MO 2006/ 028878 PCT/ US2005/ 031057 AN | MPROVED PROCESS TO HYDROGENATE
AROVATI CS PRESENT I N LUBE O L BO LI NG RANGE FEEDSTREAMS FI ELD OF THE

| NVENTI ON [ 0001] This invention relates to a process used to hxﬁro enat e

aronat i cs PPEWENEE878 n | ube oil boiling range feedstreanstCNBF %@F%i%ul arly,
the present invention is directed at a hydrogenati on process for |ube oi
boiling range feedstreans utilizing a catalyst conprising at |east one
Goup VIl noble netal selected fromPt, Pd, and m xtures thereof having an
average pore dianmeter 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 additives to inprove specific
properties of the basestocks used to pﬂepare the finished products. Wth

t he advent of increased environmental concerns, the performance

requi renents for the basestocks thenselves have increased. Anmerican

- Petrol eum | nst jof 4erdvAEl Préc@Y L BRI OBEROE AKBMREPcd brBAR@STPekse | ncl ude a
saturates content of at | easts@fi%ncarsswkfedepeondaant of 0.03 wt.%or |ess
and a viscosity index (VI) between 80 and 120. Currently, there is a trend
in the |ube oil market to use Goup Il basestocks instead of Goup |
basestocks in order to neet the demand for higher quality basestocks that
provide for increased fuel econony, reduced em ssions, etc. [0003]

Convent i onpiELPAOOR I THESINVENTRDAN | Ng basest ocks such as hydrocracking or
sol vent extraction require severe operating conditions such as high pressure
and WD 2006/ 028878 PCT/ US2005/ 031057 -2 tenperature or high solvent: oi

rati os and hi?h extraction tenperatures to reach )
e [000I] This invention relates to a process used to hydrogenate aromatics present

in lube oil boiling range feedstreams. More particularly, the present invention is
directed at a hydrogenation process for lube ol boiling range feedstreams utilizing
a catalyst comprising at least one Group VIII noble metal selected from Pt, Pd, and

mixtures thereof having an average pore diameter of 15 to less than 40A.

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 11 basestocks instead of Group 1
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



t hese hi gher basestock qualities. Either alternative involves expensive
operating conditions and |ow yields. [0004] Hydrocracki ng has been conbi ned
with hydrotreating as a prelimnary step. However, this_conbinati al so
results in‘ﬁ%&W@Qggﬂsyields of lubricating oils due to tﬁng@ﬁgg%@ggﬂ to
distillates that typically acconpany the hydrocracking [ process. [0005] In
United States Patent Nunmber 5,573,657, a hydrogenation catalyst, and

process using the sane, is described wherein a mneral oil based |ubricant
is passed over a nesoporous crystalline material, preferably with a
support, containing a hydrogenation netal function. The supported
mesoporous material has pore dianetersugreater t han 200A. The hydrogenati on
process is operated such that the produet produced therein has a | ow degree
of unstaturation. [0006] However, there is still a need in the art for an
effective hydrogenation process to prepare quality |ubricating oi

basest ocks. eWQeRR0f S8R BoReht: S 2R MIMBHK extracticnIRRYateFes o ehSVENTI ON

[ 0007] The present invention is directed at a process used to hydrogenate
aronmati cs pthesehighenbhsesckiguabtied. | Fither aftgmatiee dstoleesexpehbey epopmeratisg
conprises: a) contacting a |ube oil boiling range feedstreans containing
aromati cs qﬁuhh¢m&%nﬁﬂ@“aﬂﬂkbrganicalIy bound sul fur contam nants with a
hydr ogenati on catal yst in the presence of a hydrogen-containing treat gas
in a first reaction stage operated under effective aromatics hydrogenation

condi tions, [dﬂbﬁi el q{f(ﬁi()gramigrg?ﬁg %%31'1 ggmﬁfpj‘nteal%?ﬁ hy&r%%a-iﬁge 3sa 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 oil 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.

[0006] However, there is still a need in the art for an effective hydrogenation (.

process to prepare quality lubricating oil basestocks.



i) an inorganic, porous, non-layered, crystalline, mesoporous support
material; and (ii) at |east one hydrogenati on-dehydrogenati on conponent

selected fromthe Goup VIII noble netals, wherein the _average pore
dianeter OYO2MEOEFPort naterial is 15 to | ess than 40A.PCT["(})9(38@103}%70ne

enbodi mrent of the instant invention, the inorganic, porous, non- |ayered,
crystalline, nmesoporous support material of the hydrogenation catalyst is
characterized as exhibiting an X-ray diffraction pattern with at | east one
peak at a d-spacing greater than 18A. The support nmaterial is further
characterized as having a benzene absorption capacity greater than 15 grans
benzene per 100 grans of the material at 50 ton (6.67 kPa) and 25C. [0009]
In a preferred form the support materidt of the hydrogenation catalyst is
characterized by a substantially uniform hexagonal honeyconb m crostructure
w th WO 2006/ 028878 PCTI US2005/ 031057 -4 uni form pores having an aver age

« pore di ane¢eMMARYEOSUPPY INVERNEITEAN 1S 15 to less than 35A. [0010] In

anot her prefterred rorm the present rnvention further conprises a binder
material. [0011] In yet another preferred form the support material of the
hydrogenati on catalyst is MCM41. [0012] In yet another enbodi nent of the
i nst ant i nNi#8A7} onThelpsesend oesstion ¢ated at aprasess eseditndiydragebeteoi | boi | i ng
range feedstream contaj ni ng ar %rmlti CcS, X
aromatics present in lube o1l boiling range feedstreams. The process comprises:
a) contacting a lube oil boiling range feedstreams containing aromatics
and nitrogen and organicaily bound sulfur contaminants with a
hydrogenation catalyst in the presence of a hydrogen-containing treat
gas in a first reaction stage operated under effective aromatics
hydrogenation conditions, wherein said hydrogenation catalyst
comprises:
1) ‘an inorganic, porous, non-layered, crystalline, mesoporous
support material; and
(i)  atleast one hydrogenation-dehydrogenation component
selected from the Group VIII noble metals, wherein the
average pore diameter of the support material is 15 to less than

40A.

[0008] In one embodiment of the instant invention, the inorganic, porous, non-
layered, crystalline, mesoporous support material of the hydrogenation 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 hydrogenation catalyst is

characterized by a substantially uniform hexagonal honeycomb microstructure with



ni trogen and organically bound sulfur contam nants in a first reaction

st age operated under effective hydrotreating conditions and in the presence
of hydrogen-containing treat gas with a hydrotreating c é%#’%@Q £ sing
at |east on¥O3BUBRI 1 metal oxide and at |east one GrOLaJ'%) 8 P@?BB i de

t hereby 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 a hydrogenation catalyst in the presence of a

hydr ogen-containing treat gas in a second reaction stage operated under
effective aromati cs hydrogenation conditions, wherein said hydrogenation
catal yst conprises: i) an inorganic, porous, non-layered, crystalline,

mesopor ous support material; ii) a bi ndeér materi al ; and WD 2006/ 028878
PCT/ US2005/ 031057 -5 iii) at |east one hydrogenati on-dehydrogenation
conponent selected fromthe Goup VIII noble netals, wherein the average

por e di anet emifofmtpeeeshaving hn B0éape pbrd diahbter of tiRssuppdai matal[i905 30 1dse
anot her enbodi nent of the 1 nstant i nvention, said process further

conpri ses: ahmséb%rating sai d vapor product fromsaid liquid | ube oi
boiling range product; and b) conducting said liquid lube oil boiling range
boiling range product to

[0010] In another preferred form, the present invention further comprises a

binder matenal.

(

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

[0012] In yet another embodiment of the instant invention, the process
comprises: |
a) contacting a lube oil boiliﬁg 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 L
comprising at least a vapor product and a liquid lube oil boiling range
product; and
b) contacting said reaction product with a hydrogenation catalyst in the
presence of a hydrogen-containing treat gas in a second reaction stage
operated under effective aromatics hydrogenation conditions, wherein
said hydrogenation catalyst comprises:
1) an Inorganic, porous, non-layered, crystalline, mesoporous
support material;

ity  a binder material; and



-

versus t heVP2PRE28828 vari ous catal ysts were used in an HHE

.the second reaction stage containing said hydrogenation catalyst. BRI EF

DESCRI PTION OF THE FI GURES [0014] Figure 1 is a graph depicting the
aromatics saturation performance of catalysts with various pore sizes
g%“&%’”%&%"’ur ation
process. [0015] Figure 2 is a graph depicting the desul furization
performance of catalysts wth various pore sizes versus the tinme the
various catalysts were used in a desulfurization process. _ WD 2006/ 028878
PCT/ US2001/ 031057 -6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0016] The
present invention is a process used to hydrogenate aromatics present in
| ube oil boiling range feedstreans. In the practice of the present
invention,- a lube oil boiling range fedédstream containing aromatics and
nitrogen and organically bound sulfur contam nants is contacted with a
hydr ogenati on catalyst in the presence of a hydrogen-containing treat gas.

. The hydrogenation cafiyl ysit 16aTBh ﬁ?&rogEﬂatid?P?ée@‘girrg%erﬁ@ibﬂ%thayered1

crystalline, mesoporous support material, p l'y bound a suitable

bi nder material. The cat adeysiteddfrom thoGabup ddIlnoble metals, wherein the

hydr ogenat i on- dehydr ogenati on conponent se|lected fromthe Goup VIII noble
metal s. The catal yst is faweragerparhdiamagter ¢izibg supporaviatgriahisahietodlgss thane
dianeter of 15 to less t 40A. The contacting of the lube oil boiling
range feedstreamw th t ydrogenation catal yst occurs in a reaction stage
that is operated under effective hydrogenation conditions. [0017] Lube oil
boiling range feedstreans suitable for use in the present invention include

any conven [00anp! TR aHShEeLEMBoHRESt OF thd/R8taft InvRHOEHE SR Broceds 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 FIGURES

[0014]  Figure 1 is a graph depicting the aromatics saturation performance of
catalysts with various pore sizes versus the time the varnious catalysts were used in

L an aromatics saturation process.

[0015] Figure 2 is a graph depicting the desulfurization performance of catalysts
with various pore sizes versus the time the various catalysts were used in a

desulfurization process. .



feedstreans typically include wax-containing feedstreans such as feeds
derived fromcrude oils, shale oils and tar sands as well as synthetic
feeds such as those derived fromthe Fischer-Tropsch pro i cal

wax- cont ai NWYRFM4 B ocks for the preparation of Iubric m5%£%@I@I s have
initial boiling points of 315C or higher, and include feeds such as reduced
crudes, hydrocrackates, raffinates, hydrotreated oils, atnobspheric gas
oils, vacuumgas oils, coker gas oils, atnospheric and vacuum resids,
deasphal ted oils, slack waxes and Fi scher-Tropsch wax. Such feéds may be
derived fromdistillation towers (atnospheric and vacuun), hydrocrackers,
hydrotreaters and sol vent extraction units, and nay have WO 2006/ 028878

PCT/ US2005/ 031057 -7 wax contents of up'ﬁ'o 50% or nore. Preferred | ube oil
boiling range feedstreans boil above 650F (343C). [001 8] Lube oil boiling
range feedstreans suitable for use herein also contain aromatics and
nitrogen- apgPAIEBD PESCRIFAON OFCEHE INVENFIONai ning up to 0.2 wt. % of
ni trogen, based on the teedstream up 10 3.0 W.% of sulfur, and up to 50
wt. % aromati cs can be used in the present process. It is preferred that the
sul fur content of the feedstreans be bel ow 500 wopm preferably bel ow 300
wopm nore |6 er ddeypresent i vendiongp smpravess usgdtoshydsogenate awaseatics peesenbe o |

[
nydr oganat | EhUBSEH LR FARE e RaRRd. aetgﬁg ¢ e @Resen) BERRTy. THVE i gn
reacur ed by O P o8 gt Al SR el B8 i e BB RN 167 ac”

st at ed abov i ' \ H .l  boiling
Fange. f aeds R B 08 Rl Bl port

. . ; t
presence of a hydrogen-containing treat gas. The hydrogenation catalyst comprises

an inorganic, porous, non-layered, crystalline, mesoporous support material,
preferably bound with a suitable binder material. The catalyst also comprises a
hydrogenation-dehydrogenation component selected from the Group VIiI noble
metals. The catalyst is further characterized as having an average pore diameter of
15 to less than 40A. 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.

[0017] Lube oil boiling range feedstreams suitable for use in the present

invention include any conventional feedstreams used in lube oil processing. Such C
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

vacuum), hydrocrackers, hydrotreaters and solvent extraction units, and may have



.material, a binder material, and at | east one hydrogenati on-dehydrogenation
conmponent. Support materials suitable for use in the in the present
invention include synthetic conpositions of matter conpyi

ultra-1ar gEOpMe@288 e crystalline phase. Suitable suppdr®? 'ﬁ%’ﬁ%ﬁ’%é‘f’g are

I norgani c, porous, non-layered crystalline phase materials that are
characterized (in its calcined form 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

characterized as having a benzene sorption capacity greater than 15 grans of
benzene per 100 grans of the material at 50 ton (6.67 kPa) and 25C

. Preferred support materials are inorgarrc, porous, non-layered nateri al
havi ng a hexagonal arrangenent of uniformy-sized pores with a maxi num

per pendi cul ar cross-section WO 2006/ 028878 PCTI US2005/ 031057 -S pore

- di mensi on @hx é&tbﬁts'o@' tbfm%%%ope IPRéferred Hhisd 61 BofHIPPA ge f@ddBfrbdths | S

identified as 41 has a characteristic structufre of hexagonally-
arranged, hmlﬁbnvd(;é—O&F@ftB"ﬁl)res of at least 13A dianeter, exhibits a
hexagonal electron diffraction pattern that can be indexed wth a d100

val ue greater than 18A, which corresponds to at | east one peak in the X-ray

5. 00, coa WAREE, Shbe g bailink Fangedechurédly iebleiSt ueROmp ol EPahire. "ana
21 50, ©0 CrbATEL nPA e Ehd U ch 00 L PR s RO ANE Lo 0 2
por ous cCr ys I ne eria used as conponen esent

I nvent i on @a%eoﬁnﬁ@gﬂg%afse@6n&ﬁe%e@sﬁeamouﬁ Res. Ofﬂ%ﬁull'ﬂ’rodn%;%%\/@m) I'n

ik's formula, Wis i val ent el ement, selected fromdivalent first row
nsi ti onwtit alomapicetan bbugedbngrimesent poduks., [tiis preferaedi{tant themdhgsi um

m)r © pref eéo%?én% 0%?l?eafl'e53dsti(ez{nsls ge Eagllo\és?l‘jg(r)] Ewp(]aalnf ggfterab%; %];ﬁ)r\;?g 6 “%plljnm nqgrrt?
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.

[0019]  As stated above, the present invention involves contacting a lube oil
boiling range feedstream with a hydrogenation catalyst that comprises a support
C. material, a binder material, and at least one hydrogenation-dehydrogenation
component. 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 characterized (in its calcined form) by an X-ray
diffraction 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



boron, iron and/or gallium nore preferably alumnum Y is a tetraval ent
el enment such as silicon and/or germanium preferably silicon. Zis a

pent aval ent el such as phosphorus. Mis one or norg.i - as,
WO iR, el e

for exanpl e, nru Goup IA II1A and VIIB ions, usua

sodi um and/ or fluoride ions. "n" is the charge of the conmposition excluding
M expressed as oxides; g is the weighted nolar average valence of M n/q is
t he nunber of noles or nole fraction of M a, b, ¢, and d are nole
fractions of W X, Y and Z, respectively; his a nunber of froml to 2.5;
and (atb+c+d)=1. In a preferred enbodi nent of support materials suitable
for use herein, (a+b+c) is greater than and h=2. Another further

enbodi nent is when a and d=0, and h=2. Preferred materials for use in
maki ng the support materials suitable for use herein are the

al um nosilicates although other netallosilicates may al so be used. WD
2006/ 028878 pBfETdingaBivn ¢f3lD@mess $ah @0A1] A nmort peefesredwuppersinzaeridloism  t he

support materials suitable for use herein have a conposition, on an

anhydr ous baddnsifiedas MEMd le MO | hag absharaeterisicraiugture RIVheyaganallys Yc zdOh) |
the. coef 1 ciBARERb OGS zed petah st eost | HoMEInGRT bR HBOEAS R | The
or esence. dubg oo RRErBATEREH Bk 8 bR M Lh i le 2ol v 18Se o
desirod, 1 Rah POSEPRIEIut AT el e 87 QS o Pafitty, JCNIEA P €Nt

as- synt hesi Ziegcritrideini(niteaf Statvs Patdnty Blabibers 5,098 168420 ISEI6ET, whichrance
wi th conventional ion-exchange techniques. Preferred replacing ions incl E‘de

met al i ons, heyehyogempomated biiyefeoyen, apl alswyrte arlesser degreanmalowum i ons and

m xtures of these ions. Particularly preferred
[0020] The inorganic, non-layered mesoporous crystalline support materials
used as components in the present invention have a composition according to the
formula My(W, XY Z4Op). In this formula, W is a divalent element, éelected
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, ITA and VIIB ions, usually hydrogen, sodium and/or fluoride ions. "n" C
is the charge of the composition excluding M expressed as oxides; q is the weighted
molar average valence of M; n/q is the number of moles or mole fraction of M; a, b,
¢, and d are mole fractions of W, X, Y and Z, respectively; h is a number of from 1
to 2.5; and (atb+c+d)=1. In a preferred embodiment of support materials suitable
for use herein, (a+b+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.



.ions are those which provide the desired netal functionality in the final
catal yst. These include hydrogen, rare earth netals and netals of G oups
VILA (e.g.. M VIVA (e.g., Ni), IB (e.g., Cu), 1VB (e.qg.., Sn) of the

Periodic -ﬁ&gpg&@ﬁ%ﬂfﬁe El enents and nixtures of these ié’ﬁg’fﬂs[zﬁwf‘]’fhe

crystalline (i.e., having sufficient order to provide a diffraction pattern
such as, for exanple, by X-ray, electron or neutron diffraction, follow ng
calcination with at | east one peak) nesoporous support materials are
characterized by their structure, which includes extrenely |arge pore

wi ndows as well as by its high sorption capacity. The term "nesoporous"”, as
used herein, is neant to indicate crystals having uniform pores within the
. range of from 13A to 200A. It should be% noted that "porous", as used
herein, is neant to refer to a material that adsorbs at |east 1 gramof a
smal | nol ecul e, such as Ar, N2, n-hexane or cycl ohexane, per 100 grans of

. the porous(gRupri 3h thé'¥s-$yrih&szcaToMR,; theRApPSR Hivdteriall $BRABI. Tok fise herein

characterized as using a’ support material having an average pore dianeter of
15 to | eshavelmrompPdsitipn afrearnimhydidust sy Axpressed gmpiteadd by the foamalkA, nost
preferably 23 WD 2006/ 028878 PCT/ US2005/031057 _10_ to 27A. The pore size
of the preBtMivg(WiekiY6a0i)s whereek 18 Bwttatad osganiematersal ot indludeshini Mhavecause
the inventors hereof have unexpectedly found that. by limting the average
pore di ameibioTAnd i BECOEHICISIERE; b (s RUTERSTOTmPleS ORmRlE Trasbonlomat i cs

areatty | b gt o sprR R RRL SRR e eldhl 8 spUERH BRI can

e ) S OBSSER L e 40 O O e LI e o1
arrg r phous gplaeed @rpc;st-afystdhlézmaﬁéﬁhbds déuetibed 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),
VIIIA (e.g., Ni), IB (e.g., Cu), IVB (e.g., Sn) of the Periodic Table of the Elements

and mixtures of these 10ns.

( | [0022] The crystalline (i.e., having sufficient order to provide a diffraction
pattern such as, for example, by X-ray, electron or neutron diffraction, following
calcination with at least one peak) mesoporous support materials are characterized
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 134 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. 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



whose regul ar arrangenment and uniformty of size (pore size distribution
within a single phase of, for exanple, 25% usually 15% or |ess of the
average pore size ofthat phase) resenble nore those of ¢ I i
framewor k m¥OFP9288%8uch as zeolites. Thus, support nat e&ﬁih@g'i%)ragﬂye
herein can al so be described as having a hexagonal arrangenent of |arge
open channel s that can be synthesized with open internal dianeters from 15
to |l ess than 40A, preferably 15 to 35A, nore preferably 20 to 30A, nost
preferably 23 to 27A. ~t 100241 The term "hexagonal ", as used herein, is

I ntended to enconpass not only materials that exhibit mathematically perfect
hexagonal symmetry within the limts of experinental neasurenent, but al so
those with significant observabl e devi attl®ns fromthat ideal state. Thus,
"hexagonal " as used to describe the support materials suitable for use
herein is meant to refer to the fact that nobst channels in the materi al

woul d be sukg 9PAdeThdPors sizeMFIRE presBii @VeRfioR NPARE) feaflire TR Nétdne same

di stance. It should be noted, however, that defect’s and inperfections in the
support natevenalontiecduseabs envengns hermdthane ninexsectddly iannkthat by limidhat e thi s
criterion to varying degrees, depending on the quality of the material's
prepar at i on.th@vqssa&pormd?@net@k pf thietpresenhinvention@svithiarthisrmadgsithe i on from

t he average repeat di stancegy\ﬁ 2006/ 028878 PCT/ US2005/ 031057, -11 between
adj acent chémi'g?%c%ftamrﬁtl%‘? g ¢S afiQB RERICFHISNES PhiBigaBsSERt Nentignis, 1
material s. riations are al so observed in the d100 val ues from
the el ectr%é’ggﬁ?‘?ﬂég{/%/%n patterns. [0025] The support materials suitable
for use herein can be prepared by any neans known in the art, and are
generally fornmed by the nethods described in

[0023]  The support materials suitable for use herein can be distinguished from

ol

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 15 to less than 404, preferably 15 to 35A, more preferably
20 to 30A, most preferably 23 to 27A.

[0024]  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
suitable for use herein is meant to refer to the fact that most channels in the material
would be surrounded by six nearest neighbor channels at roughly the same
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



.United States Patents Numbers 5,098, 684 and 5,573,657, which have al ready
been incorporated by reference. CGenerally, the nost regul ar preparations of
the support material give an X-ray diffraction pattern 'I%fﬁ few distinct
_maxi ma i n Q200088 e | ow angl e regi on. The positions o‘iev‘v*L %ﬁ%’fﬂﬁb‘ﬁks
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 of the presence of these materials, as the degree of regularity
in the mcrostructure and the extent of repetition of the structure within
I ndi vidual particles affect the nunber of peaks that w || be observed.

| ndeed, preparations with only one distinct peak in the | ow angle region of
the X-ray diffraction pattern have beerrlfound to contain substanti al

anounts of the material in them Oher techniques to illustrate the

m crostructure of this material are transm ssion electron m croscopy and

- el ectron didnfveashdjabent cRaRRAS ki1l @1éLRL g@e?@&fgnﬁ@b% Rhagediofakd RIGMPRPT t
(0}

mat eri al s show a Hexagonal arrangengen | ar ge channel s and the

cor r espondnaigrielse Conyrarablé varationnareatl seobserged/ msthand, gvatuesifrah ehey hexagonal
arrangenment of diffraction maxi ma. The d100 spacing of the el ectron
diffracticﬁleqimft@tfﬁ?,ﬂl(ﬂlpﬁ@mﬁ-stance bet ween adj acent spots on the hkO
proj ection of the hexagonal lattice and is related to the repeat distance
a.sub. 0 between channel s observed in the el ectron m crographs through the

fornmul a =A0i ) i i r . in.t h iffraction
orml e PRIFEC! Hh il R SRARE PO U D R BRY S T C

di ffracti qiefRIRIWh Bf thetah© afidiak& éﬁer{ﬁ/\}(lj?%e e Akthofib ed@iedhh ghl y
ordered preparations of thée suitable 2006/ 028878 PCT/ US2005/ 031057 -12

support neiigitedStacdst Rataretd Naonbers 5098620 add Sci73t65% wwinglohsveodisudydees i n t he

electron diffraction patterns. These patterns can be indexed with the

hexagonal ink@pstasedby reference. Generally, tﬁe 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 microstructure 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,q
spacing of the electron diffraction pattemns is the distance between adjacent spots on
the hkO projection of the hexagonal lattice and is related to the repeat distance
a.sub.0 between channels observed in the electron micrographs through the formula
d;00=aoV3/2. This d;g0 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



of unique reflections of 100, 110, 200, 210, etc., and their
symmetry-related reflections. [0026] In its calcined form support
material s syi I r use herein nmay al so be characteri an X-ray
diffraction“%gﬁﬁgﬁﬁ%&ﬁth at | east one peak at a position ﬁgﬂ%gﬁ@W&Pﬂ'ﬁ 18A
d-spacing (4.909 20 for Cu K-al pha radiation) which corresponds to the d100
val ue 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 grans benzene/ 100 grans crystal at
50 ton (6.67 kPa) and 25C. (basis: crystal material having been treated in
an attenpt to insure no pore bl ockage by _incidental contam nants, if
necessary). [0027] It should be noted t rde- t he equi li brium benzene
adsorption capacity characteristic of suitable support materials is
measured on the basis of no pore blockage by incidental contam nants. For

exanpl e, t heuppbRinhABridistiaikd so B hav@ 20U Gigtifgt shbBR SHs¥Riadld inBie Bdcion?!
phase having no pore bl ockage contam nants and water renoved by ordinary

met hods. WatdiffravtipnipatterrsoThesepattaisydindte indexddeefthithg hexagongl hk® kabsal
treatment. Pore bl ocking inorganic armrghous materials, e.g., silica, and
or gani cs nmayibwiquevisiisetions QfoﬁlOaéﬂO,anQa 484 eic.opné thear syymuetyrrelatebni cal
agents such tﬁat.the detrital material will be renmoved wi thout detrinental
effect on t HEUESYAMSa) . [0028] In a nore preferred enbodi nent, the cal cined,
crystalline, non-layered support materials suitable for use herein can be
characterized by an X-ray diffraction pattern with at | east tw peaks at

posi tions g r[ﬁﬁ%ﬁf t fiafs l:alantedQ“oﬁﬁ,as%ghen%t&%@/sﬁﬁﬁﬂé FoPhsd 12R0naP3l0Te - 13
(8.842 20 for K- al pha radi ation) I ch corresponds to the dj 00" val ue of<"
t he 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;qp 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).

{0027] 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

chemical agents such that the detrital material will be removed without detrimental

effect on the crystal.

[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



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 | OA d- spacing with relative intensity greater than 20% of the
strongest WORR06/028878| npst  preferred, the X-ray diffradtGRoP2PRYBYN of the
calcined material of this invention wll have no peaks at positions |ess
than | OA 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-spacing that corresponds to the d100 val ue of the

el ectron diffraction pattern of the material. [0029] The cal cined,

i norgani c, non-layered, crystalline support materials suitable for use
herein can al so be characterized as havikg a pore size of 13A or greater as
nmeasur ed by physisorption neasurenents. It should be noted that pore size,
as used herein, is to be considered a nmaxi mum perpendi cul ar cross-section

. di ' : h I al
C0i tabl o 1o ST P EAERITRA rad tiR S EOASHOnERRY e e O e 274 ™ o

are gener atlegtrb® diffectivn gﬁﬁexﬁ&tfhn@mppéeﬁﬁmeﬁaq at feashbh& of whadheis abat ent s
Nunbers 5,098,684 and 5, 573, 657, which have already been incorporated by

r ef er ence. pdsisomgrdaceishai 18Aakspacing, snd ap pedks &t pasitions ldst thandGdi 84 bri um
benzene absorption, and converting materi alos from ammoniumtao hydrogen form
i's known i spacHs with ralagive aptensitiognsater hanci%d of the srongeat epake S81lpAeYnt Nunber

5,573, 657, I ch salre een incorporated b ef erence. [0031] The
suppor t nan}?%‘F% Q@%?@ﬁ’ﬁl @%ﬁ&loﬁkpé’mﬁ@r %ftﬁeé’ﬁﬁ”beéy@ﬁffﬁ@g 0? 1%"313\5?%8@ vari ety
of particlg;gi | 1 ¥ ' S L.al ; 4.l es can be
o S50 S5 B R AITRS o0 Yo 0 400 W Bkl el
' 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,q 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 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.

L [0030]  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
ammonium to hydrogen form is known in the art and can also be reviewed in
United States Patent Number 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 formof a powder, a granule, or a nolded 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 catal¥9e0992%838 he nol ded, such as by extrusion, tHRCEUBWETWA eri al
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 | arge enough that the spatiospecific
selectivity with respect to transition state species in reactions such as
cracking is mnimzed (Chen et al., "Shape Selective Catalysis in

I ndustrial Applications", 36 CHEM CAL | NDUSTRIES, pgs. 41-61 (1989), to
which reference is made for a discussionldf the factors affecting shape
selectivity). It should also be noted that diffusional Ilimtations are also
mnimzed as a result of the very large pores. [0033] Support materials

suitable f ntHé?%ﬂ?B?E?gﬁviﬁ@r,ths%r%ﬁ%%&o%ﬁfbldéd roduch! ERE ﬁﬁ%grﬂg@‘gfléver’ it s

preferred that the pre I’n al so conprises a sSulta nder

mat eri al . Thivn@padiele ¢iBé iffirient fo pAIsahicREh d Ry ( TRl Sdresmbfd ibal  known
that is resistant to tenperatures and other conditions enployed in the

present hydretajpethon a0Prmeshs Tyl screemphr casestvehéralte final catatpstsistetewi t h t he
bi nder material to forma finished catalyst onto which netals can be added.

Bi nder nmt Bioidads sugli asdy extrusion, dke suppeitimpaterial ertagles can bmextradas bafere
materi al s and.synt het.i or .naturally ocgurring zeolites as well as

i nor gani ¢ nE&: ‘é‘i%arglﬁﬁ}ﬁdggdép @?%Wﬁ oxi des such as alumina, silica or
silica-alum na. Silica-alumna, alumna and zeolites are preferred binder
materials, and alumna is a nore binder support material. Silica-alumna,

may be ei t hAFp3NRL UrelsyzeQoaHe bbrg iffthd prebérat §u?vb Ohatediglsairé BBHEORNER AN tates
or gels including m xtures of "silica and netal "oxides. It should be noted
t hat the inthantheyaréiargeetdugtethagthiezpativspiecifieselsetivaty withaespecato i n

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 diffusional

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

{0033]  Support materiais suitable for use herein can be self-bound, i.e,,
binderless. However, it is preferred that the present invention also comprises a
suitable binder material. This binder material is selected from any binder material ( .
known that is resistant to temperatures and other conditions employed in the
present hydrogenation process. The support materials are composited with the
binder material to form a finished catalyst onto which metals 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
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



WD 2006/ 028878 PCT/ US2005/ 031057 -15 conjunction with a zeolite binder
material, i.e., conbined therewith or present during its synthesis, which
itself is catalytically active nmay change the conversion and/or selectivity
of the fi NY%F\‘E'&%”F% inventors herewith |ikew se recogniZe/ VAt 1 Ract i ve
materials can suitably serve as diluents to control the anobunt of conversion
I f the present invention is enployed in al kylation processes so that
al kyl ati on products can be obtained economcally and orderly w thout
enpl oyi ng other nmeans for controlling the rate of reaction. These inactive
materials may be incorporated into naturally occurring clays, e.g.,
bentonite and kaolin, to inprove the crush strength of the catal yst under
. commercial operating conditions and funbtion as binders or matrices for the
catal yst. [0034] Hydrogenation catalysts suitable for use herein typically
conprise, in a conposited form a ratio of support material to binder
. material repginRdoh AR 89eolRBMbidder $RAGHAL %t,@fohi’diné&tl%Qeﬁﬁhb§PPés@Hter mat eri al
to 20 parts support material to 80 parts binder material, all ratios being
by wei ght ,duringi itsadyinyhebisomhsch 2€if 8 caal$lcaldy perove manichangd theicodeersiomt eri al |
preferably from 65:35 to 35.65. Conpositing may be done by conventi onal
neans i nclandiaigelegtivity gf ﬂxeefmh@i-i’gﬁg mvsadensdierewith dikewiseppcegnizeitiabn of

Shove. b Sy A i aby e B Y e b5 2o
_ T on } o

VT nobt d Ty SPEHR HhARGEE 1Y SRR h e AREBR psstRD bR kBl genar: on

conponent He4s84 g&ﬁ 64 oﬁfamecipé!ohaﬂﬁwqy ﬂi@afdyfgaaﬂtﬂeﬁﬂ éiﬂblokgigdétﬁeil mem

m xtures ‘thereo nore preferably plrati num adium ™ ahd “m Xxtures
thereof . Ifor tenthaliihg thy efeof rdctibatThdse ipd@bennaieta®ihbebe incorporated
hydr ogenat i on- dehydr ogenati on conponent be ) .
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] Hydrogenation catalysts suitable for use herein typically comprisé, ina
composited form, 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, typically from 80:20 to 50:50
support material:binder material, preferably from 65:35 to 35:65. Compositing may

N,

be done by conventional means including mulling the materials together followed

by extrusion of pelletizing into the desired finished catalyst particles.

[0035]  As stated above, the hydrogenation catalysts suitable for use herein also
comprise at least one hydrogenation-dehydrogenation component selected from the
Group VIII noble metals. It is preferred that the hydrogenation-dehydrogenation
component be selected from palladium, platinum, rhodium, iridium, and mixtures
thereof, more preferably platinum, palladium, and mixtures thereof. It is most
preferred that the present invention hydrogenation-dehydrogenation component be

platinum and palladium.



pl ati num and pal | adium WO 2006/ 028878 PCT/ US2005/ 031057 -16 [00361

Hydr ogenat i on- dehydr ogenati on conponent is typically present in an anount
ranging fr .0 mt.% preferably fromO0.2 to 1.8 9 <

pr ef er abl ngl_)go(gngfz%%m .% and nost preferably 0.4 to 1. 4]\1%\'{/!{%/%0%3‘?03&8'[ al s
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
material and binder material. For exanple, if the support were to weigh 100
grans then 20 wt. % hydrogenati on- dehydrogenati on conponent woul d nean t hat
20 grans of the hydrogenati on- dehydrogenation netal was on the support.

[ 00371 The hydrogenati on-dehydrogenati on gonponent can be exchanged onto

t he support material, inpregnated into i"150r physically adm xed with it. It
is preferred that the hydrogenati on/ dehydrogenati on conponent be

i ncorporated by inpregnation. If the hydrogenation-dehydrogenation
conponent i @086] be Hydmogegnanedehydiszenati@xcompgaehtdntypitdiby %@mﬂna'h tagd
support material and binder, it may be done, for exanple, by treating the

.

conposi t e wimpunt rogmghirem Gh to 3k wi.be, poeferabdy fpa 6Fetoal. 8 ovt-%dempde ogenat i on
t. If the h tion- dehyd ti s - ti.
ol Ll o bl BRI A0 IrL Vndnd RS LIRLGAD) iR 4 HEDs ABITRERSUSERb o | de
d [ | nd th yal | ] | ex. Th
Pycr ogenat 1 RITCHRRYF SSRRFLEL chr Bt i M hnBe pREBRRGa baskd on o,
onto, Or wfja Jv&glhﬁ 8%&)@%5&@%%%0 shbd %gﬁé)d%{?érﬁll an@Vinder hALRg, 2

conpound(s) wher rogenat | on- dehydr nat1 on conponent IS present

in the catiPsr efamhple, ifake reweteolo WwOIgRA00q5amk théh Mgl hydicpepagsent  in
the anion of the conpound(s). It should be noted that both cationic and
ani oni c dehydrogenation component would mean that 20 grams of the hydrogenation- o

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. Itis
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-

/m‘-
i

dehydrogenation component is platinum, suitable platinum compounds include
chloroplatinic acid, platinous chloride and various 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;3)4Cl; or Pt(NH3),Cl, are particularly useful, as are anionic complexes such

as the vanadate and metatungstate ions. Cationic forms of other metals are also very



.conpounds can be used. Non-limting exanples of suitable palladium or

pl ati num conpounds in which the netal is in the formof a cation or
cationic conplex are Pd(NH3)4Cl2 or Pt(NH3)4Cl2 are particularly useful, as
are ani oniWOZ8M288s such as the vanadate and net at ung@e4VEPYRE7Cat i oni ¢
forms of other netals are also very WO 2006/ 028878 PCT/ US2005/ 031057 -17
useful since they may be exchanged onto the crystalline material or

i npregnated into it. [0038] As stated above, the present invention involves
contacting a lube oil boiling range feedstreamw th the above-descri bed
hydr ogenati on catalyst in the presence of a hydrogen-containing treat gas
in a reaction stage operated under effective hydrogenation conditions. The
. reaction stage can be conprised of one-bf- nore reactors or reaction zones
each of which can conprise one or nore catal yst beds of the sane or

di fferent hydrogenation catal yst described above. Al though other types of

. catal yst Qf'%fn ﬁ, ’Rﬁﬂ @the P ih ey el s of
catal yst beds ﬁizﬂ?eﬁ%gy il()j%ge ngtg,énebufl t?agg %gi(%??%gl%arr??@erﬁg@and
novi ng beghso itl Nt er st age cooling or heating between reactors, reaction
zones, or between catalyst beds in the same reactor, can be enployed. A

portion of any heat generated during the hydrogenation process can al so be
recovered. Were this heat recovery option is not avail abl e, conventional

cool i ng melPOB8] perisoitaied 2RV IBMPressRl nNeptian Mvelvss con@rtias advls PHg water or
o O D 58, R0, N RSB AN s AR sGERRE ug?t ™
oo TS TR G SR R BRI,
effective hydrogenation conditions. The reaction stage can be comprised of one or
more reactors or reaction zones each of which can comprise one or more catalyst
beds of the same or different hydrogenation catalyst described above. Although
other types of catalyst beds can be used, fixed beds are preferred. Such other types
of catalyst beds include fluidized beds, cbullating beds, sturry beds, and moving
beds. Interstage cooling or heating between reactors, reaction zones, or between
catalyst beds in the same reactor, can be employed. A portion of any heat
generated during the hydrogenation process can also be recovered. Where this heat
recovery option is not available, conventional cooling may be performed through
cooling utilities such as cooling water or air, or through use of a hydrogen quench
(_ stream. In this manner, optimum reaction temperatures can be more easily

maintained.

[0039] Hydrogen-containing treat gasses suitable for use in the presently
disclosed process can be comprised of substantially pure hydrogen or can be
mixtures of other components typically found in refinery hydrogen streams. It is
preferred that the hydrogen-containing treat gas stream contains little, more
preferably no, hydrogen sulfide. The hydrogen-containing treat gas purity should
be at least 50% by volume hydrogen, preferably at least 75% by volume hydrogen,
and more preferably at least 90% by volume hydrogen for best results. It is most

preferred that the hydrogen-containing stream be substantially pure hydrogen.



m xtures of other conponents typically found in refinery hydrogen streans.
It is preferred that the hydrogen-containing treat gas stream contains
little, no ably no, hydrogen sulfide. The hydro - L.nihg treat
gas purity“@ﬁ@géﬁggée at | east 50% by vol ume hydrogen, p?§?g§2@$@&@ Pleast .
75% by vol ume hydrogen, and nore preferably at |east 90% by vol unme hydrogen
for best results. It is nost preferred that the hydrogen-containing stream
be substantially pure hydrogen. WO 2006/ 028878 PCT/ US2005/ 031057 -18 [0040]
The | ube oil boiling range feedstreamis contacted with the hydrogenation
catal yst under effective hydrogenation conditions. Effective hydrogenation
conditions are to be considered those cquitions under which at least a
portion of the aromatics present in the*fube oil boiling range feedstream
are saturated, preferably at |east 50wt.% of the aromatics are saturated,
nore preferably greater than 75 w.% Effective hydrogenation conditions

I ncl ude tenperatures of from 150C to 400C, a hydrogen partial pressure of
from 1480 to 20786 kPa (200 to 3000 psig), a space velocity of fromO.1 to
10 1iquid HOe40ly sPackbeeilcmiliyg rqngedegdstegan ia conthotesbwithohBeed rati o of
from89 to 1780 nB/nB8 (500 to, 10000, scf/B). [0041] |.n one_enbodi nent of the
i nstant i n\}’é’ﬂfqgé’ﬁ?tlth%atélﬂfﬁb‘éfiqe\y@%%WY%BEHSBF%IOWIFP%SE £ell¥ndi t i ons

ound sut t ARG ERGnToBE sohSfeRy 0% BdCERD Bt hRaLleed
aromat i cs, 8o 6PHCIBmaREs bgegéﬁt ift thd %b%iﬁb&ﬁﬁ?rrgg%é fé&gﬁ@ﬁﬂ%ré” oduct

having a | rconcentration aronatics and ni n-and organically
bound sul f watur@edtrefergtily at 1dasnsoweldofabe brdinatidsire san@etcienrbsé Pfefféflabi)ﬁmzl

As stated above, in sonme instances, the lube oil boiling range feedstream
greater than 75 wt.%. Effective hydrogenation conditions include temperatures of
from 150°C to 400°C, a hydrogen partial pressure of from 1480 to 20786 kPa (200
to 3000 psig), a space velocity of from 0.1 to 10 liquid hourly space velocity
(LHSV), and a hydrogen to feed ratio of from 89 to 1780 m*/m’ (500 to 10000

scf/B).

[0041] In one embodiment of the instant invention, the effective hydrogenation
conditions are conditions effective at removing at least a portion of the nitrogen and
organically bound sulfur contaminants and hydrogenating at least a portion of said

aromatics, thus producing at least a liquid diesel boiling range product having a

P

lower concentration of aromatics and nitrogen and organically bound sulfur

contaminants than the diesel boiling range feedstream.

{0042]  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 contdining a hydrogenation catalyst has described above operated under
effective hydrogenation conditions as described above. Therefore, in this

embodiment, the lube oil boiling range feedstream is first contacted with a



I's hydrotreated to reduce the sulfur contam nants to bel ow 500 wppm
‘preferably bel ow 300 wopm nore preferably bel ow 200 wppm In this

enbodi ment, the present process conprises at |east two reaction stages, the
first conf\ﬁﬁ)ﬁﬂ%@Z%S?s hydrotreating catal yst operated und@CTE{RUSOBINST
“hydrotreating conditions, and the second containing a hydrogenation
cat al yst has descri bed above operated under effective hydrogenation
conditions as descri bed above. Therefore, in this enbodinent, the |ube oi
boiling range feedstreamis first contacted with a WD 2006/ 028878

PCT/ US2005/ 031057 -19 hydrotreating catalyst in the presence of a

hydr ogen-containing treat gas in a first reaction stage operated under
_effective hydrotreating conditions in el%der to reduce the sulfur content of
the | ube oil boiling range feedstreamto within the above- described range.
Thus, the term "hydrotreating"” as used herein refers to processes wherein a

. Py dr 0en- st Bidi L85 R blesURBEb P BBl EARARRE ref A A

catal yst t y act ter such as

sul fur, angdactiid §t9§@8per§t&dt\ﬁﬁie? eﬁ%&[@ﬂﬁbﬂréﬁiir@%@!ﬂﬁﬁs IBerdéfst@ re@uéehe
present I nvention are any conventional® hydrotreating catal yst and incl udes

t hose whi dhe anluccomentsefdhe flulst oil beiling ramge fSedstpeavh td withirathe gbogéer abl y Fe,
Co and Ni, nore referably Co and/or N, and nost preferably Co; and at
| east one deseripedrangst di uspﬂﬂéftmbhxﬂrmﬁe%tm \As uspe hergin sgf éPSaIQINOWSC&)n a

i Wbt BN R gl 1
) e SO A AR S TP o
o112, TR ER ok b o e RS e hng 00l 10
20 to 30 won¥enttdnal 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
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.

[0043] 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



netal s wei ght percents are on support. By "on support” we nean 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 VII|I éiag d. mean
that 20 ngZOB?’"@%up VIII netal was on the support. [Jﬁ 2&}‘9@&0 {ve

hydrotreating conditions are to be considered those conditions that can
effectively reduce the sulfur content of the lube oil boiling range
feedstreamto within the above-descri bed ranges. Typical effective
hydrotreating conditions include tenperatures ranging from 150C to 425C,
preferably 200C to 370C, nore preferably 230C to 350C. Typi cal weight
hourly space velocities ("WHSV') range fromO0.1 to 20hf', preferably from
0.5 to 5hr"l. Any effective WD 2006/ 028878 PCTI US2005/ 031057 -20 pressure
can be utilized, and pressures typically range from4 to 70 atnospheres
(405 to 7093 kPa), preferably 10 to 40 atnospheres (1013 to 4053 kPa). In a
preferred gresdiaentbe salizbdehidptdswaedhgicdlhyeangedranntio TMmapbergndi ti ons
effective at renoving at | east a.ﬁortion of said organically bound sul fur
contaninanKéO&ﬁﬂ?ﬂ%ﬂgBﬁbpaﬁmebai toedfd atraogphierdso(i 0dB8 te #4083 kPayaln s, t hus
producing at_ legst a Jiquid |u Qi |  boiling range. product having a | ower
concent r at iseferred embadiments S%EHCF?&B&%W qtgﬁagag s@ndifigngare §W@§Hpﬁ&nt s than
t he | ube oil..boili range., { eedstream .[0044] The..cqntagti of the | ube
ot boi 11 ngraRys of Sat@RRE R RPOTRN of st et taHg WLBEIH B ot ocuces
reaction pr nSARLES : %ﬁﬁﬂ{' . I qui : oi
boi l'i ng raﬁ%@ﬂgégﬁuct.aih§g¥§%g? %ggﬁﬁgt yHfggﬁﬁgﬂf%%ﬁggFgéghggg%%kégf
reaction praadesst 8 liguidlude _oﬂ%%iliﬁ@ﬁhrig%rbdmwﬁvnﬁ%aﬁQd)w_er doRengAtion ¥pi cal |y
conprises a liquidlube oil boiling range product having a reduced |evel pf
aromatics and organically bound sulfur contaminants than the lube oil boiling range

feedstream.

[0044] The contacting of the lube o0il 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
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

P
; )

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 lube oil boiling range liquid product thus

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



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 i products be separated, and the liquid
reaction pveaKs028Ghducted to the second reaction stage. PARUS2005/p818Y e
enbodi nent of the present invention, 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 fromthe liquid tube oil boiling range product
is not -critical to the instant invention and can be acconplished by any
nmeans known to be effective at separating gaseous and liquid reaction

. products. For exanple, a stripping towl- or reaction zone can be used to
separate the vapor product fromthe liquid lube oil boiling range product.
The lube oil boiling range liquid product thus conducted to the second

.reaction s L ¢ .0 Lt /028878
PCT/ Uszoo5’/ta§g§82‘?bb F@%*’?d%g%"%‘i*’%’ﬁﬁ%’%@% rer @P‘ﬁ%b@éfﬁaﬁ)@&b%f%m mor e
preferablngghQM/ZOO wppm [0045] The above description is directed to
several enbodi nents of the present invention. Those skilled in the art wll
recogni ze that other enbodinents that are equally effective could be
devised for carrying out the spirit of this invention. [0046] The foll ow ng

exanpl e wi [0045] | usiheabeve Hescriptionie dire¢ted o iseeerak embpdiments pf Hxepresent

invention, but . is t nt.to limt. the present invention in any fashion.

EXAMVPLE [ogw]mw-s@ﬁp&s ef}\m\ﬁh_afrtcwﬂf ESCRBRIGS Q%fa@%f §“%¢@%%%%§Feng

ﬁ;%gﬁwm g’ﬁ Seéu%?l?r:ejffe%hgg :copilllglense) dé@igela t%ir %Eﬁ{!ﬁl@touqltﬁg%bﬁ{t AW iPHHATS MM 41
[0046] The following example will illustrate the improved effectiveness of the

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

[0047] A series of MCM-41 containing catalysts were made using Si-MCM-41
(800:1 Si0;:Al,05) with different diameter pore openings. MCM-41 mesoporous
support materials with pore openings 25, 40 and 100A in diameter were prepared
into a filter cake by. The filter cake was precalcined in nitrogen at 540°C. The

Q precalcined MCM-41 materials were then mixed with a Versal-300 alumina binder
and extruded into 1/16-inch (1.6 mm) cylinders. The extrudates were dried and
then calcined in air at 538°C. The calcined extrudates were then co-impregnated
with 0.3 wt.% platinum and 0.9 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 m the
Table below. Note that metal dispersion, as measured by oxygen chemisorption, is
similar for all the finished catalyst but the benezene hydrogenation activity index

increases with reduction in the diameter of the MCM-41 pore openings.



support materials with pore openings 25, 40 and 100th in dianmeter were
prepared into a filter cake by. The filter cake was precal cined in nitrogen
at 540C. The recal cined MCM41 materials were then m x ] sal - 300
al uni na bi NHRRY06AEF8xt ruded into 1/16-inch (1.6 nmm) cyl wgﬂ’%z‘%{’
extrudates were dried and then calcined in air at 538C. The cal ci ned
extrudates were then co-inpregnated with 0.3 wt.%platinumand 0.9 w. %

pal | adi um and dried at 120C. The catal ysts then received a final
calcination in air at 304C to deconpose the platinumand palladium
conpounds. Properties of the finished catal ysts are sunmarized in the Table
below. Note that netal dispersion, as neasured by oxygen chem sorption, is
simlar for all the finished catalyst but2the benezene hydrogenation
activity index increases with reduction in the diameter of the MCM 41 pore
openi ngs. WO 2006/ 028878 PCT/ US2005/ 031057 -22 [0048] The Benzene

Hydr ogenat i ﬂm:ltéﬁt . ‘?[‘HeBB&ﬂz%h@'Hgdr nakidn 'BHA")4EK is Anhda¥iiieYofthe t he

catal yst, and e higher the BHA Tndex, the re active the catalyst. Thus,

t he per f or nautivityasf thechtatyst pdndsthe ldghes cheBRid ifdex, thednogenaivieahe esthlyet.t y
using the BHA test. The BHA test was perforned on each catalyst sanple by

el o 2 h?“?hn?f“f??nfmﬁfm}éﬁﬁ?? o ﬁfﬁ‘?ﬁ“ﬁéﬁéwﬂﬁ’gﬁf’mﬁ’iﬁ ey

S el h el il et s e g s
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A paal 2 DeRSe Gt ARBIUR teliflefurite ADG'C ISP hofiifaly 650 CRtof BhP 1AL “reyal

per hour at inlﬂ&ﬁri§lghﬂ‘bgélﬁ.éﬁle tdtalyhroshgither cooridad S0REtin Riydrdgén, Md thén,

Pt/ Sn, and coked and regenerated versions of these
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 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
Surface Area, Hydrogenation Chemisorption,
Pore Size | Pt, wt.% | Pd, wt.% m’/g Activity Index O/M
25A 0.28 0.88 555 180 0.60
40A 0.27 0.89 607 120 0.65
100A 0.29 0.87 610 74 0.59

[0049]  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 200wppm. The

600N dewaxed oil had an aromatics concentration of 415 mmol/kg. Approximately



catalysts can be tested also. The pressure used during the BHA test is

at nospheric. The results of the BHA test were recorded, and are included in
t he Tabl e bel ow. TABLE Benzene Oxygen Surface Area, Hydrogenation

Chemi sor ptWER006/@2$78 Sj ze Pt, w.%Pd, w.% 2/g Activi tWQﬁMOWW%A 0.28
0.88 555 180 0.60 40A 0.27 0.89 607 120 0.65 i00A 0.29 0.87 610 74 0.59

[ 0049] After each catal yst was prepared, the perfornmance of each catal yst
was separately evaluated for hydrof m shing a hydrotreated 600N dewaxed oi |
The dewaxed oil was first hydrotreated to reduce the sulfur content to
200wppm The 600N dewaxed oil had an aromatics concentration of 415
nol / kg. Approxi mately WO 2006/ 028878 PCT/ US2005/ 031057 -23 5 cc of each

. catal yst was separately | oaded into an-&pflow micro-reactor. 3 cc of 80-120
mesh sand was added to the catalyst loading to ensure uniformliquid flow.
After pressure testing with nitrogen and hydrogen, the catal ysts were dried

.in nitro 1 cldyated in
hydr ogen gfec ggg%&?(%ﬁ@rsk\?a?géﬂéa?iﬂeﬁﬂghﬁégioo@%gﬁg @%%%iﬁg&g%% : eﬁxed oi |
feed was t8@-020Iﬂ%ﬂh@iﬁd@ﬁhﬁﬂde@@@ﬂﬁi¢d&ﬁgﬁq0ﬁﬂih§®@§ny\ﬂé enfdimdigdd flew2 LHSV,
1000 psig (6996 kPa), and 2500 scf H2/bbl (445 nB8/nB). Reactor tenperature
was i ncr eaAftdr press@EICStinpiwith antrégdncancdnairagdn, the catalysts Moerdalreed ity dr ogen
purity was 100 % and no as recycle was used. [00501 Product quality as
defi ned byhificggaat 460 Qfﬂr%:hqur&m%bw,mamemp@r%@a 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.

[6050] Product quality as defined by aromatics, sulfur, hydrogen, and nitrogen
contents was monitored daily. Aromatics were measured by UV absorption
(mmoles/kg). Total aromatics and sulfur as a function of time on stream for each of
the catalysts are shown in Figures 1 and 2, respectively, herein. As can be seen in
Figures 1 and 2, and consistent with the benezene hydrogenation index, the

inventors hereof have unexpectedly found that catalysts made using MCM-41 that

™

smaller diameter pore openings provided the highest level of aromatic saturation

and sulfur removal.



contents was nonitored daily. Aromatics were neasured by UV absorption
(nmol es/ kg). Total aromatics and sulfur as a function of tinme on stream for

each of the catalysts are shown in Figures 1 and 2,
As can be JRH%PEIE; qures 1 and 2, and consistent with
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enezene

hydr ogenati on i ndex, the inventors hereof have unexpectedly found that

catal ysts nmade using MCM41 that f smaller dianeter

t he hi ghest | evel of aromatic saturation and sulfur

por e openi ngs provided
renmoval . WD 20061028878

PCT/ US2005/ 031057 -24- CLAIMS: 1. An aromatics hydrogenation process for
| ube oil boiling range feedstreans conprising: a) contacting a |ube oil
boi Il i ng range feedstreans contai ning ar_gI tics and nitrogen and organically

bound sul fur contami nants with a hydro

hation catalyst in the presence of

a hydrogen-containing treat gas in a first reaction stage operated under
effective aromatics hydrogenation conditions, wherein said hydrogenation
catal yst oghAdMSs: i) an inorganic, porous, non-layered, crystalline,

nmesoporous support nmaterial; and ii) at |east one

hydr ogenat i on- dehydr ogenati on conponent selected fromthe Goup VIII noble
metals, wherein the aver ore.dianmeter.of the support materjal is 15 to
W ot bedty

|l ess than 4bA A0 agmalics

range feedstreans .
comprising;:

NAGRR BECHS o5 Aubg

Hranggiecdsticams; | j ng

a) = contacting a lube oil boiling range feedstreams containing aromatics

and nitrogen and organically bound sulfur contaminants with a

hydrogenation catalyst in the presence of a hydrogen-containing treat

gas in a first reaction stage operated under effective aromatics

hydrogenation conditions, wherein said hydrogenation catalyst

comprises:

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

support material; and

i)  atleast one hydrogenation-dehydrogenation component

selected from the Group VIII noble metals, wherein the

average pore diameter of the support material is 15 to less than

40A.

2. An aromatics hydrogenation process for lube oil boiling range feedstreams

comprising:

a) contacting a lube oil boiling range feedstream containing aromatics,

nitrogen and organically bound sutfur 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



-

conprising: a) contacting a lube oil boiling range feedstream containing
aromatics, nitrogen and organically bound sul fur contamnants in a first

reaction stage operated under effective hydrotreating c i.tJ din the
presence Noﬁa@w&%-cont aining treat gas with a hydrot r§@F#39§@é@2| yst
conprising at |east one Goup VIIlI netal oxide and at |east one Goup VI

nmet al oxi de thereby producing a reaction product conprising at |east a
vapor product and a liquid lube oil boiling range product; and WO

2006/ 028878 PCT/ 1352005/ 031057 -25 b) contacting said reaction product with
a hydrogenation catalyst in the presence of a hydrogen-containing treat gas
in a second reaction stage operated under effective aromatics hydrogenation
conditions, wherein said hydrogenati ortXat al yst conprises: i) an inorganic,
porous, non-layered, crystalline, nmesoporous support material; ii) a binder

material; and iii) at |east one hydrogenati on-dehydrogenati on conponent

sel ected from tf)e G@mactin |saml%h@ti61¥%1%|dﬁct WwitlrehydroBenatesA49stif tBe
di aneter of the support material is 15 to | ess than 40A. 3. The process

according to any pr grestneg of hdiydrogearaintainmigireat @ae 38 afsecoibreactiamptapses:

separating said vapor product fromsaid |liquid |ube oil boiling range
operated under effective aromatics hydrogenation conditions, wherein

said hydrogenation catalyst comprises:

i) an inorganic, porous, non-layered, crystalline, mesoporous
support material;
( ii) a binder material; and

iii)  at least one hydrogenation-dehydrogenation component
selected from the Group VIII noble metals, wherein the

average pore diameter of the support material is 15 to less than

40A.

3. The process according to any preceding claim wherein said process further
comprises:
a) separating said vapor product from said liquid lube o1l boiling range

product; and

7

b) conducting said liquid lube oil boiling range boiling range product to

the second reaction stage containing said hydrogenation catalyst.

4, The process according to any preceding claim wherein said catalyst further
comprises a binder material selected from active and inactive materials, synthetic
zeolites, naturally occurring zeolites, inorganic materials, clays, alumina, and silica

alumina.

5. The process according to any preceding claim wherein said support material

is composited with said binder material.

a)



product; and b) conducting said liquid |ube oil boiling range boiling range
product to the second reaction stage containing said hydrogenation
catalyst. 4. The process according to any preceding cl ai i< j d
cat al yst f ¥WQH8¢02888npri ses a binder naterial selected f?gﬁﬁgé f@%ﬁg%d
inactive materials, synthetic =zeolites, naturally occurring zeolites,
inorganic materials, clays, alumna, and silica alumna. 5. The process
according to any preceding claimwherein said support material is
conposited with said binder material. WO 2006/ 028878 PCT/ US2005/ 0310S7 - 26
6. The process according to any precedi ng claimwherein the support materi al
has an X-ray diffraction pattern with at ] east two peaks at positions
greater than |OA d-spacing (8.842 20 f or26cy K-al pha radi ation) which
corresponds to the dlgo value of the electron diffraction pattern of the
support material, at |least one of which is at a position greater than 18A

d-spaci ng, #1d nThppakcesslacbOstitig ey Biesedihf it wWherdirSheGhpgorinidierigll ati ve
intensity greater than 20% of the strongest peak. 7. The process accordi ng
to any precdds ag Xctayi dnffvhetien pattére witlppoleastriapegeaks at pihsipdrs/greater doumi | i bri um
benzene adsor%i on capaci téoof greater than 15 grapns. benzene/l 00 grans

)

crystal at 5604 dnpiangt8i8da) 28der 0y K-alphatadiafprlwhichgossspoRds todha yoo

di | aj in the,. t_materjal d_the bind terial
Ponosi tod. A sfe Elespod Rt eaalitpt fis PRt mteds ot eeSndifag 11 om
80 t - nat er 1 .al: i . i.al t
matortar to BUeh iR aSidsiioh reetfi T8k QURGHE ofl b pds G0 fifibhelsSURRCT
process accqhsh NGA (dosind weteélAieGhRhSity\bRARI ThAPD 0 YARe 48 0AEdsP Peak.

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 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.

9. The process according to any preceding claim wherein said hydrogenation- L
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.

10. The proccss.according to any preceding claim wherein said support material
is MCM-41, and the hydrogenation-dehydrogenation component is platinum and

palladium.

1. 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



.dehydr ogenati on conponent is present in an anount ranging from0.1 to 2.0
w.% and is selected frompalladium platinum rhodium iridium and
m xt ures thereof . The process according to any precegi i.mwherein
.sai d suppo Szﬁ%ﬂéﬁ#gl is MCM 41, and the hydrogenati on%ﬂ@%ﬁé@@ﬂ@%on
component is platinumand palladium 11. The process according to any
precedi ng clai mwherein said lube oil boiling range feedstreamis derived
fromcrude oils, shale oils and tar sands as well as WD 2006/ 028878
PCT/ US2005/ 031057 -27 synthetic feeds and is selected fromlube oil boiling
range feedstreans having an initial boiling points of 315C or higher. 12.
The process according to any preceding claimwherein said [ube oil boiling
» range feedstream contains up to 0.2 W . 98 5f nitrogen, up to 3.0 wt. % of
sul fur, and up to 50 wt. % aromatics, all based on the |ube oil boiling
range feedstream 13. The process according to any preceding claimwherein
‘ Séfu d | ube ajyniheic!febds an@NIRIEREPHbMAABE BADRISHdnge fEQI¥uRRins hak W /00 wopm
initial boiling points of 315°C or higher.

12.  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.

13.  The process according to any preceding claim wherein said ube oil boiling

range feedstream has a sulfur content below 500 wppm.



