ@ﬁﬂ%d%@%ﬁﬁnt@b%@?&“to% Tsﬁ’ct?%e%s%a MeghSd Apkdejf r om
about 10 to 40 w. % and noré preferably fromabout 20 to 30 wt.% All
met al wei ght npeali eftthe ateralomrs ipgmution. B@enmll?uﬂwdntammgmathetmahl t he
percents are based on the " - vvelght of the support. For exanple, if the
support wer e CPBPREEYH iN0be gresehemobtheproys GQEIbeQmPTISWMlﬂﬁéU(F meidan t hat
20 g. of Grou VI Ere(i was on the sugﬁkﬁr [t has beerf found thﬁ%
this case, tAE"HIRPLARGP qH%Fr Y Hagen e pkting MPES T g5eentigh thtehe
active surf a§§h@rr§é"teqfnaf ﬂ%ﬁ’é-tlo‘ﬁe%’étgi é’(ﬁhﬁ&?&rntté fs! defdleli St Wﬁisf‘h’é‘tﬂﬁﬂ HE5bRY
use. The nolar ratio of Goup VIBto Goup VIII non-noble tals ranges
general ly freomtd@uding the dixprpcstey efi@tabkhe meehod al leastloge of thethetatase of a
core-shell structured particle, these ratios of course a%oly to the netals
cont ai ned i nCORPORKRLS Which hayedeenaddeshat leasmeriy B Hwtsaqh %a@omramn@at in
t he bul k cat rti rati o of the different as i's
general |y notil %EP?B ?*?1‘781’93 € (5118 WhmxiRgARdrRarigh e@:‘r gﬂﬁm\/l iy this
non- nobl e m%@htéx%d%@?hb?x?xeahrﬂl#xlﬁ%t ?rgﬁs‘{’ﬁlﬁémc%h%ttﬂﬁ BHERADh 4 sl en. ar e
efera

present as Goup VIB enumaungsten ra |o pr y lies in
the range of c8mbpouhddsudly &f dieahety tmﬁp@i@mmswltlhllyepﬁnebloeamptalencmnmm ses
ni ckel and/or cobalt. It is further preferred tha e G oup VIB netal
conprises a cb(b!ﬂﬂbpﬁiiaiys(momfpoﬁmoylbdenum and tungsten. Preferably,

conbi nati ons of nickel/nol ybdenunl tungsten and cobal t/ nol ybdenum t ungst en
and ni ckel / cobal t/ nol ybdenuni t ungsten are used. These t~~pes of

precipitates appeg erawpétﬁ@l@%rhﬂ%gs geitﬁé‘aﬁt ?aé't%ne%eta?goxﬁﬁ%né“nﬁstf N

2003 to be S|nter-re5|s I've surtace area o

precipitate iggdeg@teidmbpstlyiiRdhesAlid diae efﬁ%jtzﬁ'léa@bﬁeﬁﬁ@heé@hb&in@{t%ﬁdkﬂedas
oxi di ¢ compounds of the corresponding netals, or if the catalyst

conposi ti on haghbselmtssdafd, ded)! m@thlfmmpommqammdisiedfattmt pmﬁ}vesapbndoh@
netals. Preferably the partl cl es have a surface area of at E%St 50 n2/g

and nore prefSEHapvpernn at leaghane cptdbem@ls@éwr@ép VORRAENE Whieh 3rgy hod | t

even nore pr dRSBR JEaE Pyl i SRSl P Ras Mikasienty n e sl shishl'e
metal and at 4 tH@ u?é HRF@ tdlid tBRRETheNa higalt rAporii $hhd R tihe

particles, at e es The amount of Group VIB and G oup
VIT1 non- noblmermtmt: Statt@ﬂneanﬁhat tEh%Sleode Rerhdigt ef thipesktyl confdAEIDNs added s
desired that the pore size distribution of the particles is approximtely
the sanme as tdse solatiof of tiny emttaloreahpdnent ot thegiroig liqaidl st met e i n
particul ar, these particles have preferably a pore volume of 0.05 - 5 m /g,
nor e preferably of 0.1 - 4 m/g, still nore preferably of 0.1 - 3 m/g and
nost preferably 0.1 - 2 ml/g determ ned by nitrogen adsorption. Preferably,
pores snmaller than 1 nmare not present. Furthernore these particles
preferably have a nedian dianeter of at |east 50 nm nore preferably at

| east 100 nm and pref erably not nore than 5000 ~m and nore preferably not

o " o NN NN Y T T



medi an particle dianmeter.lies in the range of 0.1 .-. 50 ~m and nost
preferably in the range of 0 S - 50 pm The surface area of the catalyst
conposition preferably is at |east 40 n2/g, nore preferably at |east '80
n2/ g and nmosiogMeierably at |east 120 nR/g. The total pore ‘aruseoadrs he
catal yst conposition is preferably at least 0.05 m /g and nore preferably
at least OL m/g as determ ned by water pdf osinetry. To obtain ~~“2'7§31W2003
.~" $H ACT - RREPLACEMENT PACE 28 ,., catalyst conpositions with hig
mechani cal strength, it .De, desirabl.e that. t he gat al C osition of
the i nventi off°HYZ 4N} Mdggﬁr BLSFIRAYY 1 the,gedidssithd n{%&%%ﬂﬁ@?ﬂﬁﬁ%%& yst
particles ha Letd =T L t N, whi L

From cat al yors BKR, G gientle Aeta ol oo oE B ah e
catal ysts obpainetihbymeritegipahenis albed %s b aylutiohfgrakisiABapebipoRefint he
bul k catal yst particles conprises, and preferably essentially consists of,
peaks char actles peaticliquidt Agypeatexanpietiah sospameivendSa mefta! wngponent oka|

hydr oxy- car bonat e _has, been contacted with a nol ybdenum and tungsten
conponent as PBRYE HABEhinaKieh the metalds al teasigpastly presenhps 3 sopds andprizonadly

characterized_ b n_X.r iffraction,pattern which conprises peaks at d

val ues of (4P85%Y %?.Sglé’ﬂ?){%ﬂ%%mg?éﬁﬁd-z.23A, 1.70A, (1.54A), 1.47A Val ues
in brackets indicate that the correspondi ng peaks are rather broad andl or
have a low intensity or are not distinguished at all. The term"the X-ray

diffraction patterfo ebagni balll yasigpstdhposdfion witheisigh paak sticreeinvity, hels apar t
fromthese peaks, there are essentially no further peaks contained in the
diffraction peencéons.praferegrbati the mattel amparents. ydticlobreadtrieasttparthén el ut i on
route has a chﬁracterdi stic X—raé/ di ffraction gattern whi gh. S(gffers from
catal yst obt &PHEFHG WHDECRPIRGNARLTE AWK MBRAFORPAREHS ocblssiged M hst s

atal yst obt: CBRRICRP IS A TEIVRIR PElfAF WY AR BBPoCE S A E AU Y
N - Wo- W pr oci o) BoE saBfte o nore LA blfof ol MesfrbtERELhBBBR 17 § U Des

of 2.52b, 1. a3Ar@kithaleldBife sdthé s Bfoseof \CbRVEItIONEL BY @trehtifg Catad) (St _
conposition may conpri se conventional hydroprocessing catal ysts. The bi nder

mat eri al s an€ @onenkiong hyshrpueaingscaélystseenemniiyitaive mgorh i wpe @ OG5 nd

catal yst genergl | onpri se any of the above-described binder, materials and
cracki ng comp® éﬂg@%ﬂg‘ﬁé oyt ogenK e BRrGresgrablysot; é'g’o &ﬂqdo'ﬁ‘é?ﬁt

hydr opr ocessi | Wit I ri.se and VI

non- nobl e et Q?fse?@ﬂ?r?@s‘ gg%pggﬁ%ﬁg fe’}fﬂ?l rgg?ﬁ'g\p yé:’%%)@ﬂt @r?#&r'r% Aybdenum
or tungsten. dfumeaklsthalieNMRALN MMare genérally not présefMndonventivhfl’ O 001 42124
?9 ~3 J'IJN20H hydroprocessing catal ysts are. e.g., hydrotreating catal ysts.
't hese: ~at alhyslretreatimgomtalpsts h&usthentconvergemai hydwbtreatinfreasthyss haee As wil |
be clear frumthe above. it is possible to add the G qup VI on nobl e
netal cont ai r&eﬁgr%@@wﬁﬁfcaaﬁaa phet lergdd i/ andrapredys eé?h'iyn‘bflfﬁgﬁ?)%gﬁd in

var 0us vayS e LB G BEHL B3 B k-l VW M LORERRLCT
al so be readifgt iR5@ASE, BELKRY cAMBOnAeS@N&edhosen which has a total pore volume of
0.19 - 0.39 ml/g and preferably of 0.24 - 0.35 ml/g determined by nitrogen
adsorption and a surface area of 150 - 400 m?/g and more preferably of 200 - 370
m*/ g determined by the B.E.T. method. Furthermore these metal components
should have a median particle diameter of at least 50 nm, more preferably at
least 100 nm. and preferably not more than 5000 pm and more preferably not
more than 3000 pm. Even more preferably, the median particle diameter lies in
the range of 0.1 - 50 um and most preferably in the range of 0.5 - 50 um. For

instance. by choosing a metal component which is added at least partly in the

solid state and which has a Jarge median particle diameter, the other metal



met hods, including a variati on ofthe boiling deconposi.tion nmethod used by
Tei chner and Astier in which a tungsten conpound is added to the initial
m xture of a nolybdenum salt) a nickel salt and amoni um hydroxi de. Direct
preci pi t at Weh00&3éP4pH control |l ed precipitation may al so be usREIEWIOPIEDar e
t he precursor conmpound. In all cases, howgyer, water soluble salts of

ni ckel , nol ybdenum and tungsten are enployed. Preferably, the nol yodgNiii)
and tungsten salts are amoni um conpounds, e.g., amoni um nol ybdate.

amoni um net@npasdras ovillWily eeddiqvith Gleduiedlal enByihReatdeanBial EahBoRént
hydrated nitrates. The deconposed precursor can be sulfided or pre-sulfided

by a vari et ypavficlendwihmetdsedso-c#ded bocaephel)" sthecideciompksiatdlon partedecirecan
be contacted with a gas conprising HAS and hydrogen, e. g., 10% H-S/ H-, at
el evated terffdptedres for a period oftime sufficient to sulfide the
deconposition product. usually at the point of HAS breakthrough in the exit
gas. Sulfiding can also be effected. in situ. by passing a typical

f eedst ock cont ai nj ] INAR [ S00/ 009
o7 e w0 001 4212 EBrapiis oy BRERAR ok BleB SR B or 1 ne
use ofthe c;@{trbelaehiamert DR LdumaBRY prédormed el cOaRRRGhiRGOrYy the
feedstock to be treated. Th}ﬁﬁsi.Sb gs gftaéhe boi}I)i ng1 point of the feed riCHr%lcreases,
t he severi t yprepaheg tloasdi rhemhsompentits dlyshe nbovedsscribEdepre ciphtatibmgntabl e
serves to illustrate typical conditions for a ran~e oi ~ feeds. FEEDTYPI CAL
BO LI NG RANGRCOTRRPitigREgE: suitatRsmepholagpamvieyuye HRbtaey. Ragroper

SCF/ BNapht ha25- 310100- 3701 .U G00. 5- 10l - .

QU 2. 000D 6 BRSPS RRSORG B PTP DiIZHEN Caugitiens Sanbe iRy routine

oi | _335-. 175%%@.%},} 264 00. 3- 31 000- G 000t ube

oi | 290- 550200- 4% G 21l]JO.'2- 51 00- 1 0, O0OResi duunt0- 50%575340- 450G5- 11 00U. | -1 3
.00U- 10,000 The followi ng exanples will serve to illustrate, but not limt,
this invention. Exanple 1 Preparation of NH4-Ni - Mo-O Phase (boili ng
deconposi ti on as pehaydeenserowrabonstiogeta duethorg)ology and textitesst theask,

nexahydr at o B SORRSEENy ¥ hisbroge REDH et Tirang: e dgitiy g eSSeriial
that the metal of the metal component at least partly remains in the solid state
during the whole process of this solid route. It is noted again that it is essential
that in no case should the amount of solid metals during the process of the solid
route becomes zero. The presence of solid metal comprising particles can easily
be detected by visual inspection at least if the diameter of the solid particles in
which the metals are comprised is larger than the wavelength of visible light. Of
course, methods such as quasi-elastic light scattering (QELS) or near torward
scattering which are known to the skilled person can also be used to ensure that
in no point in time of the process of the solid route. all metals are in the solute

state.

The protic liquid to be applied in the solid or solution route of this
invention for preparing catalyst can be any protic liquid. Examples include
water, carboxylic acids, and alcohols such as methanol or ethanol. Preferably, a
liquid comprising water such as mixtures of an alcohol and water and more

preferably water is used as protic liquid in this solid route. Also different protic



that the resulting pH.equaled 4.3. To this solutioh, a concentrated NH40H
solution was added. At first. a precipitate forned which on further
addi ti on of NH40H di ssolved to give a clear blue solution with a pH of 8. 3.
and addi t W8M42M#40H (~250cc) was added until a pH of 10 M§Tﬂ§a‘8ﬁ’é& The
solution was heated to 90C for 3 h during yphich amoni a gas evol ved and a
green precipitate forned. The final pH lav between 6.8 and 7. The

suspensi on was rs_ PCT/US00/ 00979 Pl ~~ nn ~ ~~v - REPLACEMENT PAGZ BN 2003
| PEAI ~1 S 14 Anguiamn%oip%ea@irﬁmetoﬁm%%erssnd Fohib e 8 instared i th
vater and dried at 120C ~"3 JUN 20D3 ovérni ght. About 18.6g of material was

obt ai ned. Thepswitikeo addlaysteperfsivn & a atet@ibcdmpénett dnethivholab dhdgMeolls The
X-ray diffraction spectra of the phase matches the pattern reported bé
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deconposition: In a, dter flask, 13.2 anmonj uti ~ | ybdate (0.075 nol es
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hexahydr at e (H ‘3}? igghﬁs I;l&) wer e dissolved in 300cc of water so that the
resulting pH ea I'e . 3. To this solution, a concentrated NH40H sol ution
(~600cc) was .. ="' added until the pH reached 10. At this point, sone

preci pitate remai ned. The solution was refluxed at 100C for 3 h. During
this heating, the preci Jhe&@reupiVdBomeead geaemilwecomprisearchimmnsol ution and
on further heating, a green precipitate fornmed. The heating was continued
until the pH meddienubattiuegiicrs o8 mkiures thereok uSyitable Gmowr Y 1Howinedobls r oom

tenperature, filtered, washed with water and dried at. 120C gverni ght. 18
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(0.1 nole M) and 24.60 g of anmoni um netatungstate (0.1 nole W were

di ssol ved i n 80ge.ctf the pratietiqyidvs rwater, suitableoncksicompoebems Which arssatslehsit i on

0.4 noles of NH40H (~30 £¢) was added, raising the pHto ~9 splution A).
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AuG 2000 nol ybdat e/ anmoni um net at ungstate solution.” A ﬁreci pitate begins to

form aft ~r 3 ~nickelopgide/ nicke] allyssuthins orchehamalypbidenunThlleys danengiidiel il ch
was at a pH ~6..5 was stirred for 3 i,nutes while the, t erat ure S .
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nol ybdenum and anunoni um hydr oxi de are described in Exanple 3 (solutions A
Caom - molybdenum nitride, aluminum molybdate, molybdic acid (e.g. H.MoO,),
molybdenum sulfide, or mixtures thereof. Finally, suitable tungsten components
which are at least partly in the solid state during contacting comprise tungsten
di- and trioxide. tungsten sulfide (WS, and WS3), tungsten carbide. tungstic acid
(e.g. HyWO, - H,0, H,W,0,; - 9H,0), tungsten nitride. aluminum tungstate
(also meta-, or polytungstate) or mixtures thereof. These components are
generally commercially available or can be prepared by, e.g.. precipitation. e.g.,

nickel carbonate can be prepared from a nickel chloride, sulfate. or nitrate

solution by adding an appropriate amount of sodium carbonate. It is generally



and B) except that each sol ution contained about 700 cc of water. The

two solutions were added into a separate vessel initi alpmms@ 7
of water held at 90C. Solution B (the acidic solution) \zﬁﬁ ﬁzg,ge 4 lj t
vessel at a constant rate of ~|5ccHeERLAGEMENTPAGEHE-uti on |E e Gg

separate punp which is under feedback PC control and set to nmaintain the pH
at 6.5. On mxing the two solutions a precipitate forns. The slurryyl{\qgmﬂm
stirred at ¥Gwhato tB@smlllaatp@ﬁc,onft_b|ch66@dhb?&eciﬁmﬁﬂd:dﬂdhkbﬂ%<ﬁ sWelt &fuayan
dried at 120C. Exanple 5 Catal ytic Eval uation Using D benzot hi ophené (DBT):
1.5-2 g of iahto obtaa fhet desokd Exaphblegy hnd tevdure, pl aced in a quartz boat which
was in tuminserted into a horizontal quartz tube and placed into a

Li ndberg furnace. The tenperature was raised to 370C i n about one hour with

N2 flow ng at SOIcc/ nd .the fl ow conti.nued.for 1.5 {; t 3@?0 N2 was
swi tched of f and '15%%—@% ak GRIMP S WHHCH MaiE gepigin t?)ZGn OFH the
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quartz tube was renmoved and the ~~.r~~~r~r~n nt..~C IVYILIYIJL...V V~ | ~r
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cont ai ni ng wastew4atéd, benzot hi ophene in decalin was added to the autoclave. A
hydrogen flow of 10(1 cc/mn was passed through the reactor and the
pressure was mai ntai ned at 3150kPa using a back pressure regulator. The

t erature was raised,to,350C at 5-6 deqg/mn .and. run until, either SU% DBT
V\gggconverted or%ﬂ?@fer?IWﬁF%’np%ﬂ}t‘%&’g .fe,&dg?fgm tll!’QISP ®8EKI3TEr oduct was
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and cycl ohexydthenaivkel (KIbBie vwamixtdres tHeréeftl Pasfeeied aiolpbdertum Whd Daage and R

R Chianelli [J. Cat. 149, 414-27 ( 1994)] and are shown in Table 1. As
descri bed i fingstan compeneats whigh ase pdded injthe eelutesstatgaro wasgrtspdublene rel ati ve

to RP durin tlh desul f iza{ion reactjon are ﬂ(}&% i ndi cation of a
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hydrodesul furization activity. The’resufts show that parti al subg{)ituti on
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hi gher for DBT conversion. A standard supported Ni-M on Al103 catal yst is
al so shown heterepatparips sampenadsh;WYrSidetqropepanignicompoygds Ni-MeaW t he
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general preparation schene exanp deconposition) but
v~trving theyMsaRhcl 4Rl AolytRichain @EdEY AaBERE bRdeirbE camBitionfis AltkeNi um

not ybdat e and anmoni um net at ungst ate added to the sol utions. Deconposition
was ef f ect edadsondes animaduimdibayipdate and Tmmaranralgetagingstapes. dpiaveithiar e shown
in Table 2 along with their catalytic actiyities for T neasuged as

descri bed i theEseapsiof the skillgd personcp splact Wstaensuigbls combmakoniet wsiber si on

TeStS with V ariationsn lative .Vl a . .

ammoni umanmdi Plﬂ%eeﬁ(%e |Ik<x[ng§gli) %F gr‘r%#%ﬂ%tl gﬁ) rﬁ??’ %%%E}g AT YPRYERS certain

r) Cat al yst Sanpl c(g) t ohexahydr at e3~0C350C( g) (g) NHg- Ni W O1898. i -97036. 9543. &
| 2811 . 3NH4-N Mo, | W 9-0 8983-1352. 6533. 62a3. 621,

214. INH4A- Ni Mb. 3W 7- O 8983- 1017. 9425. 8743. G31 5411 . 6NH4- Ni Mb. 5W 5- 01 8357- 1091
3.1718. 74a3. 621711 0. 3NH4- Ni Mb. 7W 3- O 8983-9518.541 1.09-13.b2i 581 1

5NH4- Ni Mo, ~W | - 018983-9233. 833. 69: 13. 621411 0.5 ?he data show that the nost
active catal yst contains an approxi mately equi nolar mfixture of tunesten
and nol ybdenum 2 3 JUN 2003 WD 00/ A2124 PCT/ US00/ 00979 35



Exanple 7 n series of eatalysts were prepared as described in Exanple 3
(direct pr~:cipitati~n) in which equinolar m xtures of Mo and Wwere
precipitated but the nickel content was varied. Deconposition was effected
as descri hAP90¥2Bdanpl e 5. The catal ysts so prepared are shBGHUSH/OPEI e 3
along with their catalytic activities for BT neasured as described in
example 5. Table 3. Variation of N ckel Content in NHA-N - M. 5W 51U 1003
Cat al ysts '

anmoni UMBRMDBHGIRL ékﬁmdét(\«aé@hgﬁl mal yRdetreqaiaaintnaabadesy iy RbRpBrGasal yst Sa
npl e(g) (g) hexahydr at e350C{ g) 350CNI - 14- Ni 0. 75Mb. 5W 5- O 9086- 1101 7. 6524. 643. G

517113. i NH4- hrdsefitMn. thid/rbekal @0f®HnaR be Kigh4. 658. 21 G7l 2. 4NH4A-Ni |, ~5Mb, 5W 5- O 9
086-11117.6524.672.7517411.~NH4-Ni |.5M, 5W5-0 9086-11217. G524. 687. 31 489. 55
Catal ytic performance does not change substantially with variations in N
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of NH-OH in s@ipiisifgAed@mgVidid Rdcliéh AHRMELs TRoHAH Nin-ABbRImESY | 0 when
the two solutions were m xed. Deconposition was effected as described in

Exanpl e ~. Theompordntsh solutioRERGACENMEYTV HAGEEldGontpchedt il bolufiDA 3o sbtain
prepared are shown in Table 4 along with their catalytic activities for DBT
nmeasured as deBECipEIC] MsErdhpresen!t trgpplid mute/preteraliy. one NrpaepVAHdI tion to
Preparati on
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Whi | e deconporivte. ohuisable Keropp 8 arst Geaump¥llhdoninablemela apmponsts arief not
all, of the ammopi um orti(gn of .th rBng)Hrsor, t.he Erergaration of the
precursor and-BhBOSGMALGES uglleirp?lgei, plyDen B AHHIBREIEIL FORPORERE can be
affected by t e ffectl of the
deconposi ti on(lpéérC gggzgtfa ngé g&l?ﬁggﬁ) @@FA% gHﬂgﬁt@e&”%ﬁ%ﬁPﬁgWgﬁﬁ lNi ratio
in the preparedmpandtts hie e, esobaR Wt iﬁmrmﬁnmdueh&.fﬁmawglvm ntetsibout

4:1, preferably about 1.5:1 to about 4:1, and nore preferably about 2:1 to
about 4: 1. Whe¢draperantsarhicrgy chrorpiainbeemponsptanyhe aratalagnzponanioean be

hani th i i d t.h HAOH Ni ti i,- MWO
Phase o chantisetrior RE TESEERIBSTTiecR SRUATC T PR PE 6o uTe. HAPlYesalhy
examl es 1 ang 2 ehe: SORRAREd A0 A8HShaRLd s RRGIAEdnioy M fihal vt

for the conversion o ur auto diesel ol f eed
cont ai ned 510bavprdisivdteédir Subfble@raupiMiBogienl saltdwBithtlfe aohii¢ ircsvasrd-~t a

Al~FI~ with a gravity of 39.8 API. The catal ysts were tested at 579F, 650
psi g of H2, 2aBmamiursdlts such as ammonium dimolybdate. ammonium tri-. tetra- hepta-,
octa-, and tetradeca- molybdate, ammonium para-. meta-, hexa-, and
polytungstate. alkali metal salts, silicic acid salts of Group VIB metals such as
molybdic silicic acid. molybdic silicic tungstic acid, tungstic acid, metatungstic
acid. pertungstic acid, heteropolyanion compounds of Mo-P. Mo-Si. W-P. and
W-Si. It is also possible to add Group VIB metal-containing compounds which
are not in solution at the time of addition, but where solution is etfected in the
reaction mixture. Examples of these compounds are metal compounds which

contain so much crystal water that upon temperature increase they will dissolve

in their own metal water. Further, non-soluble metal salts may be added in



and 1850 SCFBB of H2. The rel ative activities of the di.-fferent catal ysts
are - REPLACEMENT PACGE 37 ~'~"~~ ~ ~r1 0 ~o~c | PFU U~ 14 AUG sunmari zed in
Table 5. Table 5. Relative Hydrotreating Activities on LSADO Feed Catal yst
Rel ati ve WPWHERAc Rel ative Vol unetric N Mo/ A1203 NH4- Ni Mo POTAISEH/A0TS vi ty
1 0.25 1.4 HDN Activity 1 0.50 2.05 """’ gNH4-Ni 1. OWb. S W5-0 The

Ni Mo/ A1203 catal yst is a standard HDN HDS catal yst, the NH4-N M phg@gumg[)g
the bul k phase with no tungsten, and the NH4-Ni | .oMb. sWs-Ois the

phase wi th paidpealion Wsisisudh! S RIlul¥d & etiboted e e NI PPk Gk 2KYifRbIeS

al so representative of known conmpounds. The catalyst of this invention is
illustrated hyndsbiibe meadacahkd\breshelerapdlanéoriadmpshnds o MEocl@aW advant age
of amoni um ni ckel tungsten nol ybdate for HDNBDS activity. Examlu a 10

Pr epar ati on Uﬂoéefﬁlﬂl}( sehthde yscoldoraten)i hetsropmganienwgmpounde od iYirMorBut e:

18. 1 kg-anmmoni u TD g&gte ( éS 33kg Mb03) are dissolved in 575 liters
wat er . Subseff8 @r,a 80 Het at ungstate (24 69kg W3) is added to
the solution. The resultl ng solution is preheated up to 900 26. Skg Ni C03

(49 75N ) pouderpics gLgtlanihie 18056810 SRR LR PRELEIZiAAYe t0

t he amoni um di nol ybdat e/ anmoni um ne ungst a 1 on. resul

T xture s eepeleathy 88dihggESupay 1 Hon-nobl BRRACRNENTL AR §8Erh EALrdE - 4
Au~ Zooo Examlp a ? ~ ,~ti N ?2003 Preparation of a bulk catal yst
conposi ti on aadqit di wgmmt}tet@rcmpl\dﬂﬂ ammrmhﬂemdtad andlthk iGreupfi@sketal 3. 2 g
ammoni um nol ybdate (0.075 nol es @; 18. 7 amoni um net atungistate (0.075
nol es W andragphatg. aﬁi@lmw FHnEpe wé;@@nmal@éeq dulxsemﬂmdmyamme
dlssolvedln ge’m so that the resultin ﬁuled4 To this
Sl ution. amER fPéfECéH“NF%fle%’bWEF?%NU(%H&EF Fhapss AuRAdingdti | the

pH reached J€§’r(s) tVItﬂ‘hget Ol s0) ?dheatpzf hﬁ'ﬁ@aﬁ@ Qththﬁe’iﬂJoﬂg'\@l@I was

refluxed at 1 for ours. r| ng eat 1 ng, e precipit

di ssol ved t mo@l-xvcﬁalansételaasnd)t;um;svllatmam pﬂﬂl;ﬂmté Lw}iahgrnghaattemeraau@c een
precipitate formed. The heating was continued until the pH reached a val ue
bet ween 6. 8 changingdhe pirb ardepensg the srsuBLof k¢ sodvanpohhe pmmlmtguoétamed

filt d, th t d 0C t. f

7o SR e A L0 B O ool ot v
di t 1362 f
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sodi um al umififregriated litnGrolp VUl fndhenobld teth e Hldt G RepNV I/enébiBUEAdcat al yst
- alum na conposition was subsequently m xed at 80C untll an LA of 31 %

was obt ai negredipsateasinl be u@dwmglaswomSUsumquémwysmmmxm t he
extrudates were dr ed at m nut bsequ
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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.

In an illustrative process according to the solution route. solutions of
ammonium salts of a Group VIB metal are made and a solution of a Group VIII
non-noble metal nitrate is made. Both solutions are heated to a temperature of
approximately 90°C. Ammonium hvdroxide is added to the Group VIB metal
solution. The Group VIII non-noble metal solution is added to the Group VIB

metal solution and direct precipitation of the Group VIB and Group VIII



ExamIn a. 14 (,sanple 2105911 _ _ ~ t.~. z:~ - REPLACEMENT PAGE 39- |
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a N -M-Wbul k catal yst conposition obtained according t

described in Exanpl e 10 was added tR6PEYHHENT PACHYehni te ph 45114 nALHS 2000
125g boehm te. The rebuffing paste was m xed at 60C to obtain an LO of

42% The resulting conposition was extruded, dried and calcined as 273 JUN 200
descri bed i nnéx-aobleemetzl cEBnponénts-oecuts Thamydptess22d @k6de.condectpdacedur e
described in Exanple 10 was repeated except that alumna is present during
the prepar at lodrerdempgeaterg andiotdecteasedprepBaE OF bighersmmsseiuss andfer r esul ti ng
dried N -M-Wbhul k,catalyst - alum na conposition containing 60g alum na,

461 g water %ﬁeaﬁegﬁﬁqsﬁu mount of nitric acid were added. The resulting

m xture was m xed at 70C whil e evaporating water until an LO of 34% was
obtained. The resulting conposition was extruded, dried and cal ci ned as

described in Exanpl #nctBer ilygtrative proddss Aoeardingtorthe ¥SldebR rode]@Greup t ungst en
and/ or ammoni um chromate are di ssol ved and conbined in a first reactor. The

t enper at ure ViBimasaksaded Groupl0dll mistal sl amdanmosiim hydrodideswe weded in a
second reactor, and heated t.Q 90C. - Ammoni um hydroxjide is agded to the

T rot baat oTpBON ket sad heatgisahe ATmARIAGS JHYeNp Handdbe p LSOV IS | s
added to the.fjrat..dr i - \vk (N is ], U ESe i nut es,
Fhe pr eci pi ciorbpRat HIRPKpREAdenticEhls: Thrifuaite Ut Aokt Wofibddhudh MU o0
at 120C znd £l ringsendompdnentskxaappifedapietipibtiontgsically séd@datn@pHOod of
Exanpl e 16 was used to prepare a preciplitate fromanmoni um di nol ybdat e,
anmoni um netkelowngstate and Fe(111(N03)3 9 HzO in . . _.-r d

- REPLACEMENT PAGE 40 ~~~~hu ~~ 14 a,; {~~ ?~~0 ~u~ Q003 98%yield
conprising 41.2 wt.% Fe203, 21.3 wt.% Mb03, and 36.9 wt.% W3. The surface

areanof the precipi L ed up to 60
nni-by BET us!ong tlﬁlgEg%lgdg\ng? i%ﬁnﬂe&er&ﬁ{scﬁ%@?ﬁt}%& ro@eaﬁ]%ﬁﬁyé{] qtg 'FI)'he
preci pi tati oesieiheadiieta ﬁ@bmpéﬁtimElrdféﬁBl)x Comp e afd ndrepréfeidbiy e from

Ni (C03)26H20, (NH4) 6Mb~0244H20, and (NH~)2Cr20~ 1n 87.7%yield conprising
52.2 wt . % Niconsits essentisginwodiulk gathlyss partigleschawignthe chbractemstiesef theea of t he

Pr ecl pi ate wap 100 N2 0 i BOLS, NOLUTE, RS, ERRUL R B2 Bollb e BT

using the a
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 kigh that it cannot be directly subjected to a shaping step, a

N, solid liquid separation can be performed before shaping. Optionally the bulk
catalyst composition, either as such or after solid li.quid separation, can be

calcined before shaping.

The median diameter of the bulk catalyst particles is at least SO nm, more
preferably at least 100 nm, and preferably not more than 5000 um and more
preferably not more than 3000 pm. Even more preferably, the median particle

diameter lies in the range of 0.1 - 50 um and most preferably in the range of

0.5-50 pm.
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The precipitation nethod of Exanple 16 was used to prepare a precipitate
from N (C03)26H20, (NH~)6 H2W 2040, and (NH4) ZCr20~ in 87.7%yield
conprising 44.0 wt.% N O 42.4 w.% W3, and 11.8 wt. % Cr 203, The surface
area of tMeOppdBRpitate was 199 n2/g. The pore vol une as mEsHPER 0%t o 60
nm by BET using the adsorption curve was 0,0245 m/g. Aromatic Saturation
Exanpl es The ultra hi gh ASAT (aromatics saturation), HDS and HDN act] ¥iJul &3
of the bulk nultinmetallic catalysts used in the practice of the present

i nvention were de strate hr.qu CO- r.ent r oprqcessi ng. of | aw.

sul fur autonoti ve%eé'@ﬁ%ﬁa&(rf_@,&%edgnéﬁ%rggérﬁag{%&bgﬁl}?ééﬁ@%ﬂg”é)@m({?ﬁf‘ip of
the bulk catay ygi pedhylfeRaPRRATs ESHRREOAA PRSI CAWERULPHR! commEr ci al
supported Ni Mo on alum na catal yst, conmercially available from Criterion
under the deshwirapraves$ingtitalyas BeempEstiacindel shrianeidiva-ahimand sdéiks psi g.
Sel ected feedstock properties are listed in Table 6. Results are found in
Tabl es 7, 8 amhventiopahsilic@elumma: glica-cpEpd ACEVENTarRAGEMNa-LPRAG Silcal4 AUG
2000 Table 6 Anal,r)]/ti cal Summary for Low Suggur Aut onot.i ve Di esel G |
(LSADO) ( FS- g44B)Nasuchyasipssy é‘f”“ﬁla‘h’e@? $ite ditapips TFcqma.gatienipclays or

wppmNi t r ogen Ant 00 Vit w3 - AP D-2887. 5, O 9420, 7 F
(21S.9 C)50. ’?‘@5@&%%“%@?@“&3%‘35’%@ 1%%3“’1 Sﬁgﬁg%‘.’&h@rﬂ@?@%é’( bon
Types by SFCSRbUnaLanéRofS PrtredBHYmddrs 8reiftda. WiicAlaiBhiiHa. Al OAT . GR 2k c 16

W . %2-Ring Aromatics7. 23 w.9%+-Ring Aromatics0.91 w.% Exam I n a 20 (, ASAT
Activitvl |n Ziveonparad ihlturesabérebs, Thede bindat nayt ke appliddysd sueh dridiepr esent
invention having a conmposition N t.sMo,sW.s and 5.0 cc of C 411 were

char ged respeRantizatipn. Af iselsq pegsikle pnapply queeursonseithersrbindersghateduring

conaity e LA GRS ISR L BLBSERR SRR Rt

reactors were,: y I ‘Bgﬁlti cont : u i.fical
fluid chr om%g?§5h§gﬁ%{ﬂ(ﬁ&é?§ e a(r}%sélj?'f g&gﬁe&%%gg%hlgg@?& Iaﬁlﬁfe}ﬂﬁ Table 7
Conpar i son ofaléipirla Biridey), Watbeglaeeno Bbtdin Gailscatsidder)4d nikforady hikadi ejal
Tenp( PressureSFC Tot al SFC 2' - RingFi rst - o . i

O der RVAG avi alyanatey shéwaten glpse Gombiais Arsdiaa glumisg biddgpTh onixas8AT({

APl ) (wt . 9 ~~U~ 0 0 ~. 0 .V '~~ -REPLACEMENT PACGE 42 | PEAI U=~ 14 ~u~ Zaoo
~ 3) .(j _— /()Zcogsources ofoa di-, tri-. and/or tetravaﬁ%nt metal suéh asa m}xture of water-sofublé

47340 9C- 411 15168 RS YRR ERnRGRE Y e e resat R R s
. 3Bul k6258005 13nRAda Pl ¢RRACHYdrof laldAifiRd sBEfe 468 ABrdskhefed?.

~65010. 250. 661. 1343339. 6Co- Bul k ( Exanpl e
24) 38. 9C-41122. 782. 560. 2637. 9Bul k60065014. 180. 790. 7869838. 8C-41126. 303. 700.

1137.1 1.0 LHSV an 000 .S ) * estimated from APl gravity Ex |e 21
(HDS Activity) In ﬂv&?sﬁéﬂa&g"I‘_g‘ﬂ'éﬁ?‘ieé‘é{rg‘%g’étc&“ép%rs@%’é‘ ?%&“ngg%cti vel y
5.0 cc of bul liyst rese i ti . oy Af t er
i qui d phase @Sfaﬁa&d%cgﬁ auﬁ]; e‘wt@r@ “503’#23 bé%é“cf?@i gﬁgr ?c?ﬁee’ﬁ%gto a fg[tgg:\)\}é?%thﬁsed
to process a HyrQtd19at @nYodiGbm afd/ok bhbatcebéiﬁgnaaagdufﬁagluee Hlepafdifon i neout
| i quid products of both catal ysts were analyzed for sulfur contents by

X-ray. The retwerecS. &£@npogsepiee bimlelataterial wikhkampbéilz2e (hdddsanay biON

Activity of Bul k Catal yst .
Y carried out b%// im)pregnalion of the solid binder with these materials. The person

skilled in the art knows suitable impregnation techniques. 1f the binder is
peptized, it is also possible to carry out the peptization in the presence of Group

VIB and/or Group VIII non-noble metal components.

If alumina is applied as binder, the surface area preferably lies in the

range of 100 - 400 m*/g. and more preferably 150 - 350 mz/g, measured by the



A reactor was charged wi-th 6 cc of bulk catalyst of-this inventiagn \m;‘lﬁ%]
was diluted to 8 cc using denstone. After |iquid phase sulfidi ngZ,?’El
cat al yst V\%%bused to process a hydrotreated virgin distillate (FS- 96:7%92

Tabl e 6) ¥iX&but 1 quid product was analyzed for sul f ufGHPSRPURYS and
for nitrogen by Antek. Results are presentped in Table 8 for sul fur and
Table 9 for nitrogen respectively. ___ - 00 ~ ~0~a~ - REPLACEMENT PAGE 43
f~~~"~fl ~~~ 1~ riur 2(1f1 0 Exanple 23 (HDS and HDN Activity of C 411,

Conpar ati ve) BZJ. mhdthbd 7002 pfork @aRin®d oMBe 410miEE™ préfebalfy 6 11 rakpd I ovhi ch
was diluted to 8 cc using denstone. After liquid phase sulfiding, the

cat al yst was- lisenlfgompared byaitrgghmoddseaptésh.vi rgi n distillate (FS-9632,
Table 6). The lineout liquid product was analyzed for sulfur by X-ray and
for nitrogen by Antek. Results are presented respectively in Table 8 for

et woen Bul k. Cat s Camara i wsg” Pt B1iS priader Bt et 18<R5 ks o hiion”
DS225u! kbo0LRo 156" JTgk, ARALAHENBG R ADs: composition oz o catayti

~ 1

18023C- 4112984 3¢ THORE TR %Al LAHY suifFRe skt inkichisd
substituted Bul k Cats) Alt ohgsﬂgél%té |m5lt“e %’o eh@?ﬁ?ﬁtut‘:@d]%gf&cat al yst
modi fi cati oneatalyhicsappdication) doviaeslel 10adlad ¥dvantfifel ofahé vesultaisg tessuathhigh t he

sanme hydrotreated LSADO (FS-9632). The catalyst of 6 cc was charged in a
fixed bed upa¢ivily eEHwe @ympgsiden af thetaresent anBntionubinder @aaynisre bejaddgds

then used in_a co-current hydroprpce of the feed,after liquid phase

sul fiding TR® %ﬁ”&&%ﬁ% in Ethc?d%ag%ﬁ{s&gﬁj%‘z"&‘#’PtheA@}a' CRTPOSURAN- syl fur (Table
8) and nitrogen (Table 9). f~IIC~~"r~~"| i.Rt"'1~~ "~ S,

- REPLACEMENTPAGE44- P~~U~ i~ AuG 2pn~ Z i J1JN 2003 Table 9. Conparison of
Hydr odeni t r ogenat iThe cAcdly stidompegitienccanbsd diréalysstapedl Shddihg comprises

extrusion, pelletizing, beading, and/or spray drying. It must be noted that if the
catalyst composition is to be applied in siurry 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
to add acids prior to the shaping step such as nitric acid to increase the

mechanical strength of the extrudates.

It is preferred that a binder material is added prior to the shaping step.

Further. it is preferred that the shaping step is carried out in the presence of a



TenpPr essur eLHSVPr oduct <Ni-t r ogenFi r st
Or der RVAf or Exanpl eCat al yst (F) ( pSI g) (wppm k HDNHDN ZZBuI kG;ZW E{Z}E}SW@(@@W

.............. Co Bulk..... ........REPLACEMENTPAGE22625

......... 650. ... . . 3.8, _ BEAMUSTA AT, 2000
............................... 6.3 ... e e

-, H@uﬂ such as water _Prﬁferably the.amount of h u1d in the extrusion mixture
22823C 41 16256503. 8314. 6100 .. - REPLACEMENT PAGE 45- ~ ~~S ~4 AUC? gc}w an
"2 3 JtIN ZOQ@TG}_SAdI\aSLQllsAnmhﬂIamgea)@éOh;S@F/mpr ocessi ng process co

a) reacting a feedstreamin a first hydroprocessing stage in the presence
of a hydrogen-containing treat gas, the first stage contai ning one or nore

condi {1 one.and | nrinESREELAReeR PR RRF L EhBhy fin b abel ARBPUNAIGRRE e, by
resul ting i nsiép fie @étldﬂaﬂy'c‘ﬂlo‘?ﬁ&ﬂL’G&lcﬁfah@ﬁ'ﬁbxx@%rﬁ@%@k BGehiifl tB'tl’iéEro'cbé%“' d

product streamto a first separation zone where a first vapor phase product

stream and aoffthestvdrntipni df plakinagtionds carredrozaim &req)rocesprocﬁma:mdenm)n teact i ng
the first liqui d phase product stream of b) above in a second
hydxodespr ockdshhdong %i@etemetmremfegéncféomfloﬁ° h999 @gend praferabhi h tteeat

gas, the se dro oceSS|n e _cQnt ai ne or ond st age
reaction zon%@i(g‘g eéf? é’é% @gata4%ﬂ§ﬂ§‘rr g@'é?%ﬁfg’grfgf' clc)ns wher ei n
each reacti ?m% al yst, thereby
resul ting | gégggéér:]gé}f E\fc ggﬁgtgt %ﬂ%ﬁlﬁggﬁ%@ eosb?than about 1, 000
wppm sul fur; d) passing the second | i quid product stream of step c) to a
second separation zone wherein a second vapor phase stream and a second

liquid phase strdam Bieéerpdembedimeny of thecnyerionh thesessalpist qomﬂsmq@nase

t f third t th

Py dgen corhitateid et ¢BA8E. R NI HE. HYlingpKEEEED 56 Srbdiations ai ni ng
one or nore th@?e%tfbﬁ'&r?&ﬂﬁ% xpg)em%sﬁgdghh&,@l fbcedsA¥hs WH%I%%G&%H Rithe

conditions in the presenc treat g catalyst, 1 n order to

form a thir chdforporafierachinderst added, after solld~hqu1dfsbp£atleﬁEEFélfék@EMﬂﬁEr PAGE 46
| P~Al ~J~ 1~ AUK 2000 ? ;~ JUN ?003 f) passing the third liquid product
streamto a qammau%pm subsgquent he 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

e binder material prior to spray drying and/or any alternative technique. If the
binder is added subsequent to spray drying and/or any alternative technique, the
resulting composition is preferably thoroughly mixed by any conventional
technique prior to shaping. An advantage of, e.g., spray drying is that no

wastewater streams are obtained when this technique is applied.
Furthermore, a cracking component may be added during catalyst

preparation. The cracking component may serve as an isomerization enhancer.

The cracking component can be any conventional cracking component such as

»RETRINER SHEEY



wherein a third vapor phase streamand a third |iquid phase streamare
produced; and g) collecting both the third vapor phase streamand the third
|l i qui d phase stream wherein at |east one of the reaction zones of at | east
one of t heMRM 8 ocessi ng stages contains a bul k nul timet aPFTES@LPHPy st
conprised of at |least one Goup VIII non-poble netal and at | east t&ﬂuﬁ@?]p
VIB netals and wherein the ratio of Goup VIB netal to Goup VIII -nobl e
metal is fromabout 10:1 to about 1:10. 2. The process of claim1l wherein

bul k mul ti megAaldni ahyishic r ' hirals b tage. 3.
The process %z?‘dcwgicﬁnﬁﬁ %lgbgitﬁa)ﬁhgéﬁghb%lfﬁ %Sewﬁi {dcl{rgast[%rﬁgg}t&?g gr esent

in only the zatneX rRBRPO QS ARG amerphdhe calckigscompordras such ssherein the
bulk multinmetallic catalyst is present in at |least one of: (i) the first
and second r¥Hcaiabymytaagemixqires thereoff it veill Bneleamthatisorsamatemals magyest and
(ri1) the secong.a d tm‘ﬂ{d reaction stages, 5. The prqcess of claim1l
wher ei n t he B4 RINASK andwk grFking camperyent atdhesame iMonFgr inlange ¢ hi r d

ety oL WRaadhT e BHERP aChe STt AR AT UL L
~ 3 ~Uid 2003 - REPLACEMENT PACE 4G a 7. The process of claim 1l wherein
the G oup VIII non-noble netal is selected fromN and Co and the G oup VIB

metal s are sel ect Hiddsireth e caaukivy c@np&hﬁntpﬁ@pbé&oﬁffpo@lted mith wGesg WIiBhe
bulls multimetallic catalyst is represented by the fonnula: ~X~b~~~~c~w-dOz
PC~>~~ oo~~-metnl-apgfaracErewrViAaengpble metal-priorto-beimg-composited with the- ~

o kO NSk AndSr PGy & being SadedutHRe Yhe prepardion” ©

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 ths

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 hydrotreating applications. The amount of cracking
material that is added depends on the desired activity of the final composition
and the application envisaged and thus may vary from 0 - 80 wt.%. based on the

total weight of the catalyst composition

If desired, further materials can be added in addition to the metal

components already added. These materials include any material that is added



b: (c+d) is 0.5/1 to 3/1. Q. The process of claim8 whrerein the nolar ratio
of b:(c+d) is 0.75/1 to 1.5/1. 10. The process of claim8 wherein the nolar
ratio of c:d is preferably >0.01/1. 11. The process of claim1l wherein the
bul k nul ti‘ﬁ%@%{ﬂ?lgé catalyst is essentially an anorphous nat EFTHFMAYng a
uni que X-ray diffraction pattern show ng mrystalline peaks at d = 2.53
Angstrons and d = 1.70 Angstrons. ', ~S~ .0/ ~a9? - REPLACENENTUbASE
47-a 1 Cr~r" ~" " 'y . ., ,~ ~~~~ 2~~3 12. The process of claim1
wher ei n t he duesgstavientisnal hydhopoarebsing witaly s poepdratign.pSunabli exarmplasange of
25C to 575C, and wherein the first and second stage hydroprocessing

condi ti ons iAtPhEEPhOrps seMpeNndenhRsPacam®ounds-HELQritg oA INRDEAMAOM e
450C, a pressuyre of 5 Bar to 1100 Bar, .a sgﬁ\ce. Xel ocit}é(of aﬁout .0.3 VIVI Hr
to 10 V/ v/ HAGI4IRNA RRSIIMEmERS raresint melylilies GcrBtitsihaeel sore. 13.
The process of claim1l wherein the feedstock conprises at | east one of
napht ha, diesel, heavy gas oil, lube oil, and residuum 14. The process of
cl ai m 13 wherei n diligti@pHsEsHdFus SompRIANRIRAIdd Aot HoapERe Of 25C to
210C, and at | east one of the first, second, and third stage

hydr opr oces ghogpleamdatidows or galic ghosphozact drapotiedy ePlaispheraf cotfifdGnde 370C,

a pressure of 10 Bar to 60 Bar, a space velocity of 0.5 to 10 V/V/Hr, and a
hydr ogen ga$2abbearddedtal apy stagy Gahe precess ofthesprEsentlip ventien piieicedbeof cl ai m
13 wherein tne fee stocg/ i s diesel boihl [ Hg in the Bg 78{9 170C. tlo 350C,
and at | east SNEESYCR ABGAAT SUPSCREBbIfHhe p‘PISiSII%P'h[ﬁ Ef‘ &SP ddndi ti ons

include a r £l Ct DI ess fr o 110
Bar, o space Gar iR Br R Gy Fre S EBRARE Pk dndBhed 2 110
rate of 500 t€bhded clnWehepizBd onld@ingrihe ®ssdedfwith phozphdricheleomwithe
feedstock is heavy gas oil boil ibr%;’gf3 in t.hg range of SZEC tpg@475c, and

wherei n at lagapttuohef phospherfc arst nitgescidd, and third stage hydroprocessing
conditions include a reaction tenperature of 260C to 430C, a pressure of 15
Bar to 170 Bar, a space velocity of 0.3 VNN H, and a hydrogen gas treat
rate of 1,000 S : - YA roce i wherein the
feedstock is a lu r‘?a%f?gg}?‘&%_ﬁf&%{’%’?‘%mﬁa"? ﬁgg’re;%ggﬁ%nﬁb%g%ﬁ?% 0C, and
wherein at |rgagfun®Neiddhmt BRrdrhiudt. vana8rmd iré) Eobalt. plafnoMEPLMRMENT PAGE
47-b- j ( ~' ~~7 nr ~P~~bl ~~~ 1~ ,a~~.,. _ 2 ~ JUN 2003 thi rd stage
hydr opr ocessiohgltcoriiel,imalybidasimder tungsteat iNickel maybdemen ¢gfind200Gten 450C,

a pressure of Bar to 210 Bar, a space velocity of 0.2 VWH to 5 V/V/Hr,
and a hydrog‘f@ﬁqﬁe@ﬁl}e@a’? thgdermpot apy ofthewaterripselyblegieke, modybdeREMyy ocess
of claim9 rel f ' resi ' 0 iling
range of 57%@%&9 n%ggpecﬁﬁqéén%ﬁgsa{%’t%t %‘ﬁe&g?’qﬁﬁ@g‘?‘ﬁs ) @ee(%%ﬂr%?&é%dﬁgﬁ d

stage hydr oph@aBs&dmBe 606 hi ASsthPE bPHR Frob &AW 1AL pF&RREInVeittién effioB&DC to
450C, a pressure of 65 Bar to 1100 Bar, a space velocity of 0.1 V/V/H to 1

V/ VI Hr, and the kyapiogetemad partdfatmraalidin pthege 62PalSCELIBgttbe péod@so3GEB. 19.
The process .of claiml wherein the bulk nultinetallic catalyst is in the
form of par tiN¥EMEOMAYISsa PrREAPSHosompaste tas Hiaal ¢atalyst epMpP§ilien sur f ace

area of at ltﬁé\%wi 0 ﬂﬂr%/&g .er,%toﬁ§hieelt\6ﬁlrrﬁupq€gﬁa £ %enﬂnglrc%\rﬂlgstoéorﬁﬁ)osﬁim (’Vgt’h and

an absence of “pores s
an impregnation solution comprising any of these metals.

The processes of the present invention for preparing the bulk catalyst
compositions may further comprise a sulfidation step. Sulfidation is generally
carried out by contacting the catalyst composition or precursors thereof with a
sulfur containing compound such as elementary sulfur, hydrogen sulfide or
polysulfides. The sulfidation can generally be carried out subsequently to the

preparation of the bulk catalyst composition but prior to the addition of a binder



20. The process of claim 19 wherein the bulk nmultinetallic catalyst
particle has a core-shell structure. 21. The process of claim 20 wherein at
| east one of the first, second, and third stage hydroprocessi ng catal yst
further coW04R4, catalytically effective amount of a secBRHEUVEHWIYst .
22. The process of claim 21 wherein the second catal yst provides at | east
one of a desulfurization functionality, a denitrogenation functir~p3ljiiNy03
an aromatics saturation functionality, a cracking functionality, and an

i soneri zati anafeviattamiiat subsequehtlylfvahpraddrim @fthe barider Alawhigirivi priok o6 t he
stages) containing both the bulk nmu Itinetallic catalyst and the second
catal yst, t habsestiogdheatatdlystconspdsaoat waspiray dtyihgasd/ooney ofternative~~~~ o o f
00 ~ ~ -REPLAC%NT PAGE 47-C ~~ ~ ~ ~U G ~~ ~~~ ?~d (i) a regi on upstream
of the bul k MEIhodnaRdorisubsegusnyy o sebjestimg thegiosrpsgitnaionimagy CRendul k

ltimetall i t al ) d (ii] ) t YrsRigy £
Pt o 40 e e BeLBEL 0. PP OB OEA B
{i . o " . -
R e e

cont ai ni ng ang peiornoradyrErectdsaez MREfevettdthe bblafiedshagbsulGaet imo tzgine
operated at first stage hydroprocessing conditions and in the presence of

at | east oneoXiflestSyelnprodepsisteps aresg. aplcianbodry st sprandrbg oresylotherg in a
l'iquid prodyct, stream having a sulfur content | ess than about 3,000 wppm
b) passing ﬂﬁéhﬂ?’aaf:@two‘dﬁgwegf HERIS REESANGE Of OXKEEhyEHPRISAYERUY IAEst age t o

a first sep L . I g0 vapor, phase product, st m and a
first Iiqui ggagé{ggtgc&pﬁggﬂ%ﬁsl f‘lgbd tgﬁio W&H&Jg@;g awpygﬁgtqlﬁgna{tﬁ'g first
liquid phas ae@mguet thetsuAdatRIn $houl dbé caRFABL RUBSRREMNCGBSRE ABpREARA din the
presence of a hydrogen-containing treat gas, the second hydroprocessing

st age cont aianyngf thege miethode second stage reaction zones operated at second

st age hydroprocessing conditions wherein each second stage reaction zone
contains at | east one second stage hydroprocessing catalyst; d) passing the

second liquid pro . St f.ste )t econd rat.l one wherein
a second vapor ph§§§}t§‘%s’%§§?a§%’”§{e§§c°§n%S@i‘@af’an WBS@%E}%J}gg%%E?’rSi pr oduced;
e) col | ectingRpddiibhenSE 60 PrbpsARPiroR A%8ast e MRaNdIfide BeE P 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 sity, i.e.. the sulfidation is carried out in a separate reactor prior to loading the
sulfided catalyst composition into the hydroprocessing unit. Furthermore, it is

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

One or more of the reaction zones of any or both of the
hydrodesulfurization stages, may contain a conventional hydrodesulfurization
catalyst. Suitable conventional hydrodesulfurization catalysts for use in the
present invention includes those that are comprised of at least one Group VIII
metal, preferably Fe, Co or Ni, more preferably Co and/or Ni. and most

preferably Co: and at least one Group VI metal. preferably Mo or W. more



i quid phase stream ..~,~.. ~ ~ Pea 0 ~ -~ ~ ~ '~ - REPLACEMENT

PAGE 47-d 1PEAI ~~ 14 , AUG 200 2 3 JUN 2003 (i) wherein .
first stage and second stage hydroprocessi ng catal yst cmsa‘qaebdlcmﬂ be7q
multinetal lic catalyst conprised QkeprhciMiASipaBR8s.G OUPVY] opl e nesal
and at least two G oup VIB netals and wherein t 6e ratio‘%tmafll@ﬁeéﬁug
to GroupVlIl non-noble netal is fromabout 10:1 to about 1:10; (ii})whareiin

t he second stage hydroprocessing catalyst in at |east one second stage

reaction zongefefatdp Mé, TR elatived) Highi ubface afcdl ipport dieridll prefi¥iBlei n the
second stage hydroprocessing conditions in the second stage reaction zone
cont ai ni ng tehemarao rther suitdiehpdrodesutfatiabyed catglysoelpportaindlude zelites,
conditions include a. enperature rangi n? fromabout 40C vi,. to about 400C,
a pressure raMYPROUS silica-absuna,ang tyanig-alemiso Noble metal gatalystsean alse beui d
hourly space_velocit angi ng fromapout 0,3 VNN Hr. to ut V/VIHr. 25.
The process e&’ﬁlﬁef '31’ #ﬁf”ﬁ“\}\)ﬁé@f:ﬂ t?xﬁéxogﬁsmt@} @éeg/&f‘iﬁlr%?’?’gfbﬁ’o g éf is the
bul kK mul ti alsli g&%@l 3 ' ein at |east
one of therT:‘?vfllfﬂi‘I%1 ,tﬁgsec nc??f sféenﬁ%?%?t}ﬂ%‘?@ggﬁﬂ?ﬂ9‘2%‘?’%@2@%. g catalyst is

sul fided. . hydredesotférization. AlysPe.vied MAhesatNel readdYr velsdl.  THe GrupAY. A
| _. AF.AFE. Al . Afl .ATH.A 9. Al . AU. AY. Al 3_. A3uY. AuY. A Nl . Ayl . Af Y. ACr. Al'l
. Ahl . A@ . AUVIAFmetadys ipicallyipregent in an amount ranging from about 2 to 20 wt.%,

AU ALY 0BT ronShn it 410 1285, Hhid @oup Vi metd wifl typically bé presearinze &
VI wr ) XSheaksabh ¢l Bohe AGAlsaleER] freabasl fokoadheabeatbeal c<al cal

]ca]l ca]cTa] ca
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

‘
1, P

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. It is
further preferred that the Group VIB metal comprises a combination of
molybdenum and tungsten. Preferably, combinations of
nickel/molybdenum/tungsten and cobalt/molybdenum/tungsten and

nickel/cobalt/molybdenum/tungsten are used. These types of precipitates appear
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diffraction pattern which differs from catalysts obtained by co-mixing and
conventional hydroprocessing catalysts obtained by impregnation. The X-ray
diffraction pattern of the bulk catalyst particles comprises, and preferably
essentially consists of, peaks characteristic to the reacted metal components. If,
e.g., nickel hydroxy-carbonate has been contacted with a molybdenum and
tungsten component as described above, the resulting bulk catalyst particles are
characterized by an X-ray diffraction pattern which comprises peaks at d values
of (4.09A), 2.83A, 2.53A, 2.32A,2.23A, 1.70A, (1.54A), 1.47A. Values in

brackets indicate that the corresponding peaks are rather broad and/or have a low

)

intensity or are not distinguished at all. The term "the X-ray diffraction pattern
essentially consists of " these peaks means that apart from these peaks, there are
essentially no further peaks contained in the diffraction pattern. The precipitate
for catalyst obtained by the solution route has a characteristic X-ray diffraction
pattern which differs from catalyst obtained by co-mixing and conventional
hydroprocessing catalysts obtained by impregnation. For instance the X-ray
N diffraction pattern of a Ni-Mo-W precipitate as prepared by the solution route
— has peaks at d values of 2.52A, 1.72A and 1.46A.

Also as previously stated, the catalyst composition may comprise
conventional hydroprocessing catalysts. The binder materials and cracking
components of the conventional hydroprocessing catalyst generally comprise
any of the above-described binder materials and cracking components. The
hydrogenation metals of the conventional hydroprocessing catalyst generally
comprise Group VIB and Group VIII non-noble metals such as combinations of

nickel or cobalt with molybdenum or tungsten. Suitable conventional
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be in the spent. regenerated. or Iresh stale

As will be clear from the above. it is possible to add the Group VI non-
noble metal containing compound and the Group VIB metal-containing
compound in various ways. at various temperatures and pHs. in solution. in

suspension. and as such, simultaneously and sequentially.

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

molybdenum and tungsten are employed.

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

nickel salt may be the nitrate or hydrated nitrates.

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 eftected. in
situ. by passing a typical feedstock containing sulfur over the decomposition

product.
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point of the feed increases. the severity ot the conditions will also increase. The

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

FEED TYPICAL TEMP.° PRESS, SPACLE 1. 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 o1 290-550 200-450 6-210 0.2-5 100-10,000

Residuum 10-50%4>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 1 liter flask, 26.5 g ammonium molybdate (0.15 moles Mo) and 43.6 g
nickel nitrate hexahydrate (0.15 moles Ni) were dissolved in 300 cc of water so

that the resulting pH equaled 4.3. To this solution. a concentrated 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

precipitate formed. The final pH lay between 6.8 and 7. The suspension was
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at 26.6 wt. % and Mo at 34 wt.%. The X -ray diffraction spectra of the phase

matches the pattern reported by Teichner and Astier.
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0

Example 2 Preparation of NH4-Ni-Mo.5W 5-O by boiling decomposition:

In a 1 liter flask, 13.2 g ammonium molybdate (0.075 moles Mo), 18.7 g
ammonium metatungstate (.075 moles W) and 43.6 g nickel nitrate hexahydrate
(0.15 moles Ni) were dissolved in 300cc of water so that the resulting pH

equaled 4.3. To this solution, a concentrated NH4OH solution (~600cc) was

added unti] 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 5-O by direct precipitation:

In a 1 liter flask, 17.65 g of ammonium molybdate (0.1 mole Mo) and 24.60 g of
ammonium metatungstate (0.1 mole W) were dissolved in 800 cc of water giving

a solution pH of ~5.2. To this solution 0.4 moles of NH40H (~30 cc) was

added, raising the pH to ~9.8 (solution A). This solution was warmed to 90°C.
A second solution was prepared by adding 58.2 g of nickel nitrate, (0.2 moles
Ni) which was dissolved in 50 cc of water (solution B) and maintained at 90°C.

This solution was added dropwise at a rate of 7 cc/min into the ammonium
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material was filtered hot, washed with hot water, and dried at 120°C.

Approximately 38 g of material was recovered.

Example 4 Preparation of NH4-Ni-Mo 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 Np flowing at 50
cc/m, and the flow continued for 1.5 h at 370°C. N was switched off and 10%
H>S/Hp 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 HyS/H7 to 70°C, at which point this flow was discontinued

and N7 was added. Atroom temperature, the quartz tube was removed and the
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The catalyst was pilled and sized to 20/40 mesh and one gram was loaded into a
stainless steel basket. sandwiched between a laver 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 pressurc regulator. The
temperature was raised to 350°C at 5-6 deg/min and run until either 50% DBT
was converted or until 7 hours was reached. A small aliquot of product was
removed every 30 minutes and analyzed by GC. Rate constants for the overall
conversion as well as the conversion to the reaction products biphenyl (BP) and
cyclohexylbenzene (CHB) were calculated as described by M. Daage and R. R.
Chianelli [J. Cat. 149, 414-27 (1994)] and are shown in Table |. 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 molvbdenum resuits in
catalysts that are substantially higher for DBT conversion. A standard supported

Ni-Mo on Al20O3 catalyst is also shown for comparison. The high CHB/BP ratio

suggests that the catalysts are active for HDN.

Table 1. Comparison of Activity in DBT Conversion Tests With Tungsten

Addition by Different Preparation Schemes

Ktotal @ CHB/BP @
Catalyst preparation technique example # 3500C 350°C
NH4-Ni-Mo-O boiling decomposition ! 106 104

NH4-Ni-Mo 5W 5-O boiling decomposition 2 171 10.2
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Example 6

A series of catalysts were prepared in accordance with the gencral preparation
scheme of example 2 (i.c.. boiling decomposition) but varying the Mo and W
relative ratios by changing the amount of ammonium molvbdate and ammonium
metatungstate added to the solutions. Decomposition was etfected 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 3.

Table 2. Comparison of Activity in DBT Conversion Tests with

Variation in Relative W and Mo content

ammonium  ammeonium nickel Kiotal CHB/B
molybdate  metatungsta mirate @ P@

Catalyst Sample (®) te hexahydrate 3sq0c  350°C

(8 (g

NH4-Niw-0O 18983-97 0 36.95 43.62 128 1.3
NHg4-NiMo (W g-O  18983-125 2.65 33.62 43.62 132 14.1
NH4-NiMo ;W 5-O  18983-101 7.94 25.87 43.62 154 11.6
NH4-NiMo sW 50 18357-109 13.17 18.74 43.62 171 10.2
NHy4-NiMo 7W 5-0 18983-95 18.54 11.09 43.62 158 115
NHy4-NiMo gW -0 18983-92 23.83 3.69 43.62 141 10.5

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

mixture of tungsten and molybdenum.
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Example 7

A series of catalysts were prepared as described in Example 3 (direct
precipitation) in which equimolar mixtures of Mo and W were precipitated but
the nickel content was varied. Decomposition was effected as described in
Example 5. The catalysts so prepared are shown in Table 3 along with their

catalytic activities for DBT measured as described in example 5.

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

ammonium ammonium nickel Kiotai CHB/
molybdate  metatungstate nitrate @ BP @
Catalyst Sample ®) ® hexahydrate  3500¢
350°C
(8
NHy4-Nig 75Mo sW 5-0  19086-110 17.65 24.6 43.65 17 13.0
NHy4-Nij gMo sW 5-O 19086-82 17.65 24.6 58.2 167 12.4
NH4-Ni| 2sMo sW 5-O  19086-111 17.65 24.6 7275 174 11.0
NHg4-Niy sMo sW 5-O  19086-112 17.65 24.6 87.3 148 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.

X e8

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

mixed. Decomposition was effected as described in Example 5. The catalysts
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Catalyst ammonium | ammonium nickel cm3 Kiotal | KCHB/
NH4OH molybdate | metatungstate nitrate conc @ BP @
/Ni Sample (®) (8) hexahydrate | N,OH | 350°C | 350°C
mole (8
ratio
1:2 19086-96 17.65 24.6 43.65 6.8 102 10.5
—~ 1] 19086-97 17.65 24.6 58.2 14 137 10.4
~— 2:1 19086-82 17.65 24.6 72.75 30 167 12.4
3:] 19086-104 17.65 24.6 87.3 4] 164 11.4
4:1 19086-106 17.65 24.6 87.3 55 161 12.1
While decomposition of the precursor compound will drive off most, if
not all, of the ammonium portion of the precursor, the preparation of the
precursor and the catalytic utility of the decomposition product can be affected
by the amount of NH4OH 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 NH4OH/Ni ratio causes the Ni-M-W-O phase to change in the

decomposition product.

Example 9

The catalysts of examples 1 and 2 were compared against standard supported Ni-
Mo catalysts for the conversion of a LSADO (low sulfur auto diesel oil feed).
This feed contained 510 wppm sulfur, 50 wppm nitrogen, and 30.6% aromatics

ANMENDER SHRET
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) Example 10

N
—

Preparation of a bulk catalyst composition according to the solid route:
18.1kg-ammonium dimolybdate (15.33kg MoOQ,) are dissolved in 575 liters
water. Subsequently 28.5kg ammonium metatungstate (24 69kg WO,) is added
to the solution. The resulting solution is preheated up to 90°C. 26.5kg NiCO,
(49.7% Ni) powder is mixed with water and the resulting paste is added to the
ammonium dimolybdate/ammonium metatungstate solution. The resulting

mixture is reacted for 7 hours at 89°C.
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Preparation of a bulk catalyst composition according to the solution route:
In a 1-liter flask, 13.2 g ammonium molybdate (0.075 moles Mo), 18.7 g
ammonium metatungstate (0.075 moles W) and 43.6 g nickel nitrate hexahydrate
(0.15 moles Ni) were dissolved in 300 ml water so that the resulting pH equaled
4.3. To this solution, a concentrated NH,OH solution (about 600 ml) was added
until the pH reached 10. At this point, some precipitate remained. The solution
was refluxed at 100°C for 3 hours. During this heating, the precipitate dissolved
to give a clear blue solution and on further heating, a green precipitate formed.
The heating was continued until the pH reached a value between 6.8 and 7.0.
The suspension was cooled to room temperature, filtered, washed with water and

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

Example 12 (sample 2110587)

657g of a NiMo-W bulk catalyst composition obtained according to the
procedure described in Examples 10 was added to 1362 g of an aqueous slurry
containing 125g of alumina (prepared by precipitation of sodium aluminate and
aluminum sulfate). The resulting Ni-Mo-W bulk catalyst - alumina composition
was subsequently mixed at 80°C until an LOI of 31% was obtained. The
resulting composition was subsequently extruded and the extrudates were dried
at 120.C for about 90 minutes and subsequently calcined at 385°C for one hour

in air.

Example 13 (sample 211

The process of Example 10 was repeated except that instead of the alumina

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

xample 14 (sample 211 )|

—— muﬂﬁ
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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
LOI of 42%. The resulting composition was extruded, dried and calcined as

described in Example 12.
xampl 21104

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 hydrexide 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(NOs); ® 9 H,0 in
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98% yield comprising 41.2 wt.% Fe,0;, 21.3 wt.% Mo0Q3, 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.

Example 18

The precipitation method of Example 16 was used to prepare a precipitate from
Ni(CO3),26H,0, (NH4)¢M070,424H,0, and (NH,),Cr,0; in 87.7% yield
comprising 52.2 wt.% NiO, 29.4 wt.% MoOs, and 16.6 wt.% Cr,03_The surface
area of the precipitate was 199 m%/g. The pore volume as measured up to 60 nm

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

Example 19

The precipitation method of Example 16 was used to prepare a precipitate from
Ni(COs),#6H,0, (NH4)s HyW 2040, and (NH,4),Cr,05 in 87.7% yield comprising
44.0 wt.% NiO, 42.4 wt.% WO;, and 11.8 wt.% Cr,05_ 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.
Aromatic Saturation Examples

The ultra high ASAT (aromatics saturation), HDS and HDN activities of the
bulk multimetallic catalysts used in the practice of the present invention were
demonstrated through co-current hydroprocessing of low sulfur automotive
diesel oil (LSADO) . Comparison between the activity of the bulk catalysts of
the present invention and a conventional commercial supported NiMo on
alumina catalyst, commercially available from Criterion under the designation
C-411, has been obtained between 650 and 1000 psig. Selected feedstock
properties are listed in Table 6. Results are found in Tables 7, 8 and 9

7% JUN 2003
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Table 6 Analytical Summary for Low Sulfur Automotive Diesel

Oil (LSADO) (FS-9632)

73 JUN 2003

Test Name Result(s)
Sulfur in Oils 592 wppm
Nitrogen by Antek 100 wppm
Gravity 35.9 °API
GCD D-2887
5.0 wt.% 420.7 °F (215.9 °C)
50.0 wt.% 589.6 °F (309.8 °C)
95.0 wt.% 698.1 °F (370.1 °C)
Hydrocarbon Types by SFC
Saturates 70.69 wt.%
Aromatics 29.31 wt.%
1-Ring Aromatics 21.16 wt.%
2-Ring Aromatics 7.23 wt.%
3*.Ring Aromatics 0.91 wt.%

Example 2

T Activi

In two parallel reactors, 5.0 cc of bulk catalyst of the present invention having a

composition Ni; sMogsWys and 5.0 cc of C-411 were charged respectively.

After liquid phase sulfiding under the same conditions, the catalysts were used to

process a hydrotreated virgin distillate (FS-9632, Table 6). After lineout liquid

product of both reactors were analyzed for aromatic contents through SFC

(supercritical fluid chromatography method). The results are presented in Table

7.
Table 7 Comparison of ASAT Activity between Bulk Cats and C-411
(Example 20)
Temp( | Pressure SFC Total SFC 2"-Ring First Order RVA Gravity
Catalyst °F) (psig) Aromatics Arom. (wt.%) Kasat for ASAT (° AP))

(W.%)
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Bulk 650 1000 1.83 0.11 277 283 422
C-411 10.58 0.64 1.02 39.8
Bulk 625 1000 1.46 0.07 3.24 473 40.9
C411 15.16 0.80 0.69 382
Bulk 650 800 5.0* na 1.91 451 40.7
C-411 19.5% na 0.42 383
Bulk 625 800 5.01 24 1.91 475 40.7
C-411 19.92 1.52 0.40 38.2
Bulk 625 650 10.25 0.66 1.13 433 39.6
Co-Bulk (Example 24) 389
C-411 22.78 2.56 0.26 37.9
Bulk 600 650 14.18 0.79 0.78 698 38.8
C-411 26.30 3.70 0.11 37.1

1.0 LHSV and 2000 SCF/B H,

* estimated from API gravity

e’

Example 21 (HDS Activity)

In two parallel identical reactors were charged respectively 5.0 cc of bulk
catalyst of the present invention and 5.0 cc of C-411. After liquid phase
sulfiding under the same conditions, the catalysts were used to process a
hydrotreated virgin distillate (FS-9632, Table 6). The lineout liquid products of
both catalysts were analyzed for sulfur contents by X-ray. The results are

presented in Table 7.
Example 22 (HDS and HDN Activity of Bulk Catalyst)

A reactor was charged with 6 cc of bulk catalyst of this invention which was
diluted to 8 cc using denstone. After liquid phase sulfiding, the catalyst was
used to process a hydrotreated virgin distillate (FS-9632, Table 6). The lineout
liquid product was analyzed for sulfur by X-ray and for nitrogen by Antek.

Results are presented in Table 8 for sulfur and Table 9 for nitrogen respectively.

L T N
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Temp. Pressure LHSV Product Sulfur First Order RVA
Example Catalyst (°F) (psig) {wppm) Kups for HDS
- . 22 Bulk 600 650 1 15 3.7 195
~ 23 [canr i 90 o 1.9 100
22 Bulk 625 650 23 5(2) 11.0 297
5 T e 5 55 =% e
23 C-411 2 92 (4) 3.7 100

Example 24 (ASAT, HDS and HDN A ctivity of Co substituted Bulk Cats)

Although not limited to Co substituted bulk catalyst modifications, this
particular bulk catalyst derivative was tested on the same hydrotreated LSADO
(FS-9632). The catalyst of 6 cc was charged in a fixed bed up-flow reactor after
dilution to 8 cc using denstone. It was then used in a co-current hydroprocess of
the feed after liquid phase sulfiding. The product liquid was analyzed for API
(Table 7), sulfur (Table 8) and nitrogen (Table 9).
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1. A multistage hydroprocessing process comprising:

a) reacting a feedstream in a first hydroprocessing stage in the presence
of a hydrogen-containing treat gas, the first stage containing one or more
reaction zones, each reaction zone operated at first stage hydroprocessing
conditions and in the presence of a first hydroprocessing catalyst, thereby

resulting in a first liquid product stream;

b) passing the first liquid product stream to a first separation zone where
a first vapor phase product stream and a first liquid phase product stream are

L produced;

c) reacting the first liquid phase product stream of b) above in a second
hydrodesprocessing stage in the presence of a hydrogen-containing treat gas, the
second hydroprocessing stage containing one or more second stage reaction
zones operated at second stage hydroprocessing conditions wherein each
reaction zone contains a second hydroprocessing catalyst, thereby resulting in a

second liquid product stream having less than about 1,000 wppm sulfur;

d) passing the second liquid product stream of step ¢) to a second
separation zone wherein a second vapor phase stream and a second liquid phase

stream are produced;

e) reacting the second liquid phase stream from @) in a third reaction
stage in the presence of a hydrogen-containing treat gas, the third
hydroprocessing stage containing one or more reaction zones operated at third
stage hydroprocessing conditions in the presence of a third hydrotreating

catalyst, in order to form a third liquid product stream;
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wherein a third vapor phase stream and a third liquid phase stream are produced;

and

g) collecting both the third vapor phase stream and the third liquid phase

stream,;

wherein at least one of the reaction zones of at least one of the
hydroprocessing stages contains 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

R about 10:1 to about 1:10.

2. The process of claim 1 wherein bulk multimetallic catalyst is present in only

the first reaction stage.

3. The process of claim 1 wherein the bulk multimetallic catalyst is present in

only the second reaction stage.

4. The process of claim 1 wherein the bulk multimetallic catalyst is present in at

least one of:
(i)  the first and second reaction stages;
(11)  the first and third reaction stages; and
(iii)  the second and third reaction stages.

5. The process of claim 1 wherein the bulk multimetallic catalyst is present only

in the third reaction stage.

6. The process of claim 1 wherein the bulk multimetallic catalyst is present in

all three reaction stages.
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from Ni and Co and the Group VIB metals are selected from Mo and W.

8. The process of claim 1 wherein the bulk multimetallic catalyst is represented

by the formula:

(X)p(M0)((W)dO-,
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b: (c+d) 1s 0.5/1 to 3/1.
9. The process of claim 8 wherein the molar ratio of b:(c+d) is 0.75/1 to 1.5/1.
10. The process of claim 8 wherein the molar ratio of c:d is preferably >0.01/1.
11. The process of claim 1 wherein the bulk multimetallic catalyst is essentially

an amorphous material having a unique X-ray diffraction pattern showing

crystalline peaks at d = 2.53 Angstroms and d = 1.70 Angstroms.
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10%d* & () - ﬂﬁ'ﬂ[ﬁ@gpﬁhﬂih Ihd¥afige of 25°C to 575°C, and wherem the first and second

stage hydroprocessing conditions include a reaction temperature in the range of

about 40°C to 450°C, a pressure of 5 Bar to 1100 Bar, a space velocity of about

0.3 V/V/Hr to 10 V/V/Hr, and a hydrogen gas treat rate of 100 SCF/B to 1,000

SCF/B.

13. The process of claim 1 wherein the feedstock comprises at least one of

naphtha, diesel, heavy gas oil, lube oil, and residuum.

14. The process of claim 13 wherein the feedstock is naphtha boiling in the
range of 25°C to 210°C, and at least one of the first, second, and third stage
hydroprocessing conditions include a reaction temperature of 100°C to 370°C, a
pressure of 10 Bar to 60 Bar, a space velocity of 0.5 to 10 V/V/Hr, and a
hydrogen gas treat rate of 100 SCF/B to 2,000 SCF/B.

15. The process of claim 13 wherein the feedstock is diesel boiling in the range
of 170°C to 350°C, and at least one of the first, second, and third
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.

16. The process of claim 13 wherein the feedstock is heavy gas oil boiling in the
range of 325°C to 475°C, and wherein at least one of the first, second, and third
stage 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, and a
hydrogen gas treat rate of 1,000 SCF/B to 6,000 SCF/B.

17. The process of claim 13 wherein the feedstock is a lubricating oil boiling in

the range of 290°C to 550°C, and wherein at least one of the first, second, and
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third stage hydroprocessing conditions include a reactlon 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 SCF/B to 10,000 SCF/B.

19. The process of claim 1 wherein the bulk multimetallic catalyst is in the form
— of particles having a median diameter of at least 50 nm, a surface area of at least
10 m?/gm, a pore volume ranging from 0.05 to 5 ml/g, and an absence of pores

smaller than 1 nm.

20. The process of claim 19 wherein the bulk multimetallic catalyst particle has

a core-shell structure.

21. The process of claim 20 wherein at least one of the first, second, and third
stage hydroprocessing catalyst further comprises a catalytically effective amount

of a second catalyst.

22. The process of claim 21 wherein the second catalyst provides at least one of
a desulfurization functionality, a denitrogenation functi~nality, an aromatics
saturation functionality, a cracking functionality, and an isomerization

functionality.

23. The process of claim 21 wherein, for the stage(s) containing both the bulk
multimetallic catalyst and the second catalyst, the second catalyst is located in at

least one of
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containing one or more reaction zones, each first stage reaction zone operated at
first stage hydroprocessing conditions and in the presence of at least one first
stage hydroprocessing catalyst, thereby resulting in a liquid product stream

having a sulfur content less than about 3,000 wppm,;

b) passing the liquid product stream of the first hydroprocessing stage
to a first separation zone where a first vapor phase product stream and a first

liquid phase product stream are produced,

c) reacting the first liquid phase product stream of b) in a second
hydroprocessing stage in the presence of a hydrogen-containing treat gas, the
second hydroprocessing stage containing one or more second stage reaction
zones operated at second stage hydroprocessing conditions wherein each second

stage reaction zone contains at least one second stage hydroprocessing catalyst;
d) passing the second liquid product stream of step c) to a second
separation zone wherein a second vapor phase stream and a second liquid phase

stream are produced;

e) collecting both the second vapor phase stream and the second

liquid phase stream;
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hydroprocessing catalyst comprises a bulk multimetallic catalyst comprised of at
least one GroupVIII non-noble metal and at least two Group VIB metals and
wherein the ratio of Group VIB metals to GroupVIII non-noble meta] is from
about 10:] to about 1:10;

(i)  wherein the second stage hydroprocessing catalyst in at

least one second stage reaction zone is an aromatics saturation catalyst; and

(iii)  wherein the second stage hydroprocessing conditions in the
second stage reaction zone containing the aromatics saturation catalyst
hydrodearomatization conditions include a temperature ranging from about 40°C
to about 400°C, a pressure ranging from about 100 psig to about 3,000 psig, and
a liquid hourly space velocity ranging from about 0.3 V/V/Hr to about 2.0
V/V/Hr,

25. The process of claim 24 wherein the aromatics saturation catalyst is the bulk

multimetallic catalyst.

26. The process of claim 1 wherein at least one of the first, second, and third

stage hydroprocessing catalyst is sulfided.
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