. WD 2006/ 028883 PCT/ US2005/ 031068 AN | MPROVED AROVATI CS SATURATI ON PROCESS
FOR LUBE O L BO LI NG RANGE FEEDSTREAMS FI ELD OF THE | NVENTI ON 100011 Thi s
invention relates to an aronmatics saturation process for |ube oil boiling
range fee®d 08¢PA8883\bre particularly, the present inventi@AS20588168t ed at
an aromatics saturation process for Tube oil boiling range feedstreans
utilizing a catalyst conprising a hydrogenati on-dehydrogenati on conponent
selected fromthe Goup VIII noble netals and m xtures thereof on a
mesopor ous support having alum numincorporated into its franmework and an
average pore dianeter of 15 to |ess than 40A. BACKGROUND OF THE | NVENTI ON
[0002] Historically, lubricating oil products for use in applications such
as autonotive engine oils have used adtitives to inprove specific
properties of the basestocks used to prepare the finished products. Wth
t he advent of increased environnental concerns, the perfornmance

requirements for the mfﬂﬂgmlt)m% ﬁm{ﬁﬁcﬁ%%g Amer i can
P | | e & T oivienmim | ud
cat urat oo, cont EROCESSFOR EFHEOT BOILING RANCE EEEUSEREMA'C T .S

and a viscosity index (V) bétween 80 and i20. Cu'r'rently, there is a trend

in the lube oil market to use Goup Il basestocks instead of G oup |
basestocks in order to neet the demand for higher quality basestocks that
provi de fHRRELBOEIIEE INMENIIEMny, reduced emnissions, etc. WD 20061028883

PCTI US2001031068 -2 [0003] Conventional techniques for preparing basestocks
such as hydrocracking or solvent extraction require severe operating

con(di ti Ons[OﬁHﬂh a’fhigiig\rr]elﬂ{o%sr%ija{tgs t%na% aromatics saturation process for tube oil

( boiling range feedstreams. More particularly, the present invention is directed at an
aromatics saturation process for lube oil boiling range feedstreams utilizing a
catalyst comprising a hydrogenation-dehydrogenation component selected from the
Group VIII noble metals and mixtures thereof on a mesoporous support having
aluminum incorporated into its framework and an average pore diameter of 15 to

Jess than 40A.

BACKGROUND OF THE INVENTION

[0002] Historically, lubricating oil products for use in applications such as

L automotive engine oils have used additives to improve specific properties of the
basestocks used to prepare the finished products. With the advent of increased
environmental concerns, the performance requirements for the basestocks
themselves have increased. American Petroleum Institute (API) requirements for
Group II basestocks inciude a saturates content of at least 30%, a sulfur content of
0.03 wt.% or less and a viscosity index (VI) between 80 and 120. Currently, there
is a trend in the Iube oil market to use Group II basestocks instead of Group I
basestocks in order to meet the demand for higher quality basestocks that provide

for increased fuel economy, reduced emissions, etc.



tenperature or high solvent:oil ratios and high extraction tenperatures to
reach these higher basestock qualities. Either alternative involves
expensi ve operatin conditions and | ow yields. [0004] drocr.acki has
been conbiN@U”Wﬁ@%gﬁ&drotreating as a prelinmnary step. aﬁv@?blﬂﬁis
conbi nation also results in decreased yields of lubricating oils due to the
conversion to distillates that typically acconpany the hydrocracking
process. [0005] In United States Patent Nunmber 5,573,657, a hydrogenation
catal yst, and process using the sane, is described wherein a mneral oi
based lubricant is passed over a nesoporous crystalline material,
preferably with a support, containing a hydrogenation netal function. The
supported nesoporous material has pore dl-ameters greater than 200A. The
hydr ogenati on process is operated such that the product produced therein
has a | ow degree of unstaturation. [0006] However, there is still a need in

the art for ff | : : } I L ; [

baseat ocks. | boo& B MAHERILBligte PE BREaAne B qhi PR R BHIRerRkIng o
[00071 The @rgdedit ektrdemidn @@t}uiﬁ: gevERCoHREatdly CondlitdGitsicH 28 higiPpressiireapaat e
aromatics present in |ube oil boiling range feedstreans. The process

conpri ses: teajpecamteaat iigh salvanbeilaatiobesnd hipgh exaragbon tevsdratmestoceatiai ni ng
aromatics and njtrogen and_organi cally bound sul fur contam nants with an
aromatics sHicss Brehehbasestacksqualifies.,Bitheealiaraaiives inxolvps esprisivaorneaniighg

treat gas in_ a.reaction stage operated under effective aromatics saturation
condi ti ons, SRS ANGIOW éﬂegﬁ%ti cs saturation catalyst conprises:

[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]  In United States Patent Number 5,573,657, a hydrogenation catalyst, and
process using the same, is described wherein a mineral o1l based lubricant is passed
over a mesoporous crystalline material, preferably with a support, containing a
hydrogenation metal function. The supported mesoporous material has pore
diameters greater than 200A. The hydrogenation process is operated such that the

product produced therein has a low degree of unstaturation.

[06006] However,- there 1s still a need in the art for an effective catalyst to prepare

quality lubricating oil basestocks.



i) an inorganic, porous, non-layered, crystalline, nmesoporous support
material, wherein the support nmaterial has a framework conprising at | east
al uni num and silica, and wherein the ratio of silica to alumnumis 10:1 to
1100: 1 and WPRY0s48Shge pore di ameter of the support mat e?qus%"g”‘i%%?o | ess
‘than 40A; and ii) at |east one hydrogenati on-dehydrogenation conponent
selected fromthe Goup VIII noble netals and m xtures thereof. 100081 In
one enbodi nent of the instant invention, the inorganic, porous, non-

| ayered, crystalline, nesoporous support material of the aromatics
saturation catalyst is characterized as exhibiting an X-ray diffraction
pattern with at | east one peak at a d- e§§C|ng greater than 18.x. The
_support material is further characteriz as having a benzene absorption
"capacity greater than 15 grans benzene per 100 grans of the material at 50
torn (6.67 kPa) and 25C. WO 2006/ 028883 PCT/ US2005/ 031068 -4 [00091 In a

.preferred g%%%ég OIPTYE INVENTRON! the aromatics saturation catalyst
i s charact i form hexagonal honeyconb

m crostructure with uni form pores having an average pore dianeter of the
support material is 15 to |l ess than 35A. [0010] In another preferred form
t he presen{0807}entTherpesentinverdmmps idérested atlalmdmss meecia hydrogatatd] I n yet
another preferred form .t suppor t rrater of the aromatics saturation
catal yst | arwmcapreqe@@1r;zruehed)1§§feﬂlagam&f‘r e@ﬁﬁ&ﬁ%ﬁﬁlemws CABPAIES:

Invention, the gj’ 0Cce ontactmg a lube o1l boiling range feedstreams containing aromatics
and nitrogen and organically bound sulfur contaminants with an
aromatics saturation catalyst in the presence of a hydrogen;containing
treat gas in a reaction stage operated under effective aromatics
saturation conditions, wherein said aromatics saturation catalyst
COmMpIISes:

i) an inorganic, porous, non-layered, crystalline, mesoporous
support material, wherein the support material has a
framework comprising at least aluminum and silica, and
wherein the ratio of silica to aluminum is 10:1 to 100:1 and the
average pore diameter of the support material is 15 to less than
40A: and

( 1) at least one hydrogenation-dehydrogenation component

selected from the Group VIII noble metals and mixtures

thereof.

[0008] In one embodiment of the instant invention, the inorganic, porous, non-
layered, crystalline, mesoporous support material of the aromatics saturation
catalyst is characterized as exhibiting an X-ray diffraction patiern with at least one
peak at a d-spacing greater than 18A. The support material is further characterized
as having a benzene absorption capacity greater than 15 grams benzene per 100

grams of the material at 50 torr (6.67 kPa) and 25°C.



conprises: a) contacting a lube oil boiling range feedstream contai ni ng
aromatics, nitrogen and organically bound sul fur contamnants in a first
reaction stage operated under effective hydrotreating conditions and in the
presence of MR WPEYERE3cont ai ning treat gas with a hydrot r BET/NG2008/831868 st
conprising at |east one Goup VIIlI netal oxide and at |east one Goup VI
nmet al oxide thereby producing a reaction product conprising at |east a
vapor product and a liquid |lube oil boiling range product; and b)
contacting said reaction product with an aromatics saturation catalyst in
the presence of a hydrogen-containing treat gas in a second reaction stage
operated under effective aromatics saturation conditions, wherein said
aromati cs saturation catalyst conprises:-4) an inorganic, porous,

non-| ayered, crystalline, nmesoporous support nmaterial, wherein the support
material has a WO 2006/ 028883 PCT/ US2005/ 031068 -5 franmework conprising at

| gast alum NyRAnc f 4 pfdferiéd formi AR SiBoftHiateRb] 6f B apbinhfigs bauplt num i o

10:1 to 100: average pore aneter o suppo ertal is 15

to | ess tharatdfidis tharadtehidlley a gabsRirtally @ifbrivd hdxagbnilafsiieyebmb
hydr ogenat i on- dehydr ogenati on conponent selected fromthe oup VIl noble

met al s. [ 00IBicréstrushutivath emferdi perss hafinglea dvesageriore diemeteoof theasupporocess
further conprises:
material is 15 to less than 35A.

10010] In another preferred form, the present invention further comprises a

binder material.

[0011] In yet another preferred form, the support material of the aromatics
saturation catalyst is MCM-41.

[0012] In yet another embodiment of he instant invention, the process
comprises:

a) contacting a lube oil boiling range feedstream containing aromatics,
nitrogen and organically bound sulfur contaminants in a first reaction
stage operated under effective hydrotreating conditions and m the
presence of hydrogen-containing treat gas with a hydrotreating L
catalyst comprising at least one Gronp VIII metal oxide and at least
one Group VI metal oxide thereby producing a reaction product
comprising at least a vapor product and a liquid lube oil boiling range
product; and

b) contacting said reaction product with an aromatics saturation catalyst
in the presence of a hydrogen-containing treat gas in a second
reaction stage operated under effective aromatics saturation
conditions, wherein said aromatics saturation catalyst comprises:

i) an inorganic, porous, non-layered, crystalline, mesoporous

support material, wherein the support material has a



~a) separating said vapor product fromsaid liquid |ube oil boiling range
product; and b) conducting said liquid lube oil boiling range boiling range
product to the second reaction stage containing said hydrogenation

cat al yst. WERIOE0288BSCRI PTI ON OF THE FI GURE 100141 The FinIIﬂgsqﬂgﬁﬂﬁ'leﬁaph

depicting the aromatics saturation performance of catalysts with various
pore sizes and al um num concentrations in their framework versus the tine

the various catalysts were used in an aronatics saturation process.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00151 The present invention is a
process used to saturate aromatics present in |ube oil boiling range

feedstreans. In the practice of the present invention, a lube oil boiling
range feedstream containing aromati cs afd nitrogen and organically bound
sul fur contamnants is contacted with an aromatics saturation catalyst in

t he WO 20061028883 PCT/ 1JS200i / 031068 -6 presence of a hydrogen-contai ni ng
treat gas. The aromatics i : L <4:nor.gani c,

. f?ﬁg’{l%\?ﬁlgd &ﬂn%g%g# X?feastca(?ﬁ‘ﬂﬁ'irpﬁﬁ%nﬁrklh 94

por ous, non-|ayered, crys ous suppor material’, preferably a

binder material, and a hygdhqeRnaeireit 6£41HEs ROSRAIHOR isIOTPENEN:1 aHARKS UPPOT {
material has a framework conprising at |east alum num and silica, and the

ratio of silica to al un raverage pone dianzetevefrtke seppidt materidlde:15 tariess than
average pore dianeter of 15 to | ess than 40A. The hydrogenati on-

dehydr ogenati on conponent4d4s sel ected fromthe Group VIIl noble netals and
m xtures thereof. The contacting of. hhe | ube oil boiling range feedstream
with the hydrogenatiPon GRBAYSPAEEREAdi n 4 reaction stage that is operated

unqer effective hydfipgengidQlo@Rdbbofion &3 at8 ST Bon component

( selected from the Group VIII noble metals.

[0013] In another embodiment of the instant invention, said process further
comprises:
a) separating said vapor product from said liquid lube oil boiling range
product; and
b)  conducting said liquid lube oil boiling range boiling range product to

the second reaction stage containing said hydrogenation catalyst.

BRIEF DESCRIPTION OF THE FIGURE

[0014] The Figure is a graph depicting the aromatics saturation performance of
catalysts with various pore sizes and aluminum concentrations in their framework

versus the time the various catalysts were used in an aromatics saturation process.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention is a process used to saturate aromatics present in
lube oil boiling range feedstreams. In the practice of the present invention, a lube
oil boiling range feedstream containing aromatics and nitrogen and organically

bound sulfur contaminants is contacted with an aromatics saturation catalyst in the



[ 0016] Lube oil boiling range feedstreans suitable for use in the present

i nvention include any conventional feedstreans used in |ube oil processing.
Such feedstreans typically include wax-containing feedstreans such as feeds
derived fryM2Ee Sgi I's, shale oils and tar sands as wel FCHISHOPHEAS; ¢
feeds such as those derived fromthe Fischer-Tropsch process. Typical
wax-cont ai ni ng feedstocks for the preparation of lubricating base oils have
initial boiling points of 315C or higher, and include feeds such as reduced
crudes, hydrocrackates, raffinates, hydrotreated oils, atnospheric gas
oils, vacuumgas oils, coker gas oils, atnospheric and vacuum resids,
deasphalted oils, slack waxes and Fi scher-Tropsch wax. Such feeds nay be
derived fromdistillation towers (atnosphéric and vacuum, hydrocrackers,
hydrotreaters and sol vent extraction units, and nay have wax contents of up
to 50% or nore. Preferred lube oil boiling range feedstreans boil above

050F (3430) préené0Bb: fitipanTdohaitreedt $00%he afomes SandriiGn utanyRe! | 1 N9

range feedstreans sult or erel imr al so contain aronmatics

ni trogen- arénfistyhn GRAEAITTNFY08s, IeLSerRil 0B/ se0lih@imésdpottusidpford W . % of
ni trogen, based on the f%eds_tream up %h?)&&ém\?vt.%of sul fur, angﬁup to 50
Wt . % ar onat innaecaly phdemabboa bindehmatesasleand phydegpenation-dehydrefenatizd t hat t he
sul fur content of the feedstreans be bel ow 500 wppm _ pref erabl )( bel ow 300
wopm nore GopyTosenb| Thesippritapatesish ks Fhmseworksomprising aleay alumimumybe oi |

R L L

AR L R I N e A

Materials  dehydrogenation component is selected from the Group VIII noble metals and ’
mixtures thereof. The contacting of the lube oil boiling range feedstream with the
hydrogenation catalyst occurs in a reaction stage that is operated under effective

hydrogenation conditions.
Feedstreams

[0016] Lube oil boiling range feedstreams suitable for use in the present
invention include any conventional feedstreams used in lube oil processing. Such |
feedstreams typically include wax-containing feedstreams such as feeds derived
from crude oils, shale oils and tar sands as well as synthetic feeds such as those
derived from the Fischer-Tropsch process. Typical wax-containing feedstocks for
the preparation of lubricating base oils have initial boiling points of 315°C or
higher, and include feeds such as reduced crudes, hydrocrackates, raffinates,
hydrotreated oils, atmospheric gas oils, vacuum gas oils, coker gas oils,
atmospheric and vacuum resids, deasphalted oils, slack waxes and Fischer-Tropsch
wax. Such feeds may be derived from distillation towers (atmospheric and
vacuumy), hydrocrackers, hydrotreaters and solvent extraction units, and may have
wax contents of up to 50% or more. Preferred lube oil boiling range feedstreams

boil above 650°F (343°C).



.[0018] As stated above, the present invention involves contacting a | ube oi
boiling range feedstreamw th an aromatics saturation catal yst that
conprises a support nmaterial, a binder material, and a }

_hydr ogenatibHog ogenation conponent. In their cal cif3TREFRH1%Ypport
material s having characteristics simlar to those suitable for use herein
generally had a high ratio of silica to alumnumin their franmework.
Generally, these materials had a ratio of silica to alum numon the order
of 800:1. The higher ratios of silica to alum numwere used to prevent
undesi rabl e cracking reacti ons. However, the inventors hereof have
unexpectedly discovered that increasing the anount of alum num i ncorporated
_into the framework, coupled with snallék pore sizes di scussed bel ow,

provi des a cat.al yst that has inproved aromatics saturation capabilities.
Thus, support materials suitable for use in the in the present invention

. include Sy[@bF'ﬂ]i CLGEBEBAY 'iiﬂgﬁ?lge felBdttinCRRMbleSoP ds@flerdld 4186 LaAdm POT €

size crystal e phase. Suit support materials are inorganic, porous,
non- | ayer egogialiss and hitkgehased ralfar-cahtaniinaits. aF cdd@e 200 66 RGHERS up to 0.2
PCT/ US2005/ 031068 -8 characterized (in its calcined form by an X-ray
di f fract i ont.peef mimogen,ttased ohdhe fealstreamenix taB.Oavti¥sqibail fug, grdap ar 5@ han 18A
with a relatjive intensi tg of 100. The support materials suitable for use

£

herei n ar evhfsyopriicastepe xead i theapresrit arofesy-c Has pfpredthat thgpsdfry great er
th 15 f 0 f th terial, at t 6. 67
Pa) and” SBETeROL (i (FEHSIERES BT DREIE SDA PP RETIL AL 300 B faire

I d . . % FY, POT O

T o A R 208 SRR, BLARORNELCS Rk RL IR PY S

w th a
t hgn 40A. fBeddiRiath Ma§ bR A HRRA Drici s eshtattingthedSAtbddntoaeatisd 41. MCOM 41
has a characteristic structure of hexagonal |l y-arranged, unifornly-sized
pores of dfecdshatvingkdifighivearetentenetyipidallyhaze hégtavisoadityandetesaf up thf208ct i on
pattern that can be indexed

or more. Sulfur and nitrogen contents may be measured by standard ASTM

methods D5453 and D4629, respectively.

Support Materials

[0618}  As stated above, the present invention involves coﬁtacting a lube oil
boiling range feedstream with an aromatics saturation catalyst that comprises a
support material, a binder material, and a hydrogenation-dehydrogenation

o component. In their calcined form, support materials having characteristics similar
to those suitable for use herein generally had a high ratio of silica to aluminum in
their framework. Generally, these materials had a ratio of silica to aluminum on the
order of 800:1. The higher ratios of silica to aluminum were used to prevent
undesirable cracking reactions. However, the inventors hereof have unexpectedly
discovered that increasing the amount of aluminum incorporated into the
framework, coupled with smaller pore sizes discussed below, provides a catalyst
that has improved aromatics saturation capabilities. Thus, support materials
suitable for use in the in the present invention include synthetic compositions of
matter comprising an ultra-large pore size crystalline phase. Suitable support

materials are inorganic, porous, non-layered crystalline phase materials that are



with a d100 val ue greater than 18A, which corresponds to at |east one peak
in the X- ray diffraction pattern. MCM41 is described in United States
Pat ents Numbers 5,098,684 and 5,573,657, which are herehy_incorpor %Fd by
reference, WRPWLES3 (o a | esser degree, below [00191 T%E”‘rj%gf'%%ﬂ? ,
non-| ayered nesoporous crystalline support materials wused as conponents in
the aromatics saturation catal yst have a conposition according to the
formula M~/ q(Wa XbYZdOh). In this fornmula, Wis a divalent elenent,
selected. fromdivalent first rowtransition netal, preferably manganese,
cobalt, iron, and/or magnesium nore preferably cobalt. X is a trivalent

el ement, preferably alum num boron, iron and/or gallium nore preferably
alumnum Y is a tetravalent elenment such as silicon and/or gernani um
preferably silicon. Zis a pentavalent elenent, such as phosphorus. Mis

one or nore ions, such as, for exanple, amonium Goup IA IIA and VIIB
i ons, usual YR8 Nin 80 ﬁﬁﬂg | g6 ] afterd &i of
t he conposi ![c}ri%n %xclgﬁglinﬁgsoﬁ]%l%dr ess ?yadg] gri}’gl?g&gg%’aﬁﬁred %Plgﬁﬁtlgﬁ%g?ar

aver age val pagleas dipactihg dreatédtBamUBevitioh relaties intefisipbe1 60, aThé rtM a,
b, ¢, and d?are rmlgbfragtg:rons of W X, Y and Z, WO 21(;586/ 028883 @ﬂppé

PCT/ US2005/ @sitodsds sutable fpreuseiheediy archalss charactehieed of haviomalbenaee Sorpdioch
(atb+c+d)=1. In. a preferred _enbodi nment of suB ort materials suitable for
use herei n, CRRAMreptsT HanakSegrams of bgnzengmer 400 grams of dhe materiabat aBiodi nent

I's when a a =Q, cand _h=2. Preferred materials for use in making the
support mat Z‘gi‘sgll% a} ap&&& é 55 eﬁe‘iswpéﬁ Wagﬁr@?st HE YA BETIUScAP¥s al t hough
ot her netal |, Qsi || - al so u ..100201 -st ated. ahove, the support
rat ori ar s s B8R YR el ntl) Btane iRl B REBHERAN e YA R
| ncor por at e { i @ni E@r‘p@gﬁi‘bﬁlﬁ%ﬂfs&s&&ﬁﬁ pAIe WmeHSEH ogrl'SQ? 164s0RE 46A. A
saturation processes.  Thus, support materials surtable for use

more preferred support matenial is identified as MCM-41, MCM-41 has a

characteristic structure of hexagonally-arranged, uniformly-sized pores of at least

13A diameter, exhibits a hexagonal electron diffraction pattern that can be indexed

with a d,gq value greater than 18A, which corresponds to at least one peak in the X-

ray diffraction pattern. MCM-41 is described in United States Patents Numbers

5,098,684 and 5,573,657, which are hereby incorporated by reference, and also, to

a lesser degree, below.

[0019]  The inorganic, non-layered mesoporous crystalline support materials
used as components in the aromatics saturation catalyst have a composition
according to the formula My (W, X, Y.Z404). In this formula, W is a divalent
element, selected from divalent first row transition metal, preferably manganese,
cobalt, iron, and/or magnesium, more preferably cobalt. X is a trivalent element,
preferably aluminum, boron, iron and/or gallium, more preferably aluminum. Y is
a tetravalent element such as silicon and/or germanium, preferably silicon. Z is a
pentavalent element, such as phosphorus. M is one or more ions, such as, for
example, ammonium, Group IA, IIA and VIIB ions, usually hydrogen, sodium
and/or fluoride ions. "n" is the charge of the composition excluding M expressed as
oxides; q is the weighted molar average valence of M; 1/q 1s the number of moles

or mole fraction of M; a, b, ¢, and d are mole fractions of W, X, Y and Z,



herein have a framework silica to alumnumratio of 10:1 to 100: 1,

"preferably 25:1 to 70:1, nore preferably 30:1 to 60:1, and nobst preferably
45:1 to 55:1. 100211 In the as-synthesized form the support naterials

sui tabl e P&200¢®8BErein have a conposition, on an anhy§$B@’ﬂwa@?%¥s

" expressed enpirically by the formula rRM/qg (Wa XbYCZdCh), where Ris the

total organic material not included in Mas an ion, and r is the

coefficient for R i.e., the nunber of noles or nole fraction of R The M

and R conponents are associated with the material as a result of their

presence during crystallization, and are easily renoved or, in the case of

M replaced by post-crystallization nethods described below. To the extent

desired, the original M e.g., sodiunm®r chloride, ions of the

" as-synthesized material of this invention can be replaced in accordance

Wi th conventional ion-exchange techniques. Preferred replacing ions include

et al | OngespRyAgeR id RRTOBYSE ORI 1L SCHIE BLib R +ey=] AT PiefBivefions and

“mxtures of these’ions. Particularly preferr ions are those wnich provide

t he desi r eghbodimbnf efisipponahdtesials Buitdde fomade tesaéial fsitb+c) Thaeeter tisdride
hydrogen, rare earth netals and netals of Goups VIIA (e.g., M), VIiTIA

(e.g., Niandhs2(Angther Gutheri eviibadimgnt is Svlien @and He0 Rerd oell.cPiedbired of t he
El ements and .mi xtures of these ions. WO 2006(028883 PCT(US2005(031068 -10
[ 0022] Thdnaiesjals Ap1 psednpaking thegnppgridpateriaissnitableder usoheresyugdhg

diffractio attern such as,. .for le. by X-ray, electron or neutron
diffracti &ﬁ{mglé’ﬁlllc?#ﬁ&ﬁﬁ%a’tf’%{ Wﬁgjgﬁgﬁ}?%ﬁs %@%'@{Sog)ﬁélsﬁ ak) nmesoporous
support materials are characterized by their structure, which includes
extrenely | arge pore windows as well as by its high sorption capacity. The

t el m " nesqpeIEus” As @@teaﬁzﬂsbve,eﬂﬁis@pgéﬁ miRaiMls 5RitdH]e el hegénHates havi ng
uni form pores within the range of Trom 13A to 200A. It should be noted that
"porous", hagharsedcdrgration,ofiaburneamt incorporited ihw thenrdtaméwdrk theh thekeor bs at
used prior aromatics saturation processes. Thus, support materials suitable for use
herein have a framework silica to alummum ratio of 10:1 to 100:1, preferably 25:1

to 70:1, more preferably 30:1 to 60:1, and most preferably 45:1 to 55:1.

10021]  In the as-synthesized form, the support materials suitable for use herein
have a composition, on an anhydrous basis, expressed empirically by the formula
1RMyyq (W, XpYZ4Oy), where R is the total organic material not included in M as
an ion, and r is the coefficient for R, i.e., the number of moles or mole fraction of
( R. The M and R components are associated with the material as a result-of their
presence during crystallization, and are easily removed or, in the case of M,
replaced by post-crystallization methods described below. To the extent desired,
the original M, e.g., sodium or chloride, ions of the as-synthesized material of this
invention can be replaced in accordance with conventional ion-exchange
techniques. Preferred replacing tons include metal ions, hydrogen ions, hydrogen
precursor, e.g., ammonium, ions and mixtures of these ions. Particularly preferred
ions are those which provide the desired metal functionality in the final catalyst.
These include hydrogen, rare earth metals and metals of Groups VIIA (e.g., Mn),
VIIIA (e.g., Ni), IB (e.g., Cu), IVB (e.g., Sn) of the Periodic Table of the Elements

and mixtures of these ions.



| east 1 gramof a small nolecule, such as Ar, N2, n-hexane or cycl ohexane,
per 100 granms of the porous material. As stated above, the present

i nvention is characterized as using a support naterial hay] n age
pore di aneW&r208§/028883t o0 | ess than 40A, preferably 15 to géﬂﬁg?@ﬁgﬁé&ef erably .

20 to 30A, nost preferably 23 to 27A. The pore size of the present

i nvention is one key feature of the instant invention because the inventors
her eof have unexpectedly found that by limting the average pore dianeter
of the present invention to within this range, the aromatics saturation
performance of the instant invention is greatly inproved. 100231 The
support materials suitable for use herein can be distinguished from other
porous inorganic solids by the regul ari t&p'of its | arge open pores, whose
pore size nore nearly resenbles that of anorphous or paracrystalline
material s, but whose regular arrangenent and uniformty of size (pore size
distribution within a single phase of, for exanple, 25% usually 15% or

| ess of the average pore size of that phase) resenble nore those of
crystal I i nd002Hmewdh crystadlina{i 2., Siavngsuffoenitiotde. to Proside sufiffeactionat eri al s
for use herein can also be described as having a hexagonal arrangenent of

| ar ge. open pakarmauch ashfr exampise byyRiragselzeldomor hewpemdiffmcomdbllowinget er s
from 15 to | ess than.40 preferably 15 to 35A, nore preferably 2Q to 30A
nmost pr ef erc@AaROn Wih @%asm%mgb REHRTPEHUDROGAB EHA @R characipagesly) The

t "h L herein, is..int t | y.

mat e a o (RARe R R HERGaed Py e Rt SRS RS Wit 1 e

Hiate ‘ X it ' at SymretT

obser vabl o e FOipRER cBbacIE2 THEREFRN mepiborfhS RREE MG IS hitih] odfBleate,

descri be t Wﬁunmwtnmiwﬂmp@es st the rdnpe offPorRand b 2600 A RthotiRl eef er “to
a

the fact th nost channels 1n the material would be surrounded by six

near est neimittdthat Aporoas's astisedherkiny i heasttrerefer to a material that adsorbs at
least 1 gram of a small molecule, such as Ar, N;, n-hexane or cyclohexane, per 100
grams of the porous material. As stated above, the present invention is
characterized as using a support material having an average pore diameter of 15 to
less than 40A, preferably 15 to 35A, more preferably 20 to 30A, most preferably 23
to 27A. The pore size of the present invention is one key feature of the instant
invention because the inventors hereof have unexpectedly found that by limiting

the average pore diameter of the present invention to within this range, the

aromatics saturation performance of the instant invention is greatly improved.

[0023]  The support materials suitable for use herein can be distinguished from
other porous inorganic solids by the regularity of its large open poreé, whose pore
size more nearly resembles that of amorphous or paracrystalline materials, but
whose regular arrangement and uniformity of size (pore size distribution within a
single phase of, for example, +25%, usually £15% or less of the average pore size
of that phase) resemble more those of crystalline framework materials such as
zeolites. Thus, support materials for use herein can also be described as having a
hexagonal arrangement of large open channels that can be synthesized with open
internal diameters from 15 to less than 40A, preferably 15 to 35A, more preferably
20 to 30A, most preferably 23 to 27A.



di stance. It should be noted, however, that defects and inperfections in the
"support material will cause significant nunbers of channels to violate this
criterion to varying degrees, depending on the quality of the material's
prepar at i 80 2@MB¥s  whi ch exhi bit as nuch as +25% r andSHERSHBIBH £ rom
"the average repeat distance between adjacent channels still clearly give
recogni zabl e images of the MCM41 nmaterials. Conparable variations are al so
observed in the d100 values fromthe electron diffraction patterns. [0025]
The support materials suitable for use herein can be prepared by any neans
known in the art, and are generally formed by the nmethods described in
United States Patents Nunbers 5,098,684 and 5,573,657, which have already
been incorporated by reference. Generallly, the nost regul ar preparations of
“the support material give an X-ray diffraction pattern with a few distinct
maxima in the extrene |ow angle region. The positions of these peaks
approximately fit the positions of the hkO reflections froma hexagonal
"lattice. The X-ray diffraction pattern, however, is not always a sufficient
i ndi cator [024he Mhesensthexfagbh®lseas vRiddidrains is iaterideg t6lesc®pak noeahlyari ty
in the mcrostructure and the extent of repetition of the structure ™within
i ndi vi dual mpteriaiscthetexdfibie mathématcatheperdect freangonah aymnwitiyl withinoths dmvied .

| ndeed, preparations with only onezgistinct_peak in the | ow angle .region of

the X-ray of $¥PeEBIENE Measveamem b alse thassowdh signdinsnhpbsesvahie davirtipnsao
2006/ 028883 PCT/ US2005/ 031068 ,,-12 t t terial i th Oh
t echni que.sg ’S’%P‘i @E%lrsg?tg' ﬁ%@s’m' P‘B%‘?ﬁg?‘a%ég%’fo &qesﬁﬁgeﬁ%@ﬂpé ra?tgpl]als o
or E‘Qﬁ{“eés's%@t@.ﬁiﬁifﬁ% WS nEReAif AfIERK (BREAFHE T e (ot HAREEARNels AP Rldetial
ar

angenenfyoffd beahuifounided B six Adsteltheei SbsraRANE: ROr&loe) fiRisagid fraction
pattern gives an approxi mately hexagonal arrangenent of” diffraction maxi na.

The dloo distance. It should be noted, however, that defects and imperfections in the support

material will cause significant numbers of channels to violate this criterion to
varying degrees, depending on the quality of the material's preparation. Samples
which exhibit as much as +25% random deviation from the average repeat distance
between adjacent channels still clearly give recognizable images of the MCM-41
materials. Comparable variations are also observed in the d,gq values from the

electron diffraction patterns.

[0025]  The support materials suitable for use herein can be prepared by any
means known in the art, and are generally formed by the methods described in
United States Patents Numbers 5,098,684 and 5,573,657, which have already been
incorporated by reference. Generally, the most regular preparations of the support
material give an X-ray diffraction pattern with a few distinct maxima in the
extreme low angle region. The positions of these peaks approximately fit the
positions of the hkO reflections from a hexagonal lattice. The X-ray diffraction
pattern, however, s not always a sufficient indicator of the presence of these
materials, as the degree of regularity in the microstructure and the extent of
repetition of the structure within individual particles affect the number of peaks that
will be observed. Indeed, preparations with only one distinct peak in the low angle

region of the X-ray diffraction pattern have been found to contain substantial



spacing of the electron diffraction patterns is the distance between

adj acent spots on the hkO projection of the hexagonal Iattice and is
related to_the repeat distance a.sub.0 between channels rvgg n the

el ectron m%¥?4 %ﬁg’through the formula d100=a043/2. TR EHITW It ng
observed in the electron diffraction patterns corresponds to the d-spacing
of a low angle peak in the X-ray diffraction pattern of the suitable
support material. The nost highly ordered preparations of the suitable
support material obtained so far have 20-40 distinct spots observable in the
electron diffraction patterns. These patterns can be indexed with the
hexagonal hkO subset of unique reflections of 100, 110, 200, 210, etc., and
their symretry-related reflections. [00261 In its calcined form support
materials suitable for use herein may al so be characterized by an X-ray
diffraction pattern with at | east one peak at a position greater than 18A

d- spaci ng (fmaﬁﬁts%@tﬁ@ﬁla%ﬁahﬂheﬁﬁ Othel teémﬁgaesv\!al iAfsteAE RS RADStruéiard b d100

value of the electron diffraction pattern of the support material. Al so, as

stated abovihis matdrabhe samzpdsdiomaleetror hiicrdssayvandeicemon diffiaction.benzene

adsorption capacity of greater than 15 granms benzene/ 100 grans crystal at

50 ton (6. 6Prapey ormntedxperinidnasif suitahly sepporhntateriadd show iadgxbgenelt reat ed in

an attenpt to insure ?gﬁ poy e b ockage by incidental contam nants, if

necessary) . draRgement of &ige rmg e caEespoORdmERlerron tffﬁaﬁamaﬁ@m

adsorption ca aC|t characteristic of suitabl ort _materials

measur ed orebRs SpabpExIPaRly BetBol StvarmsietBRtsemaRes (i 15

bl ockage byg I | be
spdEigonhR el cBh AL gﬁﬁ%g ﬂ%‘ﬂl?ﬁan&é’@ﬁt@/&%ﬂ%ﬁ_ﬁ@c{}ﬂgﬁt%ﬁ

conducted o crysta ne materl avi ng no pore (
cont am nant ghe kTl pv@éaroﬁ&rmmexigon@r ﬁttrb@rayldrmfrélﬁeéa to ¢ RfpeBdish@ce enoved

dehydration techniques, e.g., thermal treatnent. Pore bl OCkI ng i norganic
anor phous naseb.Ddesween channels observed in the electron micrographs through the formula -
dioc=20V3/2. This dj00 spacing observed in the electron diffraction patterns
corresponds to the d-spacing of a low angle peak in the X-ray diffraction pattern of
the suitable support material. The most highly ordered preparations of the suitable
support material obtained so far have 20-40 distinct spots observable in the electron
diffraction patterns. These patterns can be indexed with the hexagonal hkO subset
of unique reflections of 100, 110, 200, 210, etc., and their symmetry-related

reflections.

{0026]  Inits calcined form, support materials suitable for use herein may also be w
characterized by an X-ray diffraction pattern with at least one peak at a position

greater than 18A d-spacing (4.909° 28 for Cu K-alpha radiation) which corresponds

to the d,go value of the electron diffraction pattern of the support material. Also, as

stated above, suitable support materials display an equilibrium benzene adsorption
capacity of greater than 15 grams benzene/100 grams crystal at 50 torr (6.67 kPa)

and 25°C. (basis: crystal material having been treated in an attempt to mnsure no

pore blockage by incidental contaminants, if necessary).

[0027] It should be noted that the equilibrinm benzene adsorption capacity

characteristic of suitable support materials is measured on the basis of no pore



e.g., silica, and organics nmay be renoved by contact with acid or base or
‘other chemnical agents such that the detrital material will be renpved

wi t hout detrinental effect on the crystal. [0028] In a nore preferred
enbodi mentwot2es/@28883i ned, crystalline, non-layered suppReEUSRAIEII10G8s
‘suitable for use herein can be characterized by an X-ray diffraction
pattern with at | east two peaks at positions greater than 10A d-spacing
(8.842 20 for Cu K-al pha radiation) which corresponds to the d100 val ue of
the electron diffraction pattern of the support material, at |east one of
which is at a position greater than 18A d-spacing, and no peaks at
positions |ess than 10th d- spacing with relative intensity greater than 20%
of the strongest peak. Still nost prefé3+ed, the X-ray diffraction pattern
“of the calcined material of this invention "- will have no peaks at
positions |l ess than 10A d-spacing with relative intensity greater than 10%

it racti onpkree PR WigtaChe b, Hor KRN M REBoh Tt M1dke 100 vl ue
of the el geidRedbh HAGYQNIMRAhMEHA Sask REvINBLE ?@%'bl&(g%ﬁtgggﬁ%ﬁ}iggﬁﬁ' ned,

I norgani ¢, non-layered, crystalline support terials use

herein canagd stdeefivveadyirimasy methvdy] Watet ey Be $émevad byl deliirh@isa t han
40A or greater as neasured by physisorption nedsurenents. 1t should be

not ed t hat tqghniueszeg., Herumb tedtareat. nPotesblockihg inangandanesphonsamiatarils,
per pendi cul ar _cross-section pore dinension of the crystal. W 2006/ 028883
PCT/ US2005¢ @3 19066, and prggosopande semewed by sortact wih agisher baseer other s

e gener aFTGIRaH REEMBYG Bar e B LR e teR Bl Ceoany o Tut detiedal s
Nuhber s 5,9&%@&4 %rbgg&a 73,657, which have already been incorporated by
ref erence. ) meEhho of measuring x-ray

[0028]) In a more preferred embodiment, the calcined, crystalline, non-layered
support materials suitable for use herein can be characterized by an X-ray
diffraction pattern with at least two peaks at positions greater than 10A d-spacing
(8.842° 26 for Cu K-alpha radiation) which corresponds to the d,o value of the
electron diffraction pattern of the support material, at least one of which is ata
position greater than 18A d-spacing, and no peaks at positions less than 10A d-
spacing with relative intensity greater than 20% of the strongest peak. Still most
preferred, the X-ray diffraction pattern of the calcined material of this invention
will have no peaks at positions less than 10A d-spacing with relative intensity
greater than 10% of the strongest peak. In any event, at least one peak in the X-ray
diffraction pattern will have a d-spacing that corresponds to the dyq value of the

electron diffraction pattern of the material.

[0029] The calcined, inorganic, non-layered, crystalline support materials
suitable for use herein can also be characterized as having a pore size of 15 to less
than 40A or greater as measured by physisorption measurements. It should be
noted that pore size, as used herein, is to be considered a maximum perpendicular

cross-section pore dimension of the crystal.



diffraction data, equilibrium benzene absorption, and converting materials
from ammoniumto hydrogen formis known in the art and can al so be revi ewed
in United States Pat ent Nunber 5,573,657, which has alread

i ncor por at e4OBYP0REBEr ence. [00311 The support materials gﬁﬁw§%W€“ﬂﬂ$ use
herein can be shaped into a wwde variety of particle sizes. Generally
speaki ng, the support material particles can be in the formof a powder, a
granul e, or a nolded product, such as an extrudate having particle size
sufficient to pass through a 2 mesh (Tyler) screen and be retained on a 400
mesh (Tyler) screen. In cases where the final catalyst is to be nolded,
such as by extrusion, the support material particles can be extruded before
drying or partially dried and then ext r abfed. [ 00321 The size of the pores in
the present support materials are controlled such that they are | arge
enough that the spatiospecific selectivity with respect to transition state

speci es in [[AG) I ON%s &bl BB vE RE ki dﬁafﬂrﬁl%ﬁﬁﬁbl@%@ﬁs@ﬁe@ﬁl oan beShape
Sel ective Catalysis in Industrial plications”, 3 | NDUSTRI ES,

pgs. 41-61 HiPBEH byt anyieals ksdven anthe artg anddee %@heﬁll@l i@ms&bynh@methdde
factors affecting shape selectivity). It should al so be noted that
di f f usi onal decribied n Chnted Sitates Patsnts Numbewsds,098 £ 8deand 3,583,66 hewhishyhavar ge
pores. WD 2006/ 028883 PCT/ US2005/ 031068 . - 15 Bin ﬁfﬁs Materjals [0033] As
stated abovalreadydbesndneerperated by reerene-cEhampshodsebmeasirig ’bf@éent

i nvention PLEHEL abl suita L nder terial | s, bl nder
material i s téQR %Iaf%m gﬂk}m&? Eﬁ]égg?qi‘% vateﬁtg{ggng err'é%ﬁ %?%t to
terrperatureﬁw@lptg1 § r pr esent
i nvention. e sd%%g?thyd@%rgog@g%?%%% I@dg%?rlrs)%g(??ygé Qvtvi&]ﬁ]he bi nder
material t oUndetSRates PateMumber 5,573,657, which has already been incorporated by

reference.

[0031]  The support materials suitable for use herein can be shaped into a wide
variety of particle sizes. Generally speaking, the support material particles can be
in the form of a powder, a granule, or a molded product, such as an extrudate
having particle size sufficient to pass through a 2 mesh (Tyler) screen and be
retained on a 400 mesh (Tyler) screen. In cases where the final catalyst is to be
molded, such as by extrusion, the support material particles can be extruded before

drying or partially dried and then extruded.

[0032] The size of the pores in the present support materials are controlled such
that they are large enough that the spatiospecific selectivity with respect to
transition state species in reactions such as cracking is minimized (Chen et al.,
"Shape Selective Catalysis in Industrial Applications", 36 CHEMICAL
INDUSTRIES, pgs. 41-61 (1989), to which reference is made for a discussion of
the factors affecting shape selectivity). 1t should also be noted that diffusional

limitations are also minimized as a result of the very large pores.



catalyst onto which netals can be added. Binder materials suitable for use
herein include active and inactive materials and synthetic or naturally
occurring zeolites as well as inorganic materials such as clays and/or

oxi des sucWORAR/FB na, silica or silica-alumna. SilicBCEUSMONE3106 uni na
and zeolites are preferred binder materials, and alumna is a nore binder
support material. Silica-alumna may be either naturally occurring or in
the formof gelatinous precipitates or gels including mxtures of silica
and netal oxides. It should be noted that the inventors herewith recognize
that the use of a material in conjunction with a zeolite binder material,
I.e., conbined therewith or present during its synthesis, which itself is
catdlytically active may change the colversion and/or selectivity of the
finished. The inventors herewith |ikew se recognize that inactive nmaterials
can suitably serve as diluents to control the anmount of conversion if the

present i ngﬂgﬁéﬁ%m&igwl oyed in al kylation -processes so that al kylation

products c d econom cally and orderly without enploying other
means for controlling the rate of reaction. These inactive materials may be
I ncorporated into naturally occurring clays, e.g., bentonite and kaolin, to
i nprove t h§0@3lish At stetedtaboué, thh aramabtsysatunatidecatdystarsed a thegmesait ng
conditions and . functjon_as binders aor natrices for the catalyst. [QQ34] The

present i nveieRtion PESIETAbYY FOMPBA% 3 stable hmgdes matedak ckhis binder matenialds of
DO oSk i S AT b SPLIE  FOAY b SerghRR e ksl
P2 VPP Blosd B5Rasis AL ke onll ThebibeL 1o
pr ef er abl y n{# QR S xeIhrefeRatdy RampdsRER HstH b8 M8t RMLH Aivgdkd onal .
means including mull'ing the materials together followed by extrusion of
pel | eti zi ngatalyst ontohehidhsneteld chnbiesddeldd c Bintgrsiateaials slitsdle for use herein
include active and inactive materials and synthetic or naturally occurring zeolites as
well as inorganic materials such as clays and/or oxides such as alumina, silica or
silica-alumina. Silica-alumina, alumina and zeolites are preferred binder materials,
and alumina is a more binder support material. Silica-alumina may be either
naturally occurring or in the form of gelatinous precipitates or gels including
mixtures of silica and metal oxides. It should be noted that the inventors herewith
recognize that the use of a material in conjunction with a zeolite binder material,

i.e., combined therewith or present during its synthesis, which itself is catalytically
active may change the conversion and/or selectivity of the finished. The inventors
herewith likewise recognize that inactive materials can suitably serve as diluents to
control the amount of conversion if the present invention is employed in alkylation
processes so that alkylation products can be obtained economically and orderly
without employing other means for controlling the rate of reaction. These inactive
materials may be incorporated into naturally occurring clays, e.g., bentonite and

kaolin, to improve the crush strength of the catalyst under commercial operating

conditions and function as binders or matrices for the catalyst.

[0034]  The present invention typically comprises, in a composited form, a ratio

of support material to binder material ranging from 80 parts support material to 20



Hydr ogenat i on- Dehydr ogenati on Conponent [0035] As stated above, the
aromatics saturation catalyst used in the present invention further

conpri ses a hydrogenati on-dehydrogenati on conmponent sele ) oup
VIl nobl ewmoawgzgsa% m xtures thereof. It is preferred ?k’f{{]s{z@éﬁﬂogg

hydr ogenat i on- dehydr ogenati on conponent be sel ected from pal | adi um

plati num rhodium iridium and m xtures thereof, nore preferably platinum
pal l adium and nixtures thereof. It is nost preferred that the

hydr ogenat i on- dehydr ogenati on conponent be platinum and pal | adium [0036]
The hydrogenati on-dehydrogenati on conponent is typically present in an
anount ranging fromO0.1 to 2.0 wt.% preferably fromO0.2 to 1.8 wt% nore
preferably 0.3 to 1.6w.9% and nost pref'elﬁably 0.4tol1l.4wm.% Al netals
wei ght percents are on support. By "on support” we mean that the percents
are based on the weight of the support, i.e., the conposited support

materi al angais biteter mdterialath.20 garts stppon neateridl tb 186 Ruisindervanerial allei gh 100
grans, then 20 wt . % hydrogenation- dehydrogenati on conponent woul d nean
that 20 gr amatiasfbaing biyyweighi taically fra 20 & AR50 suppett ahatarial:bindehe

support. [0037] .The roogenati_on- de ogenati.oqn conponent can be exchanged
onto the sG}ﬁS%"r“lﬂ Rfﬁ?%g‘i’lal }’Omrééﬁgsg\ﬁ’a:{%gg-i BPpsitipg may ke deng Hy Samyeedena) t h
it. It is WD 2006/ Q28883 PI/ 005/ 031068, - L7 .preferred that the .. .

hydr ogenat | GHARSHOGP I RUTENS (B AT ket OB Bua iy s afmtletivingn. 1
t he hydr Oge’ﬁ?tbitﬁﬁagﬁ?é’cﬂﬁﬁﬂﬁ&‘%&é@ sPﬁé?ﬁ%ﬂa%”t is to be inpregnated into or
exchanged onto the conposited support naterial and binder, it nmay be done,
for exanple, by treating the conposite with a suitable ion containing the

hydr ogenat i on- dehydr ogenati on conponent. If the hydrogenation- {
dehydr ogenathwdropenptionqbehwlpiganatioanCanpéwsdiite pl at i num conpounds i ncl ude

[0035] As stated above, the aromatics saturation catalyst used in the present
invention further comprises a hydrogenation-dehydrogenation component selected
from Group VIII noble metals and mixtures thereof. It is preferred that the
hydrogenation-dehydrogenation component be selected from palladium, platinum,
rthodium, iridium, and mixtures thereof, more preferably platinum, palladium, and
mixtures thereof. It 1s most preferred that the hydrogenation-dehydrogenation

component be platinum and palladium.

[0036] The hydrogenation-dehydrogenation component is typically presentinan
amount ranging from 0.1 to 2.0 wt.%, preferably from 0.2 to 1.8 wt.%, more

preferably 0.3 to 1.6wt.%, and most preferably 0.4 to 1.4 wt.%. All metals weight
percents are on support. By “on support” we mean that the percents are based on

the weight of the support, i.e., the composited support material and binder material.

For example, if the support were to weigh 100 grams, then 20 wt.% hydrogenation-
dehydrogenation component would mean that 20 grams of the hydrogenation-

dehydrogenation metal was on the support.

[0037] The hydrogenation-dehydrogenation component can be exchanged onto

the support material, impregnated into it or physically admixed with it. It is



chloroplatinic acid, platinous chloride and various conpounds containing the
“pl ati num am ne conpl ex. The hydrogenati on-dehydrogenati on conponent may

al so be incorporated into, onto, or with the conposited squorL gq% bi nder
mat eri al Wey200603888 ng a conpound(s) wherein the PCT/US2005/631068

"hydr ogenat i on- dehydr ogenati on conponent is present in the cation of the
conpound and/or conpounds or in which it is present in the anion of the
conmpound(s). It should be noted that both cationic and anionic conpounds
can be used. Non-limting exanples of suitable palladiumor platinum
conmpounds in which the netal is in the formof a cation or cationic conplex
are Pd(NH3)4Cl12 or Pt(NH3)4Cl2 are particularly useful, as are anionic
conpl exes such as the vanadate and netdt/ungstate ions. Cationic forns of
“other netals are also very useful since they may be exchanged onto the
crystalline material or inpregnated into it. Process [00381 In the

_practice o Béf&?ec?fﬁ?&t h;%d}tsgéﬁa&i@ﬁ/daayhrw(;%rﬁhbn %ehilﬁoaen{@m%mg;o 008 'bggam as

descri bed ove I's contacted with an”a tics saturation catalyst

descri bed phpregnaticier Ifehé aodiogenaticvdehgdrogahation ¢ompondid fods. Effective
aromati cs saturation conditions are to be considered those conditi ons under

whi ch at [mpregnategdanto wrexchanged anto e comppsisabsitppont mhteriaLidmel bindetat | i ng
range feedstream are saturated, preferably at |east 50 w. % of the,
aromati cs B bedancaf@exapile bydrcasng Geawepasts Motpo ositdds oscontaiging

el ude. 1 BRgBRpEia ol depy diaethukon Eomponer be BYOiESHFEtI pr essur e of
(5o 1450 oy RAAeRRR ekt TR, it AFRLSIAEOShgoEr O 2,0
friom 89 t o ABBShIAMhiERCIEPhitirons ERRRRIesAHd Ririous compounds containing the
~ platinum amine complex. The hydrogenation-dehydrogenation component may
also be incorporated into, onto, or with the composited support and binder material
by utilizing a compound(s) wherein the hydrogenation-dehydrogenation component
is present in the cation of the compound and/or compounds or in which it is present
in the anion of the compound(s). It should be noted that both cationic and anionic
compounds can be used. Non-limiting examples of suitable palladium or platinum
compounds in which the metal is in the form of a cation or cationic complex are
Pd(NH;),Cl; or P{(NH3),Cl, are particularly useful, as are anionic complexes such
as the vanadate and metatungstate ions. Cationic forms of other metals are also very
useful since they may be exchanged onto the crystalline material or impregnated

into it,
Process

[0038] In the practice of the present invention, a lube oil boiling range
feedstream as described above is contacted with an aromatics saturation catalyst as
described above under effective aromatics saturation conditions. Effective
aromatics saturation conditions are to be considered those conditions under which
at least a portion of the aromatics present in the lube oil boiling range feedstream

are saturated, preferably at least 50 wt.% of the aromatics are saturated, more



100391 In one enbodi nent of the instant invention, the effective aromatics
saturation conditions are conditions effective at renoving at |east a
portion of the nitrogen and organically bound sul fur coptam . nd

hydr ogenat WEL204¢/03888st a portion of said aromatics, thus® ’%ﬁﬂ%éﬁg at | east -
a liquid lube oil boiling range product having a | ower concentration of
aromati cs and nitrogen and organically bound sul fur contam nants than the
liquid lube oil boiling range feedstream 100401 As stated above, in sone

i nstances, the lube oil boiling range feedstream is hydrotreated to reduce
the sul fur contam nants to bel ow 500 wpopm preferably bel ow 300 wopm nore
preferably bel ow 200 wopm 1In this enbodi nent, the present process

conprises at |east two reaction stages, -fre first containing a

hydrotreati ng catal yst operated under effective hydrotreating conditions,

and the second containing an aromatics saturation catal yst as descri bed

above oper agﬁéifcrw gfeaffér,ftﬁgﬁe ?T%%g%.oﬁ?febﬁ% %hgit&%:sﬁﬁgﬁtﬁméd&ﬁénﬁﬁ?g@gcr | bed

above. Therefore, TR this odi nent, the lube oil I ng range stream
is first copiagéachréd bffram Mmbrm?c,%hﬁ%géﬂ§Iartiampﬁé&§uﬂércﬁ’5{?cﬂﬁq1180 t8
hydr ogen-containing treat gas in a first "~ reaction stage operated under

ef fective hQ0786 kPati(R2OWytcIOGD pdig)a spaceoveecity of fref@.¢ totlddiguud hunrlgont ent  of
the lube oil boiling range feedstreamto within the above- described range.

Thus, the t epane valaeiot (A8 hgindashydregeriorfepd ratid ef Fonr8HrotBkmd/miEedei n a
hydr ogen- cont ai 66 gftﬁéeat gas is used in the presence of a suitable

cat al yst t hig 1p (S‘F }-ily active for the renoval of heteroatons, such as
sul fur, and WD 2006/ 028883 PCT/ US2005/ 031068 -19 nitrogen. Suitable
hydrotreati ng catal ysts for use in the present invention are any {

ti onal el ' | i I sed
convent) najofnel o gesid gl ghy S SIS SRR BET Ao sed
Co and/or  Rhwratish c@flitienedre cahlyiosd effadttvealt rb@@d%ingOftdesst Q4oriYon HEHR! |

preferably Mo and W
nitrogen and organically bound sulfur contaminants and hydrogenating at least a

O

portion of said aromatics, thus producing at least a liquid lube oil boiling range
product having a lower concentration of aromatics and nitrogen and organically

bound sulfur contaminants than the liquid lube oil boiling range feedstream.

[0040]  As stated above, in some instances, the lube oil boiling range feedstream
is hydrotreated to reduce the sulfur contaminants to below 500 wppm, preferably
below 300 wppm, more preferably below 200 wppm. In this embodiment, the
present process comprises at least two reaction stages, the first containing a
hydrotreating catalyst operated under effective hydrotreating conditions, and the
second containing an aromatics saturation catalyst as described above operated
under effective aromatics saturation conditions as described above. Therefore, in
this embodiment, the Iube oil boiling range feedstream is first contacted with a
hydrotreating catalyst in the presence of a hydrogen-containing treat gas in a first
reaction stage operated under effective hydrotreating conditions in order to reduce
the sulfur content of the lube oil boiling range feedstream to within the above-
described range. Thus, 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



nore preferably Mo, on a high surface area support material, preferably
“alumina. It is within the scope of the present invention that nore than one

type of hydrotreating catalyst be used in the same react] e . The
G oup VI IWOne0Ee28%% typically present in an anount ran'b(ﬁ{gng‘);{%‘?ﬁﬁgsto 20

"W.% preferably from4 to 12% The Goup VI netal will typically be
present in an anmount ranging from5 to 50 wt.% preferably from 110 to 40
wt.% and nore preferably from20 to 30 wt.% Al netals weight percents
are on support. By "on support” we nean that the percents are based on the
wei ght of the support. For exanple, if the support were to weigh 100 grans,
then 20 wt. % Goup VII1 netal would nean that 20 granms of Goup VIII netal
was on the support. [0041] Effective hydPotreating conditions are to be

“ considered those conditions that can effectively reduce the sulfur content
of the lube oil boiling range feedstreamto within the above-described

ranges. Typgi ef ' B hIRSks £SO ik | | Giper res
* rangi ng frg%ﬁ%gc gtlgﬁ%éé@&gggﬁr%ﬁtip%oc to lh?fgggésrer%ﬂrlgqg?%f erably 230C to

350C. Typi cahvemtional hidrotreytispeatalyvedmebintivess tHos¥WENCH aredgeprisedroftl to
20hr' , preferably fromO0.5 to 5hr"1. Any effective pressure can be

utilized, Joadt pnetsoupyItypetehiprsferabhylefComd Nipmpee preferaplyeCesnd{o405 t o
proforr ou Mot oRt DredambiS Fiia y Joaw ne redt MAgnaianpraF By MoambMii | ons
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o Ut 19, 1S4 Sobt SR R BORIE IO "
]9;(2 32{ cr:gglmrsaﬂaws@ Be 2idbd M (HeQRARTeAGInSvdsiaN THREG 0PV HT mebAliis kyicdIRnge

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 grams, then 20 wt.% Group VIII metal would mean that 20 grams of Group

VIII metal was on the support.

[0041] Effective hydrotreating conditions are to be considered those conditions
. that can effectively reduce the sulfur content of the lube oil boiling range
feedstream to within the above-described ranges. Typical effective hydrotreating
conditions include temperatures ranging from 150°C to 425°C, preferably 200°C to
370°C, more preferably 230°C to 350°C. Typical weight hourly space velocities
("WHSV") range from 0.1 to 20hr”, preferably from 0.5 to 5hr™’. Any effective
pressure can be utilized, and pressures typically range from 4 to 70 atmospheres
(405 to 7093 kPa), preferably 10 to 40 atmospheres (1013 to 4053 kPa). Ina
preferred embodiment, said effective hydrotreating conditions are conditions
effective at removing at least a portion of said organically bound sulfur
contaminants and hydrogenating at least a portion of said aromatics, thus producing

at least a liquid lube oil boiling range product having a lower concentration of



100421 The contacting of the lube oil boiling range feedstreamw th the
hydrotreating catal yst produces a reaction product conprising at |east a

vapor product and a liquid |ube oil boiling range product. The_
product tyWioca0d/828888onpri ses gaseous reaction products SBEWUgéﬁ%ﬁ@B&;nd t he
liquid reaction product typically conprises a liquid lube oil boiling range
product having a reduced | evel of nitrogen and sul fur contam nants. The
reaction product can be passed directly into the second reaction stage, but
it is preferred that the gaseous and liquid reaction products be separated,
and the liquid reaction product conducted to the second reaction stage.
Thus, in one enbodi nent of the present invention, the vapor product and the
liquid |ube oil boiling range product aré0separated, and the liquid |ube
oi |l boiling range product conducted to the second reaction stage. The nethod
of separating the vapor product fromthe liquid lube oil boiling range

product i s Rt drCiabiSa BobAPLARl: doRKARELAN MAF FANIRGPGGATEIhahed by

any neans known to ect1ve at separating gaseous and |1 qui e on

products. F@sediasl €, a stripping tower or reaction zone can be used to

separate the vapor product fromthe Iliquid lube oil boiling range product.

The liquid | ube oil boiling range product thus conducted to the second

reaction stage wll have a sul fur conce_nbr,a,ti on within below 500 wppm

preferably B804 30Bhawpapcting of the dute eibboilme rgnge decdspisam withthes1 The above
[ eferred enbodi nents o sent invention.
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typically comprises a liquid lube oil boiling range product having a reduced level of
nitrogen and sulfur contaminants. The reaction product can be passed directly into
the second reaction stage, but it is preferred that the gaseous and liquid reaction
products be separated, and the liquid reaction product conducted to the second
reaction stage. Thus, in one embodiment of the present invention, the vapor
product and the liquid lube oil boiling range product are separated, and the liquid
lube oil boiling range product conducted to the second reaction stage. The method
of separating the vapor product from the liquid lube oil boiling range product is not
critical to the instant invention and can be accomplished by any means known to be
effective at separating gaseous and liquid reaction products. For example, a .
stripping tower or reaction zone can be used to separate the vapor product from the
liquid lube oil boiling range product. The liquid lube oil boiling range product thus

conducted to the second reaction stage will have a sulfur concentration within

below 500 wppm, preferably below 300 wppm, more preferably below 200 wppm.

[0043] The above description is directed to preferred embodiments of the
present invention. Those skiiled in the art will recognize that other embodiments
that are equally effective could be devised for carrying out the spirit of this

invention.



EXAMPLE [ 0045] A series of catal ysts were nade using MCM 41 nesopor ous
‘materials wth different Si02: Al 203 rati os and nom nal pore sizes.

Basically, MCM 41 nesoporous nmaterials were synthesized w Si02: Al 203
rati os beWweddo/836831 and 25:1 with nomi nal pore sizes gpw%bg%{)ﬁzggé’gﬁ

"Angstronms. The synthesized MCM41 nmaterials were washed, filtered, and
dried at 250F (121C) to prepare a dry cake. The dry cake was precalcined in
nitrogen at 540C. The precalcined MCM41 nmaterials were then mxed with

Ver sal - 300 al um na binder and extruded into 1/16" (1.6 mm) cylinders. The
extrudates were dried and then calcined in air at 538C. The cal ci ned
extrudates were then co-inpregnated with 0.15 wt. % platinumand 0.45 w. %
pal | adi um and dried at 120C. The cat al y"?rtls then received a final
“calcination in air at 304C to deconpose the platinumand pall adi um
conpounds. Properties of the finished catalysts are summarized in the Table

bel ow. Not gpgigt h%\fcﬁmmggmgr Wilpnm@ﬁhte/ﬂhfemﬂpﬂl@@ea EMIEARARARES Ifthd

*reduction in Si'02: A1203 rat increase in the“al um num content of the

MCM-41. [ OpdéskeniTinechdog due idHystrmemn as liant At presént iV Bitdh) intapstfasidom neasure
of the activity of the catalyst, and the higher the BHA i ndex, the nore
active the catalyst. Thus, the perfornmance of each catal yst was screened

for hydrog ctivity wusing the BHA test. The BHA test was perforned
on each camm e by drying 0.2 granms of the catalyst in heliumfor

one hour at 100C, then reducing the sanple at a selected tenperature (120C
to 350C, nomnally 250C) for one hour WO 2006/ 028883 PCT/ US2005/ 031068 -22

oo 19 SO sefbepreabrstynadn semieN e llnbbiitgen, 0,
thé BHA t &sith diffgendi0,is,0) e satl ndafinabpoteantbsd BaeAllyIMOM4R benzene
SParget mesoporous materials were synthesized with Si10,:Al,0; ratios between 800:1 and
25:1 with nominal pore sizes of 40 and 25 Angstroms. The synthesized MCM-41
materials were washed, filtered, and dried at 250°F (121°C) to prepare a dry cake.
The dry cake was precalcined in nitrogen at 540°C. The precalcined MCM-41
materials were then mixed with Versal-300 alumina binder and extruded into 1/16"
(1.6 mm) cylinders. The extrudates were dried and then calcined in air at 538°C.
The calcined extrudates were then co-impregnated with 0.15 wt.% platinum and
0.45 wt.% palladium and dried at 120°C, The catalysts then received a final
calcination in air at 304°C to decompose the platinum and palladium compounds.
- Properties of the finished catalysts are summarized in the Table below. Note that

benzene hydrogenation activity index increases with reduction in Si0,:Al,O; ratio

or increase in the aluminum content of the MCM-41.

[0046] The Benzene Hydrogenation Activity ("BHA") test is a measure of the
activity of the catalyst, and the higher the BHA index, the more active the catalyst.
Thus, the performance of each catalyst was screened for hydrogenation activity
using the BHA test. The BHA test was performed on each catalyst sample by
drying 0.2 grams of the catalyst in helium for one hour at 100°C, then reducing the

sample at a selected temperature (120°C to 350°C, nominally 250°C) for .onc hour



hel d at 10C. The data are fit to a zero-order Arrhenius plot, and the rate
constant in noles of product per nole of netal per hour at 100C is
reported. It should be noted that Pt, Pd, N, Au, Pt/Sn, and coked and
regener at eVQ 2406102883 of t hese catal ysts can be tested alpﬁms?ﬁ(@mﬁ}oé sure
used during the BHA test is atnospheric. The results of the BHA test were
recorded, and are included in the Table bel ow. TABLE Benzene Oxygen MM 41
Pt Pd Surface Area Hydrogenation Chem sorption SiQ2:A1203 (W.%9 (wm.%
(m/g) Activity Index (OM 40 Angstrom Pore 800:1 0.14 0.44 589.00 120 0.55
50:1 0.13 0.45 448.00 200 0.53 25 Angstrom Pore 800:1 0.13 0.43 555.00 190
0.6 50:1 0.14 0.42 599.00 240 0.66 25:1 0.14 0.40 584.00 290 0.64 [0047]
After each catal yst was prepared, the peRformance of each catal yst was
separately eval uated for hydrofinishing a hydrotreated 600N dewaxed oil. The
dewaxed oil was first hydrotreated to reduce the sulfur content to 200 wppm

The 600N d Wﬂlcgg&)éqrt}gén%@é%?@gﬂ was HRACE0IHRb is@ﬂggfé 3§§Fcl,gr§§gélgd<nﬂx5pf L ow

Approxi mately 5 ach cat st was separately

m cro-r eact Qe ofb&ifzeft hyAPogetdtioR pEasded a8g°@dtet 100t hearfPl 2JorStnl Radi ng

to ensure uniformliquid flow After pressure testing wth nitrogen and

hydrogen, tBEIA &dstlelrogaeiseficwedat 200 OOPAHIGH38EBA3oIN 4 Uerfe/padeed 23
nitrogen at 260C for 3 hours, cooled to roomtenperature, activated in
hydr ogen at held at 10°C. The data are fit to a zero-order Arrhenius plot, and the rate constant

in moles of product per mole of metal per hour at 100°C is reported. It should be

noted that Pt, Pd, Ni, Au, Pt/Sn, and coked and regenerated versions of these

- . _ {
catalysts can be tested also. The pressure used during the BHA test is atmospheric. ‘
The results of the BHA test were recorded, and are included in the Table below.

TABLE
Benzene Oxygen
MCM-41 Pt Pd Surface Area | Hydrogenation | Chemisorption
8i0,: AL O, (wWt.%) | (wt.%) (m/g) Activity Index (0O/M)
40 Angstrom Pore
200:1 0.14 0.44 589.00 120 0.55
50:1 0.13 0.45 448.00 200 0.53
25 Angstrom Pore
800:1 0.13 0.43 555.00 150 0.6 :
5001 0.14 0.42 599.00 240 0.66 (\. .
25:1 0.14 0.40 584.00 290 0.64

[0047]  After each catalyst was prepared, the performance of each catalyst was
separatelj‘/ evaluated for hydrofinishing a hydrotreated 600N dewaxed oil. The
dewaxed o1l was first hydrotreated to reduce the sulfur content to 200 wppm. The
600N dewaxed oil had an aromatics concentration of 415 mmol/kg. Approximately
5 cc of each catalyst was separately loaded into an upflow micro-reactor. 3 cc of
80-120 mesh sand was added to the catalyst loading to ensure uniform liquid flow.

After pressure testing with nitrogen and hydrogen, the catalysts were dried in



260C for 8 hours and then cooled to 150C. The 600N dewaxed oil feed was then
"introduced and operating conditions were adjusted to 2 LHSV, 1000 psig (6996
kPa), and 2500 scf H2/bbl (445 nB/nB). Reactor tenperature was increased to
275C and W@zood@bkeRssonstant for 7 to 10 days. Hydrogen REWVESPIRASI¥B0 9% and
‘no gas recycle was used. 10048] Product quality as defined by aronati cs,

sul fur, hydrogen, and nitrogen contents was nonitored daily. Aromatics were
measured by UV absorption (mmoles/kg). Total aromatics as a function of
time on streamare shown in the Figure herein for the catal ysts nade using
MCM 41 with different silica:alumna ratios and pore sizes. As can be seen
in the Figure herein, the inventors hereof have unexpectedly found that
catal ysts made using MCM41 with the o8 silica:alumna ratio, i.e.,
“higher acidity, and smaller di aneter pore openings provided the highest

| evel of aromatic saturation. WO 2006/ 028883 PCT/ 1JS2005/ 031068 - 24-

enotroarRtoBeR TG T S S RSF B i TR car
o han "ELRTRLE Bap ST 2808 FISPCOTEBHON ARG Y et i thar nont
hydr ogen- ciaftahBéd nd bheRtind@dnltticfls WRAE hiRSed 39T ARY, 3080 pufpdebosT f ect i ve

aromatics saturation 1 ons, erel n -sal aronmati és sa on cat al yst

conpri ses:kPa), aAd 2B00GBNHGHbPAIASUR] /T PNREANEF Rehpepitits Mak inteease@IOPOr OUS
support material, wherein the support material has a
275°C and then held constant for 7 to 10 days. Hydrogen purity was 100 % and no

. gas recycle was used.

{0048]  Product quality as defined by aromatics, sulfur, hydrogen, and nitrogen
contents was monitored daily. Aromatics were measured by UV absorption
(mmoles/kg). Total aromatics as a function of time on stream are shown in the
Figure herein for the catalysts made using MCM-41 with different silica:alumina
ratios and pore sizes. As can be seen in the Figure herein, the inventors hereof have
unexpectedly found that catalysts made using MCM-41 with the lower
silica:alumina ratio, i.e., higher acidity, and smaller diameter pore openings

provided the highest level of aromatic saturation.

T
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framewor k conprising at |east alum numand silica, and wherein the ratio of
silicato alumnumis 10:1 to 100:1 and the average pore dianeter of the
support material is 15 to less than 40A;, and ii) a )

hydr ogenat i WA-206198Bbgenat i on conponent sel ected from tHRCERIPFGE nobl e
metal s and m xtures thereof. 2. An aromatics saturation process for |ube oi
boiling range feedstreans conprising: a) contacting a |ube oil boiling
range feedstream containing aromatics, nitrogen and organically bound

sul fur contamnants in a first reaction stage operated under effective
hydrotreating conditions and in the presence of hydrogen-containing treat
gas wWith a hydrotreating catalyst conprising at |east one Goup VIII netal
oxide and at |least one Goup VI netal e3d-de thereby producing a reaction
product WO 2006/ 028883 PCTI US2005/ 031068 -25 conprising at |east a vapor
product and a liquid lube oil boiling range product; and b) contacting said
reaction prgﬁq@fwﬂgtl1 an aromatics saturation catalyst 1in the presence of a
hydr ogen- co J treat gas in a second reaction stage operated under
effective aromatics saturation conditions, wherein said aromatics
saturation catal yst conprises: i) an inorganic, porous, non-|ayered,

crystal l'i ne]l. nesApciromaticssanation prdoess fir, lubdeil doflingearpedfeoddtreamiser i al  has
a framework conprising at |east alum numand silica, and wherein the ratio
of silica tocmpusmgumis 10:1 to 100:1 and the

a) contacting a lube oil boiling range feedstreams containing aromatics

and nitrogen and organically bound sulfur contaminants with an

aromatics saturation catalyst in the presence of a hydrogen-containing L.
treat gas in a reaction stage operated under effective aromatics
saturation conditions, wherein satd aromatics saturation catalyst
comprises:
i) an inorganic, porous, non-layered, crystalline, mesoporous
support material, wherein the support material has a
framework comprising at least aluminum and silica, and
wherein the ratio of silica to aluminum is 10:1 to 100:] and the
average pore diameter of the support material is 15 to less than
404; and
{

1) a hydrogenation-dehydrogenation component selected from

the Group VIII noble metals and mixtures thereof.

2. Anaromatics saturation process for lube oil boiling range feedstreams
comprising:

a) contacting a lube oil boiling range feedstream containing aromatics,
nitrogen and organically bound sulfur contaminants in a first reaction
stage operated under effective hydrotreating conditions and in the
presence of hydrogen-containing treat gas with a hydrotreating
cétalyst comprising at least one Group VIII metal oxide and at least

one Group VI metal oxide thereby producing a reaction product



~average pore dianmeter of the support material is 15 to less than 40A; ii) a
bi nder material; and iii) a hydrogenati on-dehydrogenati on conponent sel ected
from the Goup VIII noble netals and m xtures thereof. 3. The process
‘accor di ng W@2eny2888%cedi ng cl ai m wherein said process fURGHEIZ0XGHIP| ses: a)
separating said vapor product fromsaid liquid | ube oil boiling range
product; and b) conducting said liquid lube oil boiling range boiling range
product to the second reaction stage containing said aromatics saturation
catalyst. 4. The process according to any preceding clai mwherein said
aromatics saturation catalyst further conprises a binder material selected
fromactive and WO 2006/ 028883 PCT/ US2005/ 031068 -26 inactive material s,
‘synthetic zeolites, naturally occurrineg5zeolites, inorganic materials,
“clays, alumina, and silica alumina. 5. The process according to any

precedi ng clai mwherein the support material has an average pore di aneter
of 15 to 35A, is co i I I r ki al: hspl an
“equilibrium benzene@g’@(g'sg% %f)‘fnl%%sé%g%a Pgbggﬁgtrge%@ g}fﬁ%}]ul%g&é?gﬁ@% rﬁﬁge
benzene/ 100 grans c‘rgﬁg@dt; atd 50 torr (6.67 kPa) and 25C. 6. The process
according to any preceding claimwherein the support material has an X-ray
di ffraction pati)er n contdstiap shidashctiomwpipdakiswith apesomiacics sgiestioy catdlgst 10. E
d-spacing (8.842 28 for Cu K-al pha radiation) which corresponds to the d100
val ue of the el ectrdn thg preserne ofrh hpdrogemcontatiag Sigphgas immsesond| | at | east
one of

reaction stage operated under effective aromatics saturation

conditions, wherein said aromatics saturation catalyst comprises:

1) an Inorganic, porous, non-layered, crystalline, mesoporous
support material, wherein the support material has a
framework comprising at least aluminum and silica, and
wherein the ratio of silica to aluminum is 10:1 to 100:1 and the
average pore diameter of the support material is 15 to less than
404,

ii)  abinder material; and

iii)  a hydrogenation-dehydrogenation component selected from

the Group VIII noble metals and mixtures thereof.

3. The process according to any preceding claim wherein said process further
comprises:
a) separating said vapor product from said liquid lube oil boiling range
product; and
b) conducting said liquid lube oil boiling range boiling range product to
the second reaction stage containing said aromatics saturation

catalyst.

4.  The process according to any preceding claim wherein said aromatics

saturation catalyst further comprises a binder material selected from active and



which is at a position greater than 18A d-spacing, and no peaks at positions
| ess than 10A d-spacing with relative intensity greater than 20% of the
strongest peak. 7. The process according to any preceding._claimwherein the
support mat¥}308¢/028883d t he bi nder material are conpositedﬁayq§m%W@Hm%f
support material to binder material ranging from 80 parts support nmateri al
to 20 parts binder material to 20 parts support material to 80 parts binder
material, all ratios being by weight. 8 The process according to any
precedi ng cl ai mwherein said hydrogenati on- dehydrogenati on conponent is
present in an amount ranging fromO0.1 to 2.0 wt.% and is selected from
pal l adium platinum rhodium iridium and m xtures thereof. 9. The process
according to any preceding cl ai m wherei % he support material is MCM 41 and
t he hydrogenati on-dehydrogenati on conponent is platinumand palladium WO
2006/ 028883 PCT/ US2005/ 031068 -27 10. The process according to any

pr ecedi ng J: J Liflad: i I i S -1s derived
fromecr udeq%ﬁlg? W@ﬁgﬁgﬁbl Si:ﬁgtlrl]dé?é;bellfr?ééégﬁ@%ﬁl%‘@s\%ﬁﬁﬂg?eggf&gt s{r?{evfgaf(ifh eeds and is
sel ected fmﬂigg,eclgyg, ab@hidanand siiae ahasi®at reans having an initial boiling
poi nts of 315C or higher, and contains up to 0.2 wt.%of nitrogen, up to
3.0 wt.%of sulfur, and up to 50 wt.% aromatics, all based on the | ube oil

boiling range feedstream 11. The process according to any preceding claim
wher ei n saisd | uddegirpcessiaceongling knay prseeding elaimhwbergin thef mppedmmaiatiabel ow

500 2. Th di . di | ai in said
o feerive T RAvFREIRTe AT Cohaie ) Shas APBTRASHAY FBniad PHIIEE koAl

ing at_l.east tian: i d ical Ly b f t anj pant
ind_sat or acrilghapiafs aBFalifilife bERe AP ER e PR O elelandtiert 8 B4 Ube,
oi I boiling, 200 dPEAshd &3%al at 50 torr (6.67 kPa) and 25°C.

6. The process according to any preceding claim wherein the support material
has an X-ray diffraction pattern with at least two peaks at positions greater than
10A d-spacing (8.842° 26 for Cu K-alpha radiation) which corresponds to the d;oy
value of the electron diffraction pattern of the support material, at least one of
which is at a position greater than 18A d-spacing, and no peaks at positions less

than 10A d-spacing with relative intensity greater than 20% of the strongest peak.

7. The process according to any preceding claim wherein the support material
and the binder material are composited in a ratio of support material to binder
material ranging from 80 parts support material to 20 parts binder material to 20

parts support material to 80 parts binder material, all ratios being by weight.

8. The process according to any preceding claim wherein said hydrogenation-
dehydrogenation component is present in an amount ranging from 0.1 to 2.0 wt.%

and is selected from palladium, platinum, rhodium, iridium, and mixtures thereof.

9. The process according to any preceding claim wherein the support material
is MCM-41 and the hydrogenation-dehydrogenation component is platinum and

palladium.
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10.  The process according to any preceding claim wherein said lube oil boiling
range feedstream is derived from crude oilé, shale oils and tar sands as well as
synthetic feeds and is selected from lube o0il boiling range feedstreams having an
initial boiling points of 315°C or higher, and contains up to 0.2 wt.% of nitrogen, up
to 3.0 wt.% of sulfur, and up to 50 wt.% aromatics, all based on the lube oil 'boiling

range feedstream.

11,  The process according to any preceding claim wherein said lube oil boiling

range feedstream has a sulfur content below 500 wppm.

12.  The process according to any preceding claim wherein said effective
aromatics saturation conditions are conditions effective at removing at least a
portion of said organically bound sulfur contaminants and saturating at least a

portion of said aromatics present in said lube oil boiling range feedstream.



