AN | MPROVED AROVATI CS SATURATI ON PROCESS FOR LUBE O L BA LI NG RANGE
FEEDSTREAMS FI ELD OF THE | NVENTI ON [ 0001] This invention relates to an

ar omat i csweabaw@gs7on process for |lube oil boiling rangepteagsiosoamss Mre
particularly, the present invention is directed at an aromatics saturation
process for lube oil boiling range feedstreans utilizing a catalyst

conpri sing a hydrogenation-dehydrogenati on conponent selected fromthe
Goup VIl noble nmetals and m xtures thereof, a nmesoporous support, and a
bi nder. BACKGROUND OF THE | NVENTI ON [0002] Historically, lubricating oi
products for use in applications such as autonotive engine oils have used
additives to inprove specific propertiels of the basestocks used to prepare
the finished products. Wth the advent of increased environnental concerns,
t he performance requirenments for the basestocks thensel ves have increased.
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or less and aTI SCoStty rHradex (v between there is
atrend 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 fg ELBC{) M reduced em ssions, etc. [0003]
Convent i oRed Lc\,m ri ng basestocks such as hydrocracki ng or
sol vent extraction require severe operating conditions such as high

pressure and
[0001] This invention relates to an aromatics saturation process for lube 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, a mesoporous support, and a binder.

BACKGROUND OF THE INVENTION

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

~ 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 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. Currently, there
is a trend in the lube oil market to use Group II basestocks instead of Group I
basestocks in order to meet the demand for higher quality basestocks that provide

for increased fuel economy, reduced emissions, etc.

[0003] Conventional techniques for preparing basestocks such as hydrocracking
or solvent extraction require severe operating conditions such as high pressure and

temperature or high solvent:oil ratios and high extraction temperatures to reach



tenperature or high solvent:oil ratios and high extraction tenperatures to
reacht hese hi gher basestock qualities. Either alternative involves

expensi vewopesealzsstg conditions and | ow yields. [0004] Hpdrascasksngs has
been conbined with hydrotreating as a prelimnary step. However, this
conmbi 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 Nunber 5,573,657, a hydrogenation
catal yst, and process using the sane, is described wherein a m neral oi
based lubricant is passed over a mesoporous crystalline material,
preferably with a support, containing |®-hydrogenation netal function. The
supported nesoporous material has pore dianeters greater than 20gA. The
hydr ogenati on process is operated such that the product produced therein
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the art for an“effective process to prepare quality Iu}grlcatlng oi

basest ockandibidvisiRd 16k yikdsl NVENTI ON [ 0007] The present invention is
directed at a process used to saturate aronmatics present in |ube oil

boi ling range feedstreans. The process conprises: a) contacting a | ube oil
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sat ur at i qiueaattht ¥6iversion 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 oil based lubricant is passed
over a mesoporous crystalline material, preferably with a support, contaiﬁing 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.

[0006] However, there is still a need in the art for an effective process to prepare

quality lubricating oil basestocks.

SUMMARY OF THE INVENTION

[0007] The present invention is directed at a process used to saturate aromatics
present in lube oil boiling range feedstreams. The process comprises:
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

treat gas in a reaction stage operated under effective aromatics



conprises: i) 50 wt.%to |ess then 65 wt.% of an inorganic, porous,

nonl ayered, crystalline, nesoporous support material; ii) 35 to 50 wt. % of
a bi nder wetesd/mbg7oand iii) at |east one hydrogenati on- gelmyseagesmts on
conponent selected fromthe Goup VIII noble netals and m xtures thereof.

[ 0008] In one enbodi nent of the instant invention, the inorganic, porous,
nonl ayered, crystalline, nmesoporous support material of the aronatics
saturation catalyst is characterized as exhibiting an X-ray diffraction
pattern with at | east one peak at a d-spacing greater than 18A. The support
material is further characterized as having a benzene absorption capacity
greater than 15 grans benzene per 100 ¢f-ans of the material at 50 torr
(6.67 kPa) and 250C. [0009] In a preferred form the support material of
the aromatics saturation catalyst is characterized by a substantially

uni form hexagonal hoRG¥EEHRoANRIRS WHEEH SaitMabdinktids QiiaBBhatdlyti Ng a di oo
val ue greater than 18A. [0010] In another preferred form the support

material of the arormhpmsessaturation catalyst is MCM41. [0011] In yet
anot her enbodi nent of the instant |nvent|on the process conprises: a)
contacting a |ube o)l botd Wik§o falege theadefs Wit ¥a af 8B MQIZANISg DAF WSROI

layered, crystalline, mesoporous support material;

i1) 35 to 50 wt.% of a binder material; and

iii)  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 pattern 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.

[0009] In a preferred form, the support material of the aromatics saturation
catalyst is characterized by a substantially uniform hexagonal honeycomb

microstructure with uniform pores having a d,o value greater than 18A.

[0010] In another preferred form, the support material of the aromatics

saturation catalyst is MCM-41.

[0011] In yet another embodiment of the 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



ni trogen and organically bound sulfur contam nants in a first reactionstage
operated under effective hydrotreating conditions and in the presence of
hydr ogen-wonbas/nssrg treat gas with a hydrotreating cat alPgstuseaspsioss ng at

| east one G oup VIII netal oxide and at |east one Goup VI netal oxide

t her eby producing a reaction product conprising at |east a vapor product
and a liquid [ube oil boiling range product; and b) contacting said
reaction product with an aromatics saturation catalyst in the presence of a
hydr ogen-containing treat gas in a second reaction stage operated under
effective aromatics saturation conditions, wherein said aromatics
saturation catal yst conprises: i) 50 w-%to |less then 65 wt.% of an

i norgani c, porous, nonlayered, crystalline, nesoporous support material;

ii) 35 to 50 wt.% of a binder material; and iii) at |east one

hydr ogenat i on- dehy dgaegslihRR REPBMERIvRYdGkresting BRdiIenChAYM il | nobl e

nmetal s and m xtures [0012] In ancther enbodi nent of the instant
invention, the progsgserdodrdfigdrogempeomainingireategaaneith adydeotebatimgor product
fromsaid liquid lube oil boiling range product; and bf conduct it?gas?ai d
liquid |ube oi | boidatalysteongerising Bt legsteigereo¥ i metal oxide and a

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:

1) 50 wt.% to less then 65 wt.% of an inorganic, porous, non-

layered, crystalline, mesoporous support material;
ii) 35 to 50 wt.% of a binder material; and
iii)  at least one hydrogenation-dehydrogenation component

selected from the Group VIII noble metals and mixtures

thereof.

[0012] In another embodiment of the instant invention, the 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.



the second reaction stage contai ning said hydrogenation catal yst. BRI EF
DESCRI PTION OF THE FI GURE [0013] The Figure is a graph depicting the

ar omat i csweabewmss7on performance of catal ysts with vari egs/uskevdesioand
support material concentrations versus the tine the various catalysts were
used in an aromatics saturation process. DETAILED DESCRI PTI ON OF THE

| NVENTI ON [ 0014] The present invention is a process used to saturate
aromatics present in lube oil boiling range feedstreans. In the practice of
the present invention, a |lube oil boiling range feedstream contai ni ng
aromatics and nitrogen and organically bound sul fur contam nants is
contacted with an aromatics saturation-eatalyst in the presence of a

hydr ogen-contai ning treat gas. The aromatics saturation catal yst conprises
50 wt. % to |l ess then 65 w.% of an inorganic, porous, non-|ayered,

crystalli PROTOHETRYROF THR FIGHRE 35 to 50 wt. % of a binder

mat eri al MV%WWTWW conponent. The

hydr ogenat i on- dehydr ogenati on conponent is selected fromthe Goup VIII
nobl e nmetals and m xtures thereof. The contacting of the lube oil baqjling

range f ee[0913bamThﬁtﬁig@1?¢elS argmpah depictag theaarosrpticasafuyationperiprunaneepf
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DETAILED DESCRIPTION OF THE INVENTION

[0014]  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
presence of a hydrogen-containing treat gas. The aromatics saturation catalyst
comprises 50 wt.% to less then 65 wt.% of an inorganic, porous, non-layered,
crystalline, mesoporous support material, 35 to 50 wt.% of a binder material and a
hydrogenation-dehydrogenation component. The hydrogenation-dehydrogenation
component is selected from the Group VIII noble metals and mixtures thereof. The
contacting of the lube oil boiling range feedstream with the aromatics saturation
catalyst occurs in a reaction stage that is operated under effective aromatics

saturation conditions.

Feedstreams

[0015] 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



fromcrude oils, shale oils and tar sands as well as synthetic feeds such
as thosederived fromthe Fischer-Tropsch process. Typical wax-containing

f eedst ockwof2006/02B&9 pr epar ati on of |ubricating base oil spoaus2008i08i058

boi ling points of 315C or higher, and include feeds such as reduced crudes,
hydr ocrackates, raffinates, hydrotreated oils, atnospheric gas oils, vacuum
gas oils, coker gas oils, atnospheric and vacuumresids, deasphalted oils,
sl ack waxes and Fi scher-Tropsch wax. Such feeds may be derived from
distillation towers (atnospheric and vacuum), hydrocrackers, hydrotreaters
and solvent extraction units, and may have wax contents of up to 50% or
nore. Preferred |ube oil boiling range-tFeedstreans boil above 6500F (343C).
[ 0016] Lube oil boiling range feedstreans suitable for use herein al so
contain aromatics and nitrogen- and sul fur-contam nants. Feedstreans

cont ai ni NgeriRdifRord tRe MischeR h P6¢bss PIYBiLaPWak R ot ARH feR@ffockPfdro 3. 0

Trépsc
wt.%of sulfur, and up to SOr%.%aromatlcs can be used i'nh the present
process. the prepapatédreof Ribrichtihg bhse oild have indtidl dotlind points 6£2HSCrerans be

bel ow 500 wppm preferably bel ow 300 pm_ nore preferably bel ow 200 wppm
Thus, in lg\éﬁ@r, an@miu@%,feedﬁ@uq:lu@%rqstupggmdewy@ﬁg@Ck@éagﬁf@mwwy be
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vacuum), 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).

[0016] Lube oil boiling range feedstreams suitable for use herein also contain
aromatics and nitrogen- and sulfur-contaminants. Feedstreams containing up to 0.2
wt.% of nitrogen, based on the feedstream, up to 3.0 wt.% of sulfur, and up to 50
wt.% aromatics can be used in the present process. It is preferred that the sulfur
content of the feedstreams be below 500 wppm, preferably below 300 wppm, more
preferably below 200 wppm. Thus, in some instances, the lube oil boiling range
feedstream may be hydrotreated prior to contacting the hydrogenation catalyst.
Feeds having a high wax content typically have high viscosity indexes of up to 200
or more. Sulfur and nitrogen contents may be measured by standard ASTM

methods D5453 and D4629, respectively.

Support Materials

[0017] As stated above, the present invention involves contacting a lube oil
boiling range feedstream with an aromatics saturation catalyst that comprises 50
wt.% to less then 65 wt.% of a support material, 35 to 50 wt.% of a binder material,

and a hydrogenation-dehydrogenation component. It is preferred that the aromatics



boiling range feedstreamw th an aromatics saturation catal yst that
conprises 50 wt.%to |less then 65 w. % of a support material, 35 to 50 wt. %
of a bi ndwo 20@i28878l , and a hydrogenati on- dehydr ogenat i eoTaso@snsnss It i s
preferred that the aromati cssaturation catal yst conprise 55 to 63 w.%
support material, nore preferably 57 to 62 wt.% support material, and nost
58 to 6 1 wt.% support material. [0018] Support materials suitable for use
i the present invention include synthetic conpositions of matter conprising
an ultra-large pore size crystalline phase. Suitable support materials are
I norgani ¢, porous, non-layered crystalline phase materials that are
characterized (inits calcined forn by-an X-ray diffraction pattern with
at | east one peak at a d-spacing greater than 18A with a relative intensity
of 100. The support materials suitable for use herein are al so

charact erd,zagtigs cg@gis@ Goﬁagpi%é‘ 3818 630 PY4 thpeﬁqﬁﬁﬂe}ixi1,gﬁ@@t7@!§fér£@19 Sthregr ans

of benzene per 10 ranms of the material at 50 torr (6.6 Pa) and 25C
Pr ef er r edbswipPostippoat aratarial, ardemosnsemb L wtd6sopport nwatetiadyer ed mat eri al
havi ng a hexagonal arrangenent of uniform y-sized pores with a maximum
per pendi cul ar cross-section pore dinmension of at |east 13A, and typically

in the r f L3A to 20gA.. A nore preferred su rt terial 1S
dent 11 Q0581 oeRad? praprals s TR AR BReCRF ofo RO BRb indha
hexagonal i it O Mhidtersd iS85 G uPfra-Mrb R84 sikdArytitANRES' -
exhibits é&’*ﬁ@é’g‘%ﬁ‘i‘?"% ecst ron %?f f(%lglcg:irtlﬁo% pat taer nrgt at (Silan ?eg iﬁndexed wth
a d1Co valhise gSaithisie support heherialiacd iregards psordas,imnalaybrrisdrystatlineeak in
the X-ray diffraction pattern. MCM 41 is described in United States Patents
Nunber s pleee nederiala tha asg shaseterighd Cin ity caleined hyrmnay ap St-sayedifhpction
reference, .and also, t? . . .
pattern with at'least one peak at a d-spacing greater than 18A with a relative
intensity of 100. The support materials suitable for use herein are also
characterized as having a benzene sorption capacity greater than 15 grams of
benzene per 100 grams of the material at 50 torr (6.67 kPa) and 25°C. Preferred
support materials are inorganic, porous, non-layered material having a hexagonal
arrangement of uniformly-sized pores with a maximum perpendicular cross-section
pore dimension of at least 13A, and typically in the range of 13A to 200A. A more
preferred support material 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 digo
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, XpYZ4Oy). 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,



a | esser degree, below [0019] The inorganic, non-|ayered nesoporous
crystalline support materials used as conponents in the aromatics

sat ur at i omocadeal2ys® have a conposition accordi ng to theptwrusedoaobioss
(WBXbYcZdOh) . In this formula, Wis a divalent elenent, selected from
divalent first rowtransition netal, preferably manganese, cobalt, iron,
and/ or magnesium nore preferably cobalt. X is a trivalent

el enent, preferably al um num boron, iron and/or gallium nore preferably
alumnum Y is a tetraval ent el enent such as silicon and/or germani um
preferably silicon. Z is a pentaval ent el enment, such as phosphorus. Mis
one or nore ions, such as, for exanpl e;8-ammonium G oup IA HA and VIIB
i ons, usually hydrogen, sodium and/or fluoride ions, "n" is the charge of
t he conposition excluding Mexpressed as oxides; g is the weighted nol ar

aver age VvbRRsHlyHludinii bdrén! f#6n BHMRE galfunithefe Prefdrably dlumiiian Yis M a,
b, ¢, and d are"nole fractions of W X, Y and Z, respectively; his a

nunber ofa fetramalent eletheft sacidaq sikibeit &nld/zbt getmaraupr, pieferablly eiisodi @eista of

support materials suitable for use herein, (atb+c) is greater than d, and
heo  AnotMeaaYART ISl eRy SRS RSB haREn M is aeaeaz,orsmn%é%h #hdPerr ed

material s_for . use in i pQr4t | i f use herein
are the afi’&?mprl sﬁ{n(?gi.{g}s%’_ Qﬁ%ﬁ%ﬁﬂ&%gygg %F’F’gkssﬁ]ﬁﬁgé)&ggééegygéqlgﬁl be used.
[0020] | mddh6r ASotdopgs 'Aaees thelchhrdelST the RBRIposRINGHcRIding W eRPfe8sddds use
herei n have a conposition, on an anhydrous basis, expressed enpirically by
t he for muxddedghik ghd Weigkted olin) averdper ealéhdesoft Me nfpisathe angeher of mesles i al not
included in Mas an ion, and r is the coefficient for R _i.e. the nunber of
nol es or orgnelesfragtianoef Mk aRb, ¢, and d are mole fractions of W, X, Y and Z,

respectively; h is a number of from 1 to 2.5; and (a+b+c+d)=1. In a preferred
embodiment of support materials suitable for use herein, (atb+c) is greater than d,
and h=2. Another further embodiment is when a and d=0, and h=2. Preferred
materials for use in making the support materials suitable for use herein are the

aluminosilicates although other metallosilicates may also be used.

[0020] In the as-synthesized form, the support materials suitable for use herein
have a composition, on an anhydrous basis, expressed empirically by the formula
RM,q (W, X, YZ4O1), 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 ions 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),



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 Mvorewmasgd by post-crystallization nethods desecrhsdodsebmss To the
extent desired, the original M e.g., sodiumor chloride, ions of the
as-synthesi zed material of this invention can be replaced in accordance

wi th conventional ion-exchange techni ques. Preferred replacing ions include
nmetal ions, hydrogen ions, hydrogen precursor, e.g., amonium ions and

m xtures of these ions. Particularly preferred ions are those which provide
the desired netal functionality in the final catalyst. These include
hydrogen, rare earth nmetals and netal s-%f Goups VIIA (e.g. M), VIIIA (e.g.
Ni), IB (e.g. Cu), IVB (e.g. Sn) of the Periodic Table of the El enments and
m xtures of these ions. [0021] The crystalline (i.e. having sufficient

order to prpxide. Ailirhf (;e?gt@@mvst(g.%r. Bn} BE theBeriddit TRWRGH the Hl¥m¥nfsay,

el ectron or neutron’diffraction, f ow ng calcination with at |east one
peak) mesqpomintaresudpbede ions.eri als are characterized by their structure,
whi ch includes extrenely |large pore windows as well as by its high sorption
capacity. The term "mesoporous”, as used herein, is neant to indicate

crystals LNg I for ores within the.ran f from 13 A It
shoul d pdtRetCa e g die tay e st opterts nrblil W&, &
mat eri al FoPé drﬁgﬁt by XOFATeRlctrdnFieiiBR B ctions Bl fowingAr . N2,
n- hexane %Jrﬁgl;l/c 0 %sga(r)le,x per 100 grdns of tnhe porous material. [ 0052] The
support naflehatds with dtdbast ohe penlembsopmroussuppoet mhateriataresthachctermmedot her
porous inorganic solids by the regularity of its |arge open pores, whose
por e by their structure, which includes extremely large pore windows as well as by its

high sorption capacity. The term "mesoporous", as used herein, is meant to indicate

crystals having uniform pores within the range of from 13A to 200A. It should be

noted that "porous", as used herein, is meant to refer 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.

[0022] The support materials suitable for use herein can be distinguished from
other porous inorganic solids by the regularity of its large open pores, 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 13 to 200A, preferably from 13 to 100A.

[0023] The term "hexagonal", as used herein, is intended to encompass not only
materials that exhibit mathematically perfect hexagonal symmetry within the limits
of experimental measurement, but also those with significant observable deviations

from that ideal state. Thus, "hexagonal" as used to describe the support materials



size nore nearly resenbles that of anorphous or paracrystalline materials,
but whose regul ar arrangenent and uniformty of size (pore size

di st ri butwonrowd2Bsm a si ngl e phase of, for exanple, 25%pcuaisadosy3toid% or

| ess of the average pore size of that phase) resenble nore those of
crystalline framework materials such as zeolites. Thus, support materials
for use herein can al so be described as having a hexagonal arrangenent of
| arge open channel s that can be synthesized with open internal dianeters
from13 to 20gA, preferably from 13 to 100A. [0023] The term "hexagonal ",
as used herein, is intended to enconpass not only materials that exhibit
mat hemati cal |y perfect hexagonal symmetl®y within the linmits of experinental
measur enent, but al so those W th significant observabl e devi ations from
that ideal state. Thus, "hexagonal"™ as used to describe the support

mat eri al sgabRPo? Uk hekéde 1§‘1‘%§1‘1ﬂ0'r§fe’?‘%@ﬂie faet fH%ft flost ehadield ﬁpﬂletrﬁ@tbrlﬁpﬂ
channels in the material would be surrounded by six nearest nei ghbor

channel s wbuldcheghiryourded dyraex de&rteammghbdr chianneld abeougitly the smmever, that
defects and inperfections in _the support terial, will cause S|gn|f|cant

nunber s odIS@nfa@mBi should bg wtasieh@w%ercﬂiai defests ang weyfqegoa&gi thessupgerendi ng

a0 +2sv6 ranisei Ay AR AL Ant RuRhERT TRl X VR G R lefbble) oo acent
channel s %rg g8l e Yﬁ?%Sﬁ%?é‘grve %f'tﬁ@ﬁﬁ%er?il‘stﬂ? iratt 1?185% fisi al s.

Conpar abl e ationé a 0 obs In the dioo v rom

el ectron ‘dhfchl’@ﬁhﬁblﬂﬂs machas 5% o41idom dbeiation firon tehesrage fepet dhatzineef or
use herein can be prepared by any neans known in the art, and are %enerally

f ormed bybatweenedissent chasaelsistitl glearly give recognizable images of the MCM-4

materials. Comparable variations are also observed in the d,qo values from the

electron diffraction patterns.

[0024]  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, is 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
amounts of the material in them. Other techniques to illustrate the microsiructure of
this material are transmission electron microscopy and electron diffraction.
Properly oriented specimens of suitable support materials show a hexagonal
arrangement of large channels and the corresponding electron diffraction pattern

gives an approximately hexagonal arrangement of diffraction maxima. The d;g



United States Patents Nunbers 5,098,684 and 5,573,657, which have already
been incorporated by reference. CGenerally, the nost regul ar preparations of
the suppowd 20myss7al give an X-ray diffraction pattern wcrhisaossesiods sti nct
maxima in the extreme | ow angle region. The positions of these peaks
approximately fit the positions of the hkOreflections froma hexagonal

| attice. The X-ray diffraction pattern, however, is not always a sufficient
indi cator of the presence of these naterials, as the degree of regularity
in the mcrostructure and the extent of repetition of the structure within
I ndi vi dual particles affect the nunber of peaks that will be observed.

| ndeed, preparations with only one distiinct peak in the | ow angle regi on of
the X-ray diffraction pattern have been found to contain substanti al
anounts of the material in them Oher techniques to illustrate the

mcrostr "t K thk Ric (Rt At AtioN a1 The Qisbihc8IHREVEGDa a6 $peRYorANd

el ectron acti1on. Properly oriented specinens of suitable support

mat er i al sthehk® Frdj@@tﬁgm@healrekagtg&\rlrﬁmtic@ﬁnd iy ghated snthel repeatdlistance
corresponding electron diffraction pattern gives an appr oxi mat elty hexagonal
ar r angememsulnd betwéanachanoalsrbserved intke alecisep mirragraphs theoughthe fgpmula

T ol oot dhocrolhE" Bisdenseing souEed e Efochth AR R PRI "G ot ance
a.sub. O %@@&g@g@%@!@ﬁg&m g&»io ah?ﬁ e;f‘égﬁ% RO X067 A AdRibh patiepn ol t he

formul a spacing rve n ectron drffraction patterns
cor r esponghg suftable&uPponatateealdThe hew hé%hlble)rdﬁe@ prépdrhtoné oftheduftiblact i on
pattern of the suitable support material. The nost highly ordered
gr epar at | suppoof matesiak abtainddescsfap have 20xt0cdistinct spots crk@@r\s%’ler Hr theplectrg. 40
I stinct spots.ob ble i h .
glpf)‘gactlon ;S)aet{e\{'ﬁls. "ﬁlésg ptattgrnglc%ﬁ e Ihdexed with the hexagonal hkO subset
of unique reflections of 100, 110, 200, 210, etc., and their symmetry-related

reflections.

[0025] Inits calcined form, support materials suitable for use herein may also be
characterized by an X-ray diffraction pattern with at least one peak at a position
greater than 18A d-spacing (4.909° 26 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 insure no

pore blockage by incidental contaminants, if necessary).

[0026] It should be noted that the equilibrium benzene adsorption capacity
characteristic of suitable support materials is measured on the basis of no pore
blockage by incidental contaminants. For example, the sorption test will be
conducted on the crystalline material phase having no pore blockage contaminants
and water removed by ordinary methods. Water may be removed by dehydration
techniques, e.g., thermal treatment. Pore blocking inorganic amorphous materials,

e.g., silica, and organics may be removed by contact with acid or base or other



diffraction patterns. These patterns can be indexed with the hexagonal hkO
subset of unique reflections of 100, 110, 200, 210, etc., and their

symret r y-wel2adeadss7ef | ecti ons. [0025] In its cal ci ned foror/use@sosi0ss
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-spacing (4.909 2Q¥or Cu K-al pha radiation) which corresponds to the dioo
value of the electron diffraction pattern of the support material. Al so, as
stated above, suitable support materials display an equilibrium benzene
adsorption capacity of greater than 15 granms benzene/ 100 grans crystal at
50 torr (6.67 kPa) and 25C. (basis: cr¥&tal material having been treated in
an attenpt to insure no pore blockage by incidental contam nants, if
necessary). [0026] It should be noted that the equilibrium benzene

adsor pti QheRAGA g%ﬁtscéﬁ@h Wdtehé AbirRaldhatetial Mol DeTeRPIEE Witiot dairimeértal
nmeasured on the basis of no pore bl ockage by incidental contam nants. For

exanpl e, dffeet entti¢ coystalest will be conducted on the crystalline materi al
phase having no pore bl ockage contam nants and water renoved by ordinary
met hods. Water may be renpved by dehydration techniques, e.g., thernal

or gani o5 M85 The PGl tupRBs iR oRRRE 18y Srisefitdsnife honcRisels
agents sug pﬁw%a&hs s%itabre rﬁﬁéﬁéﬂeﬁl ca¥ bd cREaERADYEByWntXigyy detriment al

effect on e crysta [0027] I'n a nore preferred enbodl ment,” t he cal ci ned,
crystall ldiﬂrammlbmeem adt}sampanﬂtwoqteaks at ppositivrisagrieatef dranub@A despaicingcan be

charact er(|828e4dZ° %e fgp C>1<1-K-a){pha radiation) which corresponds to the d,oo 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. 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 d;qo value of the

electron diffraction pattern of the material.

[0028]  The calcined, inorganic, non-layered, crystalline support materials
suitable for use herein can also be characterized as having a pore size of 13A 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.

[0029]  As stated above, 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. The methods of measuring x-ray

diffraction data, equilibrium benzene absorption, and converting materials from



diffraction pattern with at |east two peaks at positions greater than | OA
d-spacing (8.842 2Qfor Cu K-al pha radiation) which corresponds to the
d1Ooval uewofoddnessgbect ron di ffraction pattern of the suppwris2evswerosal , at

| east one of which is at a position greater than 18A d-spacing, and no
peaks at positions less than | QA dspacing with relative intensity greater
than 20% of the strongest peak. Still nost preferred, the X-ray diffraction
pattern of the calcined material of this invention will have no peaks at
positions less than 1 QA d-spacing with relative intensity greater than 10%
of the strongest peak. In any event, at |east one peak in the X-ray
diffraction pattern will have a d-spacil®hg that corresponds to the dioo
value of the electron diffraction pattern of the material. [0028] The

cal cined, inorganic, non-layered, crystalline support materials suitable

for use NepfRikAo ﬁ@fbg%ﬁ BhANkhEWh AR thesrt AANIcAS alolsy Rvidwel Bf 13A or

greater as neasured ysi sorption neasurenents. |t should be noted that
pore si zeynned 8ares Petesi Nuniber 5 73¢6 579 ndiicke heslalacadyxbaenrninpenpoeated byl ar
cross-section pore dinension of the crystal. [0029] As stated above, the
support mefesened.s suitable for use herein can be prepared by any neans
known in the art, and are generally forned by the nmethods described in
United States Patents Nunbers 5,098,684 and 5,573,657, which have already

been | ncogganpt ey, bBLATEANERals KIRaRlBPAS: RéreltPasibe Sihpediath vide act | on

data, equ ne absorption, and converting natérials fronmamoni um
to hydr ogedtidtpofphfidie siees.i Gehballgrspeakidgcthe sapport neatenali panidles watubet ed
St at es Pat ent” Nunber 5,573, 657, i ch has al ready been incorporated by

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.

[0031]  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). It should also be noted that diffusjonal

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

Binder Materials

[0032] As stated above, the aromatics saturation catalyst used in the present
invention also comprises 35 to 50 wt.% of a binder material. It is preferred that the
aromatics saturation catalyst comprise 37 to 45 wt.% binder material, more

preferably 38 to 43 wt.% binder material, and most 39 to 42 wt.% binder material.



reference. [0030] The support materials suitable for use herein can be
shaped into a wide variety of particle sizes. Generally speaking, the
support meoenical2sgrarticl es can be in the formof a powdecr/ms2@saswse, or a
nol ded product, such as an extrudate having particle size sufficient to
pass through a 2 nmesh (Tyler) screen and be retained on a 400 nesh (Tyler)
screen. In cases where the final catalyst is to be nolded, such as by
extrusion, the support nmaterial particles can be extruded before drying or
partially dried and then extruded. [0031] The size of the pores in the
present support materials are controlled such that they are | arge enough
that the spatiospecific selectivity w-l% respect to transition state
species in reactions such as cracking is mnimzed (Chen et al., "Shape
Selective Catalysis in Industrial Applications”, 36 CHEM CAL | NDUSTRI ES,

pgs. G[fb f89)rh1§ Bin¥h fiAterRil & fIMed FrofPaley Bﬁfdea nfht&Gal&ioWh Biat ishe
factors affecting shape selectivity). It should al so be noted that

di f f usi onebistantrid enimeratusescaral sthentonditiarderaployedédn ardmefics $aturation | ar ge

pores. Binder Materials [0032]  As stated above t he aromatlcs s‘w%uratlon
cat al yst RI9eesseh Ih@swrw“emat@rm}wq ernpgsitsd with theshindesmateriad toformy ar o
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t enper at uiedtitearud wélhas inmvepahit inatsriglsplicly asiclays andfvrioxidessath maalumina,
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.



processes. The support materials are conposited with the binder material to
forma finished catal yst onto which netals can be added. Binder materials
sui t abl e woroeszsgver ei n i ncl ude active and inactive mat ecralssooansiosynt heti c
or naturally occurring zeolites as well as inorganic materials such as

cl ays and/or oxides such as alumna, silica or silica-alum na.
Silica-alumna, alumna and zeolites are preferred binder materials, and
alumna is a nore binder support material. Silica-alumna nay 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
i nventors herewith recogni ze that the -l&e of a material in conjunction with
a zeolite binder material, i.e., conbined therewith or present during its
synthesis, which itself is catalytically active may change the conversion

and/ o sejigarésératiohDkligatodumbA Cdiponerent of s herewi th |1 kevi se
recogni ze nactive naterrals can surtably serve as diluents to control
t he amount of conversion if the present invention is enployed in alkylation

processes so that al kyl ation gr oducts can be obt ai ned eq(i,on&lm' call¥ and
orderly wi00BdLt Astaiod agove.riae arpmmsicsigruration cafalyshysedil thgiaessit r eact i on.

These inactive terials may be i,ncor t LNt Q natur Q ring
cl'ays, o Vel Risie Bodmiete ary R hE B e AR b Puflf RHIesie e

cat al yst %%R&Mﬁbﬁle REBISAA hiLRRCH theRRE. MY préfRfleliQRattfie P nders or
matrices for the catalyst. Hydrogenati on- Dehydrogenati on Conponent [0034] As
st at ed abpxirogénmionardeiBidregenativn catiponentbasolsdted Sedn palladiany phatamim,

i nvention further conprises a hydrogenati on-dehydrogenati on_conponent

sel ect ed thodmngy isidiuny and roxiusesBeEgos, mate pieterabbspletiBrmgpalladiuis apdef er r ed

that the mixtures thereof. It is most preferred that the hydrogenation-dehydrogenation

component be platinum and palladium.

[0035] The hydrogenation-dehydrogenation component is typically present in an
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.

[0036] The hydrogenation-dehydrogenation component can be exchanged onto
the support material, impregnated into it or physically admixed with it. It is
preferred that the hydrogenation/dehydrogenation component be incorporated by
impregnation. If the hydrogenation-dehydrogenation component is to be
impregnated into or exchanged onto the composited support material and binder, it
may be done, for example, by treating the composite with a suitable ion containing
the hydrogenation-dehydrogenation component. If the hydrogenation-

dehydrogenation component is platinum, suitable platinum compounds include



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 | adi umwoanes/omssbures thereof. It is nost preferred tlpatr/usb@s3ioss

hydr ogenat i on- dehydr ogenati on conponent be platinum and pal |l adium [0035]
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 w.% nore
preferably 0.3 to 1.6wm.% and nost preferably 0.4 to 1.4 wt.% Al netals
wei ght percents are on support. By "on support” we nean that the percents
are based on the weight of the support, i.e., the conposited support
materi al and binder material. For exampbe, if the support were to weigh 100
grans, then 20 wt. % hydr ogenati ondehydr ogenati on conponent woul d nean t hat
20 grans of the hydrogenati ondehydrogenati on netal was on the support.

[ 0036] Thehlbpoplatad atido praiious eRGRidRtndN 28100 BRPouhds chfamifp anged ont o
the support material, inpregnated into it or physically admxed with it. It

i s pr ef erpletinumaminkeomplexgdhahydrogdahtion-dgkydiogenatimmpamponerienay
i ncor porated. by inpregnation. If the hydrogenation-dehydrqgenation .
conponental$gbg H‘%P?Wg‘?@@f‘&t%o,i ot with thesompesited yppertiand tindgranptesigl

support n ' i e, f.ar anpl e treating the
conposi t rea{/vl& ‘fr‘]ﬁg‘géﬁuﬁr‘g@‘f‘g‘%{@n@%ﬁﬁgﬁhﬁﬁ}@?ﬁe&aﬁ%?‘%@Xﬁg‘%%‘%ﬁﬁé% ﬁ?@_lpf?a ation
conponentis présehbfh heafieh T thOBSRPYENPIRADBE LOMPEARBOHER whithAt %tpr@ t
sui tabl e plati num conmpounds i ncl udechl oropl atinic acid, platinous chloride
and var i dnghe anppowfdhe contpaund@y 1tehopldbé noredahattsoth @apibeix. an@haionic
hydr ogenat i on- dehydr ogenat i on cQmponent maly ) ) )
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(NH3)4Cl, or Pt(NH3)4Cl, 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

[0037] The inventors hereof have unexpectedly found that by using an aromatics
saturation catalyst comprising the above described amounts of support material,
binder material, and hydrogenation-dehydrogenation components, the present
invention is more effective at saturating aromatics present in lube oil boiling range

feedstreams.

[0038] Thus, 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 25 wt.% of the aromatics are saturated, more



al so be incorporated into, onto, or with the conposited support and bi nder
material by utilizing a conpound(s) wherein the

hydr ogenawDanecdeBsrdr ogenat i on conponent i s present in tlipreTastirsnimsst he
conpound and/ or conpounds or in which it is present in the anion of the
conpound(s). It should be noted that both cationic and ani oni c conpounds
can be used. Non-limting exanples of suitable palladiumor platinum
conpounds in which the netal is in the formof a cation or cationic conplex
are PAd(NH3)4C 2 or Pt(NH3)4C 2 are particularly useful, as are anionic
conpl exes such as the vanadate and netatungstate ions. Cationic forns of
other netals are also very useful sincd7they may be exchanged onto the
crystalline material or inpregnated into it. Process [0037] The inventors
her eof have unexpectedly found that by using an aromatics saturation

catal yst GQIREDE/ Adeddhg5aP0UE KRS VR OmANBY BithrationsdRiddtidnsitkideal .  bi nder
mat eri al ,” and hydrogenati on-dehydr ogenati on conponents, the present

i nvent i ontengpermueesadfl fecrni 169°EttoSONC 24 hydrogen pattial presseseof from 148€etooi |
boiling range feedstreans. [0038] Thus, in the practice of the present

i nvent i on20E86 kiba (2400 tobi00i psig) asgace edaeity effoas 0detockl hewiddwavky i s
contacted with an.ar i ¢S saturation catal yst descri above der
ef f ect i veSPRCEFEIAL ( Y)atapaﬁ’ Q‘)’dﬁﬂg?q H’r@?g&%‘%ef%\?@ g§6‘?’r§? g?:%“ Z‘Ht i on
condi ti onﬁ) f(L(R)Ot&f@ consi dered those conditions under which at |east a
portion o e aromdfics present in the |lube oil boiling range feedstream

[0039]  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 lube 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
nitrogen. Suitable hydrotreating catalysts for use in the present invention are any
conventional hydrotreating catalyst and includes those which are comprised of at
least one Group VIII metal, preferably Fe, Co and Ni, more preferably Co and/or
Ni, and most preferably Co; and at least one Group VI metal, preferably Mo and W,
more preferably Mo, on a high surface area support material, preferably alumina. It
is within the scope of the present invention that more than one type of hydrotreating

catalyst be used in the same reaction vessel. The Group VIII metal is typically



are saturated, preferably at least 25 w.% of the aromatics are saturated,
norepreferably at least 75 wt.% Effective aromatics saturation conditions
i ncl ude twopescanss7es of from 150C to 4000C, a hydrogen partisadospsmssure 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/nB8 (500 to 10000 scf/B). [0039] As stated above, in sone
i nstances, the lube oil boiling range feedstreamis hydrotreated to reduce
t he sul fur contam nants to bel ow 500 wppm preferably bel ow 300 wopm nore
preferably bel ow 200 wopm In this enbodi nent, the present process
conprises at |least two reaction stagesl8he 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 opepi@ft iHAHVMAIHt 2EASIHE FRITR 78D I20SWEN, %b&@ffejfm%m ultbans, appdescri bed
above. Therefore, in this enbodi nent, the |Iube oil Doiling range feedstream

is first GComipavi awtal whl typhgadlydte prasentgn @atamhoiatt ramging drqan ésteridewats,a
hydr ogen-contaj ning treat gas in a first reacti on stage operated under
ef f ect i vePlsiaRBlyfsem; lr(btoc‘ﬂﬁ&’f[-t%acﬁ%i maregprgéarably fremdbio Heweghs dMl cont ent of

the lube oi] ,boiling range feedstreamdo.w thin the abovedescri bed range.
Thus, themp@wme%%gmeg%a}rﬁém. YPP %e(#%e?'?eflﬁ)go eVs W%%ﬁ@%@?&gcmr ein a
hydr 0gen- £@Haatd'bAthd et %t @gp%?@ Edt éxaﬁqr;rgé,qfﬁ{ecﬁ;}@fowéw thabéigh
catalyst that is primarily active for the renoval of teroatons, Such as
sul fur, and giahsydgesm 2GuitaidGreup Wi binetsdwoudd aadaal that 20 EeimsIsfGrsup he
present invention are any conventional hydrotreating catal yst and incl udes

t hose whi ¥HImealwapen degisupost:

[0040] 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 Shr™. 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). In a
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
aromatics and organically bound sulfur contaminants than the lube oil boiling range

feedstream.

[0041] The contacting of the lube oil boiling range feedstream with the
hydrotreating catalyst produces a reaction product comprising at least a vapor
product and a liquid lube oil boiling range product. The vapor product typically

comprises gaseous reaction products such as H,S, and the liquid reaction product



| east one Group VIII netal, preferably Fe, Co and NI, nore preferably Co
and/or Ni, and nost preferably Co; and at |east one Goup VI netal,

pr ef er ablwoNoocanss?wWy nore preferably Md, on a hi gh surf ace/meeaoswppor t
material, preferably alumna. It is within the scope of the present
invention that nore than one type of hydrotreating catal yst be used in the
sane reaction vessel. The Goup VIII netal is typicallypresent in an anpunt
ranging from2 to 20 w.% preferably from4 to 12% The G oup VI netal
will typically be present in an anobunt ranging from5 to 50 w. %
preferably from10 to 40 w.% and nore preferably from20 to 30 wt.% All
metal s wei ght percents are on support.-1By "on support" we mean that the
percents are based on the weight of the support. For exanple, if the
support were to weigh 100 grans, then 20 wt.% Group VIII netal would nean
that 20 g f ] I i i PORR ihg”é‘ﬁih '
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ef f ect i vehijrogedaad sulfar sohthnmnamst #he redctioheprbdiet canlbelmiskeddirecthgmto
feedstreamto within the above-described ranges. Typical effective

hydr ot r eatlierigcorshtraction stagecbuldt 1s Rigfrarest thatthe gasgdurpand awidgeatiany 425C,

pr ef er abl 00 . QC to 370, 0C £ ef er abl 300C t o, 3500¢. Typical weight
hourly s élugt@ PR eq,.aaﬁégg;lqp ctlxqrbﬁf%i_zuf%%n%e&? tgﬁﬁ%%((gr}cgbl y from
0.5 to 51y e t v, WAE =1y ures

t ypi cal | yi‘éra gﬁgléé?%g'm&gﬁtg ’oﬂnY(gleglﬁrr%idgﬁfgrn E§PE 4 S&E%At%%g%l%%éﬁeo%@?er ably 10
to 40 at npsydnet &xd thkdighid dubkO&B bt rahge produet arer epacsrbddindetht ligaal d

effective hydrotreating conditions are conditions effective at renpving at
| east a phwbeiadhbeilingapegepigducteonductedifadhe a¢gand 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 produét 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.

[0042] The above description is directed to preferred embodiments of the
present invention. Those skilled in the art will recognize that other embodiments
that are equally effective could be devised for carrying out the spirit of this

invention.

[0043] The following example will illustrate the improved effectiveness of the

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



contam nants and hydrogenating at |east a portion of said aromatics, thus
producing at least a liquid |lube oil boiling range product having a | ower
concent r avoaoosafsgwonmat i cs and organi cal |y bound sul f ur pcontsasusnarnss t han
the lube oil boiling range feedstream [0041] The contacting of the |ube
oil boiling range feedstreamw th the hydrotreating catal yst produces a
reacti on product conprising at |east a vapor product and a liquid | ube oi
boi l i ng range product. The vapor product typically conprises gaseous
reacti on products such as H2S, and the liquid reaction producttypically
conprises a liquid lube oil boiling range product having a reduced | evel of
nitrogen and sul fur contamni nants. The #6action 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 cRROUAJEtO the second reaction stage. Thus, in one embodi ment of
the present rnvention, the vapor product and the liquid |ube oil boiling
range product are separated, and the liquid |ube oil boiling range product
conducted to the second reaction stage. The nethod of separating .the vapor
product f [94d heAS@fdﬁSoOf | qataly 85 W%@NQQ‘?QJSF%WM’@)HH&SOpgr%’étm@PFf‘]iScal to

e oot vewih Gl G 0Ty AR ARRURE PG s PRAR SRRl 8ot
a strippi B afé\ﬁ% P4 ff fﬁ%ﬁ%ﬁ% ind: S fiki@ Lol %@gré -CalR R iAltrbBeh ¥@por
product f o%the I qui e oll 't ng range product. The Tiquid | ube oil

boi | i ng r%(@%?ﬂl‘ﬁé‘??é—cilbﬁ@d%&ﬂﬂl%lid@ vidie tharondled each horersdlagl® wi | | have
a sul fur concentration within below 500 wopm preferably bel ow 300 wppm
nmor e pr ef sluatihy birelepand @Rtrugedrinto 1/16 inch (1.6 mm) cylinders. The MCM-41
content of the muller mix was varied to 35, 50, and 65 wt.%, on a solids basis. The
extrudates were dried and then calcined in air at 538°C. The calcined extrudates
were then co-impregnated with 0.3 wt. platinum, 0.9 wt. palladium. 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 Table

1 below.

[0045] In order to determine the activity of the various catalysts used in the
Examples herein, each was separately subjected to the Benzene Hydrogenation
Activity ("BHA™). The 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 (120-350°C, nominally 250°C) for one hour in flowing hydrogen. The
catalyst was then cooled to 50°C in hydrogen, and the rate of benzene
hydrogenation measured at 50°C, 75°C, 100°C, and 125°C. In the BHA test,
hydrogen is flowed at 200 sccm and passed through a benzene sparger held at

10°C. The data are fit to a zero-order Arrhenius plot, and the rate constant in moles



[ 0042] The above description is directed to preferred enbodi nents of the

present invention. Those skilled in the art will recogni ze that other
enbodi nenve 2dvaksgmwe equal |y effective coul d be devi sedpCoruse@snyiosg out
the spirit of this invention. [0043] The follow ng exanple will illustrate

the i nproved effectiveness of the present invention, but is not neant to
limt the present invention in any fashi on. EXAMPLE [ 0044] A series of

catal ysts were made usi ng MCM 41 nmesoporous materials with different ratios
of MCM 41 and al um na. MCM 41 nesoporous nmaterial was prepared into a
filter-cake and this filter-cake was pre-calcined in nitrogen at 5400C. The
pre-cal ci ned MCM 41 solids were then mdlied with a Versal -300 al umi na

bi nder and extruded into 1/16 inch (1.6 nm cylinders. The MCM 41 cont ent
of the muller mx was varied to 35, 50, and 65 wm.% on a solids basis. The
extrudat eéf(flk\g)ﬂﬁc FrdreoRyt hétanp @ﬁicﬁirra@doovcas i\flevatp@hea?@pshom@be@bcamdt

ext rudat es re t'hen co- |rrpregnated wth plati num 0.9 wt

pal | adi unPt, PdeNiaAa] PE$s, aﬂnbaokedcaad\regerwrauedazlers:emmﬁﬁncsematalysm gange 3040C
to decorrpose the platinum and pal | .adi um conpounds ertl es

; i ni shed ‘€atediajsn. sThg m@?ﬂmﬁlspé ayring the, BHEA feshé %ﬁWOSpge%]h lFenreéP]dl%PF to
Ex
norei " oS AC Rt BRoiel ARLAEURC B S M BISTHBET tlabbgenatt on Activi ty

("BHA") . The BHA test is a measure of the activity of the catalyst, and the
hi gher the BHA index, the nore active the catalyst. Thus, the perfornmance

of TABLE 1
Benzene Oxygen
Hydrogenation | Chemisorption
Catalyst Description Pt (wt.%) | Pd (wt.%) | Activity Index (O/'M)
65% MCM-41 / 35% Al,O; 0.27 0.89 607 0.65
50% MCM-41/ 50% AlL,O; 0.28 0.82 520 0.59
35% MCM-41/ 65% ALO; 0.27 0.83 470 0.64

[0046] A second series of were also made using MCM-41 mesoporous materials
with different ratios of MCM-41 and alumina. Again, MCM-41 mesoporous
material was prepared into a filter-cake and this filter-cake was pre-calcined in
nitrogen at 540°C. The pre-calcined MCM-41 solids were then mulled with a
Versal-300 alumina binder and extruded into 1/16 inch (1.6 mm) cylinders. The
MCM-41 content of the muller mix was varied to 35, 50, 65 and 80 wt.%, on a
solids basis. The extrudates were dried and then calcined in air at 538°C. The
calcined extrudates were then co-impregnated with 0.15 wt. platinum, 0.45 wt.
palladium. The catalysts then received a final calcination in air at 304°C to
decompose the platinum and palladium compounds. Properties of these finished

catalysts are summarized in Table 2 below.



each catal yst was screened for hydrogenation activity using the BHA test.
The BHA test was perforned on each catal yst sanple by drying 0.2 grans of

t he cat alwyetodem2Bebi um for one hour at 1000C, then reduecmgstévs/osmspl e at a
sel ected tenperature (120-3500C, nom nally 2500C) for one hour in flow ng
hydr ogen. The catal yst was then cooled to 500C in hydrogen, and the rate of
benzene hydrogenation neasured at 500C, 75C, 1000C, and 125C. In the BHA
test, hydrogen is flowed at 200 seem and passed through a benzene sparger
hel d at 100C. The data are fit to a zero-order Arrhenius plot, and the rate
constant in nolesof product per nole of netal per hour at 1000C is
reported. It should be noted that Pt, -2& N, Au, Pt/ Sn, and coked and
regener ated versions of these catalysts can be tested al so. The pressure
used during the BHA test is atnospheric. The results of the BHA test were
recorded, and are included in the TgWBgLE #el ow. TABLE 1 [0046] A second
series of were also nade usi ng MCM 4T nesoporous nmaterials with different

rati os of MCM 41 and al um na. Again, MCM 41 nesoporous naterial was
pl‘epal‘ed into a filter-cake and -this filter-cake was pre-galecined—i

ni trogen at 5400C. The pre-[cal ci ned MCM 41 so |ds Befizene ¢ hdn ﬁyé‘éf'vmth a
Ver sal - 300 al umi na bi nder and extruded into 1 qrﬂgﬁ?agﬂ“ é&g}ﬂt’ﬁﬂers.
The MCM 41 GatalysiBeseriptione njIBt&Wt.%) x| BA(W50) boAetyigdn 65 )80t . %

on a sol | 63, bri-gl / T3te AdL rjudadd wer e drdSed and t 1969 cal di nedudlgv air at

538C. Th Sqfa@h&g?/g@@g)at es Re then co-i mpregnaged w tih 9 ?@?3\/\&

pl ati num e catalysts then received
cal ci nat | g0y, MTM4T / 20% 3040G t 0 0.14 0.43 870 0.49
35% MCM-41 / 65% Al,0; 0.14 0.42 465 0.62

[0047]  After each.catalyst was prepared, the performance of each catalyst was
separately evaluated for hydrofinishing a hydrotreated 600N dewaxed oil. The
dewaxed oil 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
nitrogen at 260°C for 3 hours, cooled to room temperature, activated in hydrogen at
260°C for 8 hours and then cooled to 150°C. The 600N dewaxed oil feed was then
introduced and operating conditions were adjusted to 2 LHSV, 1000 psig (6996
kPa), and 2500 scf Hy/bbl (445 m*/m®). Reactor temperature was increased to
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 as described in Tables 1 and 2



deconpose the plati numand pal | adi um conpounds. Properties of these
finished catal ysts are summari zed in Table 2 bel ow. TABLE 2 [0047] After
each cat avpvoomass7pr epar ed, the performance of each cat acyais2e@ss3mepar at el y
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 dewaxed oil had an aromatics concentration of 415 nmol / kg.

Approxi mately 5 cc of each catal yst was separately | oaded into an upfl ow

m cro-reactor. 3 cc of 80-120 nmesh sand was added to the catal yst | oading
to ensure uniformliquid flow After pressure testing with nitrogen and
hydrogen, the catalysts were dried in -8Btrogen at 2600C for 3 hours, cooled
to roomtenperature, activated in hydrogen at 2600C for 8 hours and then
cool ed to 1500C. The 600N dewaxed oil feed was then introduced and

oper at i ”%}_l@%d'Aé- %@b%&eﬁéﬁl%ﬁ?ﬁﬂe heredn LHS YnveHIOQ HepeEr }{a@%%ekﬁé@ted

2500 scf /'bbl tor tenperature was I ncreased to 27 C and

then hel dfdﬁﬂﬂ&h@tfﬁatél%ts mdde usihgla$e. witddvied Iparid 49 wils aliflitd progided gas
recycle was used. [0048] Product quality as defined by aromatics, sulfur,

hydr ogen, thardglmst teygbaf aromatiet satwgationoni t ored daily. Aromatics were
nmeasured by UV absorption (nmoles/kg). Total aromatics as a function of
time on streamare shown in the Figure herein for the catalysts nmade using

MCM 41 as (ﬁmﬁ“ fﬁldul(?]-lgé%f'e%htﬁaﬁﬂﬁl Omlgﬁ% Ounga ﬁeesytﬁ& mféseure

her ei n, ventors nereo ave unexpecte hat cata ysts made

using a %a%at%y&@\ﬁa%agﬂﬁl gatfoAMCOMRY Ligha :ahnﬁmwdiﬁéretnln €romh gieesptithavel  of
aromatic saturation.
60:40 ratio discovered by the inventors hereof are more active, the inventors hereof
attribute this discrepancy to sulfur in the feed. The BHA test is performed without
sulfur present, and the real feed had sulfur present, as described above. Thus, in
applications utilizing "real feeds", i.e. feeds that are used in petroleum and/or
chemical based processing schemes, a catalyst comprising 60 wt.% MCM-41 and

40 wt.% alumina will provide the highest level of aromatics saturation.



[0049] It should be noted that although Tables 1 and 2 indicate by the BHA
test that catalysts having a ratio of MCM41 and alumna different fromthe

opti mal 680400728879 di scovered by the inventors hereof

RCE/UFD06/03068 Ve,

t he

inventors hereof attribute this discrepancy to sulfur in the feed. The BHA
test is performed w thout sulfur present, and the real feed had sul fur
present, as described above. Thus, in applications utilizing "real feeds",
i.e. feeds that are used in petrol eum and/ or chem cal based processing

schenes, a catal yst
provi de the hi ghest
saturation process

contacting a | ube oil

nitrogen and organi

conprising 60 w.% MCM 41 and 40 wt. % al um na w ||

| evel of arommatics saturation.CLAIMS : 1. An aronmtics

for lube oil boiling4range feedstreans conprising:

cally bound sul fur contam nants with an aromatics

a)

boi li ng range feedstreans containing aronmatics and

saturati opycgtvkyst in the presence of a hydrogen-containing treat gas in a
reacti on stage operated under effective aromatics saturation conditions,

wherein said aromat
then 65 wt. % of an

ics saturation catalyst conprises: i) 50 wt.%to |ess
crystalline, nmesoporous

i norgani c, , porous, nonlayered,.

support mht er i An:arpmptiggsatyrasignproggssfonlubekboilingaangg feedp@eams ) a

hydr ogenat i on-.dehydr ogenati on conponent selected fromthe Goup VIII

met al s antPTPRERBes t her eof .

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

treat gas in a reaction stage operated under effective aromatics

saturation conditions, wherein said aromatics saturation catalyst

comprises:

1) 50 wt.% to less then 65 wt.% of an inorganic, porous, non-
layered, crystalline, mesoporous support material;

ii) 35 to 50 wt.% of a binder material; and

ili)  ahydrogenation-dehydrogenation component selected from

the Group VIII noble metals and mixtures thereof.

2. An aromatics 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
catalyst comprising at least one Group 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

nobl e



2. An aromatics saturation process for lube oil boiling range feedstreans
conprising: a) contacting a lube oil boiling range feedstream contai ning
aromat i cswonéggem and organi cal ly bound sul fur contampoanissoosn3msgir st
reacti on stage operated under effective hydrotreating conditions and in the
presence of hydrogen-containing treat gas with a hydrotreating catal yst
conprising at |least one Goup VIII netal oxide and at |east one G oup VI
nmet al oxi de thereby producing a reaction product conprising at |east a
vapor product and a liquid lube oil boiling range product; andb) contacting
said reaction product with an aromatics saturation catalyst in the presence
of a hydrogen-containing treat gas in -&3second reacti on stage operated
under effective aromatics saturation conditions, wherein said aromatics
saturation catal yst conprises: i) 50 wt.%to | ess then 65 wt.% of an
Inorgant c, Porgps, é&ﬁh&ﬁ@@ﬂd r@arclﬁ%hfﬁrbdﬁt@Wlﬂ?ﬁl‘i’ﬁﬁfrﬁé@csséaﬁﬁﬁﬁbn CBfaByst al ;

ii) 35 to 50 wt". % of a binder material; and iii)

hydr ogenat i on- dehydnngeqmesenne oﬁaﬁgdmgensmmmnmg tfrea;trgasmma@emmi VII1 noble
nmetals and m xtures thereof. 3. The process according to an%/ precedi ng

cl ai m wherein said {ﬂaété‘é%§tagﬁlopﬁ@rte¢%%ﬁfle§@§mﬁ?“§€% 198j d vapor

product fromsaid | '(%chfj OIllSUt\)?V e?élln saft ellr'orﬁ%tfcgggruratlon catalyst comprises:

1) 50 wt.% to less then 65 wt.% of an inorganic, porous, non-
layered, crystalline, mesoporous support material;

i1) 35 to 50 wt.% of a binder 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 support material

is composited with said binder material.

5. The process according to any preceding claim wherein said binder materials
is selected from active and inactive materials, synthetic zeolites, naturally occurring

zeolites, inorganic materials, clays, alumina, and silica alumina.

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



product; and b) conducting said liquid |ube oil boiling range boiling range
product to the second reaction stage containing said aromatics saturation
cat al yst .wéd.2oddnasgrpocess according to any precedi ng cl aiPorwsesosiosiosai d
support material is conposited with said binder material. 5. The process
according to any preceding claimwherein said binder materials is selected
fromactive and inactive materials, synthetic zeolites, naturally occurring
zeolites, inorganic materials, clays, alumna, and silica alumna. 6. The
process according to any preceding clai mwherein the support material has
an X-ray diffraction pattern with at | east two peaks at positions greater

t hanl OA d- spacing (8.842 2Qfor Cu K-algha radi ati on) which corresponds to
the d1Co value of the electron diffraction pattern of the support material,
at |l east one of which is at a position greater than 18A d-spacing, and no

peaks at poRid-§pisnd 38420 for Cy Kzagﬁ@iarmaﬁ@ﬁ)hvni@hwpmuset@&hé d,gr eat er
than 20% of the strongest peak. 7. The process according to any preceding
cl ai m whevaua of tiee elaptpon diffatton phttelinsyf] the suppore maténidly atleastemeade
adsorption_ capacity of. greater than .15 granms benzene/ 100 grans crystal at
50 torr (@hehiRpAy p@ﬁawzlweatee.thanhw%ﬂ 412520 PAINTEXS 8 tl?ﬁselééﬁi ng

arount oG g PomAonE PR SRR PR ARRREL AR RIRRITRE i PREl. 1"
plati num rhodium iridium and m xtures thereof. 9. The process according

to any preceding clai mwherein the support materi al
7. The process according to any preceding claim wherein the support material

displays an equilibrium benzene adsorption capacity of greater than 15 grams

benzene/100 grams crystal at 50 torr (6.67 kPa) and 25°C.

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.

10.  The process according to any preceding claim wherein said lube oil boiling
range feedstream is derived from crude oils, shale oils and tar sands as well as
synthetic feeds and is selected from lube oil boiling range feedstreams having an

initial boiling points of 315°C or higher.

11.  The process according to any preceding claim wherein said lube oil boiling
range feedstream 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.



is MCM 41, and the hydrogenati on-dehydrogenati on conponent is platinum and
pal | adium 10. The process according to any preceding clai mwherein said

| ube oi | Wwoi2beengss7ange feedstreamis derived from crudepoiritsoshadoss oi | s
and tar sands as well as synthetic feeds and is selected from |l ube oi
boiling range feedstreans having an initial boiling points of 3150C or

hi gher. 11. The process according to any preceding clai mwherein said | ube
oil boiling range feedstreamcontains up to 0.2 w.%of nitrogen, up to 3.0
wt. % of sulfur, and up to 50 wt.% aronmatics, all based on the |ube oi
boi l i ng range feedstream 12. The process according to any preceding claim
wherein said |lube oil boiling range fe@dstream has a sul fur content bel ow
500 wopm 13. The process according to any preceding cl ai mwherein said
effective aromatics saturation conditions are conditions effective at
removing g | PRl piboBet dcBRdiRh 18 ahf! précaAnCahini viiRuetd itd fube iPBSifgLNanNt s
and saturating at" least a portion of said aromatics present in sald-|ube
oi | boil imagge &rgletréaadeisacifur téntehhbelomos@d svppator di ng to any precedi ng
clai mwherein the catal yst conprises 37 to 45 w. %.binder material. 15. The
process according to any preceding claimwherein the aromatics saturation

. 0 .
catalyst ﬁ?nprfﬁeeSro%gsé[ gcc%?di\ﬁ\% 'to/oarslglJ %Peocrehinngactlglrnll E\iaslrh'erc:in 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.

14.  The process according to any preceding claim wherein the catalyst

comprises 37 to 45 wt.% binder material.

15.  The process according to any preceding claim wherein the aromatics

saturation catalyst comprises 55 to 63 wt.% support material.



