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for the year 2005 was 50 wppm. Other regulations require lower levels of total

aromatics in hydrocarbons and, more specifically, to lower levels of polycyclic
aromatics in distillate fuels and heavier hydrocarbon products. For example, the
maximum allowable aromatics levels for U.S. road diesel, CARB reference diesel,
and Swedish Class I diesel are 35, 10 and 5 vol.%, respectively. Further, the
CARB and Swedish Class I diesel fuels allow no more than 1.4 and 0.02 vol.%
polyaromatics, respectively. In California, the use of Ultra Low Sulfur Diesel
(ULSD) with a sulfur content of not more than 15 ppmw will become mandatory
from 1 June 2006 with a similar constraint to be met everywhere in the U.S. by
September 2006. Consequently, much work is presently being done to produce

compliant fuels, mainly by hydroprocessing.

[0004] Hydrocracking is a well-established method for converting lower value
petroleum streams such as FCC cycle oils into more highly refined products with

higher hydrogen:carbon ratios and reduced contents of heteroatoms, sulfur and
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andni trogen. Depending mainly on the desired boiling

range of the products, the hydrocracki ng may be
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catalyst may be provided at the end of the first stage hydrocracking and also at the
end of the second stage hydrocracking reactor zones. The purpose of the post-treat
catalyst is mainly to remove reversion mercaptans so as to allow production of low
sulfur naphtha for reformer feeds but it has often been found that the hydrocracker
diesel frequently contains more than 50 ppm sulfur, a level inconsistent with
present or expected regulations. In fact, the achievement of ultra low sulfur levels
such as are required by current regulations is difficult even with advances in
techniques and catalysts; the difficulty of producing ultra low sulfur diesel fuel has
been noted: Hu et al, NPRA Paper No. AM-06-46, (March 2006), “The Era of
ULSD - New Challenges and Opportunities for HydrocrackingProcesses.”
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when used as a post-treat desulfurization catalyst following a hydroconversion
stage. In a single stage unit, the post-treat catalyst will normally be located as the
final catalyst bed following the hydrocracking beds and, in a two-stage unit, as the
final bed in the second stage (with the separators and water wash between the
stages); in the two-stage unit, best results may be achieved from placement as the
final bed folloWing the hydrocracking beds, and it is possible to include an
additional bed of the multimetallic catalyst as the last bed in the first stage.

[0007]  In an embodiment, the invention relates to a hydrocracking process

using a distillate sulfur-containing feedstock in which:

(a) the feedstock is subjected in a first hydrotreating step (pre-treat) in

the presence of a hydrogen-containing treat gas in the presence of a
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[0008] Inits application to two-stage hydrocrackers in which two successive
hydroconversion steps are separated by an interstage water wash to remove
ammonia from the gas stream and, optionally, an amine scrub to separate hydrogen
sulfide, the bulk multimetallic catalyst is preferably disposed as the final catalyst
directly following the hydrocracking catalyst beds in the second stage although
some advantage may be achieved by its placement higher up in the second reactor
as a result of the relatively lower nitrogen content of the material entering the
second reactor. It may also be used as a post-treat catalyst directly following the

initial hydroconversion stage.

[0009] It has been found, in laboratory experiments simulating hydrocracker
post-treat operations (low N feeds at high pressures above 25 bar géuge ("barg")
pressure (580 psig)), that the bulk multimetallic catalysts possess extremely high,
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[0012]  Figure 2 is a graphical representation of the first order rate constants
for hydrodesulfurization for the bulk multimetallic catalysts on feeds depleted in

organic nitrogen at varying pressures.

DETAILED DESCRIPTION OF THE INVENTION

Hydrocracker Unit Configuration

[0013]  Figure 1 shows an embodiment using a two-stage hydrocracker unit
with three separate reactors. The two-stage unit shown has heteroatom
disengagement means, such as an interstage water wash (to remove ammonia),
and an optional amine scrub in the hydrogen recycle circuit to remove hydrogen
sulfide. The number of reactors may be reduced to two by having the initial
hydrotreating carried out in the same reactor as the first stage hydroconversion.

Feed enters by way of line 10 and is joined by fresh and recycle hydrogen
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from the circulating gas stream. The heaviest components of the stream are
withdrawn through line 23. A first portion is returned to the process as recycle
and is sent to the inlet of the second stage reactor 25 (R3) by way of line 24. A
second portion is a low sulfur diesel fuel withdrawn through line 29 and

conducted away from the process.

[0015])  The third reactor (R3) in which the second stage of the
hydroconversion is carried out contains a number of superimposed beds 26 (one
indicated) of hydrocracking catalyst or catalysts in a similar manner to R2. The
bottom bed 27 contains the bulk multimetallic catalyst for the same purpose as in
R2, namely to deal with recombinant mercaptan formation. If the optional
amine scrubber is used, the bulk multimetallic catalyst may be placed higher in
the reactor since the amount of hydrogen sulfide in the gas stream will be lower

and the extent of recombinant mercaptan formation reduced correspondingly.
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500°C (about 660°F to about 935°F) and, in this case, the proportion of diesel

fuel produced is correspondingly greater.

[0017] In an embodiment, the process is operated by conducting the feedstock,
which contains high levels of sulfur and nitrogen, to the initial hydrotreatment
reaction stage to convert a substantial amount of the sulfur and nitrogen in the feed
to inorganic form with a major objective in this step being a reduction of the feed
nitrogen content. The hydrotreatment step is carried out in one or more reaction
zones (catalyst beds), in the presence of hydrogen and a hydrotreating catalyst.
The conditions used are appropriate to hydrodesulfurization and/or denitrogenation
depending on the feed characteristics. The product stream is then passed directly

(without separation) or with separation and a water wash to the hydrocracking zone
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[0018]  Conventional hydrotreating (hydrodesulfurization) catalysts may be
used in the hydrodesulfurization stages in the first reactor. Typical conventional
hydrodesulfurization catalysts for use in the present invention includes those that
are comprised of at least one Group VIII metal, preferably Fe, Co or Ni, more
preferably Co and/or Ni, and most preferably Co; and at least one Group VIB
metal, preferably Mo or W, more preferably Mo, on a relatively high surface area
support material, preferably alumina. Other suitable hydrodesulfurization catalyst
supports include zeolites, amorphous silica-alumina, and titania-alumina Noble
metal catalysts can also be employed, preferably when the noble metal is selected

from Pd and Pt. More than one type of hydrodesulfurization catalyst be used in



stage hydroconversion the hydrocracking reactions are

conpleted. A bed of the bulk nmultinetallic catalyst
worey7he31py ovi ded directly after the second PCT/US2007/013040

hydroconversion stage, typically at the bottom of the

third reactor (R3). The beds of bulk multinetallic

catal yst are effective under and/ or R3 reaction

conditions for the renoval of “hard sul fur" species,

i.e., sulfur species having atnospheric boiling points

in the range of about 93C to about 5930C (2000F to
dififerent badsoibrthe sparetreacticn vesseh TheGrowy ¥ IHf matad is typically
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[0020] A large number of hydrocracking catalysts are available from different
commercial suppliers and may be used according to feedstock and product
requirements; their functionalities may be determined empirically. The choice of
hydrocracking catalyst is not critical. Any catalyst with the desired
hydroconversion functionality at the selected operating conditions can be used,

including conventional hydrocracking catalysts.

Bulk Multimetallic Catalyst

[0021] The hydrotreating catalyst of the post-treat zones at the bottom of R3

and optionally R2 is a bulk multimetallic catalyst, i.e., it is not a supported catalyst
though it can contain binder. The catalyst comprises at least one Group VIB metal
and at least one Group VIII metal. Preferably, the catalyst is comprised of at least

one Group VIII non-noble metal and at least two Group VIB metals and in which



[0019] Exanpl es of hydrocracking catal ysts include

ni ckel , nickel - cobal t nol ybdenum cobal t - nol ybdenum and
wo@kalssungst en and/ or ni ckel - nol ybdenum t hePCHUSE07/013040

two which are preferred. Non-limting exanpl es of

nobl e netal catalysts include those based on plati num

and/ or pal |l adi um Porous suppgrt materi al s which may

be used for both the nobl e and“non-nobl e netal

catal ysts conprise a refractory oxide naterial such as

alumna, silica, alumna-silica, kieselqguhr,
thyi ratlorcefcfémm) VB mtah@g(awmvm mopinatdeimstakis from about 10:1 to
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enpirically. The choice of hydrocracking catalyst is
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conventi onal hydrocracki ng cat al yst s. Bul k

Mul t (Xt @Vb) (VR @) yst [ 0021] The hydrotreating
catal yst of the post-treat zones at the bottom of R3
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e., It 1s not a supported catal yst fthough it can
lSdleaﬂOrB/ﬂu n&é‘erabT&hQ 766k td 1.511 cmchrprs&a'aldy 0 23dttodn25/1. The

B tnereiatany 2001 adite Are iy i L5l mare

| .
PEISHBLVLIG L P e 030 BT SRR
isGooapbsthntialoequintdllar ambattsiod No andaﬁparg 103 1o B2 ;andut = [2b +

eferredthat th beabulk
6%?T‘#8/t'al ﬂhi‘ec c%tg Y5F GIPPESItoR; ¢ 1%‘&1? ds gﬁ@“ tO\EII"F’ good
Srraile f
pERIRAR il @ us Rl Fleiniaptes BEIORISAME Hdlind Y Erfibisition,
inMhetoxide fama iy s Wa;sMdgOakoln oferdtion, the catalyst is generally in the

equivalent sulfided form.

[0023]  The essentially amorphous material preferably has a unique X-ray
diffraction pattern showing crystalline peaks at d = 2.53 Angstroms and d = 1.70
Angstroms.

[0024]  The bulk mutimetallic catalysts are described in a number of patents to
which reference is made for a description of them, their preparation and use in
other processes; these patents include the following: U.S. 6,635,599; U.S.
6,156,695; U.S. 6,299,760; U.S. 6,162,350; U.S. 6582590; U.S. 6,620,313; U.S.
6,758,963; WO 00/42125, which include examples of the preparation of these

catalysts by different synthetic procedures.



[0022] The preferred nmultimetallic catal ysts are bul k
trinmetallic catal yst conpositions represented by the
wo otomakaa9 (X)b (M) (Wd O where X is one or neCEUSROUM 3040
VII1 non-noble netal, and the nolar ratio of b:(c+d)
is 0.5/1 to 3/1, preferably 0.75/1 to 1.5/1, nore
preferably 0.75/1 to 1.25/1. g:]e nmolar ratio of c:d is
preferably >0.01/1, nore preferably >0.1/1, still nore
preferably 1/10 to 10/1, and yet nore preferably 1/3
to 3/1; the nost preferred ratio is for substantially
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tSRVMRIMK ndtal suth! dsCRikiuk18f water-soluble salts of magnesium, aluminum
and/or silicon (to prepare a cationic clay and/or anionic clay), chlorohydrol,

aluminum sulfate, or mixtures thereof.

[0026]  If desired, the binder material may be composited with a Group VIB
metal and/or a Group VIII non-noble metal, prior to being composited with the
bulk catalyst composition and/or prior to being added during its preparation.
Compositing the binder material with any of these metals may be carried out by
impregnation of the solid binder with these materials, e.g., according to
conventional impregnation techniques. If the binder is peptized, it is also possible
to carry out the peptization in the presence of Group VIB and/or Group VIII non-

noble metal components.

[0027]  If alumina is applied as binder, the surface area preferably lies in the
range of about 100 to about 400 m?/g, and more preferably about 150 to about 350

m?/g, measured by the B.E.T. method. The pore volume of the alumina is



silica-coated alum na and al um na-coated sili ca,
al um na such as (pseudo) boehmte, or gibbsite,

WO Ra0aniH49 zi rconi a, cationic clays or ani oni c BCHYS2007/013040
such as saponite, bentonite, kaoline, sepiolite or
hydrotalcite, or m xtures thereof. Preferred binders
are silica, silica-alum na, aI1 mna, titanic,
zirconia, or mxtures thereof.“These bi nders nmay be
appl i ed as such or after peptization. It is also
possible to apply precursors of these binders that,

puifieriably intthe rangesSaldut tth® to abeutt li.Hmlig measured hyattiogem

ny of the above-described binders. Suitable

a@ﬁo Uors are, e. g., alkali metal alum nates (to
obtain an alum na binder), water glass (to obtain a
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applied for fixed bed applications, generally, the catalyst composition is extruded,
pelletized and/or beaded. In the latter case, prior to or during the shaping step, any
additives that are conventionally used to facilitate shaping can be added. These
additives may comprise aluminum stearate, surfactants, graphite or mixtures
thereof. These additives can be added at any stage prior to the shaping step.
Further, when alumina is used as a binder, it may be desirable to add acids prior to
the shaping step such as nitric acid to increase the mechanical strength of the

extrudates.

[0030] It is preferred that a binder material is added prior to the shaping step.
Further, it is preferred that the shaping step is carried out in the presence of a
liquid, such as water. Preferably, the amount of liquid in the extrusion mixture,

expressed as L.OI is in the range of about 20% to about 80%.



[0028] In an enbodi nent, the binder material has |ess

catal ytic activity than the bul k catal yst conposition
w@rooio4xag al ytic activity at all. Consequent| yPCDyYS2007/013040

adding a binder material, the activity of the bulk

catal yst conposition may be reduced. Therefore, the

amount of binder material to kg added in the process

of the invention generally depénds on the desired

activity of the final catalyst conposition. Binder

amounts from about 0 wt.% to about 95 w. % of the
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alternative techmque, the resulting composition is preferably thoroughly mixed by

any conventional technique prior to shaping. An advantage of, e.g., spray drying is

that no wastewater streams are obtained when this technique is applied.

[0033]  The bulk multimetallic catalysts may be subjected to sulfidation prior to
use. Sulfidation is generally carried out by contacting the catalyst composition or
precursors thereof with a sulfur containing compound such as elementary sulfur,
hydrogen sulfide or polysulfides. The sulfidation can generally be carried out
subsequently to the preparation of the bulk catalyst composition but prior to the
addition of a binder material, and/or subsequently to the addition of the binder
material but prior to subjecting the catalyst composition to spray drying and/or any
alternative method, and/or subsequently to subjecting the composition to spray

drying and/or any alternative method but prior to shaping, and/or subsequently to



expressed as LA is in the range of about 20% to about

80% [ 0031] The resulting shaped catal yst conposition
w@awy/1afiser an optional drying step, be opti onedT/¥S2007/013040

cal cined although calcination is not essential. If a

calcination is carried out in the process of the

invention, it can be done at 8 tenperature of, e.g.,

from about 1000C to about 600 and preferably about

3500C to about 50Q0C for a tinme varying fromabout 0.5

to about 48 hours. The drying of the shaped particles
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[0035]  If'the catalyst composition is used in a fixed bed processes, the
sulfidation is preferably carried out subsequent to the shaping step and, if applied,
subsequent to the last calcination step. Preferably, the sulfidation is carried out ex
situ, i.e., the sulfidation is carried out in a separate reactor prior to loading the
sulfided catalyst composition into the hydroprocessing unit. It is preferred that the

catalyst composition is both sulfided ex sitx and in situ.

[0036] The bulk multimetallic catalyst particles are preferably sinter-resistant.
Thus the active surface area of the bulk catalyst particles is maintained during use.
The molar ratio of Group VIB to Group VIII non-noble metals ranges generally
from about 10:1 to about 1:10 and preferably from about 3:1 to about 1:3. In the

case of a core-shell structured particle, these ratios of course apply to the metals



addition of a binder material, and/or subsequently to

the addition of the binder material but prior to
wa@aiyraeitung the catal yst conposition to spray PETUSZH07/013040

and/or any alternative nethod, and/or subsequently to

subj ecting the conposition to spray drying and/or any

al ternative nethod but prior tlg shapi ng, and/or

subsequent |y toshapi ng the catalyst conposition. It is

preferred that the sulfidation is not carried out

prior to any process step that reverts the obtained
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bed processes, the sulfidation is preferably carried
[Q0\38) s ubEle aatalyst paxticdessprafrrablyhavs aosmfacerargapf pidgast 50 m/g

o RGOl B3 GERPIL bR e BT RIS, 10
fisrthdrividat | lp@éfei-r@d ehdtrthe Panidles @@pﬁﬁ@wcﬁttesortemw 100 Mar%, and
e\t/e?n ln%?g Ippe erably about 70 to about 100 wt.% of at least one Group VIII non-
noble metal and at least one Group VIB metal, based on the total weight of the
particles, calculated as metal oxides. The amount of Group VIB and Group VIII

non-noble metals can easily be determined by TEM-EDX.

[0039]  The pore size distribution of the particles of the bulk multimetallic
catalyst is approximately the same as the one of conventional hydrotreating
catalysts. In particular, these particles have preferably a pore volume of about 0.05
to about 5 ml/g, more preferably of about 0.1 to about 4 ml/g, still more preferably
of about 0.1 to about 3 ml/g and most preferably about 0.1 to about 2 ml/g
determined by nitrogen adsorption. Preferably, pores smaller than 1 nm are not
present. Furthermore, these particles preferably have a median diameter of at least

about 50 nm, more preferably at least about 100 nm, and preferably not more than



sul fided catal yst conposition into the hydroprocessing
unit. It is preferred that the catal yst conposition is
wheao/1sukd i ded ex situ and in situ. [0036] TheP®GIUR2007/013040
multimetallic catal yst particles are preferably
sinter-resistant. Thus the active surface area of the
bul k catal yst particles is rml t ai ned during use. The
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ni ckel / cobal t/ nol ybdenum t ungsten are used. These

“139¥5§§r©$1%re0| pitates appear to be sinter-resistant,
resulting in the active surface area of the

[094a¢i piThaircetiBbligndrR] Me ik Miltift41HE calddP? Fartldles have a
nmetals are preferably present as oxidi c conpounds of

chagactegstieXpaydlifigactiangpastern whith diﬁfelsaft(ah}catalysts obtained by co-

PR R s8R TRardiote fitmedtilals e ReT D Mipre nation. The
Xpaktdi R bl RiRER bF Yhd BYIR @taﬂ%‘:{tfp%%“cl% §§mghsé§ an@tbferably

50 n2/g and nore preferably o | east
esspatéalbeernsists pé ma!zs Thanaetehistic t¢ the matmdtmeuahoomponents If,

e Rk S5 B 2 v
e chapotofolatiLass o oMb, DL
chasacierivgst gnan of-radiffraction pattern which comprises peaks at d values of
(4.09), 2.83,2.54,2.32,2.23, 1.71, (1.54), 1 47. Values in brackets indicate that
the corresponding peaks are rather broad and/or have a low intensity or are not
distinguished at all. The term "the X-ray diffraction pattern essentially consists of"
these peaks means that apart from these peaks, there are essentially no further
peaks or significant features contained in the diffraction pattern. The precipitate
for catalyst obtained by the solution route has a characteristic X-ray diffraction
pattern which differs from catalyst obtained by co-mixing and conventional
hydroprocessing catélysts obtained by impregnation. For instance the X-ray
diffraction pattern of a Ni-Mo-W precipitate as prepared by the solution route has

peaks at d values 0f 2.52, 1,72 and 1.46.



particles, calculated as netal oxides. The anount of

Goup VIB and G oup VIIl non-noble netals can easily
wheoodasanm ned by TEM EDX. [0039] The pore si zBCT/US2007/013040

di stribution of the particles of the bulk

multinmetallic catalyst is approximately the sane as

the one of conventional hydrot r7eat| ng catalysts. In

particul ar, these particles have preferably a pore

vol une of about 0.05 to about 5 n/g, nore preferably

of about 0.1 to about 4 m /g, still nore preferably of

Len out 3 m/g and nost preferably about

0.1 to about 2 m /g deternmi ned by nitrogen adsorption.

[0®42{ er abhy prepsenelsrosﬂsd fortrenting the hydraceaaket efifleswnis based in

Furt her t hes rticles prefer bI have a nedi
Paft ypan dbe grsegyen hat the kil cataly s havs ap gxfporfinary

t
T T
wiitihn thE\ieyprovsraeptr mfaet;ahywpmﬂmmaﬂcmqnabhhmaeal@be Rceming
Ileslntheraneof apbout 0.1 to about 50 nm and nost

eﬁﬂ@@fﬂé%m@ lierﬁt;m%sspw PRI oL SRR Sl L
P il Bith 8 iR B Erig b I Butled 60 Pikplacked

efﬂuelne&sbe affedtllvélﬁ suBjegteritd ermmshliﬁlreﬁﬁbﬂbcb yenmbvd: mtnbmant
about 120 er‘ . The total pagre volunme of the catal .
MEEFANAS ?So‘i‘fe @s @ﬂ&réw&@ryp%ﬁles whigh hays passectirgpgly lm:arher
r&ng,rep;l at least about 0 1 m /g as determ ned
@ ter poro§| netry. To obtain catal yst conpositions

th hi E mechani cal strength, it Y be desirable
”E ¢ hydrasseckingsatalysts andrthe hulk pudtimesallzcatalyst
c&& oE‘i’i‘i%Ea rd% Cﬁ&ét-u[e(&?‘zl&%eé %a gi}%ﬁﬂd&?hgﬁé&?a&%

ti meta t al art’lc ve a c cterrseic

cdﬁdlaymsi lt)ﬁphbany a0 tenppétatures Wi ifdin dibbﬁeneom ambadtd 305Cs

obt ai ned by com_ xi ng and conventi onal dr opr.ocessi n?
hydrogen frgssybesaphE@Mb pbowp? barsta @bputﬂ@@y bergaliquid hourly space
v@ib&ftfe@%f' f?@mp%féu% ‘o # 51 'ttﬁ%b%ﬂ If9l Ll %11 lé&%%)%g%x t‘l;%as gas rates of

ef er abl'y "essen

fraaﬁksowthm actar ke hbsut MO’ rebgdrmt rzst)aScmBm@ BB&SE 1,400
., . hickel hydroxy-carbonate has been contacted

SG,F{B) -alybigablye iy mash gases, the conditions will have temperatures in the
range of about 300°C to about 450°C, hydrogen pressures of from about 30 barg

to about 150 barg, liquid hourly space velocities of from about 0.5 h™! to about 2
h™! and hydrogen treat gas rates of from about 200 m*/m® to about 930 m*/m>
(about 1285 SCF/B to about 6000 SCF/B). Depending on the other catalysts and
the choice of reaction conditions, the products of the process may show
improved viscosities, viscosity indices, saturates content, low temperature
properties, volatilities and depolarization. The reactors can also be operated in
any suitable catalyst-bed arrangement mode, for example, fixed bed, slurry bed,

or ebulating bed although fixed bed, co-current downflow is normally utilized.

[0044]  Process conditions applicable for the use of the catalysts may vary
depending on the feedstock to be treated. The notable feature of the present

multimetallic catalysts in this post-treat service is concerned is that the



tungsten conponent as descri bed above, the resulting

bul k catal yst particles are characterized by an X-ray
waledo7naand on pattern which conprises peaks at PCT/EB206%013040

of (4.09), 2.83, 2.54, 2.32, 2.23, 1.71, (1.54), 1.47.

Val ues in brackets indicate that the correspondi ng

peaks are rather broad and/or ;kave a IOM/lntenS|ty or

are not distinguished at all. The term"the X-ray

diffraction pattern essentially consists of these

peaks nmeans that apart fromthese peaks, there are

hﬁé@éﬁwlﬁumwm aqiiydncreasessmarkesily at bighbanpressuress ypically at

iR BRR Ldhst fifull s e b, B8RS rBnort b i Rlefion are
galgd @@gmg With Murﬂlﬁrégs%%sl Kinp at leakNabiiit @l whirkf ers

from catal yst obtai ned by co-m xing and conventi onal

Teywerpnsseyi] beyintheaiorsad ratgedion posbireatifbdgtemperatures, dictated

f
B Sttratpsce o ndusi g R Rethath pune e
h@%cPakise %Bg uYWhl:'&?m%fuf?caﬁ?h drofénatich i Gké.on
Condi tions [004 The present process for treating the

Thpmemtumsnymceﬂy Iwnélrbesfmm dhxmx d 00PC panboupdi0°th@bout 210°F to

st R0PEY pad g ot sasese o poou 200 dobonn a0t ?%hout 390°F to
ai%t&h75@'°l3§ SYp&R vdl¥BF8h e %a@@%‘i st willHd#ma :ﬂg about 0.2

the inprovenent in dctivity conpared %o convent
Vb/éhlaﬂOyestt(mt i 6 cdwihm gnd speallzlwijl bointheeange froes abow). 5 v/v/hr to
above 4 Thi s

b ovaliiane wf#gﬁsquée%ﬁamqawtmar a2y V. Tt has
b@&@Mlﬁ% hBﬁleb&drt e u g%eﬁ{ lgl!llkefﬂﬁltfrﬁetQﬁlceéJtﬁggﬂoi\éﬁtgmlt more

subjectéd to a’d rizatiron to renove rec
W@MMGaﬂﬁmﬁdtloasamlt}k}eimMﬁmgemm agivityi ath;phealeelocities

ass t he earl i er. high conver3| on stag
%‘@4 Hé) ﬁ'% FYeR ab¥alHes akavaiapamd 1ot advaataggs fhay therefore be

aftathtd H?t(?ehgﬁ]gﬁ Ia¥§beﬁ>9ﬁi%§%nttih9'?ﬁﬁ'ﬁﬁl%thﬂ p&%lxgtrcﬁaatbout 1.0

zones under rocracki ng condi 110
viwimi toadljo;at QtO V/ewhre rI—éyalmgen @ircﬁlamma'bmﬁn A Csth gesadidtiie

en pressur of f rom about 5 bar
hg%@ﬁfa %ﬁperﬁ a{sals x rqn)gl tgﬁg@%red product p?opertnes with the

ultra-low sulfur products requiring a higher circulation rate than those where a
higher sulfur level can be tolerated. Hydrogen circulation rate will normally be
from about 100 m*m? to about 1,000 m’m? in most cases from about 300 m*m? to
about 500 m®m?

[0045]  The location of the post-treat catalyst is significant since it has been
found that the enhanced hydrodesulfurization activity requires a denitrogenated
feed such as that from the second or third stage hydrocracking steps, i.e., the steps
in which significant boiling range conversion (more than about 25% v/v combined)
takes place with concomitant conversion of organic nitrogen to inorganic form.
While the advantages may be perceived when the post-treat catalyst is used only
after the initial hydroconversion step in a two-stage process, the degree of

desulfurization is more marked when the post-treat is carried out following the



velocities of fromabout 0.05 h" 1 to about 10 h 1 and

hydrogen treat gas rates of from about 40 nB/n8 to
W@bwat14u8O0 nB/ nB8 (about 250 SCF/ B to about 11pd00S2007/013040

SCF/ B). Typically, in nost cases, the conditions wll

have tenperatures in the range of about 3000C to about

4500C, hydrogen pressures of fir,om about 30 barg to

about 150 barg, liquid hourly Space velocities of from

about 0.5 h 1 to about 2 h ' and hydrogen treat gas

rates of from about 200 nB8/nB to about 930 nB8/nB8

fingheenversign sgge/amd; the fped hasogm 8o @)orowﬁy signitypgenated. For

t d th
oo R T BB Set ROt B oF g B SRSt catays
shoHH Beatbt Yh&ahhh hBSut MIGEEMMW ¥nd, Tot BEFer &éﬁlw AbB#t 50 ). ppmw
cont ent, | ow t enper ature pr opert I es, vol atili t i es and

withplssaithancationh 2 5 Ppenw gucfeored. Basiahkmgen shpeldbeheldrbelow

VR IITRN REN e T R —
pRddrBesiedly flﬂe&@ﬂc&ﬁ%ls‘bﬂ tﬁﬁré(ﬁﬁimﬂm“ ow i s normally

utili zed [0044 Process conditions applicable for the

GBS, obictn ERbRAIRES: B etiish BOREME 1t Sthes 15 lowesulfur

dREBSE) WHBE bb@iﬁtgﬂ%'d}‘tﬁéﬁﬁkﬂlﬁtesorhﬁ Y O@ ?gnu*oto'il%felow about

service is concerned is that th rization
750K anpyt #9001 aduw examipdejithe ﬁnahstgge effjuess as asmospheric boiling

piiB sBamsterPligd it St tormity, it AV DES ?@@vé%gggé%g&%hw
nfa&e)s SHA eﬁih ypécm@aqidmea\mh% SITLE \Rﬁhx% lﬁlﬁ\lﬁg%ﬁs S less.

40 ‘barg. Terperatures w | e in the normal Tange
Splfgt comtent istabout éﬁmnawwésss }ilrecfd:rabbdatrmltdISyppmwtdrdess and

| or es ond| tio especially the exotherm
r?lp ﬂ%{q%iy é BREMYhE" Eets%ps i n which significant
hydr ogenation is taking place. Tenperatures typically

[0047) belnf aroembbdimerit)0@Gnidal e dostillatsBatt{@bfrom ik0fial tstage will

n&atily fGoe beittnniSule) nemass Hamas bR PasaE@nd In tavorable

cHBLOR BOgE TS (b LT U455
bbedlqmmmmen_aﬁgdow m’rﬁa:h'oadi diksbl fuel hiveting thbemudst Stringent current
re\%lg}slr'yzfe%%p}eg / ﬁ:BSt Sttl eéprfor urcntsacbacr)ll,]%heréf%re\:/,/l;/e/ Ssredtfgr making road
diesel fuels conforming to the following ASTM specification D975-05 No. 1-D
S15 and D975-05 No. 2-D S15 and other similar low sulfur diesel fuel oil
specifications. Accordingly, the distillate products can be used to make light
middle distillate fuels (SimDis ASTM D2887, 90 vol.% recovered at 288°C max.,
flash point D93, 38°C min.) or distillate fuel oils (SimDis ASTM D2887, 90 vol.%
recovered at 338°C max., flash point D93, 52°C min.) In more general terms, the
middle distillate fractions which may be recovered from the present process will
typically have a flash point to conform to the applicable market specifications such
as the D93 and D2887 specifications mentioned above or similar, such as ASTM
D86. Good cetane ratings will normally be obtained as a result of the extensive

degree of hydfogenation that has taken place; blending to final product cetane



been found, however, that the present bulk
multimetallic catal ysts exhibit nore marked
whyarodasul furi zati on and hydr odeni t r ogenat i onPE/UB2007/§13040
at space velocities above about 1.0 and even at val ues
above about 1.5; advantages may therefore be attained
by operating at space velociti,gs on the multinetallic
catal yst of about 1.0 v/v/hr t2 “about 2.0 v/v/hr.
Hydrogen circul ation rate on the all stages of the
hydrocracker will depend on the feed and the desired
npinbgrcel rlepsrdl @6 1a)anddetangl indiwes ofiatleasid0 pricadity Seasible.
requi.ring a higher. circulation rate than those ere a
AP aibpt S Ral i hIgh I hepdi e Bedataliia gL fn the
dénitiogeahted Teb ! ﬁe‘@abbbl@%%édciﬁ% distipmedrye] prBdud8 CBnforming
to about 1,000 nBnB in nost casesS from about 300 nB8n8
ta reahSUM EXY Snigmits of G046 by Viedurne (BB d9); wonipliance with lower
ost-treat catalyst ibgni ficant since it has. bee
rE TN FERimER sUe A et aBRHer SioosLe10%A VAL might at some
coR B dchfervdddghdd ﬂx@%ﬂﬁ%ﬁg PB&%Qs y6d hgérég%ﬁhtiéﬁ ?urﬂét@%ality, it
second or third stage hydrocracking Steps, i1.e., the
wall mosmaly \hiei prafesabjeifor ceomonbigirbasuys tangkecopretust such as CARB
nore than about. 25% v/ v c i ned) takes place_w th
alkTRetvs I oA bes diest! G AR apicay ot G ahoptds-26 voL%
atonedg@ni ¢ form Wiile the advantages may be perceived
when the post-treat catalyst is used only after the

'Ei nitial hydroconversion step in a two-stage process,
ree of desulfurization is nore marked when the

post-treat is carried out follow ng thefinal

[W048] er sThreestatajestameere kealiated foasuitastitynay ky dioorackghpyst-treat
deni trogenat ed.. For best results, the total njtrogen

by obsAt SR ERe TREGAE SRR cRepzerqially avaiighle HDT
&hQelsdabsedia i

gl 2 e A Ol oIt ABChifRl oo Chlefst 4,

angt ahégh activiBabiionon alugena shaly s, identifibd ab Elataly stiibuis well as a

o B RSB v B S 545 8BRS 0,
TRECHBIPAr RISk o RS B0 R Sl i
whbo used 0dthod demdtrdgatatéd feed ropresevativeref bakird-skegel 18/drocracker
e %legw ”?’Bl%%eed used in this Example was a nitrogen-depleted distillate fraction
having an API Gravity of 28, a sulfur content of 15910 ppmw and a total nitrogen
content of 19.3 ppm produced by passing a distillate fraction set out in Table 1
(Raw CHD Feed) below over a bed of mixed acidic, macroreticular base
exchange catalyst (sulfonic acid functionality) (Amberlyst-15T™) with alumina.

The sulfur analysis of the treated, nitrogen-depleted feed is given in Table 2 below.



7500F (about 4000C). For exanple, the final stage
ef fl uent has atnospheric boiling point characteristics

WO oocanfiey mty with ASTM D86 (90% recovered at PEHOS$607/013040

max.), and with specifications requiring a 95% vol une
boiling at 3800C or less. Sulfur content is about 50
ppmw or | ess, preferably about,,15 ppnw or |ess, and
more preferably about 10 ppmw or |ess. [0047] In an
enbodi nent, the mddle distillate fraction fromthe
final stage will normally have a sul fur content of no
more than about 50 pprmw and i nTableok abl e cases, no
nore than about 15 or 10 pmedREd’perSS) maki ng

tthis—a sui table biend co OﬂEﬂI for %lselékéd” Q’ng

di esel fuel neeting the 1 ('E gen rrent . o
negul atory regimes. The di ef‘i"l gll]:p drGHit s can| Distillate
ttherefore  he used for ne g road di ugt, o 5| Feed

¢onfHAMMGAPS the fol | owil RS- @STM soecﬁZ‘ lcation [3%%- 05

No. Totd) SSipnand DI75- 05 [NG22P- D S1H 43% ot her k9320 ar

owTtalf NI ppinesel fuel oill37gpeci fi cataqns. 79

I
/CCOFdI ngly ) the distillfate produci|S can be uSed To

[V Ve Va Y]

Kg L T ddtedrstTirate fuets (Srmbis—ASTM D2887;
o+, 2.0 naaL £1 okt i Im'als) ')Of"

96

/H' CLUVCTI CU al 2 0({ TTUA y T LIL] Ul 11t I YU
rq_n%g GRS PPy o f ol B Z s {SinDis-ASTM Dgszsz733 Q0
‘o phiopbengs.apman0c 89 flastpoint D03, | 4478

ni_nNon-BetalpBTgeppmal _t er@365 t he ni e distillp8&d

filr alXB Bragovdhippim may be r ¢d88/ered framn t he present8s

proBess DBTY, gprpi cal |y hangza flash ppint to conggym

10" 4he1ADPT &18RkEpPI KeT [FRpECT TTCati|pyis such as| §§ig

DS ml%th) B}f Icl,-l,\,,bg\;;édsb mentioreskabove—ot 346

Cood _—cat A r Q'l- | ASS

s NﬁmDHTalq?EABiaﬁ'ﬂ”‘JSAEZI’.Fr _of e ext ensi b4l

qﬁ&é%f%%ﬁ%%ppm 34t _has tak®h pl ace: bl 2hHi ng

o fliotadlS by SdligpingppaneniiBéf8 of at| 38@ast 40 (|[D6AE)

and cetane indices of at least 40 is readily feasible.
Aromatics content is also low, the nmultinetallic

catal ysts used on the denitF&yeRat ed feeds are capabl e
of producing distill aNeDgpketed ChHadeeds confornming to

the ASTM DP7g LV TAPPT 35% Dy VolTune (43 6‘5 197,
conpl i ance WI-[{O lI§V I egw atory—Teyi m:fs h—as| CARB
| ow ar onat ToT'al ﬁ]u,u vol——ntght ultgqb e
S Typing
Thiophenes, ppm 150
Benzothiophenes, ppm 7484
Non-BetaDBTs, ppm 2095
DBT alone, ppm 356
Beta DBTs, ppm 1545
4-Me DBT alone, ppm 372
Di-beta DBTs, ppm 574
4,6-DiMe DBT alone, ppm 148
3 &4 ring unassigned, ppm 320
Total S by S Typing, ppm 12188

[0049]  The three catalysts were tested at pressures of 10.35, 27.60 and 44.80
barg (150, 400, 650 psig) total system pressure to determine the



cost be achieved since the catal ysts possess good

hydr ogenation functionality, it will normally be
wo@e@Tasald e for econom c reasons to make a pr oPCUSEOTHN3040

as CARB alternative | ow aromatics diesel (ALAD),

typically with about 25-26 vol.% aromatics. Exanple 1

[0048] Three catal ysts were e\gal uated for suitability

as hydrocracker post-treat hydfotreat catalysts. The

catal ysts were two commercially avail abl e HDT

catal ysts, a nmediumactivity Ni Mo on alum na catal yst

hmr@dmlﬁam@mmwaw wiihothe Nhidghlesed fagdtap thesetpressures.
B YRR SR SRl SRS B0, Pk e
dEFERY Pubhy) fldw mierd Vo Corolithe h t'@%&ﬁfré‘éﬁ’ gk SvNiRh §s mixed with

eval uated at vari ous pressures heir hydrotreating
thediquid tigedvard thenellowed mughﬂm cateb'ehhedem fipdlbw mode. The

l.re.res ntative of.a third- dr ocr acker Sfflue
i RLTRER RrotficR i fnithe ESpeTre SVera SnaleRit Fundus e iylators
w‘i‘t!hsé blléséih% th%tll'ebe m&%aéﬂ-eﬁ@ r@%ﬁl\‘ét WrPén1f gak

fur content of 10 ppnw and a total nitr ogen
clm@maéograph meamrgpmqwoﬂgase@bmgoqmens nBroalugt Hquid wasstripped

withJifogen Tt hevtit® FomeF dissol Ve o paghsul BoR Angane sulfur

ax?&hﬁkﬁe? d&%ﬁ@gg@ ?sqh%é P&ddc@ Hﬂélk%é‘d by an Antek™ analyzer.

st-15(t um na. The su fur anal ysi s
t t d | eted f
O ST IR R S S B oc

SR TS Mt ol 50161 08

Ttaat ges eatin was hhlshgtd odald ohdelsi ri zat | on rate const ants

' t N-depl e ee t. these essures.
(48537, 1o g rebodles By destitureinn i corsaawals sglcylated
uinﬁé%@kldéﬁbteqﬁbﬁéﬁﬂ with delivery punps, flow neters
to control the hydrogen treat gas which is mxed with

the |iqui feed%%gﬁq/ ;1& hrough the catal yst
bed i n up-HPdwW Re> e 'IO@ct nd gas products from
Th #1158 2l UohstitCars SRBWA IR ITdUle B oI tan@ P94 Figure 2.

Table 3
HDS Rate Constants, N-Depleted Feed
HDS Rate Constants
Pressure, barg, total 10.35 | 27.60 | 44.80
Catalyst A 1.47 6.37 9.05
Catalyst B 1.39 |5.95 9.67
Multimetallic 1.22 10.67 | 23.55

[0052]  The results show that the bulk multimetallic catalyst is strikingly more
active than the conventional HDT catalysts, especially at the higher pressures, for
which reason it is preferred to operate the present post-treat catalysts at system
pressures above a minimum of about 25 barg with higher pressures above 40 barg
being optimal. Pressures of this magnitude will frequently prevail in the final stage

or second stage of fuels hydrocrackers and so the present post-treat catalysts can be



with a pressure controller to control back-end
pressure. An online gas chromat ograph neasured the
W@z2000/1¢H89 conposi tions. Product |iquid was strP@pEs2007/013040
with nitrogen for two hours to renove dissol ved
hydrogen sul fide and the sul fur and nitrogen
concentration is in the produek anal yzed by an
Antek(tm analyzer. [0050] The reactors were run at
tenperatures of 343C (650 OF) and at a space velocity,
LHSV (v/v/hr), of 0,83 at 10.35 and 27.60 barg and
ugedswit Pum@éﬂﬁaﬁgsm&fé@m wusupldansangdssorhtiiegregetop ang ancillary
eguk nfges- [0051] The first order hydrodesul furization
ate constants were cal cul ated using the kinetic ~
equation: kHDs = LHSV I n(S feed/ SprOduct) The HDS rate
E ts are shown in Table 3 bel ow and graphically
in Figure 2 . Table 3 HDS Rate Constants, N Depleted
[0053] [ ODhetle shhf: thess/E4talySivaliadd H"Ex%bl% 1 were also evaluated
mul tinetallic catalyst is strikingly nore active than
withefeednobiffering niugen ontens and nitsggen ey at t he
hi gher pressures, for which reason it is preferred to

[o054) at eAtfbed WieSBaNic AREdgeh RAfovea bl ¥l redingd %bﬁ[Basm nitrogen
pressures above a m ni nrum of about 25 barg w th higher

wap @eml@strab@%thﬁcm‘dr@%bm@ obTablgl 1 atRrveswith &9%hcetic acid.

Nl B KR 1pdisalelihitlhr bRt Boriche Uiomy basic
nitft%eﬂfmﬁiﬁuﬂm?shch S HghE A s’}ie)ﬂ%tssarﬁﬁﬂe@ 8h@ AtHoNed, tﬂ@#‘ve a product
probl enms arising from unusual denands on the reac

C%Iﬁé’ mng il 6329 ppensulfireand 1 Fxppipl itrogemod3fecdivoataisiagbasic

e 1 wer

it B RN FhEnfeR 0Bl Rlirodtara iy oaeted BE srtrasion of
th%l RAWIEHMD: P of PARE]1 Withe®ds MAdHhaR) @A@ﬁm%ﬁueo% caustic

renmoved but with retai ned non-basic nitrogen wa
sqlytiondatdivig atmedmwo@mmlmgekﬁ%ﬂ PrehIselfiir ahd 29 \piphhndfifgen.
acetic acid.
[0055].  The three catalysts were evaluated at various pressures for their

hydrotreating activity when used with these two extracted feeds, the N-depleted
feed of Example 1 and the raw CHD Feed of Table 1, using the same unit and
conditions. The results are given in Table 4 below. The results show that the
pressure affects €ach catalyst to a different degree with the feeds of different
nitrogen level and type. HDS activity promotion by N removal is more
pronoﬁnced when the N was depleted in the feed, especially at high pressure. At
the highest pressure (44.8 barg, 650 psig), the HDS activity of the multimetallic
catalyst with the N depleted feed is 8.5 times as great as with the basic N
containing feed. HDS on the non-basic N feed showed marginally better
performance than on basic N containing feed, with a 10 to 30% increase in
activity relative to the basic N feed. At the lowest pressure (10.35 barg, 150
psig), the advantage of using a non-basic N over basic N containing feed in HDS

activity diminished.



Ni trogen typing results indicated that the treatnent
sel ectively renoved basic nitrogen conpounds such as
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A feed containing basic nitrogen but with a
nitrogen content was produced by
extraction of the Raw CHD Feed
NaOH and 9% Bu4OH aqueous caustic sol ution,
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Catalyst A

44.80

2.32

97.0

2.10

94.6

27.60

1.76
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10.35

0.86

91.2

Catalyst B

44.80

2.18
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Multimetallic
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2.21

98.3
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89.4

Example 3

[0056)

The performance of the same three catalysts in terms of hydrogenation

capability was investigated with the same test rig, using as feeds, the Untreated
CHD Product and the Virgin Distillate Feed, both as shown in Table 1. The
Untreated CHD Product was hydroprocessed at 343°C (650°F), 41.4 barg (600

psig) and two runs were made, one at 0.83 v/v/hr LHSV using a hydrogen:oil
ratio of 316 m°m° (2000 SCF/Bb}) and a second run at LHSV of 1.67 v/v/hr and



Untreated CHD Product was hydroprocessed at 343C
(6500F), 41.4 barg (600 psig) and two runs were nade,
wor@7a#31® 83 v/ v/ hr LHSV using a hydrogen: oi | Per/iUs82007/013040

316 nBnB (2000 SCF/ Bbl) and a second run at LHSV of

1. 67 v/v/hr anda hydrogen:oil ratio of 158 nB8n8(1000
SCF/Bbl). The Virgin Distilla Feed was treated at

3300C (6250F) a hydrogen.oil Fatio of 316 nB8nB (2000

SCF/ Bbl), at three different pressures and two space

velocities (  1.67, 0.97). The results are given bel ow
ajhydragerseilzatia @ S$amon’ (109 SCE/BhbalThs Vixgin distitate Feed

B SR () A eaRB i 0 P aT b ook serm,

' r t
S U ren] PR AR v A RSP TE 67 D37 e results are
given melovi it€Tatsles dpatd € befovpr oduci ng distill ate product
fractions which wll neet not only |ow sul fur diesel

specifications. The distil Igj oduct fractions have

2l 50 Desa b ol Afge BCHEY BLouRl (TN prr o

aromptics
ar b@atalyst whi ch arGatalysbAt ant | Multmietalicng Catalyst Bne
i ndi ces speci fi ed HHISW heHSN dLHESA! |[IUERY. | AHSVOMDHSV
by the di vergent |reg3l t $1fgyr thgg®HD [Rrgruct 0383 24[11 67
PP N, A0T st BRicY] 3,64 D $oid2 a3 T 7Y pHT | HSr] OVFF 66

108 AT T CATE RS M R R R N O R
fa srremp‘éﬂlh/%\/i ﬁ& fhm hS8E Sw QU?Q ur 4194 1| owl P48 d 8.5

ar bdY remevalchm 1994, h8BBdr oc?ubki n@5p# 0c£99.5 or( 92.5
converting a feed of petroleumorigin to | ower boiling
products of higher gravity Batleléow sul fur content,

Wwhi chCatdgaSEerfordneasi Vidgin wgflnaﬁeqaédmgr&al N 79 ppm)

aadsxai-ont

Catalyst

IIyUI olda IC U IIaVIIIg cr| TTCCTIt T
4hﬁllf 3l Y TXTHI in the p &ﬁ'ﬂ "ﬂr cata'llyStl'B

Pressurenbprégerd-lehnt B b ng|1Q-3at [4hd |$”'é06hvcﬂ6t3r eatildy s@p [10.3

LHSV, hr’ 1.67 1097 1097 {1.67 [0.97 1097 |{1.67 [0.97 10.97

kpps(l.5 order) {5.62  14.46 (244 [17.45 |11.17 {2.77 [6.80 [5.50 [2.10

kypn(1st order) |5.36 1.86 1045 [7.30 4.09 j0.66 [6.72 {3.48 [0.54

Sremoval, % [98.3 199.0 1969 99.8 ([99.8 {97.5 [98.7 99.3 [96.1

N removal, % |96 87 34 99 99 51 98 98 39

[0057]  The results reported in Tables 5 and 6 show that the multimetallic
catalysts, when used in hydrocracker post-treat service with a feed of controlled
nitrogen content, are considered capable of producing distillate product fractions
which will meet not only low sulfur diesel specifications. The distillate product
fractions have also been found to have low levels of residual aromatics,
including the low levels of the polynuclear aromatics which are important for
achieving the cetane indices specified for the S15 diesel fuels. As shown by the
divergent results for the CHD Product at 241 ppm N and the Virgin Distillate at
79 ppm, the lower nitrogen content which will be encountered in the
hydrocracker following the third stage, is a material factor in achieving both low

sulfur and low residual aromaticity.




contai ning one or nore reaction zones, to produce a

hydrotreated effluent streamcontaining liquid
w@e@daeiig havi ng a sul fur and nitrogen cont ent PCEES2007/013040

than that of the feed; (ii) passing the liquid product

stream of the hydrotreatnent step directly to a

hydr ocracki ng step contai ni ng,gne or nore reaction

zones in which the liquid prd&%dt streamis

hydrocracked in the presence of a hydrogen-containing

treat gas to reduce its boiling range and produce an
Cﬁﬂihﬂg?t conpri sing hydrocracked |iquid products and

gas cofpri si ng hydrogen, amoni a and hydrogen sul fide;

(iii) passing the effluent of the hydrocracking step

directly without separation of the |iquid products

from t he lgad) hydreerpekinginregessHipa coneertire.a feast olopetroleum

2 . cli r S .
oﬁggf%d d@%%@}ﬁgggx?é%tﬁ eofglﬁglgeg- réfggg&%gﬁ 1%%&11& content, which
prytdsogempees:ai ning treat gas and a

hydr odesul furi zati on catal yst conprising a bul k

multinmetallic catal yst to produce a

navi ng o sutPur - Patioatie it o Bl Rch BsfitdGin gl conten

sul fur. 2. A prograterabiafalolio3 0006Gkppi ih the piidike of a
ammoni a is renoved fromthe hydrotreated effl uent

stream and t he hhrdogea=ondaining irdapgasdince By drosreatiog step
passed to a hydrgQcr.acking stage contai.ning one qr re
reaction zones igo%%}néﬂggﬂg 9 B{edresféaﬁggng%ﬁgmggcea
hydrocracked in h{igropfeaf@Nélueht Biresaam oM 21igliproducts
treat gas to reduce its boiling range and produce a

hydr ocracked ef f haxing assul Baransomiprogen egnieritylassoban shatoof the
['iquid product s}.ere%am and a gas stream gas conpri sing

(i)  passing the liquid product stream of the hydrotreatment
step directly to a hydrocracking step containing one or
more reaction zones in which the liquid product stream is
hydrocracked in the presence of a hydrogen-containing
treat gas to reduce its boiling range and produce an
effluent comprising hydrocracked liquid products and gas

comprising hydrogen, ammonia and hydrogen sulfide;

(iii) passing the effluent of the hydrocracking step directly
without separation of the liquid products from the gas, to a
post-treat hydrodesulfurization zone in which the
hydrocracked liquid product is hydrodesulfurized in the
presence of a hydrogen-containing treat gas and a
hydrodesulfurization catalyst comprising a bulk

multimetallic catalyst to produce a hydrocracked,



hydr ogen, ammoni a and hydrogen sul fide which is passed
W t hout separation of the liquid products fromthe gas

WO eoorhesipost -t reat hydrodesul furi zati on zone | PCTOIBZIN7/013040
t he hydrocracked |iquid product streamis
hydr odesul furized in the presence of the second gas
stream and the bul k nmul ti net qlﬁ,]i_c catal yst. 3. The
process of claim1 in which the bulk multinetallic
catalyst is conprised of at |east one Goup VIII
non-nobl e netal and at |least two G oup VIB netals and

in which the ratj .

non- nobl e et al ngﬁdggn%ggga%gﬁﬂgﬁé ?%045%6%8%51%‘)“1&%8 sulfur
is represented byohafeat 6OIe¥EtRan 4DOutbl A0Mppen 6WIEr.C2 i n
which X is one or nore of a Goup VIII non-noble

metal, and the nolar ratio of b:(c+d) is 0.5/1 to 3/1
4. Thezprc%ess of ¢l ai whi.ch the nul tinmetallic

catal yst 2 s eongsrs e G o dally' R Yy Bipnpiip i€ rembved

fioan tiohy droffehRld eiMdemtstle@APind MR Ky REReMER liRidpfodiRE are then
in which the ratio of Goup VIB netal to Goup VIl

pagsedriolel hy dreeracking stagenearidainingl ong or moad seactionz@nes idwhich
wherei,n the Goup VILII, non-nople.netal is | ect ed ..
o e R - SRS gt reped o8 Ry Riggagprtaining
trehOFANG refdcdVis BoilitRSraREO 6RE ?r&iuc‘é' AhylrdctaR kvl eflidi8tream
molar ratio of b:(c+d) s 0.75:1 to I.5:1.6. The )
compeisyge ahydtagiranksdiliuidh podduch strearh andrasgasostrgfant gas ¢emprising

| th 0.01 :1. 7. Th f | ai 1.i whi .
hy sty aroaii pot o fredenceBfi g e s st Cdght pafdtion of
ARG ALEAGEQ Ror thd gAOR e oSt Fehly ROGesMIrRA8bn L8R in

oup VIB netals and’in which the ratio of Goup VIB
whaehathet hy deooxagked liquithprodobt stream i hydroflesmifiafrsdtin 1he presence

to aboyt 1:10, and js,essentially.an aporphous
oftiecseaind ieas stiginm A e O matieralli SR EBR b t o
showi ng crystalline peaks at d = 2.53 Angstrons and d

= 1.70 Angstroms. 8. The process of claim1 in which
t he post 3t r éldte process of claim 1 in which the bulk multimetallic catalyst

is comprised of at least one Group VIII non-noble metal and at least two Group
VIB metals and in which the ratio of Group VIB metal to Group VIII non-noble
metal is from about 10:1 to about 1:10, and is represented by the formula: (X),
(Mo). (W)q O, in which X is one or more of a Group VIII non-noble metal, and
the molar ratio of b:(c+d) is 0.5/1 to 3/1.

4. The process of claim 1 in which the multimetallic catalyst is
comprised of at least one Group VIII non-noble metal and at least two Group VIB
metals and in which the ratio of Group VIB metal to Group VIII non-noble metal is
from about 10:1 to about 1:10, and wherein the Group VIII non-noble metal is

selected from Ni and Co and the Group VIB metals are selected from Mo and W.

5. The process of claim 3 in which the molar ratio of b:(c+d) is
0.75:1 to 1.5:1. |



hydr odesul furization step is carried out at a total
system pressure of at |east about 25 barg, and the

wo e@d/1H40f petroleumorigin. 9. The process oPCT/IUS20T/B13040
in which the post-treat hydrodesulfurization step is
carried out at a total system pressure of at | east
about 40 barg. 10. The proces% of claiml1, the process
further conprising: passing t é'hydrotreat ed stream
effluent fromstep (i) directly to a first
hydrocracki ng st age contai ning one or nore reaction

zones in h the aduct rea
hydr ocr ag keo’llc]]enp 0 ﬁ%ss &u%w[g é lgfwcl{lﬁlitt n!qrrrggﬂ]o(fg dis less than
or|aduce its boiling range and produce a first

hydr ocracked effluent stream conprising hydrocracked
l'i quid products and gas conprising hydrogen anmoni a

d hyd fi he fi
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cOmPeided of af Ichfiord GRdugVITIGon2kdb18 Sh&hPAR] 410edstTReWEbup VIB
hydr ocracki ng stage containing one or nore reaction

mebale and in wrhickh theh@tllq Qﬂﬁmq@ Bt mgakioeGrour Y aenbtila metal is

gen; cont ai ni.n trea as to

frtroglg 65%1%51[%1 ¥ E% PE? aéd 15658 l&&ila/ material having a
uHMﬂl"e%frﬁf B?ﬂ*ra%ﬁf)h %ﬁ%nﬁﬁﬁ@@l@g%ﬁ%l‘l ﬁ)'egﬁaﬁs 889153 Angstroms

hydrocracked Iiquid product Stream and a second gas
and deam7§a8ngsingms.si ng hydr ogen, ammoni a and

hydr ogensul fi de; and passing the second hydrocracked
ef fluent streamw thout separation of the liquid

product s gf r o hec8@Sof Qaith @Ciﬁtwﬂlﬁﬁﬁtxe post-treat
hydr odesul furi zati on zone i n which the hydrocracked

hydmsdiewl[ﬁurmzajmn step esaeariisd loyt aoaltedall Systenz poesisuret digat least about
resen ond S stream and a
2R baTe aed e oD ROl R pE e | oi ng a bul k

mul tinetallic catal yst conprised of at | east one G oup
VIl non-noble netal and at |east two Goup VIB netals
and i n wHi cAhehprocedsi af d&in@dupvh'{blBtlnmpmt-tr&atG oup

e nmetal is fromabout 10:1 to about

VI | 10Db|
hver%%l&ﬁergg A FHFS QPéék%B“alh?’é%‘a BEp N 95 deast about

4bip3pd d product stream having a sulfur content of |ess
than ‘about 100 wppm sul fur.

10. The process of claim 1, the process further comprising: passing
the hydrotreated stream effluent from step (i) directly to a first hydrocracking stage
containing one or more reaction zones in which the liquid product stream is
hydrocracked in the presence of the gas stream to reduce its boiling range and
produce a first hydrocracked effluent stream comprising hydrocracked liquid
products and gas comprising hydrogen, ammonia and hydrogen sulfide; removing
ammonia from the first hydrocracked effluent stream; passing the liquid products
of the first hydrocracking stage to a second hydrocracking stage containing one or
more reaction zones in which the liquid products are hydrocracked in the presence
of hydrogen-containing treat gas to reduce its boiling range and produce a second
hydrocracked effluent stream comprising a second hydrocracked liquid product

stream and a second gas stream gas comprising hydrogen, ammonia and hydrogen



11. The process of claim10, wherein the process

further conprises: Passing the first hydrocracked
webdraenu stream directly fromthe first hydr oreBTKI0G013040

stage prior to renoval of the ammobnia to an

i ntermedi ate hydrodesul furization step in which it is

hydr odesul furi zed in the presS ce of a

hydr ogen-contai ning treat gas ghd a

hydr odesul furi zati on catal yst conprising a bul k

nultinetallic catal yst conprised of at |east one G oup
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t he hydrocracked effluent streamfromthe first

\%drgcrﬁcki ng stage.14. The process of claim10 in

ich t %{5{5 K

hydrocrac i ng séjmeé sélgﬁlltsf‘g;hgl%l%%@%t%%%ﬁtger ﬁ%lrn rises:
Phswing ﬂb@ﬁtstmromw efﬁlmerhe.gleam diyectly filoen plos firdtr eat
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T T
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in which the liquid product stream t he ond
bulkamadtimetallg «“@f@d@% ¢pRaprised of Ygeast I ‘Iémurb ongphle metal
aﬁg aMRPHho @roup VIB metals and in which the ratio of Group VIB metal to

Group VIII non-noble metal is from about 10:1 to about 1:10.

12. The process of claim 10 in which the effluent from the
intermediate hydrodesulfurization step is subjected'to an ammonia removal step
and a hydrogen sulfide removal step before passing to the second hydrocracking
zone.

13. The process of claim 10, the process further comprising:
passing the first hydrocracked effluent stream to a fractionation zone to form at
least one light fraction and a higher boiling heavy fraction and the heavy fraction is
passed as feed to the second hydrocracking stage, and passing the second
hydrocracked, hydrodesulfurized liquid product stream to the fractionation zone

with the hydrocracked effluent stream from the first hydrocracking stage.



ppnw at the begi nning of the post-treat

hydr odesul furi zati on stage. 17. The process of claim
waoorn4im ch the Iiquid product stream of the BeDORZIN7/013040

hydr ocracki ng stage is passed over the bulk

multinetallic catalyst at a space velocity of at | east

about 1.5 v/v/hr. 18. The proggess of claiml, wherein

the system pressure for the h@@rotreating step is 40

barg at the reactor inlet.

14. The process of claim 10 in which the liquid product stream of the
second hydrocracking stage has a nitrogen content of not more than about 100

ppmw at the beginning of the post-treat hydrodesulfurization stage.

15. The process of claim 13 in which the liquid product stream of the
second hydrocracking stage has a nitrogen content of not more than about 50

ppmw at the beginning of the post-treat hydrodesulfurization stage.

16. The process of claim 14 in which the liquid product stream of the
second hydrocracking stage has a nitrogen content of not more than about 25

ppmw at the beginning of the post-treat hydrodesulfurization stage.

17. The process of claim 10 in which the liquid product stream of the
second hydrocracking stage is passed over the bulk multimetallic catalyst at a

space velocity of at least about 1.5 v/v/hr.

18. The process of claim 1, wherein the system pressure for the

hydrotreating step is 40 barg at the reactor inlet.



