PROCESS TO MANUFACTURE LOW SULFUR DI ESEL FUELS FI ELD

OF THE I NVENTI ON [ 0001] The instant invention rel ates
woaom/1pswaess for upgradi ng hydrocarbon feedst Peans2005/013519

boiling within the diesel range. Mre particularly,

the instant invention relates to a process to produce

| ow sul fur diesel products through the hydrotreating

of diesel boiling range feedstreans in the presence of
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I i?:sKt one netal selected fromGoup VIII netals.
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presently being done in the hydrotreating art because

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

BACRGRSUNS O ik InvENTTgR 09en cr udes decr eases,

[0002] Environmental and regulatory initiatives are requiring ever lower 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 allow
no more than 1.4 vol.% polyaromatics (PNAs). Consequently, much work is
presently being aone 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, a need exists for increasingly efficient



refineries are processing crudes with greater sulfur

and nitrogen contents at the sane tine that
wenvisriosssent al regul ati ons are mandati ng | ower PCEUSR®S5/013519

of these heteroatons in products. Consequently, a need

exists for increasingly efficientdiesel

desul furi zati on and denitrogenati on processes.

Therefore, processes and catal ysts have been devel oped

to reduce the concentration of sulfur and nitrogen

contam nants in these streans. [0004] |In one approach,

a fam |y of conpounds, relat®ed to hydrotalcites, e.g.,

amoni um ni ckel nol ybdat es, has been prepared as

catal ysts to be used in such processes. Wereas X-ray
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interlayer galleries bonded to nickel oxyhydroxide
sheets. See, for exanple, Levin, D, Soled, S. L., and
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[ 0005] Al so, processes to produce fuels to neet the .
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= Pregipitation; 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 (I1), #11, 563-6 (1987) and Mazzocchia, Solid State Ionics, 63-65 (1993) 731-
35.

[0005]  Also, processes to produce fuels to meet the ever more restrictive
Environmental regulations, such as hydrotreating, are well known in the art and
typicallf requires treating the petroleum streams with hydrogen in the presence of a
supported catalyst at hydrotreating conditions. The catalyst is usually comprised of
a Group VI metal with one or more Group VIII metals as promoters on a refractory
support. Hydrotreating catalysts that are particularly suitable for
hydrodesulfurization, as well as hydrodenitrogenation, generally contain
molybdenum or tungsten on alumina promoted with a metal such as cobalt, nickel,

iron, or a combination thereof. Cobalt promoted molybdenum on alumina catalysts



supported catal yst at hydrotreating conditions. The

catal yst is usually conprised of a Goup VI netal with
wonesawsgsore G oup VIl nmetal s as pronoters onPar/us2005/013519

refractory support. Hydrotreating catal ysts that are

particularly suitable for hydrodesul furization, as

wel | as hydrodenitrogenation, generally contain

nol ybdenum or tungsten on alum na pronoted with a

metal such as cobalt, nickel, iron, or a comnbination

thereof. Cobalt pronoted nol ybdenum on al um na

catal ystsare nost w dely used when the Iimting

speci fications are hydrodesul furization, while nicke

pronot ed nol ybdenum on al um na, catal ysts are_the no
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at a process for producing | ow sul fur diesel products.
The process conprises: a) contacting a diesel boiling
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SUMMARAM O FHHDINVINTION a reaction product
conprising at |east a vapor product and a liquid

di esel boiling range
[0007] The instant invention is directed at a process for producing low sulfur

diesel products. The process comprises:

- ——g)~ — contacting a-diesel boiling range-feedstream-containing aromatics;-- -—--
nitrogen and organically bound sulfur contaminants in a reaction

stage with a bulk metal hydrotreating catalyst comprising Nb, at

least one metal selected from Group VIB metals and at least one

metal selected from Group VIII metals in the presence of hydrogen-
containing treat gas thereby producing a reaction product

comprising at least a vapor product and a liquid diesel boiling range
product, wherein said diesel boiling range feedstream is contacted

with said catalyst under effective hydrotreating conditions.

[0008] In one embodiment of the instant invention, said process further

comprises:

b) separating said vapor product from said liquid diesel boiling range

product; and



product, wherein said diesel boiling range feedstream
is contacted with said catal yst under effective
wayadisansssat i ng conditions. [0008] I n one enbodPaemS205/013519
the instant invention, said process further conprises:
b) separating said vapor product fromsaid liquid
di esel boiling range product; andc) recovering said
liquid diesel boiling range product. [0009] In one
enbodi nent of the instant invention, said effective
hydrotreating conditions are conditions effective at
renovi ng at | east a portion'@f‘said nitrogen and
organi cal Iy bound sul fur contam nants and
hydr ogenating at | east a portion of said aromatics,
t hug) pr odeebweirgt sdiédigluicdieselWailing emme groduicing range
product having a | ower concentration of aromatics and
nitrogen and organically bound sul fur contam nants
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BRIEF DESCRIPTION OF THE FIGURES

[0010] Figure 1 compares the hydrodesulﬁlrization activity of various CoMoNDb
" “bulk hydrotreating catalysts fo the hydrodesulfurization activity of a comimercial ™~ ™~

hydrotreating catalyst.

[0011] Figure 2 compares the hydrodenitrogenation activity of various
CoMoND bulk hydrotreating catalysts to the hydrodenitrogenation activity of a

commercial hydrotreating catalyst.

[0012] Figure 3 compafes the hydrogenation activity of various CoMoNb bulk
hydrotreating catalysts to the hydrogenation activity of a commercial

hydrotreating catalyst.

[0013] Figure 4 compares the hydrodesulfurization and hydrodenitrogenation
activity of a CoNiMo bulk hydrotreating catalyst to the hydrodesulfurization
activity of a commercial hydrotreating catalyst and a CoMo bulk hydrotreating
catalyst.



hydrotreating catal yst. [0013] Figure 4 conpares the

hydrodesul furization and hydrodenitrogenation activity
wof0@/1@s Mo bul k hydrotreating catal yst to thecT/us2005/013519

hydr odesul furi zation activity of a commercia

hydrotreating catal yst and a CoMb bul k hydrotreating

catal yst.[0014] Figure 5 conpares the

hydr odesul furi zati on and hydrodenitrogenation activity

of a CoNi MoNb bul k hydrotreating catalyst to the

hydr odesul furi zation activity of a commercia

hydrotreating catal yst and'éytoNbNb bul k catal yst.

DETAI LED DESCRI PTI ON OF THE | NSTANT | NVENTI ON [ 0015]

It should be noted that the terns "bul k" and

"unsupported” when used in conjunction with the
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u netal hydrotreating catal yst conprising Nb5 at

| east one netal selected fromGoup VIB netals, and at
| east one netal sel ected

el 4.

the hydrotreating catal yst occurs in the presence of a
hydro?en- containing treat gas. The reaction stage is
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[0016] The present invention involves contacting a diesel boiling range

~“feedstream containing organically bound sulfur contaminants-in-a-reaction-stage ——~——-

with a bulk metal hydrotreating catalyst comprising Nb, at least one metal
selected from Group VIB metals, and at least one metal selected from Group VIII
metals. The contacting of the diesel boiling range feedstream and the
hydrotreating catalyst occurs in the presence of a hydrogen-containing treat gas.
The reaction stage is operated under conditions effective at removing at least a

portion of the organically bound sulfur contaminants. The contacting of the diesel

. boiling range feedstream with the hydrotreating catalyst produces a liquid diesel

boiling range product having a lower concentration of organically bound sulfur

contaminants than the diesel boiling range feedstream.

[0017] Feedstreams suitable for treatment with the present method boil within
the diesel range. The diesel boiling range includes streams boiling in the range of
300°F (148.89°C) to 775°F (412.78°C), preferably 350°F (176.67°C) to 750°F
(398.89°C), more preferably 400°F (204.44°C) to 700°F (371.1 1°C), most



contam nants than the diesel boiling range feedstream

[0017] Feedstreans suitable for treatnent with the
wonresansocoet hod boil within the diesel range. PO®US2005/013519

di esel boiling range includes streans boiling in the

range of 3000F (148.890C) to 775F (412.7800C),

preferably 3500F (176.670C) to 7500F (398.890C), nore

preferably 4000F (204.440C) to 7000F (371.1 10,

nost pref erably 4500F (232.22C) to 65Q0F (343.33C).

These include diesel boiling. range feedstreans that

are not hydrotreated, are a blend of non-hydrotreated

di esel boiling range feedstreans, previously

hydrotreated di esel boiling range feedstreans, blends, .
preferabid A6OT (2321227 @rstel 6 395F| (343, 38 80y e Thessdar luslgriiesch hailing
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of RoRtisfdbir¥atdAnt hy Abstrawpeindivslr taging rage feedstogpens.
appedrs as both basic and non-basic nitrogen speci es.
Non-limting exanpl es of basic nitrogen species nay
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" non-basic nifrogen species may include carbazoles and substituted carbazoles.
The sulfur content of the diesel boiling range feedstream will generally range
from 50 wppm to 7000 wppm, more typically from 100 wppm to 5000 wppm, and
most typically from 100 to 3000 wppm. The sulfur will usually be present as
organically bound sulfur. That is, as sulfur compounds such as simple aliphatic,
naphthenic, and aromatic mercaptans, sulfides, di- and polysulfides and the like.
Other organically bound sulfur compounds include the class of heterocyclic sulfur
compounds such as thiophene, tetrahydrothiophene, benzothiophene and their
higher homologs and analogs. Aromatics are typically present in an amount
ranging from 0.05 wt.%, to 2.5 wt.%, based on the diesel boiling range

feedstream.

[0019] 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



O her organically bound sul fur conmpounds include the
class of heterocyclic sulfur conpounds such as
wohiwphsee, tetrahydrothi ophene, benzot hi opheneCamd2005/013519
their higher honologs and anal ogs. Aromatics are
typically present in an anmount ranging fromO0.05 wm.%
to 2.5 w.% based on the diesel boiling range
feedstream [0019] Hydrogen-containing treat gasses
suitable for use in the presently disclosed process
can be conprised of substant}glly pure hydrogen or can
be m xtures of other conponents typically found in
refinery hydrogen streans. It ispreferred that the
hydr ogen-contai ning treat gas streamcontains_little,

preforred ghasfthe Aytiyogen;canjainbigeiead gas sigeammgeatains little, more
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substantial |y "pure hydrogen. [0020] In the reaction
It Btrags, prefeeraathuethddyuirogrdcoitedng boeam by subsigatially pure
f eedstreamis contacted with a bul k netal
hydyegest r eati ng catal yst conprising No, at |east one
netal selected from Goup VIB netals, and at | east one
metal selected fromGoup VIII netals. By bulk netal,
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I'nvention are unsupported. The bul k metal
febdifeaht Rajonttedivathysbulkanetabhpdicteating catalyss compnistag Nb, at

~Nb, based on the catal yst, - preferabl to 45-wt . %
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present invention are unsupported. The bulk metal hydrotreating catalyst can

- comprise from 0 to 50 wt.% Nb; based on the catalyst, preferably 2 to 45-wt.%, - - - -

more preferably 10 to 35 wt.%, and most preferably 15 to 20 wt.%. The at least
one Group VIB metal can be present in amounts ranging from 0 to 60 wt.%, based
on the catalyst, preferably 1 to 50 wt.%, more preferably 10 to 40 wt.%, and most
preferably 15 to 30 wt.%. The at least one Group VIII metal can be present in
amounts ranging from 0 to 50 wt.%, based on the catalyst, preferably 10 to 45
wt.%, more preferably 20 to 40 wt.%, and most preferably 30 to 40 wt.%.
Preferred Group VIB metals include Mo and W while the most preferred Group
VIB metal is Mo. Preferred Group VIII metals include Co, Ni, Rh, Pt, Pd, Ir, and
mixtures thereof, while the most preferred Group VIII metal is selected from Co,
Ni, and mixtures thereof. Particularly preferred bulk metal hydrotreating catalyst
compositions for use herein are CoMoNb bulk metal catalysts having the
concentration of each metal as outlined above, and CoNiMoNDb also having
concentrations of metals defined above. The inventors hereof have unexpectedly

discovered that these bulk metal hydrotreating catalysts, when used in



on the catalyst, preferably 1 to 50 wt.% nore
preferably 10 to 40 w.% and nost preferably 15 to 30
worodx103e at | east one Goup VIII netal can beCpuss®ani3siy
in amunts ranging fromO to 50 w.% based on the
catalyst, preferably 10 to 45 w.% nore preferably 20
to 40 wt.% and nost preferably 30 to 40 wt. %
Preferred Group VIB netals include Mo and Wwhile the
nost preferred Goup VIB netal is Mb. Preferred G oup
VI metals i nclude Co, N, ﬁg Pt, Pd, Ir, and
m xtures thereof, while the host preferred Goup VIII
nmetal is selected fromCo, N, and m xtures thereof.
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hydestadatisity diesgldmilingrenge deedstieamsy atermeareaatyioo®B bul k
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metal hydrotreating catal ysts, when used
i nhydrotreating diesel boiling range feedstreans, are
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metal s concentrations ‘descri b
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hydrotreating catalysts in the oxide state having a
the oxygei,twherenf x,&,cud Addetibo ughetive ynar qeaniitieg; ﬂgluﬁh@e bulk

sk A Bl ks GLRSEE TSP driPgag agles Mo, denoted
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moles, preferably 0.2 to 1.5 moles, more preferably 0.2 to 0.8 moles. The at least

" one Group VIII metal, denoted by "y", is present in amounts ranging from 0.5 to 2

moles, preferably 0.8 to 1.5 moles, more preferably 1 to 1.5 moles. Preferred
Group VIB metals include Mo and W while the most preferred Group VIB metal
is Mo. Preferred Group VIII metals include Co, Ni, Rh, Pt, Pd, and Ir, while the -
most preferred Group VIII metal is at least one of Co, Ni, and mixtures thereof.
Thus, particularly preferred catalyst compositions for use herein comprise
CoMoNb and CoNiMoNb bulk metal hydrotreating catalysts having the

concentration of each metal as outlined above.

[0022] The bulk metal hydrotreating catalysts herein can be prepared by any
methods known in the catalyst art for forming bulk metal catalysts. Non-limiting
examples of these methods include those outlined in Teichner and Astier, Appl.

Catal. 72, 321-29 (1991); Ann. Chim. Fr. 12,337-43 (1987), and C. R. Acad. Sci.

oné Group VIB ifietal; denoted by "x", is present in-amounts ranging from0:1 to2 --- -



by "z", preferably 0.2 to 1.5 noles, nore preferably
0.2 to 0.8 noles. The at | east oneOroup VIB netal;
wdenmstiesbeby” X", is present in anmounts rangi ng PComS20%/013519
to 2 noles, preferably 0.2 to 1.5 noles, nore
preferably 0.2 to 0.8 noles. The at |east one G oup
VITI metal, denoted by "y", is present in anounts
ranging from0.5 to 2 noles, preferably 0.8 to 1.5
nol es, nore preferably 1 to 1.5 noles. Preferred G oup
VIB netals include Mo andWwhile the nost preferred
Goup VIB netal is M. Prefefred Goup VIIl netals
include Co, Ni, Rh, Pt, Pd, and Ir, while the nDst
preferred C?oup VI1I netal is at |east one
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00 WoHeistent with the present nventon disclosure and claims- The bulk -~

metal hydrotreating catalyst is preferably sulfided prior to use, and most
preferably made by the methods outlined in U.S. Patent 6,534,437 and U.S. Patent
6,162,350.

[0023] 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, slurry beds, and moving beds.
Interstage cooling or heating between reactors, reaction zones, or between catalyst
beds in the same reactor, can be employed since some olefin saturation can take
place, and olefin saturation and the hydrotreating reaction are generally
exothermic. A portion of the heat generated during hydrotreating can be

recovered. Where this heat recovery option is not available, conventional cooling



cal cul ated as oxides, of the total weight of the bulk
catal yst particles. The preferred nethods of making
woheoscaswmb yst conposi tions used herein are desecrhsenosni3si9
nore detail in U S Patent 6,156,695, U S. Patent
6,534,437, U. S. Patent 6,162,350, U S. Patent
6,299, 760, and PCT published application W00/41810,
whi ch are incorporated herein by reference for al
purposes to the extent that they are not
i chsistenTwith the present ipvention disclosure and
clains.-The bulk - netal hyé otreating catalyst is
preferably sulfided prior to use, and nost preferably
made by the nmethods outlined in U S Patent 6,534, 437
maynoe peifornRed through tedligsotilifienarh aptueoliagavatenos alger
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Such other types of catalyst beds include fluidized
[002:'s, /febpiehidushgstatds thesdiasel polenis rangedeedsitean isexpntacted

Interstage cooling or heating between reagtors, .
witte thet ahervezdafmed cza?almttm@erﬁa@tmrm;t9g@ ua@%rseaf&rwﬁélygg%eatlng

copacrak THRacadiGRS ISR SRNIPRBr A TaaE ToR150°C
gQtreati ' ener at | ' -
o PSEC BB IGRE RS pRSRSR R A1 T fsck. Typical
welgnf RERYE S \ilites QISP rASEEHBRIOIR, S0h SpréRiably
frd I P5ed SEED! ARG effclive besssarecdandse wiilidedp gndprassumes typically
alr, or through use of a hydr ogien guench stream 1In
t

rahfé Srompdref7) abmosphares, gueferaidy tlorpi0atmosphergh be nore

easi |y mai nt ai ned.

[0025]  The contacting of the diesel boiling range feedstreani with the above-
described hydrotreating catalysts produces a reaction product comprising at least a
vapor product and a liquid diesel boiling range product. The vapor product
typically comprises gaseous reaction products such as H,S, and the liquid rqaction
product typically comprises a liquid diesel boiling range product having a reduced
level of nitrogen, aromatics, and sulfur contaminants. Thus, in one embodiment
of the present invention, the vapor product and the liquid diesel boiling range
product are separated, and the liquid diesel boiling range product recovered. The
method of separating the vapor product from the liquid diesel boiling range
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 diesel boiling range product. The diesel boiling range

product thus recovered will have a sulfur concentration lower than that of the
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[0024] As previously stated, the diesel boiling range
feedstreamis contacted with the above-defined
woab@lyst60i n a reacti on stage under effective PCT/US2005/013519
hydrotreating conditions. These conditions typically
i ncl ude tenperatures ranging from 1500C to 425 0C,
preferably 200 0OC to 37Q0C, nore preferably 230Q0C to
350 0C. Typical weight hourly space velocities
("WHSV') range fromO0.1 to 20nT 1, preferably fromO0.5
to 5In: 1. Any effective pri sure can be utilized, and
pressures typically range from4 to 70 at nospheres,
preferably 10 to 40 atnospheres. [0025] The contacting
of the diesellioil rig;range feedsl xeamwth the
diesbbbeitiegaanpefeedyieans et wih preferbishaver sulderieval low
reacti on product conpri sing .at Iegs% a vapor Er duct
enewgh o g e@u&ﬁt@@eueq%ﬁmeﬁgﬁ imposed gi thetape of R OQ(}%FE’(S’P-
product typically conprises gaseous reaction products
such as H2S, and the liquid reaction product typically
[od‘z%pmf 'ﬁl%}b%vle IqabdshittireR /lirde@dd fon@vern embviddunts dfakie peesent
a reduced level of nitrogen, aromatics, and sul fur
invtioam Tk skillBdus, the artonit] eebgulizedit ofhen dnbedigwaits that are
i nvention, the vapor product and the |iquid %{esel .
eqbally effgctivmeenld bsdlevisedrfer sagsgingran the sririt o€ this gayeption.
~diresel boiling range product recovered. The nethod of
separating the vapor product fromthe liquid diese
hling r ' oS hiel th&kml ' fAéss of the
(00 enchis O BB Ics S S b T Bt o
pré@nP fnvehitiBh! bieardhos fRANAL0 Igritrhs pecsenairyehtiqn il any fashion.
reaction products. For exanple, a stripping tower or
reacti on zone can be used to separate the vapor
roduct fromthe liquid diesel boiling range product.
E BLES| Dboiling range product thus recovered will
have a sul fur concentration |ower than that of
t hedi esel boiling range feedstream and w ||

[0028]  The unexpected results achieved by utilizing a Nb-containing catalyst as
described above was illustrated by comparing the hydrotreating activity of
CoMOoNb catalysts to a commercial supported hydrotreating catalyst. The
commercial hydrotreating catalyst was obtained from Akzo Nobel and is marketed
as KF-757. The weight percent and molar ratio of each element of the bulk metal
WMHwMymmmumMMMWWMmemmmmme%kHMWLH

should be noted that the molar ratios contained in Table 1 exclude oxygen.



enough to nmeet regulatory requirenents inposed at the
time or production. [0026] The above description is
wdizoesapedot o several enbodi ments of the presenPCT/US2005/013519
i nvention. Those skilled in the art will recognize
that ot her enbodi nents that are equally effective
coul d be devised for carrying out the spirit of this
invention. [0027] The follow ng exanples w ||l
illustrate the inproved effectiveness of the present
invention, but are not nmeant.to limt the present
i nvention in any fashion. EXAVPLES EXAMPLE | [ 0028]
The unexpected results achieved by utilizing a
Nob- cont ai ning catal yst as described above was
illustrated by conparing TABLIEdrotreating activity of

CoMoNb  caloATyNbBllk H?gdﬁﬂi!i‘@ﬁﬁhg@ﬁumoﬂ(ﬁﬂnosmons
hydrotre ng ca a ys e comer cl al hydrotreatl ng

catalyst ‘033 obt |||c ||U| Notet VBT Kete

as KF- 75]7. erc T\%nd [ a

e Cafalyt of( PR U k(IH%l%I ud“ﬁ %E tg\f'g/{f) sedA’)
1 N th| S DXI[ﬁ@flp}‘rE Frﬁuo)r‘nrt Flir m Tavra 1 ho| oW

shoul d bge notked that ¥he IarZrat| Qs contlai ned_in

Teble 1 excl udestoxygenlDABLE 1 CoMpNb 3@f0k H 37.40 0.00
oloRat [ N Catiado st Com7esi ti ong.25 002Fu.%aich 28.40 he 9.20
CEbRINE! § desarged Tnokall e 1,0.80¢ng 36200 theo.10 | 18,50
‘ CQ'MEN:@I 1: . nyﬂ( eatti @gicat arygbs (wWasyseg0al uatedof or 28.10
\.N GeStHr-uf I]L on \ rMDS ) dcC bﬁl ly 3600 0.00 37.90

dnn frﬁﬁun fa¥al ("L | LR
1 ") abIVILy allu

hydrogenatl on activity. A total of 6cc of each of the
catal ysts was placed in a fixed bed down- fI ow react or

and contacte th
[0928]i ngquhgom?le%%yqqc@ aés?cg egpﬁ "Ilaleegl ﬁogg with ﬁl'el doflfiercial
hydrotreating catalyst, was evaluated for hydrodesulfurization ("HDS") activity,

ogeTTid \ LI~

hydroden1trogenat1on ("HDN") act1v1ty, and hydrogenatlon activity. A total of

6¢cc of each of the catalysts was placed in a ﬁxed bed d down-flow reactor and
contacted with a diesel boiling range distillate having 1.6 wt.% sulfur, an API
Gravity of 32.3, 100 wppm nitrogen, and an initial and final boiling point of
396°F (202.22°C) and 779°F (415°C), respectively. The diesel boiling range
distillate and the catalysts were contacted under hydrotreating conditions
including temperatures of 625°F (329.44°C), hydrogen treat rates 0f 2000 scf/bbl
substantially pure hydrogen, pressures of 400 psig (27.58 bar), and liquid hourly
space velocities ("LHSV") of 1.0 hr.

[0030] The HDS activity, expressed as a 1.5 order rate constant kyps, of each of
the CoMoND catalysts was then calculated by an apparent 1.5 order reaction
respected to sulfur concentration and compared to the HDS activity of the

conventional catalyst. The kipg equation used was kups = [(1/Cp 03) - (1/C ] x



Gavity of 32.3, 100 wppm nitrogen, and an initial and
final boiling point of 396F (202.220C) and 7790F
w0420Baa3960r espectively. The di esel boiling ranger/us2005/013519
distillate and the catal ysts were contacted under
hydrotreating conditions including tenperatures of
625F (329.440C), hydrogen treat rates of 2000 scf/bb
substantially pure hydrogen, pressures of 400 psig
(27.58 bar), and liquid hourly space velocities
("LHSV') of 1.0 hr 1. [OOSOh The HDS activity,
expressed as a 1.5 order rété'bonstant k s of each of
the CoMoNb catal ysts was then cal cul ated by an
apparent 1.5 order reaction respected to sul fur
LESVI® A} MihérerCamd Cpareaudfir concendratiogs gspressed aswt.fp for feed
conventi onal gatal%1t. The k s equat,j.on.used, was k os
andipmeing, sspevibredy.cil hgAesulls a5¢ €04 F‘?elﬁirmgjd%@n]('r ations
expressed as w.% for feed and product, respectively.
The results are contained in Figure 1. [0031] As can

seefy | . inl Fi 'R Mo, Q; Co; sMog.74sNbg 25, and
[O@i. SR%%b%ﬁﬁgwé@n %%F%g’i tﬁ@%} I\?g'o. 5[{[@6_ gl'sc atO %114yst0'§5 were
C@MO@NHOX afalyst+iRSré hrvme hbtbvefomHEDSithin thet compmiercial catalyst.
|

gure 1 al so denonstrates that the Nb}\/g}roglﬁéed Co
FigMzol ZNstlenESistrates tiefi the ¥lyprosneted 5 aMoysNBo2se?é ¢ he

nost active for HDS. [0032], The ivity,

Censl sty s §atalysts Wep; temp agggg}rﬁ@tl\gﬁ‘stl CHDN? of each
of the CoMoNb catal ysts was then cal cul ated by an
appar ent 1.5/order reaction respected to sul fur

[omnlc entRAHITIN 22f6it¢ smpRERed b ath oflidN ratet donistant &fimt, e each
conventional catalyst. The k s equation used was, |

ofGHEN IMIBNbxcakaly &t @7gs)thenbelcslagsd byian@ppaieat A% prdgeFeaction
concentrations expressed as m_for. f an r oguct ,

respented td swfyr congentralion aad %\QI\@%@M&%@% ae 1&&?’ é’%gl?e -

conventional catalyst. The kyps equation used was kupn = LHSV x Ln(C/C,).

" Where 'thﬁd"cg are nitrogen concentrations expressed'as wppm*for feed-and— - -

product, respectively. The results are contained in Figure 2.

[0033] As can be seen in Figure 2, the Co; sMoy g, Co1.sMo0g.74Nbg 55, and

Co; sMogsNby s catalysts were more active for HDN than the commercial catalyst.
Figure 2 also demonstrates that the Nb promoted Co; sM0g74Nbg 25, and

Co; sMog sNby s catalysts were the most active for HDN.

[0034] The hydrogenation activity of each catalyst, expressed as API gravity,
was then calculated and compared to the hydrogenation activity of the commercial
catalyst. API gravity is a reliable method of comparing hydrogenation activity
because it is known that the hydrogenation of aromatics will increase the API
gravity of a hydrocarbon stream. The results are contained in Figure 3. It should
be noted that the hydrogenation activity is expressed in terms of the API density
of the desulfurized product.



[0033] As can be seen in Figure 2, the COLl-5M QOLO,
C01. 5Mbo. 74Nbo. 25, and Cgi .5Mjo. 5Nbo. 5 catal ysts were
wounns/1asd6o ve for HDN t han the conmercial cat al per/US2005/013519
Figure 2 also denpnstrates that the Nb pronoted
CO01. 5Mbo. 74Nbo. 25, and Cgi . 5Mjo. 5Nbo. 5 catal ysts were
the nost active for HDN. [0034] The hydrogenati on
activity of each catal yst, expressed as APl gravity,
was then cal cul ated and conpared to the hydrogenation
activity of the conmerci al ztalyst. APl gravity is a
reliable nmethod of conpariﬁg hydr ogenati on activity
because it is known that the hydrogenation of
aromatics will increase the APl gravity of a
‘hydrocarbon stream The results are contained in
Figure 3. It shoul d be not h t t he .hydrogepati on d
[0@&]. v.Ag/carsb@we@s%guterﬁatt ? (’tlh 9\1:1%48% 95 - g

C%S '0‘; E%tigﬁ@%%r oduct s %%[%}}&g ﬁigg@é?gﬁoﬁ ﬁ?egl f&% 1co%nw%16rcia1

caﬁ&& %1%@%@ A3 §le trﬁ%érs ¢hA%hé XD ﬁl@'indtw R SRR, 1, Nb, 55, and

conmer cl a cata yst. Figure 3 also
M‘%’% estalyrad weRethBlngst aotive forCGoidstpOratwib C2S, and
%% Nbgkl g}scatal ysts were the nost active for
hydr ogenati on. EXAMPLE 2 [0036] The unexpected results
achi eved by utilizing a Nb-containing catal yst as
above was illustrated by conparing the
hydrotreating activity of (CoN MoNb hydrotreating
cat aI ysts havi ng a conpositional fornula of
[0 ngeﬁfé@r@bﬁlt@aclﬂeveﬁ byotligingraeNbentaining catalyst as
pectlve l'ar ratios of each conponent, tbTcom
dem,enbe@ hb@\tqowas ilrstiagedt oy cemparing @a@ngy@z@treagng getivityef

commer ci al drotreat catal st was. obt ﬂ“ned fr(fm
C;ANzMomebydrgégam@g ﬁﬁpjyé Vmg compositional formula

Co,Ni,Mo Nbg, wherein a, b, ¢, and d are the respective molar ratios of each

""'“C(')hipdﬁéfi’c,"cb*ei"c‘fim”rﬁe’"‘réi’al"siiﬁpéfte\‘:d‘hydrotreating catalyst, also.~The — ~=-- - -~ -

commercial hydrotreating catalyst was obtained from Akzo Nobel and is marketed
as KF-757. The weight percent of each element of the bulk metal hydrotreating

catalysts used in this experiment are contained in Table 2 below.

TABLE 2
CoNiMoNb Bulk Hydrotreating Catalyst Compositions

Co Ni Mo Nb Co Ni Mo Nb
Catalyst | (molar | (molar | (molar | (molar (Wt.%) | (Wt.%) | (wt.%) | (wt.%)
ratio) | ratio) | ratio) | ratio)

a b c d

CoNiMo 0.75 0.25 1.00 0.00 | 20.60 6.80 | 44.79 0.00

CoNiMoNb 0.20 1.00 0.50 0.50 750 | 27.30| 4619 1490

[0037] Each of the catalysts described in Table 2, along with the commercial
hydrotreating catalyst, was evaluated for hydrodesulfurization ("HDS") activity,




as KF-757. The wei ght percent of each el enent of the

bul k nmetal hydrotreating catalysts used in this
wexpsriosent are contained in Table 2 bel ow. TABCEUR2005/013519

CoNi MoNb Bul k Hydrotreati ng Catal yst Conpositions

[0037] Each of the catal ysts described in Table 2,

along wwth the comercial hydrotreating catal yst, was

eval uated for hydrodesul furization ("HDS")

activity, hydrodenitrogenation ("HDN') activity, and

hydr ogenati on activity. A tatal of 6cc of each of the

catal ysts was placed in a filYed bed down-fl ow react or

and contacted with the sane diesel boiling range

distillate used in Exanple 1 above. The diesel boilin
hydesdsnitto gérnidtiont @HDN"t dutivityt ahd hydrogenatiaroactindtyedA tota of

under hydrotreating conditions includingt erat ures
6oofofeashif (iB2catalysys, was plasedin fixgd bﬁgtdgyrbﬁg%d@@mf and

scf/bpl .substanti al | re hydr n I r 0
copacsed wibaBesary dissed bPis e O AEE Y dP S ieditbove.
i R e 0% S e e e
nRAESGEREAGRRNEs ARAERFRINSS atied BEGHDE 320.44DN), hydrogen

actrvity of the commercial catalyst. The results are .
tr&a Rhtk 6EA000 sE/ bl stbdtanfialig phrokydragemepressamesof 400 psig

active for denitrogenation but, |ess %({{Hl)ﬁ f(%;_l
(24 by andaliquid homrlyuapece yeloggigs ek HS; d-0Bre

active than the conmmercial hydrotreating catal yst.

[ 0040] The HDN and HDN activity of the CoN MoNb

al y t b REAIRHR, Iculated
[0FSEE. She PN ABIIRR Sl AL e IS paidI e e the dalculate
asg&és@fiﬁéc‘i abd& ag)ldfdd)lrﬁﬁaréd o therfiDSrad HDNraciviey 6f the
e

el ow. As can _ o
commercial catalyst. The results are contained in Figure 4.

[0039] ~ As can be seen in Figure 4, compared to CoysMi o, CoozsNig2sMorgwas ™~
more active for denitrogenation but less active for desulfurization (Figure 4).

However, it was more active than the commercial hydrotreating catalyst.

[0040] The HDN and HDN activity of the CoNiMoNb catalyst was then
calculated as described above, and compared to the HDS and HDN activity of the
commercial catalyst. The results are contained in Figure 5, below. As can be
seen in Figure 5, compared to Co; sMog sNbys, Cog2Ni; oMoy sNbg s was less
active for both desulfurization and denitrogenation. However, it was still more

active than the KF-757 commercial catalyst.



seen in Figure 5 conpared to CoL5Mjo. 5NbO. 5,
Cgo. 2Nii. OMdO. 5Nbo. 5 was | ess active for both
wdesesihsasd zat i on and deni trogenati on. However, PCIT/US28)5/013519
still nore active than the KF- 757 comrerci al
catal yst. CLAIM5 ; 1. A process for producing |ow
sul fur diesel products froma diesel boiling range
feedstream conprising: a) contacting a diesel boiling
range feedstream containing aromatics, nitrogen and
organi cal ly bound sul fur conéam nants in a reaction
stage with a bulk netal hy(zll1 freating catal yst
conprising Nb, at |east one netal selected from G oup
VIB netals, and at | east one netal selected from G oup
CINVAIMSyetal s in the presence of hydrogencontai ni ng
treat gas thereby producing a reaction product
conprising at |east a vapor product and a liquid

L o 2 e AR GRS B S kel boing
cat ?%H tf@eﬂgt?éan‘?fcél rrf's%i‘%:hydr otreating conditions. 2.

The "process accor g claim1 wherein said reaction

stagy ComphisztngdHesyl batlirg range tfesdstieany Eranttindrg Zwnesics,
each” conprising at |east one catal yst bed sel ected .
f r om t he njtroggn amheismicaglydfound sudfiuz egnigargants n a reaction

bods whereass Wi Witk astel S0P TRy GUARELRGUPREga%, a

Cont ! o 5ot B AT B4 P TSR eon

g‘f 28‘2 di ngn&Q1 SeY¥cted FoiGrBup MaTMnehes & thesaeskriceadthydrogen-
containing treat gas thereby producing a reaction product
comprising at least a vapor product and a liquid diesel boiling range
product, wherein said diesel boiling range feedstream is contacted

“with said catalyst under effective hiydrotreating conditions:

2. The process according to claim 1 wherein said reaction stage comprises
one or more reactors or reaction zones each comprising at least one catalyst
bed selected from the group consisting of fluidized beds, ebullating beds,
slurry beds, fixed beds, and moving beds wherein each of said one or more

catalyst beds contains a catalyst suitable for the reaction zone in which the

catalyst bed is located.

3. The process according to any preceding claim wherein said reaction stage

comprises one or more fixed catalyst beds.

4, The process according to any preceding claim wherein said process further
comprises cooling between catalyst beds, reactors, or reaction zones in said

reaction stage.



conpri ses one or nore fixed catal yst beds. 4. The

process according to any preceding clai mwherein said
wonResasseb urt her conpri ses cool i ng bet ween cat atLya1S2005/013519

beds, reactors, or reaction zones in said reaction

stage.5. The process according to any preceding claim

wherein said diesel boiling range feedstream has an

at nospheric boiling point in the range of 3000F

(148.89C) to 775F (412.780C). 6. The process according

to any precedi ng clain1mher$%n sai d diesel boiling

range feedstreamis selected'from (i) diesel boiling

range feedstreans that are not hydrotreated; (ii) are

a bl end of non-hydrotreated diesel boiling range

feedstreans; (iii) are previously hydrotreated di ese

boiling range feedstreans; (iy) are blends of.,. .. e
5. hy dThersacesd acrexkng Komy precedingeaie wheren said digsel bpjling

are bl ends of non-hydrotreated,and hydrotreate i o
ot i cadgiieamebas b oanesohericautng poid e 5 Gef o 5ph°F
any gi j 8- sai d bul k net al
hydr(g/wggt(tﬂg) zm\;i?‘eféo%‘ri ses fromO to 50 wt. % Nb,
fromO to 60 wt.% of said at | east one G oup VIB

metal, and fromO to 50 wt. % of said at | east one

6. & oumheMirbbed¥Ricabrdil@ ey pracedingeilgint wdfer¢insahdiabgidioiling
8. The 'process according to any preceding claim
whenenge feidstréarh ks seleeted fioan 6f) diesel heilingirange feqdstregms that
t he oxide state and has a  conposition .of G OuR. -
VI Broge uophurdioimeied: Gicarac Hgnd REnoR Pyttt Hioselpoiling
: gﬂggﬁgé fe%ﬁ]ﬁ%:eq]fn%;gii%); ard pr8N96Sty HyAWoPeated Bickel BAMng range
feedstreams; (iv) are blends of hydrotreated diesel boiling range

feedstreams; and (v) are blends of non-hydrotreated and hydrotreated diesel

boiling range feedstreams.

7. The process according to any preceding claim wherein said bulk metal
hydrotreating catalyst comprises from 0 to 50 wt.% Nb, from 0 to 60 wt.%
of said at least one Group VIB metal, and from 0 to 50 wt.% of said at least

one Group VIII metal, based on the weight of the catalyst.

8. The process according to any preceding claim wherein said bulk metal
hydrotreating catalyst is in the oxide state and has a composition of Group
VIB,GroupVIII,Nb,, excluding the oxygen, wherein x ranges from 0.1 to

2,y ranges from 0.5 to 2, and z ranges from 0.1 to 2.

9. The process according to any preceding claim wherein said at least one
Group VIB metal is selected from Mo and W and mixtures thereof, and the
at least one Group VIII metal is selected from Co, Ni, Rh, Pt, Pd, Ir, and

mixtures thereof.



9. The process according to any precedi ng claim
wherein said at |east one Goup VIB netal is selected
wonw®miMyeand Wand m xtures thereof, and the aPCraas105/013519
one Goup VIl netal is selected fromCo, N, Rh5 Pt,
Pd, Ir, and m xtures thereof.10. The process accordi ng
to any preceding claimwherein said at | east one G oup
VIII netal is selected fromCo, N, and m xtures
thereof and said at |east one Goup VIB netal is M.
11. The process according tg any preceding claim
wherein said bulk netal hyd ngeating cat al yst
conprises one or nore of CoMoNb and CoNi MoNb. 12. The
process according to any precedi ng clai mwherein said
process further conprises: b) separating said vapor

103nd T roe R ARG IR B eAmEdTRI BT oy SHichgess! one
t. 3. . Th i ' .
o1 aitiowr BT ety sBrPEaaord Giravprpe itRes Bt isthaid a
ar e 56k S6L 1080 VikAkeR ik BASL @ Portion of said
nd o [Ty bou

nitrogen a gani ca nd sul fur contam nants are

renmoved from said diesel boiling range feedstream and

at least a portion of said aromatics are hydrogenat ed.
1114. Theeprpressesording telpny prasedimng @rise ameﬁ@mcﬁa&? hulk metal

o A & s Do B B EBR o,
than said diesel boiling range feedstream
12.  The process according to any preceding claim wherein said process further
comprises:
b) separating said vapor product from said liquid diesel boiling range
product; and |

c)  ~ tecovering said liquid diesel boiling range product. ™

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
diesel boiling range feedstream and at least a portion of said aromatics are

hydrogenated.

14.  The process according to any preceding claim wherein said liquid diesel
boiling range product has a sulfur, nitrogen, and aromatics concentration

lower than said diesel boiling range feedstream.

15.  The process according to any preceding claim wherein said effective

hydrotreating conditions comprise temperatures ranging from 150°C to

J



15. The process according to any preceding claim
wherein said effective hydrotreating conditions

woaoEriossot enper at ures rangi ng from 1500C t 042BC0M@S2005/013519

1

N

wei ght hourly space velocities range fromO0.1 to 20hT
1, and pressures ranging from4 to 70 atnospheres
(4.05 to 70.93 bar). 16. The process according to any
preceding clai mwherein the nitrogen content of diese
boiling range feedstreamis 50 to 1000 wppm ni trogen,
the sulfur content of the digsel boiling range

f eedstream ranges from 50 wppm t o 7000 wppm and the
aromatics content ranges fromO0.05 w.%to 2.5 wt. 96
all based on the diesel boiling range feedstr

The 4p6%¢ essight howdy spaceov Qim/ltlpﬁf sangg irem- At W&ﬁ’é r @P

the at |east one Grou and, at VI B
met @r@ssuwang@gf F%“s@ i&i atgPqspheiss (&@_%o Ho ca?éc%’%g? ed
as oxides, of the total weight of the bulk metal

Ti ydr dffeatl ng catal yst: 18. A process for producing

ibedd! REEHiRE B rdce@meac] gine $dlerdinithe ngro; tent
fee&q{é eam corrprlsﬂ% yﬁsgﬁcont ac%tl ng a dlresel bgﬂ?ﬂg@nm

r angf digetibbil@gnrange fetuelstraarges 60 30006 Wrprs nggoger), theysulfur
7750F (412.78C) and cont ai ni fg romati cs, |tr en an
or gaontealt on° thyeodiegel ik I!lg gt ﬁﬁq{i‘%ﬁér@ﬁe% SB

sta net a drotr I 0 0
cong008is. i e b Ripeg SoflenE PlugBd segh 8108 %”/‘é%"s% S widk,
°”e ne S HRd ¥nnaRi Akl 5618 Rig(r8lod ERmsMrANd W and 10 to
t ast one ou% VIII nmetal selected from
Co Ni, Rh, Pt, Pd, and Ir in the presence of
hydrogen-containing

17." The process according to any preceding claim wherein the at least one

Group VIII and at least one Group VIB metals comprise from 50 wt.% to
100 wt.%, calculated as oxides, of the total weight of the bulk metal

Tydrotreating catalyst:

18. A process for producing low sulfur diesel products from a diesel boiling

range feedstream comprising:

a) contacting a diesel boiling range feedstream in the range of 300°F
(148.89°C) to 775°F (412.78°C) and containing argmatics, nitrogen
and organically bound sulfur contaminants in a rea;:tion stage with a
bulk metal hydrotreating catalyst comprising 2 to 45 wt.% Nb, 1 to
50 wt.% of at least one Group VIB metal selected from Mo and W,
and 10 to 45 wt.% of at least one Group VIII metal selected from
Co, Ni, Rh, Pt, Pd, and Ir in the presence of hydrogen-containing
treat gas thereby producing a reaction product comprising at least a
vapor product and a liquid diesel boiling range product, wherein
said diesel boiling range feedstream is contacted with said catalyst

under hydrotreating conditions effective at removing at least a



treat gas thereby producing a reaction product

conprising at |east a vapor product and a liquid
wdizesabsdsoi | i ng range product, wherein said di e6€iUS2005/013519

boiling range feedstreamis contacted with said

catal yst under hydrotreating conditions effective at

renovi ng at | east aportion of said nitrogen and

organi cal ly bound sul fur contam nants and

hydr ogenating at | east a portion of said aromatics.

19. The, process according to any preceding claim

wherein the nitrogen cont ent?lof " di esel boil | ng range

feedstreamis 50 to 1000 wppm nitrogen, the sul fur

content of the diesel boiling range feedstreamranges

from 50 weptivh of $8idGitdpen arddrdanécallydrmiides fiwoataminants

ranges fromO0.05 wt.%to 2.5 m.% all based on the

di esel bainidi hyglrogenpéinged deast a pottion of said aromatics.

19.  The process according to any preceding claim wherein the nitrogen content
of diesel boiling range feedstream is 50 to 1000 wppm nitrogen, the sulfur
content of the diesel 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 diesel boiling range feedstream.



