- 1- PROCESS TO MANUFACTURE LOW SULFUR DI ESEL FUELS FI ELD OF THE

| NVENTI ON [ 0001] The instant invention relates to a process for upgrading
hydr ocar eans boiling within the diesel range.. Mire particularly,
t he instﬁPZPﬁQ%Pon relates to a process to produce ISWTQ{?IZ?‘EWIEF%%I
products through the hydrotreating of_gdiesel boiling range feedstreans in
the presence of a bulk netal hydrotreating catal yst conprising Nb, at |east
one netal selected fromGoup VIB netals, and at | east one netal selected

from G oup VM IN i onmental and
regul atory i Q S % Mﬁuw l@ul fur and

aromatics in distillate fuels. For exanple, proposed sulfur limts for
distillate fuels to be narketed in the European Union for the year 2005 is
50 wopm BTELFF©F THEE NV ENIITEN proposed limts that would require | ower

| evel s of total aromatics as well as lower levels of nulti-ring aromatics
found in distillate fuels and heavi er hydrocarbon products. Further, the
maxi mum al | owabl e total aromatics | evel for CARB reference diesel and

Swedi sh 10083 | The dagantdaxenigpmnyrlatss i prgceps iyamarsding hydeeasben t he CARB
f f,uel I . t 1.4 l.. % pol. i PNAs) .
Consequoteeryream holiwiBRl e difR Jirie) MorbRRERIERE B Bt ear i ng art

b j . I fol
i fur: PSR FoRARE Aok SR G PrbdI toy At AT ERAaNA BB Voo wi th

sul fur,

gr eat er Rydrotieatifigl offdidsebboiliagrhery feeditrédis Hfie predenck bdta Wik miganent al
regul ations are mandating | ower |levels of these heteroatons in products.
Consequehydrpfreating edtabyst sompirising Nby atdsastging meéthl silecied fror Grodp 888

desul furization and denitrogenati on processes. Therefore, processes and
cat al yst@eﬁﬁi&@n@eﬁﬁeiﬁéﬁéﬁé@%@ qeéeqt@fhﬁ'@gl treur YAHanetadt i on of sul fur and
nitrogen contam nants in these streans. [0004] In one approach, a famly of
conpounds, related to hydrotalcites, e.g., amoni um ni ckel nol ybdates, has
been preﬁgréﬁ quﬁléi;tf NP N” such processes. \Wereas X-ray

di ffractrvn—a%has—mch—gg&r otal cites are conposed of |ayered
phases with positively charged sheets and exchangeabl e anions located in the
gal l eri es between the sheets, the rel ated anmoni um ni ckel nol ybdate phase

has noly, apj in j -8 ; j dr oxi de
hoet s. "(B8AF  SBhISnkoBalal Y kEMRoRP ikl I RERRTRE def ESbeMYRUT DY TS
Structur ia%fh i | 4i BR2418 61\51%‘@11

Pr eci pi tgft.%th?%ﬂllfr%g?ggm o %hﬁée\ér(rlﬁsc%lwl,m\glglaagSg??No. ?lﬂfek’):% -4- 13@1—2&97- (1996);
--The plimperfet distillafe Swetstortat matletal al the BuaspémaeUnicpfortthe ybyr ZHiSchner and
Astier, Appl. Catal. 72, 321-29 (1991); Ann, Chim Fr. 12, 337-43 (1987),
and C. Rs MAceppmSe lesg0fhene are alsopropegddimite dat veerdd wegwise krwer lewdbi d Stat e

| onics, 63-6 199 731- . 35. . . .
0t3 totaﬁ ag-oma 12:3 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 ;ione 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



[ 0005] Al so, processes to produce fuels to nmeet the ever nore restrictive
Envi ronnmental regul ations, such as hydrotreating, are well known in the art
and typi omblyosesuébr es treating the petrol eum streans wpCh/uUsgesogsme i n t he
presence of a supported catal yst at hydrotreating conditions. The catal yst
is usually conprised of a Goup VI netal with one or nore Goup VIIl netals
as pronoters on a refractory support. Hydrotreating catalysts that are
particularly suitable for hydrodesul furization, as well as

hydr odeni t rogenati on, generally contain nol ybdenum or tungsten on al um na
pronoted with a netal such as cobalt, gi ckel, iron, or a conbination

t hereof Cobalt pronoted nol ybdenum on™ @lum na catalysts - 3 - are nost

wi dely used when the limting specifications are hydrodesul finization,

whi | e nickel pronoted nol ybdenum on al um na catal ysts are the nost w dely
used for diyetl desuifunizagiomatndodenipagenagionproeesses Eaergfere piocesses @l as

hydr odesul furi zati on. [Q006] wever, there stjill. exists a need in the art
for a prowéalysts @aV%bG%%d?WOE‘ZfFWdHﬁ%ﬂFﬁ ‘E(}I’(S’Gﬁﬁa%?fhptﬁlfﬁtﬁ%alﬁf@g@geﬂoi l'i ng
range hydrocarbon, streans, RY OF THE | NVENTI ON [ 0007] The i nstant

i nvent i orPREATRARES Whsse %regﬁb%ss for producing | ow sul fur diesel

products. The process conprises: a)contacting a diesel boiling range
f eedstream contai ni ng aromati cs, nitrogen and organically bound sul fur

cont am ngo0g4]i N Ia drePgPproacts aafymily ofcampaddsyelated iy dydtotekitese.gat al yst
conprising Nb, at |east one netal selected from Grf)ugcetVI B netal s aﬂd at
| east oneameoaium alicksl sdolybdatess g peon prepased ps catalyskiciogreuseddn sye

hydr ogen- cont ai ni tre as..thereby oduci ng a i r

Compr o1 TORE BT he RS SRR feLme el Qe AR REs e g

pr oduct, ' ' ' 11 LGk ' ghled with

sai d cat a%ﬁ’géue ﬁcfg? hg?rg gg’?lﬁ %/eg,t\ﬁ%}hk)g% rt @gp?%grgﬁgl?étﬁﬁé é)[“g(f)al(gl ]é In one
enbodi menipighs tRatddinttRBalloNEbdtieen Sled shepts) teseeldted ahemoniompnickes: - 4 -

c)recovering said liquid diesel boiling range product. )
molybdate phase has molybdate anions in interfayer 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

= 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



[ 0009] In one enbodi nent of the instant invention, said effective
hydrotreating conditions are conditions effective at renoving at |east a
porti on ovoaistopehr ogen and organi cal ly bound sul fur cectrasceantsiand
hydrogenating at | east a portion of said aromatics, thus producing at | east
a liquid diesel boiling range product having a | ower concentration of
aromati cs and nitrogen and organically bound sul fur contam nants than the
di esel boiling range feedstream BRI EF DESCRI PTION OF THE FlI GURES [ 0010]
Figure 1 conpares the hydrodesul furization activity of various CoMbNb bul k
hydrotreating catal ysts to the hydrodesul furization activity of a
contercial hydrotreating catalyst. [031—1] Figure 2 conpares the

hydr odeni t rogenation activity of various CoMoNb bul k hydrotreating

catal ysts to the hydrodenitrogenation activity of a commercial |

hydr ot r eatriengost avidelystsed fd@nzhe Hingting specifieations are hedr afi9bn activity

2]
et vi 1y Bhla nekshaieRaled MRy oA Oh g e Sy et 6 MO S hhpar s
t he hydrogesul.furization. I I [ ivity of a CoNi Mo bul k
hydr ot r ea qriqadanc{egf@osgteﬁ?%&gg)gp%%3?%@%%%%3?%%5%1?Iﬁgﬁ@ig%%i vity of a commerci al
hydrotrea]‘%%d}gd Rir¢atiomnd a CoMd bul k hydrotreating catalyst. WO
2005/ 105960PCT/ US2005/ 013519 - 5 - [0014] Figure 5 conpares the

hydr odesul furi zati on and hyt hodeni trogenation activity of a CoN MoNb bul k
hydr ot r eat bag} catal yst to the_hydrodesul furjzation activity of a _commerci al

hydr ot r ed c aHampser.dherestilivnse aneed s thepsdor a pEogess EFgEee T ON OF
THE | NSTA | NVENT1 ON [ 00157, 1t ;shaquyl d.b t t "bul k" d
" unsuppor %Qﬂ‘ ax)iﬁetﬁ Gggﬁl CPW‘%‘BH} @%ﬁ@%&ﬁ%ﬁf%ﬁeﬁg’d&@@%{’ﬁ gg%i%hgpcat gl yst a;m

di scl osed herein are synonynous and are sonetines used interchangeably.

[ 0016] The present invention involves contacting a diesel boiling range

f eedst r eaRUAIMARY OF QHBINMVENTIONIND sul fur contam nants in a reaction
stage with a bulk netal hydrotreating catalyst conprising No, at |east one
met al

[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



selected from Goup VIB netals, and at | east one netal selected from G oup
VIIl netals. The contacting of the diesel boiling range feedstream and the
hydr ot r eawOngoz@s®mbyst occurs in the presence of a hydr egensseasbaisn ng
treat gas. The reaction stage is operated under conditions effective at
removing at |east a portion of the organically bound sul fur contam nants.
The contacting of the diesel boiling range feedstreamw th the

hydrotreati ng catal yst produces a liquid diesel boiling range product
having a | ower concentration of organically bound sul fur contam nants than
the diesel boiling range feedstream [0017] Feedstreans suitable for
treatment with the present nethod boif4within the diesel range. The diesel
boiling range includes streans boiling in the range of 300F (148.89C) to
775F (412.78C), preferably 350F (176.67C) to 750F (398.89C), nore
preferably 40@}; (204cd¢éting Said Wnid diebelBdDing Muste prodGcet. pref erably 450F
(232.22C) to 650F (343.33C). These include diesel boiling range feedstreans
that are not hydrotreated, are a blend of non-hydrotreated di esel boiling

f eed , i oysl y hyd d diesel .hoili .
f oodet r odHGSlo dasieremhgdrtnt ek Lhinas orvaions mideiiegave beadieating, and
bl ends of non-hydr ot reat.ed ed _di ELT et

Fedst r oo T coat s eaeeyf o AR of | B354 pBRIOH B0 Riforen
treat ment 4y Mgah{&%ppfb%%ﬁatsu[ﬁ} beskadlifsnts Al dlyardpcnhaag at 1ehya pattion oft he

&
nitrogen content ,of “such streanms is 50 to 1080 wppm nitrogen, preferably 75

to 800 wpgid aidmaien) fnanstodnciagat ddast abiqyididiestldoiiog wpge producig@vinghe
ni trogen appears as both basic and non-basic nitrogen species. ﬁl)gn-l imting
exanpl es oloveersioncantraiserenf ajpseatics angyniiragen ard graanraliycoumdsWist i t ut ed

qui nolines, and non-limtin anpl es of .ngn-basi c nitrogen speci es may
i ncl ude cEMBATHIALS ﬁ}?&%ﬁg&%ﬁfﬁ?@géﬁ?%%ﬁ%a&?a@he sul fur content of the
di esel boiling range feedstreamw || generally range from50 wpopmto 7000

wppm nore typically from 100 wopm to 5000 wopm and nost typically from

100 to 30BRIWIPDESTRIPTION OF THRFIGURESe present as organical ly bound
sul fur. That s, as sultur conpounds such as sinple aliphatic, naphthenic,

and aromatic nercaptans, sulfides, di- and polysulfides and the Iike. Oher
organi cal |y bound, sul fur conpounds jinclude the class., of .hetero G sul fur
corrpounds[oﬁmh aEiguse d espparey &eﬂwﬁ‘iﬁpﬂﬁﬁgﬁﬁ%%?c ke 8t H?%%%ﬁé%t hei r
hi gher--hepvl-qgs, and-anal- A rlRlieal dhvRb e todiRiefflaprount-

rangi ng f‘;ﬁlfﬂg'.dé%ﬁﬁﬁt?% cgﬁ%ﬁ@%&ﬁ?%@?@é@@ﬁt@g él(f':( 1g£c§/ I b0|qIPiri:lgeﬁé;lglﬁge

f eedst r eafy 4, L8R 14H Iélggg}%_en-cont aining treat gasses suitable for use in the
present |y di scl ose% process can be conprised of substantially pure hydrogen

or can be m xtures of other conponents typically found in refinery hydrogen
streans. It is - 7 - preferred that the hydrogen-containing treat gas

?] t (r]I eam cdfi0ilhs Figuree, Cqmp?éeﬁ)ﬂ@f]@fcﬁﬁd?lﬁlggef}wﬂé’uﬂ fYRUSThe
‘ S | . . o
ydr ogen. Conbnsp i b omedie AN ot Rl R o abi

at | east 9 ) r best results. It is nost preferred that
t he hydr ogcgrﬁ%g%%lt\égw@g%ﬂ?gg% eSQ'substanti ally pure hydrogen. [0020] In

the reaction stage, the above-described diesel boiling range feedstreamis
contacted with a bulk netal -hydrotreating catal yst conpri si(p}& Nb, at |east
one net al [0§aRpct Figre SrodEnparps tHechydrogerstioarattiantyl efasriosné aMoedib wdkect ed

from Groug VIl netals. By bul k tal, it is nmeant that the catal ysts used
in the pr y@wﬁrqaﬁng@@taéystat%th@@%%ﬁqa@an 2pHEIE L 1R GBI dr ot r eat i ng

catal yst ﬁ?grotreating 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.



- conprise fromO to 50 w.% Nb, based on the catalyst-preferably 2 to
45-wt . % nore preferably 10 to 35 w.% and nost preferably 15 to 20 wt. %
The at | emet2o@m@sdsooup VIB netal can be present in anourts/usasgionggid rom O
to 60 wt.% based on the catalyst, preferably 1 to 50 w.% nore preferably
10 to 40 wt.% and nost preferably 15 to 30 wt.% The at |east one G oup
VII'l nmetal can be present in amounts ranging fromO to 50 w.% based on
the catal yst, preferably 10 to 45 w.% nore preferably 20 to 40 w.% and
nost preferably 30 to 40 wt.% Preferred G oup VIB netals include Mo and W
while the nost preferred Goup VIB rretill is M. Preferred Goup VIII netals
include Co, Ni, Rh, Pt, Pd, Ir, and miXxtures thereof, while the nost
preferred Goup VIIl netal is selected fromCo, N, and m xtures thereof.
Particularly preferred bulk metal hydrotreating catal yst conpositions for
use herein are CoMoNb bul k netal catal ysts having the concentration of each

nmetal as outlined above, and CoNf MpNb al so.havi ng concentr.ati ons. of netal s
defined MU Thgusenyepmppeesibe %@8%%@@8&%@83%&9@?@1%& t hese
bul k netal .hydratr i t st.s.. when [ < - : i ng

di esel bé‘icflivﬁé o?ér@%ﬁgg@%@gﬁgﬁrﬁ%@grcé%tgg?tit§éhff' g%@&%@?ﬁ%@%ﬁ on,

deni trog ' i {rédti alGONMRI COMGNDB WP tAaERIst.Ng

cat al ystg'l%a%’ggg)ffi&??ﬂ%&% 0 use brf to gescri be the bul k metgfs

hydrotreati ng catal ysts used herein as having specific nolar concentrations
of each netal. Therefore, in one enbodinment the finished catalysts used

her ei n hAYETAJLEBRDRES 189 DN ADF ol Fla\od Le\-.:-‘:-:.“." 1EM are al so
described as those bul k netal hydrotreating catalysts in the oxide state
havi ng a conposition of Goup VIBxG oupW I yNbz, excluding the oxygen,

e by S0 o8 ey b Ad emEPballc Uan diySifortc"Fhiert BRAM K

nmetal hy tal'ysts use erein conprise nol es Nb,
denot ed ypnnotioWitE rtl%’ia}’dt%ﬂ%aﬁﬁg tafaly¥ed @isclosed heeieher shloyyodsaad0. 8
nol es. The zlalt | east one G oup VIB netal; denoted by "x", is present in
anount s rasgongtifnesmsed Interch2ngedtdy., preferably 0.2 to 1.5 noles, nore
preferably 0.2 to 0.8 noles. The at | east one Goup VIII netal, denoted by
"y", is.present in amounts ranging fromO0.5 to 2 noles, preferably 0.8 to

1.5 nole re preferably 1 to 1. I fek: : nmet al s

i ncl ude ﬁﬂ"iﬁd V@%PW@W‘% VRGN %’rvg)}%grcegta@%%lgpa Q}Iléﬁéirlr)gtl Q#Qfa;ﬂ%b Preferred
G oup- Vi Hi gatals chRalife ofanidilly BtmdulfiRtonesinkhts ik deactiiestapst —— —-
pr ef erreﬁeﬁgﬁ%ﬁf?&ﬁ?glo%asm%lm@%% (;lne of nCo, nNi ,S 1and m xt urﬂgg t her eof .
Thus, parywithal Wik mesEfipdroadating eitybist camprising Nhsatfleast wse maki n conpri se

CoMoNb and CoNi MoNb bul k netal hydrotreating catal ysts ving the
concent r atelanedfropaCroweVAB metadisand aé teaghenemefal GQEP"CF{]EO POYRY I

hydrotreating catal ysts .herein can_he.prepared. by.an ds known in the
cat al yst @ﬁta?s-on SQWHEH%G?F}W@F%‘?I%@QE% %ﬁgﬁe‘f@%’i@#ﬁ‘? ﬂ% exanpl es of

t hese nmethods. inelu AW L | g tal.
72, 321- 28 TTHS%%}g g??‘%m?:ﬁ:&n‘q&%lr‘ ?%%%?g%§$ﬁ%§§?? C%‘%ﬁg Igféa 2%%% Sci .
WD 2005/ 199 @él{g%ﬁ léﬁ?g‘té%/o@éfa@é@u_ ndé condftbrislefflecti®é bt r&ndvifig(at %Bi8) aand
Mazzocchia, Solid State lonics, 63-65 (1993) 731- 35, which are hereby

i ncor por ap@dionyfithé ergmienllyTheurslsutfireoatanhipdnist rldwe canfadiingolibe sigseb

herein are preferably made by reacti i nsol ubl e or rtially.jnsol.uble
metal sal b@iﬁ)ing rehge fﬁédahrgam rv&ylﬂhﬁlephséggﬁ@%ﬂnﬁ CaéalaﬁBPliogﬁF?% :11&.{/“@’8?“& ably,

at |l east onge of the netal,caonmponents r i ns. _at . r ! solid
state dur PHYDEHENEHPY Ctg?‘élp &qoﬁlgﬁ Pﬂ@%ﬁlggsqﬁoﬁg% ng@{ }s)lc))é{%(; g?lgl?lrsed t hat
the at le ] |4 | faerr&dup VIB netals conprise from
50 e o0 ¢ SotipBMEsS i, ot dicedliBofting 1BAGE fRlmEALD VI B ght of the bul k
catal yst particles. The preferred nethods of naking the catal yst

conpositions used herein are described in npre detail in U.% .Patﬁnt
6, 156, 69500W75. Petdstteadssaatahlzior geameniviith the prgsergpethod Soilsxithpy

6, 299, 760, and PCT publj shed Jdcation WO00/41810 i.ch. Lhcorpgorat ed
herei n bythecdigsel fares. onl%leSﬁﬂf‘ghegéa%‘? m\aél%% Remp I‘q’%nﬁl&/%grr %ﬁ%eoéip

i nconsi st oMt r I §on . di sgl *YTB.. bul k

net al hydggériﬁ%%@léﬁa@s% K%%?gfggﬁ%?ag)&? ?’ ?9%%%'§tﬁ¥j(;%u§§wand nost
pr ef er abl the et heds agét rpdad eni 19°0$4ndk’7 and U. S.
Pat ent G,K%Qg%@ymﬁgfmﬁem}'éggtﬂ;gn s'étwédggje)qggfr?oggt(corrpri sz’d of one or nore
reactors or reaction zones each of which can conprise one or nore catal yst
beds of the sanme or different bulk netal hydrotreating catal yst described
above. Although other types of catal yst beds can be used, fixed beds are
preferred. Such other types of catalyst beds include fluidized beds,
ebul l ating beds, slurry beds, and noving beds. Interstage cooling or

o, . o g, o R o, M




- 10 - may be performed through cooling utilities such as cooling water or
air, or through use of a hydrogen quench stream In this manner, optinmum
reacti on werrpevmbaspes can be nore easily maintained. [0@efjustespisys ously
stated, the diesel boiling range feedstreamis contacted with the
above-defined catalyst in a reaction stage under effective hydrotreating
conditions. These conditions typically include tenperatures ranging from
150C to 425C, preferably 200C to 370C, nore preferably 230C to 350C.

Typi cal wei ght hourly space velocities ("WHSV') range fromO0.1 to 20hr-,
preferably from0.5 to 5hr. Any effectjve pressure can be utilized, and
pressures typically range from4 to 70 atnospheres, preferably 10 to 40

at nospheres. [0025] The contacting of the diesel boiling range feedstream
wi th the above-described hydrotreating catal ysts produces a reaction
product cmeﬂerauﬂyrmgoap (232032°@) 1R FBd833CCndThesd inghids diessldoiling | i ng
range product. The vapor product typically caonprises gaseous reaction
product s rsnghfeadsteegns thad athaot h}(ﬂjpge&t@@;&f?@rblﬁm@)ﬁ apiy Gf%bé‘?qtﬁgﬁﬁlr ises a

ar ot | o0 BRI prAL ey PRt el SR "L her csent

i nventio h p ‘ L1GH M 'ﬁ%@ b@ittdants, had Beridsoduct
are sepa&g?%s&%aéﬁdg{%ggﬁgégﬁr |é%d; e%%lﬁb!lfﬁ%@?a gefeprodl?ct recovered. The
met hod of ,fSRpRRdoRBatcandanoRERsd diestY silinpeahgafdedstiéanel boi | ing range
product is not critical to the instant invention and can be acconplished by

any neans known to be effective at separating gaseous and |iquid reaction
products. For exanple, a siripping.tower or reaction zone ca used to
separ at e [0@8]vapbhe @ie @J&Ifmg EHRgeHR SR %‘il@ggq %oﬁgﬁa?mﬁmr\gﬂagﬁ%r oduct .
The di esel boili ange. produg u r d e OUR r

concent rﬁrﬁwtl%%?&ﬁﬂsgnc@ﬁadg ngﬁoé%ésl‘%@ggl\éﬁ tggln}i‘ﬂlr%e rang%ﬁ)tf ee ts:]'falream and
wi Il Pr el araRlois 3B4E 108UybMA diféskn, IURINN TS b @UMBEEpMEGUbEtarand

requi renents 1 npose ime or production. [0026] The above
descri pt i @Brd srefébBt 0D to07GEwepal nitrdgedi Mhetstrogen hppgaresehoth basint i on.
Those skilled in the art will recognize that otTer igbodLnents that are
equal | y efrfdonari-besic aifregasesnesiass NPT-§mitag eyamp el Bagle RHOogeR SBECiEs s

of oot | vonak dngide AuigliBes AL Ao, ditadids, aid hEhIRATpR G pHECSE
PreSent | AR OO A AR Iy RN 0 M PLbiol 90 2BihabRsunexpect d

results a Zln contal ning catal yst as descri bed above

was i || usthabeduoRenis the didsbEbsividp atmgafdedsiramnt iwilltgenefalljolnige cat al yst s
to a commercial supported hydrotreating catalyst. The commerci al

hydr ot r eafrongS@ atppiy ta 7066 wpprsimers typsalLaan NOBsvPRMd0i ¥ 0Ray RRIpetnhs
KF-757. Th i ght t d | i | t of t bul k
netal nyowost el e tpseouslounpr. « pres St i pliedtfeq i o

Table 1 bel ow. |t .should 1 i :hn Tab

1 oxcl uaeSisayisely BUBLssHEF 1 SRAER TRl dRuiR s sttt 85 sEAbAERILN Tabl €

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
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preferred that the hydrogen-containing treat gas stream contains little, more
preferably no, hydrogen sulfide. The hydrogen-containing treat gas purity should
be at least 50% by volume hydrogen, preferably at least 75% by volume
hydrogen, and more preferably at least 90% by volume hydrogen for best results.
Tt is most preferred that the hydrogen-containing stream be substantially pure

hydrogen.

[0020] In the reaction stage, the above-described diesel boiling range
feedstream is contacted 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. By bulk metal, it is meant that the catalysts used in the
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



(wt. 9
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hydrotreating diesel boiling range feedstreams, are more active for
desulfurization, denitrogenation, and hydrogenation than conventional

hydrotreating catalysts.

[0021] It is also useful to describe the bulk metal hydrotreating catalysts used
herein as having specific molar concentrations of each metal. Therefore, in one
embodiment thé finished catalysts used herein have the metals concentrations
described above and are also described as those bulk metal hydrotreating catalysts
in the oxide state having a composition of Group VIB,GroupVIII;Nb,, excluding
the oxygen, wherein x, y, and z describe relative molar quantities. Thus, the bulk
metal hydrotreating catalysts used herein comprise 0.1 to 2.0 moles Nb, denoted

by "z", preferably 0.2 to 1.5 moles, more preferably 0.2 to 0.8 moles. The at least

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

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.
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WO 2005/105960 PCT/US2005/013519

-9—

304 (II), #11, 563-6 (1987) and Mazzocchia, Solid State Ionics, 63-65 (1993) 731-
35, which are hereby incorporated by reference. The bulk metal hydrotreating
catalysts used herein are preferably made by reacting insoluble or partially
insoluble metal salts of the metals in the presence of a protic liquid. Preferably, at
least one of the metal components remains at least partly in the solid state during
the entire catalyst making process. It is also preferred that 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 catalyst particles. The
preferred methods of making the catalyst compositions used herein are described
in more 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 WO00/41810,
which are incorporated herein by reference for all purposes to the extent that they
~T T are fiot ifconsistent with the present invention 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
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may be performed through cooling utilities such as cooling water or air, or
through use of a hydrogen quench stream. In this manner, optimum reaction

temperatures can be more easily maintained.

[0024]  As previously stated, the diesel boiling range feedstream is contacted
with the above-defined catalyst in a reaction stage under effective hydrotreating
conditions. These conditions typically include temperatures ranging from 150°C
to 425°C, preferably 200°C to 370°C, more preferably 230°C to 350°C. Typical
weight hourly space velocities ("WHSV") range from 0.1 to 20hr™, preferably
from 0.5 to Shr'. Any effective pressure can be utilized, and pressures typically
range from 4 to 70 atmospheres, preferably 10 to 40 atmospheres.

[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



1.00 36.00 0.00 37.90 [0029] Each of the catalysts described in Table 1,
along with the commercial hydrotreating catal yst, was eval uated for

hydr odesuwbuniészmsicon (" HDS"') activity, hydrodeni trogenatrcorustiosiohssyo
activity, and hydrogenation activity. Atotal of 6cc of each of the

catal ysts was placed in a fixed bed down-fl ow reactor and contacted with a
diesel boiling range distillate having 1.6 w.% sul fur, an APl Gavity of
32.3, 100 wppm nitrogen, and an initial and final boiling point of 396F
(202.22C) and 779F (415C), respectively. The diesel boiling range
distillate and the catal ysts were conigct ed under hydrotreating conditions
i ncl udi ng tenperatures of 625F (329.44C), hydrogen treat rates of 2000
scf/bbl substantially pure hydrogen, pressures of 400 psig (27.58 bar), and
liquid hourly space velocities ("LHSV') of 1.0 hr. [00301 The HDS activity,
expr essedi&s] Boiling rangefeedatreamparst will pkefoblyhaeas ulfir lavel swoNo

catal ysts was then cal cul ated by an ap,parenE1 1.5 order reaction respected
to sul f uenoegls énmest fegtlaipry warFsmeats HResed abtefue\arifodyctare
conventional catalyst. The kips equation used was Ici.ns = [(1/ Cp5) -
(1/05)] x WD 2005/ 105960PCT/ US2005/ 013519 - 13 - LHSV/0.5. Were Cf and Cp
are sulf nc ' é?f@'i hardimedtsifade present
respecti t“eqz&? Tﬁlgﬂe:%%%@sar %ﬁ%ﬁg{%ﬁ%&fioﬁé&%%ree 1. [0031] As@can be seen

in Fi gur epdentidie TedseTMilledin t6e hbiWolll tbpfize FhatastheCanbmbibngiththas aat al yst s
were nore active for HDS than the comrercial catalyst. Figure 1 also
denonst r ageslly kikctinecolldhesdayised fos camymemout the spiaied this mygniion.

[0027] The following examples will illustrate the improved effectiveness of the

present invention, but are not meant to limit the present invention in any fashion.

EXAMPLES

T EXAMPLETYT T o T o e e e

[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
hydrotreating catalysts used in this experirﬁent are contained in Table 1 below. It

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



CoL5Mbm\bo, 5 catal ysts were the nost active for HDS. [0032] The HDN
activity, expressed as a 1.5 order rate constant kHDN, of each of the
CoMoNb cawelyei®mswsas t hen cal cul ated by an apparent 1.5pordseooseassty on
respected to sul fur concentration and conpared to the HDN activity of the
conventional catalyst. The kips equation used was khdN = LHSV x Ln(Cf/Cp).
Wiere Cf and Cp 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 Col5Mvl. 0, Col5Mp0. 74Nb0. 25, and Col5Mo0i NbO. 5
catal ysts were nore active for HDN than the commercial catalyst. Figure 2
al so denonstrates that the Nb pronot 6d2Cp15MD0. 74Nbo. 95, and Col5Mb0. 5Nbo. 5
catal ysts were the nost active for HDN. [0034] The hydrogenation activity
of each catal yst, expressed as APl gravity, was then cal cul ated and
conpared to the hydrogenation acti VIABIJE 1t he commerci al catal yst. API
gravity is a reliapl@aigRbBaIKCHyAPRRALIRG Cudlg Cwhpesitioasi vi ty because it
is known that the ol aromatics WIT Tncrease the APl gravity
of a hydrogarben—stream—Fhe—resttts—arecontai u&d T Fl\i/Igur IR shoul d
be noted that the hydregenatio C ivit%bls e (pre%;ed i O}ercr@,toj tihe API
density of | tGasalygs (il fmofazed plOaE: . 1105/ Psdéop -Uebod&torisie - 14
- [0035] As can be|sew#io) n Fi gatie) 3 | t EaiQo15M1 0101 5MoQ.74Nb0- 25, and
Col5Mp0. 5Nb0. 5 catal ystxs were npre active forn hydrogenation!than the
comrerci al [caghv®l yst. Fi gwe| 3 al $@odenonst r atles 3t | t hd7.KB | pr ofiled
Col5Mb0. 74NBgnvieNL and ColsgvpO, SNp(is9 cat apgstis veird® | he28mBtl actiddel f or

hydr ogenat e Moﬁg-\ PLE 2 {PP36] bhwg [unexpgsbed rasu) s aghoevedsino

~ ~

utilizing & i arm g, Fatalygisas desgpb- ed FQYE Wag 7pliT usigri@fled by
conpari ng HiEThHydrotreatipgacti-vity—of —ColyhiyoNg fyrrotT g gl yst s
mwmacﬁﬁﬁnmmfkumofhmmm%w,ﬂﬁ&n@%,faMdam

the respective nolar ratios of each conmponent, to a conmercial supported
hydrotreati ng catal yst, also. -The commerci al hydrotreating catal yst was

bt ai ned f Akzo Nobel d i t.ed KE-757. T i ght t of
cach o1 crdPSlof £ olihe NS ApuRDERaRARY Liangatis (EtiineRie " °
i { t ai d,i Tab 2 . : b
Fyor ot ook R Teditas Gt i e B ol Sibfartat GRU D) Bty
hydrodenitrogenation ("HDN") activity, and hydrogenation activity. 4 fotal of

6cc of each of the catalysts was placed in a fixed bed down-flow reactorand
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 kypg equation used was ks = [(1/C,>) - (1/C )] %



Co (nolar ratio) NI (nmolar ratio) Mo (nolar ratio) Nb (nolar ratio) Co

(wt. %
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LHSV/0.5. Where Csand C, are sulfur concentrations expressed as wt.% for feed

and product, respectively. The results are contained in Figure 1.

[0031] As can be seen in Figure 1, the Co; sMoy, Coy sMog.74Nbg 25, and

Co, sMog sNby s catalysts were more active for HDS than the commercial catalyst.
Figure 1 also demonstrates that the Nb promoted Coy sMog 74Nbyg 25, and

Co; sMog sNby 5 catalysts were the most active for HDS.

/[0032] The HDI\/I activity, expressed as a 1.5 order rate constant kypy, of each
of the CoMoNDb catalysts was then calculated by an apparent 1.5 order reaction
respected to sulfur concentration and compared to the HDN activity of the _
conventional catalyst. The kyps equation used was kupn = LHSV x Ln(C/C,).
" Where Crand C, 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, Co;.sM0g 74Nbo 25, 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.
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[0035] As can be seen in Figure 3, the Co; sMoy.9, Coy.sMo0g 74Nbg 25, and
Co; sMog sNby 5 catalysts were more active for hydrogenation than the commercial
catalyst. Figure 3 also demonstrates that the Nb promoted Co; sMo0g 74Nby s, and

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

EXAMPLE 2

{

[0036] The unexpected results achieved by utilizing a Nb-containing catalyst as
described above was illustrated by comparing the hydrotreating activity of
CoNiMoNb hydrotreating catalysts having a compositional formula of

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,
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hydrodenitrogenation ("HDN") activity, and hydrogenation activity. A total of
6¢c of each of the catalysts was placed in a fixed bed down-flow reactor and
contacted with the same diesel boiling range distillate used in Example 1 above.
The diesel boiling range distillate and the catalysts were contacted under
hydrotreating conditions including temperatures of 625°F (329.44°C), hydrogen
treat rates of 2000 scf/bbl substantially pure hydrogen, pressures of 400 psig
(27.58 bar), and liquid hourly space velocities ("LHSV") of 1.0 hr.

[0038] The HDN and HDN activity of the CoNiMo 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 4.
"7710039] As can be seen in Figure 4, compared to C61sMro, Cop7sNig2sMorgwas ™~
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.



0.50 7.50 27.30 46.19 14.90 [0037] Each of the catal ysts described in Table
2, along with the comrercial hydrotreating catal yst, was eval uated for

hydr odesul furi zation ("HDS') activity, - 15 - hydrodenitrogenation ("HDN")
activity, and hydrogenation activity. Atotal of 6cc of each of the

catal ysts was placed in a fixed bed down-fl ow reactor and contacted with the
sane diesel boiling range distillate used in Exanple 1 above. The di esel
boiling range distillate and the cataljgsts were contacted under
hydrotreati ng conditions including tenperatures of 625F (329.44C), hydrogen
treat rates of 2000 scf/bbl substantially pure hydrogen, pressures of 400
psig (27.g&L§ﬂ&§, and liquid hourly space velocities ("LHSV') of 1.0 hr.

[ 0038] Th nd HDN activity of the CoN My catal yst was then cal cul at ed
as descri bed above, and conpared to the HDS and HDN activity of the

commercial catalyst. The results are coptained in Figyre 4. [0039] As can be
seen in Fi gureal4,A@8?F6§?°éBr‘ldB°%?3"55“w&‘f ?s%?ﬂdu?gl%"ﬁ‘. azé'l}ﬁﬁlb?ﬂ}l%ggn%re active
for denitrReRRdn &mpHingt ess active for desul furization (Figure 4). However,
it was nore active than the commercial hydrotreating catal yst. [0040] The
HDN and HDN act® vi t gonbictinga dicsalibadingranga fsedsgeameontaineparemplss| at ed as

descri bed above, ang: ahRal N 4 Vi . e comer ci al
catal yst. The resul ?lgggérﬂéﬁggﬁ% al nﬁe}gﬁiuﬁp |I%E€°en 5, %glg\\év.r&%g&{:%#abe seen in
Figure 5, conpared with@bulksivd hsdiogeaing Cudyst kavingiblolsShhnistifg wElb,l ess acti ve

for both desul furi z%)i?g{h ﬁ?eqst%gg%&e{ég%gﬁraggifgpdGJB‘QWYﬁhctailstin\ﬁ%s still nore

active than the KF- comrercl a
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,
wherein said bulk metal hydrotreating catalyst comprises 15 to 20 wt.% Nb, 15 to
30 wt.% Mo, and 30 to 40 wt.% of said at least one Group VIII metal selected from Co,
Ni, Rh, Pt, Pd, Ir, and mixtures thereof.

2. The process according to claim 1 wherein said reaction stage comprises one or
more reactors or reaction zones each of which can comprise one or more catalyst beds
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 claim 2 wherein said reaction stage comprises one or

more fixed catalyst beds.

4. The process according to claim 2 wherein said process further comprises

cooling between catalyst beds, reactors, or reaction zones in said reaction stage.

5. The process according to claim 1 wherein said diesel boiling range feedstream

boils in the range of 300°F to 775°F.



- 16 - CLAIMS 1. A process for producing |ow sul fur diesel products
froma diesel boiling range feedstream conprising: a)contacting a diesel
boili ng range feedstream containing aromatic; nitrogen and organically
bound sul fur contaminants in a reaction stage with a bul k netal
hydrotreating catal yst having netals consisting of Nb, M, and at |east one
netal selected fromGoup VIII netals in the presence of hydrogen-containing
treat gas thereby producing a reacti ol product conprising at |east a vapor
product and a liquid diesel boiling range product, wherein said diesel
boiling range feedstreamis contacted with said catal yst under effective

hydrotreating gowmgl L] : L i.d.RQuk | i ng

catal yst conpr |ﬁ's ggé éﬂg@{lga%ardﬂg-%ﬁ[)n?‘j %@@lgcl %La\%&lté ?1&:3 kl)glg r%%g %%Bg‘%%%%40 wt . % of
sai d at | esslectsd o (@uiiesel hoilingebnge fedbteeaine thaf aronot@ydrodeatediij) &3 Pd, 1r, and
m xtures thereef . 4 140 r.ocess according..fo claim.l wherein said
reaction Sb{l]eﬁag?%%nﬁlﬁdf%%%%&qus%}ag%g g“?%%ﬁ%&?@oﬁ“iaerggﬁw(?ﬁsgones each of

whi ch can h@dx}ﬁpﬁtﬁbﬂi@ﬁb‘%@h&ngdmﬁ@ fﬁ@i‘lsirdam;t(i\bgfég:laﬂk lef:ltﬁdmfgmgﬂﬂief& g& ngd .
consistin ] ui di ze eds ul.l.atin , . sluyr S, e eds, an
vt ng. bodellie gt A 6 A R b e ARt B A e

cat al yst %uilihadpdnge fe@stfel@s.r eaction zone in which the catalyst bed is

| ocat ed. 3. The process according to claim2 wherein said reaction
stage conprises one or nore fixed catal yst beds. 4. The process

according to chairg goViehbilidab dlaid P%&%mfshiﬂfahl%_ﬁstﬁﬂe”@f&uﬁﬁn%&'l jshg between
catal yst beds, reactors, or reaction zones in said reaction stg{l%g. 5.
e

The pr oceseleciedform CagNt, endmigtyresithopeefrand spidatilepstine Spub¥IB inetgl is
feedstreamboils in the range of 300F to 775F. -17- 6. The process
according to claim5 wherein said diesel boiling range feedstreamis

sel ect ed from 8. Thalpreswss$ adsoidinigrigcleianywhéreipdait! belimset4] hydrotreating ot

foedst r o 1o o Cof e e AN PSR esel “boi 1m0 range
feedstreans; (iv) are blends of hydrotreated diesel boiling range _
feedstream. e Beacibidito Bl PRGNS RS hui oLl r cat ed i esel
b) separating said vapor product from said liquid diesel boiling range
product; and

c) recovering said liquid diesel boiling range product.

10. The process according to claim 1 wherein said effective hydrotreating
conditions are selected in such a manner 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.

11. The process according to claim 10 wherein said liquid diesel boiling range
product has a sulfur, nitrogen, and aromatics concentration lower than said diesel boiling

range feedstream.

12. The process according to claim 10 wherein said effective hydrotreating
conditions comprise temperatures ranging from 150°C to 425°C, weight hourly space

velocities range from 0.1 to 20 hr”', and pressures ranging from 4 to 70 atmospheres.



7. The process according to claim1 wherein said at |east one Goup VIII
metal is selected fromCo, N, and m xtures thereof and said at |east one
Goup VIB netal is M. 8. The process according to claim1l wherein said
bul k netal hydrotreating catalyst is selected from CoMoNb and CoNi MoNb

catal ysts. 9. The process according to claim1l wherein said process further
conprises: b) separating said vapor product fromsaid liquid diesel boiling
range product; and c) recovering saidigdquid diesel boiling range product.
10. The process according to claim1l wherein said effective hydrotreating
conditions are selected in such a manner that at |east a portion of said
nitrogen and or, | cal | aund sulfur. contam nants are reppved from said

di esel boiling l?'gg%eep %%%gﬁc?rgglﬁﬁ%%la%{ Wﬁcerg'g{phce{na%c(’)gre{'f;%'ﬁc%fj@g “d aromatics are
hydr ogenatbteiling range fekdstredinds §0 ©AO6G wpsh Alt@pdig tHe Quidirabiedt@f Wediegtln said | i qui d
di esel boil ing ran?e %oduct hﬁs 3 sul fur i trogen, and aronmatics

concont r atUREFERE feepitizAmases Hrn IR MPRei 70 Fepiyad bearplsifotent 12, The
process aGgpesired 0103 val9akd12.3 Wt.94) el BAsBd &dhe dREd 86ilihy Bnby fe@kEARL | Ng

conditions conprise tenperatures ranging from 150C to 425C, weight hourly
space velocities range fromO0.1 to 20and pressures ranging from4 to 70

at mospheres. 14 1heprocess accorliihg td AEinPl WRGSA t}ﬁf‘a@%&ioﬁae}dﬁgﬁhﬁiaﬁa% wherein the

nitrogen content of diesel boiling range feedstreamis 50 to 1000 wppm
ni t r ogen, leasteons Girgup ViBometalsmetdl andMo gpmprise figoi 30 wigds tah@fewt%edst r eam r anges

from 50 . i . fromO.05 wt.%
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The process according to claim1 wherein the at | east one Goup VIII and at

| east one G oup. V| B netals t al ,and Conpri,s rom.,50 %to 100 wt. %
cal cul ated as g&i‘éﬂggqce%?lortm%ﬁ%tcggé?wsu ﬁ%ﬁ € mfl'ﬁcgs %ﬂ?ﬁdf‘?ﬁ?lgf’m%dr otreating
cat al yst . range feedsttbhm cdmptisiagss for producing | ow sul fur diesel products from
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775°F and containing aromatics, nitrogen and organically bound sulfur

contaminants in a reaction stage with a bulk metal hydrotreating catalyst
- having metals consisting of Nb, Mo and at least one Group VIII metal
selected from Co, Ni, Rh, Pt, Pd, Ir, and mixtures thereof 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 portion of said nitrogen and organically bound sulfur contaminants and
hydrogenating at least a portion of said aromatics,
wherein said bulk metal hydrotreating catalyst comprises 10 to 35 wt.% Nb, 20 to
40 wt.% Mo, and 20 to 40 wt.% of said at least one Group VIII metal selected from Co,
Ni, Rh, Pt, Pd, Ir, and mixtures thereof,

16. The process according to claim 15 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.



775F and containing aromatics, nitrogen and organically bound sul fur
contamnants in a reaction stage with a bulk netal hydrotreating catal yst
havi ng netal s consisting of Nb, Mo and at | east one Goup VIII netal
selected fromCo, Ni, Rh, Pt, Pd, Ir, and mxtures thereof in the presence
of hydrogen-containing treat gas thereby producing a reaction product
conprising at |east a vapor product and a liquid diesel boiling range
‘product, wherein said diesel boiling-t@ange feedstreamis contacted with said
catal yst under hydrotreating conditions effective at renoving at |east a
portion of said nitrogen and organically bound sul fur contam nants and

hydr ogenat i ng %g[ sai d bul k
nmet al hydrotreg?l?lg ca%eQT ER"g'tg.“tdic Qo%ﬁ?%&{ﬁﬁi}e\%ﬁm&sﬁﬁec sgg% . % Mo
and 20 t 0 of Mowst redétarh osmaailoaizortesaw of whickocaugmprikd ommir alorsetayst ballsf r om Co,

Ni , Fes accordi ng
to cI al m fgeﬁgeﬁr@;mﬂ eupnclof1 %1 5‘&? fhuﬁ{zgtﬁ%ed&ebal'lagg%?iedﬁbg %":‘F gﬁ‘@i f eedstream
:c S 30 to IﬁﬂH)anﬂmﬂmfﬁghdd@g&ﬁremtdaeh@ﬂshifdlrbhemﬁémlitalgitr?hﬁlﬁcodta&ﬁalcatblyhtl i ng range
eedstream S rom, 50 m .t 000 e aronmati cs content
ranges frﬁmt"gp the restion \Agg\/ﬁ’h‘a% ‘éf"ital%ga)‘ gﬁatf’ e diesel boiling range
feedstream -19- 17. The process according to claim 16 wherein said
reaction stage conprises one or nopre reactors _or reaction zones each of

whi ch can conpt§ sEhegneecsyacherdios duslaim L whseei saidreaction qtage enmarises e oup

consi sti ngy pfrel f 4l dhtaIGet vR@ds, ebullating beds, slurry beds, fixed beds, and

novi ng beds wherein each of said one or nore catal yst beds contains a
catal yst suitable for the reaction zone in which the catalyst bed is

| ocat ed. &%hey?&ewaeﬁﬁﬁgﬁaggﬁm %&B&Bﬁrﬂléz ﬂfﬁéﬂ?&h@ﬂ&@i d reaction

stage conprises one‘or nore e process

accor di ng codinglbaiweer Fatalyss bedsnregetond, qureackanszofiesiin bedd regetipmrstages cool i ng bet ween
catal yst beds, reactors, or reaction zones in said reaction stage. 20.
The process according to claim15 wherein said diesel boiling range

feedstr eam boi $& The prévess ogdingtto Q8B StwherdiDsaid diesel boildg radgee pr ocess

accor di ng cl ai m .20 er ei boiling range feedstreamis
sel ected f ?ﬁ'ee?l)b"H? @&ghmﬂéq ‘P‘l@@dﬂagé}(ﬁf eedstreans that are not
hydrotreated; (ii) are a blend of non-hydrotreated diesel boiling range

feedstreans; (iii) are previ usl hydrotreat i esel_ boiling range
feedstreans; (#V) 1'%§rPé°°l9FSéﬁEf§ %ﬁ)ﬁﬁ”&r S"Eﬂ‘ggsé bqiling feR%F r ange

feedst r eaRdsiAlM ié solechiiGrom @mi&epﬁoﬂﬂp@aﬁm keabtfeamt adt agdothdfatient ed di esel

boi ling range feedstreans. rocess according to claim15
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m Xt ur es 23. The
process atg %&@%&edadtq%e i@hgﬁq@ev\%g%necﬁﬁgs(@g& ﬁ\{EP 5 ﬁ’luﬁ!;/tg? %{?srcleau ng catal yst
i s sel ect dqdilihg r.angﬁnwwbaras; dndOMNatvibMpdeefinghyhgdrotreated 40 hydrotreated diesel

boiling range feedstreams.
22. The process according to claim 15 wherein said at least one Group VIII metal
is selected from Co, Ni, and mixtures thereof and said at least one Group VIB metal is

Mo.

23. The process according to claim 15 wherein said bulk metal hydrotreating
catalyst is selected from CoMoNb and CoNiMoNb catalysts.

24, The process according to claim 15 wherein said process further comprises:



b) separating said vapor product fromsaid liquid diesel boiling range
product; and c) recovering said liquid diesel boiling range product.

25. The process according to claim 15 wherein said |iquid diesel boiling
range product has a sulfur, nitrogen, and aromatics concentration | ower than
said diesel boiling range feedstream 26. The process according to
claim15 wherein said effective hydrotreating conditions conprise
tenperatures ranging from 150C to 425@)- wei ght hourly space vel ocities range
fromO0.1 to 20 hr, and pressures ranging from4 to 70 atnospheres. 27.
The process according to claim15 wherein the at | east one Goup VIIlI and at

| east one G oup, VS . I iy %to 100 w. %
cal cul ated as g i de@gﬁéﬁ@%ﬁ?%&vﬁ%ﬁﬁé hﬁ%&gg%éﬁ%%%f@/%ydr otreating
catal yst. product; and

c) recovering said liquid diesel boiling range product.

25. The process according to claim 15 wherein said liquid diesel boiling range
product has a sulfur, nitrogen, and aromatics concentration lower than said diesel boiling

range feedstream.

26. The process according to claim 15 wherein said effective hydrotreating
conditions comprise temperatures ranging from 150°C to 425°C, weight hourly space

velocities range from 0.1 to 20 hr'l, and pressures ranging from 4 to 70 atmospheres.

27. The process according to claim 15 wherein the at least one Group VIII and at
least one Group VIB metals metal and Mo comprise from 50 wt.% to 100 wt.%,
calculated as oxides, of the total weight of the bulk metal hydrotreating catalyst.





