-1- A HYDROTREATI NG CATALYST SYSTEM SUl TABLE FOR USE
I N HYDROTREATI NG HYDROCARBONACEQUS FEEDSTREAMS FI ELD
WOROFHEZ4BNVENTI ON [ 0001] This invention rel at eBCT/OSH04/036111
hydrotreating catal yst systemsuitable for use in
hydrotreating hydrocarbonaceous feedstreanms. Mre
particularly, the present invention is directed at a
stacked bed catal yst system conprising at |east one
first catal yst selected frem conventi onal
hydrotreati ng catal yst having an average pore dianeter
of greater than 10 n and at |east one second catal yst
conprising a bulk netal hydrotreating catalyst.
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BACKGROUND OF THE INVENTION

[0002] Environmental and regulatory initiatives are requiring ever lower levels
of both sulfur and aromatics in distillate fuels. For example, proposed sulfur limits
for distillate fuels to be marketed in the European Union for the year 2005 is 50
wppm or less. There are also proposed limits that would require lower levels of
total aromatics as well as lower levels of multi-ring aromatics found in distillate
fuels and heavier hydrocarbon products. Further, the maximum allowable total
aromatics level for CARB reference diesel and Swedish Class I diesel are 10 and 5
vol.%, respectively. Further, the CARB reference fuels allows no more than 1.4
vol.% polyaromatics (PNAs). Consequently, much work is presently being done

in the hydrotreating art because of these proposed regulations.

[0003]  Still further, with the advent of increased environmental concerns, the
performance requirements for lubricating oil basestocks themselves have also

increased. For example, the American Petroleum Institute (API) requirements for



performance requirenments for |ubricating oi
basest ocks thensel ves have al so i ncreased. For
wWe@x@spsa33 t he American Petrol eum Institute (APPQT/US2004/036111
requi renents for-2- Goup Il basestocks include a
saturates content of at |east 90% a sulfur content of
0.03 wt.%or less and a viscosity index (VI) between
80 and 120. Currently, there is a trend in the | ube
oil market to use Goup |l -Basestocks instead of G oup
| basestocks in order to neet the demand for higher
qual ity basestocks that provide for increased fue
econony, reduced enissions, etc. For exanple, Anerican
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search for new and different processes, catalysts, and catalyst systems that exhibit
improved sulfur and nitrogen removal and aromatics saturation activity is a
continuous, ongoing exercise. Therefore, there is a need to provide
hydrocarbonaceous products that meet the demand for increased fuel economy,

reduced emissions, etc.

BRIEF DESCRIPTION OF THE FIGURE

[0005]  The Figure is a plot of the relative volume activity of various catalysts
and catalyst systems versus the days the respective catalysts and catalyst systems

were on stream.
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DETAILED DESCRIPTION OF THE INVENTION

[0007] It should be noted that the terms "feedstock" and "feedstream" as used

herein are synonymous.

[0008] The present invention is directed at a stacked bed catalyst system suitable
for use in the hydrotreating of hydrocarbonaceous feedstocks. The catalyst system
comprises at least one first catalyst selected from conventional hydrotreating
catalysts having an average pore diameter of greater than 10 nm and at least one
second catalyst selected from bulk metal hydrotreating catalysts. The stacked bed
hydrotreating catalyst system is suitable for use in the hydrotreating of

hydrocarbonaceous feedstocks.

[0009] As stated above, the present invention is a stacked bed catalyst system
comprising at least a first and second hydrotreating catalyst. By "stacked bed" it is
meant that the first catalyst appears in a separate catalyst bed, reactor, or reaction

zone, and the second hydrotreating catalyst appears in a separate catalyst bed,



[0010] The first hydrotreating catalyst is a supported
catal yst. Suitable hydrotreating catal ysts for use as
wo b@s0i33 catal yst of the present catal yst syRBCEDS2004/036111
i ncl ude any conventional hydrotreating catal yst.
Conventional hydrotreating catalyst as used herein is
nmeant to refer to those which are conprised of at
| east one Group VIII netal, preferably Fe, Co and N,
nore preferably Co and/or N#; and nost preferably Ni;
and at |east one G oupVl netal, preferably Mo and W
nore preferably Mo, on a high surface area support
material, preferably alumna. The Goup VIII netal is
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preferably from 20 to 30 wt.%. All metals weight percents are on support. By “on
support” we mean that the percents are based on the weight of the support. For
example, if the support were to weigh 100 g. then 20 wt.% Group VIII metal would
mean that 20 g. of Group VIII metal was on the support.

[0011] However, not all conventional hydrotreating catalysts fitting the above-
described criteria are suitable for use in the present invention. The inventors hereof
have unexpectedly found that the average pore diameter of the first catalyst must
have a specific size to be suitable for use herein. Thus, in the practice of the
present invention, a conventional catalyst, as described above, but having an
average pore diameter greater than 10 nm, as measured by water adsorption
porosimetry, must be used as the first catalyst of the present stacked bed catalyst

system. It is preferred that the average pore diameter of the first catalyst, i.e. the



conventional hydrotreating catalyst, of the present
st acked bed catal yst system be greater than run, nore

wpe@besabd y greater than nm [0012] The secondPCT/US2004/036111
hydrotreating catalyst is a bulk netal catal yst. By
bulk netal, it is neant that the catalysts are
unsupported wherein the bul k catal yst particles
conprise 30 - 100 wt.% of at |east one Goup VIII
non-nobl e netal and at | east-one G oup VIB netal,
based on the total weight of the bul k catal yst
particles, calculated as netal oxides and wherein the
bul k catal yst particles have a surface area of at
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[0013] Bulk catalyst compositions comprising one Group VIII non-noble metal
and two Group VIB metals are preferred. It has been found that in this case, the
bulk catalyst particles are sintering-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 10:1 - 1:10 and preferably from
3:1 - 1:3. In the case of a core-shell structured particle, these ratios of course apply
to the metals contained in the shell. If more than one Group VIB metal is contained
in the bulk catalyst particles, the ratio of the different Group VIB metals is
generally not critical. The same holds when more than one Group VIII non-noble
metal is applied. In the case where molybdenum and tungsten are present as Group
VIB metals, the molybenum:tungsten ratio preferably lies in the range of 9:1 -1:9.

Preferably the Group VIII non-noble metal comprises nickel and/or cobalt. It is



netal is applied. In the case where nol ybdenum and

tungsten are present as Goup VIB netals, the
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of 9:1 -1:9. Preferably the G oup VIII non-noble netal
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cateﬂysts be app%/oximately the same as the one of conventional hydrotreating

catalysts. More in particular, these bulk metal hydrotreating catalysts have
preferably a pore volume of 0.05 - 5 ml/g, more preferably of 0.1 - 4 ml/g, still
more preferably of 0.1 - 3 ml/g and most preferably 0.1 - 2 ml/g determined by
nitrogen adsorption. Preferably, pores smaller than 1 nm are not present.
Furthermore these bulk metal hydrotreating catalysts preferably have a median
diameter of at least 50 nm, more preferably at least 100 nm, and preferably not
more than 5000 pm and more preferably not more than 3000 pun. Even more
preferably, the median particle diameter lies in the range of 0.1 - 50 pm and most

preferably in the range of 0 5 - 50 pm.

[0015] The reaction stage containing the stacked bed hydrotreating catalyst
system used in the present invention can be comprised of one or more fixed bed
reactors or reaction zones each of which can comprise one or more catalyst beds of

the same or different catalyst. Although other types of catalyst beds can be used,



preferably, the nedian particle dianeter lies in the
range of 0.1 - 50 mm and nost preferably in the range
wW®@2008/087433 50 nmm [ 0015] The reaction stage cOnPEN/IE2994/036111
the stacked bed hydrotreating catal yst systemused in
t he present invention can be conprised of one or nore
fi xed bed reactors or reaction zones each of which can
conpri se one or nore catal yst beds of the sanme or
di fferent catal yst. Al thoug{y-other types of catalyst
beds can be used,-7- fixed beds are preferred. Such
ot her types of catal yst beds include fluidized beds,
ebul | ati ng beds, slurry beds, and novi ng beds.
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conprises 50 vol.%of the first catal yst, the second
catalyst will conprise 50 vol.% al so. [0017] As stated
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in"the hydrotreating of hydrocarbonaceous feedstréans.
volBy dfiythle ficstrohtalyst edtis the second catalyst comprising the remainder,
preferably 40-60 vol.%, more preferably 5 to 50 vol.%. Thus, if the catalyst system
comprises 50 vol.% of the first catalyst, the second catalyst will comprise 50 vol.%

also.

[0017]  As stated above, the present catalyst system is suitable for use in the
hydrotreating of hydrocarbonaceous feedstreams. By hydrocarbonaceous
feedstream, it is meant a primarily hydrocarbon material obtained or derived from
crude petroleum oil, from tar sands, from coal liquefaction, shale oil and
hydrocarbon synthesis. Thus, hydrocarbonaceous feedstreams suitable for
treatment with the present invention include those feedstreams boiling from the
naphtha boiling range to heavy feedstocks, such as gas oils and resids, and also
those derived from Fischer-Tropsch processes. Typically, the boiling range will be
from 40°C to 1000°C. Non-limiting examples of suitable feedstreams include
vacuum gas oils; distillates including naphtha, diesel, kerosene, and jet fuel; heavy

gas oils, raffinates, lube oils, etc.
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bound sulfur compounds include the class of heterocyclic sulfur compounds such
as thiophene, tetrahydrothiophene, benzothiophene and their higher homologs and
analogs. The hydrocarbonaceous feedstreams suitable for use herein also contain
aromatics, which are typically present in an amount ranging from 0.05 wt.%, to 2.5

wt.%, based on the hydrocarbonaceous boiling range feedstream.

[0019] Preferred feedstocks suitable for treatment with the present invention are
wax-containing feeds that boil in the lubricating oil range, typically having a 10%
distillation point greater than 650°F (343°C) and an endpoint greater than 800°F
(426°C), measured by ASTM D 86 or ASTM 2887. These feedstocks can be
derived from mineral sources, synthetic sources, or a mixture of the two. Non-
limiting examples of suitable lubricating oil feedstocks include those derived from
sources such as oils derived from solvent refining processes such as raffinates,

partially solvent dewaxed oils, deasphalted oils, distillates, vacuum gas oils, coker



bound sul fur conpounds include the class of
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honol ogs and anal ogs. The hydrocar bonaceous
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aromatics, which are typically present in an anount
ranging from0.05 wt.% to 2.5 wt.% based on the
hydr ocar bonaceous boiling rafge feedstream [0019]
Preferred feedstocks suitable for treatnment with the
present invention are wax-containing feeds that boi
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[0021]  As stated above, the present invention is suitable in hydrotreating

processes. It should be noted that the term “hydrotreating” as used herein refers to
processes wherein a hydrogen-containing treat gas is used in the presence of a
suitable catalyst that is primarily active for the removal of heteroatoms, such as
sulfur, and nitrogen, and saturation of aromatics. If the present invention is
employed in a hydrotreating process, a hydrocarbonaceous feedstream is contacted
with the stacked bed catalyst system in a reaction stage operated under effective
hydrotreating conditions. By effective hydrotreating conditions, it is meant those
conditions effective at removing at least a portion of the sulfur contaminants from
the hydrocarbonaceous feedstream. Effective hydrotreating conditions generally
include temperatures of from 150 to 400°C, a hydrogen partial pressure of from
1480 to 20786 kPa (200 to 3000 psig), a space velocity of from 0.1 to 10 liquid
hourly space velocity (LHSV), and a hydrogen to feed ratio of from 89 to 1780
m*/m’ (500 to 10000 scf/B).



nitrogen contents may be neasured by standard ASTM
nmet hods D5453 and D4629, respectively. [0021] As
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hydrotreati ng processes. It should be noted that the
term"hydrotreating" as used herein refers to
processes wherein a hydrogen-containing treat gas is
used in the presence of a suitable catalyst that is
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as sulfur, and nitrogen, and saturation of aromatics.
If the present invention is enployed in a
hydrotreati ng process, a hydrocarbonaceous feedstream
is contacted with the stacked bed catal yst systemin a
reaction stage operated under effective hydrotreating
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hydrotreated effluent is stripped to renove at | east a
portion of the gaseous product fromthe hydrotreated

[0028] | udihie.abbkre desaijgionsie direotedtto ippeﬁehedlmdmﬁmmtsa:f the
ef fl uent can be sel ected from any stripping neth
prependdrvention: Teesaskillegvin thaartell rgeggnize that other embodlments

that are equally effective could be devised for carrying out the spirit of this

invention.

[0024] The following examples will illustrate the improved effectiveness of the

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

i



Non-limting exanples of suitable stripping nethods,
nmeans, and processes include flash druns,
w0 e@spamsmnt or s, knock-out drums, steam stri ppiPQT/US1004/036111
[ 0023] The above description is directed to preferred
enbodi nents of the present invention. Those skilled in
the art will recognize that other enbodi nents that are
equal |y effective could be devised for carrying out
the spirit of this inventiofdl-][0024] The foll ow ng
exanples will illustrate the inproved effectiveness of
the present invention, but is not neant to limt the
present invention in any fashion.-11- EXAMPLES EXAMPLE
E)(]A#ﬂzé% A nmedi um vacuum gas oil having the properties
' in Table 1 was processed in an isothernmal
pil ot plant over three catal ysts systens at 1200 psig
EXANIRIGE partial pressure. The catal yst systens and
operating conditions are given in Table 2. Catal yst B
IS a conventional hydrotreating catal yst having 4.5
[0025] o & mgslivm vipstram, gaz piljpavis Omeesmlame(‘gm Bable 1 was

o o R S R B a5 S el Mo
SR AUl S50 bl A SBLBNG oKL i piven

in ‘EX51812. aGataB/st Btiba coavahtysital dydicraating catalystédvoigt 4.8twt.%
50 days on stream A first order kinetic nodel wth an

Grawp Mianétah 28nvet YyGrsfup, YHID neethl epran aluasinasuppers avd ipa ee
avégzl;g ggreas%el g{" Mgsnntl)elf\ﬁg %%HE pn%tefl%}y?llr(;@eta%i'ngzé?alhgstlwas a
commercial bulk metal hydrotreating catalyst marketed under the name Nebula by

Akzo-Nobel.

[0026] Inthe Examples, all the catalyst systems were lined out at 50 days on
stream. A first order kinetic model with an activation energy of 31,000 cal/gmol

was used to compare volume activities between the catalysts.

TABLE 1
Medium Vacuum Gas Oil
Density at 70°C (g/cc) 0.88
Nitrogen (wppm) 700
Sulfur (wt.% ) 2.6
GCD 5 WT% Boiling Point (°C) 334
GCD 50 WT% Boiling Point (°C) 441
GCD 95 WT% Boiling Point (°C) 531




Medi um Vacuum Gas O | Density at 70 (g/cc) 0.88
Ni trogen (wppm) 700 Sulfur (wt.%) 2.6 GCD 5 W%
w®oiosiosmy3oi nt ( C) 334 GCD 50 WI'% Boi | i ng Poi PET/{S10p4/036111
441 GCD 95 W% Boi ling Point ( C) 531-12- TABLE 2 50
vol . % Cat al yst B 100 vol . % 100 vol . % fol | owed by
Cat al yst System Catalyst B Nebula 1 50 vol. % Nebula 1
Average Catal yst 370 380 370 _Tenperature ( C) Liquid
Hourly Space 2 1 1 Vel ocity‘lghr ) Stripped reactor 227
17 34 Effluent Nitrogen Content (wppm Nitrogen
Renmoval 1 1.18 1.34 Relative Volune Activity [0027]
The Nitrogen Renoval Relative Volune Activity ("RVA")

for each TABLE 2
50 vol.% Catalyst B
100 vol.% 100 vol.% followed by
Catalyst System Catalyst B Nebula 1 50 vol.% Nebula 1
Average Catalyst 370 380 370
Temperature (°C)
Liquid Hourly Space 2 1 1
Velocity (hr )
Stripped reactor 227 17 34
Effluent Nitrogen
Content (wppm) ,
Nitrogen Removal 1 1.18 1.34
Relative Volume
Activity

[0027]  The Nitrogen Removal Relative Volume Activity ("RVA") for each
catalyst system was calculated by simple first order kinetic modeling. As shown in
Table 2, the 50/50 vol.% stacked bed catalyst system, with the large average pore
size Catalyst B upstream of the bulk metal catalyst, showed higher nitrogen
removal activity than either of the single catalyst systems demonstrated on their

own.

EXAMPLE 2

[0028]  The hydrotreating ability of different stacked beds of Catalyst B and
Nebula were analyzed by hydrotreating different feedstreams over the stacked beds
in the in two parallel reactor trains of the same isothermal pilot plant unit used in
Example 1 above. The feedstreams used were Medium Cycle Oils("MCO") from
an FCC unit and blends of the MCO with a virgin feedstock were tested in two

parallel reactor trains. The feed properties are described in Table 3, below.




catal yst systemwas cal cul ated by sinple first order
ki netic nodeling. As shown in Table 2, the 50/50 vol. %
wGer@sked3bed catal yst system with the | arge arEr/a§m®04/036111
pore size Catal yst B upstream of the bul k netal
catal yst, showed hi gher nitrogen renoval activity than
either of the single catal yst systens denonstrated on
their own. EXAMPLE 2 [0028] The hydrotreating ability
of different stacked beds ofl3Catal yst B and Nebul a
were anal yzed by hydrotreating different feedstreans
over the stacked beds in the in two parallel reactor
trains of the same isothernmal pilot plant unit used in
00293 NPIIg tHis F@ule, & RACh ' i
[ .QIgl e Ols( '1% éiféfgﬁﬁt%?%%c unist%slt ﬁgﬂﬁezﬁgg?@?&mnﬂ
NiMoOmAiummahydyomedtapdsttalykt, Gatatystdtveith an alefge pore
. parallel reactor trains. The feed properties are
diagnederqfed nih  The pthes reaséorgiipin containabaptarked hed system with
| e, e reactor ai4ql1 cansi stead enti,rel f . .
7528 st T Ged bR A i e o riali 4y AR mpdmetaltc
' : i r of 7.5 nm
sulfelt St bt o8 AR B RIRIBRLE B ST o bed system
with 75-vol. %of Catalyst C foll owed by 25-vol. % of
st A a bulk multinetallic sulfide catalyst

Cat al
[00RAL 1 n hersehwiatesecions i bothrimier wefe Bumersed ih QCRGHiZEte

rate.treactors in both trajins were i rsed ip_a
sanfSRRCiPS B ST aF RuR o P it femlaieturs QhUchrst okl % of
I, f i - % . Cat alyst . .
Cabis LTRSS fnoh BEckbrndRenacth St gy
the G4t 25-¥dlkeybdB€atalyse d @dSkaid3-wad at e @hmeabMb¥sdufe dshthe last
train 1 was at the sanme tenperature as the'|ast
25-gel. Vobf Cualyst@imbpit 2 AThardfori, In Bxaifipér 2feach,oflthe two
Efxagpl e 2, gac of the two
reactor trains was divided into two separate reactor vessels where the temperature
of the first 75-volume% containing 75 vol.% of the catalyst loading of that reactor

could be independently controlled from the last 25-volume % of catalyst.

[0031]  The operating conditions for the two trains were 1350 psig H,, liquid
hourly space velocities ("LHSV") of 1.4 vol./hr/vol., and 5500-6300 SCF/B of
hydrogen. The temperature schedule for both trains is described in Table 4 below.



reactor trains was divided into two separate reactor

vessel s where the tenperature of the first 75-vol une%
w@osaimsng 75 vol . % of the catal yst | oadi ng oPCT/E81004/036111

reactor could be independently controlled fromthe

| ast 25-volume % of catal yst. [0031] The operating

conditions for the two trains were 1350 psig H,

liquid hourly space velocities ("LHSV') of 1.4

vol . /hr/vol ., and 5500-6300-1$cF/ B of hydrogen. The

tenperature schedule for both trains is described in

Tabl e 4 bel ow. -14- TABLE 3 50% 67% 100% 100% Nor nal

Nor mal Normal Heavy FEED FCC MCO FCC MCO FCC MCO FCC

MCO APl Gravity 18.1 15. (r By 30 Hydrogen, wt. % 10.65

10.04 8.77 8.61 Sulfur, W.9%3.23 3.53 4.28 4.40

Ni trogen, ppm 959 1153 1485 1573 Aronati cs- l\/bno wt

- - 12.0 8.8 Aromatigge,Di, wt. %/o/%- 43. 9 1hb

0

L 100%
Aromatics-Poly, w nN§ DlStI Za
GCD 8 493 48@%& 21;N 2& %g 3 7 vy
706 5 726 72 C MCO

API Gravity 18.1 15.0 9.5 7.0
Hydrogen, wt.% 10.65 10.04 8.77 8.61
Sulfur, wt.% 3.23 3.53 4.28 4.40
Nitrogen, ppm 959 1153 1485 1573
Aromatics-Mono, wt.% - - 12.0 8.8
Aromatics-Di, wt.% - - 43.9 41.7
Aromatics-Poly, wt.% - - 224 30.7
Distillation, D2887 GCD
10 498 493 485 493
50 627 625 618 642
90 703 705 706 749
95 726 721 724 777
TABLE 4
Days on Oil Feedstock 75%/25% Temperatures, °F
4-6 50% FCC MCO 585/650
7-15 67% FCC MCO 585/650
16-30 100% FCC MCO 585-610/650-675
31-50 100% Heavy FCC MCO 610-635/675-700

[0032]  The relative HDN volume activity of the stacked bed Catalyst C/Catalyst
A compared to Catalyst A is shown in the figure below. Note that for the 50%,
67% and 100% FCC MCO feeds the stacked bed system with only 25-volume % of
Catalyst A shows a stable activity advantage of 275%.



TABLE 4 Days on O Feedstock 75% 25% Tenperatures, F
4-6 50% FCC MCO 585/650 7-15 67% FCC MCO 585/ 650 16- 30
wa@3FEE3s MCO 585- 610/ 650- 675 31-50 100% HeavyPEIZUSMBMN36111
610- 635/ 675-700 [0032] The rel ative HDN vol une
activity of the stacked bed Catal yst C/ Catal yst A
conpared to Catalyst Ais shown in the figure bel ow
Note that for the 50% 67% and 100% FCC MCO feeds the
st acked bed system wi th onlyl525-vol une % of Catal yst A
shows a stable activity advantage of 275% -15- [0033]
As shown in the Figure, when the 100% Heavy FCC MCO
was used as the feed note the activity advantage for

t . S :
00, LAE B IO PR 0
ther fedd etk ’t(h‘ee’(ctiﬁgf adyanthe frithklaxke®bed thalysl %@m containing

EXAMPLE 3 [ 003 In this Exanple, a stacked be
begias & Jearcasesirem 2t &0 A2HY a6l thoh wassubGapehilytre®ceddver 20

25 vol . % Nebul a, {h as described above, was used to
daYﬁ/t&rsg‘tgpﬁé{hlg% t:h%ﬂgfic/%rcl e cat oil feed ("Feed A') and a
heavi er medi um cycle cat oil feed ("Feed B') as

described in Table 5 below. Exanple 2 was conducted in

EXA®REaEg two reactor train pilot plant unit as
described in Exanple 2 above. The operating conditions
for the two trains were 1200 psig liquid hourly space
[003d] ocilnithis rtanmpleot stapked/lodd catalyst $6&M SGRaMIng 75 vol.% of

Ca&){}gsrt Hand 25 voL% Nebula, both as described above, was used to hydrotreat a

light cycle cat oil feed ("Feed A") and a heavier medium cycle cat oil feed ("Féed
B") as described in Table 5 below. Example 2 was conducted in the same two
reactor train pilot plant unit as described in Example 2 above. The operating
conditions for the two trains were 1200 psig H,, liquid hourly space velocities of 2
vol./hr/vol., and 5000 SCF/B of hydrogen. |

[0035]  The reactor effluents were stripped with nitrogen in an oven at 100°C to
remove substantially all of the gaseous reaction products. The nitrogen content of
the liquid reactor effluent was then analyzed by ASTM 4629. The temperature
schedules for both trains along with the results of this example are described in

Table 5 below.



[0035] The reactor effluents were stripped wth

nitrogen in an oven at 100 C to renove substantially
w@Pbdos0i748he gaseous reaction products. The ni t POLES2004/036111

content of the liquid reactor effluent was then

anal yzed by ASTM 4629. The tenperature schedul es for

both trains along with the results of this exanple are

described in Table 5 below -16- TABLE 5 FEED Feed A

Feed B APl Gravity 0.973 0.96Sul fur, wt.%2.6 2.50

Ni trogen, ppm 713 742 Distillation, D2887 GCD 5 427

448 50 551 590 95 707 755 EP 764 823 Catal yst B

Tenperature 570 617 Nebul a Tenperature 645 692

Stripped Reactor EffluentTABI®gen Content 2 7

Ni trogen Renoval Rel ative Volume Activity 1.75 1.75

[ 0036] As can be seen in Table 5, when a conventi onal

FERD @ VSt having an Feed A Feed B
API Gravity 0.973 0.9
Sulfur, wt.% 2.6 2.50
Nitrogen, ppm 713 742
Distillation, D2887 GCD

5 427 448
50 551 590
95 707 755
EP 764 823
Catalyst B Temperature 570 617
Nebula Temperature 645 692
Stripped Reactor Effluent

Nitrogen Content 2 7
Nitrogen Removal Relative

Volume Activity 1.75 1.75

[0036]  As can be seen in Table 5, when a conventional catalyst having an
average pore diameter of 14 nm was used in the first 75 vol.% of the reactor, the
Nitrogen Removal Relative Volume Activity ("RVA") for the catalyst system
remained constant when the heavier feed was used. In comparing the results of
Example 3 to those obtained in Example 2, one can see that when a catalyst having
a pore volume of 7.5 nm preceded the bulk metal catalyst, the RVA of the catalyst
system decreased. However, in Example 3, the heavier feed did not negatively

impact the RVA of the catalyst system.



average pore dianeter of 14 nmwas used in the first
75 vol . % of the reactor, the N trogen Renoval Relative
wo/edoane74aEt i vity ("RVA') for the catal yst systROT/US2004/036111
remai ned constant when the heavier feed was used. In
conparing the results of Exanple 3 to those obtained
in Exanple 2, one can see that when a catal yst having
a pore volunme of 7.5 nm preceded the bul k net al
catalyst, the RVA o f the céﬁalyst syst em decr eased.
However, in Exanmple 3, the heavier feed did not
negatively inpact the RVA of the catal yst system-17-
CLAIMS ; . A stacked bed catal yst system conpri sing:
CIAIMS: | east one first catal yst selected from
conventional hydrotreating catal ysts having an average
por [ er. of greater than nm and b) at |east one

di anet

. secgnﬂa‘g‘%?@aheﬁsqa@ﬁtéé’ﬁf@m ¢91BpiisioRk netal hydrotreating
catal ysts.{ . 2.. The. stacked bed catal yst syste .
accor di n%t 1F3S‘té)lng&"r’f§tlc &t efPCé%fﬁOﬁ?%VeﬁyeP@hﬁé@ﬁq%tlng
catal yst .4 I ri; | .
cat al yot & ENSEIATHE ) SR ERAY G SERERR R 10 nm; and
G obp VIatileastoab seeuid atilgstRiovtePEr8in Bulk the@s %rlgﬂf‘@t_reating
Goup VI netal on a high surface area support terial
havi ng a‘hatékYéﬁSage pore di ameter of greater than 10 nm

3. The stacked bed catal yst system according to any of
the preceding clainms wherein said Goup VIIl netal is

2. sel i i . , aid G.
o1 P kPR AR AR AR RIBLEPS uRBhh G
hydrottestinglcdtalylt Bueleatd RoRBupPOREd hy IRt RhtifA chﬁcll?rsts comprising
selected fromsilica, alumna, and” m xtures thereof.
2 to 20 wt.% of at least one Group VIII metal, and 5 to 50 wt.% of at least one
Group VI metal on a high surface area support material having an average pore

diameter of greater than 10 nm.

3. The stacked bed catalyst system according to any of the preceding claims
wherein said Group VIII metal is selected from Co Ni, and mixtures thereof, said
Group VI metal is selected from Mo, W, and mixtures thereof, and said high

surface area support material is selected from silica, alumina, and mixtures thereof.

4. The stacked bed catalyst system according to any of the preceding claims
wherein said second catalyst is a bulk metal hydrotreating catalyst comprising 30 to
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 bulk catalyst particles, calculated as metal
oxides and wherein the bulk catalyst particles have a surface area of at least 10

m*/g.

5. The stacked bed catalyst system according to any of the preceding claims

wherein said bulk metal hydrotreating catalyst comprises one Group VIII non-noble



4. The stacked bed catal yst system according to any of
the preceding clains wherein said second catalyst is a
wheiok/osmmsal hydrotreating catal yst conprisi ng BOr/Us2000@6111
wt. % of at |east one Goup VIII non-noble netal and at

| east one Group VIB netal, based on the total weight
of the bul k catalyst particles, calculated as netal
oxi des and wherein the bul k gTat al yst particles have a
surface area of at least 107! /9. 5. The stacked bed
catal yst system according to any of the preceding
clains wherein said bulk netal hydrotreating catal yst
conprises one Goup VIII non-noble-18- netal and two
me@] ang tWoRSToepaV BB wietalsiwhdréie thehilar @tiPoPGr&ie MIBMoRroup
to Goup VIII non-noble netals ranges from 10:1 -
VIH npy-neple megalsrangesdrorad Ocht dilPst syst em according to
any of the preceding clains wherein the at | east one
G oup VIIIl non-noble nmetal and at | east one Goup VIB
met L di 0 t he . .
O Cor TASSACER P St B Mo oA BF tisrsarding plaims
whewein tiredt 1east bhe @toup W AbrEnsWRRAAIE @ at 18t one Group VIB
corresponding netals. 7. The stacked bed cataPyst
metssargmrasens aslioniglic comppunds effthe poaesshmding raetils, or if the
erein the bul k nmetal hydrotreating catalysts have a
Ca“ﬁg?tf%@%ﬁ%% E?S Ben %@2@% Gukfidig comppunds oif ke voiresponding
me% 0.05to 5 n/g, and a nedian diameter of at |east
nm 8. The stacked bed catal yst system according to
any of the preceding clains wherein the catal yst
system of the present invention conprises 5-95 vol.%
7. of Theesth¢kesl bedychtalystesytstang acatrdingst aniyt bf theepreesding claims
hl)édr tre?ﬁi nct; cat al yst , conprising the remai nder.
wherein the bulk metal hydrofreating catalysts have a surface area of at least 50

m?/g, a pore size volume of 0.05 to 5 ml/g, and a median diameter of at least 50 nm.

8. The stacked bed catalyst system according to any of the preceding claims
wherein the catalyst system of the present invention comprises 5-95 vol.% of the
first hydrotreating catalyst with the second hydrotreating catalyst comprising the

remainder.

9. The stacked bed catalyst system according to any of the preceding claims
wherein said first hydrotreating catalyst has an average pore diameter of greater

than 11 nm.

10.  The stacked bed catalyst system according to any of the preceding claims
wherein said first hydrotreating catalyst has an average pore diameter of greater

than 12 nm.



9. The stacked bed catal yst system according to any o
f the preceding clains wherein said first
whyasotent i ng catal yst has an average pore di BOEUS20040636111
greater than nm 10. The stacked bed catal yst system
according to any o f the preceding clainms wherein said
first hydrotreating catal yst has an average pore
di aneter of greater than 12 nm-19- . The stacked bed
cat al yst system according td%ny of the preceding
clai ms wherein the catal yst system of the present
i nvention conprises 40-60 vol.%of the first catal yst
with the second hydrotreating catal yst conprising the
11re i i
nccorgiacked fod (LS| RRKIH SECHEAEE) Al MR PRocding claims
whesdin thystatsly st sstend of tie presag ihvemyen tomprisedi6esol. % of the
5-50 vol . % of the first catalyst with the second

firgh gatadyst seth thg seeand hedrotreniing satadyst semmuising ther remainder.

12.  The stacked bed catalyst system according to any of the preceding claims
wherein the catalyst system of the present invention comprises 5-50 vol.% of the

first catalyst with the second hydrotreating catalyst comprising the remainder.



