PROCESS TO MANUFACTURE LOW SULFUR DI STI LLATES FI ELD OF
THE | NVENTI ON [ 0001] The instant invention relates to

wea 2pisa08s8 for upgradi ng hydrocarbon feedst r eaR6T/US2005/013511
boiling wthin the distillate range. Mre
particularly, the instant invention relates to a
process to produce |low sulfur distillate products
t hrough the hydrotreating of distillate boiling range
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[0002] Environmental and regulatory initiatives are
requiring ever |ower |levels of both sulfur and
BBt OFsTHE fuel s. For exanple, proposed
sulfur limts for distillate fuels to be marketed in
t he European Union for the year 2005 is 50 wppm or

T : I

IBRT) , o 15T Bypaus RSRER 2 pibeds Kpatalik hydrocarbon

%_@&&fca‘n%vl%iﬁngfwi'ﬂl’ﬁhtthe digtidlagy @ﬂgé.i dofeqpanticilarly, the instant
istillate fuéels and heavier hy

rocar bon_products.
i}[ﬁueﬂﬂimt relatee toraxprocess & poodaisk dowsudfiur é:abﬂﬁt@ produetsdhrough
or CARB reference di d | '
thedy o0 EoRIng Gl iSatp GOPARS TP JCCISRRS AR Lo pFoEaRgs Of 2 bulk

re ence fuels allgws no nore than 1.4 vol.%
1&8{@@5@@3@%@@@: Consequently, nuch work is
presently being done in the hydrotreating art because

of these proposed regul ations. [0003] However, as the

BATKGROUND OF THE, INVENTIONgen crudes decreases,
refirnerres are processing crudes with greater sul fur
and nitrogen contents at the sane tinme that

levels of both sulfur 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 5 vol.%, 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 Eged for

hydrotreating catalysts with improved activity and increasingly efficient diesel



het eroatons in products. Consequently, there is a
conti nuous need for hydrotreating catalysts with
wonprsaveds act i vity and increasingly efficient PCT/US2005/013511
di esel desul furi zati on and denitrogenati on processes.
For exanple, at a given final sulfur content, a nore
active catalyst will nmake it possible to operate under
m | der process conditions (energy saving) or to
increase the life-span of a catal yst between
regenerations (cycle Iength) [0004] In one approach,
a famly of conpounds, related to hydrotalcites, e.g.,
annnniun1n|ckel nol ybdat es, has been prepared as
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Ying, J. Y., Crystal Structure of an Anmoni um Ni ckel
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&W@bxm@@@é@mseeam eRpitnipts) dlevin, aDGSoleml Bl LI, amelt ¥iing, 1. Y.,
onponent. This publ i cation describes massive

Cayaalmmtumpﬁarsmgmnmm Nickel Melbbdeatemrepareddn, ¢ bemical
Booebitaior Torganic Chibmisiry, 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 (ID), #11, 563-6 (1987) and Mazzocchia, Solid State lonics, 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

——



0.1%to 100% of at |east one m xed sulfide, the
catal yst possibly further containing 0 to 99. 99%
wonrefsaosas8y 0 to 99.95% nore preferably 0 to 90TA%006013511
at | east one group VIII metal. The preferred supported
catalyst of this referencegenerally conprises, in % by
wei ght with respect to the total catalyst mass, 1%to
99.9% preferably 5% to 99.5% nore preferably 10%to
99% of at |east one matrix material, 0.1%to 99%
preferably 0.5%to 95% nore preferably 1%to 90% of
at |l east one mxed sulfide of” at | east one group VB
netal and at | east one group VIB netal, the catal yst
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netal such as cobalt, nickel,

[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 ofa
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 most widely used
for hydrodenitrogenation, partial aromatic saturation, as well as

hydrodesulfurization.



iron, or a conbination thereof. Cobalt pronoted

nmol ybdenum on al um na catal ysts are nost w dely used
woheos/ ks8] i miting specifications are PCT/US2005/013511

hydr odesul furizati on, while nickel pronoted nol ybdenum

on alum na catalysts are the nost wi dely used for

hydr odeni trogenati on, partial aromatic saturation, as

wel | as hydrodesul furization.[0007] However, there

still exists a need in the art for a process to reduce

the sul fur and nitrogen content in distillate boiling

range hydrocarbon streans. Sl RY OF THE | NVENTI ON

[ 0008] The instant invention is directed at a process

for producing low sulfur distillate products froma

distillate boiling range feedstream The process
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stage with % bul k metal hydrotreating catalyst in the
presence of hydrogen-containing treat gas thereby
orodu0|no a_reaction oroduc conprising at |east a

yH VBV Aol §; THE INV di stillate boiling range
product mhereln said distillate boiling range
feedstrean1|s contacted with said bul k netal catal yst
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rot reating catal yst conprises: i) Group VIB
ABtiBAte Cifi’ﬁ@t‘id’t@ fitons @ldgstilbde bodimgnahyd ﬁﬂmdﬂtreamu Aigjeet Enocess
and m xtures thereof; i1) a Goup V netal conponent
&thldﬂiﬁsd from vanadi um ni obium tantalum and

r h
mxt ua)es tcgnrtggtmg a H1st111ate boiling range feedstream containing

aromatics, nitrogen and organically bound sulfur contaminants in a

reaction stage with a bulk metal hydrotreating catalyst in the

presence of hydrogen-containing treat gas thereby producing a

reaction product comprising at least a vapor product and a liquid

~ distillate boiling range product, wherein said distillate boiling

range feedstream is contacted with said bulk metal catalyst under

effective hydrotreating conditions and said bulk metal

hydrotreating catalyst comprises:

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

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

iii)  a Group VIII 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



iii) a Goup VIII netal conponent selected from
ni ckel , cobalt, iron, and m xtures thereof, wherein
woheosnesea8 conmponents (cal cul ated as oxi des) ceapiSs®s/013511
at least 50 wt.% of the catal yst, wherein the nolar
rati o between the netal conponents satisfies the
formula (Goup VIB + Goup V): (Gour VIIl) = 0.35-2:1.
[0009] In one enbodi nent of the instant invention, the
process further conprises: b) separating said vapor
product fromsaid distillate foiling range product;
and c) recovering said distillate boiling range
product. [0010] In one enbodi nent of the instant
invention, said effective hydrqgtreati ndi{A9ns,
condi ti ons effé%??ﬂ%??%s§¥M%W§ “@ggﬁﬁ%ﬁhgpgﬁaﬁﬁ%
said nitrogen a@?(ﬁf 'fﬂ1L¥)§9E.q sul fur
cont am nant s and'&y rogenating at l'east a portion of
said aromatics, thus producing at least a distillate
boi | i ng range product having a | ower concentration of
[8009%t i &5 one dnthiotdimeetnofEhd instapiringention, Baeptposss further
contam nants than the distillate boiling range
fasapr¥aSeam DETAI LED DESCRI PTI ON OF THE | NSTANT
I NVENTI ON [0011] 1t.sh - e el
but ) anceoarhgsoid B SaLER saltPlishle Rillhe range
t he hydrog&%aggpgngatalysts di scl osed herein are
synonynous” and are sonetines used interchangeably.
[ 00123) Therepoeatmy sdid\distillabeboiling raage protustt i ng a
distillate boiling range feedstream containi ng
organi cal ly bound sul fur contam nants in a reaction
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hydrotreating conditions are 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 distillate boiling range
product having a lower concentration of aromatics and nitrogen and organically

bound sulfur contaminants than the distillate boiling range feedstream.

DETAILED DESCRIPTION OF THE INSTANT INVENTION

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

and are sometimes used interchangeably.

[0012] The present invention involves contacting a distillate boiling range
feedstream containing organically bound sulfur contaminants in a reaction stage
with a bulk metal hydrotreating catalyst. The bulk metal hydrotreating catalyst
comprises a Group VIB metal component selected from molybdenum, tungsten,

and mixtures thereof, a Group V metal component selected from vanadium,



conprises a Goup VIB netal conponent selected from
nmol ybdenum tungsten, and m xtures thereof, a Goup V
worb@l1osssponent sel ected from vanadi um ni obi URCT/US2005/013511

tantalum and m xtures thereof, and a Goup VIII netal
conmponent sel ected from nickel, cobalt, iron, and

m xtures thereof. The netal conponents (cal cul ated as
oxi des) of these bulk netal catal ysts conprise at

| east 50 wt.% of the catal yst, wherein the nolar ratio
between the netal conponents satisfies the follow ng
formula: (G oup VIB + G oup (Goup VI11) = 0.35-2:
1. The inventors hereof have found that if the G oup
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oil. Preferably the distillate boiling range

feedstreans used herein boil within the diesel range,
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drotreate are a blend of non-hydrotreated diesel
bpidd aed RNl reegddr teaisaniddiedistillstey ohlightotasealseahnd include

di esel boiling range feedstreans, blends of

thedoatal edtdeeseli frede | Tingi, nondimisingexpopdest ofadistillate feedstreams
sbllitear‘t])?es for use herein include middle distillates or light gas oils, naphtha,
kerosene, jet fuel, light diesel oil, heating oil, and heavy diesel oil. Preferably the
distillate boiling range feedstreams used herein boil within the diesel range, 1e.a
diesel boiling range feedstream, which includes streams boiling in the above-
defined range of 145°C to 425°C. Preferably the diesel boiling range feedstream
boils within the range of 230°C to 345°C. These include diesel boiling range
feedstreams that are not hydrotreated, are a blend of non-hydrotreated diesel
boiling range feedstreams, previously hydrotreated diesel boiling range
feedstreams, blends of hydrotreated diesel boiling range feedstreams, and blends

of non-hydrotreated and hydrotreated diesel boiling range feedstreams.

[0014] The distillate boiling range feedstreams suitable for use herein also

contain, among other things, nitrogen and sulfur contaminants. Typically, the



of non-hydrotreated and hydrotreated diesel boiling
range feedstreans. [0014] The distillate boiling range

woeensnssans suitable for use herein al so cont aCmUS2005/013511
anong ot her things, nitrogen and sul fur contam nants.
Typical ly, thenitrogen content of such streams is 50
to 1000 wopm nitrogen, preferably 75 to 800 wppm
nitrogen, and nore preferably 100 to 700 wppm
nitrogen. The nitrogen appears as both basic and

. hon-basic nitrogen species. Non-limting exanples of
basi c nitrogen species may include quinolines and
substituted quinolines', and non-limting exanpl es of
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hydr ogen-contai ning treat gas, and the reaction stage
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By "effective hydrotreating conditions", itI IS ant
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contain aromatics, which are typically present in an amount ranging from 0.05

wt.%, to 2.5 wt.%, based on the distillate boiling range feedstream.

[0015]  As stated above, in the practice of the present invention, a distillate
boiling range feedstream is contacted with a bulk metal hydrotreating catalyst in
a reaction stage in the presence of a hydrogen-containing treat gas, and the
reaction stage is operated under effective hydrotreating conditions. By
"effective hydrotreating conditions", it is meant conditions effective at removing
at least a portion of the organically bound sulfur contaminants. Thus, the
contacting of the distillate feedstream with the bulk metal hydrotreating catalyst
produces at least a distillate boiling range product having a lower concentration

of organically bound sulfur contaminants than the distillate boiling range



at least a portion of the organically bound sulfur
contam nants. Thus, the contacting of the distillate
wobeedsnssam wi t h the bul k metal hydrotreati ng earaiSy®s/013511
produces at least a distillate boiling range product
having a | ower concentration of organically bound
sul fur contam nants than the distillate boiling
rangef eedstream These conditions typically include
tenperatures ranging from 1500C to 425 0C, preferably
200 0C to 370Q0C nore prefera?ﬁ y 230 0C to 35Q0C.
Typi cal wei ght hourly space velocities ("WHSV') range
fromO0.1 to 20hT 1, preferably fromO0.5 to 51 1. Any
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aromat1cS and nitrogen and-organically bound sul fur

gRAN A HANES radpeprotiectds producatlie Ihonk ienthodamgst of the instant
feedstreamTs produced in this enbodinent. . )
invention, the effective hydrotreating conditions are effective at removing at

least a portion of the nitrogen and organically bound sulfur contaminants and

" hydrogenating at least a portion of the aromatics present in the distillate boiling
range feedstream. Thus, at least a distillate boiling range product having a lower
concentration of aromatics and nitrogen and organically bound sulfur

contaminants than the distillate boiling range feedstream is produced in this

embodiment.

[0016] Hydrogen-containing treat gasses suitable for use in the presently
disclosed process can be comprised of substantially pure hydrogen or can be
mixtures of other components typically found in refinery hydrogen streams. It is
preferred fhat the hydrogen-containing treat gas stream contains little, 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



[0016] Hydrogen-containing treat gasses suitable for
use in the presently disclosed process can b e
woansriossssl of substantially pure hydrogen or ca0Ths2005/013511
m xtures of other conponents typically found in
refinery hydrogen streans. It is preferred that the
hydr ogen-contai ning treat gas streamcontains little,
nore preferably no, hydrogen sulfide. The
hydr ogen-contai ning treat gas purity should be at
| east 50% by vol une hydrogenLgpreferany at | east 75%
by vol unehydrogen, and nore preferably at |east 90% by
vol une hydrogen for best results. It is nost preferred
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catalysts surtable for use herein conprise a

catalyst beds in the same reactor, can be employed. A portion of the heat
generated during hydrotreating 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 quench
stream. In this manner, optimum reaction temperatures can be more easily

maintained.

[0018] Bulk metal hydrotreating catalysts suitable for use herein comprise 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 the bulk metal hydrotreating catalyst comprise at least
50 wt.% of the catalyst, and the bulk metal hydrotreating catalyst is further

characterized in that the molar ratio between the metal components satisfies the



Goup VIB netal conponent sel ected from nol ybdenum
tungsten, and m xtures thereof, a Goup V netal
woanpaesasg sel ected from vanadi um ni obi um t aRCEIUS2Q05/013511
and m xtures thereof, and a Goup VIII netal conponent
sel ected from nickel, cobalt, iron, and m xtures
thereof. The netal conponents (cal cul ated as oxi des)
of the bulk netal hydrotreating catal yst conprise at
| east 50 wt.% of the catal yst, and the bul k netal
hydrotreating catalyst is fui{)her characterized in
that the nolar ratio between the netal conponents
satisfies theformula (Goup VIB + Goup V) (G oup
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conponents consi st essentially of nolybdenum nickel,
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co(rjrponent s consi st essentially of nolybdenum nickel,
an

[0019]  Thus, preferred catalyst compositions 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.



ni obi um a catal yst conposition wherein the netals
conmponents consi st essentially of tungsten, nickel,
wanasvasasli um and a catal yst conposition wher eCIusShm®s/013511
metal components consist essentially of tungsten,
ni ckel, and niobium It should be noted that in the
context of the present specification the wording
"consists essentially of and "consisting essentially
of nean that the conposition in question contains the
cited conponents, but may contain contam nant netals
the presence of which cannot reasonably be
avoi ded. [ 0020] The nolar ratio of the netal conponents
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Hfa{aﬂ ofridn@nefs t66 Bikh %@Peﬁbﬁh&ldecbf(&le ¢ptalyst Gmllnadm Be
netals i'n the catalyst of the invention general |y
imade@saté.rOperafion- v(hﬂﬁﬁ thethqst pfeferipd yarfges giwvesicatalgsts 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 hydrotreating catalysts suitable for use herein
comprise at least 50 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 are calculated as mono-oxides,
and the Group V metals are calculated as pentoxides (for example Nb,O5 and

V,05). The amount of Group VIB metals, Group V metals, and Group VIII non-



[0021] The bul k netal hydrotreating catal ysts suitable
for use herein conprise at |east 50 wt. % netal
woanpanssss, cal cul ated as oxi des, based on thecrasaios/013511
wei ght of the catal yst conposition, preferably, at
|l east 70 wt.% nore preferably at least 80 w.% still
nore preferably at |east 90 w.% calcul ated as
oxides. In calculating the w.% of the netals as
oxi des, the Goup VIB netals are cal cul ated as
trioxides, the Goup VIl netals are calculated as
nono- oxi des, and the Group V' netals are calcul ated as
pent oxi des (for exanple Nb2056 and V206) . The anount
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1 h st after calcination in air at 5000C. [0022]
lflr?ra%galt(?)lhégh to the nmetal conponents di scussed above,

the bul k nmetal catalyst conposition according used in
the present invention can also conprise conventional
[0622] ysin additioneattle hriekal dompbmestsatisassed abovmilke pulksmeotal

o 58S OREh SHSIE T 1D (e B USNEPHAT Safbf o comprise
bi nder. d [ kal s isncl ili . .
et der aptmanaE R Spas Bt ifrits, gracking
cgdgﬁg&ﬂa'n?s, cBRY Iﬁio&?h?gfﬁp?o@és_'s%g @falPdth Ot CN6hdithitiigtékamples

aponi'te, bentoni kaolin, sepiolite or

Soinabh) Sinters andcantixt matesialhmchafe. silkeag sdicaealumina, alumina,
conponents are silica, silica-alumna, alumna,
titanzp tiggnia-atuming, aireoninaboria, cabanis, clBsRIAIPRIC s %‘,Ch as
and m xtures, thereof, wi.th sili.c ilica-alum
DA Do d8pER: oS Ry F S MRl i R erdtt

X i . =i n . i ud o .
BREOER PrRlbo s B S8 MHeLAMERTR NGRS S Bania-alumina,

Arébnia, beMichite Bokibfarkd Ak @reszhetdot,ewith s, silieadlumina, and
ALPGCs,” SAPCs, MCM 41, anor phous cracki ng conponents

sluntinabemsigl dspesially prefarrednNori-kmitieg exaplesfof spitable cracking
shoul d be_ not ed tha&,sorre g_at erials, 5% .
SOMpeRerds UHlwie crysip ling craekige Gomponents stich as zeolites, e.g.,

ZSM-5, (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

mixtures thereof.

[0023] The bulk metal catalysts used in the present invention can be formed
into many different shapes. Non-limiting examples of suitable shapes include
powders, spheres, cylinders, rings, and symmetric or asymmetric polylobes, for

instance tri- and quadrulobes. Particles resulting from extrusion, beading or



cracki ng conponent at the same tine. If so desired,
the catal yst conposition may conprise any further
worb@riosdss such as phosphorus-contai ni ng conpoRAUAIS2005/013511
bor on- cont ai ni ng conpounds, silicon-containing
conmpounds, fluorinecontai ni ng conpounds, additiona
transition netals, rare earth netals, or m xtures
thereof. [0023] The bul k nmetal catal ysts used in the
present invention can be forned into many different
shapes. Non-limting exanplq§ of suitabl e shapes
i ncl ude powders, spheres, cylinders, rings, and
symetric or asymetric polylobes, for instance tri-
and quadrul o

es. Particles resulti f t '
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mBdianhapicleididmewdt antteatnpe of heumalffeumf bat dewia@onsirpm this
but deviations fromthis general range are possible.
gaepd|rafipeatopdssibde.al cat al ysts suitable for use in

the present invention are sulfur-containing catal ysts.
The sul fur nay be present in the catalyst in many
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Rfdr-ddhtdiitd QRAK. The il ma9HePiosend i tHeosmalytointihany
nmetal conponents” In this case, the sulfur wll be
ftxmmlgfdremkahqﬂe; inetladle oulif paidn the forg ofwetsl sulides. It may also
catal yst. in hydrotreatin r during _a precedi
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bulk metal catalysts used herein is generally at least 8 wt.%, more preferably 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 wt.%, preferably less
than 60 wt.%, depending 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, CoSs, 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 hydrotreating 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



than 60 wt.% depending on the bulk nmetal catalyst
conposition. The total anmount of sulfur present in the
woubds/wetsal catal yst suitable for use in the pPEsAISL005/013511
invention is generally selected to correspond to
70-200% nore preferably 80- 150% of the
stoichionetric sulfur quantity necessary to convert
t he hydrogenation nmetals into MbS2, W52, CrS,
Co9S8, Ni 352, FeS5NbS2, VS, and TaS2 respectively.
[0025] As will be evident to,;phe skilled person, when
the catal yst according to thé invention is used in the
hydrotreating of hydrocarbon feeds, the netal
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det erm ned by, e.}%., XRD. The Group V netal conponent
partlprpasemaasiglta%, VeBs ang diahyreppectivity-as NbS2, V2S5,
and TaS2, respectively. [0026] As indicated above, the
sul fur in the bulk netal catalysts suitable for use in
resg : i
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ole of in part, in the formof elenental sulfur, in
tdrapbmidmof baurghioi the sudtalLeonponenthabthegatalyst Hengays for

of 1 norganic sulfur conpounds . .
example, be present, in Whoﬁe g1p i part, in the form of elemental sulfur, in the
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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 maﬁr 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 activation step can be carried out ex sity, that is, outside the
hydrotreating unit in which the catalyst will be used, or in situ, that is, in the

hydrotreating 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



whi ch are not sulfides of the netals of G oup VI,

Goup V, and Goup VIII netal conponents. In the
woOabsansasase, the sul fur-containing catal yst negThS2005/013511

subjected to an activation step to convert the netal

conponents at |east partly into their sulfides. The

activation step generally conprises contacting the

catal yst with hydrogen at a tenperature of 100-6000C

for an adequate period of tine. Such an activation

step can be carried out ex situ, that is, outside the

hydrotreating unit in which the catalyst wll be used,

or in situ, that is, in the hydrotreating unit in

whjch the catal yst will.be used., [,0027 ntion
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atepy, eBaficaltmeial; analkaline sprth gsial AMROBINEEHR lIRGAE OL n

R sta or a.dival ent Ry a LR, s -
eiapdor drvhgrouhd el TA0 ORI EETHOR, SoRH Bl gharidhes
hi i |l i dELSLCHRATOOMMbetd- 2
B g LT 10, 27 bon
lefEtopNvpridnit aéidg HS-@HI EH2+4CODIH), netlsylgrayogptoacsitatd ¢HS-
mer capt oacetic aci d (HS CH2- %ﬁﬂi@—@
GCERaGOQEHB ymthylpegireptaaeadate L OEHPFLS), ethylhexyl
met hyl mer ca C t - t hyl .
lzlﬁﬁ%lp&%ﬂgp@ég Lﬁgf&?@%ﬁé P}e%%yﬁ%eé‘%lﬁ)topmpnonate
t - - .
UFSPHRNSAORIE CHCEXTRAR L e o of
dompoahas idudd dmino-titstigited mertaptanes represented by the
mer capt o- conpounds i ncl ude ami no-substi tuted

geicralpoamat HapH-BEeSHewhioyein RS sjamds for afdivalgnihydrocarbon
H2N- R2- SH, wherejn R2 stands f.or f‘ di val ent . .
sxawpdieying h-15 carbon atoms. xamples 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. Examples of these
compounds include ethanedithiol (HS-CH2CH2-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 include thioacetic acid (CH3-
COSH) and thiobenzoic acid (C6H5COSH). Dithioacids of the formula HSOC-
R5-COSH, wherein RS5 is a divalent hydrocarbon group with 1-15 carbon atoms
may also be suitable. An example is dithioadipic acid (HSOC-CAH10-COSH).



group having 1-15 carbon atonms. Exanples of these
conpounds i nclude 2-am no et hanethiol (H2N CH2CH2- SH),
wanwsaosss no t hi ophenol (H2N- C6H4- SH). Addi t i ora@l/us2005/013511
conmpounds within the group of nercapto-conpounds are
the di nercaptanes represented by the general fornula
HS- R3- SH, wherein R3 stands for a dival ent hydrocarbon
group having 1-15 carbon atonms. Exanpl es of these
conmpounds incl ude et hanedithiol (HS-CH2CH2-SH) and
1, 4-butanedithiol (HS (CH2) gG-SH)' [0028] Preferred
sul fur conpounds al so include thioacids of the fornula
R4- COSH5wherein R4 stands for a nonoval ent
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gmﬂéﬁ@séﬁﬁﬁy&@nmmml it grionpthaering bwp 2afarbon
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atowsiate] s & @p 2o Mosolmi e pxameley oh diap cPBMQURGS include 2-
R6S- R5- : ereln.R5.re 5
mesERG et e 28 BBl g be) L, HriitRas
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LSSl AO, g ablo oy a2
@E@mﬁ@ﬁ)h@ﬁol& BenercapiPo)gsopaneliode3-2nethylthio-1,2, propanediol,
capt’oet hanol, 2-{(net hylt hi o) et hanol , )

dhd Bethyilttho-d) 2 trrapaiedid. idthenptitable spifiazggnpounds include
4- rer capt ophenol ,. 2- t hyl t hi 0). ol
AR e Sy Rt T-So- R, bR AE] LR S, are hydrocarbon
3-nercapt 0-d . 2. - pr ' I 9y -SO-
giops e B0 e SRR fampre® Uit Suffofide (IS
?H@ abl e sul fur conpounds include sul foxides of the

ofnul a R7-SO-R8, wherein R7 and R8 are hydrocarbon
groups with 1-5 carbon atons. An exanple is dinethyl
sul f oxi de ( CH3- SOCH3) . , .
[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 present 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 formula
HO-R11-Sx-R12-OH, wherein x is a value of 1-15 and R11 and R12 are alkyl

groups with 1-8 carbon atoms. Additional sulfur compounds include elemental

sulfur and inorganic sulfur compounds like (NH4)2Sx.



[0029] Ammoni um t hi ocyanate and thiourea may al so be
present in the bulk netal catalysts suitable for use
wonodshesyssesent i nvention conpounds, as may bePCH@S2005/013511
various dithiocarbam c acids and the salts thereof,
such as ethyl ene bisdithiocarbamc acid and its salts,
and dimethyl dithiocarbamc acid and its salts. Qher
sui tabl e compounds i nclude nercaptodi at hi azol es and
their salts, such as 2,5-dinercapto-I|, 3, 4-diathiazol es
and its salts. [0030] O her $ | fur-containing
conmpounds whi ch may be present in the bul k netal

catal ysts used herein are polysul fides of the fornula
R9- Sx- R10, wherein x is a value of 1-15 and RO and R O
are al kyl groups, preferably branched al kyl groups,
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(gié?é\ﬁgt is preferably sulfided prior to use, and nost
bly made by the nethods outlined in U S. Patent

6,534,437 and U. S. Patent 6,162, 350. [0032] A nore

preferred nmethod of preparing the bul k netal catal yst

[0032] A more preferred method of preparing the bulk metal catalyst

composition suitable for sue herein comprises combining, sequentially, or
simultaneously, a component of a Group VIB metal selected from molybdenum,
tungsten, and mixtures thereof, a component of a Group V metal selected from
vanadium, niobium, tantalum, and mixtures thereof, a component of a Group
VIII metal selected from nickel, cobalt, iron, and mixtures thereof, and a sulfur
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
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



conposition suitable for sue herein conprises
conbi ni ng, sequentially, or sinultaneously, a
woanpansss of a Group VIB netal sel ected from PCT/US2005/013511
nol ybdenum tungsten, and mi xtures thereof, a
conmponent of a Group V netal selected from vanadi um
ni obium tantalum and m xtures thereof, a conponent
of a Goup VIII netal selected fromnickel, cobalt,
iron, and m xtures thereof, and a sul fur conpound. It
shoul d be noted that it is posgsible to conbine al
t hese conponents in a single step. It should |ikew se
be noted that it is also possible to conmbine the
Ih e of the ne
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prevent oxidation. Therefore, in a preferred
enbodi ment of preparing the bulk nmetal catalysts
[8033 bl Ehery aresarioes siays intwlieas componenhpbaéitoup VI8 metal,
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not interfere with the reaction may be used. Suitable
l'iquids include water, carboxylic acids, |ower

@09a£0| $n S PorBEing b aRobataRetspuipaledor aselimibetpresat invention,
hereof. The use of water is preferred. [0034] In the

theravilewgt tifre¢ hetalatompyartents; namghy at least aneeGraup WHI metal

present invention, the | east three petal
Casmp RN 3 Chi 8P JGRRID! LR FIEGH CORRSTTUR R aheps 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 dissolutiop and re-precipitation.

[0035]  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 ofa



conmponent, at |east one Goup VIB netal conponent and

at |l east one Goup V netal conponent nay be in the
weabustiesssate or at | east partly in the solid BCats2005/013511

during the process of the invention. Thus, the

reaction may involve three solute conponents, two

sol ute conponents and one at |east partly solid

conmponent, one sol ute conmponent and two at | east

partly solid conmponents, and three at |east partly

solid conponents. The reactigg nay involve

precipitation and, depending on the state of the

vari ous conponents, also dissolution and

re-preci
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conmponents in solution to forma precipitate
(hereinafter designated as the "solution route"). .
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di ssgl ve when present in the reaction mxture. In

ot her words, at |east once during the solution route
0331 s ol THa RiASITHGHaR O IO CHRE BTISRSGAnGE Qseicd by for
g}?gn%%?t particles can be effected by, for
a) changing the pH during or after combination of the metal
component solutions to such a value that precipitation is induced;
b) adding a complexing agent during or after combination of the
metal component 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
temperature 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;



exanpl e, a) changing the pH during or after
conbi nation of the netal conponent solutions to such a
woabesaosdsat precipitation is induced; b) addi ngCaUS2005/013511
conpl exi ng agent during or after conbination of the
metal conponent sol utions, which conpl exi ng agent
fornms a conplex with one or nore of the netals to
prevent precipitation of the netals, and thereafter
changi ng the reaction conditions, such as tenperature
or pH, such that the conpl exhfg agent rel eases the
metal s for precipitation; c) adjusting the tenperature
during or after conbination of the nmetal conponent

solutions ta.such a val ue tha r.ecl Ri ' [
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that precipitation i.s.] ed. [0038] The pHin, for
exanpl e, o@??{é’ﬁ@ﬁ%‘ lscsalrﬂq{g)%%an be adjusted by adding a
base or an acid to the reaction mxture. However, it

is al so possible to add conpounds, which upon an

j0038Ras ThiepH émpfer axample, vptionsigrarpose headjusipd byaddéng 2
ons or H+ ions, which increase and decrease t. H
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compourﬁfs? Whic eul\%rtl Qn ferbase'in g’r%p'eﬁture, 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 solutiori, are urea,

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

[0039]  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



tenperature, and thereby increase or decrease the pH
of the solution, are urea, nitrites, amoni um cyanate,
wanmaniossss hydr oxi de, and amoni um car bonat e. [ 80BAS200R0813511
solid route of formng catalyst suitable for use in
the present invention 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 particular, it
conpri ses adding the netal cgmpponents to one anot her
and si mul t aneously and/ or théreafter reacting them
Consequently, in the solid route at | east one netal
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and to add, sinultaneously or successively,
sol ution(s) and/or further suspension(s) .conpri
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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.

[0041]  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



conmponents to be conbined in the solid route to be
applied at least partly in the solid state.
wahoesrmsss vel y, a nmetal conponent that is at | e@sts2005/013511
partly in solid state can be conmbined with a net al
conponent that is in the solute state. For exanpl e,
one of the netal conponents is added at |east partly
inthe solid state and, e.g., at least two and
preferably two netal conponents are added in the
solute state. In another enb?gjnent, for exanple, two
nmetal conponents are added af”| east partly in the
solid state and at | east one and preferably one netal
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various ways: at various tenperatures and pHs, in
reswlfiiding of the matspiehts torpe awod or as such,
simul taneously or sequentially. It should be noted
that it is preferred not to enploy sulfide-containing
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erein include salts, 'such as nitrates, hydrated
Ricludd iesn acdthier chlesidehfuinmte ditcateosulthse or suikfuesthereof.
gzgé%g ggﬁigﬁlﬂé‘;l{al{)gsjq}fffa{%r ﬁé\%ﬁ@ﬁf&ﬁ%ﬁ%ﬁ%’tg {We Grepp VIB metal
gﬁ‘?sas!utch 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, NbOCI3, and tantalic acid.



conmponents include nitrates, sulfates, acetates,
chl orides, formates or m xtures thereof as well as
waizelsabsdsy pophosphi t e. Sui t abl e wat er - sol ubl e PCOAS2005/013511
conmponents include iron acetate, chloride, formate,
nitrate, sulfate or mxtures thereof. Suitable
wat er - sol ubl e Group VIB netal conponents include G oup
VIB nmetal salts such as ammoni um or al kali netal
nononol ybdat es and tungstates as well as water-sol uble
i sopol y- conpounds of nol ybdegym and tungsten, such as
met at ungsti c acid, or water-50l uble het er opol y
conpounds of nnlybdenun1or tungsten conpr|3|ng
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nol ybdat es, tungstates, oOXi des or m xtures thereof.
Oxal ates, citrates, carbonates, hydroxy-carbonates,
[00dddxi dEshe pnmsmmmms warteryditablesGroum Y4B apets] components

ngas(ry ag %Q@E%&iﬁg hg (gcr)l?g fsta?eg SUIp 4 ge fcgrrltraggng \(’:Momrf)nse 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, molybdenuim nitride, aluminium molybdate, molybdic acids (e.g.
H,Mo00,), 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 trioxide being preferred.



carbonates being nost preferred. Generally, the nolar
ratio between the hydroxy groups and the carbonate
wqgnroesaesdss t he hydr oxy-carbonate lies in the raagasefos/013s11
0- 4, preferably 0-2, nore preferably 0-1 and nost
preferably 0.1-0.8. [0044] If the protic liquid is
wat er, suitable G oup VIB netal conponents which are
at least partly in the solid state during contacting
conprise Goup VIB netal conponents with a | ow
solubility in water, such as,gi- and trioxides,
carbides, nitrides, al umi niumsalts, acids, or
m xtures thereof. Preferred Group VIB netal conponents
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di- and trioxide being preferred. Suitable tungsten
conmponents include tungsten di- and trioxide, tungsten
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conpounds, as the case rrgz require, in the preparation

phatdriv sbiektednieoml the graipyst bindeematasiads, gonventional hydrotreating

catalysts, cracking components, 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.

[0048] 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 components 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 carrier 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

to the contacting of the metal components by, for example, adding it directly to



[0047] In the context of the present specification,
the material that will be at |east partly in the solid
weoeteaisaoshisi ng t he entire process has a sol ubi | PCY/US2005/013511
| ess than 0.05 nol/ 100 m solvent (180C). Also, it
shoul d be noted that if so desired, a materi al
sel ected fromthe group of binder materials,
conventional hydrotreating catalysts, cracking
conmponents, or mxtures thereof can be added prior to,
during the conbi ning and reaﬁi ng of the netal
conponents and/ or subsequentf“thereto. These materials
will be designated as "carrier material s" bel ow
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doptssitedarith the crirkeumatestslaihedcaarieematasialy ean be addest in any
the metal conponents or by, adding i fter, any of the
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conponents. Optionally, the catal yst conposition
resulting after conbining and reacting the netal )
[@O4PPneBichatlybthesprbpesstofpremarmgsthieiturlk impialdcatalyst suitable

separation before being conposited with the carrier h
fortuse hetesn ayrcasmpiiss e farther Bocess Steps ek SRIRY-dgYingy(flash)

e%?é, ?ﬁfﬂ?ﬂ‘g, k%e%ﬁllg, gl%rfc’yt-lerﬁxirﬂ%}/dlbyeorc%é{ %n‘fﬁn%%haping, 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 mixing, 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.

[0050] It is 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
material is to be added in the process according to the invention, it is preferably

added before the shaping step is carried out.



Further, it is possible to thermally treat the
catal yst conposition prior to its being conposited
woiuds/wssscarri er materials. The carrier materparase@syo013511
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. [0049] Optionally, the process of preparing
the 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 calcining. Dry mXxing
means m xi ng the catal yst conposition in the dry state
with any of the above materials in the dry state. Wt
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% H%&er on step. This calcination step, if applied,
will generally be carried out at a tenperature of
100- 6000C, nore in particular 150-4500C, still nore.in
[0852] culley indE@tetbafe, tie prefbuied hatsulur iingerraratedynto the

varies fromO0.5 to 48 Bours. ) R
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 sulﬁdé 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
compound, can be carried out in situ and/or ex situ. Contacting the product with

a gaseous sulfur component such as H,S can be done ex situ or in situ.



The cal cination may be carried out in an inert gas
such as nitrogen, or in an oxygen-containing gas, such
wa0@imwsss pure oxygen, optionally in the preseatasefos/o13sil
steam Preferably, the calcination is carried out in
an oxygen-contai ni ng at nosphere. [0052] As indicated
above, it is preferred that sulfur is incorporated
into the catal yst conposition after conbining the
vari ous netal conponents to forma product. There are
vari ous ways to do this. It_é&z e.g., possible to
contact the catalyst with ong" or nore of the sul fur
conmpounds descri bed above, e.g., by contacting the
id. .Suc
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situ. Contacting the product with a sul fur-containing
Whrlﬁébr bon feed is preferably done in situ.
Contacting the catalyst with elenental sulfur or with
a liquid or dissolved sul fur conmpound as descri bed
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hydrogen as descri bed above. The activation with

[0054] A first embodiment is a process comprising the successive steps of
combining the metal components in a protic liquid, optionally mixing the
fesulting 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 catafyst composition with a carrier material,
shaping the resulting composition, €.g., by spray-drying or extrusion, calcining

the resulting composition, and sulfiding the resulting material.

[0055] In the practice of the present invention, the contacting of the distillate
boiling range feedstream with the above-described bulk metal hydrotreating



hydrogen can be done ex situ or in situ. It should be
noted that in the context of the present specification
woOheosimshsgati on in situ refers to a process capPCTas28013511
in the unit in which the catalyst will be eventually
used in the hydrotreating of hydrocarbon feeds.
Conversely, ex situ refers to a process carried out
not inside such unit. [0053] Two preferred enbodi nents
to prepare bul k nmetal catalysts suitable for use in
the present process wll be gucidated bel ow. [0054] A
first enbodinent is a proces$®conprising the
successi ve steps of conmbining the netal conmponents in

a protic liquid, optionally mxi.ng the resultin
qels ProfHes & TeasHoTLPTOGHERFOTPTISR #1751 ¢ NEPPRgdpphnd 2
onpositi.on, e.q. S - dr yi j :
GRERSR or e e pradlotn T RelbY bRANEE SNy L priscy gaseous
R0 bR RE RS HJS) and kiRsiGhidWeh&tich product typically
sul'fur=contai ning conpound. A'nore preferred version
éﬁn&f)m@ £hdeididistitlate boilingseage peoditot having wmdbred hayel of
and reacting the netal conponents in a protic liquid, .
nisroigan,j argitaties, auksulin contramisantso Jihusn e lwnﬁ Pff?fg}lqt fgpically
resulting catal yst conpositi wth.,a.carrier g
han wbo e rSREpFIeBA R e g S U e of ghe digllate
ay-dryi trusion, calcining the resulting
“ @@hﬂégﬁ?géoﬁ%%dg%%ﬁé'ul fiding the resulting material.
[0055] In the practice of the present invention, the

contacting of the distillate boiling range feedstream
[0056] t hdname\embleimenbefitheyirksang tayention, the vapor product and the

hydrotreatingcatal ysts produces a reaction ct
Hawigrroriet 256 SPRATERedn AR s g dieduc Tooy L TR Ipeghod of
boi |l i n ange pr.oduc V : .
e e ogabab L Eh Behb e FRAH sROEH T n R BRI Y thp instant
ijén igﬁ‘ ghg cﬁﬁ %%ta'cegmpﬁ_@ﬁé&:ﬁy bt nfcalnk kn6AMRO e fective at

I qui Istillate borling range product having a
s@saath baveels ahd hiquidgactiom prothicts sForansplefaistripping tower
contam nants. Thus, the liquid product ay itpal I }\{ ..
or reaction zone can be used to separate the vapor product from the liquid
product. The liquid product thus recovered will have a sulfur concentration
lower than that of the hydrocarbonaceous feedstream, and will preferably have a
sulfur level low enough to meet regulatory requirements imposed at the time or

production.

[0057] The above description is directed to several embodiments of the
present invention. Those skilled in the art will recognize that other embodiments
that are equally effective could be devised for carrying out the spirit of this

invention.

[0058] The following examples will illustrate the present invention, but are

not meant to limit it in any fashion.



has a boiling range correspondi ng roughly to the
boiling range of the distillate boiling range
woeedsissam @ [ 0056] I n one enbodi ment of theprprases/013511
i nvention, the vapor product and the |iquid product
are separated, and the |iquid product recovered. The
nmet hod of separating the vapor product fromthe |iquid
product is not critical to the instant invention and
can be acconplished by any neans known to be effective
at separating gaseous and Itg_jd reacti on products.
For exanple, a stripping tower or reaction zone can be
used to separate the vapor product fromthe |iquid
roduct. The liquid product thus recovered will have a
ﬁéﬁ%ﬁﬂﬂﬂ@icentration | ower than that of the
hydr ocar bonaceous feedstream and wll preferably have
a sulfur level |ow enough to neet regul atory

E%%Mﬁ@@ts I nposed at the tinme or production. [0057]

Ve description is directed to several

Prapadationtof aéathhyst soptaning mebyhdenum Tyapadivm.| andinickel
the art will recognize that other enbodi ments that are

equal |y effective could be devised for carrying out

pirit o his I nv ' ' . ‘~
(BSAEF & Gatklyst PodubRLPR M brsp iy PGwcTS R ot nickel
@ﬁﬁ-&aﬁﬁ%ﬁﬁe 89 grhfistofNIoO] aﬁﬂmlf%%ﬁﬂis F varldMdkEpentoxide

reparation of a catalyst containing

WeleYRAEHIMEY in ¥ARAAESUS meditinhi TheedlufrGhsY aghdomteahight at 90°C
conposition was prepared as follows. 78 grans of
wmdzk etirdivygl 'Theyresaltingrsaspensori wgs fitsrad eawet Bltar cake
grans_of A vanadi um pent oxi de were canbi ned, i n _an

RyingcbaMixthe (e {FmperaRye HFsdneRrarsd sppehaigggeduce

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, calculated as
trioxide, 20.4 wt.% 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.

EXAMPLE 2

Preparation of a catalyst containing tungsten, vanadium, and nickel

[0060] A catalyst composition was prepared from 65 grams of nickel
hydroxy-carbonate, 18 grams of vanadium pentoxide, and 45 grams of ﬁmgstic
acid in a manner analogous to that described in Example 1 above. The resulting
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.



under stirring. The resulting suspension was filtered
and the wet filter cake m xed. During the m xing, the
woempanssssir e was i ncreased somewhat to reduce POE/USA08013511
content of the mixture to obtain an extrudable m x.
The m xture was then extruded, and the extrudates were
dried at 1200C and cal cined at 3000C. The resulting
mat eri al contained 27.3 wt. % of nol ybdenum cal cul at ed
as trioxide, 20.4 wt.% of vanadium cal cul ated as
vanadi um pent oxi de, and 52. 2_%}3\4 . % of ni ckel,
cal cul ated as oxide. The Mo: VN nolar ratio in the
end product was 0.27:0.33:1. EXAMPLE 2 Preparation of

a_cat al cont ai ni ng tungsten, vanadi um and ni ckel
mﬁﬁéat al yst conposition was prepared from 65
PGKE L4t R0 Al entin IidBRuml and nickel

Y Y C y clTU Ul Allb
manner anal ogous to that described in Exanple 1 above.
The resulting material contained 29 wt.% of tungsten,
[086L] atechtalyst composition Wasprepares dton FRagrrmsof nickel

cal cul at ed as vanadi u t OXi 50.9 w_. %
pideey-cachonats, ét’-@ya%rgcf Ty 2%\?\% i SISt IPQB’ifbée’ian

%lgigfeggt ﬁ@gﬂgﬁ:ﬁ?ﬁ%g%%ﬁa%P%M&%%glfe‘al%%gxhéd hhe
KR hAGRA odhiERL S veOTBRI Bk, Gl GnBRAds frionide,

ydr oxy-car bonate, 32 grans of )
N8 Gt BT Qiolbineh, 291 il #tod ae hiotiumbystemonide anskd Yavti% od nickel,
manner anal ogous to that described,in Exanple 1 above.
%«alla‘@dlastdxﬁxge. AigtedVioaNb dinnalassetipin thegn /er@ﬁuct was
mol ybdenum cal cul ated as trioxide, 26.0 wt. % of
P %ﬁnl cal cul ated as ni obi um pentoxi de, and 45 wt.%
of nickel, calculated as oxide. The M: Nb: N nol ar
ratio in the end product was

EXAMPLE 4

Preparation of a catalyst containing tungsten, niobium, and nickel

[0062] A catalyst composition was prepared from 61 grams of nickel
hydroxy-carbonate, 27 grams of Nb,053H,0, and 42 grams of tungstic acid in a
manner analogous to that described in Example 1 above. The resulting material
contained 39.5 wt.% 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

[0063] The above catalysts were tested in an upflow tubular reactor. Each
reactor tube contained 10 ml of catalyst mixed with an equal amount of SiC

particles and sandwiched between layers of SiC particles.



0.34:0.33:1. EXAVMPLE 4 Preparation of a catalyst

cont ai ni ng tungsten, niobium and nickel [0062] A
woav@lysass conposi ti on was prepared from6 1 gr 2as/Us005/013511

ni ckel hydroxy-carbonate, 27 grans of Nb206 3H20, and

42 grans of tungstic acid in a manner anal ogous to

that described in Exanple 1 above. The resulting

mat eri al contained 39.5 wt. % of tungsten, cal cul ated

as trioxide, 22.6 wt.% of niobium calculated as

ni obi um pent oxi de, and 38.7 y4. % of nickel, calculated

as oxide. The WNbo:Ni nolar ratio in the end product

was 0.32:0.33:1. EXAMPLE 5 Testing [0063] The above

681 7 Berere it e P B AR nRR o Rl RlegBA g phase
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digslied difafidatahystas sweiecaiteswfl. ded.%i Ahe presudfigitheaalysts
presul fiding using the feed described bel ow which

had .
Wweerthspitdstet ini thie hyidretréatingdifadiesel feedstecl baving doe fQJijOWlng
content of 3.7 wt.% The presulfided catal ysts were
prepartiesst ed in the hydrotreating of a diesel feedstock
having the follow ng properties: S (Ww.% 1.2 N
(pprmat) 84 total aromatics (w.% 27.8 pol ynucl ear
aromatic @N@.%§M .9 11.7 nono-aromatics (w.%.216.5

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
5vol.% ' 218°C
10 vol.% 231°C
30 vol.% 265°C
50 vol.% 287°C
70 vol.% 310°C
90 vol.% 345°C
Final boiling point 374°C

[0065] The catalysts were tested under two conditions:

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



di -aromatics (w.% 10.8 tri+-aromatics (m.% 0.8

Sinul ated distillation ASTMD 86 Initial

boi | i ng

poi nt

waadi3/1559%81 . % 218C 10 vol . % 231 0C 30 vol . % 26BCrAR2005/013511

vol . % 287C 70 vol . % 3100C 90 vol . % 345C Fi nal

boi I'i ng

poi nt 374C [ 0065] The catal ysts were tested under two

condi ti ons:

330 340 pressure (bar) 40 20 H2 to oil

300 300 LHSV (1/h) 1.17 0.88[0066] The test
are given in the follow ng t
above results show that the catal ysts used in the
i nvention provide for a process that

(Bhesec TR Bt FiuBRgs Bhichd

pr esent

is particularly striking. CLAI M ;
produci ng | ow sul fur

#pl e:

Condition 1 Condition 2 tenperature (0C)
ratio (N /1)
results
TABLE [ 0067] The

at is lh: ghly
n .l .
Aol SRR w7t o ome s

1. A process for

liquid products froma distillate

TABLE
NiMoV NiWV NiMoNb NiVNDb

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.%) 26.6 264 254 24.9
polynuclear aromatic (wt.%) 4.2 4.3 2.1 4.0
mono-aromatics (wt.%) 22.4 22.1 233 20.9
di-aromatics (wt.%) 4.0 4.1 2.0 3.6
tri+-aromatics (wt.%) 0.2 0.2 0.1 0.4

[0067]

The above results show that the catalysts used in the present invention

provide for a process that is highly active in sulfur and nitrogen removal.

Additionally, the decrease in polynuclear aromatics and diaromatics is

particularly striking.




boi ling range feedstream conprising: a) contacting a
distillate boiling range feedstream containi ng
wanrwsansss, nitrogen and organically bound sul PaT/us2005/013511
contam nants in a reaction stage with a bul k net al
hydrotreating catal yst in the presence of
hydr ogencont ai ni ng treat gas thereby producing a
reacti on product conprising at |east a vapor product
and a liquid distillate boiling range product, wherein
said distillate boiling ran feedstreamis contacted
with said bulk nmetal catal yst” under effective
hydrotreating conditions and said bul k net al
hydrotreating catal yst conprises: i) a Goup VIB netal
Sﬂéﬁiﬁﬁknt sel ected from nol ybdenum tungsten, and
m xtures thereof; ii) a Goup V netal conponent
sel ected from vanadi um niobium tantalum and
1M Xty ﬁ)&@?f&?rod{i’&ﬁ éw)suBfuftiguRl poducizeteh a distillate
conmpon nt se ed fr m ni ckel , ‘cobalt, iron, and

m Xt Gogisng hmrgedéedsweanmompmmnget aI conponent s
cal cul ated as oxi des, ri se at ast 50 wt.

th
cat alaystorfasieng @ dlsﬁllh]@t HRE rangq fes %@a&p ygp@amgg @romahcs
wh h
exg : Isgglfgro(%gg qré%%.}hql E (SBu é:ogﬁgfﬁ na‘ﬁ?{%ﬁ ég%&tcﬁon stage
Vi), ﬁg@&%eﬁu]ﬁ(rﬁé@aghiﬁroﬁeﬁﬁné catalyst i iR PreS&R®S0f hydrogen-

accordi erein sard distillate boiling

range f S@ﬁﬁfrﬁﬁ‘% sahebygsptiecing aoadtiongpymaiunt comprising
rangi ng from 1450C to 4250C, and wherein said reactio

stage catienstsesapameroduatond arlequid shisfillate badnggiangs peduct,

? ?g?n ¢ Ovn\}%lreiréln g%docﬂgtﬂ?ate rg%h?ngc %nagleyf%eds?re%rsn f’seco%%acef‘gd with said

bulk metal catalyst under effective hydrotreating conditions and said
bulk metal hydrotreating catalyst comprises:
1) a Group VIB metal component selected from molybdenum,

tungsten, and mixtures thereof;

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

iii)  a Group VIII 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
based on the weight of the catalysts, and wherein the molar
ratio between the metal components, expressed by the formula
(Group VIB + Group V):(Group VIII), ranges from 0.35:1 to
2:1.

2. The process according to claim 1 wherein said distillate boiling range
feedstream has an atmospheric boiling point ranging from 145°C to

425°C, and wherein said reaction stage comprises one or more reactors or



the group consisting of fluidized beds, ebullating
beds, slurry beds, fixed beds, and novi ng beds wherein
weaals/10f958ai d one or nore catal yst beds cont ai RETAIS2005/013511
catal yst suitable for the reaction zone in which the
catal yst bed is |ocated. 3. The process according to
any precedi ng claimwherein said reaction stage
conprises one or nore fixed catal yst beds, and wherein
said process further conprises cooling between the one
or nore catalyst beds, the rgactors, and/or the
reaction zones in said reaction stage. 4. The process
according to any precedi ng claimwherein said

e SR L

di es boi |.i ! : t ds. fixed
nydr a5 SRR £hel AEDAREHZUTREE, donBuiRE ol slurry beds.

di esgjedboidd Mevinneslsheesdsin eaiitf shid one ar mope eatabuss byds
hydrotreated di esel boiling range feedstreans; I(li V)

are oandss atalaydt stitele dor dieaeattianoiatieny whishdhe catalyst bed
feedstreanms; and (v) are blends of non-hydrotreated

and hy&l@ctaﬁdeat ed diesel boiling range feedstreans. 5.

The process according to any precedi ng clai mwherein

said bul k nmetal hydrotreating catalyst has a ratio of

he t ' insaid resctba st
3 he @g@ﬁ%ﬂéﬁccﬁﬁﬁgg? Qfg %%Bé@}n}% Hadh vHereinsa tiba stage

and t ["ar  anount metal , expressed by
t he fommtiges0aetmMeFixedatalysihedsCrndiherdin)spid process
ranging fromat least 0.6: 1 to at nost 1.5:1 6.. The
pr oc efisthar campiiises caplingbgiweer @F%@l%P%W%%T@BiSﬁ begls, the
sum of the weight percents of the.& oup Vi G oup V
and CEaLHT/RR %h‘greﬁcgeﬁ IZBHPSaFle%?“?EeaS%O&S‘E%gGF anges
from70 wt.%to 90 w. % of the catal yst,

4. The process according to any preceding claim wherein said distillate
boiling range feedstream is a diesel boiling range feedstream, which is
selected from (i) diesel boiling range feedstreams that are not
hydrotreated; (ii) are a blend of non-hydrotreated diesel boiling range
feedstreams; (iii) are previously hydrotreated diesel boiling range
feedstreams; (iv) are blends of hydrotreated diesel boiling range
feedstreams; and (V) are blends of non-hydrotreated and hydrotreated

diesel boiling range feedstreams.

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



based on the weight of the catalyst. 7. The process
according to any preceding clai mwherein the anount of

woO 20@nashissm and/ or ni obi um ranges from at | easPCB@S2005/013511
nol e% up to substantially all of the catalyst's G oup
V netal. 8. The process according to any preceding
cl aimwherein the anount of cobalt and ni ckel ranges
fromat |east 50 nole% up to substantially all of the

catalyst's Goup VIII netal. 9. The process accordi ng
to any preceding claim vvherc_a; 1 substantially all of
the Goup VIl netal is nickéel. 10. The process

according to any precedi ng claimwherein said bulk
nmetal hydrotreating catal yst is. forned a_ pr S
Gubi CThe SpRISS asceions i 11 BEEIRE LTy i RAESERYS the
simul t aneous| y: | APy tal
sel e&eéé]htff}e(g?ﬁ/%ﬁgt}gee%m tﬁ%&?@f{’ang m x?‘uygsl e,

t her g&fcina%@dg Gk MR, TnBBY BbNEPIRAIYEM0 98aliekd efthtcatalyst,
vanadi um ni O%I um tantalum and m xtures thereof;

sai d bgk@lion Yid weipht aff tlocaialyshit sel ect ed from ni ckel ,
cobalt, iron, or mxtures thereof; and said sul fur
conpound. 11. The process according to any preceding

SRR B S
TP ARG un? 2h 8o Eh R @gg@é FERIMRABANS 031638 P t6F oup

VI conmponent to m an oxygen- st abl e product

and, gyBs@nGglpal oStepcatabsts Grogp Vhmetadsul ti ng
oxygen-stabl e product with a sul fur conpound under

conditions wherein at |east part of the netal

conmponents of the hul k netal hydrotreati.n I

Sre CHM/RIOCES 3GOEAINE P Ay proseding oy le?e%%@?thgfﬁcﬁlﬂlé of

pr.oces ccar.din | & [ ' i 11 of

furt ﬁ@%aﬁgﬂgﬂqgléeg:rﬁﬁgé‘s B a4 1WRE56H0I1RS Hp RS 9EBESntially all o
the catalyst's Group VIII metal.

9. The process according to any preceding claim wherein substantially all of

the Group VIII metal is nickel.

10.  The process according to any preceding claim wherein said bulk metal
hydrotreating catalyst is formed by a process which comprises combining
sequentially or simultaneously: said Group VIB metal component
selected from molybdenum, tungsten, and mixtures thereof; said Group V
metal component selected from vanadium, niobium, tantalum, and
mixtures thereof: said Group VIII metal component selected from nickel,

cobalt, iron, or mixtures thereof; and said sulfur compound.



b) separating said vapor product fromsaid liquid
distillate boiling range product; and c) recovering
weaim/osgsi d distillate boiling range product, Pen@s2ios013511
said liquid distillate boiling range product has a
sul fur, nitrogen, and aromatics concentration | ower
than said distillate boiling range feedstream 13. The
process according to any preceding claimwherein said
effective hydrotreating conditions are selected so
that at least a portion of sgid nitrogen and
organi cal |y bound sul fur contam nants are renoved from
said distillate boiling range feedstream and at | east

13 0o e ToSew aery s By PLE Ay Lo eerat g

Cerpavii et SprgfRGNEP DLl Y f5TRER, Said Group VIE met!

SpaceokfioReht, s8Rl GAAGEVimenl forhpbee@nd shid Gndup VIII metal
pressures ranging from4 to 70 atnospheres (4.05 to

[, St S aconcasse
e
i . > > 0
}/\gémt‘%ﬁin{éasgg ont&e@istillate boi | i ng range '
12.  The process according to claim 1 wherein said process further comprises:
b) separating said vapor product from said liquid distillate boiling
range product; and
c) recovering said liquid distillate boiling range product, wherein said
liquid distillate boiling range product has a sulfur, nitrogen, and
aromatics concentration lower than said distillate boiling range

feedstream.

13.  The process according to any preceding claim wherein said effective
hydrotreating conditions are selected so that at least a portion of said
nitrogen and organically bound sulfur contaminants are removed from
said distillate boiling range feedstream and at least a portion of said

aromatics are hydrogenated.

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

content of said distillate boiling range feedstream is 50 to 1000 wppm
nitrogen, the sulfur content of the distillate boiling range feedstream
ranges from 50 wppm to 7000 wppm, and the aromatics content ranges
from 0.05 Wt.% to 2.5 wt.%, all based on the distillate boiling range

feedstream.



