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WO 0®80}74Fhe present invention relates to a proRP€EES1004/036110
preparing lubricating oil basestocks from |l ube oi
boi ling range feedstreans that neet Anerican Petrol eum
Institute Goup Il specifications. Mire particularly,
the present invention is directed at a process
wherein a wax containing feedstock is sol vent
extracted to produce at |east a |lube oil boiling
range raffinate, the lube olH raffinate is
hydrotreated to produce a hydrotreated raffinate, and
the hydrotreated raffinate is dewaxed. BACKGROUND OF
THE |1 NVENTI ON [0002] It has |ong been recogni zed t hat
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BACKGROUND OF THE INVENTION

[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 basestacks 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 I 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



-2 the demand for higher quality basestocks that
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preparing basestocks such as hydrocracking or solvent
extraction require severe operating conditions such as
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[0004] Hydrocracking has been combined with hydrotreating as a preliminary
step. However, this combination also results in decreased yields of lubricating oils
due to the conversion to distillates that typically accompany the hydrocracking

process.

[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.



[0007] The present invention is directed at a process
to prepare lubricating oil basestocks having a

WO e®s0si484 i ndex of 80 to 120 from a | ube oi |l POI/UE904/036110
range feedstock. The process conprises: a) extracting
a lubricating oil feedstock in a solvent extraction
zone with an extraction solvent under conditions
effective at producing at |least an aromatics-I|ean
raf fi nate sol ution containing extraction solvent; b)
renoving at |east a portion of the extraction sol vent
fromthe aromatics-lean raf¥inate solution to pr oduce
a raffinate feedstock; <c¢) contacting the raffinate
feedstock with a stacked bed hydrotreating catal yst
systemin a reaction stage operated under effective
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catalyst system in a reaction stage operated under effective conditions
thereby producing a hydrotreated effluent comprising at least gaseous
product and a hydrotreated raffinate; and

d) dewaxing said hydrotreated raffinate under effective dewaxing
conditions thereby producing at least a lubricating oil basestock
having 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.

[0008] Another embodiment of the present invention is directed at a process to
prepare lubricating oil basestocks having a viscosity index of 80 to 120 from a lube
oil boiling range feedstock. The process comprises:
a) conducting a lubricating oil feedstock to a solvent extraction zone and
extracting the lubricating oil feedstock with an extraction solvent
under conditions effective at producing at least an aromatics-lean

raffinate solution containing extraction solvent;



b) renoving at |east a portion of the extraction
solvent fromthe aromatics-lean raffinate solution to
wee@dner3a raffinate feedstock; c¢) contacti ngp@TES2004/036110
raffinate feedstock with a stacked bed hydrotreating

catal yst systemin a reaction stage operated under
effective conditions to produce a hydrotreated

ef fl uent conprising at | east a gaseous product and a
hydrotreated raffinate; d) stripping the hydrotreated
effluent to renove at least a portion of the gaseous
product fromthe hydrotreatéh effluent to produce a
stripped raffinate; and e) sol vent dewaxi ng said
stripped raffinate under effective solvent dewaxing
condi tions thereby producing at |east a |ubricating
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viscosityindex of"80 to 120 froma |lube oil boiling
range f gaddtocdad Fhgdptmatskratiomgej ses: a) dewaxi ng a
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e) solvent dewaxing said stripped raffinate under effective solvent
dewaxing conditions thereby producing at least a lubricating oil
basestock characterized as a Group II basestock having 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.

[0009] In another embodiment of the instant invention, the lubricating oil

feedstock is a dewaxed oil.

[0010] Thus, yet another embodiment of the present invention is directed at a
process to prepare lubricating oil basestocks havingk a viscosity index of 80 to 120
from a lube oil boiling range feedstock. The process comprises:

a) dewaxing a lubricating oil feedstock under effective dewaxing
conditions thereby producing at least a dewaxed lubricating oil
feedstock; and

b) contacting the dewaxed lubricating oil feedstock with a stacked bed

hydrotreating catalyst system in a reaction stage operated under



-5 effective conditions thereby producing a
hydrotreated effluent conprising at |east gaseous
w@e@den3and a hydrotreated dewaxed | ubri catiPQI/o51004/036110
feedstock; and c) stripping the hydrotreated effl uent
to renove at |east a portion of the gaseous product
fromthe hydrotreated effluent thereby producing at
| east a lubricating oil basestock having a saturates
content of at least 90% a sulfur content of 0.03
w.%or less, and a viscosity index (VI) between 80
and 120. [00111 In yet anotter enbodi nent, the |ube
oil boiling range feedstock is an automatic
transm ssion fluid feedstock. [0012] In one enbodi ment
of the instant invention, the stacked bed
hydr ot r eatdcige cBhaHoHs HELS ProfiThig 6 by dRotfdaned cfidnt
second catalyst, the first tatalyst™ conprising a
convent i conapriding aolensiagdsequs ptoalugs sandahydrptesated devagred
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cat al ystlubuaptingeid Teedstegk; @8al  hydrotreati ng
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The present praqcess nvol ves hydrotreating a
| ubri catli’fﬁﬁ’eﬁﬂl%gf Oock with a stacked bed
hydrotreati ng WO 2005/ 047434 PCT/ US2004/ 036110 -6

[0011] In yet another embodiment, the lube oil boiling range feedstock is an

automatic transmission fluid feedstock.

[0012] 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

[0013] It should be noted that the terms "feedstock" and "feedstream" as used

herein are synonymous.

.[0014] The 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. The present process
involves hydrotreating a lubricating oil feedstock with a stacked bed hydrotreating



catal yst systemin a reaction stage operated under
effective conditions to produce a hydrotreated
we@bdosemnss conpri sing at | east a gaseous producPCHO084/036110

hydrotreated |lubricating oil feedstock. The

hydrotreated effluent is stripped to renove at |east a

portion of the gaseous product fromthe hydrotreated

ef fl uent thereby producing at Ileast a lubricating oil

basest ock having a saturates content of at |east 90%

a sulfur content of 0.03 wt.%or less, and a

viscosity index (VI) betweerf-80 and 120. In one

enbodi mrent of the instant invention, the lubricating

oil feedstock is a Ilubricating oil boiling range

raffinate. Wiile in another enbodi nent of the instant

' oI iBRstapatd Hhim@et effe@ivieadtaditieiecstproduce a
Cata}})sgygy%ﬂg%%e%%c:n%[%%&%@ﬁgg ,ungg{eberrbodi nment of tr?ei
hydiotehted efffueenconprisingpaniesstsogaseats peductand adydrotreated

| ubricating oil feedstock in _a solvent extraction zon

lubricatiog @ibfetidstasks Ther edrofrpatediefinerfus sHpped tp sg@ove Al feasta

portggrp?(p %:Iitchiei,?leggg pr o ufclt gﬁ%tn? @%y@%&g?ﬁﬁgﬁﬁ%&tgﬁ%reby producing at
leastz %%@ﬁ%ﬁﬁcﬁ{%&? S odK Hz{’i}(jfxg & AhRIREIceAtent 8RRt leabtf 908! £sulfur

hen renoved, “thus producing a raffinate

confeBe85 0K wt Iher léssf fndatvischeitd sidesk VI3 betwiencdeandl 20 In
a stacked bed hydrotreating catalyst systemin

one eedxidinrent péthe tstansimentioge thedubesetingor Serslstaciis 2 o
bt il GoDME P W G aGO TR pFaiens @18 it
. hyd af finate | | d

v L BORal BB B By SRR ol

| east a lubricating oil basestock characterized as a
G oup Il basestock having a saturates content of at
[001%ast THO% orre smbbdimerndriféhe instantonosntion imyvelves selyenhind

a viscosity index (VI) hetween 80 and 120. Also, Since,.
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learfi@Meinach solbtion & theg reidovedethss peadicing heaffnate feedstock. The

raff\ll\rlllattei1 fgedssttoac(i(ki%dcontacted with a stacked bed hydrotreating catalyst system in
a reaction stage operated under effective conditions to produce a hydrotreated
effluent comprising at least a gaseous product and a hydrotreated raffinate. The
hydrotreated raffinate is subsequently dewaxed under effective dewaxing
conditions thereby producing at least a lubricating oil basestock characterized as a
Group II basestock having 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. Also, since the
lubricating oil feedstock can be a dewaxed oil, one embodiment of the instant
invention is directed at dewaxing a lubricating oil feedstock under effective

dewaxing conditions thereby producing at least a dewaxed lubricating oil

feedstock. The dewaxed lubricating oil feedstock is then contacted with a stacked



WO 2005/ 047434 PCT/ US2004/ 036110 -7 bed hydrotreating
catal yst systemin a reaction stage operated under
we@bdosotisse conditions thereby produci ng a hydpOr/Dsab€aB6110
ef fl uent conprising at | east gaseous product and a
hydrotreat ed dewaxed | ubricating oil feedstock. The
hydrotreated effluent is then stripped to renove at
| east a portion of the gaseous product from the
hydrotreated effluent thereby producing at |east a
| ubricating oil basestock having a saturates content
of at |east 90% a sul fur coftent of 0.03 wt.% or
| ess, and a viscosity index (VI) between 80 and 120.
Lubricating G| Feedstocks [0016] Feedstocks suitable
for use in the present invention are wax-containing
f biys ihWieh6i@dn Heg®boberaddilignder effective
bedth?/g?écg%}?%gﬁahgslt gy %gloﬁ/olgilﬁ?{e?lél at F‘g% pgi nt greater
conditian sGhefebly3s3Mciagt aydretrdpiet refflgertatonnpridiag aBRast gaseous
426C), measured by ASTM D 86 _or ASTM 2887. Thesg
produss asydox kydusireatssl dewaxesdlubrisating ad fegdstaclyr Thehydrotreated
synt.hetic spurces, or _a mxture of the,two,
ofFIRGIH i hen SRIPDEAARSPROVE AL eS¢ BRIHeN Qibibe ERssoHs Ryofuct from
the hERTHATE ol Wherk B pRodIRiY Flenbi WO UAGAS of tapedck
havirf 4 sa@ir®s chfent aF biyleasl 9024} a sdldupa@ttent 6£0.03 wt.% or less, and
deasphalted oils, distillates, vacuumgas oils, coker
a vigesityi islex{VAY ketweoned) andd26. oi | s and the |ike,
dewaxed oils, automatic transm ssion fluid
f eedst ocks, and Fi scher-Tropsch waxes. Preferred
| ubrj.cati Il dstocks are those selected from
Lulln' #@Mi c transm ssion fluid feedstocks,
and dewaxed oils. Automatic transm ssion fluid
[00{6ATF Beclisoeks osikeblarfer haeda the presbatisentiés atwwargoataining
initial boiling point between 200C and 275C, and a 10%
feedt thait bo#tindhe pabmeatipgeeil engehtpicdydavams afldée distidlagion point

grea%[are tﬁgnpgg(?‘JPl %/345563} %11(1) anfe% B'Sltn? %¥§dter 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 gas oils, slack
waxes, foots oils and the like, dewaxed oils, automatic transmission fluid
feedstocks, and Fischer-Tropsch waxes. Preferred lubricating oil feedstocks are
those selected from raffinates, automatic transmission fluid feedstocks, and
dewaxed oils. 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.



WD 2005/ 047434 PCT/ US2004/ 036110 -8 [0017] These
f eedst ocks nmay al so have high contents of nitrogen-
wW@pessul4d4r - contam nants. Feeds contai ni ng upPCDUS2084/036110
wt . % of nitrogen, based on feed and up to 3.0 wt. % of
sul fur can be processed in the present process. Feeds
having a high wax content typically have high
vi scosity indexes of up to 200 or nore. Sul fur and
nitrogen contents nmay be neasured by standard ASTM
met hods D5453 and D4629, respectively. Sol vent
Extraction [0018] As nentloﬁ%d above, in one
enbodi mrent of the instant invention, the [lubricating
oil feedstock is a raffinate. In order to produce the
raf finate used herein, one of the above-defined
[001‘7xblr | PRl Be@itbck ERE ?ta‘l?ﬂﬁa\férlﬁ oBQoMess BRATAReadand e fur-
| vent extraction pfocess sel ectively dissolves the
cont@fafiBiisC Feedpeosnimng mpan 0.2mdRatofostrogerh besed ai feed and up
solution while |eaving the npre paraffinic ﬁ qulents
to 3.0rwt.bre of vakforean be prasgasadsinrthe @t@egbpl;ﬂqe%" ceds having 2 high

o SRR 5585 A D RIASEDF 5 €300 St
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resp8&iVé@gt i on tenperature and method of contacting
distillate to be extracted with solvent, one can
control the degree of separation between the extract
and raffinate phases. [0019] In the solvent

0 YASHOBr ocess, the | ube oil feedstocks are
subjected to solvent extracti on in a solvent

| [noﬁ{lt r a%s'lﬁgn @;Ebgi aldiel fif ﬁé’gﬂl%ﬁanﬁé'ﬂtrcﬁqhé Akt SIBverdion, the

be oIl range tock as defined above, is

lubrﬁ,%@{rfgcéﬁ (fedtls‘tdibkﬂis asevafffingtti on orderltu pnoduckhihe eraffirmod used herein,
solvent used herein is not critical and _can be any

one ebithe abovedefined fubricaiingsoil fredsiocksy areso ‘é@lﬁrﬁa@iaéted The
solvrcl,l)rll‘(c]I re%rgétki)grrl] %rg)crésg se E&'ix? y%lsts(())lxpe%r%hg Elgonrﬁatlc components in an
aromatics-rich extract solution while leaving the more paraffinic components in the
"aromatics-lean raffinate solution". Naphthenes are distributed between the extract
and raffinate phases. Typical solvents for solvent extraction include phenol,
furfural and N-methyl pyrrolidone. By controlling the solvent to oil ratio,
extraction temperature and method of contacting distillate to be extracted with
solvent, one can control the degree of separation between the extract and raffinate

phases.

[0019] In the solvent extraction process, the lube oil feedstocks are subjected to
solvent extraction in a solvent extraction zone. In the solvent extraction zone, a
lube oil boiling range feedstock as defined above, is contacted with an extraction
solvent. The extraction solvent used herein is not critical and can be any solvent
known that has an affinity for aromatic hydrocarbons in preference to non-aromatic

hydrocarbons. Non-limiting examples of such solvents include sulfolane, furfural,



hydr ocarbons. Non-limting exanples of such solvents
i ncl ude sul folane, furfural, WO 2005/047434
weERansE2804/ 036110 -9 phenol, and N nethyl pyrPeDUSINOSE36110
("NMP*). Furfural, phenol, and NWP are preferred,
with NVP being nore preferred. [00201 The contacting
of the lube oil boiling range feedstreamw th the
extraction sol vent can be acconplished by any suitable
sol vent extraction nethod. Non-limting exanples of
such include batch, sem -batch, or continuous. It is
preferred that the extractioh process be a continuous
process, and it is nore preferred that the continuous
process be operated in a counter-current fashion. In a
counter-current configuration, it is preferred that
e ﬁemgé. | ird BEVIPI'E eBgifi A POl HndddNTegre
phellﬁcﬂt%ﬁf e gitqg%ﬂcr)df)ﬁg%ﬂééﬁmongatgd cont ag?i ng zone or
prefe@edrwitadiMibsing mord preferred.an upwar d direction while
the extraction solvent is introduced at the top of
the tower and allowed to flow in a dowward directian,
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the lube oil boiling range feedstream is forced to pass counter-currently to the

extraction solvent resulting in the intimate contact between the extraction solvent
and the Iube oil boiling range feedstock. The extraction solvent and the lube oil

boiling range feedstream thus migrate to opposite ends of the contacting zone.

[0021] The contacting of the lube oil boiling range feedstream with the
extraction solvent produces at least an aromatics-lean raffinate solution, which
contains extraction solvent. The aromatics-lean raffinate solution is then treated to
remove at least a portion of the extraction solvent contained therein, thus producing
a raffinate feedstock. The removal of at least a portion of the extraction solvent can
be done by any means known in the art effective at separating at least a portion of
an extraction solvent frorr} an aromatics lean raffinate solution. Preferably the

raffinate feedstock is produced by separating at least a portion of the first extraction



an extraction solvent froman aromatics |ean raffinate
solution. Preferably the raffinate feedstock is
wEe@dnersd by separating at |east a portion of PEEUSINE036110

. —extraction WO 2005/ 047434 PCT/ US2004/ 036110 -10
solvent fromthe aromatics-lean raffinate solution in
a stripping or distillation tower. By at |east a
portion, it is nmeant that at |east 80 vol.%
preferably 90 vol.% nore preferably 95 vol.% based
on the aromatics-lean raffinate solution, of the
extraction solvent is renovéd fromthe aromatics-Iean
raffi nate solution. Modst preferably substantially all
of the extraction solvent is renoved. [0022] It should
be noted that the phrase "aromatics-lean raffinate

solvﬁfrﬂﬁhhg geeéﬁ&%%-léi@%mo%ﬁéh ihese or distillation

a stock™. The phrase "aronatics-I| ean
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of solvent extraction before the solvent has ?een
more erefesablyi 9 evolds basadeen the aromagisedear raghnatgsolution, of the
respectj ve phases. ., Thu "raffinate feedstock". as
extraeiian pekvenhis regqyed ff%n?‘h% a?%?ﬁlﬁé{eén 6?@%6‘53‘% S‘glﬁ%ﬁ' Mot
! f ' L&y t he
profefiBly sfpREhfiuY Al qrie cRBadtift s RO Raof L P ovea
Hydrotreating [0023] It should be noted that the term
"hydrotreating" as used herein refers to processes
[0022]er eltrshauly be agéad thehthei plirase 'farrematlg&_éeansraﬁféw?ﬁﬁmtm I8
not REnarogness W el lEeR ToRHEE BRoats, 1DgBhrEe ardmatios-lean
ul fur, .and.nitr n ' '
roF! Y I BE orE RESHGP By S0 BER i ore
soldeﬂphi& g&%ﬁ‘ gerBbbed @0 giPtledicr shysped, TRdh € Wspbetdve phases.
st acke ed hydrotreating catalyst systemin a
Thuseaffinatesfeadeodpt matised hewbin, refdre te thearafimate prodict aftgr at
produce a hydrotreated effluent conprjsing at. .| east 8 o
leasgagostionwfsheselvanticentampd in the Mrematgsieaiuratfigats;splution

Ebeedst ock. dIf the lubricating oil feedstock is a
has bgpi frOYed-

Hydrotreating

[0023] 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. In the practice of the present
invention, the lubricating oil feedstock is hydrotreated with a stacked bed
hydrotreating catalyst system in a reaction stage operated under effective conditions
to produce a hydrotreated effluent comprising at least a gaseous product and a
hydrotreated lubricating oil feedstock. If the lubricating oil feedstock is a raffinate,
then the hydrotreating step or stage occurs after solvent extraction. If the
lubricating oil feedstock is a dewaxed oil, then the hydrotreating step or stage

occurs after a dewaxing.



then the hydrotreating step or stage occurs after
sol vent extraction. If the lubricating oil feedstock
w0 2008/0¢@pexed oil, then the hydrotreati ng stepPOr/US1084€36110

occurs after a dewaxi ng. WD 2005/ 047434

PCT/ US2004/ 036110 -11 [0024] The catal yst system used

herein conprises at least a first and second

hydrotreating catal yst. By "stacked bed" it is neant

that the first catal yst appears in a separate

catal yst bed, reactor, or reaction zone, and the

second hydrotreating catarkkt appears in a separate

catal yst bed, reactor, or reaction zone downstream in

relation to the flow of the lubricating oil feedstock,

fromthe first catalyst. [0025] The first

hydrotreating catalyst is a supported catal yst.

Suitable hydrotreating catalysts for use as the first
[002d4t alBist candlys heysperasmsed hesginlopmprisgs ebkaast aérsfgadsggond

conventi onal hydrotreatj.ng, .catalyst.. Co t] onal .
hyduopentivg salelit Fatargiad bR JLisdnkahtahat e THebcRtalyst appears in
refer t.ho whi.ch ar ' .
a seiipipaflynt SRh PR R PafRIPAURS @ InddsdofiydRiFearing
' red@icaioheNlowisstigam, i
conf LA b Coep it sl et il onMovandan, i
relatidrefethalow M6, the huleridutoly cilifdedstocky frams theplrst catalyst.

material, preferably alumna. The Goup VIII netal is
typically present in an anmount ranging from2 to 20

. % f bly f 12% I
00331} Ty ik Ry rateaiBeatehRn iz bunbisfi el SRR, o
f
D B S T
inclB& & Etenvhtional ﬁgﬂﬂﬂfdalinﬁyza’tamst. Cgpentionalehydratreatireg

the percents are based on the weight of the support.
catalot as exethipirein is mepnt wusirto thesewhisharegemptseg of gk lgast one
Gronm st e B b FEL o 4 TR B, and
moslrt] ﬁtgefgtag)\% &E‘,"fﬁa LoNakt SYSCRbES #T Atal Prefey 1§ NiblahtiW, 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.

[0026] 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



described criteria are suitable for use in the present
i nvention. The inventors hereof have unexpectedly
wo cwad4 4Bt t he average pore di aneter of the fPEBHUS2004/036110

- catalyst nust have a specific size to be suitable for

use herein. Thus, in the practice of the WO

2005/ 047434 PCT/ US2004/ 036110 -12 present invention,

a conventional catalyst, as described above, but

havi ng an average pore dianeter greater than 10 nm

as neasured by water adsorptjion porosinmetry, nust be

used as the first catalyst'é?‘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
preseheikEatiNE R SahwdntionabysthBist,be degeriiécabdvegbul having an

nore preferably greater than 12 nm [0027] The second
avefaged pote diatrieher grentirthan 1§ nan s measyred by avateyadsorgjon

bulk nmetal, it is apt thai

IR RCAEN: T W M I —

co ise 30 -.10 9 .
oy e e IO a7 Brd ARSI RS, M, e e
con@é}ﬁfoglaf’ﬁy(‘llja%éa@& |cangiyahbf e presertbtdckedtbridystalyst system be

particles, calcullated” as netal oxides and wherein the
gredied thaa 41 alny,sinqrapréfetady lgreatenthanrlaus. area of at

| east 10 nR/g. It is furthernore preferred that the

bul k metal hydrotreating catal ysts used herein

nprise 50 tp 100 W ..% an f I
[002F 1 oBhGsecond by fg{reﬁfélaépgtgfyﬁg%gﬁ{ ﬁe?ﬁﬁ:&ﬁaﬁlﬁ%dég%@dk metal,
it i ! 1y phitr]
i 1 Ll 94} SO RN Burmirle o ka pr il
confptisds9. - Miewarmwitat tdast Ghe Growp B/ TahoorGnoble Metal and at least one
non- nobl e netals can easily be determ ned_ VIB

GroupW EDmetqlooasid authe iosalavight ebhsdmlkicaidy dprpiicles.sglculated
TN, (T A
o 85570 5 AL e 4 e Bhmel yaraing catlyts
used M8rein 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.

[0028] 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



bul k catal yst particles is maintained during use. The

molar ratio of Goup VIBto Goup VIII non-noble
woredoalsg74sanges generally from10:1 - 1:10 and PCT/US2004/036110

preferably from 3:1 - 1:3. In the case of a

core-shell structured particle, these ratios of course

apply to the netals contained in the shell. If nore

than one G oup VIB netal is contained WO 2005/ 047434

PCT/ US2004/ 036110 -13 in the bulk catalyst particles,

the ratio of the different Goup VIB netals is

generally not critical. Thel3anme hol ds when nore than

one G-oup VIII non-noble netal is applied. In the

case where nol ybdenum and tungsten are present as

Goup VIB netals, the nol ybenumtungsten ratio
in t}%@&lﬁrcaalystlpa%ﬁcle@, thegatigp@ehediffrant Gidup VPBehemabky

the Group VI'Il non-noble nmetal conprises nickel and/or
gene@liglriot ctitichk Theistmehopdsewhen sabrefthan phe GEoup ¥ N gon-noble

nmetal conprises a conbi nat of no %ﬁbdenum and
metelisgppbed. M dheeass \yhen@dﬁgiy%gpnw ngsten are present as Group

VI]{%}%E{&%#&% %ggﬁﬁ%@ﬁ éttgﬁ Eatiélgreferably lies in the range of 9:1 -1:9.

Pref{&ﬁhﬁ Itﬁe‘? @?@ﬁle% Ryt ¥E4SRBIE HERI ShRiprives nitd@d and/d@eBbalt. It is
ypes of precipitates appear to be sinter-resistant.

furthbwisrefdrial that ilveGeoup 3B mewh comprrises proenitphatateof s

remai ned during use. The netals are preferably
molybdemim aad tangsten. Bwfpabhy sosibiasionscef r espondi ng

i Sl e S BRI BERPER 5
eSS Ay E S AR P LR s s

be sittef-26@stanteaTRiis, ahe heawd siaPardeirga afithepreeipitaté e whhained
of at least 100 n2/g. It is also desired that the

durpgreses i Bhe miettls abapieerably piesenfiasioxigicaomgaimsisiaidhe ng
corégﬁ%ﬁffg zlpfgglq? 5(,))8 Erg{h:egg%aﬁ%é ctolgli%c%patg@q g_?;’s &gq.erbquﬁdgé, sulfidic
corfiuaS g B AFS RS SR e of 0. 0 - 8 /g, more
preferably of 0.1 - 4 m/g, still
[0029] Itisalso 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 pn. Even more



nore preferably of 0.1 - 3 m/g and nost preferably
0.1 - 2 mM/g determned by nitrogen adsorption.
woe@besab y, pores smaller than 1 nm are not pPERESL1004/036110
. Furthernore these bul k nmetal hydrotreating catal ysts
preferably have a nedian dianmeter of at |east 50 nm
nore preferably at |east 100 run, and preferably not
nore than 5000 m and nore preferably not nore than
3000 n. Even nmore WD 2005/ 047434 PCT/ US2004/ 036110
-14 preferably, the nmedian particle dianmeter lies in
the range of 0.1 - 50 m and 4rost preferably in the
range of 0 5 - 50 m [0030] The reaction stage
cont ai ni ng the stacked bed hydrotreating catal yst
systemused in the present invention can be conprised

prefg%(‘tz)ﬁﬂ glgg\flx\}]eﬁgc{glepefﬂtf&?@' d@skter BE&CHOMhS r@hgd 60111 050 gaN&sd most

can conprise one or noré catal yst beds

prefefably etheamReosf diF f so@my. catal yst. Al though ot her
types of catal yst beds can be used, fixed beds are

preferred. Such other types of catal yst beds include
an

fluidized beds, ebullating, beds lur.r eds, . and
[003vi Hisestion HegeGasaIAe Seke R IO T R alys
reactqrs,, reaction_zones, C t '
systpiaied i hasiaear muannop ga8 b ERE R R R hm3fiedoed
reao%ﬁjs%g%é(ﬁ&n%ﬁeé 248h B 3fich 2 cOhpirisB ondlotmbleatdlst beds of
the desulturization reaction are generally exothernic.
the srR@bt Hidfereit dakd yoeahlthgege odierdypes ofheathlydt ogdseanibegused,

can be recovered. Wiere this heat recovery optipon._. i
fixed dredaaed preferecd. cOHok mh%mematﬂgswswlﬁéﬁffg&l%ea beds,

ebulting Brds Rygdis andinSrngarage As e MR e
bet\%(rgénsrea%[]{] GLactidh! %(??ﬁ%‘d 519 thggéléfi AP 1RddTiR $hé 8O feactor, can

fe easil’y main The”catal yst system of
be e]‘crﬁiﬂo EE5R0E shik Sletiasanannion sas tdedSlavglantbaléfin katuration and
iTs

catalyst with the second catal yst conprising the
the deswfuritation peastiompiueygen@raly exashemgichok Popies af ﬁ]@ﬂ}ﬁag
genfer%tesdodl\llr?rllg i){gldr-lc;ir:]rlé%’tinigfcatn % r%%ct)\%r\éa.t \ﬁﬁgﬁeetﬁllscl?e% Erei:cso(%/%:rys3 8ption
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.

[0031] 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.

[0032] 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).



vol . % of the first catal yst, the second catal yst wl|
conprise 50 vol.%al so. [0032] Effective hydrotreating
w@omvdiosidans i ncl ude tenperatures of from 150 tRCT/USDEH036110
. — 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 1780 nB/ nB (500
to 10000 scf/B). WD 2005/047434 PCT/ US2004/ 036110 -15
[0033] As stated above, the contacting of the |ube oil
boi I i ng range feedstock wit¥r the stacked bed
hydrotreating catal yst system produces a hydrotreated
effluent conprising at | east a gaseous product and a
hydrotreated lubricating oil feedstock. The
hydrotreated effluent is stripped to renbve at |east a
portion of the gaseous product fromthe hydrotreated
[0033]f | ukBttatdibaledne, the dowiacgngof thedsbe @il bailing aengeyfesidstock
basest ock The neans used herein to str.i

’ th
witthiperstacked bed lerdrotieating satabyst SYSIEmAEdueEs 3 ﬁ@fﬁ#@%@é{efﬂum
i nventiqn.  Thus, any_siri ppi .
corpBe ot roivent® Dbt BRAAGH RO e ARG De §f focdstock
' RG] refBPB %t 1cH3Ela PHAKASEEH s
Theislﬁ)g% ﬁ@%ﬁ?fgg%@ﬁtgﬁgﬂﬁaﬁé ggté irglﬁg? ors, kn%? k-out dr S ﬁgrsa’se.ou _
prodilce &ors tthe PRidigtresttd eftNidretthersby ipppduting ahkeastd hibmmating oil
is referred to as_a stripped raffinate ggr in. . "
basddtevkx i Hae meaos apedibersin o st the Mydrotsenied egfht%la fisef; critical to
of the present.inventiqgn involves , dewaxi n
e Psb RGPS, FORSoRO GBS, SRR T feans known can o
Uki Al | : £ on _ o 4
ol R TR, S AR @y Ea e, nd rocesss
inclA€ flREe 8RThs | Ry@Haecrs, keodkplndeths, tdaubstripping)gtoi After
feedstock, as described above, is dewaxed, either
strippEing) theirattinate dx refetirod to as a stripmeduedlinaty besied
| ubricating oil feedstock, also referred to as a
dewaxed oil herein. The dewaxed | ubricating oil
D fealgst ock is subsequently hydrotreated as descri bed
EVEINIE t 0 produce a hydrotreated ef fl uent

[0034]  As previously mentioned, embodiment of the present invention involves
dewaxing a lubricating oil feedstock to be used as the lubricating oil feedstream for
use in the hydrotreating reaction stage. If this embodiment of the present invention
is employed, a lubricating oil feedstock, as described above, is dewaxed, either
cat\alytically or solvent, to produce a dewaxed lubricating oil feedstock, also
referred to as a dewaxed oil herein. The dewaxed lubricating oil feedstock is
subsequently hydrotreated as described above to produce a hydrotreated effluent
comprising at least a gaseous product and a hydrotreated lubricating oil feedstock,
which is subsequently stripped in a stripping zone. This process also produces a
thereby producing at least a lubricating oil basestock characterized as a lubricating
oil basestock meeting API requirements for Group II basestocks as described

above, including preferred ranges.



conprising at | east a gaseous product and a
hydrotreated |l ubricating oil feedstock, which is
wGauseguant |y stripped in a stripping zone. ThPGI/US2004/036110

- - process also produces a thereby producing at |east a

| ubricating oil basestock characterized as a

lLlubricating oil basestock neeting APl requirenents

for Goup Il basestocks as described above, including

preferred ranges. WO 2005/ 047434 PCT/ US2004/ 036110

-16 [00351 Al so, as previously stated, one enbodi nent

of the present invention i slédirected at an i ntegrated

process involving sol vent extraction, as described

above, hydrotreating, as described above, followed by

optional stripping and dewaxing. If this process is

| oy R4, IPkted sshel sthbodigiedt ofthsprdspmsiglvention is

[0&$ﬂpff%§%éa%Pﬁ§?¥?8§ing i s enpl oyed, is_degaxed under
direefiefle tih integeated proges s mavaliv omgssal entexyraptionyas degcribed above,

| east a lubricating oi asest ock characterjzed a

hyd@teaging) a%é@égbmbgﬁajefo?lombx antl@&flrsalmmg@étds%??#@g- If
. (API) [ API [ A . o

is i BEREbRERLbE AR A BBt Sl SlnBi b grvping

is e@@%@gﬂf fsg#éé%@%g%&ﬁ.% @10t datvaxliRA&indidhs ﬁleié’dn}f d%i&)ducing at

% or |less, and a viscosity i

least ¥bieitigeasil b&lstant dRactbAREbas AGiroty Ak badestomkveder
dewaxi ng and catal ytic dewaxi ng known can be used. in
AmetieareRetwalieneninstiote (AP reguremeniy.e M srqeirampeisdar Group 1T

bastgndislichidn s ShiAaNs arTht bR G R s qnggprgr
e 95 Ay SRR DN YRG0, ARLEFDRTRLBA (1D brven
80 a4 efd.ective anmount of any suitabl e dewaxi ng solvent

may be used, for exanple, between 50 and 700 vol . %
solvent to oil ratio, nost preferably between 100 and

| . % sol [ ' . -
[003?60]0 Y y t°y1‘§’é° o¥ go%ertxtodg\;vlax{n%tz{n% C'B?leﬁc‘? d%%v%gcmgl\gﬂown can be used
in the embodiments of the present invention disclosed herein. Below are non-
limiting examples of both solvent dewaxing and catalytic dewaxing steps suitable

for use in the present invention as contemplated herein.

Solvent Dewaxing

[0037] In solvent-dewaxing, an effective amount of any suitable dewaxing
solvent may be used, for example, between 50 and 700 vol.% solvent to oil ratio,
most preferably between 100 and 500 vol.% solvent to oil ratio may be used. Non-
limiting examples of suitable dewaxing solvents include methyl ethyl ketone
("MEK") and methyl isobutyl ketone ("MIBK"). Preferred dewaxing solvents
include a mixture of MEK and MIBK, preferred are those mixtures containing 30

vol.% MEK, based on the total volume of the solvent.



limting exanples of suitable dewaxing solvents
i ncl ude nethyl ethyl ketone ("MEK") and net hyl
WO s@boi B4 ket one ("M BK"). Preferred dewaxi ng BOI/US200£036110
include a m xture of MEK and M BK, preferred are those
- m xtures containing 30 vol.% MEK, based on the total
vol unme of the solvent. WO 2005/ 047434
PCT/ US2004/ 036110 -17 [0038] Effective sol vent
dewaxi ng conditions as used herein include any sol vent
dewaxi ng conditions known in_the art, and are those
condi ti ons chosen to maxi ni2& the perfornance of the
dewaxi ng sol vent chosen. Catal ytic Dewaxi ng - Dewaxi ng
Catal yst [00391 The dewaxi ng catal yst nmay be either
crystalline or anorphous. Crystalline materials are

[0038]! ecEffastive Ieent dewaxiapicanditiinslasastd deeeid @ncdndd 2ny solvent
ring channel and may be based on al umi nosilicates
dewx g danditjorsrkoowalinithaapheubirstthese exnditigns chosen to maximize

silicoal um nopho hat es and MAPCs. Zeolites

the perdermance 05)@}%&? &g %‘%lg’ﬁérﬁ%&?ﬁ contain at |east one
10 or 12 channel. Exanpl es of such zeolites include
ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 57, ferrierite,

Cath@icdBewa 5P sk dthlysexanpl es of _
'_aﬁ%l‘mﬁlﬂw_rosp ates con% aining at |least one 10 ring

channel include ECR-42. Exanpl es of nolecul ar sieves
[0039]nt aThé dewaging m;aly@hmwéaeselthe@ |cwéa1i1@@|qrta@m@hal,l&and
MCM 68. The nol ecu si eves SCri

Crypigtlmermagsrigls, aresmy u@g@le\@s ain @tg t 939 1t 12 ring

chawte%L g%gy lag?%?é%éﬁ lumﬁggﬁﬁ% feb z&@ﬁﬁ%ﬂg&éﬁ %Lgﬁﬁlophosphates

sucﬁ/%@ﬂl%oél'ﬂl%lha%é%@t (733@130 kpaed MAPOS. mddlliteshed for
applications WO 0078677. ECR-42 is

oxygesatt aeathnént rddy GoReHn a8kasSune 4 loe IQAMneb rEmples of such

zeogt?ﬁgt%ﬁuég %gﬁg;zgs %(1}-‘&4«1%% APO 3 231\@ ]53|> lsﬂte ITQ-13,

MC@? ﬁﬁ@(yﬁt 7% aﬁ‘ixamp Eg 6F alhﬂﬁnXpﬂgs%%a{E%rc%n@ammg at least one

10 ring channel include ECR-42. Examples of molecular sieves containing 12 ring
channels include zeolite beta, and MCM-68. The molecular sieves are described in
U.S. Patent Numbers 5,246,566; 5,282,958; 4,975,177, 4,397,827, 4,585,747,
5,075,269; and 4,440,871. MCM-68 is described in US Patent No. 6,310,265.
MCM-71 and ITQ-13 are described in PCT published applications WO 0242207
and WO 0078677. ECR-42 is disclosed in US 6,303,534. Suitable SAPOs for use
herein include SAPO-11, SAPO-31, SAPO-41, and suitable MAPOs include
MAPO-11. SSZ-31 is also a catalyst that can be effectively used herein. Preferred
catalysts include ZSM-48, ZSM-22 and ZSM-23. Especially preferred is ZSM-48.
The molecular sieves are preferably in the hydrogen form. Reduction can occur in

situ during the dewaxing step itself or can occur ex situ in another vessel.

[0040] Amorphous dewaxiﬁg catalysts include alumina, fluorided alumina,

silica-alumina, fluorided silica-alumina and silica-alumina doped with Group IIIB



catal ysts include ZSM 48, ZSM 22 and ZSM 23.
Especially preferred is ZSM48. The nol ecul ar si eves
wae@spsaserably in the hydrogen form Reducti oPCT/ES2004/036110
- —occur in situ-during the dewaxing step itself or can
occur ex situ in another vessel. [0040] Anorphous
dewaxi ng catal ysts include alum na, fluorided alum na,
silica-alumna, fluorided silica-alumna and
silica-alum na doped with Goup I11B WD 2005/ 047434
PCT/ US2004/ 036110 -18 netals. Such catal ysts are
descri bed for exanple in usl®at ent Nos. 4,900, 707 and
6, 383, 366. The dewaxi ng catal ysts used herein are
bi functional, i.e., they are |loaded with at |east one
net al hydrogenati on conponent, which is selected from

met%osﬁcﬁ/batﬁgls% fire @s@ﬂbe&ﬂfd)ﬂ exhplesn U8 Patext Was 4,900,707 and
ereof. Preferred netals are 'selected from G oup

6,389|366. Mitiadewatmpesitaybty usedheraie areabﬁu@twml,\m Jthﬁwlr@
metals such as Pt, 8 or m.xtures thereaf... These df
10adnétv\ﬁﬂsafa1ﬁés'ﬁl enmmetalhydFREenatian goraoneqh vgich g Sescted from

cro A P A R 10, PRt
seleGiel $m Wou g B4 et dls, ?Ek%eblﬁﬂblﬁéfefrﬁfd A% T@oup VI noble metals

exchange and | npregnat usi hg deconposabl e net al
sucls& P§ Pd\itralxtdiesbesiofn Theee hrtajs ase kraded at thoymsite of O 1 to 30
part| cle size control techni ques are descrj bed in

wi.%0baset onatalysReCarhest prenasaien §n‘3\m9¥a]slﬁﬁ1ilngﬁﬁl3’ih°@§ are

deo S, B Sue be ) SPS0 ) 238 708 L e bt

exc]{i)a{ :%%eaﬁ {lﬁ'{ﬁég@#?%rhﬁ@hg iﬂg@& §§61§ tathl $eltshiMbtal dispersion

era oyed under dewaxing
teclﬁﬂ{if@stahﬁft&tdlysﬁ parbick dizaceites! Wehwiyhegjarcadeatsibed or UbaRatent
bi nderl ess (self bound). The binder materials a
No. lssz&z 958 i Casnlpests withxanarlbpattisie sige angiveell-d bﬂp@meaaneta are
silica- alum nas, binary conbinations of silicas with
prefg§ttedr metal oxi des such as titani a, nmagnesia, thoria,

zirconia and the like and tertiary conbi nations of
t hese oxi des

[0041] The molecular sieves are typically composited with binder materials
which are resistant to high temperatures which may be employed under dewaxing
conditions to form a finished dewaxing catalyst or may be bindetless (self bound).
The binder materials are usually inorganic oxides such as silica, alumina, silica-
aluminas, binary combinations of silicas with other metal oxides such as titania,
magnesia, thoria, zirconia and the like and tertiary combinations of these oxides
such as silica-alumina -thoria and silica-alumina magnesia. The amount of
molecular sieve in the finished dewaxing catalyst is from 10 to 100, preferably 35
to 100 wt.%, based on catalyst. Such catalysts are formed by methods such spray
drying, extrusion and the like. The dewaxing catalyst may be used in the sulfided

or unsulfided form, and is preferably in the sulfided form.



such as silica-alumna -thoria and silica-al um na
magnesi a. The anmount of nolecular sieve in the
w0 povsekmEe4 dewaxi ng catalyst is from 10 to 100, PCT/US2004/036110
- preferably 35 to 100 wt.% based on catal yst. Such
catal ysts are formed by nmethods such spray drying,
extrusion and the |like. The dewaxi ng catal yst nay be
used in the sulfided or unsulfided form and is
preferably in the sulfided form WD 2005/047434
PCT/ US2004/ 036110 -19 [0042] Effective catalytic
dewaxi ng condi tions as usedl%rer ei n i ncl udes
tenperatures of from 250 - 400C, preferably 275 to
350C, pressures of from791 to 20786 kPa (100 to 3000
psig), preferably 1480 to 17339 kPa (200 to 2500
19) Hexva3Rae Bondition ki ﬁﬁe@ﬁeﬂeirﬂfﬁo@udest 0
[0@%% Eﬂ%&%ﬁg%gﬁgﬁyy 1to5 hr-1 and 6¥ rogen treat
temp@aturad efrbmals 04—54(D0°Cll J@eferaBlynd7 X R685Q°€, poexsorascdEyom 791

to 2D TH0 30,3000 e SEéfE%@ v 4480 Fedvdd KB 4209 1 2500 psio)

liquih RSy S alaciE of BRI Oyt YO R o Pefeb s B R L S apd
hydﬁ{%%necﬁéé@gﬁé’ra@&‘ £l | 48 16 qq%d o eY56 85116000 ) SETB), {ipheferably 89

pirit o i nvention. [0044]

to 890Id13¢ﬂf(ﬁooemaﬂﬁﬂ0@sf)ﬂB)l illustrate the inproved
ef fectiveness of the present invention, but is not
meant to limt the present invention in any fashion.

R S R o e o
pres% ? ﬁf\%ﬁﬁs sys?ge élﬁgftelaiig'fgé aft! \Jvﬂf %e%bgﬁfze%ﬁr othBF &8bodiments

psi g ogen parti al

thatir€ SgH418; eff@Riveaioall ¥ Ye @a&ieﬁn&r @Bﬂ‘yﬁ@bﬂttha gpirit of this
condi'tions are given in Table 2. Catalyst Bis a

invendionent i onal hydrotreating catalyst having 4.5 wt. %

[0044]  The following exarmples will illustrate the improved effectiveness of the

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

EXAMPLES

EXAMPLE 1

[0045] A medium 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.



Goup VI netal, 23 w.% G oup VIII
support and has an

metal on an al um na
average pore size of 14.0 nm The
wheiok/osmmsal hydrotreating catal yst was a comeeTUS1004/036110
bul k metal hydrotreating catal yst marketed under the
name Nebul a by Akzo-Nobel. WO 2005/ 047434
PCT/ US2004/ 036110 -20 [0046] In the Exanples, all 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 vol une
activities between the catal@sts. TABLE 1 Medi um
Vacuum Gas G| Density at 70C /ec 0.88 -Nitrogen
(wppm) 700 Sulfur (wt.%9 2.6 GCD 5 W% Boi li ng Poi nt
C 334 GCD 50 W% Boiling Point C 441 GCD 95 W%
Boiling Point C 531 TABLE 2 50 vol.% Catalyst B 100
vol . % 100 vol . % followed by Catalyst System Catal yst
[0043_}N8t1i:1|t13e Exathples,.ah thelvatAyst siwtensgeealizgd/eut 870 on
370 Tenperature ('Q Liquid Hourly. Space 2 % ]I
streaviel @cfirsy ofder kinetic model with an activation energy of 3 ,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

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

[0047]

The Nitrogen Removal Relative Volume Activity ("RVA") for each

catalyst system was calculated by simple first order kinetic modeling. As shown in




Stripped reactor 227 17 34 Effluent Nitrogen Content
w m N trogen Renoval 1 1.18 1.34 Relative Vol une
WaeeHswi4g4 [ 0047] The Nitrogen Renpval Rel ati vRCNUOB2008036110
Activity ("RVA") for each catalyst system was
cal cul ated by sinple first order kinetic nodeling. As
shown in WO 2005/ 047434 PCT/ US2004/ 036110 -21 Table
2, the 50/50 vol.% stacked bed catal yst system wth
the | arge average pore size Catal yst B upstream of
the bulk nmetal catalyst, showed higher nitrogen
renoval activity than eit heglof the si ngl e catal yst
systens denonstrated on their own. EXAMPLE 2 [0048]
The hydrotreating ability of different stacked beds of
Catalyst B and Nebula were analyzed by hydrotreating
Tabf 3 TRE %@ﬁo‘ fﬁd’/%ts"tﬁéf@i BeEEathRBt @Meﬁllﬂ%% larige atVBﬁlglefpore
WO para reactor trains of the same isothernal
sizefCdtalyspBapstreaito fithedulk méabegblyst, shbwed. hlg"lhmr mtrogen
, feedstreans used were Medi um e Ol s( % 8
remamalrEG vilyi thampither ehthy %ﬂglﬁrﬁ?@tgl/m %Eﬁﬁn%d%lpﬁ trated on their
feedstock were tested in two parallel reactor trains.
OWOrhe feed properties are described in Table 3, bel ow
[0049] In this Exanple, one reactor train consisted
entirely of a conventional N M on Al um na
EXAMPPIE 2ating catal yst, Catalyst C, with an average
pore draneter of 7.5 nm The other reactor train
contai ned a stacked bhed systemw th_ 75-vol 0, Of
[0048} al ¥he hczdrcxﬁlreatmgolakbixtszgg disferent stackedihads of ff@talé(stb% pd

Nebm'fa were anallllylzgd 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.

[0049] In this Example, one reactor train consisted entirely of a conventional
NiMo on Alumina hydrotreating catalyst, Catalyst C, with an average pore
diameter of 7.5 nm. The other reactor train contained a stacked bed system with
75-vol. % of Catalyst C followed by 25-vol. % of Catalyst A, a bulk muitimetallic

sulfide catalyst having an average pore diameter of 5.5 nm.

[0050] 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



sul fide catal yst having an average pore di aneter of

5.5 nm [0050] The separate reactors in both trains
wowres/osmser sed in a fluidized sandbath for efPCTUS24/036110

heat transfer. Thus, the tenperature of the first

75-vol. % of Catalyst C was at the sane tenperature

whether it was in train 1 or 2. Likewse, the |ast

25-vol. % of Catalyst Cin train 1 was at the sane

tenperature as the last 25-vol. %of Catalyst Ain

train 2. Therefore, In Exanple 2, each of the two

reactor trains was divided 14t o two separate reactor

vessel s where the tenperature WO 2005/ 047434

PCT/ US2004/ 036110 -22 of the first 75-vol une%

containing 75 vol.% of the catal yst | oadi ng of that

N ' by of @Rt daglly &dohdiag dffiRat reactor

Oftﬁggt?g%\\/’g ung/ogfocﬁtﬂggﬁ?ggt& /(%/(())%51] Thz oper a?i ng
couldbd iihdgremdently cbatrbiled from tse last 25-18hGneSs of e@alyst.

liquid hourly space velocities ("LHSV') of 1.4

vol ./ hr/vol., and 5500-6300 SCF/ B of hydrogen. The

o0 TR 8% 5o hgad 366 R L i

ho%%F%%#?%%% 1&.1?15%17. 0 Hydrogen, w.% of
hydlﬂ@%éﬁ The WmBeratui®. ehed el fbtibothvtraits 3 @&cBibed i TaBle 4 below.
4.40 N trogen, ppm 959 1153 1485 1573
Aromatics-Mono, Wt.%- - 12.0 8.8 Aromatics-D, w.%

- - 43.9 41.7 Aronatics_JnglﬁtE%'%_ - 22.4 30.7

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.% - - 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
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




Distillation, D2887 GCD 10 498 493 485 493 50 627 625
618 642 90 703 705 706 749 95 726 721 724 777 TABLE
wal2@ays74en O | Feedst ock 75% 25% Tenper at ur es, PET/UL2064/036110

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 WD 2005/ 047434 PCT/ US2004/ 036110 -23

[ 0052] The relative HDN volunme activity of the stacked
bed Catal yst C/ Catalyst A conpared to Catalyst Ais
shown in the figure below. Note that for the 50% 67%
and 100% FCC MCO f eeds the stlacked bed systemw th
only 25-volune % of Catalyst A shows a stable
activity advantage of 275% [0053] As shown in the

Fi gure, when the 100% Heavy FCC MCO was used as the
feed note the activity advantage for the stacked bed
catal yst system containing begins to decrease from
275% to 225% and then was subsequently reduced over 20

OB St Gmunt ot o S o kel g
75 %0 Cat al. B 9 o

A e S A e Bu e APl ddr Mo bugssurs

67%?%11(?1@)0%@@%8%[6@ ees)th@ B cRed'BAY bfteiBlith BhBY 25 &olifthe % of

eed ("
Catalyst A shows a stable activity advantage of 275%.

[0053]  As shown in the Figure, when the 100% Heavy FCC MCO was used as
the feed note the activity advantage for the stacked bed catalyst system containing
begins to decrease from 275% to 225% and then was subsequently reduced over 20

days to slightly less than 150%.

EXAMPLE 3

[0054] 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 H,, liquid hourly space velocities of 2

vol./hr/vol., and 5000 SCF/B of hydrogen.

[0055]  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.



B") as described in Table 5 bel ow. Exanple 2 was
conducted in the sane two reactor train pilot plant
wa@rios/osm34gdescri bed i n Exanpl e 2 above. The opePElL/UszP04/036110
conditions for the two trains were 1200 psig H2,
l'iquid hourly space velocities of 2 vol./hr/vol., and
5000 SCF/ B of hydrogen. [0055] The reactor effluents
were stripped with nitrogen in an oven at 100C to
renmove substantially all of the gaseous reaction
products. The nitrogen content of the liquid reactor
ef fl uent was then anal yzed bVLASTNI4629. The
tenperature schedules for both trains along with the
results of this exanple are described in Table 5
bel ow. WD 2005/ 047434 PCT/ US2004/ 036110 -24 TABLE 5
FEED Feed A Feed B APl CGraBrLg .973 0.9 Sul fur,
W.%2.6 2.50 N trogen, ppm 713 742 Distillation,
D2887 GCD 5 427 448 50 551 590 95 707 755 EP 764
823 Catalyst B Tenperature 0 617 Nebul a
E!ﬂﬂ@perature 645 692 Strippeiéﬂgditor Eff | uent FeedB
Ni trogen Content 2 7

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

[0056]  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 Rel ative Volune Activity 1.75 1.75
[ 00561 As can be seen in Table 5, when a conventi onal
W@ 2008/0y=84 havi ng an average pore di ameter of RAI/N00EE36110
used in the first 75 vol.% of the reactor, the
Ni trogen Renoval Relative Volunme Activity ("RVA") for
the catal yst system renmi ned constant when the
heavi er 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 pore volune of 7.5 nm
preceded the bul k netal cat at 'st, the RVA of the
catal yst system decreased. However, in Exanple 3, the
heavi er feed did not negatively inpact the RVA of the
catal yst system WO 2005/047434 PCT/ US2004/ 036110
CELATMSIAIMS: 1. A process to prepare lubricating oil
basest ocks having a VI of at least 80 to 120 froma
| ube oil boiling range, feedstock conprising: §81)
L ext ia®ro6egs o PWFQ:BSQTWQU% pilhasestedesihavinga 3! afatdeast 80 to

ti W th { tion | t d
R PR g R SRR U
ar orggt ! P%Xltt%@fin%%‘clﬁblg%{tﬁl Gl elieid ok M b AN extraction zone with
extraction sol vent; reémoving at | east & port;on of

t he extr amtéxaracsioh\sehment nadertdoaditiymeraifactise heproducing at least
raffinate solution to produce a raffinate feedstock;
c) cont acH agmakies-ledrf iafnae Sekitioneoktaining extwctiok sdlvent;

I e e

t H . i j i -
e it -
at Icyast cant@eingabe raff@diecteeditoclawithdd stheleat 8l hydrotreating

raffinate; and
catalyst system comprising at least a first and second hydrotreating
catalyst in a reaction stage operated under effective conditions
thereby producing a hydrotreated effluent comprising at least a
gaseous product and a hydrotreated raffinate; and
d) dewaxing said hydrotreated raffinate under effective dewaxing
conditions thereby producing at least a lubricating oil basestock
having 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,
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 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.



d) dewaxing said hydrotreated raffinate under
ef fective dewaxi ng conditions thereby producing at
WO e@s4734 ubricating oil basestock having a sBET/DS1088036110
content of at |east 90% a sulfur content of 0.03
w.%or less, and a viscosity index (VI) between 80
and 120, wherein said first hydrotreating catalyst is
sel ected from supported hydrotreating catalysts
conprising 2 to 20 wt. % of at |east one Goup VIII
metal, and 5 to 50 w.% of _at | east one Goup VI
metal on a high surface are‘36'support mat eri al havi ng
an average pore dianmeter of greater than 10nm and said
second hydrotreating catalyst is a bulk netal
hydrotreating catal yst conprising 30 to 100 wt. % of at

2. | eaphe pRitesHERBBIMEItD chdfr oblegeinetial lubridatiig biddsédseouk has a
Group P/I B netal, based on the total weight of the

10%wiktiltzttonl paint gaeater thasoSCH (34 ¥t )eandaan emdpwintond grester than
nd wherein the bul k al yst ticles have .
S0RE (A0 Rraeasemdy HSTEE D60 b AN TG0 5h8 #sderived from
. PCT/ US2004/ 036110 - . ' C . .
il RO PR s B e B P8 B0 icqing o
fee&&‘g%}é !c%ﬁﬂa!iﬂséﬁéi £90.pGI Y, arrﬁ%%gén,tﬁmu 6R%k [ubdRelingod an
endpoi nt of dgreater than (426C), neasured by ASTM
feeBst86k candAMd 2.887t. Yomitswdfue, bised wadhé habnicatingerihfeedstock.

sources, synthetic sources, or a mxture of the two,
and said lubricating oil feedstock contains up to 0.2

5 e SRR B S Bl
1ubgﬁr¢§ﬁiég A1 BdaRddk %es%f’eﬁeﬁfﬁonﬁ IO 8V QL REM RREHURE dkWils

ho
the preceding clainms wherein said |ubricating

derdvdd fregosolealk refinigl roteded suwin dshaffenates, ipastthlfyr svtvent
sources such as oils derived fromsolvent refini rJIg
dewaxarbeids deasphaltad oilss dishibates, vashim gas gilss epkeigas oils, slack

R e SO T,
feetdEt%ci(é,ka%d ﬂgﬁ%gﬂoﬁbéﬁwaﬁé’gp”&t ic transmssion fluid

4, The process according to any of the preceding claims wherein said

lubricating oil feedstock is selected from automatic transmission fluid feedstocks.

5. The process according to any of the preceding claims wherein said process
further comprises:
a) stripping the hydrotreated effluent to remove at least a portion of the
gaseous product from the hydrotreated effluent thereby producing a
stripped raffinate.

6. The process according to any of the preceding claims wherein the dewaxing
of said hydrotreated raffinate is achieved through a solvent dewaxing step

comprising:



feedst ocks, and Fi scher-Tropsch waxes. 4. The process
according to any of the preceding clains wherein said
wo edwsioeasd ng oil feedstock is sel ected from auP@IES$1004/036110
transm ssion fluid feedstocks. 5. The process
according to any of the preceding clains wherein said
process further conprises: a) stripping the
hydrotreated effluent to renove at | east a portion of
the gaseous product fromthe hydrotreated effl uent
t hereby producing a stripp raffinate. 6. The'
process according to any of “t'he precedi ng cl ai ns
wherein the dewaxi ng of said hydrotreated raffinate
is achi eved through a sol vent dewaxi ng step
conprising: WD 2005/ 047434 PCT/ US2004/ 036110 -27 a)
sol ugnt delvent dgwaxing shidryalroteedted raffinbienaider efifdetive solvent
effective solvent dewaxing conditions thereby = _
pr oduci ngewexingeanditionsihetehy ipiedusing ablessisa bitwicating oil

charactetize s.a Goup J1 basestock havinng a

at ur at cDaSleiCeira it s 2 BT S5  bhseib e e Bpgesppurates
of 0.03 ' ' [ 6

betvieen SOPRna0S BERAY 90 ARt $70 At Ices gnd o
t he precedicogite irdexs VilhBéwicentgleardey®xi ng of said
hydrotreated raffinate is achieved through a catal ytic
dewaxi ng step conprising contacting said hydrotreated

ffi nat ith at..least o dewaxi,n catal yst .in a .
7. devd PERICSECeing Bepnyidhe Brecsciis Ja e bR the gowaxing

o . . L ) . 50
L e B e
coﬁ@@@i@cﬁﬂactiﬂg%&i@ hi@totlettedRafate it 4ti185st @nelde@Mxthgl

to 10 hr-1, and hydrogen treat gas rates from45 to
cata3B0 ims de®agizane deeaed sudémdffectivehyidnodewaxing conditions
including include temperatures of from 250 to 400°C, pressures of from 791 to
20786 kPa (100 to 3000 psig), liquid hourly space velocities of from 0.1 to 10 hr™,
and hydrogen treat gas rates from 45 to 1780 m*/m’ (250 to 10000 scf/B), wherein
said dewaxing catalyst contains at least one Group VIII noble metal and is selected
from ZSM-5, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, Beta, SSZ-31,
SAPO-11, SAPO-31, SAPO-41, MAPO-11, ECR-42, fluorided alumina, silica-
alumina, fluorided silica alumina, synthetic Ferrierites, Mordenite, Offretite,

erionite, chabazite, and mixtures thereof.

8. 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 said high surface area support material is selected

from silica, alumina, and mixtures thereof.



sai d dewaxi ng catal yst contains at |east one G oup
VIl noble netal and is selected fromZSM5, ZSM 22,
WQ 3843 SM 35, ZSM 48, ZSM 57, Beta, SSZ-31,PCBEFI004/036110
11, SAPO-3 1, SAPO-41, MAPO 11, ECR-42, fluorided
alum na, silica- alumna, fluorided silica al um na,
synthetic Ferrierites, Mrdenite, Ofretite,
erionite, chabazite, and mi xtures thereof. 8. The
process according to any of the preceding clains
wherein said Goup WVIII netal of said first
hydrotreating catalyst is séfected from Co, Ni, and
m xtures thereof, said Goup VI netal of said first
hydrotreating catalyst is selected from M, W and
m xtures thereof and said high surface area support
9. Matepd gfocb§s &%@d&hg\%o a %@!mm teeédinglciiiidavh@eth said bulk
m xtures thereof. 2005/ 047434 PCT/ US2004/ 036110
metal By@rotiBadngcatabyst cempoisds nge Groamy IHfnarkrolpleanetd] and two
cl ains wherein said bul k

Grisimi1 oo hase o VO Fi: AbBRBERLAIS SHETD WAL nOm noble

oup VI B netal.s wherein the nolar ratio of Goup VIB
me{c%s @@Sﬁﬁ\(?mﬁaﬁo'nﬁﬂgbl e netals ranges from10:1 -
1:10. 10. The process according to any of the
preceding clains wherein the at |east one Goup VIII

10.nonTheptereseidcording tatany edshe preecdingupaiisBvhereal theaatdeast
present as oxidi c conpounds of the correspondi ng
ongygreus VIEmonrnotie metelandsat leasipas Grpap iksmetdeare present as

o ik Sk A S BSRRRHAE By 5 B BRI ASbsiion s
) . . dr ot ti
b S B B B e e g o
pore size volunme of 0.05 to 5 m/g, and a nedi an

dianeter of at least 50 nm_ 12. The process accordin
11t o &hy poiceshacqordivgdd ngy of dherprashdingiohaizs wherein the; mﬂk metal

hy%gggéﬁg?g@éat I ,yggs‘:}?%]yglraoﬁgt I of@%elarr]ge{ of at 1%%%"%8&%%{ 8 %o?g si;er Yolume of

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

12.  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).

13.  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.



partial pressure of from 1480 to 20786 kPa (200 to
3000 psig), a space velocity of fromO.1 to 10 liquid
whoewsly74space vel ocity (LHSV), and a hydrogen poI/i/8m04/036110
ratio of from89 to 1780 nB/nB8 (500 to 10000 scf/B).
13. The process according to any of the preceding
clains wherein the catalyst system of the present
i nvention conprises 5-95 vol.%of the first
hydrotreating catalyst with the second hydrotreating
catal yst conprising the renmai nder. WO 2005/ 047434
PCT/ US2004/ 036110 -29 14. “%he 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 wth the second

14. hy drigd prebisvbcbatiag ¥ inye 6Nt redetihf elaiereaiinsein. the catalyst
system of the present invention comprises 5-50 vol.% of the first hydrotreating

catalyst with the second hydrotreating catalyst comprising the remainder.



