PROCESS TQ MANUFACTURE LUBE O L PRODUCTS FI ELD OF THE

| NVENTI ON [ 0001] The instant invention relates to a
wonrosaess28 or upgr adi ng hydrocar bon f eedst r eans PODIUS2I0§/012623

within the lube oil range. Mdre particularly, the

instant invention relates to a process to produce | ube

oi | products through the hydrotreating of |ube oi

boiling range feedstreans in the presence of a bulk
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products for use in applications such as autonptive

engi ne oils have used additives to i nprove specific
EEEiﬂlﬁlfligiﬂiﬂﬂlﬂﬂﬂﬂiiﬂ§tocks used to prepare the
finished products. Wth the advent of increased

envi ronnental concerns, the perfornmance requirenents

th . . . .
OGULIL P OTRE R Pt RTREINER LBl RIRRRMina 5 &abon

fhakashRe bdilime witden thekaby foﬂh@ﬁg@ OM(ﬁ’@tpa@ﬂiCLﬁhﬂy e@l%tmstant
90% a sul fur content of O. % or | ess and

inweitiosirelatesidenpodeys ﬁmq!mdem RIbemeWcts@hrmgh thg,
ereis atrend._in.the lube oil market to use G
hVHf%%f-‘@él@ngﬁJBb? REthodling range drstrenEisasitbe @@Sﬁﬂ%@gé Pulk
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etc. [0003] Conventional techniques for preparing
basest ocks such as hydrocracki ng or sol vent extraction
BAGKGROEND O THBINWENTAGN i ons such as high
pressure and tenperature or high solvent:oil ratios
and hi gh extracti on tenperatures to reach these higher
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automotive engine oils have used additives to improve specific properties of the

basestocks used to prepare the finished products. With the advent of increased
environmental concerns, the performance requirements for the basestocks
themselves have increased. American Petroleum Institute (API) requirements
for Group II basestocks include a saturates content of at least 90%, a sulfur
content of 0.03 wt.% or less and a viscosity index (VI) between 80 and 120.
Currently, there is a trend in the lube oil market to use Group II basestocks
instead of Group I basestocks in order to meet the demand for higher quality

basestocks that provide for increased fuel economy, reduced emissions, etc.

[0003] Conventional techniques for preparing basestocks such as
hydrocracking or solvent extraction require severe operating conditions such as
high pressure and temperature or high solvent:oil ratios and high extraction
temperatures to reach these higher basestock qualities. Either alternative

involves expensive operating conditions and low yields.



I nvol ves expensive operating conditions and | ow
yi el ds. [ 0004] Hydrocracki ng has been conbined wth
whyasoossesat i ng as a prelimnary step. However, P€TUS2005/012623
conmbi nation also results in decreased yields of
lubricating oils due to the conversion to distillates
that typically acconpany the hydrocracki ng process.
[ 0005] However, as the supply of "clean" crudes
decreases, refineries are processing ever increasing
| evel s of nore "chall enged" crudes that require nore
refining than their "clean" gounterparts.
Consequently, there is a continuous need for
hydrotreating catal ysts and processes mﬁth i mpr oved
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[0006] In one approach, a family of compounds, related to hydrotalcites, e.g.,
ammonium nickel molybdates, has been prepared as catalysts to be used in such
hydrotreating processes. Whereas X-ray diffraction analysis has shown that
hydrotalcites are composed of layered phases with positively charged sheets and
exchangeable anions located in the galleries between the sheets, the related
ammonium nickel molybdate phase has molybdate anions in interlayer galleries
bonded to nickel oxyhydroxide sheets. See, for example, Levin, D., Soled, S. L.,
and Ying, J. Y., Crystal Structure of an Ammonium Nickel Molybdate prepared
by Chemical Precipitation, Inorganic Chemistry, Vol. 35, No. 14, p. 4191-4197
(1996). The preparation of such materials also has been reported by Teichner
and Astier, Appl. Catal. 72, 321-29 (1991); Ann. Chim. Fr. 12, 337-43 (1987),
and C. R. Acad. Sci. 304 (I), #11, 563-6 (1987) and Mazzocchia, Solid State
Ionics, 63-65 (1993) 731-35.



and C. R Acad. ScL 304 (Il1), #11, 563-6 (1987) and
Mazzocchia, Solid State lonics, 63-65 (1993)

wQ@ 3w53885p9H007] 1 n anot her approach, United StaP@sUS2005/012623
Pat ent Nunmber 6,07 1,402 describes a catalyst for the
hydrotreati ng of hydrocarbon feeds which contains
m xed sulfides of a G oup VIB netal conponent, a G oup
V netal conponent, and optionally a Goup VIII netal
conmponent. This publication describes nassive
catal ysts conprising 0.01-100% preferably 0.05%to
100% nore preferably 0.1%tg-100% of at |east one
m xed sul fide, the catal yst possibly further
containing O to 99.99% preferably 0 to 99.95% nore
preferably 0 to 99.9% of at |east one group VIII
netal. The preferred supported catal yst of this
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magrizweatetialn@rl% to 99%, preferably 0.5% to 95%, more preferably 1% to
90%, of at least one mixed sulfide of at least one group VB metal and at least
one group VIB metal, the catalyst possibly further containing 0 to 30%,
preferably 0 to 25%, more preferably 0 to 20%, of at least one group VIII metal.
If a Group VIII metal component is present at all in the catalysts of this
reference, it is present in limited amounts. More in particular, in Example 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.

[0008]  Also, processes used 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



[ 0008] Al so, processes used to neet the ever nore
restrictive Environnental regulations, such as
whgasaosseati ng, are well known in the art and PgpPUSZNNG/§12623
requires treating the petroleumstreans w th hydrogen
in the presence of a supported-Acatal yst at
hydrotreating conditions. The catalyst is usually
conprised of a Goup VI nmetal with one or nore G oup
VIIl nmetals as pronoters on a refractory support.
Hydrotreating catal ysts that are particularly suitable
for hydrodesul furization, agt-well as
hydr odeni t rogenati on, generally contain nol ybdenum or
tungsten on alum na pronoted with a netal such as
catepdlat &‘O%Q%%gebérﬁiﬁloﬁ ooy RAE LamNaesised@tatioup
prormte num on al um na catal ysts are nost
Vindell witisett (\Mtﬁﬁret Geoup VI nwegals pepidmetats ans refraa:tory support.
drodesul furization, whjile nickel prono ed mf ybdenum
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0010] The instant invention is directed at a process
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hydr ogencont ai ni ng treat gas thereby producing a
reaction product conprising at |east a vapor product
[0809] a [Haewiéwbr) thieee still eXisis a nepd in the art for an effective and

efficient hydrotreating process used in the production of quality lubricating oils.

SUMMARY OF THE INVENTION

[0010] The instant invention is directed at a process for producing lube oil

products. The process comprises:

a) contacting a lube oil boiling range feedstream containing 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 lube oil boiling
range product, wherein said lube oil boiling range feedstream is

contacted with said bulk metal catalyst under effective



range product, wherein said |ube oil boiling range
feedstreamis contacted with said bul k netal catalyst

wapaenosstd ect i vehydrotreati ng conditi ons and seeTUR00%012623
nmetal hydrotreating catalyst conprises: i) a Goup VIB
net al conponent sel ected from nol ybdenum tungsten,

and m xtures thereof; i1) a Goup V netal conponent
sel ected from vanadi um 1 niobium tantalum and
m xtures thereof; and iii) a Goup VIII netal

conmponent sel ected from nickel, cobalt, iron, and
m xtures thereof, wherein thg-netal conponents

(cal cul ated as oxides) conprise at |east 50 wt.% of
the catal yst, wherein the nolar ratio between the

metal co sat i S | B,.+
G oup V) - LESETEAGRR Rl s atd st Bk atle] AYBiolidite catalyst
enbodi nentoffprishe | nstant invention, the process
further conprises: b) separating said vapor product

- from sai di) ube aditoupoVIB nigtalanogepqrent selected ftbra )molybdenum,
recovering said |ube oil boili ng‘l rg@r}ge product. [0012]
In one enbodi mEWISSHN, eAd mixBirgsihateRdent | on, sai d
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t hus producing at l|east a _ rng range
product haivi ng adGloapeVIIT arta ongionent odlettet fagamickd, cobalt

iron, and mixtures thereof, wherein the metal components

2

(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.

[0011] In one embodiment of the instant invention, the process further

comprises: |

b) separating said vapor product from said lube oil boiling range
product; and

c) recovering said lube oil boiling range product.

[0012] In one embodiment of the instant invention, said effective
hydrotreating conditions are conditions effective at removing at least a portion of
said nitrogen and organically bound sulfur contaminants, thus producing at least
a lube oil boiling range product having a lower concentration of nitrogen and
organically bound sulfur contaminants than the lube oil boiling range

feedstream.



organi cal ly bound sul fur contam nants than the | ube
oil boiling range feedstream DETAI LED DESCRI PTI ON QF
WA RMHBSHMSTANT | NVENTI ON [ 0013] It shoul d be notkdr/ukan5/012623
the ternms "bul k" and "unsupported" when used in
conjunction with the hydrotreating catal ysts discl osed
herein are synonynous and are soneti nes used
i nt erchangeably. [0014] The present invention involves
contacting a lube oil boiling range feedstream
contai ning nitrogen and organically bound sul fur
contam nants in a reaction sbage wth a bul k netal
hydrotreating catal yst. The bul k netal hydrotreating
catal yst conprises a Goup VIB netal conponent
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thereor, a G oup V Imetdl COIMpPorTeTt Selr ected
vanadi um niobium tantalum and nm xtures thereof, and
a Goup VII'l metal conponent selected from nickel,
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V) (Group Viil) = 0.35-2:1. The i nventors hereof have
found that if the Goup VIII nmetal conponent makes up
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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 50 wt.% of the catalyst, wherein the molar ratio between the
metal components satisfies the following formula: (Group VIB + Group
V):(Group VIII) = 0.35-2:1. The inventors hereof have found that if the Group
VIII metal component makes up a specified amount of the total metal

components present in the bulk metal catalyst, a catalyst is obtained with an

increased activity.

[0015] Lube oil boiling range feedstreams suitable for use herein are wax-
containing feeds that boil in the lubricating oil range, typically having a 10%
distillation point greater than 650°F (343°C), measured by ASTM D 86 or
ASTM 2887, and are derived from mineral sources, synthetic sources, or a

mixture of the two. Non-limiting examples of suitable lubricating oil



ASTM 2887, and are derived from m neral sources,
synthetic sources, or a mxture of the two.
wORWws1108528 | Nng exanpl es of suitable | ubricati ngPCT/US2005/012623
oi | feedstreans include those derived from sources such
as oils derived fromsolvent refining processes such
as raffmates, partially solvent dewaxed oil s,
deasphalted oils, distillates, vacuumgas oils, coker
gas oils, slack waxes, foots oils and the Iike,
dewaxed oils, automatic transm ssion fluid feedstocks,
and Fischer-Tropsch waxes. Preferred |ubricating oi
feedstacks are those selected fromraffnates and
dewaxed oils. [0016] These feedstocks typically have
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a lube oil boiling range feedstreamis
dgg"é?g%?gg with a bulk nmetal hydrotreating catalyst in

a reaction stage in the presence of a
hydr ogen- contai ning treat gas, and the reaction stage
[0&16}perﬁhmb feeditocles tiypixtaily chalvy dhight ccelatenhsg)fcmtrdgemmﬁi sulfur-
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standard ASTM methods D5453 and D4629, respectively.

[0017]  As stated above, in the practice of the present invention, a lube oil
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 hy\drotreating 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 lube oil boiling range feedstream with the bulk metal
hydrotreating catalyst produces at least a lube oil boiling range product having a
lower concentration of organically bound sulfur contaminants than the distillate
boiling range feedstream. 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



boi ling range feedstream These conditions typically
i ncl ude tenperatures ranging from 1500C to 425C,
w@e@baossks y 2000C to 3700C5nore preferably 230/uU82005/012623
3500C. Typical weight hourly space velocities ("WHSV')
range fronD.1 to 20hT 1, preferably fromO0.5 to 5hrL
Any effective pressure can be utilized, and pressures
typically range from4 to 70 at nospheres (4.05 to
70.93 bar), preferably 10 to 40 at nospheres (10.13 to
40. 53 bar). Preferably, by "effective hydrotreating
conditions", it is neant thage conditions chosen that
wi |l achieve a reduction of both nitrogen and sul fur
contantnants in the Iube oil boiling range feedstream
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f e hydr ogen, and nDre preferably at | east 90%
y vo une hydrogen for best results. It is nost
preferred that the hydrogen- containing stream be
substantially pure hydrogen. [0019] stated above,
[001k8]c ontzdrdgen-wintainmg) ket gasdes tsmtablngfor asgm the presently
dstreantntth t he bul k treat catm
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cata yst bed above. t hough ot her types of
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.

[0019]  As stated above, the contacting of the lube oil boiling range
feedstream with the bulk metal hydrotreating catalyst occurs in a reaction stage.
The reaction stage can be comprised of one or more reactors or reaction zones
each of which can comprise one or more catalyst beds of the same or different
bulk metal hydrotreating catalyst described above. Although other types of
catalyst beds can be used, fixed beds are preferred. Such other types of catalyst
beds include fluidized beds, ebullating beds, sturry 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



catal yst beds can be used, fixed beds are preferred.
Such ot her types of catal yst beds include fluidized
wheas/ 1081l | ati ng beds, slurry beds, and novi nBCHESR05/012623
I nterstage cooling or heating between reactors,
reacti on zones, or between catal yst beds in the sane
reactor, can be enployed. A portion of the
heat generated during hydrotreating can be recovered.
Where this heat recovery option is not avail abl e,
conventional cooling may be perforned through cooling
utilities such as cooling wager or air, or through use
of a hydrogen quench stream In this manner, optinum
reaction tenperatures can be nore easily maintained.
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con&one%;ts (cal cul ated as oxides) of the bul k netal
MAPRY%at i ng catal yst conprise at |east 50 wt. % of
the catal yst, and the bulk netal hydrotreating
catalyst is further characterized in that the nolar
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formula (Goup VIB + Goup V):(Gour VIIIl) = 0.35-2:1.
Group VI efetal roedopduant selestbd Ermmmzoigh denunysgsten pakdemixtures
up at | east 50 rmle%of t he f?gtal of Grogp VIB netals,
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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 preferably at least 90
mole%. It may be especially preferred for the Group VIB metal to consist
essentially of molybdenum and/or tungsten. It is preferred that niobium and/or
vanadium make up at least 50 mole% of the total of Group V metals, more
preferably at least 70 mole%, still more preferably at least 90 mole%. It may be
especially preferred for the Group V metal to consist essentially of niobium
and/or vanadium. It is preferred that nickel and/or cobalt make up at least 50
mole% of the total of Group VIII non-noble metals, more preferably at least 70

mole%, still more preferably at least 90 mole%. It may be especially preferred



preferably at least 70 nole% still nore preferably at
| east 90 nole% It may be especially preferred for the
w@@aposFset al to consist essentially of niobi pen/asb®012623
vanadium It is preferred that nickel and/or cobalt
make up at |east 50 nole% of the total of Goup VIII
non-nobl e netals, nore preferably at |east 70 nol e%
still nore preferably at least 90 nole% It may be
especially preferredfor the Goup VIII non-noble netal
to consist essentially of nickel and/or cobalt. The
use of nickel alone as Goupidd |l netal component is
particularly preferred. [0021] Thus, preferred
cat al yst conposi ti ons according to the invention
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anmount of Goup VIIl netal is at |east

voordirgy ‘adongists esisenl:mlbf)oﬁ2 dnd ‘&oinkisting reesqmtraﬂgrcﬁb Inyem that the
| east 0.75:1. The rati o between
composition in question contains the cited components, but may contain

contaminant metals the presence of which cannot reasonably be avoided.

[0022] 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
Group V metal and the molar amount of Group VIII metal is at least 0.5:1, more
preferably at least 0.6:1, still more preferably at least 0.75:1. The ratio between
the total molar amount of Group VIB and Group V metal and the molar amount
of Group VIII metal is preferably at most 1.5:1. If the total molar amount of
Group VIB and Group V metal is too high in relation to the molar amount of
Group VIII metal, the activity of the catalyst will be insufficient. If the total
molar amount of Group VIB and Group V metal is too low in relation to the

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



the total nolar anount of G oup VIB and G oup V netal
and the nolar anmount of Group VIII netal is preferably
wa@eoosness2gl. 5: 1. If the total nolar anount of QGOUPSMDB012623
and Goup V netal is too high in relation to the nolar
amount of Group VIIl nmetal, the activity of the
catalyst will be insufficient.. |f the total nolar
amount of G oup VIB and Group V netal is too low in
relation to the nolar amount of Goup VIII netal, or,
in other words, the amount of G oup VIIInetal
conponent is too high, the per-formance of the catal yst
will also be inadequate. Operation within the nost
preferred ranges gives catalysts with a higher ]
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3r-¢fzerably at least 80 w.% still nore preferably at

| east 90 wt.% cal cul ated as oxides. In calculating
the wt.% of the nmetals as oxides, the Goup VIB netals

calcul ated as trioxides, the Goup VIII netals are
(W3, e hefabhydiogsating aatalysts f@l&bigﬁ formsedieseiar e

: oxi.des (for exanpl 206 d V20R)
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pi@&ably 41062441801 wit. B¢l dtitliraoret srefdigblieit dast URARNESIculated as
di scussed above, the bul k net al _
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,Os and
V20s). 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.

[0024]  In addition to the metal components discussed above, the bulk metal
catalyst composition according used in the present invention can also comprise
conventional catalyst components like binders or carrier materials, cracking
components, conventional hydroprocessing catalysts, etc. Non-limiting examples
of suitable binders and carrier materials include silica, silica-alumina, alumina,
titania, titania-alumina, zirconia, boria, cationic clays or anionic clays such as
saponite, bentonite, kaolin, sepiolite or hydrotalcite, and mixtures thereof,

Preferred components are silica, silica-alumina, alumina, titania, titania-alumina,



catal yst conposition according used in the present
i nvention can al so conprise conventional catalyst
waeomsoosseg s | i ke binders or carrier material s, PCT/aS005Q12623
conmponents, conventional hydroprocessing catal ysts,
etc. Non-limting exanples of suitable binders and
carrier materials include silica, silica-alumna,
alumna, titania, titania-alumna, zirconia, boria,
cationic clays or anionic clays such as saponite,
bentonite, kaolin, sepiolite or hydrotalcite, and
m xtures thereof. Preferred-gpnponents are silica,
silica-alumna, alumna, titania,
titani a-alum na, zi rconi a, bentonite, boria, and
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transition netals, rare.earth netals, or mxtures
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mlﬁﬁjr@gqle@@@plers spheres, cyI i nders, rings, and
symetric or asymmetric polyl obes, for i nstance tri -

and quadrul obes. Particles resultlng from extrusion,
beadi ng or pelleting usually have a dianeter, in the

[003R)e oThebplk meted catalysthuasadiia; the psgsgnhinvention 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
pelleting usually have a diameter in the range of 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 generally have a
median particle diameter in the range of 1 pm-100 pm, but deviations from this

general range are possible.

[0026] The bulk metal catalysts suitable for use in the present invention are
sulfur-containing catalysts. The sulfur may be present in the catalyst in many
forms, for example, in whole or in part in the form of metal sulfides. It may also

be present in whole or in part in the form of a sulfur compound not bound to the



likewise is in the range of 0.5 to 20 mm These
particles are generally preferred. Powders, including
wao b@saossesul ting from e.g., spray-drying generP@l/Ug2005/012623
have a nedian particle dianeter in the range of 1
mm 100 nm but deviations fromthis general range are
possi bl e. [0026] The bul k netal catalysts suitable for
use in the present invention are sulfur-containing
catal ysts. The sul fur nmay be present in the catalyst
in many fornms, for exanple, in whole or in part in the
formof netal sulfides. It opy al so be present in
whole or in part in the formof a sulfur conpound not
bound to thenetal conponents. In this case, the sulfur
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[0027] As \;vill 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
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
metal),S;, with a/b being in the range of 0.5-1.5, as can be determined by, e.g.,
XRD. Molybdenum and tungsten are preferably at least partly present in the
sulfided catalyst as disulfides, as can be determined by, e.g., XRD. Chromium, if
present, is preferably at least partly present as sulfide (CrS or Cr,S;), as can be
determined by, e.g., XRD. The Group V metal component is preferably at least
partly present as NbS,, V,Ss, and TaS,, respectively. |



present invention is therefore a catal yst wherein at

| east part of the netal conponents are present in the
w@eiokitekse8 form In this case, it is preferred POY/US1965/012623

catalyst to be essentially free fromGoup VIII

non- nobl e netal disulfides. The G oup VIII non-noble

netals are preferably present as (Goup VIII non-noble

netal )aSb with a/b being in the range of 0.5-1.5, as

can be determ ned by, e.g., XRD. Ml ybdenum and

tungsten are preferably at l|east partly present in the

sul fided catal yst as disulfigges, as can be determ ned

by, e.g., XRD. Chromium if present, is preferably at

| east partly present as sulfide (CrS or Cr2S3), as can

be determ ned by, e.g., XRD. The G oup V netal

corrponent is preferably at |east partly present as
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hydrotreating unit in which the catalyst W111 ‘be used, or in situ, that is, in the

hydrotreating unit in which the catalyst will be used.

[0029] 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
divalent hydrocarbon group with 1-10 carbon atoms and R stands for a hydrogen
atom, an alkali metal, an alkaline earth metal, ammonium, or a linear or
branched alkyl group having 1 to 10 carbon atoms. Non-limiting examples
within this group include mercaptoacetic acid (HS-CH2-COOR), beta-
mercaptoprioprionic acid (HS-CH2CH2-COOH), methylmercaptoacetate (HS-



[0029] As nentioned above, within the group of sulfur
conpounds that can be present in the catal ysts
wa@eiosabdses f or use herein are sul fur conpounds PCHUSHNE012623
not yet bound to the netal conmpound in the formof a
metal sulfide. Preferred sul fur conmpounds include
organi ¢ conpounds having at | east one nercaptogroup.
Wthin the group of mercapto-conmpounds,
mer capt ocar boxylic acids represented by the general
formula HS-R - COCOR, wherein R stands for a dival ent
hydr ocar bon group with 1-10_garbon atons and R stands
for a hydrogen atom an alkali nmetal, an al kaline
earth netal, amonium or a linear or branched al kyl
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[0030] 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 R5 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
group, R6 represents a hydrogen atom or an alkyl group having 1 or 2 carbon
atoms, and n is 1 or 2. Non-limiting examples of these compounds include 2-
mercaptoethanol, 2-(methylthio)ethanol, 2-(ethylthio)ethanol, 3-mercapto-2-
butanol, 4-mercaptophenol, 2-(methylthio)phenol, 4-(methylthio)phenol, 2-



[0030] Preferred sul fur conpounds al so incl ude

thi oacids of the fornmula R4- COSH, wherein R4 stands
wo evosaossesoval ent hydrocarbon group havi ng 1- 1BCT/Ef19051012623

atons. Exanpl es of these conpounds include thioacetic

acid (CH3- COSH) and thiobenzoic acid (Co6H5COSH) .

Di t hi oaci ds of the fornmula HSOCR5- COSH, wherein R5 is

a di val ent hydrocarbon group with 1-15 carbon atons

may al so be suitable. An exanple is dithioadipic acid

(HSOC- C4H10- COSH) . Al so preferred within the group of

sul fur conpounds are those syfur conpounds that

i ncl ude mer capt oal cohol s of the general formula

R6S- R5- (OH)n, wherein R5 represents an al kyl group
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, 2, -propanediol, 3-nmethylthio-I,2, propanediol, and
3-ethylthio-1,2, propanediol. Oher suitable sulfur
compounds incl ude sul foxi des of the fornmula R7- SO RS,

[0083]ei NARmemdnTthiécyanhiecimtiidiasa aiz3UdSso B iesknin the bulk
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metH3aSdgHS suithlole Foi usenimothie present oseatiah eoarpbunids casrmaay be
may al so..he present i.n the bul tal catalysts
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snglr g Sedinsrbapad, 24 -dnthisdvdes ammhits saltssuch as
2, 5-di mer capt o-1,3,4-diathiazoles and its salts.
[0032]  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.

[0033] Additional sulfur compounds include elemental sulfur and inorganic

sulfur compounds like (NHy),S,.

[0034]  The bulk metal catalysts used herein can be prepared by any methods
known in the catalyst art for forming bulk metal catalysts. The preferred

methods of making the catalyst compositions used herein are described in more



[0032] O her sul fur-containing conpounds which may be
present in the bulk netal catalysts used herein are
w@eiopaessts des of the formul a R9- Sx- R10O, wher ei PCRUSR0#012623
val ue of 1-15 and RO and R O are al kyl groups,
preferably branched al kyl groups, with 1-30 carbon
atons. Rel ated conpounds are those with the fornul a
HO R 1-Sx-R12-OH, wherein x is a value of 1-15 and Rl
1 and R12 are al kyl groups with 1-8 carbon atons.
[0033] Additional sulfur conpounds include el enental
sul fur and inorgani c sul fur _ganpounds |ike (NH4)2SX
[0034] The bul k netal catalysts used herein can be
prepared by any nethods known in the catalyst art for
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- 6R#2e380.6, 162, 350. [0035] A nore preferred nethod of

preparing the bul k netal catal yst conposition suitable
for sue herein conprises conbining, sequentially, or
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sERNRATRRNELYOh BnffoRkRt 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 singie 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
VIII metal are combined in a first step to form an oxygen-stable product. The

oxygen-stable product is then combined with a sulfur compound.



VII1I netal selected fromnickel, cobalt, iron, and

m xtures thereof, and a sul fur conpound. It should be
wmodoedogsksat it is possible to conbine all theseCT/US2005/012623

conmponents in a single step. It should Iikew se be

noted that it is also possible to conbine the sulfur

conpound with one or nore of the netal conpounds and

then conbine the resulting product with the other

metal conmpounds. However, sulfide-containing materials

must be handled in an inert atnosphere to prevent

oxi dation. Therefore, in a prgferred enbodi nent of

preparing the bulk nmetal catal ysts suitable for use

herein, at |east one conponent of a Goup VI Bdnet al ,

one co onent of a Goup V netal,.and at
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l'i quids include water, carboxylic acids, |ower
peafesedl s' such as et hanol and propanol, and mi xtures

thereof. The use of water is preferred. [0037] In the
form' ng of the catalysts suitable for use in the
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| east one Group met al onent may e I nthe
cmnpunmtsatalbestmneaﬁrd@a‘s’IB mﬁtall oonporidne af@lat tbast éheGroup 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.

[0038]  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
protic liciuid with at least one of the metal components remaining at least partly

in the solid state (hereinafter designated as the "solid route™).



during the process of the invention. Thus, the
reaction may involve three sol ute conponents, two
wa@odoanesseonponent s and one at | east partly sol P@I/US2005/012623
conponent, one sol ute conmponent and two at | east
partly solid conponents, and three at |east partly
solid conponents. The reaction nmay involve
preci pitation and, depending on the state of the
vari ous conponents, also dissolution and
re-precipitation. [0038] Cenerally, there are two
possi bl e ways of contacting-1t9%e netal conponents of .
the bul k nmetal catalysts used herein with one another.
One way invol ves' conbi ning and reacting the netal
conponents in solution to forma precipitate
(hereinafter designated as the "solution route").
[Bd]e anahbeslitin roafs theestat eohiponogtsane compbdtelygdisiuwved
metal conponents in the presence of a protic liquid
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conbi ne the netal conponents when they are already In
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ot her words, at |east once during the solution route
process, all netal conponents nust be present vvholl¥
or

(68401 solbe preeipita®a0df thasajmlyssppriices e bg etfpeted by,
eg:(grtn%hgfst particles can be effected by, f oT exanpl e, , ’
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;



a) changing the pH during or after conbination of the
nmet al conponent solutions to such a val ue that
w@e@sitpsseat i on i s i nduced; b) addi ng a conpl exPemyUuszyes012623
during or after conbination of the netal conponent
sol utions, which conplexing agent forns a conplex with
one or nore of the netals to prevent precipitation of
the netals, and thereafter changing the reaction
conditions, such as tenperature or pH, such that the
conpl exi ng agent rel eases the netals for
preci pitation; c) adjusting.pie tenperature during or
after conbination of the netal conponent solutions to
such a value that precipitation is induced; d)

conbiehari GHOBE THEsEhaRP ERRs aEAReLSnBbiBHoR ot she mese
pr eci pi t atC'o dnent f#ﬂﬂﬁ@ﬁ’s @mﬂﬁgé ﬁfbc%%ﬁ?{bnstﬁla\é%@t ith a non-

during or er I'nation o orrent

sol utions sbhrelnt}dne‘e&n@g deitthe pracisitdid ey @@émtla/ld}f thséluble in this
nonsol vent, neaning that the precipitate is

essent i aI IS9 Ivierol ubl e in this solvent; f) adding an
i,t her of the ts to such an extent

Ehat Thr oc PR TTbRaeSs PhOLESEL (o SamPORRES dheneh af Gitent that
exanpl e, %?édl?@f‘t{(ﬁ*)]ts%d@ecfan be adjusted by adding a
0

base or he reacti on m xture. However, it

i s al so possible to add conpounds, which upon an

increase in tenperature, wll deconpose into hydroxide

[004 orThepHdns fommample raptizas @) and) daic be adpistdibbybilding a
t Non-|.imting exanpl es of compounds that

ba;qs re%élac\éﬁﬁé ngﬂogmmﬁgpeggg%\/ﬁr, 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, ammonium hydroxide, and ammonium carbonate.

[0042]  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



tenperature, and thereby increase or decrease the pH
of the solution, are urea, nitrites, amoni um cyanate,
w@paeenosies hydr oxi de, and anmoni um car bonat e. [POHEB$200H1€12623
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. Mdxre in particular, it
conprises adding the netal conponents to one anot her
and sinmul taneously and/or tHHreafter reacting them
Consequently, in the solid route at | east one netal
conponent is added at least partly in the solid state
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urd. Thus, it is possible'to first prepare a
sﬁmlparwusly mfsuacmi\aily endpomebseqientishadg futher susprriston(s)
and to add, sinultaneously or successively
agéloptipaalls polukients) oither sigfulianspesiyos ﬁ(‘%@eS@Hﬁb‘r i sing

met al conponent (s) dissolved and/or suspended in the
protlc liquid. It is also possible to first conbine

t' ORS 161 }g ggt 1@5{%}1 HedNEArEdMh eﬁer&qg ﬁ?l%%bﬁé}gdtrlﬂg%ﬁ%é Solid

equent er suspen I on( and nal [y

sﬁ@é dtiting (189 sslid fate, shewuireeof &i@talwompmmihae bae at least
[0043] As |long as at | east one netal conponent is at

phglsin fhersoliyl state ihpotseitical s htlé, i L&pqﬁglhlﬁ o153l metal
c{)%ﬁenttsqg brg:ucnc;om ine 111mf31}e sohﬁd e appq ed a% 1ea.sa£l 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.

[0044]  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



partly in the solid
possible for all net
wo b@sgadsesl route to b
solid state.

Al ternatively,

state is not critical. Thus, it is
al conponents to be conbined in
e applied at |east partl yPCTUS1085/012623

a metal conponent that is

at least partly in solid state can be conbined with a
nmetal conponent that is in the solute state. For
exanpl e, one of the netal conponents is added at | east

partly in the solid state and, e.g., at |least two and

preferably two net al

conmponents are added in the

solute state.

I n anot her enhgsli nent,

for exanple, two

net al conponents are added at

| east partly in the

solid state and at |east one and preferably one netal
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products are not stable in the presence of oxygen.
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herein include salts, such as nitrates,
components include nitrates, sulfates, acetates, chlorides, formates or mixtures
thereof as well as nickel hypophosphite. Suitable water-soluble iron components
include iron acetate, chloride, formate, nitrate, sulfate or mixtures 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



hydrated nitrates, chlorides, hydrated chlori des,

sul fates, hydrated sulfates, fornates, acetates, or
whypepbsssphi t e. Suitabl e wat er-sol ubl e ni ckel BeMUS2005/012623

cobalt conponents include nitrates, sulfates,

acetates, chlorides, formates or m xtures thereof as

wel | as nickel hypophosphite. Suitable water-soluble

i ron conponents include iron acetate, chloride,

formate, nitrate, sulfate or m xtures thereof.

Sui tabl e water-soluble Goup VIB netal conponents

include Group VIB netal sal t-83such as ammoni um or

al kali netal nononol ybdates and tungstates as well as

wat er - sol ubl e i sopol y- conpounds of nol ybdenum and
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het er opol y conmpounds of nolybdenum or tungsten

heterppolyacids f nioblveacid SNYOCIP, arfd tantdlisacidCo or

conbi nati ons thereof. Suitable water-soluble isopoly-

and het er opol y conpounds are given in I\/bI ybdenum

(O0B) o s SSnEn o TR sRnGvenbln 85 pe Bt the protic
fg@hﬂ i§ Kot &S suiBtle ?}rbpg Qﬂ[?l; il oMl ‘ﬁgnts NONRAREE g@%@gt partly

I e water-sol ub om um c npounds 1 nc

@hthereli@staté dofag YedprovetLsf ﬂhﬁdn%ﬁﬁlml ¢ PHEOGIrowp VIII metal
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net al corrponents whi ch are at | east partly in the

‘smlgstdtesst axidesiuor mixtutes thereofare mefertes, Mnﬂlshydmxy-carbonates
nprise Goup VIII conponents with a |.o

@red cAPPRAtps beingamest @G%flﬂeéi]s Generadlye the @Qéara%g between the

bog %Er(glips ad'ﬁ]g@aﬁ SRR %E’f{ﬁ]ﬁ%ﬁ in i}ied}rl roxy-darbonate lies in the
range of 0-4, preferably 0- 2, more preferably 0-1 and most preferably 0.1-0.8.

[0047] If the 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,Mo00y,), 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



nol ybdat es, tungstates, oxides, or mxtures thereof.

Oxal ates, citrates, carbonates, hydroxy-carbonates,
whgasasssdes, phosphat es, nol ybdates, tungstat eBCT/US2005/012623

oxi des, or m xtures thereof are preferred, wth

hydr oxy- car bonat es and car bonates bei ng nost

preferred. CGenerally, the nolar ratio between the

hydr oxy groups and the carbonate groups in the

hydr oxy-carbonate lies in the range of 0-4, preferably

0-2, nore preferably 0-1 and nost preferably 0.1-0.8.

[0047] If the protic |liquidas water, suitable G oup

VI B netal conponents which are at |east partly in the

solid state during contacting conpri se G oup VIB netal
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silirpipephmphides angsbenides. t ri de, al uni ni um tungst at e
(al so meta- or polytungstate), ammonium
phosphot ungstate, or mxtures thereof, with

t ' j and trioxi de .hein
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partly in the solid state during the process of the
priepastitonoof the bptli metabeatabysts meddherennponents with a | ow
solubility in water such as oxides,

[0050]  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 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.

[0051]  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



sui ci des, phosphi des, and borides. [0049] It should be
noted that it is well wthin the scope of the skilled
W@ensoossed sel ect suitabl e soluble or insol ubl BCT/US2005/012623
conmpounds, as the case may require, in the preparation
of the bulk nmetal catal ysts used herein. [0050] In the
context of the present specification, the materi al
that will be at least partly in the solid state during
the entire process has a solubility of |less than 0.05
nmol/ 100 m solvent (180C). Also, it should be noted
that if so desired, a materipgl selected fromthe group
of binder materials, conventional hydrotreating
catalysts cracki ng conmponents, or m xtures thereof
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obt ai ned after The reaction of the netal cohponent
ﬁlﬁytlgﬂdArﬁl@r soliédligeund separatior, Iae;vﬁslnnmgl step pNDL BS Saﬁi@]p@t

be di scussed in t ai
Fuw%er it is poss1ble 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.

[0052]  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 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.



bel ow. Preferably, the carrier material is added
subsequent to the contacting of the netal conponents.
W@piosoossk8 y, the catal yst conposition resul ti nBCEUSH05/012623
combi ning 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 washing
step may be carried out. Further, it is possible to
thermally treat the catal yst conposition prior to its
bei ng conposited with the c@brier 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. [0052] Optionally, the
[0053F S 3t &f gedePIB prefiertdtbthatittic preteds sehdcadd st prephteathee
for use herein rmay conprise the further process step%
catblysprsgd dreyéingoniprissstshaping sigp. The shaping sigpasiprrgerably

B At et hetre B B Epa PRt i o
. T . h i
B i R e e
a&méfﬁfesth@sﬁbg&gtﬁ@p Wedarfiéd bef. cake conprising the
catal yst conmposSition and optionally any of the above

materials as powders or wet filter cake to forma
honbgenous paste t hereqf

(Wip! dfskuladscobe (ERthat, B leisB e P ey typeulting from
spray;. [ 0Q53 [

bt PRl i sl i Rche e o By Retdt

cél‘ri’lgﬁﬁérﬁe flﬁ‘d ﬁ{‘@@r@g) thﬁ@ta% Ib@pehani 8y b edbhitted to a
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paslpt?c%ile{]r SSOt-EgO"iCSf T%af:rgail(ggat?gr} time 'generally varies from 0.5 to 48 hours.
The calcination may be carried out in an inert gas such as nitrogen, or inan .
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.

[0055] 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



[0054] It should also be noted that, if so desired,
the product resulting fromthe conbining of the G oup
wO/kdos/ 1088528l conponent, the Group VIB netal conponesiops/012623
and the G oup V netal conponent may be submitted to a
cal cination step. This calcination step, if applied,
Wi ll generally be carried out at a tenperature of
100- 6000C, nore in particular 150-4500C, still nore in
particul ar 250-4500C. The calcination tine generally
varies fromO0.5 to 48 hours. The cal cination may be
carried out in an inert gas-guch as nitrogen, or in an
oxygen-cont ai ni ng gas, such as air or pure oxygen,
optionally in the presence of steam Preferably, the
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catalyst via nmelting or sublimation. It is also
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contact | it with a fur tainin as |i
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ansetlyatsar $tepliwith hydmgen es desaribedgbiove. The abtredtion witha
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hydrogen can one ex situ ot in situ. It should be noted that in the context of
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 hydrotreating of
hydrocarbon feeds. Conversely, ex situ refers to a process carried out not inside

such unit.

[0056] Two preferred embodiments to prepare bulk metal catalysts suitable

for use in the present process will be elucidated below.

[0057] 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



compound, can be carried out in situ and/or ex situ.
Contacting the product with a gaseous sul fur conponent
WG owh/188524H2S can be done ex situ or in situ. CeCL/ESI00FIQ12623
the product with a sul fur-containing hydrocarbon feed
Is preferably done in situ. Contacting the catalyst
wth elenental sulfur or wwth a |iquid or dissolved
sul fur compound as descri bed above will generally be
done ex situ. In this case it my be desired however,
to subject the sulfur-containing material to an
activation step with hydrogerg-as descri bed above. The
activation with hydrogen can be done ex situ or in
situ. It should be noted that in the context of the

eci fi;cati indicati In situ refers t
oREREeRAGE b G RS @R The iRpEkt EaBiig ahd
réRtiab YA ita] i il i

A L R i A A O
optionabp niringi thd resultingpeathlyst dempusitiotiwith a (@b mdtesial,
preferred enpodi nents to prepare bulk netal catalysts
skaping pherespHingseompesithen. & s eHtSPIyodedng @ Extrgsion, calcining
teluci at ed bel ow. %8&57byﬁ fiést enbodi nent .is a

5t e et e st anfeuitinedhs tesilimgmarialo i ni ng
the nmetal conponents in a protic liquid, optionally

m xing the resulting product with a carrier nmaterial,

[6058)i ndlntthe pigsidetoMmBe prs¥pasintention,&he confa¥ting of the lube oil
spray-drying or extrusion, optionally calcining the
bpding nangeg feasisproamtwith thexahbbeeddsicribad bublemeta diydiretgeating
%rﬂfduct g‘;ut h a sul.fur-containi n}%gggg%und. A
C Yéﬁ?lé‘i‘o PER TRACHPB RTRFUGt ¢omIDE flyeast %Wipgg@uthgd a
e . L0 d ' hi.C t
e P Bl AARLE pRANRRCThE SERL ol B}l QPRERGR Bhscous
réetioA PRbAVCtI LN Es HS, RStk lighed ficabY Pro@RARPSichILPN
W th gﬂcarrier mate%?al, shagﬁ%the rz)g?ﬂting y
comppisss & lignid kibg.oil tyilingraygaproidagt lavieg areducmd level of
calcinin
nitrogen, aro%natics, and sulfur contaminants. Thus, the liquid product typically
has a boiling range corresponding roughly to the boiling range of the lube oil

boiling range feedstream.

[0059] In one embodiment of the present 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. The liquid product thus recovered will have a sulfur concentration

lower than that of the hydrocarbonaceous feedstream.



the resulting conposition, and sulfiding the resulting
material. [0058] In the practice of the present
w0 noosnosses, the contacting of the |ube oil boiPETYS2005/012623
range feedstreamw th the above-descri bed bul k net al
hydrotreating catal ysts produces a reaction product
conprising at |east a vapor product and a | ube oi
boi l i ng range product. The vapor product typically
conpri ses gaseous reaction products such as H2S, and
the liquid reaction product typically conprises a
liquid lube oil boiling rangg-product having a reduced
| evel of nitrogen, aromatics, and sul fur contam nants.
Thus, the liquid product typically has a boiling range
es e
(4015 S PRE 07 SePptiohs LtGerBR i sBferk FEHGa imeriGo i
pdsehhR1vRhE68NTHoBY Skille@hn thd )@t WAl GEchsmes tat dfebrichebodiments
liquid product are separated, and the |iquid product
that aow eqeally dffectivet doudd be deejsad 401 cayrying oua plor spario dfititis
fromthe liquid product is not critical to the instant
IRYEAED; on and can be acconplished by any neans known
to be effective at separating gaseous and |iquid
reaction products. For exanple, a stripping tower or
Ot 7 oy PR Wi IR PR, IS {3 ion, but are
nbbhureanetolmitid imkhy fashiom.a sul fur concentration | owner
than that of the hydrocarbonaceous feedstream [ 0060]
The above description is directed to severa
E&g&g&kﬁjﬁgs of the present invention. Those skilled in
Il recognize that other enbodinents that are
equal ly effective could be devised for carrying out
the spirit of this invention. [0061] The foll ow ng
EXAMPEE M I illustrate the present invention, but
are
Preparation of a catalyst containing molybdenum, vanadium, and nickel

[0062] 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 temperature was increased somewhat to reduce
the water content of the mixtufe 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.

)



not neant to limt it in any fashion. EXAMPLES EXAMPLE
1 Preparation of a catal yst containing nolybdenum
wo a0vadosses and ni ckel [0062] A catal yst conposPCT/US2008612623
prepared as follows. 78 grans of nickel
hydr oxy-carbonate, 3 1 grans O MoO3 and 2 1 grans of
vanadi um pent oxi de were conbi ned in an agueous nedi um
The slurry was aged overni ght at 900C under stirring.
The resulting suspension was filtered and the wet
filter cake m xed. During the m xing, the tenperature
was i ncreased sonmewhat to re8lsice the water content of
the m xture to obtain an extrudable m x. The m xture
was then extruded, and the extrudates were dried at
e ONEP cal cined at 3000C. The resulting materi al
Ecvnra'rﬁniggzﬂ. 3 wt.% of nolybdenum cal cul ated as
Preparitien o chtalysOesitantinadunfdtenoabh@ief, #%d nickel
vanadl um pent oxi de, and 52.2 w. % of nickeTl,
cal cul ated as oxide. The Mo:V:N nolar ratio in the
2 Preparation_of a

AR TN AR EITL e S I
R o oA e TDE S RN ! BN Sr s

a¥RINAH MANRGNAIb SIS BRHatARSEFBE® irPExﬁt‘ﬁExgeSI hBoRE I The Rsfiting
manner anal ogous to that described in anpl e 1 above.

nidterialezmitained 28eveYd @ tungstem) cadehl2i@dvts. thioridet URGSWEN, of
calcul ated as trioxide, 18.4 wt. % of vanadi

veppdiym, calpuipied an yanatperrniride, a%éo._@omg%lf@r? migkel,
c?dﬁ@i(ag%;]ca a% S}lélgl*élc i‘h? gVS\a\gXI%g@ﬁ ;z;ll:c_gloein \e/: e’ﬁ'd p%ldﬁcr:t i %t 1€0'30:1.

EXAMPLE 3

Preparation of a catalyst containing molybdenum., niobium, and nickel

[0064] 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 wt.% 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 3 Preparation of a catal yst contai ning
nmol ybdenum ni obi um and ni ckel [0064] A catal yst

W@ 0vp06es5e8 on was prepared from 72 grams of ni CREI/US2005/012623
hydr oxy-carbonate, 32 granms of Nb2C63H2O, and 29 grans
of nol ybdenumtrioxide in a manner anal ogous to that
described in Exanple 1 above. The resulting materi al
cont ai ned 29.8 w. % of nol ybdenum cal cul ated as
trioxide, 26.0 wt.% of niobium calculated as ni obium
pent oxi de, and 45 wt. % of nickel, calcul ated as oxide.
The Mo:Nb:Ni nolar ratio in_4he end product was
0.34:0.33: 1. EXAMPLE 4 Preparation of a catal yst
cont ai ni ng tungsten, niobium and nickel [0065] A

gzé E‘ ﬁﬁ gon‘positi on was prepared from6 1 grans of
roxy-carbonate, 27 granms of Nb2Gb3H2O, and

PieodHAitn 8f a'cdBASH Corftiliink udotRRADfHorHia, A8RHSicke)

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

as trioxide, 22.6 wt.% of niobium calculated as,
[006]]i unA\patdlyst chmpaesittoBaF prepayedronm 0k grams af vidkel ed

biden0-mbonais: 7 arsm el NoaDs aftpbound ¢b esmp s utashg acid in a
| | f li qui,d | i il )
et e B TR  E i B  po

cBRfaid i3 9. 8eevf SRHAEERBEANARHMs M oRide! 298 wENof niobium,
organi cal 'y bound sul fur contam nants in a reaction

calcabredvas hicbilml pentetidé, damdB & vetelioi ofthicled] atalsnlated dshexide.
Tpr esence of hydrogencontaj ning treat %as t her eby
meod b motarzatip om thsy gubptoduct was 0.32:0.33:1.




conprising at |east a vapor product and a liquid | ube
oil boiling range product, wherein said | ube oil
wheiosile8528 ange feedstreamis contacted w th saPdr/bsiors/012623
metal catal yst under effective hydrotreating
conditions and said bul k netal hydrotreating catal yst
conprises: i) a Goup VIB netal conponent selected
from nol ybdenum tungsten, and m xtures thereof; ii) a
Group V netal conponent selected from vanadi um
ni obium tantalum and m xtures thereof; and iii) a
Goup VIIl netal conponent sgl.ected from nickel,
cobalt, iron, and m xtures thereof, wherein the netal
conmponents (cal cul ated as oxi des) conprise at |east 50
mg the catal yst, wherein the nolar ratio between
‘al conponents satisfies the fornmula (G oup VIB
+ Goup V):(Goup VIIl) = 0.35-2:1. 2. The process
according to claim1 wherein said |lube oil boiling
1r ange\ Hrress fagodsciag bew-satfor Hignidgrodeetisirormantubbatl boiling
has a 10% di still ati onpoint greater than 65Q0F
( 3430@)ge Teedsineas cOPASIY: D 86 or ASTM 2887, and is

sor 53 1o e e sobicery SULIELLS SoUlSERol e
wher ei n sai,d JrgﬁﬁEélﬁpbéﬁlﬁggulﬁﬂWﬂtéﬁﬁlaﬁ%einoi rd®Rfibn stage with
reactors Or reactror zones each CONprising one of Nnore

cat al yst *ae&lﬁk%@étspﬁﬁﬂofré@tmdg‘ tathBist Bothgsisseneb wfhgdtdpen-
s,

beds, slurry beds, fixed be and novi ng beds,
wher ei n eaohtafingdrait gaetherebyppducing a reaction product

comprising at least a vapor product and a liquid lube oil boiling

range product, wherein said lube oil boiling range feedstream is

contacted with said bulk metal catalyst under effective

hydrotreating conditions and said bulk metal hydrotreating catalyst

comprises: |

i) 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, wherein the molar ratio between the metal
components satisfies the formula (Group VIB + Group
V):(Group VIII) = 0.35-2:1.

2. The process according to claim 1 wherein said lube oil boiling range

feedstream is a wax-containing feedstream that has a 10% distillation



catal yst beds contains a catalyst suitable for the
reaction zone in which said catal yst bed is | ocated.
W@ 2005hessps ocess according to any precedi ng cl aP@T/US2005/012623
wherein said reaction stage conpri ses one or nore
fixed catal yst beds, and wherein said process further
conprises cooling between one or nore of the catal yst
beds, the reactors, and/or the reaction zones in said
reaction stage. 5. The process according to any
precedi ng claimwherein said |lube oil boiling range
feedstream conpri ses' one or -3re of oils derived from
sol vent refining processes such as raffinates,
partially solvent dewaxed oils, deasphalted oils,

d II d-s,, i
nxegonfiguel ARRERERTI AL, pEASEEATRASTM D 86 8F ST
tr an%rglgssaﬁusfdéﬁv%dffﬁﬁﬁ%hm%keﬁ softs FhARRGc ShRBSS Br both.
waxes. 6. The process according to arly preceding claim

wherein sal d bul k metal hydrotreating catal yst has a
rati o of the total nolar anmount of Goup VIB and G qup
3v netmeﬂoraﬁ@ssméom&ieo %\mﬁbprﬁceémg@ @@%W\hemm said reaction stage

nmet al ressed b %(%r % pg

V) : (60811%159? PRy of ‘Hﬁ Fﬁagc ‘Pl"rso%rﬁ ey ‘Eneé eédi CpRIPXising one or
nost Iﬁo\,ﬁ? c%tal%st BIS sPleBfe Sﬁ%ﬁq’ﬁﬁﬁ edDelds, EHllalh goo%% Nurry
cl ai m wher ei esumo e wel ght percents o

G oupeds Hixdd beds, Mmanbvai@bpdsywWiersit alch ofcaldconadetiore

as oxi des ranges from 70 w.%to 90 wt. % of the

cat aloptalystihede dontainsrecatelyghsuitsble fay tbatr@aoylgn zoge iméhich
process, accor dlaﬁ(ﬂ to any preceding claimwherein the
amourstidgatglys 19¢/#%r * ni obi um ranges from at | east

50 nole% up to

4. The process according to any preceding claim wherein said reaction stage
comprises one or more fixed catalyst beds, and wherein said process
further comprises cooling between one or more of the catalyst beds, the

reactors, and/or the reaction zones in said reaction stage.

5. The process according to any preceding claim wherein said lube oil
boiling range feedstream comprises one or more of oils derived from
solvent refining processes such as raffinates, partially solvent dewaxed
oils, deasphalted oils, distillates, vacuum gas oils, coker gas oils, slack
waxes, foots oils, dewaxed oils, automatic transmission fluid feedstocks,

and Fischer-Tropsch waxes.

6. 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,



substantially all of the catalyst's Goup V netal. 9.
The process according to any precedi ng cl aimwherein

wo b@saesent of cobalt and nickel ranges from apCT/E@8205/012623
50 nole% up to substantially all of the catalyst's

Goup VIII netal. 10. The process according to any
precedi ng clai mwherein substantially all of the G oup
VIIl metal is nickel. 11. The process according to any

precedi ng claimwherein said bulk netal hydrotreating
catalyst is formed by a process which conprises

conbi ni ng sequentially or si-Bdd t aneously: said G oup
VI B netal conponent sel ected from nol ybdenum
tungsten, and m xtures thereof; said Goup V netal

conp ! i '
Coa eApRiss by MR MRV, Gl VI G ST ranging
sel edtom af teant O6CKk®R) at moftal . §;1.i ron, or m xtures

t hereof; and said sul fur conpound. 12. The process
according to any precedi ng claimwherein said catalyst

form rocess inyvolyves conbining, .in fi.rst step,
Tsai o TEHBCGP BRRRIE K AOAER pAmE aimer Gepeit the £uh Of the
conp [ W

Com e 2L OHRn IS, BRSG) YORPERGIL YoR gkt
combichlcathtéd 8s bRk [iaRgePRVALTO FtARhE ODWACSS (hoicAtyst,
sul fur conpound under conditions wherein at |east part
of t heserbomthecwnightefitle cdtalyse bul k net al

hydrotreating catal yst are converted into their
respective sulfides. 13. The process according to

| ai [ . furt her. i. b
Sepan i HCES oot R PEGRReoH e iaf TRI<jARE opunt of
oi | Rahhdilith ARGENRHLAA Ghng&Wom at least 50 mole% up to
substantially all of the catalyst's Group V metal.

9. The process according to any preceding claim wherein the amount of
cobalt and nickel ranges from at least 50 mole% up to substantially all of

the catalyst's Group VIII metal.

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

the Group VIII metal is nickel.

11.  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.



c) recovering said liquid distillate boiling range
product, wherein said lube oil distillate boiling

WO 200gaogseoduct has a sul fur concentration | owePCT/082005/012623
said distillate boiling range feedstream 14. The
process according to any precedi ng clai mwherein said
effective hydrotreating conditions conprise
tenperatures ranging from 1500C to 425 0C, wei ght
hourly space velocities range from0.1 to 20hT 1, and
pressures ranging from4 to 70 atnospheres (4.05 to
70.93 bar). 15. The process-3agcording to any preceding
cl ai mwherein said effective hydrotreating conditions
are selected so that at |east a portion of said
ni trogen and/or organically bound sul fur contam nants
are renoved fromsaid |ube oil boiling range

1ReedSithHeqards-actbRling 05 %5 pAeeind difint ¥ RAYnRARTOMhRYt
cl ai mwherein the [ube oi'l boiling range feedstream

cont dbmsingprooes3.igvelveycambiiing pigenfiest dtepp said GropW IBanetal

of sul fur, based on the weight of the |ube qil boiling

r ang&OTONsnt: saigh Group V metal component and said Group VIII métal
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 hydrotreating catalyst are converted into their respective sulfides.

13. The process according to claim 1 wherein said process further comprises:
b) separating said vapor product from said liquid lube oil boiling
range product; and
c) recovering said liquid distillate boiling range product, wherein said
lube oil distillate boiling range product has a sulfur concentration

lower than said distillate boiling range feedstream.

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 ranging from 4 to 70 atmospheres (4.05 to 70.93 bar).

15.  The process according to any preceding claim wherein said effective
hydrotreating conditions are selected so that at least a portion of said
nitrogen and/or organically bound sulfur contaminants are removed from

said lube oil boiling range feedstream.
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16.  The process according to any preceding claim wherein the lube oil boiling
range feedstream contains up to 0.2 wt.% of nitrogen and up to 3.0 wt.%

of sulfur, based on the weight of the lube oil boiling range feedstream.



