WD 2005/ 105959 1 PCT/ US2005/ 013,512 PROCESS TO UPGRADE HYDROCARBONACEQUS
FEEDSTREAMS FI ELD OF THE | NVENTI ON [ 0001] The instant invention relates to
a process for upgradi ng hydrocarbonaceous feedstreans. Mre particularly,
t he instant relates to a process to produce I ts

t hr ough thewﬁ{) r%o)%)drs%gesm ng of hydrocaitbonaceous feedst r%ﬁ%ﬂglﬁﬁf
presence of a bul k netal hydroprocessing catalyst. BACKGROUND OF THE

| NVENTI ON [ 0002] Environnental and regulatory initiatives are requiring ever
lower levels of both sulfur and aromatics in distillate fuels. For exanpl e,
proposed sul
Union for the=% 55~V H
t hat woul d reqwre Iovver Ievels of total aromatics as vveII as Iovver | evel s
of multi-ring aromatics found in distillate fuels and heavi er hydrocarbon
products. FurEIEED OhTHEDEANVENTEONowabl e total aromatics | evel for CARB
reference diesel and Swedish O ass | diesel are 10 and 5 vol . %

respectively. Further, the CARB reference fuels allows no nore than 1.4
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However, as cedfRindc&fus! feddstridhhb Mdré’ggl?ﬂg aggefhc%btﬁﬁtsm%rﬁ:kﬁﬁ%%s

refineries ar processing crudes with gr [fur and nitrogen contents

at the sarme tbampeodesato prwduc@hqmﬂmbduumjhrmighcths hydeprsoedsing of | ower |evel s

of these heteroatons in pr cts. Consequently here i conti nyous need
for hydr ot r edWFrRFeERAAFEAISS e%djsinﬁmﬁrm Beduessnes of 4{7 liﬁaetahhy@agmaaswg
efficient di %iﬁl!lys\m 2005/ 105959 PCT/ US2005/ 013512 -2

BACKGROUND OF THE INVENTION

[0002] Environmental and regulatory initiatives are requiring ever lower
levels of both sulfuur and aromatics in distillate fuels. For example, proposed
sulfur limits for distillate fuels to be marketed in the European Union for the
year 2005 is 50 wppm or less. There are also proposed limits that would require
lower levels of total aromatics as well as lower levels of multi-ring aromatics
found in distillate fuels and heavier hydrocarbon products. Further, the
maximum allowable total aromatics level for CARB reference diesel and
Swedish Class I diesel are 10 and vaol.%, respectively. Further, the CARB
reference fuels allows no more than 1.4 vol.% polyaromatics (PNAs).
Consequently, much work is presently being done in the hydrotreating art

because of these proposed regulations.

[0003] However, as the supply of low sulfur, low nitrogen crudes decreases,
refineries are processing crudes with greater sulfur and nitrogen contents at the
same time that environmental regulations are mandating lower levels of these
heteroatoms in products. Consequently, there is a continuous need for

hydrotreating catalysts with improved activity and increasingly efficient diesel



desul furization and denitrogenation processes. For exanple, at a given final
sul fur content, a nore active catalyst will make it possible to operate
under mlder process conditions (energy saving) or to increase the
|ife-span of a catalyst between regenerations (cycle Ien%h). [ 0004] In one
approach, WOZF10558f conpounds, related to hydrot al ci tREF/UR0G§013512 rmoni um
ni ckel nol ybdates, has been prepared as catalysts to be used in such
processes. Wiereas X-ray diffraction anal ysis has shown that hydrotal cites
are conposed of |ayered phases with positively charged sheets and
exchangeable anions located in the galleries between the sheets, the

rel ated ammoni um ni ckel nol ybdat e phasé-has nol ybdate anions in interlayer
gal l eri es bonded to nickel oxyhydroxide sheets. See, for exanple, Levin,
D., Soled, S. L., and Ying, J. Y., Crystal Structure of an Ammoni um N ckel
Mol ybdat e prdepdfigibatiyn Ghé denidogefiton roémtdsoFor dtvpianita ghantisdlry, Vol . 35,
No. 14, p. 4191-4197 (1996). The preparation of such materials al so has
been repor t stlfsyconsershnaiore activaseatalyst willgpake itpessible fpop@atemgler 1991) ;  Ann.

Chim Fr. 12,.,337-43 (1984). d C R. Acad.. Sci. 304..(11 11, 563-6
(log7) and TRGS Ertfest SfihonSlEherdy sorinel S Bingbose o diss spdiiofs " [ 0005 1 n
anot her appr.9atit Lo G bR 1 er 6,071,402 describes a

cat al yst forc ?ﬁtek R%/{g*otree, ting 85%5%80 rbon feeds which contains m xed
sulfides of a Goup VIB netal conponent, a G oup V netal conponent, and
optionally a Goup VIII netal_ copponent. This publication describes nmassive

catal ysts” cdd4lsi dg ane@ppraachy a fmaheeampaynds aplaedrtodurdrotaicden e er abl y

cont ai ni ng. GrBonBingERS AP Bl B B sl AF Rl B eRBRE %0 00, 006
of | at | eastyraRsdi! WheVhd X119 \@iiaciibi aplIphie haeshobHPRAl hRtlofiRb ¥RS Of thi s
ref erence 2005/ 105959 PCT/ US2005/ 01351 -3

- composed of layered phases with positively charged sheets and exchangeable

anions located in the galleries between the sheets, the related ammonium nicket
molybdate phase has molybdate anions in interlayer galleries bonded to nickel
oxyhydroxide sheets. See, for example, Levin, D., Soled, S. L., and Ying, J. Y.,
Crystal Structure of an Ammonium Nickel Mblybdate 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.

[0005] In another approach, United States Patent Number 6,071,402 describes
a catalyst for the hydrotreating of hydrocarbon feeds which contains mixed
sulfides of a Group VIB metal component, a Group V metal component, and
optionally a Group VIII metal component. This publication describes massive
catalysts comprising 0.01-100%, preferably 0.05% to 100%, more preferably
0.1% to 100%, of at least one mixed sulfide, the catalyst possibly further
containing 0 to 99.99%, preferably 0 to 99.95%, more preferably 0 to 99.9%, of
at least one group VIII metal. The preferred supported catalyst of this reference



general ly corrpr'i ses, in %by wei ght with respect to the total catalyst nass,

'"'I%""to*@'grg%--’pr"ef'erabry- 5%to 99.5% nore preferabl y 10% {0 999g=pfnt

| east one nmatrix material, 0.1%to 99% preferably 0.5%to 95% nore
preferably 1%to 90% of at |east one m xed sulfide of at | east one group
VB netal and at |east one group VIB netal, the catal yst possibly further
containing O to 30% preferably O to 25% nore preferably O to 20% of at
| east one gVOAYWSAPH netal. If a Goup VIII netal conp8a@&Ws20§03Fdsent at
all in the catalysts of this reference, it is present in limted anounts.
More in particular, in Exanple 7 a catalyst is prepared which contains
0.070 nol e of nolybdenum 0.029 nole of niobium and 0.029 nol e of nickel
per 100 grans of catalyst. This catalyst has a M:No:N ratio of 2.4:1:1.
In the other exanples, the anount of Gedtp VIII nmetal conponent in relation
to the anount of Group VIB and Group V netal conponents is even | ower.

[ 0006] Al so, processes to produce fuels to neet the ever nore restrictive

Envi ronnent a eﬂe@ﬂ i @rhPrises, MU%Ibyakeiphtkh E&pbitte thetoralwatal 3{1#&@99 log the art
and typical Qﬂgwres treatin the petrol eum streanms with h drogen in the

presence of ‘@)995 pprefenablyai®4ity 5&‘6,11191@1113@1'6@0@ h@%cto&ﬁ’/ﬁlofmﬁeaﬂmlecat al yst

s pr omot or coaHRRsriak & Brio S8, Peanfit St BTk Rerm e e R0 ar e
pau {1 cul ar | Yoyl blEad Bhe YAl QRS T 1bAR PO Brouy HShLaPid at eas

hydrodenltrogena I on ene con arn m or ungs en on al um na

pronoted w t fnegrizap arIBsmetal ke eﬂblgrk:tposﬁib@(ﬁirther comaini®s 0 go 80I nati on
t hereof . Cobal t pronoted mol ybdenum on alum na catalysts are nost w dely

used when t herefdrablyithig 23ecnbreqrefcoatdy rte 20%d o aelsastfomeigronp YRIl metnli | e
ni ckel pro num.on al um na_cat e the nost .widely used
or " hydr odentt GRBRAY {Ib Mo 2P Rates Enisrd L &l i ottt ohi” ac
hydr odesul f uzdrgahdth is YRs2ROH/ AABRBIRIH WiZROY/ AHESIA, in Bxample 7 a
catalyst is prepared which contains 0.070 mole of molybdenum, 0.029 mole of

niobium, and 0.029 mole of nickel per 100 grams of catalyst. This catalyst has a
Mo:Nb:Ni ratio of 2.4:1:1. In the other examples, the amount of Group VIII
metal component in relation to the amount of Group VIB and Group V metal

" components is even lower.

[0006]  Also, processes to produce fuels to meet the ever more restrictive
Environmental regulations, such as hydrotreating, are well known in the art and
typically requires treating the petroleum streams with hydrogen in the presence of a
supported catalyst at hydrotreating conditions. The catalyst is usually comprised of
a Group VI metal with one or more Group VIII metals as promoters on a refractory
support. Hydrotreating catalysts that are particularly suitable for
hydrodesulfurization, as well as hydrodenitrogenation, generally contain
molybdenum or tungsten on alumina promoted with a metal such 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 mdst widely used
for hydrodenitrogenation, partial aromatic saturation, as well as
hydrodesulfurization.



-4 [0007] However, there still exists a need in the art for an effective,
efficient hydroprocessing process for hydrocarbonaceous feedstreans.
SUMVARY OF THE | NVENTI ON [ 0008] The instant invention is directed at a
process for producing liquid products froma hydrocarbonaceous feedstream
The process cO@AP¥IB859a) contacting a hydrocarbonaceous ROTTS20ps08338E
feedstream containing aromatics, nitrogen and organically bound sul fur
contam nants in a reaction stage with a bul k netal hydroprocessing catalyst
in the presence of hydrogen-containing treat gas thereby producing a
reaction product conprising at |east a vapor product and a liquid product,
wherei n said hydrocarbonaceous feedstream-4is contacted wth said bul k netal
catal yst under effective hydroprocessing conditions and said bul k netal
hydr oprocessing catalyst conprises: i) a Goup VIB netal conponent sel ected
from nol ybdenum tungsten, and m xtures thereof; ii) a Goup V netal
conponent selected fromvanadium niobium tantalum and m xtures thereof;
and iii) a G oygoon! | Hevelercthereadhéxiseh aeédh the arofor ak effectbay efficienti r on,
and m xtures thereof, wherein the netal conponents (cal cul ated as oxides)
conprise at | edydropooagssing proaenefor dixtegcoeonasgeus &edstemnsol ar rati o bet ween
the nmetal conponents satisfies the formula (Goup VIB+ Goup V):(Goup
VI1l) = 0.35-2:1. WO 2005/105959 PCT/ US2005/ 013512 -5

SUMMARY OF THE INVENTION

[0008] The instant invention is directed at a process for producing liquid
products from a hydrocarbonaceous feedstream. The process comprises:

a) contacting a hydrocarbonaceous boiling range feedstream
containing aromatics, nitrogen and organically bound sulfur
contaminants in a reaction stage with a bulk metal hydroprocessing
catalyst in the presence of hydrogen-containing ireat gas thereby
producing a reaction product comprising at least a vapor product
and a liquid product, wherein said hydrocarbonaceous feedstream
is contacted with said bulk metal catalyst under effective
hydroprocessing conditions and said bulk metal hydroprocessing‘
catalyst comprises:

i) a Group VIB metal component selected from molybdenum,
tungsten, and mixtures thereof;

i)  a Group V metal component selected from vanadium,
niobium, tantalum, and mixtures thereof; and

iii)  a Group VI metal component selected from nickel, cobalt,
iron, and mixtures thereof, wherein the metal components
(calculated as oxides) comprise at least 50 wt.% of the
catalyst, wherein the molar ratio between the metal
components satisfies the formula (Group VIB + Group
V):(Group VIII) = 0.35-2:1.



[ 0009] In one enbodi nent of tHeE i TISterrt=—tarrermmerrm—sat+d-pr ocess further
conprises: b) separating said vapor product fromsaid liquid product; and
c) recovering said liquid product. [0010] In one enbodi nent of the instant
invention, said effective hydroprocessing conditions are hydrotreating
conditions effective at renoving at |east a portion of said nitrogen and
or gani cal | YOR8p85%5%1 f ur contam nants and hydrogenat i METAIS200843512a porti on
of said aromatics, thus producing at least a |iquid product having a | ower
concentration of aromatics and nitrogen and organically bound sul fur
contam nants than the hydrocarbonaceous feedstream DETAILED DESCRI PTI ON OF
THE | NSTANT | NVENTI ON [ 0011] It should be noted that the terns "bul k" and
"unsupported" when used in conjunctiondwith the hydroprocessing catal ysts
di scl osed herein are synonynous and are sonetinmes used interchangeably.
[0012] The present invention involves contacting a hydrocarbonaceous

f eedstream cont ai ni ng organi cally bound sul fur contam nants in a reaction
stage wth a bulk netal hydroprocessing catal yst. The bul k netal

hydr opr oces§0089] cdnany smbodimerntod therinsiaotanveatB®nyeeid procesp further sel ect ed
from nol ybdenum, tungsten, and ni xtures thereof, a Goup V netal conponent
sel ected fr &PHEFPadi um niobium tantalum and mixtures thereof, and a
Goup VIl netaly co k de‘&éi i 1 L.ron, and m xtures
t hereof. The mstg} g% an%ﬁt% gi (c ;Sggfo;dtﬂg?dﬂ %@ﬁgig%@g{i%ﬁdufcheag@ bul k net al
catal ysts conpri 6F atrebeming\/yai@ﬁq&ﬁjfﬁéaﬁﬁ PCT/ U52005/ 013512 -6 50 wt. % of
the catal yst, wherein the nolar rati o between the netal conponents
satisfies the following formula: (Goup VIB + Goup V): (Goup VIII) = 0.35-

21 The | IYGREDT S (S Sel S e ek, St et compoent

hydroprocessing conditions are hydrotreating conditions effective at removing at
least a portion of said nitrogen and organically bound sulfur contaminants and

. hydrogenating at least a portion of said aromatics, thus producing at least a
liquid product having a lower concentration of aromatics and nitrogen and

organically bound sulfur contaminants than the hydrocarbonaceous feedstream.

DETAILED DESCRIPTION OF THE INSTANT INVENTION

[0011] It should be noted that the terms "bulk" and "unsupported" when used
in conjunction with the hydroprocessing catalysts disclosed herein are

synonymous and are sometimes used interchangeably.

[0012] The present invention involves contacting a hydrocarbonaceous
feedstream containing organically bound sulfur contaminants in a reaction stage
with a bulk metal hydroprocessing catalyst. The bulk metal hydroprocessing
catalyst comprises a Group VIB metal component selected from molybdenum,
tungsten, and mixtures thereof, a Group V metal component selected from
vanadium, niobium, tantalum, and mixtures thereof, and a Group VIII metal
component selected from nickel, cobalt, iron, and mixtures thereof. The metal

components (calculated as oxides) of these bulk metal catalysts comprise at least



makes up a specified anount of the total netal conponents present in the
bul-k--rmetat—cat-alyst—a-catal yst i s obtai ned with an i NnCFeas et et eppugpe—iire—
contacting of the hydrocarbonaceous feedstreamw th the bul k netal
hydr opr ocessing catalyst occurs in the presence of a hydrogen-cont ai ni ng
treat gas, and the reaction stage is operated under effective
hydr opr ocessi ng conditions. The contacting of the hydro carbonaceous
f eedst r eam W 20¥1985Bul k met al hydroprocessi ng cat al ystrqwestoasasssat | east a
|l iquid product. [0013] By hydrocarbonaceous feedstream it is neant a
primarily hydrocarbon material obtained or derived fromcrude petrol eum
oil, fromtar sands, fromcoal |iquefaction, shale oil and hydrocarbon
synt hesis. Thus, hydrocarbonaceous feedstreans suitable for use in the
present invention include those feedstr®ans boiling fromthe naphtha
boiling range to heavy feedstocks, such as gas oils and resids, and al so
t hose derived from Fi scher-Tropsch processes. Typically, the boiling range
wil 1 be fromshQs §100fRO @alyil théréﬂtﬁé ﬂﬂl&%ﬁi@b@@m@ﬁ tli%b!x'nbﬁ'i’b P@ﬁ&ﬁ& reans
i ncl ude vacuum gas oils; distillates including naphtha, diese ker osene,
and jet fuel sahsfmsyhgﬁﬂluwmgfommﬂal(ﬂrbepVIBu*b@roqu V);(Gﬁmp VIIDG18135-

uit abl e_for use in the present

Hydr ocar bonace boi i ng st ansg
i nvention ind' ﬁdih EPT%L gf ﬁ'-} %H}ram\@m@rﬁ BRI hant s.

Typi cal |y, t ) 0] ni trogen,
preferably 7&&%%‘8&%8@&? aﬁ%&géfﬁ%ﬁgt%egﬂg S@b b?ejs_%xgt ﬁgﬁgg@(\/\ppm

ni trogen. Thengthl ¢@4198t, 20ME sﬁls&ﬁ)tﬁﬁéd‘whﬁ%h(inﬁaﬁeﬂ%u 1 Th@bbﬂt@étﬁig speci es.
WO 2005/ 105959 PCT/ US2005/ 013512 -7 Non-limti ng exanpl es of basiC nit rogen
speci es may |qf¢hwhm:qucarbqhameus ﬁaadsﬁmmmﬁhﬂ btk gquetaldiydreprocessihgnon- 1 i mi ti ng
exanpl es of nop-basic nit I ncl ude carbazol e ds and

SN popl ot o Calii abaud i e TEthenhs SE& RydMetupORREE Foat gas, an

reaction stage is operated under effective hydroprocessing conditions. The

contacting of the hydrocarbonaceous feedstream with the bulk metal

hydroprocessing catalyst produces at least a liquid product,

[6013] By hydrocarbonaceous feedstream, it is meant a primarily
hydrocarbon material obtained or derived from crude petroleum oil, from tar
sands, from coal liquefaction, shale oil and hydrocarbon synthesis. Thus,
hydrocarbonaceous feedstreams suitable for use in the present invention include
those feedstreams boiling from the naphtha boiling range to heavy feedstocks,
such as gas oils and resids, and also those derived from Fischer-Tropsch
processes. Typically, the boiling range will be from 40°C to 1000°C. Non-
limiting examples of suitable feedstreams include vacuum gas oils; distillates
including naphtha, diesel, kerosene, and jet fuel; heavy gas oils, raffinates, lube

oils, etc.

[0014] Hydrocarbonaceous boiling range feedstreams suitable for use in the
present invention include, among other things, nitrogen and sulfur contaminants.
Typically, the nitrogen content of such streams is 50 to 1000 wppm nitrogen,
preferably 75 to 800 wppm nitrogen, and more preferably 100 to 700 wppm

nitrogen. The nitrogen appears as both basic and non-basic nitrogen species.
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hydr ocar bonaceous boiling range feedstreamw || generally range from 50 wppm
t-0-7000 wppm--nmore -typi-cally from 100 wopm to 5000 wppm"~

from 100 to 3000 wopm The sulfur will usually be present as organically
bound sul fur. That is, as sulfur conpounds such as sinple aliphatic,

napht heni c, and aromatic nercaptans, sulfides, di- and polysulfides and the
like. O her organically bound sul fur conpounds include the class of

het er ocycl i &0 ¥0§/f05§95%conpounds such as thi ophene, tetrahpciroszaesopsmane,
benzot hi ophene and their higher honol ogs and anal ogs. The hydrocar bonaceous
feedstreans suitable for use herein also contain aromatics, which are
typically present in an anount ranging fromO0.05 w.%to 2.5 w.% based on
t he hydrocarbonaceous boiling range feedstream [0015] As stated above, the
present invention involves contacting a -7hydrocarbonaceous feedstreamw th a
bul k nmetal hydroprocessing catalyst in the presence of a

hydr ogen-containing treat gas in a reaction stage operated under effective

hydr opr ocessinig, 38 Ay ¥ﬂj§ ]ﬂﬁﬁfé bggei n
used herein to deS| grgaé g[lg%? ystﬁ{c 8? ss co uct eéieqﬁt‘t e presence of
hydr ogen. Nomubstititet ngirediimes) apel mm-lhnrlmgmxampksmfgwwmm&egM$mbtee an be
practiced by the present invention include_the hydroconversion of heavy

pet r ol eum f edwst issluglecarhagales apd suhstignied earhasoles. tlike w}ﬁtr@ent&@kvt@eof

distillate I|n f troleum
f eedst ocks t ?f é‘%ﬁ%ﬁ'é b%ﬁﬁ%@ﬁé%ﬁegh&ﬁgﬁi%l?geféﬁyf ?35%8&%%53@%5 t he
hydr ogenati o (ﬁp@ lytic

dewaxi ng of 3/%3220 Wi}%ﬁ?ﬁ%ﬁ t%él?ﬁl}glﬁg%iﬁler -Trop g%?il)@@“@?ﬁ{ gritlgque&?tet al l ation of
heavy st reandypiRillygfrom mmmmcmwmemnmny be$>remﬂhﬁmg, can al so

be con5|dered ah processj ng,_praqcess. Thus, effectlve dr.opraocessi ng
condi ti ons" %/fg{b( EEF 35 98 selferrampmunds gagh WPY aliphatic,

naphthemc, and aromatic mercaptans, sulfides, di- and polysulfides and the like.
Other organically bound sulfur compounds inchide the class of heterocyclic
sulfur compounds such as thiophene, tetrahydrothiophene, benzothiophene and
their higher homologs and analogs. The hydrocarbonaceous feedstreams suitable
for use herein also contain aromatics, which are typically present in an amount
ranging from 0.05 wt.% to 2.5 wt.%, based on the hydrocarbonaceous boiling

- range feedstream.

[0015]  As stated above, the present invention involves contacting a
hydrocarbonaceous feedstream with a bulk metal hydroprocessing catalyst in the
presence of a hydrogen-containing treat gas in a reaction stage operated under
effective hydroprocessing conditions. The term "hydroprocessing” as used herein
is used herein to designate a catalytic process conducted in the presence of
hydrogen. Non-limiting examples of hydroprocessing processes which can be
practiced by the present invention include the hydroconversion of heavy -

- petroleum feedstocks to lower boiling products; the hydrocracking of distillate
boiling range feedstocks; the hydrotreating of various petroleum feedstocks to
remove heteroatoms, such as sulfur, nitrogen, and oxygen; the hydrogenation of
aromatics; the hydroisomerization and/or catalytic dewaxing of waxes,

particularly Fischer-Tropsch waxes; and demetallation of heavy streams. Ring-



sel ected achieve the desired result of the hydroprocessing process. For
exanpl e, effective hydroisonerization and/or catal ytic dewaxi ng conditions
are to, be considered those conditions that, when sel ected, achieve the
desired degree of dewaxing to produce the desired product. In a preferred

enbodi nment ective hydroprocessing conditions ar ff iLve
hydrotreati %9@%%%% ons. Thus, in this enbodi nent thePgTﬁé@ﬁgéﬁéﬁeondi tions

are to be considered those conditions under which the hydrocarbonaceous
feedstock is hydrotreated and hydrogenated, nore specifically when

het eroatons are renoved and when at |east a portion of the aromatic
fraction of the feedstock is hydrogenated. These conditions typically

i ncl ude tenperatures ranging from 150C {9 425C, preferably 200C to 370C,
nore preferably 230C to 350C. Typical weight hourly space velocities
("WHSV') range fromO0.1 to 201,1 1, preferably from0.5 to 5Shf 1. Any

ef fective prepming cemalsbdewonsidersd a hyitompesssinggrocaspi Tas, Jeffeotiye from 4 to

70 at nosphergs, (4.05 to 70.93 bar), preferabl 0Oto . at pheres (10.13
to 40.53 barﬁydréﬁ@fﬁf%n@gmscﬁgﬂ@ﬁwi% S‘ﬁ?@ tt&%ﬁ?s@@é&%sgg‘%l For use in
the presentl | é?f‘qf'ﬁsr ' . | ure
hydr ogen or %:/ezli?lcq‘lbe h?@%ﬂhx?élg 0 S%ﬁg?%gﬁggﬁ@ﬁ%g?@%@%%}aﬁ%% r11£r efinery
hydrogen st r gffgtiive hiydidisoriérédation @dd/ob astalyhie dewaxgesonditiingiané tigbd r eat gas
streamcontains |ittle, nore preferably no, hydrogen sulfide. The
hydr ogen- coneauisideras! thosmeonghidonsthat, yhes Relactad rehigve tbedesimdoudegyeed] ume
hydr ogen, preferably at .| east 75% ol.u hydr ogen nd nore preferably
at | east QOgWW ﬁm\wﬂ%‘? éﬂﬁSlFf{‘fflyligﬁgft Hﬁ@@r¥§F38 p{ﬂl}oth}%tt referred that
t he hydrogens R} ; foif &m;? WO
20051105959 %%éﬁib%?8%@%6%%9?&%(11?%%%%eg{t’%?%bgrg%vgj ¢ Int nes. practice of
the present Ths it thisnembodinminothe-effective conditions are to be considered those

conditions under which the hydrocarbonaceous feedstock is hydrotreated and

hydrogenated, more specifically when heteroatoms are removed and when at

least a portion of the aromatic fraction of the feedstock is hydrogénated. These

conditions typically include temperatures ranging from 150°C to 425°C,

preferably 200°C to 370°C, more preferably 230°C to 350°C. Typical weight

hourly space velocities ("WHSV") range from 0.1 to 20hr™, preferably from 0.5

to Shrl. Any effective pressute can be utilized, and pressures typically range

from 4 to 70 atmospheres (4.05 to 70.93 bar), preferably 10 to 40 atmospheres

(10.13 to 40.53 bar).

[0016] Hydrogen-containing treat gasses suitable for use in the presently
disclosed process can be comprised of substantially pure hydrogen or can be
mixiures of other components typically found in refinery hydrogen streams, It is
preferred that the hydrogen-containing treat gas stream contains litile, more
preferably no, hydrogen sulfide. The hydrogen-containing treat gas purity
should be at least 50% by volume hydrogen, preferably at least 75% by volume
hydrogen, and more preferably at least 90% by volume hydrogen for best results.
It is most preferred that the hydrogen-containing stream be substantially pure
hydrogen.
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described hydrocarbonaceous feedstreamis contacted with a bul k netal

hydr opr ocessi ng catalyst in a reaction stage. The reaction stage can be
conprised of one or nore reactors or reaction zones each of which can
conprise one or nore catalyst beds of the same or different bul k netal

hydr opr ocessi n catal yst descri bed above. Although other types of catalyst
beds can be Wé&??s"l“\ﬁ?sﬁed beds are preferred. Such other t S2895/04 3¢ % | yst
beds include fluidized beds, ebullating beds, slurry beds, and noving beds.
I nterstage cooling or heating between reactors, reaction zones, or between
catal yst beds in the sane reactor, can be enployed. A portion of the heat
generated during hydroprocessing can be recovered. Were this heat recovery
option is not available, conventional co8ting may be performed through
cooling utilities such as cooling water or air, or through use of a
hydrogen quench stream In this manner, optinmumreaction tenperatures can
be nore easily maintained. [0018] Bul k nmetal hydroprocessing catal ysts

' suitable for use herein conprise_ a Goup VIB netal conponent selected from

m): ybdegu ][n t Jﬂ@kﬂgn,AﬁﬂtétedLﬁbﬁmria;%hq mlfa of the presens ipvertion, ﬂmh%ﬁegt
& oup 11 oottt aus B stis ERfadte G b bRERGR! 1 8" e ur es
thereof. The Qﬁﬁ?&gr@&%ﬂﬂg%ﬁ st irpﬁkéa@ﬁlaﬁ %Fé;gﬂé&éi@ﬁén Qlfaﬁ& B&n byl k netal

hydr opr ocessi ng catal yst “conpri se at eas .% of the catal yst, and the

bul k metal hycdomprisedef ongormbzd seattorssor bartionesoneheachaifevhizk dain nomprise t he

G oup V) (Gr oGO0F Riors caiabysageds of the pameor Ferei balk Mt IHBIOPERREME and) or
k § I , |'s,
pr ot er bl v at TaLE} bR e, Kkl B Bifin et St BB 515512

-310- p{/}afB er ablfigedtbeli® a@tproferidd] SYch bthefBypel Of KRGS Bdds)inIhes Buidekd or the
oup
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beds, ebullating beds, slurry beds, and moving beds. Interstage cooling or
heating between reactors, reaction zones, or between catalyst beds in the same
reactor, can be employed. A portion of the heat generated during
hydroprocessing can be recovered. Where this heat recovery option is not
available, conventional.cooling may be performed through cooling utilities such
as cooling water or air, or through use of a hydrogen quenc}{ stream. In this

manner, optimum reaction temperatures can be more easily maintained.

[0018] Bulk metal hydroprocessing catalysts suitable for use herein comprise
a Group VIB metal component selected from molybdenum, tumgsten, and
mixtures thereof, a Group V metal component selected from vanadium, niobium,
tantalum, and mixtures thereof, and a‘,Group VII metal component selected
from nickel, cobalt, iron, and mixtures thereof. The metal components
(calculated as oxides) of the bulk metal hydroprocessing catalyst comprise at
least 50 wt.% of the catalyst, and the bulk metal hydroprocessing catalyst is
further characterized in that the molar ratio between the metal components
satisfies the formula (Group VIB + Group V):(Group VIII) = 0.35-2:1. It is
preferred that molybdenum and/or tungsten make up at least 50 mole% of the
total of Group VIB metals, more preferably at least 70 mole%, still more



metal to consist essentially of nolybdenum and/or tungsten. It is preferred
that niobi um and/ or vanadi um make up at | east 50 nol e% of the total of
Goup V netals, nore preferably at least 70 nole% still nore preferably at
|l east 90 nole% It nmay be especially preferred for the Goup V netal to
consi st es | of niobium and/or vanadium It is preferred that nickel
and/ or cobaﬁﬁ%@é&%p at |l east 50 nole% of the total O]I)P(g[%gnsqup
non-nobl e nmetals, nore preferably at least 70 nole% still nore preferably
at least 90 nole% It may be especially preferred for the Goup VIII
non-nobl e nmetal to consist essentially of nickel and/or cobalt. The use of
ni ckel alone as Goup VIII netal conponent is particularly preferred.

[ 0019] Thus, preferred catal yst conposi fi*ons according to the invention

i nclude a catal yst conposition wherein the nmetals conponents consi st
essentially of nolybdenum nickel, and vanadi um a catal yst conposition
wher ei n t he mesfatabiyoatdoast 803nelos i It maydwamapéciallypreferrmsl fpb denGroupnViBkel , and

ni obi um a catal,yst canpositjqn erejin the tals co nent s. consi st

Csoent 1 al 1y BACHLIR GoRaRT SSRIay of Y QSR Wiy OHBEROR R as PEReIEShgse i on
wherein the 1 ' £ ' o ~ L clkel , and

ni obium It gE(I)tﬁIIuII g@ﬁ%@@?%&%ﬁq ﬁl@%@??@éﬁﬁéﬁtﬁg@%ﬁgﬁ E)\Iéci fication
the wor di ng mietsls.sheicsprefdstlyiabidayt 70 moRA4l stitlansrerefeeabes aekbitalol y of ' nean

that the conposition in question contains the cited conponents, but may
contain connxthalitmapbe bspecindlyprefornd fordhe fvpum Vomatabto eansistnabl y be

| ded. 00201 ..T. ] f th .al ' I
Bccor di ng { o SSREAIRGERIPR 8Pt Fruadhitng is PrRIFIEY Babuel pdlorscbaf
(G Vi 5 e ' t t I I
) 80U V1 ke Tens 8y b BRSISKERbA S Fpha 1S ARLARIEricSs R0R] 1o o
and the nol aprefsmbiit atdéast70 unolydd, ktilleiort preferablyl tdadst 90 micle%iBay be
‘especially preferred for the Group VIII non-noble metal to consist essentially of

nickel and/or cobalt. The usIe of n‘ickel alone as Group VIII metal component is
particularly preferred.

[0019] Thus, preferred catalyst compositiéns according to the invention
include a catalyst composition wherein the metals components consist
essentially of molybdenum, nickel, and vanadium, a catalyst composition
wherein the metal components consist essentially of molybdenum, nickel, and
niobium, a catalyst composition wherein the metals components consist
essentially of tungsten, nickel, and vanadium, and a catalyst composition
wherein the metal components consist essentially of tungsten, nickel, and
niobium. It should be noted that in the context of the present specification the
wording “consists essentially of” and “consisting essentially of” mean that the
composition in question contains the cited components, but may contain

contaminant metals the presence of which cannot reasonably be avoided.

[0020]  The molar ratio of the metal components in the catalyst according to
the invention satisfies the formula (Group VIB + Group V):(Group VIII) = 0.35-
2:1, Preferably the ratio between the total molar amount of Group VIB and
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preferably at least 0.6:1, still nDFe-eelaimpai-—-east 0.75:1. The ratio
between the total nolar amount of Goup VIB and Goup V netal and the nol ar

amount of Goup VIII netal is preferably at nost 1.5:1. If the total nolar
anount of Goup VIB and Goup V netal is too high in relation to the nolar
anount of Goup VIII netal, the activity of the catalyst wll be
I nsuf fici entwohéoshbesd ot al nol ar anount of G oup VIB angcogiRaesysemtal is
too lowin relation to the nolar anount of Goup VIII netal, or, in other
wor ds, the amount of Group VIII netal conponent is too high, the

performance of the catalyst wll also be inadequate. Operation within the
nost preferred ranges gives catalysts with a higher activity than catal ysts
with a conposition within the |ess prefe {“ed ranges. The nolar ratio of
Goup VII) metals to Goup V non-noble netals in the catalyst of the

i nvention generally ranges from 10:1-1:10 and preferably from 3:1-1:3.

compri Se ot | GEwp Gowsel SOt B0 ARONS Af Orowy L Fiftes atleas 48, THiRoa on

iore | prt er dbppra ableBs @l Yol P BRRGANDR B TR, e rio 8RR, 1,

cal cul at ed asthe @ithI@81ar hihouftt 6PGANPIIE BRI Brop VimétAParnPhd!iolasamyisies, the

Goup VIB netals are calculated as trioxides, the Goup VIII netals are

' cal cul at ed asofifsroop OKiltmetal isprdfardsly Gt mopt M5 rteifihe tetnbmoldram@nedf as

pent oxi des (fQr e | e, No2Gs_and . V205), . The anount _of oup VIB netals,
G oup V netal rougLTCRRAGTn V TRefAL S e highl £elpLOm o thgan AR via AAS

or ICP on th | t ' i ' ' 105959
O o) R HE b ) e o be RO HRARARY 105
above, the buhlafBindunt RGAISVIE SRPCGHUP PindsIGe el ey HbRhtidh thike Pr esent
i nvention can al so conprise

molar amount of Group VIII metal, or, in other words, the amount of Group VIII

metal component is too high, the performance of the catalyst will also be

inadequate. Operation within the most preferred ranges gives catalysts with a

higher activity than catalysts with a composition within the less preferred ranges.

The molar ratio of Group VIB metals to Group V non-noble metals in the

catalyst of the invention generally ranges from 10:1-1:10 and preferably from

3:1-1:3.

[0021]  The bulk metal hydroprocessing catalysts suitable for use herein
comprise at least SO wt.% metal components, calculated as oxides, based on the
total weight of the catalyst composition, preferably, at least 70 wt.%, more
preferably at least 80 wt.%, still more preferably at least 90 wt.%, calculated as
oxides. In calculating the wt.% of the metals as oxides, the Group VIB metals
are calculated as trioxides, the Group VIII metals dre calculated as mono-oxides,
and the Group V metals are calculated as pentoxides (for example Nb,Os and
V405). The amount of Group VIB metals, Group V metals, and Group VIII non-
noble metals can be determined via AAS or ICP on the catalyst after calcination
in air at 500°C,



conventional catal yst conponents |like binders or carrier materials, cracking
conponents, conventional hydroprocessing catalysts, etc. Non-limting
exanples of suitable binders and carrier materials include silica,
silica-alum na, alumna, titania, titania-alumna, zirconia, boria,
cationic cl aydv@r0aHSeNi c cl ays such as saponite, bentoni PET/URMGE/116512
sepiolite or hydrotalcite, and m xtures thereof. Preferred conponents are
silica, silica-alumna, alumna, titania, titania-alumna, zirconia,
bentonite, boria, and m xtures thereof, with silica, silica-alumna, and

al um na being especially preferred. Non-limting exanples of suitable
cracking conponents include crystalline er®mcki ng conponents such as
zeolites, e.g., ZSM5, (ultra-stable) zeolite Y, zeolite X, ALPGs, SAPCs,
MCM 41, anor phous cracki ng conmponents such as silica-alumna, and m xtures
thereof 1t sheeps] ennRlififbn tB3he AR BRDBALMS discfsdd abdyd, itk diltila, oy
act as binder an cracking conponent at the sane tine. If 'so desired, the
cat al yst conposhtalysh compysitionpedordingruged in the resont invemtion cancdis@somprise
Ehosphorus-containing conpounds, boron-containi ng conpounds,

i | i con- cont ai sonventionpbeatelyst dompenentslike bindernorepraenpatenials, cragkingi onal
ransition netals, rare eart h.mea&gl‘i‘, or m xtagr es tt'{e\rlgof_1.%[][!1{9023%S T bul k
Fret al hydropro&@gmoﬁﬁnté’aﬁoﬁ‘lvﬁg?%n SEFOPH N DF AFHLs: ¢ SHETOHIEE §HABRF or med

jnto many di ff?ff%ﬁﬁ%ﬁgﬁﬂﬁﬁrs s '?&é@ﬂaﬁ’i@d&fﬁ%@%ﬁ@i sRital ABnfha, SRARRS,

i ncl ude powders, spheres, cylinders, rings, ymtetric or asymetric
pol yl obes, for titash diteeiatalumirandircpraal rbokriabestionReclaycoremiomes eldys 8ge 4om
extrusion, beading or pelleting usually have a dianeter in the range of 0.2

to 10 mm and Sepaiitie, beiguite, kerbn sepialifé pphyidsetalciisgrandminimsitbergof. nm  These
Mo Cspray- or FrGRbconEBRGE skt icd PSS SR oyt e BubsR g, Lo
medi an parti cl gidhRgeb&hohik, bBRa S HAIRIxBred tHre2Owith sPith, silica-alumina, and

i alumina being especially preferred. Non-limiting examples of suitable cracking

(=)

components include crystalline cracking components such as zeolites, e.g.,
ZSM-f, (ultra-stable) zeolite Y, zeolite X, ALPOs, SAPOs, MCM-41,
amorphous cracking components such as silica-alumina, and mixtures thereof, It
should be noted that some materials, e.g., silica-alumina, may act as binder and
cracking component at the same time. If so desired, the catalyst composition
may comprise any further materials such as phosphorus-containing compounds,
boron-containing compounds, silicon-containing compounds, fluorine-
containing compounds, additional transition metals, rare earth metals, or

mixturega thereof.

[0023] The bulk metal hydroprocessing catalysts used in the present invention
can be formed into many different shapes. Non-limiting examples of suitable
shapes include powdérs, spheres, cylinders, rings, and symmeitric or asymmetric
polylobes, for instance tri- and quadrulobes. Particles resulting from exirusion,
beading or pelleting usually have a diameter in the range 0f 0.2 to 10 mm, and
their length likewise is in the range of 0.5 to 20 mm. These particles are
generally preferred. Powders, including those resulting from, e.g., spray-drying



deviations fromthis general range are possible. [0024] The bul k netal
hydr opr ocessi ng catal ysts suitable for use in the present invention are

sul fur-containing catalysts. The sulfur nmay be present in the catalyst in
many forms, for exanple, in whole or in part in the formof netal sulfides.
It may al so bewpresamdstn whole or in part in the form of @cIuistess/ioissrzmrpound
not bound to the netal conponents. In this case, the sulfur wll be
converted into nmetal sulfides during use of the catalyst in hydrotreating or
during a preceding reduction/activation step in the presence of hydrogen.
The sul fur content of the bulk netal catalysts used herein is generally at
|l east 8 wt.% nore preferably at |least 153gt.% still nore preferably at

| east 20 wt.% The sulfur content of the bulk netal catal ysts used herein
is generally less than 70 wt.% preferably less than 60 w % dependi ng on

the bul k motal SAEPCba O RaRleb it ddfelt FindBREEE P el oh b 1
general ly sel eChfflichsaRimIBR YefleraPraife #ROMssiBRI € preferably 80-150% of
the stoichionmetric sulfur quantity neCessary to convert the hydrogenation

metals into MbS2, W52, CS, Co9S8, N 3S2, FeS, NbS2, VS, and TaS2
respectively. [0025 vident to.,the skilled person, when the

As Wi ll b
catal yst accor dli9g4] o Tﬂ@“ﬂﬁﬁé nydroprocgssing patalysis spifehle feioesedsithy of

o A prer or r sl Suofers SOFRSRHR ok cotapih, ThE Shlthe b b0 Bl e
catal yst - wher el hoRfidl AR iy forths, FCe RPN, in SABROGCRArAiShO RASESS mbfal e

sulfided form In thi's case, preferred for the "catalyst to be
essential |y fresulfidesn IGmeymlsd bé presentnn whelaert ialpadiin uhé fotesof arhdfurG oup VI | |

Dbl S o Bl ot o o Mot B g of
0.5-1.5, as can, (g Ach S5l Had ANfidé dring use of the catalyst in hydrotreating or during
a preceding reduction/activation step in the presence of hydrogen. The sulfur
content of the bulk metal catalysts used herein is generally at least 8 wi.%, more
prefera"bly at least 15 wt.%, still more preferably at least 20 wt.%. The sulfur
content of the bulk metal catalysts used herein is generally less than 70 wi.%,
preferably less than 60 wt.%, ﬁepending on the bulk metal catalyst composition.
The total amount of sulfur present in the bulk metal catalyst suitable for use in
the present invention is generally selected to correspond to 70-200%, more
preferably 80-150%, of the stoichiometric sulfur quantity necessary to convert
the hydrogenation metals into MoS,, WS,, CrS, CogSs, NisS,, FeS, NbS,, VS,

and TaS, respectively.

[0025]  As will be evident to the skilled person, when the catalyst according to
the invention is used in the hydroprocessing of hydrocarbon feeds, the metal
components will be present in the sulfided form. A preferred embodiment of the
present invention is therefore a catalyst wherein at least part of the metal
components are present in the sulfided form. In this case, it is preferred for the
catalyst to be essentially free from Group VIII non-noble metal disulfides. The
Group VIII non-noble metals are preferably present as (Group VIII non-noble

1



XRD. Mol ybdenum and t'ungs't”e'n" are preferably at |east partly present An the

“sutfided catalyst as disulfides, as can be determ ned by, e.g., XRD.

Chromium if present, is preferably at |east partly present as sul fide (Crs
or Cr2S3), as can be determned by, e.g., XRD. The G oup V netal conponent
Is preferably at | east partly present as NbS2, V2S5, and TaS2,

respectivelﬁX 2&0026 As indicated above, the sulfur in the bul k netal

catal ysts stha2AMH use in the present invention nayf$BBE Biesent, in
the formof a sulfur corrpound not bound to the netal conponents of the
catalyst. It may, for exanple, be present, in whole or in part, in the form
of elenental sulfur, in the formof organic sulfur conmpounds, or in the
form of inorganic sulfur conmpounds which are not sulfides of the netals of
Goup VI, Goup V, and Goup VIIl et al“l‘borrponents. In the latter case, the
sul fur-containing catal yst may Abe subjected to an activation step to
convert the netal conponents at |least partly into their sulfides. The
activation stmgaDfhevith &/p beimgini the sangeof 8c3-i 5Sgad tun beddteinyined biyi ighydr ogen
at a terrperature of :100-600C for an adequ od of tinme. ;Such an
activation stRD n@? thuaa@te%ﬁresnrﬁﬁrﬁﬂ:ﬁaﬁ eps} pagtly Bregentip dhe

hydr opr ocessi I t hat
is, in the ﬁ@g?dég %‘éaégsgwgg%ﬂ%ﬁ{% Ib\éﬁ&e H céf@f Lés%edXRﬁ qum%"u f[ 0027]
As mentioned REGWE is Ph e&"&hﬁlﬁzﬂ@e@f ﬁéfﬂy@i‘es%ﬂﬂ éstgmﬁderqmﬂrbmrgsgtas%aﬂ bebe
present in the catalysts suitable for 'use herein are sul fur corrpounds t hat

are not yet dmtarmﬂnadby,meg;ﬂikﬂ T&mrﬁ‘mup&’ meta) hemponentas preferablyl at daast i de.
Preferred sulfur conpou u ani ¢ conpounds having at | east one
mer capt o- gr dHLY DYBRILAS: @éﬁp EFPEHEShpounds, ner capt ocar boxyl i ¢
acids represented by the general fornula HS-RI -COOR, wherein Rl stands for
a WO 2005/ 105959 PCT/ US2005/ 013512 -15 dival ent hydrocarbon group with 1-10

carbon atons [80Z6]R SAgRfihcdted abovey theQHUr in the bulk metal catalysts suitable for

use in the present invention may also be present, in the form of a sulfur

D

compound not bound to the metal components of the catalyst. It may, for
example, be present, in whole or in part; in the form of elemental sulfur, in the
form of organic sulfur compounds, or in the form of inorganic sulfur compounds
which are not sulfides of the metals of Group VI, Group V, and Group VIII
metal components. In the latter case, the sulfur-containing catalyst may be
subjected to an activation step to convert the metal components at least partly
into their sulfides. The activation step generally comprises contacting the
catalyst with hydrogen at a temperature of 100-600°C for an adequate period of
time. Such an éctivation step can be carried out ex situ, that is, outside the
hydroprocessing unit in which the catalyst will be used, or in situ, that is, in the

hydroprocessing unit in which the catalyst will be used.

[0027] As mentioned above, within the group of sulfur compounds that can
be present in the catalysts suitable for use herein are sulfur compounds that are
not yet bound to the metal compound in the form of a metal sulfide. Preferred
sulfur compounds include organic compounds having at least one mercapto-
group. Within the group of mercapto-compounds, mercaptocarboxylic acids
represented by the general formula HS-R1-COOR, wherein R1 stands for a



atom an alkali nmetal, an alkaline earth netal, amonium or a |inear or
branched al kyl group having 1 to 10 carbon atons. Non-limting exanpl es
within this group include nmercaptoacetic acid (HS-CH2- COOH), beta-

mer capt opri oprionic acid (HS-CH2CH2- COON), net hyhnercapt oacetate (HS-

CH2- COOCH3) W@r08§105259er capt oacet at e ( HS- CH2- COOC2HS) , eP@lybaeasfi13512

nmer capt oacet ate (HS- CH2- COOC8HI 7), and net hyl 3-nercaptoproprionate

((HS- CH2CH2- COOCH3), O her conpounds preferred within the group of

mer capt o- conpounds i ncl ude am nosubstituted nercaptanes represented by the
general fornula H2N-R2-SH, wherein R2 stands for a dival ent hydrocarbon
group having 1-15 carbon atons. Exanpl es18f these conpounds include 2-am no
et hanet hi ol (H2N- CH2CH2- SH), and 4-ami no t hi ophenol (H2N- C6H4- SH).
Addi ti onal conpounds within the group of rnercapto-conpounds are the di-

mer capt anes r @RaREERY@EcA¥oh BRoveRiEh 210 QibeH @ofS-and Tokandd R @iy diEest ands

for a divalent hydrocarbon group having 1-15 carbon atons. Exanples of these
conpounds i ncétonh ap tlkahiadetel) ianlalialige eriChRtd -y mumodivm oraulingaedi t hi ol  ( HS-

CH2) 4-SH). [002 Preferred sul fur unds al include thigQacids. of the
foro it S CoppchedirdBrouphasing o | QPRRoneE NOR IR AR by

havi ng 1-15 : Of { ] l.hcl ude thioacetic
acid (CH3- C&%@ﬁﬁﬁ%@%@%@%@f@%%%@%ﬁ?%@ci ds of the formula
HSCC-  R5- COSHneiagtopridpRonicact! GIS-UIEICHMCUOR hehyihediptohédiatd (HS- car bon
atons may al so be Suitable. An exanple is dithbioadi pic acid

( HSOC- C4H10- GCERyCOOAEY), pihwl 2rmerganioadetate (8- HGFOOLC28M)f ethylbexylounds are
e L SRS BB A PRSI ek Bz, (2
carbon at ons @fsacHReRy.chONEH3 Otk emBotitdy prefelda AR He group of
mercapto-compounds include aminosubstituted mercaptanes represented by the
general formula H2N-R2-SH, wherein R2 stal_lds for a divalent hydrocarbon
group having 1-15 carbon atoms. Examples of these compounds include 2-amino
ethanethiol (H2N-CH2CH2-SH), and 4<amino thiophenol (H2N-C6H4-SH).
Additional compounds within the group of mercapto-compounds are the di-
mercaptanes represented by the general formula HS-R3-SH, wherein R3 stands
for a divalent hydrocarbon group having 1-15 carbon atoms. Example:s of these
compounds include ethanedithiol (HS-CH2CH?2-SH) and 1,4-butanedithiol (HS-
(CH2)4-SH).

[0028]  Preferred sulfur compounds also include thioacids of the formula R4-
COSH, wherein R4 stands for a monovalent hydrocarbon group having 1-15
carbon atoms. Examples of these compounds inciude thioacetic acid (CH3-
COSH) and thiobenzoic acid (C6H5CQSH). Dithioacids of the formula HSOC-
R5-COSH, wherein RS is a divalent hydrocarbon group with 1-15 carbon atoms
may also be suitable. An example is dithioadipic acid (HSOC-C4H10-COSH).
Also preferred within the group of sulfur compounds are those sulfur compounds
that include mercaptoalcohols of the general formula R6S-R5-(OH)n, wherein
RS represents an alkyl group having from 1 to 15 carbon atoms or a phenyl



-16 group, R6 represents a hydrogen atomor an al kyl group having 1 or 2
carbon atons, and nis 1 or 2. Non-limting exanples of these conpounds

i nclude 2 nercaptoet hanol, 2-(nethylthio)ethanol, 2-(ethylthio)ethanol,
3-mer capt o- 2- but anol , 4-nercaptophenol, 2-(nmethylthio)phenol,

4- (et hyl t hiv) BHERSPS® 2- (et hyl t hi 0) phenol , 3- ner capt o- 1POT/UBIBPUAERI ol ,
3-nethylthio-1,2, propanediol, and 3-ethylthio-1,2, propanediol. O her

sui tabl e sul fur conpounds include sulfoxides of the fornmula R7-SO R8,
wherein R7 and R8 are hydrocarbon groups with 1-5 carbon atons. An exanple
I's dimethyl sulfoxide (CH3-SO CH3). [0029] Ammoni um t hi ocyanate and

thi ourea may al so be present in the bul klénetal catalysts suitable for use
in the present invention conpounds, as nmay be the various dithiocarbamc
acids and the salts thereof, such as ethyl ene bisdithiocarbamc acid and its

salts, and di ?ﬁhﬁyks géprodentad Baltogerstoth i dlkyd growmd havin@iihen2 cubdmbl e

conpounds i nclude nercaptodi athi azoles and their salts, such as
2, S- di mer captafomsaml wisal o 2290wedimiting examplas ofthesoesopoundsdnciude 2-

| fur- t ai ni ' . b .dn,th | k t.al
cat al yst s uecBeRBPERHRPE G SO HP REERGh 2 G GBI o SRS Tiher ei n  x
' I f1q s hed
i kgl oups A B PR W th the
formula HO Refhy$hidipBeridt], Baﬁm@ml;{zfr@pa&n&ﬂm Jemetlrylthiad®, Bropbnadidl, R12 are

al kyl groups with 1-8 carbon atons. [0031] Additional sulfur conpounds
i nci ude el eneandad-eiylthip-12narapasediel @thessiitable subtip sompeundsdaciudey) 2s, . WO

2005/ 105959 PCTL US2005/,013512, - 321 The,bul al dr gpr ocessi ng,
catal ysts us e%q{é?é‘r‘ srg)?él% %@u&r%‘gé(%g%, w]herem Rt? anlfl iR hym{ocarq?on '
groups with 1-5 carbon atoms. An example is dimethyl sulfoxide (CH3-SO-

CH3).

[0029] Ammonium thiocyanate and thiourea may also be present in the bulk
metal catalysts suitable for use in the present invention compounds, as may be
the various dithiocarbamic acids and the salts thereof, such as ethylene
bisdithiocarbamic acid and its salts, and dimethyl dithiocarbamic acid and its |
salts. Other suitable compounds include mercaptodiathiazoles and their salts,

such as 2,5-dimercapto-1,3,4-diathiazoles and its salts.

[0030] Other sulfur-containing compounds which may be pfesent in the bulk
metal catalysts used herein are polysulfides of the formula R9-Sx-R10, wherein
x is a value of 1-15 and R9 and R10 are alkyl groups, preferably branched alkyl
groups, with 1-30 carbon atoms. Related compounds are those with the fornmla
HO-R11-8x-R12-OH, wherein x is a value of 1-15 and R11 and R12 are alkyl

‘groups with 1-8 carbon atoms.

[0031] Additional sulfur compounds include elemental sulfur and inorganic
sulfur compounds like (NHL),S,.



by any nethods known in the catalyst art for formng bul k netal catalysts.
The preferred nethods of naking the catal yst conpositions used herein are
described in nore detail in U S Patent 6,156,695, U S. Patent 6,534,437,

U S. Patent 6,162,350, U S. Patent 6,299,760, and PCT published application
WO 00/ 41810,WO ei¥p/é859%r e i ncor porat ed herein by ref er encePE€BUSHIIIPIIRpOSES t O
the extent that they are not inconsistent wwth the present invention

di scl osure and clains. The bulk netal hydrotreating catalyst is preferably
sul fided prior to use, and nost preferably nmade by the nethods outlined in
U S. Patent 6,534,437 and U.S. Patent 6,162,350. [0033] A nore preferred
met hod of preparing the bul k netal hydrepf-ocessing catalyst conposition
suitable for sue herein conprises conbining, sequentially, or

si mul t aneously, a conmponent of a Group VIB netal selected from nol ybdenum

tungsten, andgo32t ur'ebe blllkrRethl hRiroPoReRRR! catilysts (RedllitrdinBRhadk prépir&rt ed
fromvanadi um niobium tantalum and m xtures thereof, a conponent of a

Goup VI neyanyserbotdeknewnin theuatalyst edifat formingbulkanetah¢atalystes Thter eof
and a sul fur coppoynd.. |t shoul.d he noted that it is sipble t.o conmbine all
fhese *conporBRieemsheds i Baisiig o GRalsH sonositons st BRomore SSERBEd (i <
al so possi bl ﬁnﬂz?%-e‘&%{gﬂ' ni%%.rsf‘?ﬁt%iﬂé%?, ?W.Sﬁﬁ?jﬁgﬂéﬁé‘,sﬁ’@ﬂsﬂgﬁg?ﬁteﬁ the netal

conmpounds an en conbi ne € resu ng” Ppro W t’h er netal

conpounds. Ha@Es%350, (38| Patdat 6,299,360, aad POT pubiashsd applicaien woddEd1 810, an
i nert atnosphere to prevent oxi dation. Therefore, in a preferred enbodi nent

of prepari ng Whieh prg cespozated hetgitopy tefereneamigr el marpases tathetextmé tifasr  use

herein, at |east one conponent o Group. Vi al, at least o conmponent

of 5 Group v B e Hoy FErosisrh uth e pres e Bnvitie distionfbanf S HEecs o

conbined in ' ihecHafR P40 2 -18

oxygen- st abl ?“%%%?&@%ﬁgggen- s%iﬁﬁréﬁgﬂ&éﬁgtﬁaggﬁﬁén cohﬁ%ﬁ% th a
preferably made by the methods outlined in U.S. Patent 6,534,437 and U.S.

Patent 6,162,350.

[0033] A more preferred method of preparing the bulk metal hydroprocessing
catalyst composition suitable for sue herein comprises combining, sequentially,
or simultaneously, a component of a Group VIB metal selected from
molybdenum, timgsten, and mixtures thereof, a component of a Group V metal
selccted from vanadium, niobium, tantalum, and mixtures thereof, a cfomponent
of a Group VIII metal selected from nickel, cobalt, iron, and mixtures thereof,
and a sulfor compound. It should be noted that it is possible to combine all these
components in a single step. It should likewise be noted that it is also possible to
combine the sulfur compound with one or more of the metal compounds and
then combine the resulting product with the other metal compounds. However,
sulfide-containing materials must be handled in an inert atmosphere to prevent
oxidation. Therefore, in a preferred embodiment of preparing the bulk metal
hydroprocessing catalysts suitable for use herein, at least one component of a
Group VIB metal, at least one component of a Group V metal, and at least one

component of a Group VIII metal are combined in a first step to form an



sul fur compound. [0034] There are various ways in which a conponent of a
Goup VIB netal, a conponent of a Goup V netal, and a conponent of a G oup
VIIl metal may be conbined. In a first process, the nmetal conponents are
conbined and reacted in the presence of a protic liquid, after which the
resul ting cOYPHEISE! is isolated and dried. Any proti cPCT/EHB085/4BI2h does
not interfere wwth the reaction nay be used. Suitable |iquids include

wat er, carboxylic acids, |ower alcohols such as ethanol and propanol and

m xtures thereof. The use of water is preferred. [0035] In the form ng of
t he hydroprocessing catal ysts suitable for use in the present invention,
the at |east three nmetal conponents, namd$y at | east one Group VIII netal
conponent, at |east one Goup VIB netal conmponent and at |east one Goup V
nmetal conmponent may be in the solute state or at |least partly in the solid

state during ddygenistbbsprodict [Fhe dxygoti-stable prodsct i§ thenfoeadiina@hwithy i nvol ve
three solute conponents, two solute conponents and one at |east partly
solid conporfehior compowst.ut e conponent and two at |east partly solid
conponents, and three at |least partly solid conponents. The reaction may
I nvol ve precipitation and, depending on the state of the various

conponent s, ﬂ%PQﬂ;WHéH;%&%@d?ﬁ.W%mi RficiDA F&hg&%ntb@gﬁbuﬁﬂﬁﬁﬁhﬂa?f , there
are two possible Wways of contacting the neta onmponents ot the bul'k netal
cat al ysts usedcdmparient of 4 Grouye Vanetah and aGompoagnt ofravGlorpsVHDmMetalinteyy and
reacting the netal conponents in solution to forma precipifate

(her ei naf t er Receomphined Jnasiiish process, the Matal somponents gre|combiradand sgagted

conprises cominin ’ I he tal. in.the presence of a
0 2005/ 105058 ONFELI 5 AE b 0 o e RPRRARYE chRoBFioR S "one ot
(or 61 naf t o Homeg and CEFeg, Anprétle fRR pARALhock nok MubiToroeith Eheeteon

may be used. Suitable liquids include water, cai'boxylic acids, lower alcohols

such as ethanol and propanol and mixtures thereof. The use of water is preferred.

[0035] In the forming of the hydroprocessing catalysts suitable for use in the
present invention, the at least three metal components, namely at least one Group
VIII metal component, at least one Group VIB metal component and at least one
Group V metal component may be in the solute state or at least partly in the solid
state during the process of the invention. Thus, the reaction may involve three
solute components, two solute components and one at least partly solid
component, one solute component and two at least partly solid components, and
three at least partly solid components. The reaction may involve precipitation
and, depending on the state of the various components, also dissolution and re-

precipitation.

[0036] Generally, there are two possible ways of contacting the metal
components of the bulk metal catalysts used herein with one another. One way
involves combining and reacting the metal components in solution to form a
precipitate (hereinafter designated as the "solution route"), While another way

comprises combining and reacting the metal components in the presence of a



[0037] In the solution route, the netal conponents are conpletely dissolved
when they are conbi ned and/or reacted to forma precipitate. It is possible,
for exanple, to conbine the metal conponents when they are already in the
di ssol ved state and then have themreact to forma precipitate. However, it
is al so pagsio/Rsds® conbi ne one or nore of the netal GRlodssirat are
partly or entirely in the solid state wth further netal conponents while
ensuring that the netal conponents that are partly or entirely in the solid
state will dissolve when present in the reaction mxture. In other words, -
at | east once during the solution route process, all netal conponents nust
be present wholly as a solution. [0038]jglhe precipitation of the catalyst
particles can be effected by, for exanple, a) changing the pH during or
after conbination of the netal conponent solutions to such a val ue that

precipitation.is.induced: , b) addj a npl exi ng agent. durding or.after

conbi nationPB?tlctlllfémﬁé’fl atJS?%BH%Hf&’gJPﬁ%Q%%?O RASH aﬁeﬁ%l’&&b’m fornms a
conpl ex Wi t By ffassof s’t?ﬂ%é?#?Ein&ﬁé‘rd@%gﬁhﬁdtagtﬁ%‘éﬁﬂtml%??i pitation of the
netal s, and thereafter angli ng the reaction conditions, such as

tenperature or pH, such that the conpl exing agent releases the netals for
precipitation: ¢) adjusting the tepperature during or afte[ conmbi nati on of

the metal d¥dnedn thesalpfiomEouts taemstal compaaeninate souaieisht dissalved s
| nduced: - e MR BQ hAIPARYoeadll KER OSBRI BhofRERkRaL ! on of

t he net al I'ons such preci ation'rs _
2005/ 105959 eRbhhleSAPIORNBHE BePmeta Qomposhid WileHR9Nrs fh¥RR indhE i ng or af ter

conbi nati on of the metal conponent sol utions to"induce precipitation
t her eof , wi tlissalvedstate and then have them react to form a precipitate. However, it is also

possible to combine one or more of the metal components that are partly or

entirely in the solid state with further metal components while ensuring that the
metal components that are partly of entirely in the'solid state will dissolve when
present in the reaction mixture. In other words, at least once during the solution

route process, all metal components must be present wholly as a solution.

[0038] The precipitation of the catalyst particles can be effected by, for
example,
a) changing the pH during or after combination of the metal
component solutions to such a value that precipitation is iﬁduced;
b)  adding a complexing agent during or after combination of the
metal componerit solutions, which complexing agent forms a
complex with one or more of the metals to prevent precipitation of
the metals, and thereafter changing the reaction conditions, such as
teinperature or pH, such that the complexing agent releases the
metals for precipitation;
c) adjusting the temperature during or after combination of the metal
component solutions to such a value that precipitation is induced;
d) lowering the amount of solvent during or after combination of the

metal component solutions such that precipitation is induced;



solvent, neaning that the preciprtare 18 cssenrrarty—insol uble in this

sol vent; f) adding an excess of either of the conponents to such an extent
that precipitation is induced. [0039] The pH in, for exanple, options a)
orb) can be adjusted by adding a base or an acid to the reaction m xture.
However, it is also possible to add conpounds', which upon an increase in
t enper at ur YO 1058 onpose into hydroxide ions or H+ PERFS200HIEH2| ncr ease
and decrease the pH, respectively. Non-limting exanples of conpounds that
wi || deconpose with an increase in tenperature, and thereby increase or
decrease the pH of the solution, are urea, nitrites, ammoni um cyanate,
anmoni um hydr oxi de, and ammoni um carbonate. [0040] The solid route of

form ng catal yst suitable for use in th‘@o'present i nventi on conprises
conbining and reacting the nmetal conponents under conditions such that at

| east one of the nmetal conponents remains at |east partly in the solid
state. Mre in pajticadding d norcsolpentslesing ddafier ¢dmbinetiad ofthepueiaint s to one
anot her and si nul t aneously and/?r,there fter reacting them _ Consequently,
in the solid route at SPERORSHFOFHONS fo pegipliagion ﬁogt"’“lh@a%qn" partly in

Sol 1d state during t ndoNeRr e ERTRREE bR o AT dBi i b 1T

solid state" as usedghReft;n nmeans that at |east part of the metal conponent
is present as a solid nmetal conponent and, optionally, another part of the
metal conponent ify prddingtansxcessadleithenof the compoperds fasuchgni sktendthay pi cal
exanple of this is a _suspensiaon,of a,netal conponent in a protic |liquid,
where the nmetal is at Pl'f“eféﬁ‘?a 15 8$5959 PCT/ US2005/ 013512 -21- partly
present as a solid, and optionally partly dissolved in the protic |iquid.
Thus, it is possible to first prepare a suspension of a netal conponent in

t he [0039] The pH in, for example, options a) or b) can be adjusted by adding a
base or an acid to the reaction mixture. However, it is also possible to add
compounds, which upon an increase in temperature, will decompose into
hydroxide ions or H' ions, which increase and decrease the pH, respectively.
Non-limiting examples of compounds that will decompose with an increase in
temperature, and thereby increase or decrease the pH of the solution, are urea,

nitrites, ammonium cyanate, ammmonium hydroxide, and ammonium carbonate.

[0040] The solid route of forming catalyst suitable for use in the present
invention comprises combining and reacting the metal components under
conditions such that at least one of the metal components remains at least partly
in the solid state. More in particular, it comprises adding the metal components
to one another and simultaneously and/or thereafter reacting them.
Consequently, in the solid route at least one metal component is added at least
partly in the solid state and this metal component remains at least partly in the
solid state during the entire reaction. The term "at least partly in the solid state"
as used herein means that at least part of the metal component is present as a
solid metal component and, optionally, another part of the metal component is
present as a solution in the protic liquid. A typical example of this is a

suspension of a metal component in a protic liquid, where the metal is at least



protic liquid and to add, si mul't aneously or successively, solution(s) and/or

further-suspension{s)-—conprising netal conponent(s) di ssol VEU~arreren
suspended in the protic liquid. It is also possible to first conbine
solutions either simultaneously or successively and to subsequently add
further suspension(s) and optionally solution(s) either sinultaneously or
successively. [0041] As long as at |east one netal conponent is at | east
partly in t O3Skt ate during the solid route, the necbesesowatal
conponents that are at least partly in the solid state is not critical.
Thus, it is possible for all metal conponents to be conbined in the solid
route to be applied at least partly in the solid state. Alternatively, a
metal component that is at |least partly in solid state can be conbined with
a netal conponent that is in the solute-3l-ate. For exanple, one of the
nmetal conponents is added at |east partly in the solid state and, e.g., at
| east two and preferably two netal conponents are added in the solute

state. In anﬁ:{a%& ﬁgﬁﬁ | : I re added

at |east partly |R t e%‘g%ﬁ%&déx&%oﬁ} angng?aﬁt@;mt%eg a%@gg y one net al

conponent i s Hoded ig pbﬁi’lﬂae wofirst pre@hﬁa&suspensﬁ]mlﬂ winleeal non@dneﬂtah tle net al

conponent is added "in the cs1 | yte, state" neans that the whole am)unt of this
g

metal compond#®ti¢ bauddad tagdd smplianconslyrsrecessivelycsolibon(e) agdiouz] As wil |

comonent, ¢ UG0S SRR AR kBt aiOBeddlon, " Comonent

in various WaiSpendbd }iﬂﬂie%ﬁhé BRew@r Petlélﬁ@éi @éh‘i‘bl@'t‘@fﬂdt'&oﬁfﬂlﬁ% édlﬁ‘l:ﬂoﬂsrbﬂher
suspensi on, wetted or as  such, “simnul taneously or sequentially. It should be

noted that |shmuhaxmou$lgrmreﬂcmswe]g aadyid eybsequdnitiyedddntthensuspemsbori(k)
conmponents duri V\D 2005/ 10595 / US2005/ 013512 -22 conbi ning of the
ezéaoeﬁ@ﬁﬁ%n

met al conponéf fié)% Yﬁgﬂ aee P’é@lﬂcﬁﬁsthYproducts are not
stable in the presence of oxygen. This instability inplies that

;
l
l
;
;
;
;
I
;
|
’;
|
: [0041] As long as at least one metal component is at least partly in the solid
;

| state during the solid route, the number of metal components that are at least
partly in the solid state is not critical. Thus, it is possible for all metal
components to be combined in the solid route to be applied at least partly in the
solid state. Alternatively, a metal component that is at least partly in solid state
can be combined with a metal component that is in the solute state. For
example, one of the metal components is added at least partly in the solid state
and, e.g., at least two and preferably two metal components are added in the
solute state. In another embodiment, for example, two metal components are
added at least partly in the solid state and at least one and preferably one metal
component is added in the solute state. It should be noted that a metal
component is added "in the solute state" means that the whole amount of this

metal component is added as a solution in the protic liquid.

[0042] As will be clear from the above, it is possible to add the Group VIII
metal component, the Group V metal component, and the Group VIB metal
component in various ways, at various temperatures and pHs, in solution, in
suspension, wetted or as such, simultaneously or sequentially. It should be noted

that it is preferred not to employ sulfide-containing metal components during the



all process steps subsequent to the addition of this nmetal conponent, even

those at a |lower tenperature, wll have to be carried out under an inert
at nrosphere if resulfiding of the material is to be avoided. [0043] Suitable
wat er-sol uble G oup VIIl nmetal conponents to be used in the preparation of

t he cat al wybomHbdespl e for use herein include salts, syehiASRhLEAL €S,
hydrated nitrates, chlorides, hydrated chlorides, sulfat e/sn,% hyjdraf'?ed

sul fates, fornmates, acetates, or hypophosphite. Suitable water-soluble

ni ckel and cobalt conponents include nitrates, sulfates, acetates,
chlorides, formates or m xtures thereof as well as nickel hypophosphite.

Sui tabl e water-sol uble iron conponents_include iron acetate, chloride,
formate, nitrate, sulfate or m xtures thereof. Suitable water-soluble G oup
VI B metal conponents include Goup VIB netal salts such as ammoni um or

al kali et al Qno t ang St S a I ter-sol ubl e

| sopol y- conf)%nﬁ]@?%‘#%ﬁg?@ﬁg%ecﬁ’ oéglg‘g’t%ﬂég eecrg)?np\éﬁglatsgﬁa tﬁg{‘eﬁ?{?ﬁlésti c acid, or
wat er - sol ubbRdfigls AFPRR YaBIOTPGE PiiseRte MERELNTRIsGhstability fhSHesARAPT | Si ng
further, e.g., P, Si, Ni, or Co'or conbinations thereof. I'table

wat er - sol ubklépreesaitgps sabsequentiodhe hgditionpbHthisimetal eogiporent] evenNbbgebdenum
Chem cal s, Chem cal data seri,ﬁi@ BulJetin gdb- 14 Februar%@]f 9, ..and in

Mol ybdenum @felomes keampasaiurs, il haxe fo beparasd optynder AR egrbatmosphediit ed,

Novenber rlg%g?l@m%%grﬁ@éﬁﬂ-ﬁ%ﬁ@éﬁi&&f om um conpounds include chronmates,

| sopol ych moni um chrom um sul fate. Suitable water- sol uble
G oup V netal conponents to be used in the process of the invention include

wat er - sol ubl e salts and acids such as vanadi um sul fate, vanadi um
het er opol yaffi0d4d] nBSutiatle awsitet-solbdeOzoum WU meetslaompasents. to Wouaed By the 5959

cat al yats sOICPABHEn PR A B T UEh Bkl sl AN SR BRI Sul Labl o
Goup VI ﬁ%@ﬂed%@ﬂ’c@ﬂ RRictiddp! }:ﬁ)arated chlorides, sulfates, hydrated sulfates,

formates, acetates, or hypophosphite. Suitable water-soluble nickel and cobalt

(e

components include nitrates, sulfates, acetates, chlorides, formates or mixtures
thereof as well as nickel hypophosphite. Suitable water-soluble iron components
inctude iron acetate, chloride, formate, nitrate, sulfate or mixturés thereof,
Suitable water-soluble Group VIB metal components include Group VIB metal
salts such as ammonium or alkali metal monomolybdates and tungstates as well
as water-soluble isopoly-compounds of molybdenum and tungsten, such as
metatungstic acid, or water-soluble heteropoly compounds of molybdenum or
tungsten comprising further, e.g., P, Si, Ni, or Co or combinations thereof.
Suitable water-soluble isopoly- and heteropoly compounds are given in
Molybdenum Chemicals, Chemical data series, Bulletin Cdb-14, February 1969,
and in Molybdenum Chemicals, Chemical data series, Bulletin Cdb-12a-revised,

November 1969. Suitable water-soluble chromium compounds include
chromates, isopolychromates and ammonium chromium sulfate. Suitable water-
soluble Group V metal components to be used in the process of the invention
include water-soluble salts and acids such as vanadium sulfate, vanadium

heteropolyacids, niobic acid, NbOC13, and tantalic acid.



are at least partly in the solid state during the process of the invention
conprise Goup VIII netal conponents with a low solubility in water such as
citrates, oxalates, carbonates, hydroxy-carbonates, hydroxi des, phosphates,
phosphi des, alum nates, nolybdates, tungstates, oxides, or m xtures

t her eof . Itrates, carbonates, hydroxy-carbonates, hydroxides,
phosphategwkr%%f@@(ésg?%s, tungst ates, oxides, or mxtureé’cfrﬂjé?@ffgl,mére
preferred, with hydroxy-carbonates and carbonates being nost preferred.
Generally, the nolar ratio between the hydroxy groups and the carbonate
groups in the hydroxy-carbonate lies in the range of 0-4, preferably 0-2,
nore preferably 0-1 and nost preferably_0.1-0.8. 10045] If the protic
liquid is water, suitable Goup VIB netat conponents which-are at |east
partly in the solid state during contacting conprise Goup VIB netal
conmponents with a low solubility in water, such as di- and trioxides,

car bi des, ni {0044ds, Innthgrarepasaticsaek the hydioprocesgingratelystssuitalledor usepr ef er r ed

Goup VIB netal component i.ch are at.|east ly. in the solid. state
duri g cont B BEdTaR: Bad i well wenle3BRi N it RotPbushivhich:

Sui t abt e ”Dlax)éb(g &@]?aq id 1o ERhSE

nol ybdenum car ?%é?brm yﬁﬁ%ﬁ%&nﬁi@?p gl,l aeym' ﬁ%r@fg% %gg?%qéﬁﬁoﬂ)y di c acids
(e.g. H2MOGroumWililinhetal ¢omsqizatol il dddwe solability xi waes shtieaecitrates) t h

nmol ybdi ¢ acid _and nol ybdenum di - and tri gxi de bei nﬁgpr eferred. Suitable

tungsten cofpdateaearbonatess Bydroxy-saenates, hyidaoxidess phekphatesrpiasshidsar bi de,
ortho-tungsti .aci d * H20 sten nitride | um Ai tungstate

(al so met g- g %*waiﬁ@g\a%‘?%)%}ﬂ%?%ﬁgﬁ%ﬁ%}?@éﬁ#@ﬁ%ﬁ@ﬁe@*%ﬁ% x? ur es

t hereof, wth; h | ' URGH [ WeN 4 ei n
preferred. V%@E%B%fggg%gégz%%%g%ﬁﬁlz b?i%lﬁ?,[palg%% téis{’ héﬁh%ﬁ%}%fi cgl iquid
I's water, suiungstatesGoxidps,\br mexairestheyeofient preférrad) withr kydroxy-eabongtas t |y in

the solid state durin he process, of the invention conprise
anc? cargonat S {)emg I[1)1:1ost preferred. eneraﬁ , the molar rargl% between the

Q)

hydroxy groups and the carbonate groups in the hydroxy-carbonate lies in the
range of 0-4, preferably 0-2, more preferably 0-1 and most preferably 0.1-0.8.

[0045]  Ifthe protic liquid is water, suitable Group VIB metal components
which are at least partly in the solid state during contacting comprise Group VIB
metal components with a low solubility in water, such as di- and trioxides,
carbides, nitrides, aluminium salts, acids, or mixtures thereof. Preferred Group
VIB metal components which are at least partly in the solid state during
contacting are di- and trioxides, acids, and mixtures thereof. Suitable
molybdenum components include molybdenum di- and trioxide, molybdenum
carbide, molybdenum nitride, aluminium molybdate, molybdic acids (e.g.
H;Mo0Q,), ammonium phosphomolybdate, or mixtures thereof, with molybdic
acid and molybdenum di- and trioxide being preferred. Suitable tungsten
components include tungsten di- and trioxide, tungsten carbide, ortho-tungstic
acid (H,WO,*H,0), tungsten nitride, aluminium tungstate (also meta- or
polytungstate), ammonium phosphotungstate, or mixtures thereof, with ortho-
tungstic acid and tungsten di- and frioxide being preferred.



Group V netal conponents witH " a ™ orreseriemioiisiupppmmai-ar—such as oxi des,
silicides, phosphides, and borides. [0047] It should be noted that it is
well within the scope of the skilled person to select suitable soluble or

i nsol ubl e conpounds, as the case may require, in the preparation of the
bul k netal catal ysts used herein. [0048] In the context of the present

speci fi cat vomzeos/esosvat erial that will be at |east partpyrigghobdpfizelid state
during the entire process has a solubility of less than 0.05 nol/ 100 m
solvent (18C). Also, it should be noted that if so desired, a material
selected fromthe group of binder materials, conventional hydroprocessing
catal ysts, cracking conponents, or m xtures thereof can be added prior to,
during the conbining and reacting of thg nmetal conponents and/or subsequent
thereto. These materials will be designated as "carrier materials" bel ow

[ 0049] The carrier material can be added prior to the contacting of the
metal conp S for..exanpl.e onbi..nj It wrth.qne or nore.but not al
of the net i‘ﬂﬁ{c&i npi%@ﬁt@o%? ﬁ@% syg.feg ,“%h@%“@&%&@éﬁfﬂl’g?“&%wfﬂ@hg t he
moxture W bk deheastPirilyeh tROSHRI ABE Aurife FROIGEEsS of i BivedtidhbdmRgRUS! y or
successively. The carfier material can be "added during the contacting of
the netal cGirpgn¥nnestal bympémentewihpllew selubilitydn eaied spch asbkideng t he carri er
material and_the netal_ ., conpqnents or first conbining the nmetal conponents
ei t her sinuﬁﬂ@%@%ﬂ@¥§@hﬁb&§@géﬁ%%W%eIy and then adding the carrier materia
during the reaction of the conbinéd netal conponents. The carrier materi al
can al so be added subsequent WD 2005/ 105959 PCT/ US2095/013512 -25 to the
contacting qfo47pe MedtRulCBeRORE M ity Wéil%itﬁﬁ%ﬂ@b@rpe&ﬁqhé‘ﬂdﬂéd pekgetly to
the reaction m xture obtained after the reaction of -the netal conponents or
by addi ng ta sekéct evitably salsbletor insniubie compogmdss asthepssevhiay requitd, ithedi scussed
I n detail :

préparation of the bulk metal catalysts used herein.

[0048] In the context of the present specification, the material that will be at
least partly in the solid state during the entire process has a solubility of less than
0.05 mol/ 100 ml solvent (18°C). Also, it should be noted that if so desired, a
material selected from the group of binder materials, conventional
hydroprocessing catalysis, cracking compohents, or mixtures thereof can be
added prior to, during the combining and reacting of the metal components
and/or subsequent thereto. These materials will be designated as "carrier

materials" below.

[0049] The carrier material can be added prior to the contacting of the metal
components by, for example, combining it with one or more but not all of the
metal componehts or vice versa, and by subsequently combining the mixture
with the not yet added metal components either simultaneously or successively.
The carrier material can be added during the contacting of the metal components
by, for example, simultaneously combining the cartier material and the metal
components or first combining the metal components either simultaneously or
successively and then adding the carrier material during the reaction of the

combined metal components, The carrier material can also be added subsequent



bel ow. Preferably, the carri € et vye ent to the
contacting of the nmetal conponents. Optionally, the catal yst conposition
resulting after conbining and reacting the netal conponents can be
subjected to a solid-liquid separation before being conposited with the
carrier materials, for exanple; filtration. After solid-liquid separation,
a washi ng sWEpBMRY59%® carried out. Further, it is possiPoirascmssisennal |y
treat the catal yst conposition prior to its being conposited with the
carrier materials. The carrier materials can be added in any suitable form
e.g., inthe dry state, either thermally treated or not, in the wetted

and/ or suspended state, as a filter cake, and/or as a solution. [00501
Optionally, the process of preparing th25-bul k netal catalyst suitable for
use herein may conprise the further process steps of spray-drying, (flash)
drying, mlling, kneading, slurry-mxing, dry or wet m xing, shaping, and/or

cal ci ni ng. Bb¥ndtbasitASnBGHAe ekl MnipRReiBbY! 45 bxATROBIGIER difbciiffy 0T v state

wi th any of the above s in ry state. ng, for exanple,
conpri ses nitke agactibe mirturé dbtatredadice theavpotion ofghe hetad gbalppatnts opppsi tion and
optionally ?pgfl'Of' the above materials as powders or. wet filter cake to form

a honpbgeno afteranyeefrthe Suiher pgocesnpepswhichiwill kedipgnssed mdataiki on, !

pel |l eti zi ng, ' !/ Qr - dryj 0 Lo n | eferred
Pl et 210 p RSN B AR Rl bbbt € RSB B o or
shapi ng st ephe Ml ToAMDOABNTE! OPtibial R Heabi X comPbiitieh r@éi!l‘lt_i@é afedy the

conmbi ni ng and reacting of the nmetal conponents. If a carrier WO 2005/ 105959
PCT/ US2005/ GbaihiRing-e26 reactisgithé metal compenentsieah besutjected tcesaliceliquiddi ng t o
the invention, it, igagpre er abl added, pefore t he sh,agidng step,is carried
out. [0052] SpaigHen Pelogp being composied With the qarder Makstiptsq foraxamploduct

resul ting Tt RATRIRLNbIE boalicT 8 Whshfhl'stdiiha) b MRS, the & oup

VI B net al :
Further, it is possible to thermally treat the catalyst composition prior to its being

composited with the carrier materials. The carrier materials can be added in any
suitable form, e.g., in the dry state, either thermally treated or not, in the wetted

and/or suspended state, as a filter cake, and/or as a solution.

[0050] Optionally, the process of preparing the bulk metal catalyst suitable
for use herein may comprise the further process steps of spray-drying, (flash)
drying, milling, kneading,' slurry-mixing, dry or wet mixing, shaping, and/or
calcining. Dry mixing means mixing the catalyst composition in the dry state
with any of the above materials in the dry state. Wet xﬁixing, for example,
comprises mixing the wet filter cake comprising the catalyst composition and
optionally any of the above materials as powders or wet filter cake to form a
homogenous paste thereof, Shaping comprises, for example, extrusion,

pelletizing, beading and/or spray-drying,

[0051]  Itis generally preferred that the process selected to prepare the
catalysts used herein comprise a shaping step. The shaping step is preferably

carried out after the combining and reacting of the metal components. If a carrier



conponent, and the G oup V hwetar o

' to a
calcination step. This calcination step, if applied, will generally be
carried out at a tenperature of 100-600C, nore in particular 150-450C,
still more in particular 250-450C. The calcination tine generally varies

fromO0.5 to 48 hours. The calcination may be carried out in an inert gas
such as ni tW3aWH105832 i n an oxygen-cont ai ni ng gas, suchrasyusions/@BspUr e
oxygen, optionally in the presence of steam Preferably, the calcination is
carried out in an oxygen-containing atnosphere. [0053] As indicated above,
it is preferred that sulfur is incorporated into the catalyst conposition
after conbining the various netal conponents to forma product. There are
various ways to do this. It is, e.g., ptfssible to contact the catalyst with
one or nore of the sul fur conpounds descri bed above, e.g., by contacting
the product with a sulfur-containing liquid. Such liquid may be the Iliquid
form of a ShittalG@PHEERded ihlthdBRooalsoobidink By kivaftie, ifjspibleibly Compound.
For elenental sulfur it I's possible to incorporate the sulfur 1nto’ the
cat al yst vi added befoge the shapihg spiiooarrietd out al so possible to sul fide the
product in the gaseous phase by contacting it with a sul fur-containing gas
like H2S. Finally, it is also possible to sulfide the catalyst by

bydr ocar bon PR ¢ HBeRol o R MR A i o SRER BEPI B cesfiPr i rpoune
such as _di mepddilbiaig bfise (RVESVINBRARIGtmSores, tHeGroms Yud nusad, sul T i di ng,

i.e., contacting the catalyst wth a sulfur-containing WO 2005/ 105959
PCT/ US2005/ @mﬁmnent,mdﬂmré@updf, meéal chmponentieay baisubmitted téaand/ or ex situ.

Contacting the,product with _a gaseous,sul fur, c one uch .as H2S can be
done ex sigt Gag thnﬁq '%lsé@\lﬁl 190 R I‘réal:&rh@éuw {ngr{eﬁaqu é‘?JFWPS e8hitai ni ng
hyar ocar 0 ofiilelshuflof 180 PDYC, H8n plrRbldt 15650C! itPmbligineat al yst wi th

el emental su or w
particular 250-450°C. The calcination time generally varies from 0.5 to 48 hours.

The calcination may be carried outin an inert gas such as nitrogen, or in an
oxygen-containing gas, such as air or pure oxygen, optionally in the presence of
steam. Preferably, the calcination is carried out in an oxygen-containing

atmosphere.

[0053]  As indicated above, it is preferred that sulfur is incorporated into the
catalyst composition after combining the various metal components to form a
product. There are various ways to do this. It is, e.g., possible to contact the
catalyst with one or more of the sulfur compounds described above, e.g., by
contacting the product with a sulfur-containing liquid. Such liquid may be the
liquid form of a sulfur component. It may also be a solution of a sulfur
compound. For elemental sulfur it is possible to incorporate the sulfur into the
catalyst via melting or sublimation. It is also possible to sulfide the product in
the gaseous phase by contacting it with a sulfur-containing gas like H,S. Finally,
it is also possible to sulfide the catalyst by contacting it with a sulfur-containing
hydrocarbon feed, e.g., a hydrocarbon feed that has been spiked with a sulfur-
containing compound such as dimethyldisulfide (DMDS). Depending on the
method used, sulfiding, i.e., contacting the catalyst with a sulfur-containing



di ssol ved sul fur conpound as descri bed above will generally be done ex situ.
In this case it nmay be desired however, to subject the sul fur-containing
material to an activation step with hydrogen as descri bed above. The
activation wth hydrogen can be done ex situ or in situ. It should be noted
that in thewé’o?ﬂ?séwgs’s?)f the present specification the i rRiTgs2basnH1isR Situ
refers to a process carried out in the unit in which the catalyst will be
eventual |y used in the hydroprocessi ng of hydrocarbon feeds. Conversely, ex
siturefers to a process carried out not inside such unit. [0054] Two
preferred enbodi nents to prepare bulk netal catalysts suitable for use in
the present process will be elucidated €& ow. [0055] A first enbodinent is a
process conprising the successive steps of conbining the netal conponents
in a protic liquid, optionally mxing the resulting product with a carrier

material, she@hpsurd)eart BE tarried Gue HIRASNd/ @ ex sfuIContabiingd tHedrodlict with or
ext rusi on, optlonalfy calcining the resulting conposition, and conbining

t he resul ti nggpieous sulfii componsnl fugh as 8h shmbe dosoapaindr inkitwore  preferred
[ f thi nbodi ' th t, f nbi ni ti

v on o LS rboRL Sk, SONHL S e SRS LA Ao

optionally Mididig SAISChERMLS 2 ARl Viih AOHBRA! LIAR otivfith £1iGRHIdrCT

material, shaping thé resulting conpositi.on, e.g., by spray-drying or

extrusion, cdksilvédgulfurkentpoand bé describedalsoiiei will gemerhlBAbd datieng simelr esul ting
material . WO 2005/ 105959 PCT/ US2005/013512 -28 [ 00561 The contacting of the
hydr ocar bonaésoease itanag be dagived hawaves tapekject the stfyrrontaipipgapaterialdei ng

catal ysts produces,.a react.i.o oduct ,conpri si.n east a .mapor product
and a1 qut ppaaLpn SERSUS RuftoBh i AEoRB Bbe, Fhe poifAlbntitl o,
reaction progkehserseHbGorddeR-sitlit ih kit %t SHoRES nbied thatRh &R dontdperdesi red
product from'he hydroprocessing process chosen by the

the present specification the indication in situ refers to a process carried out in

the unit in which the catalyst will be eventually used in the hydroprocessing of

hydrocarbon feeds. Conversely, ex sifu refers to a process carried out not inside

such unit.

[0054] Two preferred embodiments to prepare bulk metal catalysts suitable

for use in the present process will be elucidated below.

[0055] A first embodiment is a process comprising the successive steps of
combining the metal components in a protic liquid, optionally mixing the
resulting product with a carrier material, shaping the resulting composition, e.g.,
by spray-drying or extrusion, optionally calcining the resulting composition, and
combining the resulting product with a sulfur-containing compound. A more
preferred version of this embodiment comprises the steps of combining and
reacting the metal components in a protic liquid, isolating the reaction product,
optionally mixing the resulting catalyst composition with a carrier material,
shaping the resulting composition, €.g., by spray-drying or extrusion, calcining

the resulting composition, and sulfiding the resulting material.



practitioner. For exanple, in one enbodi nent of the instant invention, the
ef fecti ve hydroprocessing conditions are effective hydrotreating conditions.
The effective hydrotreating conditions are selected to be effective at
removing at _ least a portion of the nitrogen and organically bound sul fur
cont ani nant ¥4 ogenating at | east a portion of saPdivasmwestass i n the
hydr ocar bonaceous feedstream Thus at |east a |liquid product having a | ower
concentration of aromatics and nitrogen and organically bound sul fur
contam nants than the hydrocarbonaceous feedstreamis produced. [00571 In
one enbodi nent of the present invention, the vapor product and the liquid
product are separated, and the |iquid pfdeduct recovered. The method of
separating the vapor product fromthe liquid product is not critical to the
i nstant invention and can be acconplished by any means known to be

ef fective at [0085par AhenvnerREng s it drodbdhat @ ifeaittieh@dxRh the fHRFeexanpl e,
a stripping tower or reaction zone can be used to separate the vapor

product f r onrdescaibed Aydwpronesting catalyststimeduces e sedotiontpyodust compsising gt

diti hydr ot i di{ | | i qui d dugct d wll
have & sul f olaet pam pEcdush and SRS prlSes, 28 seb St pronbertiEtibb naceous.
feedstream @&ﬂPﬂ’sés' ga@écﬁfs%&’é?iogt ﬂ%@&&t@slﬁ:ﬁ'afslﬁzfs. 'mqgﬂ]dégp{)&adﬁe h to meet

regul atory requfrenents I nposed at the tinme o pro 2005/ 105959

PCT/ U52005/ 0tyghdedly the BediftdgRadididromb thechydiesmrotessingrprosesdicheszndsy the sever al
enbodi ments of the present invention, Those skilled in the art wll
recogni ze t hBracHfiprer. Bomrammiain one gmbogdicis of the ipsient syenien,detul d be

dexi sed. T or | SRR RMob5ngoblhisl sk HGR Shonk AR | 1 1O
it in any faghb@ive hydrotreating conditions are selected to be effective at removing at
least a portion of the nitrogen and organically bound sulfur contaminants and
hydrogenating at least a portion of said aromatics in the hydrocarbonaceoils
feedstream. Thus at least a liquid product baving a lower concentration of
aromatics and nitrogen and organically bound sulfur contaminants than the

hydrocarbonaceous feedstream is produced.

[0057] In one embodiment of the preseﬁt invention, the vapor product and the
liquid product are separated, and the liquid product recovered. The method of
separating the vapor product from the liquid product is not critical to the instant
invention and can be accomplished by any means known to be effective at
separating gaseous and liquid reaction products. For example, a stripping tower
or reaction zone can be used to separate the vapor product from the liquid
product. If the effective hydroprocessing conditions are hydrotreating
conditions, the liquid product recovered will have a sulfur concentration lower
than that of the hydrocarbonaceous feedstream, and will preferably have a sulfar
level low enough to meet regulatory requirements imposed at the time of

production.



EXAMPLES EXAMPLE | Preparation of a catal yst containing nol ybdenum

vanadi um and nickel [0060] A catal yst conposition was prepared as foll ows.
78 granms of nickel hydroxy-carbonate, 31 grans of MoQ3 and 21 grans of
vanadi um pent oxi de were conbi ned in an aqueous nedium The slurry was aged
overni ght vab 28@fesessnder stirring. The resulting suspengi-PRcWfSehist ered and
the wet filter cake mxed. During the mxing, the tenpérature was increased
somewhat to reduce the water content of the mixture to obtain an extrudable
m x. The m xture was then extruded, and the extrudates were dried at 120C
and cal cined at 300C. The resulting material contained 27.3 wt. % of

mol ybdenum cal cul ated as trioxide, 20,4 w.% of vanadium calculated as
vanadi um pent oxi de, and 52.2 w. % of nickel, calculated as oxide. The

Mo: V:Ni molar ratio in the end product was 0.27:0.33:1. WO 2005/ 105959

PCT/ US2005 12 - 30- VPLE, 2 Preparation of a_ catal yst .containing

t ungst en, \]ﬁﬁg& uﬂh%%vﬁﬁﬁwp%%@&ﬁgi%ﬁ%eﬂﬁ §I¥tﬁpgﬁ39\/\/as pr epar ed
from65 gr Wl -GAr i nt oxi de,
and 45 gr aﬁ%@soe?l { Eﬂt}"r?géﬁ'c'rﬂ%%irs%ﬂ?erﬁ gtﬁgﬁlﬁgﬁﬂgna o%%@a%h%{ﬁ%@%éiggg{?@bed in
Exanmpl e 1 ahaivige edily efsthive couldbrtdavisell feosirsiimeoutiie ehirfiodthi§ ungst en,

calculated as trioxide, 18.4 wt.%of vanadium calculated as vanadi um
pent oxi de, BVRItBD, 9 wt . % of nickel, calculated as oxide. The WV:N nol ar
ratio in the end product is 0.18:0.30:1. EXAMPLE 3 Preparation of a

catal yst contai ni ng nol ybdenum ni obium and nickel [0062] A catalyst

conposi ti ONgyssy PrERRIdHdWIhS BkaAnpIes FAR ilfistrate’thié bresent invention, but are

not meant to limit it in any fashion.
EXAMPLES

EXAMPLE 1

Preparation of a catalyst containing molybdenum, vanadium, and nickel

[0060] A catalyst composition was prepared as follows. 78 grams of nickel
hydroxy-carbonate, 31 grams of MoO; and 21 grams of vanadium pentoxide
were combined in an aqueous medium. The slurry was aged overnight at 90°C
under stirring. The resulting suspension was filtered and the wet filter cake
mixed. During the mixing, the témperature was increased somewhat to reduce
the water content of the mixture to obtain an extrudable mix. The mixture was
then extruded, and the extrudates were dried at 120°C and calcined at 300°C. The
resulting material contained 27.3 wt.% of molybdenum, calculaied as trioxide,
204 w1% of vanadium, calculated as vanadium pentoxide, and 52.2 wt.% of
nickel, calculated as oxide. The Mo:V:Ni molar ratio in the end product was
0.27:0.33:1.



hydr oxy- carbonate, 32 granms of Nb205 3} 120, and 29 grans of nol ybdenum
trioxide in a manner anal ogous to that described in Exanple 1 above. The
resulting material contained 29.8 w. % of nol ybdenum cal cul ated as
trioxide, 26.0 wt.% of niobium calculated as ni obi um pent oxi de, and 45

wt . % of ni c{;&l g@sgul ated as oxide. The Mo:Nb:Ni nolar ratio in the end
product was FOBA533: 1. EXAVPLE 4 Preparation of a catEIHERSHMSE ni ng
tungsten, niobium and nickel [0063] A catalyst conposition was prepared
from61l granms of nickel hydroxy-carbonate, 27 grans of Nb206 3H2O, and 42
grans of tungstic acid in a manner anal ogous to that described in Exanple 1
above. The resulting material WD 2005/ 1395959 PCT/ US2005/ 013512 -31

contai ned 39.5 w. % of tungsten, calcul@ted as trioxide, 22.6 w. % of

ni obium cal cul ated as ni obi um pentoxi de, and 38.7 wt. % of nickel,
calculated as oxide. The WNb:N nolar ratio in the end product was
0.32:0.33: 1.EXAMPIE2 Testing [0064] The above catal ysts were tested in
an upflow tub " : a(ih eactor t ' . of catal yst
mxed with aAeparation oha catalystcoptaining unoyien, yanadium, Anduickel oen | ayers
of SiC particles. [0065] Before being tested the catal ysts were presul fided
via liquid phase presulfiding using the feed descri bed bel ow whi ch had been
spi ked wi th [0d61jet h&dcacﬁlﬁsachhqbesitmnavds?qiarailﬁbmr@gmmwniékeB. 7 W.% The
presul fided catalysts were then tested in the hydrotreating of a_ diesel

f eedst ock hawidagrst-pasbewateold ggmspi gppedivepentoxide. angl 43 grams of tungstic

acid in a manner analogous to that described in Example 1 above. The resulting

- T

material contained 29 wt.% of tungsten, calculated as trioxide, 18.4 wt.% of
vanadium, calculated as vanadium pentoxide, and 50.9 wt.% of nickel,
calculated as oxide. The W:V:Ni molar ratio in the end product is 0.18:0.30:1.

EXAMPLE 3
Preparation of a catalyst containing molybdenum, niobium, and nickel

[0062] A catalyst composition was prepared from 72 grams of nickel
hydroxy-carbonate, 32 grams of Nb,O53H,0, and 29 grams of molybdenum
trioxide in a manner analogous to that described in Example 1 above. The
resulting material contained 29.8 wt.% of molybdenum, calculated as trioxide,
26.0 wi.% of niobium, calculated as niobium pentoxide, and 45 wt.% of nickel,
calculated as oxide. The Mo:Nb:Ni molar ratio in the end product was

0.34:0.33:1,

EXAMPLE 4
Preparation of a catalyst containing tungsten, niobium, and nickel

[0063] A catalyst composition was prepared from 61 grams of nickel
hydroxy-carbonate, 27 grams of Nb,O5'3H,0, and 42 grams of tungstic acid in a
manner analogous to that described in Example 1 above. The resulting material



N (ppmm) 84 total aromatics (W . % .8 polynucrear arormes Ay (W . %
11.7 nono-aromatics (w.% 16.5 di-aromatics (w.% 10.8 tri+-aromatics
(Wt.%9 0.8 Sinulated distillation ASTMD 86 Initial boiling point 184C 5
vol . % 218C | ovol.% 231C 30 vol. % 265C 50 vol.% 287C 70 vol.% 310C 90
vol . % 345%;'0%35{%? l'ing point 374C WD 2005/ 105959 PCT/ US2005/ 013512 - 32

[ 0066] The were tested under two conditions: BSIER205883512 Condi ti on
2 tenperature (C) 330 340 pressure (bar) 40 20 H2 to oil ratio (NI/1) 300
300 LHSV (I h) 1.17 0.88 [0067] The test results are given in the
followng table: TABLE N MoV Ni W N MoNb Ni VNb Exanple 1 Exanple 2 Exanpl e
3 Exanple 4 31

i
contained 39.5 wi.% of tungsten, calculated as trioxide, 22.6 wt.% of niobium,
calculated as niobium pentoxide, and 38.7 wt.% of nickel, calculated as oxide.
The W:Nb:Ni molar ratio in the end product was 0.32:0.33:1.

EXAMPLE 5

Testing
[0064] The above catalysts were tested in an upflow tubular reactor. Each

reactor tube contained 10 mi of catalyst mixed with an equél amount of SiC

particles and sandwiched between layers of SiC particles.

[0065] Before being tested the catalysts were presulfided via liquid phase
presulfiding using the feed described below which had been spiked with

dimethyl disulfide to a total sulfur content of 3.7 wt.%. The presulfided catalysts
were then tested in the hydrotreating of a diesel feedstock having the following

properties: _
S (wt.%) 1.2
N (ppmwt) 84
total aromatics (wt.%) 27.8
polynuclear aromatic (PNA) (wt.%) 11.7
mono-aromatics (wt.%) . 16.5

) di-aromatics (wt.%) 10.8
tri+-aromatics (wt.%) 0.8
Simulated distillation ASTM-D 86
Initial boiling point 184°C
5 vol% 218°C
10 volL.% 231°C
30 vol.% 265°C
50 vol.% 287°C
70 vol.% 310°C
90 vol.% 345°C

Final boiling point 374°C



Condition 1 product S 27 31 19 26 product N (ppm oI 7T 3 1ot
aromatics (I"," /o) 18.7 16.9 14.8 polynuclear aromatic (wt.% 0.9 1.0
0.7 nono-aromatics w.Vol1l9.1 17.7 16.5 14.1 di-aromatics (wm.% 0.9 1.
0.4 0.6 tri+-aromatics wt.%0 0 0 0.1 Condition 2 product S (ppn) 563 424
72 72 pro 0%055{%9'7) 17.1 16.5 2.0 4.7 total aromatics wt.% 26.6 26.4
25.4 24.9 "polynuclear aromatic (W.% 4.2 4.3 2.1 4.0 PG50 # i cs wt. %
22.4 22.1 23.3 20.9 di-aromatics (WM./ 0) 4.1 2.0 3.6 tri+-aromatics w.%
0.2 0.2 0.1 0.4 WD 2005/ 105959 PCT/ US2005/ 013512 -33 [0068] The above
results show that the catalysts used in the present invention provide for a
process that is highly active in sulfur__and nitrogen renoval. Additionally,
t he decrease in polynuclear aromatics atd di aromatics is particularly
striking. -34- Clains 1. A process for producing liquid products froma

hydr ocar bonaceous feedstream conprising: a) contacting a hydrocarbonaceous
boi li ng range feedstream containing aromatics, nitrogen and organically
bound sul fur contaminants in a reaction stage with a bul k netal

hydr oprocessi ng catal yst in the presence of ’

[0066] The catalysts were tested under two conditions:

otal
0.4
0

Condition 1 Condition 2
temperature (°C) 330 340
pressure (bar) 40 20
H2 to oil ratio (NI/1) 300 300
LHSV (1/h) 1.17 0.88

[0067] The test results are given in the following table:

TABLE
NiMoV NiwV NiMoNb | NiVNb

Example 1 | Example 2 | Example 3 | Example 4

Condition 1 '
product S (ppm) 27 31 19 26
 product N (ppm) 1.7 1.2 1.7 1.8
total aromatics (wt.%) 20.0 18.7 16,9 14.8
polynuclear aromatic (wt.%) 0.9 1.0 0.4 0.7
mono-aromatics (wt.%) 19.1 17.7 16.5 14.1
di-aromatics (wt.%) 0.9 1.0 0.4 0.6
tri+-aromatics (wt.%) 0 0 0 0.1

| Condition 2

product S (ppm) 563 424 72 72
product N (ppm) 17.1 16.5 2.0 4.7
total aromatics (wt.%) 26.6 26.4 25.4 24.9
polynuclear aromatic (wt.%) 4.2 4.3 2.1 4.0
mono-aromatics (wt.%) 224 22.1 23.3 20.9
di-aromatics (wt.%) 4.0 4.1 2.0 3.6
tri+-aromatics (wi.%) 0.2 0.2 0.1 0.4




hydr ogen- cont ai ni ng treat gas therepy proo g a reactrom product
conprising at |east a vapor product and a |iquid product, wherein said

hydr ocar bonaceous feedstreamis contacted with said bul k netal catalyst
under effective hydroprocessing conditions and said bul k netal

hydr opr ocessi ng catal yst conprises: 1) a Goup VIB netal conponent selected
from nol yoHRAWMIOPThgst en, and nixtures thereof; ii) aPCHESPILREERal
conponent sel ected from vanadi um niobium tantalum and m xtures thereof;
iii) a Goup VIII netal component selected fromnickel, cobalt, iron, and

m xtures thereof, wherein the netal conponents (cal cul ated as oxides)
conprise at least 50 wt.% of the catalyst, wherein the nolar ratio between
the metal conponents expressed by the-f&rnula (Goup VIB + Goup V): (G oup
VII1) ranges fromO0.35:1 to 2:1; and iv) sulfur, present in whole or in part
in the formof sulfides of the netal conponents and/or sulfur conpounds not
bound to the netal conponents. 2. The process according to claim1 wherein

sai d hydrocar bonaceous feedstream has an atnospheric boiling, point range
from 40C t d0868j0' CThepkpvsreswisshow thatthe eatplystsdisadén ﬁl@rﬂiﬁ@gﬁl"@n@mr nor e
reactors or_reactlon zones, each.conptisin ne or. nore catalyst beds

sel ected erfﬂYﬁﬁ O’Q?B{?ﬁe@othgﬁléﬁgpgy g&“fel lﬂisg}fﬁ%@(g%@?,ge’éﬁ?ﬂl?‘éﬁli ng beds,
slurry bedsa gk } Sl id one or nore
cat al yst be%@%gﬁ@g?ﬁf?%e%%g yé{)l@gﬁ%@ g‘gﬂrg%?%r t gﬂﬁgﬁﬁsgﬁ zone in which
t he cat al ysfarfiedarlgsiibiigi.ed. 3. The process according to any preceding claim
wherein said reaction stage conprises one or nore fixed catal yst beds, and
wherein said process further conprises cooling between the one or nore
catal yst beds, the reactors, and/or the reaction zones in said reaction
stage. 4. The process according to any preceding claimwherein said

hydr oprocessing is selected fromat | east one of hydro- conversion,

hydr ocracki ng, hydrotreating, hydrogenation, hydroisonerization, catalytic
dewaxi ng, denetallation, ring-opening, and m xtures thereof. 5. The process
according to any preceding claimwherein said bul k netal hydroprocessing
catalyst has a ratio of the total nolar anmount of G oup VIB and G oup V
netals and the nolar ‘anount of Goup VIII netal, expressed by the fornula
(Goup VIB + Goup V):(Goup VIIl), ranging fromat least 0.6:1 to at nost
1.5:1. 6. The process according to any preceding clai mwherein the sum of
the wei ght percents of the Goup VIB, Goup V and Goup VIII netals,

cal cul ated as oxides, ranges from70 wt.%to 90 w.% of the catal yst, based
on the wei ght



of the catalyst. 7. The process according to any precedi ng clai mwherein the
anount of vanadi um and/ or ni obiumranges fromat |east 50 nole%up to
substantially all of the catalyst's Goup V netal. B. The process accordi ng
to any preceding claimwherein the amount of cobalt, and nickel ranges from
at least 50 nole%up to substantially all of the catalyst's Goup VIII
metal. 9. The process according to any4precedi ng clai mwherein substantially
all of the Goup VIII netal is nickel. 10. The process according to any
precedi ng clai mwherein said bul k netal hydroprocessing catalyst is forned
by a proce%%'“?/\,hl ch conprises combining sequentially orsinultaneously: said
Group V1B et 2l QPRGN i RbERLE b Pl RISRCELU Lhgag. en. and m xtures
t hereof; sard G oup nmetal conponent Sl ected from vanadi um ni obi um
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4. The process according to any preceding claim wherein said hydroprocessing is selected from atleast one of hydro-
conversion, hydrocracking, hydrofreating, hydrogenation, hydroisomerization, catalylic dewaxing, demetallation,
ring-opening, and mixtures thereof.

5. The process according {o any preceding claim wherein said bulk metal hydroprocessing catalyst has a ratio of the
total molar amount of Group VIB and Group V metals and the molar amount of Group VIl metal, expressed by the
formula (Group VIB + Group V):(Group VIII), ranging from at least 0.6:1 10 at most 1.5:1.

6. The process according to any preceding claim wherein the sum of the weight percents of the Group VIB, Group V
and Group VIl metals, calcuiated as oxides, ranges from 70 wt.% to 90 wl.% of the catalyst, based on the weighl
of the catalyst.

7. The process according o any preceding claim wherein the amount of vanadium and/or nicbium ranges from at least
50 mole% up to substantially all of the catalyst's Group V metal.

8. The process according to any preceding claim wherein the amount of cobalf, and nickel ranges from at teast 50
mole% up to substantially all of the catalyst's Group VIl meial. .

9. The process according to any preceding claim wherein substantially all of the Greup VIl metal is nickel.

10. The process according to any preceding claim wherein said bulk metal hydroprocessing catalyst is formed by a
process which comprises combining sequentially or simultaneously: said Group VIB metal componeni selecied from
molybdenum, tungsten, and mixtures thereof; said Group V metal component seiected from vanadium, niobium,
{antalum, and mixtures thereof; said Group VIl metal component selected from nickel, cobalt, iron, or mixures
thereof; and a sulfur compound.



15. The process according to any preceding claimwherein the nitrogen
content of said hydrocarbonaceous feedstream is 50 to 1000 wppm nitrogen,
the sul fur content of the hydrocarbonaceous feedstreamranges from 50 wppm
to 7000 wopm and the aromatics content ranges fromO0.05 wt. %to 2.5 wt.%
call based on the weight of hydrocar- bonaceous feedstream 16. The process
according to any preceding clai mwherein said hydrocarbonaceous feedstream
is selected fromvacuum gas oils; di-3%illates including naphtha, diesel,
kerosene, and jet fuel; heavy gas oils, raffinates, and tube oils.

11. The process according fo any preceding claim wherein said catalyst forming process involves combining, in a first
step, sald Group VIB metal component, said Group V metal component and said Group VIil metal component to
form an oxygen-stable product and, in a second step, combining the resulting oxygen-stable product with a sulfur

* compound under conditions wherein at least part of the metal components of the bulk metal hydroprocessing catalyst
are converted into their respective sulfides.

12. The process according to claim 1 wherein said process further comprises:

b) separating said vapor praduct from said liquid product; and
c) recovering said liquid product, wherein said liquid product has a sulfur, nitrogen, and aromatics concentration
lower than said hydrocarbonaceous feedstream.

13. The process according io any preceding claim wherein said sffective hydroprecessing conditions are selecled so
ihat at least a portion of said nitrogen and organically bound sulfur contaminanis are removed from said hydrocar-
bonaceous feedstream and at least a portion of said aromatics are hydrogenated.

14. The process according to any preceding claim wherein said sffective hydrotreating conditions comprise temperatures
ranging from 150°C fo 425°C, weight hourly space velocities range from 0.1 fo 20hr, and pressures ranging from
4 to 70 atmospheres (4.05 to 70.93 bar).

15, The process according 1o any preceding claim wherein the nitrogen content of said hydrocarbonaceous feedstream
is 50 to 1000 wppm nitrogen, the sulfur content of the hydrocarbonaceous feedstream ranges from 50 wppm to
7000 wppm, and the aromatics content ranges from 0.05 wt. % fo 2.5 wt.%, all based on the weight of hydrocar-
honaceous feedstream.

16. The process according to any preceding claim wherein said hydrocarbonaceous feedstream is selected from vacuum
gas oils; distillates including naphtha, diesel, kerosene, and jet fuel; heavy gas oils, raffinates, and lube oils.



