-1- A PROCESS FOR MAKI NG LUBE O L BASESTOCKS FI ELD OF
THE | NVENTI ON [ 0001] This invention relates to a
wee@sesmaf or preparing lubricating oil basestoP&KEUSZ00#036108
| ube oil boiling range feedstreans. Mrre particularly,
the present invention is directed at a process wherein
a wax containing feedstock is hydrotreated over a
stacked bed catal yst system thereby producing a | ube
oi | boiling range basestock.1BACKGROUND OF THE
I NVENTI ON [ 0002] It has | ong been recogni zed that one
of the npost val uable products generated through the
refining of crude mineral oils is lubricating oils. It
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[0002] It has long been recognized that one of the most valuable products
generated through the refining of crude mineral oils is lubricating oils. It is
common practice to recover lubricating oil basestocks by solvent extracting, with a
selective solvent, undesirable components such as sulfur compounds, oxygenated
compounds, and aromatics from straight distillates. However, with the decline in
the availability of paraffinic base crudes, and a corresponding increase in the
proportion of naphthenic and asphaltic base crudes, it is becoming increasingly
difficult to meet the demand for lubricating oil basestocks, or base oils. For
example, American Petroleum Institute (API) requirements for Group II basestocks
include a saturates content of at least 90%, a sulfur content of 0.03 wt.% or less and
a viscosity index (VI) between 80 and 120. Thus, there is a trend in the lube oil
market to use Group II basestocks instead of Group I basestocks in order to meet
the demand for higher quality basestocks that provide for increased fuel economy,

reduced emissions, etc.



[ 0003] Conventional techniques for preparing
basest ocks such as hydrocracki ng or solvent extraction
WO e@diota3severe operating conditions such as hP@ius2004/036108
pressure and tenperature or high solvent:oil ratios
and high extraction tenperatures to reach these higher
basestock qualities. Either alternative involves
expensi ve operating conditions and | ow yields. [0004]
Hydr ocracki ng has been conbiped with hydrotreating as
a prelimnary step. However, this conbination also
results in decreased yields of lubricating oils due to
the conversion to distillates that typically acconpany
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BRI EF DESCRI PTI ON OF THE FI GURE [ 0006] The Figure is a
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[0005]  Thus, as the demand for quality lube oil basestock continues to increase,
the search for new and different processes, catalysts, and catalyst systems that
exhibit improved activity, increased yields, selectivity and/or longevity is a
continuous, ongoing exercise. Therefore, there is a need in the lube oil market to
provide processes that can produce lube oil basestocks that meet the demand for

increased fuel economy, reduced emissions, etc.

BRIEF DESCRIPTION OF THE FIGURE

[0006] 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.



hydrotreating catal yst systemin a reaction stage
operated under effective conditions thereby producing
w@20vpas1aB2 eat ed ef fl uent conprising at | east aPQEESNE036108
product and a hydrotreated lubricating oil boiling
range feedstock; and b) stripping the hydrotreated
effluent to renove at | east a portion of the gaseous
product fromthe hydrotreated effluent thereby
produci ng at least a lubricat3ng oil basestock. [0008]
I n one enbodi ment of the instant invention, the
st acked bed hydrotreating catal yst system conprises a
first and second cat alyst, the first catalyst
3 : ydrotreating catal yst
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[0008] In one embodiment of the instant invention, the stacked bed
hydrotreating catalyst system comprises a first and second catalyst, the first catalyst
comprising a conventional hydrotreating catalyst having an average pore diameter
of greater than 10 nm and said second catalyst comprises a bulk metal

hydrotreating catalyst.

DETAILED DESCRIPTION OF THE INVENTION

[0009] It should be noted that the terms "feedstock" and "feedstream" as used

herein are synonymous.

[0010] The present process involves hydrotreating a lubricating oil feedstock
with a stacked bed hydrotreating catalyst system in a reaction stage operated under
effective hydrotreating conditions to produce a hydrotreated effluent comprising at

least a gaseous product and a hydrotreated lubricating oil feedstock. The



readily be produced through the use of the instant
i nvention. Lubricating Ol Feedstocks [0011]
woe@d®tnasks suitable for use in the present i nRENUSIN4/036108
are wax-containing feeds that boil in the lubricating
oil range, typically having a 10%distillation point
greater than 650F (343C) andan endpoi nt greater than
800 F (426 C), neasured by ASTM D 86 or ASTM 2887.
These feedstocks can be deri.ged from m neral sources,
synthetic sources, or a mxture of the two.
Non-limting exanples of suitable lubricating oil
f eedst ocks i nclude those derived from sources such as
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feedstocks are typically 75-1 I ON feedstocks. [0012]

These feedstocks nmay al so have hi gh contents of

Ldﬂﬁéﬁ%OﬂaF@e(ﬁ%éW contam nants. Feeds containing up
rogen, based on feed and up to 3.0
wt. % of sulfur can be processed in the present
[0 Hc e sEeedsteits shiaabladornuse ghhemxescohinyention gre #iaxycontaining
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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 gas oils, slack
waxes, foots oils and the like, dewaxed oils, automatic transmission fluid
feedstocks, and Fischer-Tropsch waxes. Automatic transmission fluid ("ATF")
feedstocks are lube oil feedstocks having an initial boiling point between 200°C and
275°C, and a 10% distillation point greater than 300°C. ATF feedstocks are
typically 75-110N feedstocks.

[0012] These feedstocks may also have high contents of nitrogen- and sulfur-
contaminants. Feeds containing up to 0.2 wt.% of nitrogen, based on feed and up
to 3.0 wt.% of sulfur can be processed in the present process. Feeds having a high
wax content typically have high viscosity indexes of up to 200 or more. Sulfur and
nitrogen contents may be measured by standard ASTM methods D5453 and D4629,

respectively.



processes wherein a hydrogen-containing treat gas is

used in the presence of a suitable catalyst that is
w@eoos@uidBy active for the renoval of heteroat oPET/US2041036108

as sulfur, and nitrogen, and saturation of aromatics.

In the practice of the present invention, the

| ubricating oil feedstock is hydrotreated with a

stacked bed hydrotreating catal yst systemin a

reacti on stage operated undess-effective hydrotreating

conditions to produce a hydrotreated effl uent

conprising at |east a gaseous product and a

hydrotreated lubricating oil feedstock. [0014] The

catal yst system used herein conprises at |least a first

and second hydrotreating catalyst. By "stacked bed" it
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typically present in an amount ranging from2 to 20 -

w.% preferably from4 to 12% The G oup VI netal
[00i4] t Thecatdlystsgstpresedthereinaonzpringstat teastya figstfandnsesond

to 50 wt.% preferably fromto, 40 vvt.fﬁ; no%rmre-G- )
hysiretreating catalysim By "staClogsl hed'of isnusantthat K%@i it catalyst appears in
a e%%%:ﬁg tcgta%;s? b(e)(rll, rséla{gt%%rcgr' reggtionogone, and the second hydrotreating
catalyst appears in a separate catalyst bed, reactor, or reaction zone downstream, in

relation to the flow of the lubricating oil feedstock, from the first catalyst.

[0015] The first hydrotreating catalyst is a supported catalyst. Suitable
hydrotreating catalysts for use as the first catalyst of the present catalyst system
include any conventional hydrotreating catalyst. Conventional hydrotreating
catalyst as used herein is meant to refer to those which are comprised of at least one
Group VIII metal, preferably Fe, Co and Ni, more preferably Co and/or Ni, and
most preferably Ni; and at least one Group VI metal, preferably Mo and W, more
preferably Mo, on a high surface area support material, preferably alumina. The
Group VIII metal is typically present in an amount ranging from 2 to 20 wt.%,
preferably from 4 to 12%. The Group VI metal will typically be present in an
amount ranging from 5 to 50 wt.%, preferably from 10 to 40 wt.%, and more



support”™ we nean that the percents are based on the
wei ght of the support. For exanple, if the support
woweros/osa3nei gh 100 g. then 20 wt. % G oup VI PEL/EB2004/036108
woul d nean that 20 g. of Group VIII netal was on the
support. [0016] However, not all conventi onal
hydrotreating catalysts fitting the abovedescri bed
criteria are suitable for use in the present
i nvention. The inventors hergof have unexpectedly
found that the average pore dianeter of the first
catal yst nust have a specific size to be suitable for
use herein. Thus, in the practice of the present
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exﬁ?ﬁl@&e Rf thetsaplser waad t6 ataiply $00 gy tedr0 Wt.% Srpupfaill métal would
that the average pore dianeter of the first catal yst,
meéanethat D@ gcohGeonp VaHImetptives oadhe sgprat.al yst, of the
present stacked bed catal yst system be greater than 1
I nm nore preferably greater than 12nm [0017] The

[0@2@2?3?{8&%&8{%3}?@ Q:%P%ﬁt%r{ﬁ ﬁlghmsanpﬂg l&afﬁﬁ%ﬁg fitting the above-

deSABLYSiBriaafe MG IrtRe iWhkE pidehtiavemidn.CThaliywntors hereof
particles conprise 30 - 100 wt. % of at | east one G oup

haVe uhexpeetedip foumdthal thaveregd parstdiameteGod lllbe ﬁr@ catstlggt must
based on the total weight of .the bul k cat
hapfglatsp@clé'@ sigeaiochn sitadlformse dergn; ddwsamd ffl%‘ﬁ qfifhe

presgat i gt 4 pORen GrEReilfisFe A TR AR, Bir Bhving po
Eﬁfg% (%Jiléf ﬁi@gét@@%feﬁﬁércfﬁérﬂ YiehS adiRedsiied %ﬂvﬁt‘éi{ﬁﬂéﬁ?méﬁ

even nore preferably

podbsifictlye anist boaséd avtheMirst catalystobthe preseait smkedubed catalyst
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greater than 11nm, more preferably greater than 12nm.

[0017]  The second hydrotreating catalyst is a bulk metal catalyst. By bulk metal,
it is meant that the catalysts are unsupported wherein the bulk catalyst particles
comprise 30 - 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. It is furthermore preferred that the bulk metal hydrotreating catalysts
used herein comprise 50 to 100 wt.%, and even more preferably 70 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 particles, calculated as metal oxides. The amount of
Group VIB and Group VIII non-noble metals can easily be determined ViB
TEM-EDX.



TEM EDX. -7- [0018] Bulk catal yst compositions

conprising one Goup VIII non-noble netal and two
wWe@sp+4MBB netals are preferred. It has been fPUNUS2008036108

in this case, the bulk catalyst particles are

sintering-resistant. Thus the active surface area of

the bul k catal yst particles is maintai ned during use.

The nolar ratio of Goup VIBto Goup VIII non-noble

netal s ranges generally fronyl0:1 - 1:10 and

preferably from3:1 - 1:3. In the case of a core-shell

structured particle, these ratios of course apply to

the nmetals contained in the shell. If nore than one

Goup VIB netal is contained in the bul k catalyst

particl esl,lthe ratio of the different G oup VIB netal s
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catal ysts used herein have a surface area of at |east
PréfRrably gheGowp Vallprask aoliblmetaf comprisestickel Gl grgeobalt. 1t is
further preferred that the Group VIB metal comprises a combination of
molybdenum and tungsten. Preferably, combinations of
nickel/molybdenum/tungsten and cobalt/molybdenum/tungsten and
nickel/cobalt/molybdenum/tungsten are used. These types of precipitates appear to
be sinter-resistant. Thus, the active surface area of the precipitate is remained
during use. The metals are preferably present as oxidic compounds of the

corresponding metals, or if the catalyst composition has been sulfided, sulfidic

compounds of the corresponding metals.

[0019] It is also preferred that the bulk metal hydrotreating catalysts used herein
have a surface area of at least 50 m*/g and more preferably of at least 100 m*/g. It
is also desired that the pore size distribution of the bulk metal hydrotreating
catalysts be approximately the same as the one of conventional hydrotreating

catalysts. More in particular, these bulk metal hydrotreating catalysts have



is also desired that the pore size distribution of the
bul k nmetal hydrotreating catal ysts be approxi nmately
wo b@ssams2 as t he one of conventional hydrot r eaPCTyS2004/036108
catal ysts. More in particular, these bul k netal
hydrotreating catal ysts have-8- preferably a pore
volunme of 0.05 - 5 m/g, nore preferably of 0.1 - 4
m/g, still nore preferably of 0.1 - 3 m/g and nost
preferably 0.1 - 2 m /g detergni ned by nitrogen
adsorption. Preferably, pores smaller than 1 n are not
present. Furthernore these bul k netal hydrotreating
catalysts preferably have a nmedi an di anmeter of at
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guench stream In'th
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 desulfurization 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 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.

[0021] The catalyst system of the present invention comprises 5-95 vol.% of the
first catalyst with 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.



manner, optinmum reaction tenperatures can be nore

easi |y mai ntai ned. [0021] The catal yst system of the
w@r@smut432 nventi on conprises 5-95 vol. % of t heP€T/S1004/036108

catalyst with the second catal yst conprising the

remai nder, preferably 40-60 vol.% nore preferably 5

to 50 vol.% Thus, if the catal yst system conprises 50

vol . % of the first catalyst, the second catal yst wl|

conprise 50 vol.% al so.-9- [@8022] Effective

hydrotreating conditions include tenperatures of from

150 to 400 C, a hydrogen partial pressure of from 1480

to 20786 kPa (200 to 3000 psig), a space velocity of

fromO0.1 to 10 liquid hourly space velocity (LHSV),

and a hydrogen to feed ratio of from89 to 1780m /n8
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contacting of | ube™oi | l'ing range feedstock
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produces a hydrotreated effluent conprising at |east a
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the hydrotreated effl uent thereby produci ng at |east a
| ubricating oil basestock The neans used herein to

[0023]) P Whetdiydabdveahedosthélingof theslubeblldfomng ahngeofeelstock
present invention. Thus, stri ppi ng net hod

wﬁh tlesteckesk barbaydrotatimg @@tﬁf/y@é syséerm producesiafiydratyeated effluent
examl es f sui tabl e st d
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pr@ﬂuétrf?ol’ﬁr fRadrbRvABd efuent TREELH btédu%@hg #t Teh&t 2Ahibricating oil
recogni Ze that other enbodinents that are equally
baeééteclt i Yhe amaind ubed hemm; aulstfiprthe hydyotregtasliefivent syiotiaritical to
of this, invention. [0025] The foll ow ng exanples wl|
the present lventioe LhpsARYSTEPPEREMIBAEsRIOGHSS, 9§ means known can be

used. Non-limiting examples of suitable stripping methods, means, and processes

include flash drums, fractionators, knock-out drums, steam stripping, etc.

[0024]  The above description is directed to preferred embodiments of the
present invention. Those skilled in the art will recognize that other embodiments
that are equally effective could be devised for carrying out the spirit of this

invention.

[0025] The following examples will illustrate the improved effectiveness of the

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



present invention, but is not neant to limt the
present invention in any fashion.-10- EXAMPLES EXAMPLE
wa 200802832 A medi um vacuum gas oi |l havi ng the pPCPER100€636108
outlined in Table 1 was processed in an isothernal
pil ot plant over three catal ysts systens at 1200 psig
hydr ogen partial pressure. The catal yst systens and
operating conditions are given in Table 2. Catalyst B
is a conventional hydrotreatif®yg catal yst having 4.5
Ww.% Goup VI netal, 23 wt.% Goup VIII netal on an
al um na support and has an average pore size of 14.0
nm The bul k netal hydrotreating catalyst was a
Eﬂ%ﬂgsﬂ' bul k nmetal hydrotreating catal yst marketed
name Nebul a by Akzo-Nobel. [0027] In the
Exanples, all the catal yst systens were |ined out at
EXAMPYE bn stream A first order kinetic nodel with an
activation energy of ,000 cal/gnmol was used to conpare
vol ume activities bet ween the catal ysts. TABLE 1
[0026] unf\medium GO Bapet diavingthe poopeyties putllr@d in Table 1 was

DroSSPRR BbITRI e DISUPIBBEPYSE el cailY i gV EEmRt 1209 psig
hyﬁ%'ge%%rﬁgl PP rhBale sy tefns and opblatind Rfdifions are given

in Table 2. Catalyst B is a conventional hydrotreating catalyst having 4.5 wt.%

Group VI metal, 23 wt.% Group VIII metal on an alumina support and has an.
average pore size of 14.0 nm. The bulk metal hydrotreating catalyst was a
commercial bulk metal hydrotreating catalyst marketed under the name Nebula by
Akzo-Nobel.

[0027] 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




50 vol . % Catal yst B 100 vol. % 100 vol . % fol | owed by

Catal yst System Catal yst B Nebula 1 50 vol.% Nebula 1
woe@saga3Lat al yst 370 380 370 Tenperature ( C)PCi/ys20d4/036108

Hourly Space 2 1 1 Velocity (hr ) Stripped reactor 227

17 34 Effluent Nitrogen Content (wppm Nitrogen

Renmoval 1 1.18 1.34 Relative Volune Activity [0028]

The Nitrogen Renoval Relative Volune Activity ("RVA")

for each catal yst system wasigal cul ated by sinple

first order kinetic nodeling. As shown in Table 2,

50/ 50 vol . % st acked bed catal yst system wth the

| arge average pore size Catal yst B upstream of the

t he

bul k netal catalyst, show&%’ﬂr ni trogen renoval
activity than either of t e catal yst systens
denonstrated on their own. EXAMPLE 2 [Q029] The
hydrotreating abillity of diffprent stacked Hkvel.%f Catalyst B
Cat al yst B and Nebuj@eg v8I.2 anpl yrmdvdlyyohydr ot r fidlowedl by

di &L EhERISYsEé {5t 1 eaChAY SIBUNE SKbkiRf10eds 500 d1% Nébula 1
%Vp@ge&agﬂyshm L;Ied #7&)' IS U L IIC3§6II|:‘ 'gOLITet ”H§70
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

[0028] 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
[0029] 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 paraliel 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.



Exanpl e 1 above. The feedstreans used were Medi um
Cycle Qls( MCO') froman FCC unit and bl ends of the
wOROsmit4B2 a virgin feedstock were tested i n tweCT/US2004/036108
parall el reactor trains. The feed properties are
described in Table 3, below. -12- [0030] In this
Exanpl e, one reactor train consisted entirely of a
conventional N Mo on Alum na hydrotreating catal yst,
Catalyst C, with an average -ppre di aneter of 7.5 nm
The other reactor train contained a stacked bed system
wth 75-vol. % of Catalyst C followed by 25-vol. % of
Catalyst A a bulk multinmetallic sulfide catalyst

[05 p]anghf"&n?lﬁ%ﬁl%?e Rk ere?:kcgfﬁaﬁlrco% 1s§ecﬁeﬂﬁpel}[ g@g %kn Jional

rate reac ralns were

NIMG loﬂ'ﬂl%@nﬁ@'h?ﬁﬁftfbafh%‘g @tdlyal @Bialﬁ@@ vhﬂ@ﬁﬁfa@érag@@é‘i’e

the tenperature of the first 75-vol. "% of Catal yst
digmsteaof ifenmaritha eﬂnpermmreram ebheindd a mSkedwbtd ays’aeril with

T0vel 4o 6t GRS G Fallasustiby ﬁgpxé}?lmf%é’%@ﬁ%%% etk multimetallic
A |
suftfis: Saly3? Rlvi b Y Bhgl ole Hidtaros YT v di vi ded

into two separate reactor vessels where the
tenperature of the first 75-vol une% containing 75

[003)1] % Dhe téyearatetrabgtots indsudh mgins weleainmeset ¢n adtwitirele
ndeﬁendent ly controlled fromthe |last 2 -vol une % of
sag

ath yer efticein e atr%w&fmﬁhua@m:@nmewr@mef the fitse 76 wol. % of
CSMEEA Tt e Bt T e
B 855 TS R A AL

256V KDL Dﬂpfmhml\l)r Tabrel¥oe"H Exiemple 2RalohPehd&hd

FCC MCO FCC MCO FCC MCO
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.

[0032] 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.



APl Gravity 18.1 15.0 9.5 7.0 Hydrogen, w. % 10. 65
10.04 8.77 8.61 Sulfur, w.%3.23 3.53 4.28 4.40
wORdsogaE, ppm 959 1153 1485 1573 Aromati cs- MoPOT/UBL004/636108
- - 12.0 8.8 Aromatics-Di, w.%- - 43.9 41.7
Aromatics-Poly, wt.%- - 22.4 30.7 Distillation, D2887
GCD 10 498 493 485 493 50 627 625 618 642 90 703 705
706 749 95 726 721 724 111 TABLE 4 Days on Ol
Feedst ock 75% 25% Tenper atur.es, 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 [0033] The relative HDN vol une
activity of the stacked b talyst C Catal yst A
conpared to Catalyst Ais n the figure bel ow
Note that for the 50% 67% and 100% FCC I\/CO feeds the

i 0
st acked bed system w onIy 25 Iurre /o ?t al yst 1600%

shows a stable acti vi advant a 0of 2750 [0034
As shown in the Fi gNo¥malhen tNarmabos He Heavy
was UEEHIhs FCCMCO FCCMCO FCC MCO FCC 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.% - - 439 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

[0033] 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%.



the feed note the activity advantage for the stacked
bed catal yst system contai ning begins to decrease from
WQIW5031133225% and t hen was subsequent!|y reduceRCDUS2002036108
days to slightly less than 150% EXAMPLE 3 [0035] In
this Exanple, a stacked bed catal yst system contai ni ng
75 vol . % of Catal yst B and 25 vol . % Nebul a, both as
descri bed above, was used to hydrotreat a |ight cycle
cat oil feed ("Feed A'") and -g4-heavi er nedi um cycl e cat
oil feed ("Feed B") as described in Table 5 bel ow.
Exanple 2 was conducted in the sane two reactor train
pilot plant unit as described in Exarrpl e 2 above. The

BT T Ao o Hiawsd vhes ois PolleditonlBe migkd ofit iRed as
th@?%i uen? tl%é:gétﬁqg{ a@*)’e%%%%{ P38 ed B Eeﬁgﬁfsf’%ystem containing

S Were strippe h nitrogen in

beks to deRréRETMIM DTS 22 Rhlandahén Hastsibs@peatiyiseduced over 20
reacti on products. The nitrogen content of the liquid

daysde shghtdy tdsadlmn Wad)ot hen anal yzed by ASTM 4629. The
tenperature schedules for both trains along with the
results of this exanple are described in Table 5

M- TABLE 5 FEED Feed A Feed B APl Gravity

Sul fur, wt.% 2.6 2.50 Nitrogen, ppm 713 742
Distillation, D2887 GCD 5 427 448 ‘

[0035] In this Example, a stacked bed catalyst system containing 75 vol.% of

Catalyst B and 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 ("Feed
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 Hj, liquid hourly space velocities of 2
vol./hr/vol., and 5000 SCF/B of hydrogen.

[0036] 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.



50 551 590 95 707 755 EP 764 823 Catal yst B
Tenperature 570 617 Nebul a Tenperature 645 692

w®reosppaa2 React or Ef fl uent Nitrogen Content 2 FCT/US2004/036108
Ni trogen Renoval Rel ative Volunme Activity 1.75 1.75
[0037] As can be seen in Table 5, when a conventiona
catal yst having an average pore dianeter of 14nm was
used in the first 75 vol.% of the reactor, the
Ni trogen Renoval Rel ative Volisnme Activity ("RVA") for
the catal yst systemremai 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 I f 7.5nm preceded the
bul k netal catalyst, the E%gggﬁjfhe cat al yst system
decreased. However, in Exanple 3, the heavier feed did
not negatively inpact the RVA of the catalyst

FBEEBt em - 16- CLAIMS: . A procd&ediA prepare | ubriEe¢d Bg
ol I basestocks froma lube oil boiling range feedstock

ri.sjng: a) contacting a | oi | boiling rang

A gﬁ@?@’k with a stacked bed ﬁggfotreating catalygﬁz

Sﬁyﬁgi tonmprising at |least a ffrst and second ‘

Nitpgentprsat i ng catalyst in a redblion stage oper at 82
under effective

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

[0037] As can be seen in Table 5, when a conventional catalyst having an
average pore diameter of 14nm 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 7.5nm 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.



hydrotreating conditions thereby producing a
hydrotreated effluent conprising at | east a gaseous
w@e@doe43and a hydrotreated |ubricating oil boPCT/H§2004/036108
range feedstock; and b) stripping the hydrotreated
effluent to renove at least a portion of the gaseous
product fromthe hydrotreated effl uent thereby
produci ng at least a lubricating oil basestock;
wherein said first hydrotreating catal yst is sel ected
from supported hydrotreating catal ysts conprising 2 to
20 wt. % of at least one Goup VIII netal, and 5 to 50
wt. % of at |east one Goup VI netal on a high surface
area support material having an average pore dianeter
of greater than | Ohm and said second hydrotreating
1S gy st is selected frombulk netal hydrotreating
—@-@I—y’st conprising 30 to 100 wt. % of at | east one
Goup VIl non-noble netal and at |east one Goup VIB
1. met &l proeasew mepilkdubntaingil bhsesticks Heorhal lube aildiojing range
particles, calculated as netal oxides and wherein the
feddstackaanapiysngparti cl es have a surface area of at

b aEiadelt SIS0 A R v
0 o 11 Ll R A SR b A scond

ASTM D 8@yafotfsatiMe2Rlystand raactictesthyedpérated undee edfective
sources, Synthetic sources, or a mxture of the

two. - 17- hydratrentingaoaditicns dbergby producing adrydrefeeated effluent
precedi ng cl ains erein said lu

' | Il o
F eedst ocROMIPTis®ak Rt BPOHRIOY: Igf?algftg By figtreatss} lbyioating
such as oi.]lft?(?iﬁgrggé/ﬁgdep%??#{g lxgnht refining processes

such as 4 y sol vent dewaxed oil s,
deagghal hb$he AV GotlchREFluMAAE4EIDaS apldast a pokéun of the
gas%zi I s%ﬁgﬁ"gg ]i’l/\e/agjés, foots o}ll s and the |iKke, P

dewaxed @iaksousaproduettfremt trertsmirsseatad effluent thereby producing at

least a lubricating oil basestock;
wherein said first hydrotreating catalyst is selected from supported hydrotreating
catalysts comprising 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 10nm and said second hydrotreating
catalyst is selected from 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.

2. The process according to claim 1 wherein said lubricating oil feedstock has a
10% distillation point greater than 650°F (343°C) and an endpoint of greater than
800°F (426°C), measured by ASTM D 86 or ASTM 2887, and are derived from

mineral sources, synthetic sources, or a mixture of the two.



feedst ocks, and Fi scher-Tropsch waxes. 4. The process
according to any of the preceding clains wherein said
wo adpsioerst ng oil feedstock contains up to 0.2 BET/USD4/036108
ni trogen, based on the lubricating oil feedstock, and
up to 3.0 wt.% of sulfur, based on the lubricating oil
feedstock. 5. The process according to any of the
precedi ng clains wherein said Goup VIIl netal of said
first hydrotreating catalystyfs selected fromCo N,
and m xtures thereof, said Goup VI netal of said
first hydrotreating catalyst is selected from M, W
and m xtures thereof, and high surface area support
material is selected fromsilica, alunmna, and . .
3. mi xtRheayoeersraseprding torpy pf Bredysceting ElﬂlWé Walberswaé@
t he precedi cl ai rein.sai d; b I .
o Bier b s gron s en s e dsaY et b Sppyqes such as ol
] i
dePrrigPd R ?o%hﬁemb{%%g@é% Léﬁcl\’b@rﬂﬁhlﬁ{e%, mag?golmt

ar ratio o to Goup VIII non-no

demRixal 9ils ad@sphiltedoild) distillates] ®acuim Bae ofls padkes gas oils, slack
according to any of the preceding clainms wherein_the
wates| famds oidhendzheukeyidewanod olsprudomatiatragsarssion Baud

ope ou | B, netal s are present as oxidi c conpounds
fe%erthﬁ?é,@gq 1sshef F‘?@Cﬁé’i'ad{)e& or if the catalyst

conposition has been sul fided, sulfidic conmpounds of

the corresponding netals.-18- 8. The process accordi ng

4.10 arpe HoctRRcRORARE LG gn% btheprebediag kldihe whddcimsiial
hydrotreating catal ysts have a surface area of at
lubseatings6il feedgtock qoatans ip¢o 03 who of nifragens bagdrn de
and a nedi an di aneter of _at |eas n 9, The .. .
oo B0 o Bho R GURRY g1 v F o FULWa PAgE ko s tubricating ol
& \A(/ﬂsgr?e}iijn said effective hydrotreating conditions
PP Uhe tenperatures of from 150 to 400 C a hydrogen

5. The process according to any of the preceding claims wherein said Group
VIII metal of said first hydrotreating catalyst is selected from Co Ni, and mixtures
thereof, said Group VI metal of said first hydrotreating catalyst is selected from
Mo, W, and mixtures thereof, and high surface area support material is selected

from silica, alumina, and mixtures thereof.

6. The process according to any of the preceding claims wherein said bulk
metal hydrotreating catalyst comprises one Group VIII non-noble metal and two
Group VIB metals wherein the molar ratio of Group VIB to Group VIII non-noble

metals ranges from 10:1 - 1:10.

7. The process according to any of the preceding claims wherein the at least
one Group VIII non-noble metal and at least one Group VIB metals are present as
oxidic compounds of the corresponding metals, or if the catalyst composition has

been sulfided, sulfidic compounds of the corresponding metals.



partial pressure of from 1480 to 20786 kPa (200 to
3000 psig), a space velocity of from0.1 to 10 liquid
whownsioy74dpace vel ocity (LHSV) and a hydrogen tBCT/E82004/036108
ratio of from89 to 1780m/nB8 (500 to 10000 scf/B).
10. The process according to any of the preceding
clains wherein the catal yst system of the present
i nvention conprises 5-95 vol.%of the first
hydrotreating catal yst with e second hydrotreating
catal yst conprising the remainder. . The process
according to any of the preceding clains wherein the
catal yst system of the present invention conprises
5-50 vol . % of the first hydrotreating catalyst with
the second hydrotreating catal yst conprising the

8." MBI cess according to any of the preceding claims wherein the bulk metal
hydrotreating 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.

0. The process according to any of the preceding claims wherein said effective
hydrotreating conditions 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).

10.  The process 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.

11.  The process according to any of the preceding claims wherein the catalyst
system of the present invention comprises 5-50 vol.% of the first hydrotreating

catalyst with the second hydrotreating catalyst comprising the remainder.



