-1- AN | MPROVED PROCESS TO HYDROGENATE AROVATI CS PRESENT I N LUBE O L BO LI NG
RANGE FEEDSTREAMS FI ELD OF THE | NVENTI ON 100011This invention relates to a
process used to hydrogenate aromatics present in |ube oil boiling range
feedstreank? zmpé%ﬁﬁrt icularly, the present invention i s“EWP%’@?%‘gl‘&f" a
hydr ogenati on process for lube oil boiling range feedstreans utilizing a
catal yst conprising at |east one Goup VIII noble netal selected from Pt,
Pd, and m xtures thereof having an average pore dianeter of 15 to | ess than
40A. BACKGROUND OF THE | NVENTI ON [0002] Hi storically, lubricating.oi
products for use in applications such as autonotive engine oils have used
additives to inprove specific properties of the bases,tocks used to prepare
«the finished products. Wth the advent of increased environnental concerns,
t he performance requirenments for the basestocks thensel ves have increased.
American PetroleumInstitute (APlI) requirenents for Goup Il basestocks
-include a satupptipsreadt BRdceel A ubRasknB@Yrcnsttd Bzt BNued 0. 03 Wt . %
or less and a viscosity i ndexs¢Muipcbetweerce88rrmes 120. Currently, there is a
trend in the ube oil market to use Goup Il basestocks instead of G oup
basestocks in order to neet the demand for higher quality basestocks that
provide for increased fuel econony, reduced em ssions, etc.

FIELD OF THE INVENTION

o [0001] 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



-2- tenperature or high solvent:oil ratios and high extraction tenperatures
to reach these higher basestock qualities. Either alternative involves

expensi ve gperating conditions and | ow yields. [0004] Fygyo &! %ﬁas been
conbi ned wi HZWV@F§V§eating as a prelimnary step. Howev Fﬁ%@%ﬁ “@g i nation
al so results in decreased yields of lubricating oils due to the conversion
to distillates that typically acconpany the hydrocracki ng process. [0005] In
United States Patent Nunber 5,573,657, a hydrogenation catal yst, and process
using the same, is described wherein a mneral oil based lubricant is passed
over a mesoporous crystalline material, preferably with a support,

contai ning a hydrogenation netal function. The supported nesoporous materi al
has pore di ameters greater than 200A. Thé-hydrogenati on process is operated

such that the product produced therein has a | ow degree of unstaturation.
[ 0006] However, there is still a need in the art for an effective

hydr ogenat i feﬁaé;@maﬁ%r Bg%h RORRAL:8i] Gatdls dnd High ek GaétidiOiefigerfasd@Slodekeh - 3-
SUMVARY OF THE | NVENTI
these higher basestock qualities. Either alternative involves expensive operating

conditions and low yields.

[0004] Hydrocracking has been combined with hydrotreating as a preliminary
step. However, this combination also results in decreased yields of lubricating oils
due to the conversion to distillates that typically accompany the hydrocracking

process.

[0005] In United States Patent Number 5,573,657, a hydrogenation catalyst, and
process using the same, is described wherein a mineral 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.



[ 0007] The present invention is directed at a process used to hydrogenate
aromatics present in lube oil boiling range feedstreans. The process
conprises: a)contacting a lube oil boiling range feedstreans containing
aromat i cs WRAK02883en and organical Iy bound sul fur contHRABOWTh a
hydr ogenati on catal yst in the presence of a hydrogen-containing treat gas in
a first reaction stage operated under effective aromati cs hydrogenation
condi tions, wherein said hydrogenation catal yst conprises: i)an inorganic,
porous, non-layered, crystalline, nmesoporous support material; and (ii)at

| east one hydrogenati on- dehydrogenati on conponent selected fromthe G oup
VIIl noble netals, wherein the average pore dianeter of the support nateri al
is 15 to | ess than 40A. [0008] 1 n one emBodi nent of the instant invention,

t he inorganic, porous, non-

SUMMARY OF THE INVENTION

[0007)  The present invention is directed at a process used to hydrogenate
aromatics present in lube oil 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



| ayered, crystalline, nesoporous support material of the hydrogenation
catalyst is characterized as exhibiting an X-ray diffraction pattern wth at

| east one peak at a d-spacing greater than 18A. The suppor rjial _Js
further chaV¥cA"®9%%8 as having a benzene absorption capgﬂéT@§aﬁB@?@?}than
15 granms benzene per 100 grams of the material at 50 ton (6.67 kPa) and 25C.
-4- uni form pores having an average pore dianeter of the support material is
15 to Il ess than 35A. 100101 In another preferred form the present invention
further conprises a binder material. [0011] In yet another preferred form
the support material of the hydrogenation catalyst is MCM41. [0012] In yet
anot her enbodi nent of the instant invention, the process conprises:. a)
contacting a lube oil boiling range feed§%rean1containing aronmatics,

ni trogen and organically bound sulfur contamnants in a first reaction stage
operated under effective hydrotreating conditions and in the presence of

hydr ogen- conrindfonnn@rés leatingas avetabe poleydinmetes af iiosugpot Mmaterfad iP5 3o Mgs at
| east one Group VIII netal oxide and at | east one Goup VI netal oxide

t her eby prodhmih@aa reacti on 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- co (i ng. treat gas.in second reaction.st oper at ed under

ef oot ve. anbildh coniitiesdREerin ToGRaRe Porsent imerigh MG et  on

catal yst cOMRhESRaterial. :

[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 .
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



J)an inorganic, porous, non-layered, crystalline, nesoporous support
material; a binder material; and -5- iii)at |east one

hydr ogenat.i on- dehydr ogenati on conmponent selected fromthe Goup VIII noble
netal s, mﬁ@PéWWMF%%saverage pore di aneter of the supporﬂwﬁﬁF%WB%F“P§’15 to
| ess than 40k [0013]In anot her enbodi nent of the instant invention, said
process further conprises:

.5

i)  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.

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

the second reaction stage containing said hydrogenation catalyst.

BRIEF DESCRIPTION OF THE 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. .



a) separating said vapor product fromsaid 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 hydro tid tal yst.
BRI EF DESCRVBPPE¥? THE FI GURES [0014] Figure 1 is a gr a%ﬁlefﬂgzal’@@ﬂ@ t he
aromatics saturation performance of catalysts with various pore sizes versus
the tinme the various catalysts were used in an aronatics saturation process.
[0015] Figure 2 is a graph depicting the desul furization performance of
catalysts with various pore sizes versus the tinme the various catal ysts were
used in a desul furization process._ -6- DETAILED DESCRI PTI ON OF THE

| NVENTI ON [ 0016] The present invention is a process used to hydrogenate
aromatics present in lube oil boiling raﬁbe 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

cont act ed WDHTAIEW DESCRIFTION OFYFHE INVENPI@GNence of a

hydr ogen-contarning treat gas. Tne hydrogenatron catal yst conprises an

I norgani c, porous, non-layered, crystalline, nesoporous support nmaterial,
preferably bound with a suitable binder material. The catal yst al so

conpri ses  alMil@l ogdhginresent mventionds amireress usgsbiodrdrogenase apmatiompressnr oup

[
%/”e:r age por Hieﬁaf%'s??&%qqﬁeﬁ Pl Besaslani, I ROCHGTCO LR PR JENORG 1BBe of |
oact on' ot ARCeRREEREEehlpy ol BRFRRR KT REhREh ARATHERIRINT one.

bound sulfur contaminants is contacted with a hydrogenation catalyst in the

T

presence of a hydrogen-containing treat gas. The hydrogenation catalyst comprises
an inorganic, porous, non-layered, crystalline, mesoporous supiaort 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



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

i nvention include any conventional feedstreans used in tube oil processing.
Such feedstreans t%gically i ncl ude wax-cont ai ni ng feedstreaqg such as feeds
derived f YR8 i s, shale oils and tar sands as welfCTASHIVPREY i ¢ feeds
such as those derived fromthe Fischer-Tropsch process. Typica

wax- cont ai ni ng feedstocks for the preparation of l|ubricating base oils have
initial boiling points of 315C or higher, and include feeds such as reduced
crudes, hydrocrackates, raffinates, hydrotreated oils, atnospheric gas oils,
vacuum gas oils, coker gas oils, atnospheric and vacuumresids, deasphalted
oils, slack waxes and Fi scher-Tropsch wax. Such feeds may be derived from

. distillation towers (atmospheric and vadoun), hydrocrackers, hydrotreaters
and solvent extraction units, and nay have -7- wax contents of up to 50% or
nore. Preferred |lube oil boiling range feedstreans boil above 650F (343C).

- [ 0018] Lubewgy bofehtsiofap tdiiRs e eisre! Pefernedilikdbe bbngiefe Ecisttedhs O
contain aromati cs and nitrogen- and sul fur-contam nant's. Feedstreans

cont ai ni ngbaipathave(a5D°WA3458°€T). ni t r ogen, 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 feedstreans be bel ow

t
500 | y bel .300 f |y bel 00 Th
"n some | rOTREco Lub g tLine ot bt s Pl e LR LD EOMGEY of r eat ed
. i g q : _ ( e Aal
ont ent ty P BEF P Bk b eRHLODSOR- PR A" Eec RSO ARiRe A0 0,
and ni t r oggnoCcontigdken, Hiked OnTRe FabdRfeliM, & BT QW ATMuIRE NalByPRAS® and
D4629, respectively. [0019] As stated above, the present invention Involves
;:g :acti ngwa% aroenatick cdu?bb iu{sgd ﬁmfl@qarég@ﬂgmmsntm$ pfedeﬂny%ﬂm?dlmmntiﬂ cat al yst
at conprises a support nmaterial, a binder material, and at |east one
hydr ogerrlrgt(tcmﬁ@rtl@w]@ﬁlro dstzeamn be bajson 800 wppup poeterahly delow 30@ wppamimoteor use
inthe inth t o] ti i | ud t heti i.{i f tt
conpr i si ngiprniy e 0 SHerrs: 6. i madipsiances M Bbeail baifine Fanspor ¢
torial . he ) _ ¢ . Cal
That are charatsPll AB0EnR6RURed B IO REEI LRI il M ROTERI 20 °
pattern witdrddhatRgs highSvDeaknteht HpitafifHavBhigh CiREGitylilask k& U bD0d

H8v
relative intensity of %00. The support faterials suitable for use herein are
al so char agtraoiez Bhlfis ahd\nitrogen bemzatsanspbe hicasuredpacitindagd ABTV t han 15
granms of benzene per 100 grans of the material at 50 tort (6.67 kPa) and
25C. Pr ef emethods IH988 anddd463 R irespectivelyor gani c, porous, non-layered materi al
havi ng a hexagonal arrangenent of uniform y-sized pores with a maxi num
per pendi cul ar cross-section

[0019]  As stated above, the present invention involves contacting a lube oil
boiling range feedstream with a hydrogenation catalyst that comprises a support
( 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



-8- pore dinension of 15 to |l ess than 40A. A nore preferred support materi al
Is identified as MCM41. MCM 41 has a characteristic structure of

hexagonal | yzar uni form y-si zed pores of at |east '

exhibits a‘ﬁ@§%§@%§ﬁselectron diffraction pattern that céﬁﬁggéﬁﬁggﬁgg\Mtkla.
d100 val ue greater than 18A, which corresponds to at | east one peak in the
X-ray diffraction pattern. MCM 41 is described in United States Patents
Nunbers 5,098, 684 and 5,573,657, which are hereby incorporated by reference,
and also, to a | esser degree, below [0020] The inorganic, non-layered
mesoporous crystalline support materials used as conponents in the present

I nvention have a conposition according tq the forrmula Wn/qg(Wa XbYeZdOh). In
this fornula, Wis a divalent elenent, sé&ected fromdivalent first row
transition nmetal, preferably manganese, cobalt, iron, and/or magnesium nore
preferably cobalt. X is a trivalent elenent, preferably alum num boron,

i ron and/ or pged dimensiomsfel roelksy thh WAl uimmorepYefesred suppomvadterial il enent
such as silicon and/or germanium preferably silicon. i s a pentaval ent

el enent, sudderdidiedrededvd. MOM-Adrtasarchamcteristigsstrustioh ofdexdgonadlyanpl e,
[ G lA LIA and VIIB i \ . hyd ., .Sodj d
T ori de i onSahged wifomnD S gerasrolohisito b SN O SXBIbith ROTIEBREF cssed as
i des; i Sqt | . | . 2 Of [q is.t f
ol es or motiehPRdEHERHER ifteft o B PRE R E R0 gl vt erdn BelURE,
and Z, resp ilc:jlY @bﬁfésp'%}pﬁ t@aﬂ%ﬁ%egealf( F;Pch]X-trQ%aiél%acﬂ gﬁﬁﬁ FoviONiLa] | @
odi s use

preferred e ment "of support materia suitable for erern, (a+b+c)
is greater tdesdritsbd iarthiled-StatedPatdirs Nustiehes 0081684 i@ 8,573 69Menhrhaird d=0,

and h=2. Preferred materials for use in making the support naterials (
sui t abl e f omhershy incomorated by réferaiicanambalsd,ito atlessendegreagielowher
netallosilicates may al so be used. -9- [0021]1In the as-synthesized form

the support materials suitable for use herein

[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.



_have a conposition, on an anhydrous basis, expressed enpirically by the
formul a rRMaki (WA XbYaZdOa), where Ris the total organic nmaterial not
included in Mas an ion, and r is the coefficient for R_i.e.. the nunber of
moles or nbPEPPZBE on of R The Mand R conponents are P&IEERPEYEHNi th t he
material as a result of their presence during crystallization, and are
easily renoved or, in the case of M replaced by post-crystallization

nmet hods descri bed below. To the extent desired, the original M e.g., sodium
or chloride, ions of the as-synthesized material of this invention can be
repl aced in accordance wi th conventional ion-exchange techniques. Preferred
repl aci ng ions include netal ions, hydrogen ions, hydrogen precursor, e.g.,
. ammoni um ions and nixtures of these ioffs. Particularly preferred ions are

t hose which provide the desired netal functionality in the final catalyst.
These include hydrogen, rare earth netals and nmetals of Groups VILA (e.qg.,

M), VI Ageap- . Thide as'—ﬁrrrﬁl‘i‘esgzed foHh, thb\éﬁpﬁ)@r-[t %ata]:fm sﬁftalﬁl@%f’ﬁ&é Réllefn Tabl e

of the Elenents and m xtures of these ions. [0022] The crystalline (i.e.,
havi ng suf havei ecémpositon ton ar entiydieows ehisist erprebsed qapirealy byche Fermillar
exanple, by X-ray, electron or neutron diffraction, follow ng cal ci nation

with at | etRMugOW.peallOesvherokds hedptal orgamie masgrsal aoé inthaded ireM 2ed by
U T o o6t LB BER, PO e oL R R 0 e

to indicat { i i f Rl : fy, f 13A t
200 11 s Rout HeritgR Extbabis 5Bt BisB0AEMeh B el B AGefehf B8 v er o
a materi al hlRalccRAS RISy RAIlZEAG, 2hd3r@BARhy RufRl orR RE thse PPN%Q as Ar, N2,

n- hexane o? cycl ohexane; per 100 grans of "the porous nateria stat ed

above, thergpiaedhly posventstablizdtidnanethads éedcziddd delowsi Ty the exppodbsirad, eri al
having an average pore dianeter of 15 to |less than 40A, preferably 15 to
35A, nore fhesrgnndiN, eg..sodmonor eloridpriensphificyasaynthestzediroayial ofithes por e
size of the present jnventiqn is a key feature of the instant invention

because t hBVERGHEH Be Fel mas%ore!%\@ggéammtmm 1GMEXChIPEL i ting the

S BT oS DA, R s
nventl on bRcBR ¥, RIS, ihOSRTTAREUBPAGL: IBRPAR A bbb o 5o

regul arityioak atd thos@mdeclop@videohe slesiviibsetad inctiinatityrin e Taayl lchtal gaenbl es
t hat of anorphous or paracrystalline materials, but whose regular
ar r angenenThesedndiuide dwdiagenofare garh @stals snd metials of GraupoN LA bign Mngi ngl e

phase of, f{or exanmp]e, +25% y +12§§0r | ess . of. average pore size
of that phé(ilé#\ é@sewgn@iﬁgeﬁg&é&-ge p&mﬁ@qétaf{gﬁhwemg@@mgs such
as zeolites. Thus. s ort. terials for use herein can al so be described as
havi ng a h@%ﬁﬁ%ﬁgpﬁéﬁﬁgﬁﬁéﬂgﬁt of large open channels that can be

synt hesi zed with open internal dianeters from15 to | ess than 40A,
pre?erably 15 to 35A nore preferably 20 to 30A, nost preferably 23 to 27A

[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



100241 The term "hexagonal ", as used herein, is intended to enconpass not
only materials that exhibit mathematically perfect hexagonal symretry w thin
the limts of experinmental neasurenment, but also those w i.onifi t
observabl e WOAWMYIEHE from that ideal state. Thus, "hexag%ﬁgﬁhgggkt@gﬂ to
describe the support materials suitable for use herein is neant to refer to
the fact that nost channels in the material would be surrounded by six

near est nei ghbor channels at roughly the same distance. It should be noted,
however, that defects and inperfections in the support material will cause
significant nunbers of channels to violate this criterion to varying
degrees, depending on the quality of the material's preparation. Sanples

whi ch exhibit as nuch as +25% random devition fromthe aver age repeat

di stance between adjacent channels still clearly give recognizabl e i nages
of the MCM41 materials. Conparable variations are al so observed in the d100
val ues fromg hedel B ord sBefdfiRe picaBnidimivesion is 4 RO RhanfBfIhPRREdnt Mat eri al s
suitable for use herein can be prepared by any neans known in the art, and
are gener al liyvehtondecisetthe invehives herbed hiavb enexpectidly dorfd daeby Hatieng s
Nunmbers 5, 098, 684 and 5, 573, 657, which have al ready been incorporated by

ref erence. tahevesagsporeidaamelier of theuprgsergrivpentian onkithin thissasgppgbet nateri al
give an X-ray diffraction pattern.with a few distin maxi ne. i n the extrene
Pow angl e r HBRICSRBIBAN PROASHINAHEOR RoEtormangsp bihe A any nyFatiors

positions of / | ections froma hexagonal |attice. The X-ray
diffraction gﬁ%@&e‘?‘ﬁ%’ﬁ%@\ever, is not always a sufficient indicator of the
presence of these materials, as the degree of regularity in the

m crostructure and the extent of repetition of the structure within ( -
i ndi vi dual {ja23]c| eshafippoit mberialsditabld faaskhetdincanbt ldimgabhed Ve -

| ndeed, preparations with only one distinct peak in the | ow angle region of
the X-ray diothergoroeninpeganss solidshy theangtilouityl of os tope apen potss: whosegporanount s
of the material in them OQher techniques to illustrate the mcrostructure
of this mat GHACANOR: RealyTesmalss ot of amarBhows of Basra@waﬁﬁw ekl hut

g' E%&ZSZLSF'%ﬁ%ﬁé@%ﬁ’ﬁ%}fg%‘?@%ﬁ% GRS offte RSP BRR A Bhbh T o
Gi 1120t on Bk PSS R B oyl TR e ST MR P it s 1

the di st ancefheittese)adiaisietmoRahssoafl tfyetailfe famerokk amteialt becthaxagonal
lattice and is related to the repeat distance a.sub.0 between channels

observed i n zehbtes| ‘€hus, suppart magersgdh fort unechegeint daa alsr aidescdbednas hadng.a Thi s
d100 spaci ng observed in the electron diffractjon patterns corresponds to
the d-spaci %&xagowhwaﬁgf:@ qfdangeiapenihagnelsthag gapbgsyntiespgd twithopen ¢ he

sul table”Sunpert Bl LAl o s ieks Mlatlon SRSl HSRAL LR0% SEnd
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



.-12- support material obtained so far have 20-40 distinct spots observable
in the electron diffraction patterns. These patterns can be indexed with the
hexagonal _hkO subset of unique reflections of 100, 110, 209?%$%%i etc., and
their symY&? p8P60%BZ ed refl ections. [0026] In its cal ci Hed 3gﬁéport
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 20 for Cu K-al pha radiation) which corresponds to the d100
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 ?rans benzene/ 100 grans crystal at 50
ton: (6.67 kPa) and 25C. (basis: crystalllmaterial having been treated in an
attenpt to insure no pore bl ockage by incidental contam nants, if
necessary). [0027] It should be noted that the equilibrium benzene
- adsor pti orhet@Bas hdjicEtiahasias salliclefy SiveratdghiZbPRhigdIRIfehd MGM-§] Measur ed
on the basis of no pore bl ockage by i'ncidental contammnhants. For exanpl e,
t he sor pt imatetielst Conipariise variguohearecisd bbsecvedinathkeidyg vakiesrfrah tihase havi ng
no pore bl ockage contam nants and water renoved by ordinary nethods. Water
may be rerfde@ILgifdactialy pattesns.t echni ques, e.g., thermal treatnent. Pore
bl ocki ng i norgani c anorphous nmaterials, e.g., silica, and organics my be
removed by contact with acid or base or other chem cal agents such that the
detrital i al ~wi. | i £ I e crystal
0028 1 n BORSH &' THe sl hERELAS sllotte fhr SRR bbb B 210
non- | ayer gfefidNaRivin FPihearehid SF bambiBlly Frm&Fby HahBoas dbsoribRanact eri zed
bysan X-ray diffraction pattern wth at” | east tw peaks at positions greater
t han 10A dJsiedStages Patdnts MNhairBdets 009868 €andSell 306D 7, addiieti havy) alvdaidgtbeen
corresponds to the d100 value of the electron diffraction pattern of the
support neneenparatedby Irefgsancen &iasteraly,dhe mpshregulgqyeparetiony efthesuppemt 18A
d- spaci ng, and

o.‘pea at si t.ions | ess%tilha 18A.d- spacing wth relative
i nt ensidt ]yf@?té’gi“gg‘ erRRr<TayHiractien fatsHyw %)é'fl‘k.‘sgf'?l OHPE MIPRf er r ed, I It he
X. . . " _ e . PG . :
nave no peatents bsP B ifkibh TR pRGERROAEBE BebE altratPatelV YIRS neonei ¢y
greater thapiddodtithé Hﬁo%ﬂeaaﬂﬁ.fflraﬁﬁgheﬁgoaaylaﬁy&?trhe@t-ré)ea&fmaﬁﬁl peak in

the X-ray 'diffraction pattern w ave a d-spacing that corresponds to the
d100 val ugpanter,tewedvertis aot alwfaysachiftivienaindicarondf thepresehes ofithes¢ 0029] The

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

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



suitable for use herein can also be characterized as having a pore size of
13A or greater as neasured by physisorption neasurenents. It should be noted

that pore sj ed herein, is to be considered a maxj tpendi cul ar
cross-sectigﬁ?ggaﬁu%ﬁ%ension of the crystal. [0030]As stakgﬁﬂgﬁﬁyﬁyofhe
support materials suitable for use herein can be prepared by any neans known
in the art, and are generally forned by the nmethods described in United

St ates Patents Nunbers 5,098,684 and 5,573,657, which have al ready been

i ncorporated by reference. The nethods of neasuring x-ray diffraction data,
equi i brium benzene absorption, and converting materials fromamoniumto
hydrogen formis known in the art and can_al so be reviewed in United States
Pat ent Nunber 5,573,657, which has alreadﬁ'been i ncor porated by reference.
-14- 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 %Pp&&%hdl@ﬁal%taﬁné@go mRHave 0.4 dishrétepBts dHbeFRBRSInAB efectitn
final catalyst is to be nolded, such as by extrusion, the support materi al

particl es cahffeetiextpattded. Théser mtrims cag beringerdd with thelhexapoaabhit @ enbset
extruded. [0032] The size of the pores in the present support materials are
control | ed sfemiqueateliepignsofd 40148, 2o dih sinatnd Heilspanmesyasiated
selectivity w,th.respect to transition state species in reactions such as
cracking is r%ﬁ??ﬁ'?ed (Chen et al., "Shape Selective Catalysis in Industrial
Applications", 36 CHEM CAL | NDUSTRI ES, pgs. 41-61 (1989), to which reference
Is made for a discussion of the factors affecting shape selectivity). It

should al so [hﬁzeft eth 8 @élcﬂlieﬂffﬂﬁﬁf)éﬁggoﬁ intbAals QBfaBle FoPhSOhdTe Iﬁhf afods 2
result of the very large pores. [0033] Support materials suitable Tor use (
herein can kshas@itérizpdindan K-@y,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



binderl ess. However, it is preferred that the present invention also
conprises a suitable binder material. This binder material is selected from
any binder material known that is resistant to tenperatures and ot her

condi ti onsWErRBIAEHS8i n t he present hydrogenati on procesSECHHROGYIFHEY ¢
materials are conposited with the binder material to forma finished

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

oxi des such as alum na, silica or silica-alumna. Silica-alum na, alumna
and zeolites are preferred binder materials, and alumina is a nore binder
support material. Silica-alumna may bel®ither naturally occurring or in the
form of gelatinous precipitates or gels including m xtures of silica and
metal oxides. It should be noted that the inventors herewi th recogni ze that

. the use of fald 5= €£on ] i i je hi terial,
e comp G LR G R-afphe il QP Bosdponls £ MG A5 BT B PT 2,
cat al yti catleytras diff@ctivy ﬁﬁﬁéﬂgﬁ”th@ﬁlpﬁﬁﬁ\&ﬁﬁ@ti@n adNedsPons 6F fhidhMvistay aof t he
finished. The inventors herewith |ikew se recogni ze that inactive materials
can suit abpgsitien gecate thah U8Atdsspavingand ab pehks alnpositiorsf lesotharidifod- i f t he
present invention is enployed .,in al kylation processes so that al kylation

products cSRRCHES WHhdrlabiye aktsnsy sgpte] thand (5e of ﬁh@stmrtg%hpeaéfnﬁtiﬂynﬂ@t ot her

means for controlljng the,rate. of reaction. These inacti .materi.al s may be
i ncor por at BE???IE? dﬁ%&]@é’l qli}ﬁ@g@&%ﬁﬁﬂl %ﬁtgﬁﬁalc@ .',na:?é’ﬁﬁ Sﬁﬁllﬁnﬁ’r‘?ﬁhﬁ?gol in, to
i nprove theg,; : U : i:al : .af i ng

D ove NG g pEBROA bRl e 2| YOA dodERLOITEELSL 0BRGN

[ 0034] Hydrg&@f@&hﬁﬂlmt@ﬂmstsﬁoﬁgustﬁw@m By B6éithariehdt onkRieaR A theCRDRYI S€, i N
a conposited form a ratio of support material to binder ‘material rahging
from 80 padiffrastipppattermetiflriiazk atdsER@ingathat cdrirespendsd trei dib, tabuOf fher t s
support material to 8Q parts binder material, all ratios being by weight,
typical |y tlesipsdifigction patign of ihpyBrateridt eri al : bi nder nmaterial, preferably
from65:35 to 35:65. Conpositing may be done by conventional neans i ncl uding
mulling the materials together foll owed by extrusion of pelletizing into the

desired fi d ¢ i S :

hydr ogenat [qu?giat a f:[ltagaéﬁ(??ét@{gce&hﬁbwlk2@%@@%@% Sc &?lmsatéé}a ISI east one
hydr ogenat kggie fordise 3R Fsth icBf a8 HRUka Hctd Blel Gk 8 vinpoAhbRssistd UM Alk! nobl e
netals. It is preferred that the hydrogenati on-dehydrogenati on conponent be
sel ect ed f premtgralsineehisurad pf pliysisorptiothngasiremeenisdiltishodd demoxgdshespoteer eof |
more preferably platinum_ palladium and m xtures thereof It is nost
preferred sigasastused peesinns to ho eansidered panaxjienam perpeadigpdaragessatactionc onponent

be pl at i nu%%néim{%%gllo%défutﬂé 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



-16- [00361Hydr ogenati on-dehydrogenati on conponent is typically present in
an anount ranging fromO0.1 to 2.0 wt.% preferably fromO0.2 to 1.8 w. %
nmore preferably 0.3 to 1.6wt.% and nost preferably 0.4 to 1.4 wt.% All
netal s wei g‘ﬁ?%ﬁé%@ﬂ?s are on support. By "on support” wePGEHROHEFO0Y e
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
wei gh 100 grans then 20 wt. % hydr ogenati on- dehydr ogenati on conponent woul d
mean that 20 granms of the hydrogenati on-dehydrogenati on netal was on the
support. [0037] The hydrogenati on-dehydrogenati on conponent can be exchanged
onto the support material, inpregnated into it or physically adm xed with
it. It is preferred that the hydrogenat+bk/ dehydrogenati on conponent be

i ncorporated by inpregnation. If the hydrogenati on-dehydrogenati on conponent
is to be inpregnated into or exchanged onto the conposited support material

and bi nder, i the ¥y B?agﬁﬂfﬁer,fao AR $mdd ei?ﬁ?&ﬂc‘?,gsumﬁs GRRARLAE W th a

suitabl e ion containing the ’hydrogehati on-de ogenat1 on conponent. |f the

hydr ogenat i Riviske prdictosipat i ffiei e trpae through 2t vieH) s@BER aRd ki nUM
conpounds include chloroplatinic acid, platinous chloride and vari ous

conpounds cettinéhong 400enegdha{Tiyeriseareme I cages exher€hike final catalyst is to be
hydr ogenat i on- dehydr ogenati on _conponent may al so be incorporated into, onto,

or with themebitdosucheds byuppprsion tiae suppest matarialipartiddes ean be extreded before

conpound(s) ,wherein th “B dr.o at i on- dehydr ogenati on conponent is present
in the cati W1 O% 1@@ \éﬁﬂ&gg nofFXtF%ﬁBounds or inwhichit is present in
t he ani on of the conpound(s). It should be noted that both cationic and

ani oni ¢ conpounds can be used. Non-limting exanples of suitable pall adi uEw

or plati nungpaapoundie size dtthe BoteldGn R ?ﬂﬁﬁ%r?téf&l}bgbﬂ%nﬁﬁﬁﬁls%c Rofigbll&Ns®h

cationic conplex are Pd(NH3)4Cl2 or Pt are particularly useful, as
are ani oni cthavtheyerelarge ehowggh thhetheapatiodpecificlsetetiivinngithatspecotts. Cat i oni c
forms of other netals are also very -17- usefitl since they may be
exchanged offarsiti¢iestate/snegies iimtcagtions such asrcrpeloinggs miatmized ¢Chen e @a38] As

Fange 223;%@% ey bt Apmikatogenats CHESMCRTS! nb?ih'eid”g
nder e f eclTOUR/FSpBRR T AT LRy B oA Yeltefe Fi e ARG, %RE o °
compri sed Ofhedagtof affRtfhe HAGE MidetfVity) SR BRNBe AAEN tiRh diffsibngan

conprise one or nore cataly beds of ‘the sane or different hydrogenation

cat al yst deligiitfatiefs atecalso minitieedds atdvalt dfitheseey lazpé posest beds can be used,
fixed beds are preferred. Such other types of catal yst beds include
fluidized beds, ebullating beds, slurry beds, and noving beds. |nterstage

cooling or heating petween reactors, reaction zones, or _between catalyst
beds in the W3} r Bﬂ,m%tﬁﬂglﬁé“%bHP@’é‘dﬁe hersgn eanhe &flf-gﬁ nddgh gener at ed

during the r ggenation prqc can, al be recovered. ere this heat
recovery opB ?’nglﬁﬂg%s ra%{’wg‘(/%r ﬁé%ﬁlzefe%%qﬁ{@iﬂfeoﬂraﬁsgritolglvf:ﬁbo nné\go Bgmé)gﬁ?%? med
through cookinghdibhirdet hiFerfl C ThinA&! MAtkridd iSelLéte@ ffom My biHddy HhtdsA of( a
hydrogen quench stream In this manner, optinumreaction tenperatures can be
nore easi | y kibwhltBati§eesistant 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



_100391Hydr ogen-contai ning treat gasses suitable for use in the presently

di scl osed process can be conprised of substantially pure hydrogen or can be
m xtures of other conponents typically found in refinery hlydro en streans.
It is pref¥?PWE%8%® the hydrogen-containing treat gas St é%“%éq?f“é’i"ns
little, nore preferably no, hydrogen sulfide. The hydrogen-containing treat
gas purity should be at |east 50% by vol une hydrogen, preferably at |east
75% by vol unme hydrogen, and nore preferably at |east 90% by vol une hydrogen
for best results. It is nost preferred that the hydrogen-containing stream
be substantially pure hydrogen. -18- [0040] The | ube oil boiling range
feedstreamis contacted wi-th the hydrogenation catal yst under effective

. hydrogenation conditions. Effective hydiogenation conditions are to be
consi dered those conditions under which at |east a portion of the aromatics
present in the lube oil boiling range feedstream are saturated, preferably
. at least Q0wunieh willfa 2EQTR bisder #Hftefial, ieald@dthbilBd &e@é@ftﬁ"’oﬁ?&éﬁeﬂf eater than
75 wt.% Effective hydrogenation conditions include tenperatures of from
150C t o AQhftingatdeyoitiegsnwhach itsdlf proasdytiealdf adthvanmigt 8Range e TGvEdRN 200 to
3000 psig), a space velocity of from0.1 to 10 liquid hourly space velocity
(LHSV) , arfadéprisglectiyion of ther drighedit The s1venionnegewih likewisegeagenigothat o 10000
scf/B). [0041] I n one, enbodinent of the. instant inveﬂtion, the effective
hydr ogenatN¥HIVeJRECcTAlS fan sngablysarve adiluants [q conirolithe amouphet canviesian

Pvar ogenatf Hi apodns GEERLBAds BB Ao BHER AR et I OIKIRBRA, ot 1 east
a liquid digggls PO bé 5Btal o%ﬁﬁ'&qpy&}ﬁdéhfrﬁr@u*« it GRAGS! GthbCReRs

aromati cs "and nitrogen and organi cal ur c ants than the

di esel boifot Bgntralligg tlicoats bf mantion. (R AGactihai mdtepialvigay be iscurporansat ances,
the lube oil boiling range feedstreamis hydrotreated to reduce the sul fur

cont am nannt najutadly oscETMSIpYS. 8- chentanity aheé keolizao imppeve therczughr ef er abl y

bel ow 200 m In this enmbodinment, th resent prqcess c rises at | east

t WO reacti%ﬁgﬁ]’a‘ggb? CRigly't Bpdsr COSTaiR) eaamg%@cﬁeam w&? gﬁxcapwﬁ oper at ed
under effeggtihve hydrotr I itions, and the second containing a

hydr ogenat naﬁerég{ﬁrqﬂgq;%esﬁﬁthﬁg%agﬁ?gfed above operated under effective

hydr ogenati on conditions as described above. Therefore, in this enbodi nent,

the lube oil boiling range feedstreamis first contacted with a -
[0034] Hydrogenation catalysts suitable for use herein typically comprise, in a

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.



-19- hydrotreating catalyst in the presence of a hydrogen-containing treat
gas in a first reaction stage operated under effective hydrotreating

condi tions | 0 reduce the sulfur content of the | j id.i ng
range feeds}’t‘]@ezgwgs',\%vithi n the above-descri bed range. Thuﬁs&ﬁyﬁghﬁlgﬁﬁi
"hydrotreating" as used herein refers to processes wherein a

hydr ogen-containing treat gas is used in the presence of a suitable catal yst
that is primarily active for the renoval of heteroatons, such as sulfur, and
nitrogen. Suitable hydrotreating catalysts for use in the present invention
are any conventional hydrotreating catal yst and includes those which are
conprised of at |east one Goup VIII net g% preferably Fe, Co and Ni, nore
preferably Co and/or N, and nost preferabbly Co; and at | east one G oup VI
nmetal, preferably Mo and W nore preferably Mo, on a high surface area
support material, preferably alumna. It is within the scope of the present
i nvention tfea86jor dlydragemnivntdadsdedgehutiootompbiag ic atpi¢albt pleeentigdni n t he
sanme reaction vessel, The Group VIII netal is typically gresent i n an anount
rangi ng fr oamoumiorapging from (i é6 310awt. o, fprefarably frone 02 ohled &rtdepmere netal wi | |

LS b RO AT BT 0 AT
e ot o R B 805 SR e RSB pR SRR 5, 20
grans then 2Q wtioh 6&“%@#@&1&@% cWB’rﬂogitﬂE;%M&?‘ﬁla?&iag SATbiRler FkRa V! ||

nmetal was on the“support. ectirve reating conditions are to be
consi der ed Fbostamtpledifitheseppditiveraid wEigRA00\whins TRELZE wit!96 hydidpehagamnt ent

of the lube oil boiling range feedstreamto within the above-described
ranges. Typidaldregémtioneenipuheot weutd mgare tatl 20igrams ioh theublpdrogenméoat ur es -
rangi ng from 150C to 425C, Preferabl y 200C to 370C, nore preferably 230C to
350C. Typi cashxdspgenatipnnpeipl wgaes thepwnort es ("WHSV') range from0.1 to
201111, preferably fromO0.5 to 51111. Any effective -20- pressure can be
utilized, and pressures typically range from4 to 70 atnospheres (405 to

7093 kPa), ra - at . P

preferred eﬁ%@wmﬁ% %gqrgg%@ggtq@gaﬁﬁrﬁg?é%g@ﬁgﬁ%ng%gﬁtqéo%)ghgé% dgoél rtl%i tions
effective aihe@%?h&tﬂﬁa@i‘ialﬁm@?eg’maﬂﬂrﬁlt@ﬁ ofbhesicallpadmiiedakiy i0qupd sul fur
contam nants and hydrogenating at |east a portion of said aromatics, thus
produci ng aprefesaed tlwatlthehiydrolzedeionidetydidgengtiom ngmppnertdbet inbanporated bl ower
concentration of aromatics _and organically bound sul fur contam nants than
the | ube oi IMpEIENRHEN, dhide hydeegsnrienrdeybagenationcmpanenhis ©fet he | ube oi |

boi ling r anﬂﬁp;eeg%g od i%?omo%)gc%attlg& 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



Jhydrotreating catal yst produces a reaction product conprising at |east a
vapor product and a liquid lube oil boiling range product. The vapor product
typically conprises gaseous reaction products such as H2S, and the liquid
reaction pVOdIeY28878i cal |y conprises a liquid | ube oil BSTVHREYERGE product
havi ng a reduced | evel of nitrogen and sul fur contam nants. The reaction
product can be passed directly into the second reaction stage, but it is
preferred that the gaseous and |iquid reaction products be separated, and
the liquid reaction product conducted to the second reaction stage. Thus, in
one enbodi nent of the present invention, the vapor product and the liquid

| ube oil boiling range product are separated, and the |iquid |ube oi

. boi l'ing range product conducted to the-t&cond reaction stage. The nethod of
separating the vapor product fromthe liquid |ube oil boiling range product
Is not critical to the instant invention and can be acconplished by any

. means knOV‘(Iﬁ}setﬁ?l sti’ﬁcee%&?‘iﬁé)v Fe é’ich%ﬁgéd 8hio"He 0ARBANSe ﬂﬁ?eridl%‘r”iﬁﬁﬁf tddon

products. For exanple; a“stripping tower or “reaction zone ca used to
separ at e timgo wapor product fromthe liquid |ube oil boiling range product.
The |l ube oil boiling range liquid product thus conducted to the second
reaction stage will have a sulfur concentration within the -21- range of
500 wppm preferably bel ow 300 wopm nore preferably bel qw 200, wPPm

[ 0045] The b déscstntgdiabave.dhepresentdgveniongpliies spplagiing atlubaeilt he

A T R R
oo el ORI ! i AR byl e, L
t he presengffédietyidegdnation tohdisionoThd$AdREstage 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.



[0047] A series of MCM 41l containing catal ysts were made using Si-MCM 41
(800:1 Si02: Al 203) with different dianeter pore openings. MCM 41l nesoporous
support ma i i,t h pore openings 25,40 and 100A in di Ner

pr epar ed i%‘l&{)iﬂgé@?%er cake by. The filter cake was pr ecgﬁgﬁ}ﬁg@bﬁﬁﬁmﬁtrogen
at 540C. The precalcined MCM 41 materials were then mxed with a Versal -300
al um na bi nder and extruded into 1/16-inch (1.6 mm) cylinders. The
extrudates were dried and then calcined in air at 538C. The cal ci ned
extrudates were then co-inpregnated with 0.3 w.% platinumand 0.9 wt.%

pal | adium and dried at 120C. The catal ysts then received a final calcination
in air at 304C to deconpose the platinumand pal |l adi um conpounds. Properties
of the finished catal ysts are sunmari zed®in the Tabl e bel ow. Note that netal
di spersion, as neasured by oxygen chem sorption, is simlar for all the
finished catal yst but the benezene hydrogenation activity index increases
with reduction in the dianeter of the MCM 41 pore openings. -22- [0048] The
Benzene Hydrogenation Activity (" BHA"f) test is a measure of the activity of
t he catal y4604¢nd Thﬁelubﬁ@ﬁdvoiéhgr&ge eedsireamt iseontactechwtifhvibet he cat al yst .
Thus, the performance of each, catal yst s screened fqQr hydrogenation
activity u ﬂg)aeﬁéﬂwt@b@wndm&tffg v¢ Rygrogepation ¢andidansnEdseve at al yst

le b ' . f - i helium.f :
Chen ?fedﬁc?&é'rc?%gg%%h%@iﬁﬁ?%ar%ﬁﬁ b ol ePatvanioBupi e aﬂlj#ﬁgﬁ y
250C | ki SOl 50C
. hydr oger TN PR DB TR Rk Tt R a0 5

100C, and Xkg3ffated prefepatitiiat least SOYTY oftBe atcinddiavRe saturdRE, AifreprferaBBssed

t hrough a benzene sparger held at 10C. The data are fit to a zero-ordeér (
Arrheni us @redter thanl 76 vet. Yoatlf feotive thardrogenana esnditiops dutlode panperstueesodf et al
per hour at 100Cci's re q)rted. It shoul.d be noted that Pt, Pd, N, Au, Pt/ Sn,
and coked affmnrlég&mé@%&l@éwdrm rartialpsessuraobifipm 4480 i BR78GkPaRI9 so.
The pressur BHA t The results of the BHA

test were r@é@ﬁ@gﬁi‘%?’%ﬁ%ﬁ% Sf%l‘lﬁbfw ] 3%}'? hslt ﬁg@ﬁg&@r@rw{)aﬁgg@ IBore Size

Pt, wt.% PCILH@V)?%nd 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
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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, moré 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
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pressure can be utilized, and pressures typically range from 4 to 70 atmospheres
(405 to 7093 kPa), preferably 10 to 40 atmospheres (1013 to 4053 kPa). Ina
preferred embodiment, said effective hydrotreating conditions are conditions
effective at removing at least a portion of said organically bound sulfur
contaminants and hydrogenating at least a portion of said aromatics, thus producing
at least a liquid lube oil boiling range product having a lower concentration of

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
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

P
; )
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range of 500 wppm, preferably below 300 wppm, more preferably below 200

wppm.

[0045] The above description is directed to several 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.

[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.



100491After each catal yst was prepared,
separately evaluated for hydrofm shing a hydrotreated 600N dewaxed oil. The
dewaxed oil was first hydrotreated to reduce the sul fur 4 Owppm
The 600N d&WRX¥WE%H878 had an aromatics concentration of 4%9%93&03.1‘%9
Approxi mately -23- 5 cc of each catal yst was separately | oaded into an
upflow mcro-reactor. 3 cc of 80-120 nesh sand was added to the catal yst
| oading to ensure uniformliquid flow After pressure testing with nitrogen
and hydrogen, the catalysts were dried in nitrogen at 260C for 3 hours,
cooled to roomtenperature, activated in hydrogen at 260C for 8 hours and
then cooled to 150C. The 600N dewaxed oil feed was then introduced and
operating conditions were adjusted to 2-EHSV, 1000 psig (6996 kPa), and 2500
scf H2/bbl (445 nB1nB). Reactor tenperature was increased to 275C and then
Hydrogen purity was 100 % and no gas recycle

hel d constant for 7 to 10 days. : :
was used. [{@@38] Pr q@&%eﬁeﬁéﬁpar@%aﬁ%hMi ABPRYIE is § Wdadlive SPHHE 0gen,
ly. Afomati cs were measure y W

and nitrogen contents was nonitored dai

absorption z(dﬁvmy&ﬁthg)cataTyﬁtpdn(bnheﬂﬂigharshaﬁﬂﬁs ident; thesmaref aotiakithercathlyist. e on
stream for each of the catalysts are shown in Figures 1 and 2, respectively,
herei n. As This, the pardarrandg ofipaek catalystl was secanedforihydeogenation actiethenezene

hydr ogenati on i nde t he ipventors hereof .have unexpectedly fouynd that
catal ysts nWBEﬁBIW4 & @tW§%§W§ﬂegWovi ded the

t he performance of each catal yst was

SRR PeHPERRd ap ©

hi ghest | ev&rlyirfg 03 gorg%si St 18 tcg{a?}}sit Al &R 15 { h&%’TaR‘iﬁb‘ac, thétt reducing the
sample at a selected temperature (120°C to 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 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 0.88 535 180 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




CLAIMS 1. An aromatics hydrogenation process for |ube oil boiling range
feedstreans conprising: contacting a |lube oil boiling range feedstream
containing aromatics and nitrogen and organically bound sul fur contam nants
Wi th a hydWedeswdesyR catal yst in the presence of a hydr JfMUBRYHIR ng treat
gas in a reaction stage operated under effective aromatics hydrogenation
conditions to produce a reaction product with reduced aromati cs content,
wherein said hydrogenati on catal yst conprises: i) an inorganic, porous,
non-| ayered, crystalline, nesoporous support material; ii) at |east one
hydr ogenat i on- dehydr ogenati on conponent selected fromthe Goup VIII noble
netal s, wherein the average pore dianeter of the support nmaterial is about
.15 to less than about 40 A and iii) a bEhder material wherein the support
material and the binder nmaterial are conposited in a ratio of support
material to binder material ranging fromabout 65 parts support material to

. 35 parts b% P?%fe@?& @Jth@*ist %%ga)aﬁ’@téﬁflo%@gﬁﬁrtdr %@ﬁ%ﬂf){v%ictr&r@&t@ﬂ@t&: &t nder

mat eri al , rati os ng by ‘'wei g rocess according to claiml

wher ei n sag@l126mdshsdant wdsheided eoiid cuesly@ 1badibgto Bp&gE uatfosm! IRAE Hofw. om
active and inactive materials, synthetic zeolites, naturally occurring

zeol i tes, After prassurertestong with niwrogensanddiydrogen, thanchtslykisoeeraldrivdra. 3. The

process according to claim1l wherein said binder material is selected from
such sil i ceitrgEenahao0%) thridnhowndondss) foireem temperauee, pelbeated imbydrogemat t o

%il ") Gast "La09 plok 8PS B8 Ineicinde PRI 0B avialled Bk %?EJZ“ 26
el potron dirPRackeaFboARtaBLER R SERPRDItEL fo PIAISY, POROBRETERYS o1 i cn

islat a pagpd)i and a56@ser Hi/bBN4asantymiB Resttemesipetatu@nfadincherks (@t
positions | ess than about 10 A d-spacing with relative intensity greater
t han about2299¢ ofd then held cmpesit fmeako 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.



- 25-. 5. The process according to claim1l wherein the support
material has an X-ray diffraction pattern with at | east one peak at a
position greater than about 18 A d-spacing (4.909 20 for Cu K-al pha
radi ation) which corresponds to the d3f0 val ue of the el ectron
diffraction pattern of the support material and with no peaks at
positions | ess than about 10 A d-spacing with relative intensity
greater than out 10% of the strongest peak. 6. The process
accordi ngéﬁéﬁai m 2 wherein the support nmaterial displays an

equi i brium benzene adsorption capacity of greater than about 15
granms benzene/ 100 grams crystal at 50 ton and 25 C. 7. The process
accor di ng t d.chgiaromakiesdirdmgenaiyongyosess dor dobpdrid perilitign
conponent rangpriesastréamsrcempridingangi ng from about 0.1 to about 2.0
mdr(c))/()g;enatsi gPIﬁa@fﬁ@éZl i@i]dbaﬂli%%& e L;3e fr Qininlgadi um

pl ati num rhodi u%gflf%?'dlgﬁh Bﬁ'%rg I&esoréﬁ'i&é%ﬁgr o.bl.n(apﬁgﬁ'}}rocess
according to &%%F@nm‘;sg‘}vﬁﬁ%gi]%y FAtakcRlystin thapres- 10,
The process acifalicigatbBydrogenecon@iningttyeat gas in a reaction

hydr ogenat i on-sleggdrpeetedi wndeneffectne asomaaidsnhyrdaogepatioadi um

11. Th]ga |0(r]I o;:e&fomﬁmeﬂ@ e pmttcﬁh@e@ﬁemﬁlprm@t Lbie reduceel | i ng |
range feedstr der r dﬁ@ﬂg% S r sands
as well as syﬁﬁ%ﬁ%ﬁ% Ssede S élnﬂafﬁsééég gsca?gcﬁ*ro %%@bg?%%?ng
range feedstre ?ﬁng an initial boiling points of about 315 C. or
hi gher . 1) an morgdnic, porous, non-layered, crystalline, meso-

porous support material;

i1) at least one hydrogenation-dehydrogenation compo-
nent selected from the Group VIII noble metals,
wherein the average pore diameter of the support
material is about 15 to less than about 40 A and

iii) a binder material wherein the support material and
the binder material are composited in a ratio of sup-
port material to binder material ranging from about 65
parts support material to 35 parts binder material to 35
parts support material to 65 parts binder material, all
ratios being by weight.

2. The process according to claim 1 wherein said catalyst
further comprises a binder material selected from active and
inactive materials, synthetic zeolites, naturally occurring zeo-
lites, 1norganic materials, clays, alumina, and silica alumina.

3. The process according to claim 1 wherein said binder
material 1s selected from such silica-alumina, alumina and
zeolites.

4. The process according to claim 1 wherein the support
material has an X-ray diffraction pattern with at least two
peaks at positions greater than about 10 A d-spacing (8.842°
28 for Cu K-alpha radiation) which corresponds to the d100
value of the electron diffraction pattern of the support mate-
rial, atleast one of which is at a position greater than about 18
A d-spacing, and no peaks at positions less than about 10 A
d-spacing with relative intensity greater than about 20% of
the strongest peak.




12. The process according to claim 11l wherein said |lube oil boiling
range feedstreamcontains up to 0.2 wt. %of nitrogen, up to 3.0 w.

* 9% of sulfur, and up to about 50 wt. % aromatics, all based on the

| ube oil boiling range feedstream _38. The process according to
claim1l wherein said lube oil boiling range feedstream has a sul fur
content bel ow about 500 wppm - 26- 14. An aromatics hydrogenation
process for Jube oil boiling range f(iedst r eans c_orrgri sing: a)
contacting &- BY:% R%’ppeﬁ%ialci(:ﬁéd?%@@ qlabusi rebereisnthe anpgost omat i cs,
ni trogen anateviajands an Y irayndiffrddtion qattem weth ati least fonest

react ieogr gbaﬂeat%gbﬁi@fﬁf@sfeﬁ}fag%%dﬁg rmzdmi%abhﬁ (404 Lgpzagpgg
cat al yst @ ?%ﬁ 3 ﬂi ?%%ﬁggégt‘%@ﬁgh&o%g%s%% $d§‘¥ﬁje and at
| east ~ one Vet pTVhe alegironlfdraotion patisrs Aldhsswppeddmater pr oduct

conpri si ngisdtaneawitha noaperaksr atipusitiodsaldssotlian labeatoi0 Boil i ng
range progugpacial th GenRitaed Eﬂ&ﬂ%f@i@@ﬁé&"tﬁﬁﬂ%@@ﬁf?qﬂ%t@ffi
hydr ogena @ ﬁ)teékn t he presence of a hydrogen-containing treat
gas in a PR st a .operacged ugde effegti ve aromatics
hydr ogenat i 9n ‘& PracessASCOMRISG fo claim A uheEintio SUBROES vst
conpr i sesmateriai displaysrdiceqpiibmiam henzeng adsdrpiiopsiagakitye,
mesopor ougfpteRrtthalt Aidat 15idrands BepgeheBIG rams\08/stalat he
support rrgpetro&ﬁ nﬁi &@ bi nder material are conpositéd in a ratio of
support nmatger;j [o] %i nder terial .ranging fromabout .65 parts
support mat ér' GEW%SMQ&FIW Ve erﬁﬁlé@dgg)’@%og@rpport
materi al natio®-gehydrogenationscemipainentlis presens iheimegnyunki ght ; and
}ii) a |ﬁﬁ§glg 'n%ﬁ'dmfﬁtﬂﬂﬂrﬁl 1 e adety 2.0gend. on conponent sg! ectted
romthe u | ; i amet er
8 The ol e 3 1o B Tolierelt CAFERy RIS =) ¢

of the su r

The procel8tQBcaPRY HEOEENEH QPrcQmRARGTY 1 §§f‘-’d’t%¢1f%@mrﬁ"i@1 als is
sel ect ed frnom, pdatinemychodmon; imdinme ang mixsyresHiereofeol i tes,
natural |y o9cOiie peocesy Atesydinpoticgeldi Gatvdiereirssakl sipposd uni na,

and sili gﬁlﬁkﬂ@l BRNICMLET The process according to claim 15 wherein
sai d bi'ndér |£fI IS séle

r ct fromsuch, silica-alunna, alum na
o zool | 1 107 T Prokgad SoESiEnd IR Tae b Sheidndhihydio 2l 1" N
support ngeeatian-gekydrogenaiionidampenest 1p platamamwand pallaeast two
peaks at ¢@gnsntions greater than about 10 A d-spacing (8.842 20 for Cu

K-al pha radiqt ToR) i £U0ratRgRE T1AM & HEY e 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 about 315° C. or higher.
12. The process according to claim 11 wherein said lube oil

boiling range feedstream contains up to 0.2 wt. % of nitrogen,
up to 3.0 wt. % of sulfirr, and up to about 50 wt, % aromatics,
all based on the lube o1l boiling range feedstream.

13. The process according to claim 11 wherein said Iube oil
boiling range feedstream has a sulfur content below about 500
wppm.




- 27 - value of the electron diffraction pattern of the support
material, at |east one of which is at a position greater than about

* 18 A d-spacing, and no peaks at positions |ess than about 10 A

d-spacing with relative intensity greager than about 20% of the

strongest peak 18. The process according to claim 14 wherein the
support material has an X-ray diffraction pattern with at | east one
peak at a position greater than about 18 A d- S:FaCI ng (4, 909 2E1 for

Cu K-al pha Lddida asaymahcs my Dg@m&mpr@ces'se lwbe wil beibf t he
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gr ans ben C. 20.
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stage operated under effective aromatics hydrogenation con-

ditions, wherein said hydrogenation catalyst comprises: i) an
inorganic, porous, non-layered, crystalline, mesoporous sup-
port material; ii) a binder material wherein the support mate-
rial and the binder material are composited in a ratio of
support material to binder material ranging from about 65
parts support material to 35 parts binder material to 35 parts
support material to 65 parts binder material, all ratios being
by weight; and iii) at least one hydrogenation-dehydrogena-
tion component selected from the Group VIII noble metals,
wherein the average pore diameter of the support material is
about 15 to less than about 40 A.

15. The process according to claim 14 wherein said binder
materials is selected from active and inactive materials, syn-
thetic zeolites, naturally occurring zeolites, inorganic mate-
rials, clays, alumina, and silica alumina.

16. The process according to claim 15 wherein said binder
material is selected from such silica-alumina, alumina and
zeolites.

17. The process according to claim 14 wherein the support
material has an X-ray diffraction pattern with at least two
peaks at positions greater than about 10 A d-spacing (8.842°
28 for Cu K-alpha radiation) which corresponds to the d,40



24. The process according to claim 14 wherein said |ube oil boiling
range feedstreamis derived fromcrude oils, shale oils and tar sands
as well as synthetic feeds and is selected fromlube oil boiling
range feedstreanms having an initial bgyling points of about 315C. or
hi gher. 25. The process according to claim24 wherein said | ube
oil boiling range feedstreamcontains up to 0.2 w. % of nitrogen, up
to 3.0 wt. %of sulfur, and up to_ about 50 wt %aromatlcs all based
on the | uwelus bf theldlag taoditon pestern of the suppeg. nmate- pr ocess

accor di ngria0, @ﬂléh@%é’ﬂe\@fﬁﬁidhi@a@h beftich budstepithakaboftd § ange

R

separati ng qzacungamth pelaties llﬂ“fﬁm gaea‘ueqlﬁnam aleubi20%oe] i ng range
product ; ﬁj@stﬁm lfjéaﬂ_{lg said liquid lube oil boiling range product

to the second r ctlon stage cont ai ni.ng d ,hydrogenati on catal yst.
28. The prodés Bm%ﬁ%gaqqprémgﬁpglameﬂewh £iia a6 FEBDOVE

lhydr ;)t r eajidtgriod rhlas X -ang dlgjémdtugm e;fdmlczmﬂe Atlenstrieng at '
east a p Q,rrg anabIHt ¥8 A A S an
oo e G - =
value of the electron diffraction pattern of the support mate-
rial and with no peaks at positions less than about 10 A
d-spacing with relative intensity greater than about 10% of
the strongest peak.

19. The process according to claim 14 wherein the support
material displays an equilibrium benzene adsorption capacity
of greater than about 15 grams benzene/100 grams crystal at
50 torr (6.67 kPa) and 25° C

20. The process according to claim 14 wherein said hydro-
genation-dehydrogenation component is present in an
amount ranging from about 0.1 to about 2.0 wt. %.

21. The process according to claim 20 wherein said hydro-
genation-dehydrogenation component is selected from plati-
num, palladivm, and mixtures thereof.

22. The process according to claim 16 wherein said support
material is MCM-41.

23. The process according to claim 22 wherein the hydro-
genation-dehydrogenation component is platinum and palla-
dium.

24. The process according to claim 14 wherein said lube oil
boiling range feedsiream is derived from crude cils, 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 about 315° C. or higher.
25. The process according to claim 24 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 about 50 wt. % aromatics,
all based on the lube oil boiling range feedstream.
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26. The process according to claim 24 wherein said liquid
Iube oil boiling range product has a sulfur content below
about 500 wppm.

27. The process according to claim 26 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 product to the second reaction
stage containing said hydrogenation catalyst.

28. The process according to claim 14 wherein said effec-
tive 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 present in said lube oil boiling range feedstream.





