WO 2005/ 047433 PCT/ 1JS2004/ 036111 -1 A HYDROTREATI NG CATALYST SYSTEM

SUI TABLE FOR USE | N HYDROTREATI NG HYDROCARBONACEQUS FEEDSTREAMS FI ELD OF
THE | NVENTI ON [ 0001] This invention relates to a hydrotreating catal yst
system sui t se in hydrotreating hydrocarbonaceous feedstreans.

Nbr e partieﬁ?gg?@?ﬁ%ﬁe present invention is directed afCdUStERUH e

catal yst systemconprising at |least one first catalyst selected from
conventional hydrotreating catal yst having an average pore dianeter of
greater than 10 nm and at | east one second catal yst conprising a bulk netal
hydrotreating catal yst. BACKGROUND OF _fHE | NVENTI ON [ 00021 Environnental and
regulatory initiatives are requiring ever |ower |evels of both sulfur and
aromatics in distillate fuels. For exanple, proposed sulfur limts for
distillate fuels to be narketed in the European Union for the year 2005 is

50 wppmor |ess 3 1S e qu”e | ower
| evel s of O e e A S  ME R g QAP P T g aromatics
found in d b i A, . : AN AN AR AF > FFR RS TREAMES , the
maxi mum al | owabl e total aromatics |evel for CARB reference diesel and

Swedi sh Cass | diesel are 10 and 5 vol.% respectively. Further, the CARB
r ef er ence FIEE D OF THISINVENFIONhan 1.4 vol . % pol yaromati cs ( PNAs).
Consequently, nmuch work is presently being done in the hydrotreating art
because of these proposed regulations, 10003] Still further, w.th the advent
of incr eaé@ip nvi ﬁ’@ﬁ’f‘%ﬂn elorshydrazeatig eBlyistrystepe sitableiasuse f or

Lubri cati agy Okl RARESRIE b SREES 188 %s 2Mdte particularly, the present

invention is directed at a stacked bed catalyst system comprising at least one first

catalyst selected from conventional hydrotreating catalyst having an average pore
diameter of greater than 10 nm and at least one second catalyst comprising a bulk

metal hydrotreating catalyst.

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



i ncreased. For exanple, the Anerican PetroleumlInstitute (APl) requirenments
for WO 20051047433 PCT/ US2004/ 036111 -2 G oup Il basestocks include a
saturates content of at |east 90% a sulfur content of 0.03 w.%or |ess
and a vi SC%%}‘S{&W;EX (VI) between 80 and 120. Currentl there is atrend
in the tub® of 1 Harket to use Group Il basestocks insteBGVYP2RYBGEYT
basestocks in order to neet the demand for higher quality basestocks that
provide for increased fuel econony, reduced em ssions, etc. For exanple,
Anerican PetroleumlInstitute (APl) requirenents for Goup Il basestocks
include a saturates content of at leagt 90% a sulfur content of 0.03 w.%
or less and a viscosity index (VI) between 80 and 120. [0004] Thus, as the
environnmental and regulatory initiatives to-increase, the search for new
and different processes, catalysts, and catal yst systens that exhibit

cont | nuouSHoUA JUFREStBkks BESRs A FHOFRr B en ALALICRS I hcbmils carEit oo

hydr ocar benacgpats %déiﬁ%é ; f isACH, ed f econony,
reduced e(r?i SsSl dnos?rlqg C. Yﬁﬁﬂ&w&%@qgga@?é& E(Fg'gé ’ }ee Figure is
a plot of if herendiradhic\lebe/oil unekeresd s Gyoufll basoswitks tataldys{tGrouplid cat al yst

systens versus the days the respective catal ysts and cat alcéjt systens were

on st r eambasastozrs By oufen Bempetthe demand fgddgher qualitydasepeoksaiFat pEEvideNENTI ON

for increased fuel economy, reduced emissions, etc. 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.

[0004] Thus, as the environmental and regulatory initiatives to increase, the
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.



[ 0006] The present invention is di réct ed at a stacked bed catal yst system

suitable for

use in the hydrotreating of hydrocarbonaceous feedstocks.

The

catal yst system conprises: a) at |east one first catal yst selected from

conventi onal

hydrotreati ng catal ysts having an average pore di aneter of

greater tha¥01@SA33and b) at | east one second cat al ystecsaisamws/aesifir om bul k
netal hydrotreating catalysts. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0007]

It shoul d be

noted that the terns "feedstock"” and "feedstreant as used

herein are synonynous. [0008] The present invention is directed at a stacked
bed catal yst systemsuitable for use in the hydrotreating of

hydr ocar bonaceous feedstocks. The cataﬁyst system conprises at |east on
first catalyst selected fromconventional hydrotreating catalysts havin
average pore dianeter of greater than 10 inn and at |east one second
catal yst selected frombul k netal hydrotreating catal ysts. The stacked b

hydr ot r eat§ THE INNMENTEONt abl e for use in the hydrotreating o
hydr ocar bonaceous ¥eedstocRs. [0009] As stated above, the present invent

is a stacked

ed catal yst ,system, conprjsing at |east a first and _second

hydr ot r eat[PA6lc at Hrg/presensjnventign pedirgrdad atia stacked Hed satalyshsystera spitghle

he-stoondShoar B PETRERAT R Sialilong®ils GERKAS.IY elfTF{aRBin Vo

2005/ 047433 niYfrkky)S2004/ 036111 -4 reactor, or reaction zone downstream
relation to the flow of the |ubricating oil

a) at least one first catalyst selected from conventional hydrotreating
catalysts having an average pore diameter of greater than 10 nm; and
b)  atleast one second catalyst selected from bulk metal hydrotreating

catalysts.

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.

[0089]  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,

e
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ed

f
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in



feedstock, fromthe first catalyst. [0010) The first hydrotreating catal yst
IS a supported catalyst. Suitable hydrotreating catalysts for use as the
first catal yst of the present catal yst system include any conventi onal
hydrotreatW}g %st Conventional hydrotreating catgl st as used herein
is meant to Terer 18 those which are conprised of at | eRSVUSHAYSE L n v ||
net al , preferably Fe, Co and NI, nore preferably Co and/or N, and nost
preferably Ni; and at | east one Goup VI netal, preferably Me and W nore
preferably Mo, on a high surface area support material, preferably al um na.
The Goup VIII netal is typically pregent in an anount ranging from2 to 20
w.% preferably from4 to 12% The Goup VI netal will typically be
present in an anount ranging from5 to 50 vvt % preferably from10 to 40

wt.% and nore preferablyfromZOto 30wt metal s wei ght percents
are on su ort on sup ort” that th erce are based on the
wei ght of Eﬁrsarp{?a?twnw FFSF’@’ mlrF IR tQ ‘5 Blcmggwfloo g.

t hen 20 Wee@s@cﬁ%’@g%lt&éﬁgﬁtcﬁiab‘/@u' d nean that 20 g. of Goup VIII netal was

on t he suppor wevers, ‘not all conventional hydrotreating catal ysts
fitting the above- described criteria are suitable for use in the present
invention. The inventors hereof have unexpectedly found that the average
pore di amf@@0]of Thefimst bydrotreatinigycatalysids a sunpoeted cafadistf Suvitahlee to be

sui tabl e resent invention, a

conventio Elﬁﬂf@%gﬁg é?etafg’é@-ralégier 43[}33 ?&‘B Getéﬁfstﬁfthﬁé’&?t’ﬁ%t ﬁﬁalyé'iﬁéﬁsﬁﬁ'é por e

di anmet er wBaAsH orosinetry,
must be ugﬁ a%ésa&#&ﬁ’f%%@?ﬁﬁga ys1. 0 &ﬁrﬂg&present stagh&m(fitgéad gat al yst
system | tcatalyspashisedriedein intnehinaoavfer aotogowhiclliareredpbriedd ot 1é4st oiic

catal yst, i.e._the WO 2005/ 047433 PCT/ US2004/ 036111 )
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
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



-5 conventional hydrotreating catal yst, of the present stacked bed catal yst
system be greater than 11 nun, nore preferably greater than 12 nu. [0012]
The second hydrotreating catalyst is a bulk nmetal catalyst. By bulk netal,
it Is mean catal ysts are unsupported wherein the bul k catal yst
particles R‘é‘%ﬂ@%’?‘@gﬁso - 100 wt. % of at |east one G oupPUI'PF2ORENSHEDI e et al
and at |east one Goup VIB netal, based on the total weight of the bulk
catal yst particles, calculated as netal oxides and wherein the bul k

catal yst particles have a surface area of at least 10 nR/g. It is
furthernore preferred that the bul k nmetal hydrotreating catalysts used
herein conprise 50 to 100 w.% and even nore preferably 70 to 100 wt. % of
at | east one Goup VIII non-noble netal and at | east one Goup VIB netal,
based on the total weight of the particles, calculated as netal oxides. The

anount of Goup VIB and Goup VIII n- nobl e tals_ can easily pe

det er mi ne&owwtlwé\bssﬁweml@}a\(m an f‘g%ﬁ)@ﬁ%ts"agi%%d crighst Bt g%i ng one
G oup VI - I tals are preferred. It has
been fOungﬁé}ttﬂ%ﬁhfﬁtﬂ@@g@?&@ﬁ%ﬁ’)@%@y@%ﬁaﬁg@ particles are

sintering-resistant. Thus the active surface area of the bulk catalyst
particles is maintained during use. The nolar ratio of Goup VIBto Goup
VI non- o1 nethel second hydrotreatingadataly st ipabalk metal ¢atalystidy mllefretalpl y from
3:1 - 1:3. In the_.case of .a core-shell structured rticgle, these ratios of
course appty meagt th%ﬁmaa%lxst% RSt USRI S Wh?ée@ﬁg? pﬁ qatﬁwté)a one G oup
VI B netal [ ' I ' & ' f the

di fferent c(kilrsn gﬁ%@%ﬁéﬂﬁgtﬁ% oltfts&?lelg%etnéélre g?‘f";ﬁ/i’?@p @{-ﬁ?@gﬁetﬁ@%gg?}%ﬁtﬁ% ds when
nor e t han Griogp ®TBUReldl, IbasétDon thehbrl wekhabf the balipbatelsst particls, cakstutwher e

nol ybdenum and tungsten are present as G oup
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 V1B 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.

[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



VIB netals, the nolybenumtungsten ratio preferably lies in the range of 9:1
-1:9. Preferably the Goup VIII non-noble netal conprises nickel and/or
cobalt. It is WD 2005/047433 PCT/ US2004/ 036111 -6 further preferred that
the G oup onprises a conbination of nolybde ten.
Pr ef er abl y%ojﬁﬁg“t?’?ons of nickel /ol ybdenunt t ungst en%ﬁﬁqﬂ%ﬁaﬁ
cobal t/ nol ybdenunt t ungsten and ni ckel /cobal t/ nol ybdenuni t ungsten are used.
These types of precipitates appear to be sinter-resistant. Thus, the active
surface area of the precipitate is remained during use. The netals are
preferably present as oxidic conpounds_&f the corresponding netals, or if
the catal.yst conposition has been sulfided, sulfidic conpounds of the
corresponding netals. [0014] It is also preferred that the bul k netal
hydrotreating catal ysts used herein have a surface area of at |east 50 nR/g
o_desi rﬁd that the pore

and nore pr.eferabl east n2/g. It . is al

15e o ot RBtheF BERReA et e Grover b WSt BQmeaﬁqsr?gcmﬁ@pam?

appr oxi mat f hydrotreating catalysts.
More in paﬁid% #gr az{ﬁﬁese %&ﬁl‘?éﬁa‘%}yﬁ%ﬁrﬁo |Bng catal ysts have

pref erabl ynﬁ:kepmelybﬁbmt@ﬁ &xﬂﬁldco@ammymmmfg%ﬁhha of 0.1 - 4 mug,
still nore preferably of 0. - 3 mM/g and nost preferably 0.1 - 2 nug

det er ni nednigkel/enbalibnelybdersuwn/pingsien arg usedy Aieye types e prsititatas app@@r 2 nmare
o e or abl y DRSPS A hufy TireBye Siriike Fremih bagr GBIy bl y at
rerera ra a
least 100y OgﬁfEEj PhEh8talPAry Pﬁ%rab?g?r%sédﬂ%@oﬁ@ﬂoc GUifds R prefergbl y not

nore than 300 Even nore re er the nmedi an particle dianmeter |ies
i n the rangerredpofidihg-méalspomif thewasalyst composmon has been sulfided, sulfidic

compounds of the corresponding metals.

[0014]  Itis 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. Tt
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
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 yun. Even more
preferably, the median particle diameter lies in the range of 0.1 - 50 um 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 in the range of 0 5 - 50 m [0015] The reaction stage contai ning
the stacked bed hydrotreating catalyst systemused in the present invention
can be conprised of one or nore fixed bed reactors or reaction zones each

of which c O one or nore catalyst beds of ttmaﬁﬁwﬁ% | fferent
catal yst. 2?t%@§8h+§?her types of catal yst beds can be use ,2@%P%%E£/047433
PCT/ US2004/ 036111 -7 fixed beds are preferred. Such other types of catalyst
beds include fluidized beds, ebullating beds, slurry beds, and novi ng beds.
I nterstage cooling or heating between reactors, reaction zones, or between
catal yst beds in the same reactor, can_be enployed since sone ol efin
saturation can take place, and olefin saturation and the desul furization

reaction are generally exothermc. A portion of the heat generated during
hydrotreati ng can be recovered. V\here this heat recovery option is not

?E?'h' s, CobkORBouATe Pfeiral Sugh Ok SRRt OURAINT bech e B figize H%qﬁé't'r;tahqzs i
100161 Tho 2L LR PRHE R hd ah R WS el B SRt orpr i ccs

5-95 vol . Yetwfech heactdrs Sﬁaa@t&irﬁicm%‘s otibetwéeheatten bdd< it thk ¥aine Geanpor, samng t he
r emai nder, preferably 40- 60 vol . % nore preferably 5 to 50 vol.% Thus, if

t he catal yb@ eBlpéQﬁm singersprieslefis saturationiar takn @lade; and @]@ﬁalsﬁwﬂql’t@ds econd
cot 2 vot SRRt by bR ol i e oo
b mar Fgeﬁﬁﬂ&ocaﬁﬁgﬁ?ﬁ%&?l b NE RO 0" SARAY Bis pERTCTRAoptidn | & TEAN!
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, optimuin reaction temperatures can be more easily maintained.

[0016] The stacked bed 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 comprisé 50 vol.%

also.

[0017]1 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
ctude 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, efc.



crude petroleumoil, fromtar sands, fromcoal |iquefaction, shale oil and
hydr ocar bon synt hesis. Thus, hydrocarbonaceous feedstreans suitable for
treatment with the present invention include those feedstreans boiling from

the napht hgooghddsn@; " ange to heavy feedstocks, such as | resids,
and al so those derived from Fi scher-Tropsch processes. yplgg#mﬁ??ﬂ?he

boiling range will be from40C to 1000C. Non-limting exanples of suitable
feedstreans include vacuumgas oils; distillates including naphtha, diesel,
kerosene, and jet fuel; heavy gas oils, raffinates, lube oils, etc. WD
2005/ 047433 PCT/ US2004/ 036111 -8 10018%. Hydr ocar bonaceous boiling range
feedstreans suitable for treatnment with the present invention include,
anong ot her things, nitrogen and sul fur contam nants. Typically, the
nitrogen content of such streanms is 50 to 1000 wopm nitrogen, preferably 75

800 ' . bly 10 700. ' Th
ni trogen alMiLE S raRbnaRee udhline Fhak sretmeaing SurerlE B ebnaREfy |7 g

exanples o ' e ' J.- NC: : i nd substituted
mp fth%ﬁxgkéht% enfi8it Thchinded hﬁﬁpg‘sﬁa\fl})é{ ﬂ%gggglé@%éﬁoéﬂd%ﬁﬁ

qgui nol i nes, non-limting exanp nitrogen species nay
i ncl ude cacbaaniemtantypsiodidy, themiedgem ez cfsuc beeand S0 todi@0Ovpped t he
hydr ocar bonaceous baqil ] n%ér an%g feedstreamw ]| generally range from 50 wppm

to 7000 wiiREcRoPEiepbly A toBUDMemm ogragspnindomgiropreigspy 18RdoMBet typi cal Iy
[£om 100, SyiPRaBeR, THRSiaiieh e SRHTbi AR B e AR
e T, NP R ey yktdany aqlpptaghd ooy ono 1
het er ocycl isebstimitd quirmiipes)add nendimiting examples of non-basic nitrogen species

may include carbazoles and substituted carbazoles. The sulfur content of the

hydrocarbonaceous boiling range feedstream will generally range from 50 wppm to

7000 wppm, more typically from 100 wppm to 5000 wppm, and most typically

from 100 to 3000 wppm. The sulfur will usually be present as organicaily bound

sulfur., That is, as sulfur compounds such as simple aliphatic, naphthenic, and

aromatic mercaptans, sulfides, di- and polysulfides and the like. Other organically

bound sulfur compounds include the class of heterocyclic sulfur compounds such

as thiophene, tetrahydrothiophene, benzothiophene and their higher homologs and

analogs. 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



as thiophene, tetrahydrothi ophene, benzothi ophene and their higher honol ogs
and anal ogs. The hydrocarbonaceous feedstreans suitable for use herein al so
contain aromatics, which are typically present in an amount ranging from

0.05 wt. % . % based on the hydrocarbonaceous hqifddhidosa0e
feedstream‘kﬁégﬂf@f—mg eferred feedstocks suitable for treatnment wth the

present invention are wax-containing feeds that boil in the |ubricating oil
range, typically having a 10% distillation point greater than 650F (3430
and an endpoi nt greater than 800F (426C), neasured by ASTM D 86 or ASTM
2887. These feedstocks can be derived . from m neral sources, synthetic
sources, or a mxture of the two. Non- limting exanples of suitable

| ubricating oil feedstocks include those derived from sources such as oils
derived from sol vent refining processes such as raffinates, partially

sol vent dewaxed oils, deasphal t.ed qils,,distil]lates, yacuu as .ol.l s, coker
V0 2005104 Hs S bR astEA BoR oif indghE e fepaxe s iR AR Sier | < an
the |ike, JRMBKRASBLLS and MQEBLTRopstRAaRks AdBmatib adshbagipl s, and

Fi scher-Tropsch waxes. Automatic transm ssion flul ? ATE") feedstocks are
| ube oi | f éeAFTFYdkadsieokisnge hibeioil feedstodksihaving apdnitial betlingeoint2@dizand 275C,

and a 10%distillation point greater t han 300C. ATF feedstocks are
typi cal |y 28010 and 28245 end rd 0% distilatiompejat greaigs themidOnay A5 Beedgtoekshi gh

contents of njtr ? ul,fure contam nants. Feeds containing up to 0.2
wt . % of nif¢%g@ﬁgﬁﬁggégﬂﬂﬁi?ggﬁdghd up to 3.0 wt.% of sulfur can be
processed in the present process. Feeds having a high wax content typically
have hi gh viscosity indexes of up to 200 or nore. Sulfur and nitrogen

contents ndQ0UY nebese febdstpcks oy atse hasT bighstomtends obuit®gamoand/iay-
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.

[0021]  As stated above, the present invention is suitable in hydrotreating
processes. It should be noted that the term “hydroireating” 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).



respectively. 10021] 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
i s used '”*ﬁﬁﬁmﬁmﬁﬁﬁﬁce of a suitable catal yst that 'Slﬂﬁhﬁﬁghd¥1?9t've for
t he renoval eteroatonms, such as sulfur, and nitrogen, saturation of
aromatics. |If the present invention is enployed in a hydrotreating process,
a hydrocarbonaceous feedstreamis contacted wth the stacked bed catal yst
systemin a reaction stage operated under effective hydrotreating
conditions. By effective hydrotreating-igonditions, it is neant those
conditions effective at renoving at |east a portion of the sulfur

contam nants from the hydrocarbonaceous feedstream Effective hydrotreating
conditions generally include tenperatures of from 150 to 400C, 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

hydr ogen t 62‘(2;‘1 "EHel OnBdctih @m chAffhacetisTBedsBdtk Wih m&kééfbé@) WO
2005/ 047433 PCTI US2004/ 0361 [ 0022] The contacting of the

hydr ocar bo hgdmdmstiﬁgeaislyet:ﬂystmn protlheessa Inclretiedtedieffluedt compraging gt leadtal yst

system produces a dr ot d effl ent conprisin t |lea a gaseous

pr oduct anﬂa%?olﬁﬂ E%R # )ﬁ‘g‘@FfS%tﬁﬁl E%‘gﬂgaqeé‘l%ﬂg‘?%é‘l@‘:ﬁ ﬁ%e hydr ot r eat ed

ef f |l uent duct

From the hOSPEER réﬁﬁ%éflﬂﬁtﬁﬁdéﬁp%ﬁg@%é&%?%% 8iGh of B% BRSEReRE: o

effluent Gaim BR HAkGedaR8l éMFIREKIRMTheShédnd RisE Dt REDP At hpdroGested efffuefifans known

can be used. Non-limting exanples of suitable stripping nethods, neans,

and processasbe seleetaé from any stripping method, process, or 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.

[0023] 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.

[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.



flash druns, fractionators, knock-out druns, steamstripping, etc. [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 eqyglhes ctive could be devised for carrying,Quyt jrit of
this invent ?gn. 10%824] The follow ng exanples will ill %st rastzédqﬁ)%éml npr oved

ef fectiveness of the present invention, but is not neant to limt the
present invention in any fashion. W 2005/ 047433 PCT/ US2004/ 036111 -11-
EXAMPLES EXAMPLE | [0025] A medi um vacuum gas oil having the properties
outlined in Table 1 was processed in an-isothermal pilot plant over three
catal ysts systens at 1200 psig hydrogen partial pressure. The catal yst
systens and operating conditions are given in Table 2. Catalyst Bis a
conventional hydrotreating catalyst having 4.5 wt.% Goup VI netal, 23 w.%

G oup VI man al um na support and has an average pore size of 14.0
run. The b hydrotreating catal yst was a comercial bulk netal

hydrotreati ng catal yst marketed under the nane Nebul a by Akzo-Nobel. [0026]
In the ExammXsMPBEl1 the catal yst systens were |lined out at 50 days on
stream A first order kinetic nodel with an activation energy of 31, 000

cal /gnmol  was used to conpare volune activities between the catal ysts. TABLE
1 Medi um V4802fh G n@dium vacuum gas oil having the properties outlined in Table 1 was

processed in an isothermal pilot plant over three catalysts systems at 1200 psig
hydrogen partial pressure. The catalyst systems and operating conditions 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. '

[0026] In the 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




Density at 70C (g/cc) 0.88 N trogen (wpm 700 Sulfur (t.% 2.6 GCD 5 W%
Boiling Point C 334 GCD 50 W% Boiling Point C 441 GCD 95 W% Boi | i ng

Poi nt C 531 WD 2005/ 047433 PCT/ US2004/ 036111 -12 TABLE 2 50 vol . % Cat al yst

B 100 vol (V%)gsg Z%I . % follonwed by Catalyst System Catgdygbobd¥eQyl a 1 50
vol . %Nebuiwég g 3ge Catal yst 370 380 370 Tenperature (*C) Liquid Hourly
Space 2 1 1 Velocity -' Stripped reactor 227 17 34 Effluent N trogen
Content (wppm) N trogen Renoval 1 1.18 1.34 Relative Volune Activity

(0027] The Nitrogen Renoval Relative Volune Activity ("RVA") for each

cat al yst system was cal cul ated by sinpll® first order kinetic nodeling. As
shown in

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 (wppn) :
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

[6028] 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.



Tabl e 2, the 50/50 vol. % stacked bed catal yst system wth the | arge average
pore size Catalyst B upstream of the bul k netal catalyst, showed hi gher
nitrogen renoval activity than either of the single catal yst systens
denonst r at 09@5@‘5}%'{ own. EXAMPLE 2 10028] The hydr ot pegfush@aaddidii ty of

di fferent stacke eds of Catalyst B and Nebula were analyzed by
hydrotreating different feedstreans over the stacked beds in the in two
parall el reactor trains.of the sane isothermal pilot plant unit used in
Exanpl e 1 above. The feedstreans used were Medium Cycle GIs("MCO') from an
FCC unit and blends of the MCOw th a MB#gin feedstock were tested in two
paral l el reactor trains. The feed properties are described in Table 3,

bel ow. WD 2005/ 047433 PCTI US2004/ 036111 -13 [00291 In this Exanple, one
reactor train consisted entirely of a conventional N M on Al um na

hydr ot r eat i at i i I of 7.5
nm The ot Itlufgjrl eaﬁ%&:ﬁFﬁglﬁlh%é%ﬁ%5&3&%@%@3%@%gge@%f?ecnqlﬁéﬁ%&voI . %
of Cat al ysNiMd &l Atigighalbydefireasihg citabist, Cataly st 0, with #a Bidrkparpdrei metal i c

sul fide catal yst having an average pore dianeter of 5.5 nm [00301 The

separ at e r dwenasersofi S pon. hThe etherreaeioe traimrpontaseed mstackad hedi sysiem withdbat h f or
al e ; ] 5

Cat ol yot | C a0l o6 W ke Tistd Tinmsriot 5V e PECoRlyshde oyl 5.

Li kew se, I P 9 I rahn 1 was at the sane

t:arrp\(lamr Zturgﬁlggetcﬁ%lxsgg?ﬁﬁgg?é‘g@fagg?gtf%'%atg yls){]s' r?{rl\ trai nSZ. Ther efsor e, In

Exanpl e 2, each of the two reactor trains was divided into two separate

react or vessels where the tenperature . i L
[0 The separate reactors in both trains were immersed in a fluidized

sandbath for efficient heat transfer. Thus, the temperature of the first 75-vol. % of
Catalyst C was at the same temperature whether it was in train 1 or 2. Likewise,
the last 25-vol. % of Catalyst C in train 1 was at the same temperature as the last
25-vol. % of Catalyst A in train 2. Therefore, In Example 2, each 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 Hp, 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.



of the first 75-volume% containing 75 vol.% of the catal yst | oading of that
reactor could be independently controlled fromthe |ast 25-vol ume % of
catal yst. [00311 The operating conditions for the two trains were 1350 psig
H2i liquid %%44)!43%%% velocities ("LHSV') of 1.4 vol pétig260d0361182nd

5500- 6300 o 0 ydrogen. The tenperature schedule for both trains is
described in Table 4 bel ow. WD 20051047433 PCTI US20041036111 -14 TABLE 3
50% 67% 100% 100% Normal Normal Nornmal Heavy FEED FCC MCO FCC MCO FCC MCO
FCC MCO API Gravity 18.1 15.0 9.5 7.0 Hydrogen, wt.% 10.65 10.04 8.77 8.61
Sul fur, w.%3.23 3.53 4.28 4.40 Nitrdgen, ppm 959 1153 1485 1573
Aromatics-Mono, wt.%- - 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 95 726 721 724 777 TABLE 4

TABLE 3
50% 67% 100% 100%
Normal Normal Normal Heavy
FEED FCCMCO FCCMCO FCCMCO FCCMCO
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 Qil 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%.



Days on O 1 Feedstock 75% 25% Tenperatures, 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% Hea FCC
MCO 610- 635/ 675-700 [ 00321 The rel ative HDN vol une activity of the stacked
bed Cataly st A conpared to Catalyst Ais sh | i gure

et on ot S AR T D00e ™ aret and 10006 Lo NDO f eedcsRnaBRifr QS
systemwi th only 25-volune % of Catalyst A shows a stable activity

advant age of 275% WD 20051047433 PCTI US2004/ 036111 -15 [0033] As shown in
t he Figure, when the 100% Heavy FCC MCO was used as the feed note the
activity advantage for the stacked bed.jgatal yst system containing begins to
decrease from 275%to 225% and t hen was subsequently reduced over 20 days
to slightly less than 150% EXAMPLE 3 [0034] In this Exanple, a stacked bed
catal yst systemcontaining 75 vol.% of Catalyst B and 25 vol. % Nebul a, both

as describ ov us hydr.ot r I ght I at _oil, feed
("Feed A")?M?a ﬁ“&%%g‘f“ W&&a%%&dﬁenctﬁgtlgﬁ% ll-rlgag/g fééég\éﬁ(fgaﬁ u%?él Elaesc.ri bed
in Tabl e 5yhefeeinofe BERLSyiRy m%n&gg%&cﬂleetabﬁe&@e‘ﬂ &Mt 4Rtent EGfiRMgt r ai n
pilot plant unit as described in anpl e 2 above. The operating conditions
for the twbeginaitondecrease HANDQ7H%i tg 223% énidythien was subsequpatteredacadtovardd of 2
vol ./ hr/vol.., anq(i]i,ggoo SCF/ B of hydrogen. [0035] The reactor effluents were
stripped wdgys Huhessdhah1 ¥%n" at 100C to

EXAMPLE 3

[0034] In this Example, a stacked bed cafalyst 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 ("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 Hy, liquid hourly space velocities of 2
vol./hr/vol.,, and 5000 SCF/B of hydrogen.

[0035]  The reactor effluents were stripped with nifrogen 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 frains along with the results of this example are described in
Table 5 below.



renmove substantially all of the gaseous reaction products. The nitrogen
content of the liquid reactor effluent was then anal yzed by ASTM 4629. The
tenperature schedules for both trains along with the results of this

exanpl e ar din Table 5 bel ow. WO 2005/04743 036111
16 TABLE @02@%@4#_‘%& A Feed B APl Gravity 0.973 0.9 %ﬁ@%ﬁ%ﬂ%@z 6 2.50
Ni trogen, ppm 713 742 Distillation, D2887 GCD 5 427 448 50 551 590 95 707
755 EP 764 823 Catalyst B Tenperature 570 617 Nebula Tenperature 645 692
Stripped Reactor Effluent Nitrogen Content 2 7 N trogen Renoval Relative
Vol ume Activity 1.75 1.75 [0036] As eHA be seen in Table 5, when a
conventional catal yst having an average pore dianeter of 14 nmwas used in
the first 75 vol.% of the reactor, the

TABLE §
FEED Feed A ¥eed 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.



Ni trogen Renoval Relative Volunme Activity ("RVA') for the catal yst system
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 netal catalyst,
the RVA of the catalyst system decreased. However, in Exanple 3, the
heavi er feed did not negatively inpact the RVA of the catal yst system 17
Claims 1. A stacked bed catal yst systen1gpnprising: a) at least one first
catal yst sel ected from conventional hydiotreating catalysts having an
average pore diameter of greater than 10 rim and b) at |east one second
cat al yst sel ecEleting rom bul k netal hydrotreating catal ysts, wherein said

second catal yst is aeﬂgﬁmwlﬁggﬁ%ﬁﬁgﬁgﬁp@ﬁgg{%s;t conprising 30 to 100

w. %of at |east on oup | east one Goup VIB
nmetal, based on the total weight of the bulk catal yst particles, calculated
as netal oxides the bulk nmetal hydrotreating catalyst particles having a

surface area of at | egptat léhstBh@first.catdlpstsehelatdfrbarcamventiyaal system
according to claim1l wherein said at |east one first hydrotreating catal yst

conprises a supported hydootresingaptalysisdiaying aroayerage porediameds oft . % of  at
| east one G oup VII! netal, and 5 to 50 wt. %of at |east one Goup VIB
metal on a high surface gieater happldkamyanéri al , 3. The stacked bed catal yst
system according to claim2 wherein said

b) atleast one second catalyst selected from bulk metal

hydrofreating catalysts,

wherein said second catalyst is a bulk metal hydrotreating catalyst
comprising 30 to 100 wt. % of at least one Group VIII non-noble mctal and at
least onc Group VIB metal, based on the total weight of the bulk catalyst particles,
calculated as metal oxides the bulk metal hydrotreating catalyst particles having a

surface area of at least 10 m’/g.

2. The stacked bed catalyst system according to claim 1 wherein said
at least one first hydrotrcating catalyst comprises a supported hydrotreating
catalyst comprising 2 to 20 wt. % of at least one Group V1I[ metal, and 5 to SO wt.

% of at least one Group VIB metal on a high surface area support material,

3. The stacked bed catalyst system accerding to claim 2 wherein said
Group VIII metal is selected from the group consisting of Co Ni, and mixtures
thereof, said Group VIB metal is selected from the group consisting of Mo, W,
and mixtures thereof, and said high surface area support material is sclected from

the group consisting of silica, alumina, and mixtures thereof.



Goup VIIl metal is selected fromthe group consisting of Co N, and

m xtures thereof, said Goup VIB netal is selected fromthe group
consisting of Mo, W and m xtures thereof, and said high surface area
support material is selected from the group consisting of silica, alumna,
and m xtures thereof. 18 4. The stacked;ped catal yst systemaccording to
claiml wherein said bulk netal hydrotreating catal yst conprises one G oup

VIl non-noble netgl I ' : ‘1o of
& oup VIE Lo & oup R THE siabkEl GEPLRalsts Wil sbolREhEldclalf Bhateif S0
stacked beghlie alelAlB)droitBARHE GREISEEdEpFiSescort GrohpWEN fioh-idtle nidial AriSt one

G oup VIl non-nobl’e netal and at | east one Goup VIB netals are present as
oxi di ¢ conwouBrtupoVIB meetalsrwieerponihemgolae ratics of Groug ViBeodGdoapy eI non-

conposi tion has been sulfided, sulfidic compounds of the corresponding

metal s. 6.noblemetals kangeydrbrs d0al4isk0.syst em according to claim| wherein the
bul k nmetal hydrotreating catalysts have a surface area of at |east SO n2/g,

a pore size volunme of 0.05 to about 5 m /g, and a nedi an di aneter of at

i he. cigal”?st "oyat om bR SaEkaf bed ReaIT byt pireghf ﬁé&%éfa%réﬁwé%sf‘éiﬁ“&aleof““? he "
Commr i si agt easBhe Cofif VY Rin-Wnhit b RRA AFRaQAMCLEGR VIE debBlAEl
claim1l V‘@?éﬁn@ a8 difHic Ebﬁ@huﬁasﬂbpﬁ{eeﬁtﬁésggggg%gwé&waﬁ e d4AIRAge pore

di anet er greater than 11 nm 9. The bed catal yst system accordi ng

to clai m komyessition Bad beerf sulfided)\silfidic @dhipigindaof st orpgspoadinpvaealie pore
di aneter of greater than 12 nm
6. The stacked bed catalyst system according to claim | wherein the
bulk metal hydrotreating catalysts have a surfacc arca of at least 50 m%/g, a pore

size volumc of 0.05 to about 5 ml/g, and a median diameter of at least 50 nm.

7. The stacked bed catalyst system according to claim 1 whercin the
catalyst system of the present invention comprises 5-95 vol. % of the first
hydrotreating catalyst with the second hydrotreating catalyst comprising the

remainder.

8. The stacked bed catalyst system according to claim 1 wherein said

first hydrotreating catalyst has an average pore diameter of greater than 11 nm,

9. The stacked bed catalyst systcm according to claim 1 wherein said

first hydrotreating catalyst has an average pore diameter of greater than 12 nm.

10. The stacked bed catalyst system according to claim 1 wherein the
catalyst system of the present invention comprises 40-60 vol. % of the first

catalyst with the second hydrotreating catalyst comprising the remainder.



10. The stacked bed catal yst system according to claim| wherein the

catal yst system of the present invention conprises 40-60 vol. %of the first
catalyst with the second hydrotreating catal yst conprising the renainder. 19
11. The stacked bed catal yst system according to claim| wherein the

catal yst systemof the present invention;gonprises 5-50 vol. %of the first
catalyst wth the second hydrotreating catal yst conprising the remai nder.

11. The stacked bed catalyst system according to claim | wherein the
catalyst system of the present invention comprises 5-50 vol. % of the first catalyst

with the second hydrotreating catalyst comprising the remainder.



