WD 2006/ 028882 PCT/ US200, / 031067 AN | MPROVED HYDROTREATI NG PROCESS FOR LUBE
O L BO LI NG RANGE FEEDSTREAMS FI ELD OF THE | NVENTI ON [ 00011 This invention
relates to a hydrotreating process for Tube oil boiling _range feedstreans.
More partﬂ@ﬂﬂg%mygmghe present invention is directed at 5C”Hgapﬁgﬂggting
process for lube oil boiling range feedstreans utilizing a catalyst
conprising a hydrogenati on-dehydrogenati on conponent selected fromthe G oup
VIIl noble nmetals and m xtures thereof, a nmesoporous support, and a binder.
BACKGROUND OF THE | NVENTI ON [ 00021 Historically, lubricating oil products
for use in applications such as autonotive engine oils have used additives
to inprove specific properties of the Rasestocks used to prepare the
fini shed products. Wth the advent of increased environnental concerns, the
~performance requirenments for the basestocks thenselves have increased. For
exanpl e, Anerican PetroleumiInstitute (APlI) requirenents for Goup II
basest ocks incl ude a AN{IMBROGVEIZWHMDRUTREAEENG PROCESSsul fur content of
0.03 wt .%or |ess pOg BUBE 013 BOILING RANGED S REHS PREAMS1 20. ,
Currently, there is atrend in the Tube oIl narket to Use nhigher quality
basestocks in order to neet the demand for higher quality products that
provide for increased fuel econony, reduced em ssions, etc. [00031
Convent i ong i ri ng basestocks such as hydrocracking or
sol vent ex@% 1 Lis! ﬁﬁ@tﬁﬁﬁ’ﬁ operating conditions such as high pressure
and tenperature or high solvent:oil ratios and high extraction tenperatures
to reach WD 2006/ 028882 PCT/ US200S/ 031067 -2 these hi gher basestock
qual i ti es. [0B01her Thigievesion elatoy ) ¥ bgdeteetisg peocpe fat lubg oil boiling

£

L range feedstreams. More particularly, the present invention is directed at a
hydrotreating process for lube oil boiling range feedstreams utilizing a catalyst
comprising a hydrogenation-dehydrogenation component selected from the Group

VI noble metals and mixtures thereof, 2 mesoporous support, and a binder.

BACKGROUND OF THE INVENTION

[0002] Historically, lubricating oil products for use in applications such as
automotive engine oils have used additives to improve specific properties of the
basestocks used to prepare the finished products. With the advent of increased

- environmental concerns, the performance requirements for the basestocks
themselves have increased. For example, 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 higher quality basestocks in
order to meet the demand for higher quality products that provide for increased fuel

economy, reduced emissions, etc.

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

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



conditions and | ow yields. [0004] Hydrocracki ng has been conbined with
hydrotreating as a prelimnary step. However, this conbination also results

i n decreas iel f lubricating oils due to the conv ' _
distiIIate§99éQ%K&§%$cally acconpany the hydrocracki ng §$§@@§@&%FH%65] In
United States Patent Nunber 5,573,657, a hydrogenation catal yst, 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 dianeters greater than 200A. The hydrogenati on
process is operated such that the produgt produced therein has a | ow degree
of unstaturation. [0006] However, there is still a need in the art for an
effective process to prepare quality lubricating oil basestocks. SUMWARY OF
THE | NVENTI ON [ 0007] The present invention is directed at a process used to
hydr ot r eat thesschigher bagsistackgiualitige Edberalicaative invelvps oxpsasivenpsratings: a)
contacting a | ube oil foill range feedstreans containing aromatics and

ni trogen angPisiidpnsiand loy &H sul fur contaminants with a hydrotreating
catalyst in the presence of a hydrogen-containing treat gas in a reaction
st age operated under effective hydrotreating conditions, wherein said

nydr ot reat | Aa08R ARIroE HERTIgIR bUPCARRSH ALGHER  BICTcRRATA Gy 3 1) 40

w.%to | ess then . % of Tan inorganic, porou non- Taye

crystal : [ nestg]DIEBIQWV@u,Sthﬁﬂmﬁbinaﬁm elsb aesultsiip ddérebsedodelds oYoatricatipigrdlsr
material; an
due to the conversion to distillates that typically accompany the hydrocracking

process. C

[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 process to prepare

quality lubricating o1l basestocks. : C

SUMMARY OF THE INVENTION

[0007] The present invention is directed at a process used to hydrotreat lube oil
boiling range feedstreams. The process comprises:
a) contacting a lube oil boiling range feedstreams containing aromatics
and nitrogen and organically bound sulfur contaminants with a
hydrotreating catalyst in the presence of a hydrogen-containing treat
gas in a reaction stage operated under effective hydrotreating

conditions, wherein said hydrotreating catalyst comprises:



-

iii) at | east one hydrogenation-dehydrogenati on conponent selected fromthe
G oup VIIl noble netals and m xtures thereof [0008] In one enbodi nent of
the instant invention, the inorganic, porous, non- |ayered, crystalline,
mesopor ousWELBePI83¥at eri al of the hydrotreating cat al ysPCTRS2095083146% eri zed
as exhibiting an X-ray diffraction pattern with at | east one peak at a
d-spacing greater than 18A. The support material is further characterized as
having a benzene absorption capacity greater than IS grans benzene per 100
grans of the nmaterial at 50 ton (6.67 kPa) and 25C. [0009] In a preferred
form the support material of the hydrotreating catalyst is characterized
by a substantially uniform hexagonal honeyconb m crostructure with uniform
pores having a dioo value greater than IBA. [0010] In another preferred
form the support material of the hydrotreating catalyst is MCM41. [0011]
In yet anot her enbodi ment of the instant invention, the lube oil boiling

.range feedstreamis fydrofgeatsado idss ehdnv60 w906 by Hetbagial patueess. The

first stage contains a conventional hydrotreating cafalyst, and the second
reaction stage contains ybyal otystédhing gnesapatopstsuppogd maenia; a mesopor ous
support, a binder material, and a hy&{)ogenati on- dehydrogenation netal. This

enbodi ment of the i Hitantt0iteidhwte WFEE@’FCY\P@) ash6/ 028882

cont ai ning aromat | csi) ni S BRRPE OB e e ey S RBRRALR ORI ami nant s | n

and in the presence of hyarass oA ORI or HE Al FRRBRER T cating

| thereof.
(

[0008] In one embodiment of the instant invention, the inorganic, porous, non-
layered, crystalline, mesoporous support material of the hydrotreating 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 hydrotreating catalyst is
characterized by a substantially uniform hexagonal honeycomb microstructure with

. uniform pores having a d,g value greater than 18A.

[0010] In another preferred form, the support material of the hydrotreating
catalyst is MCM-41.

[0011] In yet another embodiment of the instant invention, the lube oil boiling
rangé feedstream is hydrotreated in a two stage hydrotreating process. The first
stage contains a conventional hydrotreating catalyst, and the second reaction stage
contains a hydrotreating catalyst comprising a mesoporous suppott, a binder
material, and a hydrogenation-dehydrogenation metal. This embodiment of the

instant invention comprises:



catal yst conprising at |east one Goup VIII netal oxide and at |east one
Goup VI netal oxide thereby producing a reaction product conprising at

| east a vapor product and a liquid |ube oil boiling range roduct ;. and b)
cont act i ng ¥9i2#06/%28%82 i on product with a hydrotreating cat%ﬁﬁ%mﬁ{“jﬁﬂ(g
presence of a hydrogen-containing treat gas in a second reaction stage
operated under effective hydrotreating conditions, wherein said

hydrotreati ng catal yst conprises: i) 40 w.%to |l ess then 60 w. % of an

i norgani c, porous, non- |ayered, crystalline, nmesoporous support material;
ii) 40 to 60 wt.% of a binder material; and iii) at |east one

hydr ogenati on-dehydr ogenati on conponent ,selected fromthe Goup VIII noble
nmetals and m xtures thereof. [00121 In another enbodi nent of the instant
invention, the process further conprises: a) separating said vapor product
fromsaid liquid [ube oil boiling range product; and b) conducting said
liquid | ube oil #oil icogtactinge s 0il bgilngrgege femdistreamcontdiningaromaticeact i on
stage contai ni ng sai d hydrogepati on ﬁ)&{ﬁjal y(i_t. WO 2006/ 028882 X

PCT/ US2005/ 031067 5 Neirpgsn peplybeyidrpg fyn coptemimpmisin ERstHeRtiion i s a

graph AopiCLng (e gl U ERIARD AR FUBE Qe ST
catalysts were used if.anbydf RE4B8EARBnBAIRAE $Rat 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 hydrotreating catalyst in the
presence of a hydrogen-containing treat gas in a second reaction stage
operated under effective hydrotreating conditions, wherein said
hydrotreating catalyst comprises:
i) 40 wt.% to less then 60 wt.% of an inorganic, porous, non-
layered, crystalline, mesoporous support material;
ii) 40 to 60 wt.% of a binder material; and
ii1)  atleast one hydrogenation-dehydrogenation component
selected from the Group VIII noble metals and mixtures (

thereof.

(0012] In another embodiment of the instant invention, the process further
comprises:
a)  separating said vapor product from said liquid lube oil boiling range
product; and
b)  conducting said liquid lube oil boiling range boiling range product to

the second reaction stage containing said hydrogenation catalyst.



'DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0014] The present invention is a
process used to hydrotreating lube oil boiling range feedstreans. In the
practice of the present invention, a lube oil boiling ran e feedsh{eam
_cont ai ni-ngv@PWAHIES and nitrogen and organical ly bound 13 ’P§p°f%% ami nant s
is contacted with a hydrotreating catalyst in the presence of a

hydr ogen-contai ning treat gas. The hydrotreati ng catal yst conprises 40 w. %
to less then 60 wt.% of an inorganic, porous, non-layered, crystalline,
mesoporous support material, 40 to 60 w.% of a binder material and a

hydr ogenati on- dehydrogenati on conponent. The hydrogenati on-dehydrogenati on
conponent is selected fromthe G oup y$JI nobl e netal s and m xtures
thereof . The contacting of the |ube oilf boiling range feedstreamw th the
hydrotreati ng catal yst occurs in a reaction stage that is operated under
effective hydrotreating conditions. Feedstreans [00151 Lube oil boiling
range feedBRIEEMBESCRIPIION OF IREFIGURBEyr esent invention include any
conventional feedstreans used in |lube oil processing. Such feedstreans
typically include wax-containing feedstreans such as feeds derived from

hose. derEN 1 off i Beaetpiafi iF deoBButifiottan fousiied tar m o
feedst rearm, fioq, WRH2ORRIARARRZ amugggﬁmmmmg o5 PESRER R0 ©f

| ubri cating se ol ave 1Tnitial ing points o er and
i ncl ude f agdgafoedcaslysREdsed Wighydfvndanag pebaises, raffinat es, _
hydrotreated oils, atnnspherlc gas oils, vacuumgas oils, coker gas oils,
at nospheric and vacuun1re5|ds deasphalted oils, slack waxes and

Fi scher-Tropsch wax. Such feeds rm be derlved fromdistillation towers
( at nos pherPETAJLER DIESCGRIPION OF JHE N OMat ers and sol vent
extraction units, and nay have

[0014]  The present invention is a process used to hydrotreating lube oil boiling
range feedstreams. In the practice of the present invention, a lube oil boiling range

-feedstream containing aromatics and nitrogen and organically bound sulfur
contaminants is contacted with a hydrotreating catalyst in the presence of a
hydrogen-containing treat gas. The hydrotreating catalyst comprises 40 wt.% to
less then 60 wt.% of an inorganic, porous, non-layered, crystalline, mesoporous
support material, 40 to 60 wt.% of a binder material and a hydrogenation-
dehydrogenation component. The hydrogenation-dehydrogenation component is

. selected from the Group VIII noble metals and mixtures thereof. The contacting of

the lube oil boiling range feedstream with the hydrotreating catalyst occurs in a

reaction stage that is operated under effective hydrotreating conditions.
Feedstreams

[0015]  Lube oil boiling range feedstreams sutable for use in the present
invention include any conventional feedstreams used in Jube oil processing. Such
feedstreams typically include wax-containing feedstreams such as feeds derived
from crude oils, shale oils and tar sands as well as synthetic feeds such as those

derived from the Fischer-Tropsch process. Typical wax-containing feedstreams for



wax contents of up to 50% or nore. Preferred | ube oil boiling range
feedstreans boil above 650F (343C). [0016] Lube oil boiling range

f eedstrea for use herein also contain aronati gen-
and sulfugﬁ%éﬁ@%ﬂgﬁgﬁ Feedstreans containing up to O. Zﬁénﬁgﬂw &%&9
nitrogen, based on the feedstrean1 up to 3.0 wt. % of sulfur, and up to 50
Wwt. % 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
wppm nore preferably bel ow 200 wopm Thus, in sonme instances, the | ube oi
boiling range feedstream may be hydrotreated with a conventi onal
hydrotreating catalyst prior-to contactigg the hydrotreating catalyst
conprising the mesoporous support. Feeds having a high wax content
typically have high viscosity indexes of up to 200 or nore. Sul fur and

nitrogen contents may be, measured by nday d. ASTM. met hods _D5453 and D4629,
respect i vel {ie prepaIatien Qill‘é?fil%lt%lgq@éﬂ?}lsﬁé f‘s’cnétﬂ%]i? aomr%ef%)lr‘é et

| b f eed h
L%regi'rggt  Righet SR SPRLAC tedt Sich W Fedhiced cRRlcs BhERSRab S s S, her 6
. %of a Sﬂﬁrﬂgf tcﬁfs' Hmo e 019 QOYYE v{il)cﬁﬁng&%'d? eéolf%tgt%% ok, and a

hydrogenat i 0 rogenati o onent’ referr at "the WO

2006/ 02888221(?1‘5@{9%9&3@ ﬁﬁd Q3RO resids m&ﬁﬂiaﬂ@dfdﬂ@gslﬁéﬁ ¥ayed akPFREhGETbpstl® 55

. % support erial, nore preferably 47 % support material, and
rmst 48 to @hxthu%nsferq:x]mnﬁy ietderived frdgrh diskillatop powers (atneospaksc and t abl e f or
use in the present invention include synthetic conposrtrons of matter
conpri si ng ##cun) hydeocgecksss hydrotecatery sndsolveat e)ﬁrm;gl@n ugifist 2itsl @ay bpper t

t | | d t I
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boil above 650°F (343°C).

[0016] Lube oil boiling range feedstreams suitable for use herein also contain
aromatics and nitrogen- and sulfur-contaminants. Feedstreams containing up to 0.2
wt.% of nitrogen, based on the feedstream, up to 3.0 wt.% of sulfur, and up to 50
wt.% aromatics can be used in the present process. It is preferred that the sulfur
content of the feedstreams be below 500 wppm, preferably below 300 wppm, more
preferably below 200 wppm. Thus, in some instances, the lube oil boiling range

feedstream may be hydrotreated with a conventional hydrotreating catalyst prior to

P

contacting the hydrotreating catalyst comprising the mesoporous support. Feeds
having a high wax content typically have high viscosity indexes of up to 200 or
more. Sulfur and nitrogen contents may be measured by standard ASTM methods
D5453 and D4629, respectively. |

Support Materials

[0017] As stated above, the present invention involves contacting a lube oil
boiling range feedstream with a hydrotreating saturation catalyst that comprises 40
wt.% to less then 60 wt.% of a support material, 40 to 60 wt.% of a binder material,

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



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 also characterized as having a benzene sorption capacj ?l# r_%at e{( t han
15 granms oO HUNOBRE per 100 grans of the material at 50 G 2&%. 8#%kpPa) and
25C. Preferred support materials are inorganic, porous, non-layered

mat eri al havi ng a hexagonal arrangenent of uniformy-sized pores with a
maxi mum per pendi cul ar cross-section pore dinension of at |east 13A, and
typically in the range of 13A to 200A. A nore preferred support material is
identified as MCM41. MCM 41 has a characteristic structure of

hexagonal | y-arranged, uniformy-sized pores of at |east 13A dianeter,

«exhi bits a hexagonal electron diffraction pattern that can be indexed with a
d100 value greater than 18A, which corresponds to at | east one peak in the
X-ray diffraction pattern. MCM41 is described in United States Patents
~Nunbers 5hgdsteatingcdtady 8 ongsRe MHOAR W% suppenymaieciel, pooratpseferably 47
reference, and also, to a |esser degree, | ow., [0019] The j norganic,

non- | ayer ed® ﬁ%é@ﬁ%rsb‘ﬁﬁo’étrrg)%t@ﬁ% and ‘%Q?E)ggrt? giré’tf%y%i%‘%o“d@%tﬁnéls conponents in
the hydrotreating catal yst have a conposition according to the fornula

M Jg(Wa XbYZdOh). In this fornmula, Wis a divalent elenent, selected from

di val ent fi ro Lol =1 ﬁg&gw , iron,
and/ or méﬁﬁﬁlumvg%re ﬁag‘?eﬁ}la léb}:% gﬁ{s.erh?(ﬁl{eé)a triva er?tnqugbrént,
pr ef er abl y sghtheiid u6inpOEltidRe Of Q2068 2oMpTisluS2008tA A% Pore 8iRArpfallineon and/ or

gallium nore preferably alumnum Y is a tetravalent el enment such as
si | i con angbhese. daritaihé swppapt sfatarsdd gresndigaoie, pardus, nopdayteaschtyntallaleenent |
suclg as phosphorus., Mis one or nore jions, such as, for exanple,_ amonium

Goup | A Phascamateviplghapae chasaciemzeddya s galsmeddarmiby g way diffiaraen i ons.
 he W';g';[‘g?aﬁ&%f fth 1 1€a0PoRE PRACA" @ 3ps2iRE BtaNd MaSTBASHRES rEfae08' des: a 1S

intensity of 100, The support materials suitable for use herein are also
characterized as having a benzene sorption capacity greater than 15 grams of
benzene per 100 grams of the material at 50 torr (6.67 kPa) and 25°C. Preferred
support materials are inorganic, porous, non-layered material having a hexagonal
arrangement of uniformly-sized pores with a maximum perpendicular cross-section
pore dimension of at least 13A, and typically in the range of 134 to 200A. A more
preferred support material is identified as MCM-41. MCM-41 has a characteristic
structure of hexagonally-arranged, uniformly-sized pores of at least 13A diameter,
(\ ' exhibits a hexagonal electron diffraction pattern that can be indexed with a d;
value greater than 184, which‘ corresponds to at least one peak in the X-ray
diffraction pattern. MCM-41 is described in United States Patents Numbers
5,098,684 and 5,573,657, which are hereby incorporated by reference, and also, to

a lesser degree, below.

[0019] The inorganic, non-layered mesoporous crystalline support materials

. used as components in the hydrotreating catalyst have a composition according to
the formula M,4(W, Xy Y .Z404). In this formula, W is a divalent element, selected
from divalent first row transition metal, preferably manganese, cobalt, iron, and/or

magnesium, more preferably cobalt. X is a trivalent element, preferably aluminum,



nol ar average valence of M n/q is the 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 f 2.5; and (atb+c+d)=1. In a preferre ' f
support rrat‘é{rgiryg‘#émé%ztabl e for use herein, (atb+c) is g?%%?ﬁoh%gﬂbg? and
h=2. Anot her further enbodinment is when a and d=0, and h=2. Preferred
materials for use in nmaking the support materials suitable for use herein
are the alum nosilicates although other netallosilicates nmay al so be used.
100201 In the as-synthesized form the support materials suitable for use
herein have a conposition, on an anhydrous basis, expressed enpirically by
the formula rRM/q (WA XbYZdOh), where R.is the total organic material not
included in Mas an ion, and r is the coefficient for R i.e., the nunber
of noles or nole fraction of R The Mand R conponents are associated with
the materi as a resylt of.their resence. durin rystallizatiaon, and are
easily renmY¥gnefon ?Hg)loﬁéa LY Ia@fenﬂ%e%@ﬂv&l}g{al -p%sl -ac,tFV@YéIem ‘Ci)l&{qe@ﬁ

nmet hods described. pel ow ,,To t LT the original ,

odi um or Mg edriianih Bk rARaY 5Blom 2R £ptER el bfidn,  on
can be repl i a ' viant i e | 0= . I ques.
Preferred rgﬁl}giﬂkg@%ﬁggi ﬁgfsu eéér;rer?gfk L?,g%’ssfaeﬁ%’r%ggﬁ@@%%ﬁwgﬁgglg’n
precursor, Gréup LA MANNdVIIBobSEsardaly kiydiogen todiltasedicirBuorkiy ionsul'aY |y
preferred ions are those which provide the desired netal functionality in
the final custtheygbarge ofileseompesitioe exsludimgad, expaessed as vrides; qlisthamicightedl s of
Goups VIIA (e.g., M), WO 2%063%2883}2 PCT, USZOOS( 031067 -9 MIIIA (e.g.,
Ni), |IB (e.§olar@ypragevslence of Migpigys ghe ayabesfimales ormmnie frctionoideashi s

order. ?Eu:)regxﬁﬁ{ﬂle& gl%if}elpk?@%qtgobg%%ﬁktggﬁ 2L Qﬁ%ﬁﬂ}m@/{? %‘?Pf?ﬁg’ lfglylm efit
sl ection ofues; 51?&‘(adribf+fcfkﬁﬁli. “fra It-’I%k'ér?é’H &8bodiment 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.

[0020]  In the as-synthesized form, the support materials suitable for use herein
have a composition, on an anhydrous basis, expressed empirically by the formula
RMyyq (Wa X, Y Z4Oy), where R 1s the total organic material not included in M as
an ion, and r is the coefficient for R, i.e., the number of moles or mole fraction of L
R. The M and R components are associated with the material as a result of their
presence during crystallization, and are easily removed or, in the case of M,
replaced by post-crystallization methods described below. To the extent desired,
the original M, e.g., sodium or chloride, ions of the as-synthesized material of this
invention can be replaced in accordance with conventional ion-exchange
techniques. Preferred replacing ions include metal ions, hydrogen ions, hydrogen
precursor, €.g., ammonium, ions and mixtures of these ions. Particularly preferred
ions are those which provide the desired metal functjonality in the final catalyst.

These include hydrogen, rare earth metals and metals of Groups VIIA (e.g., Mn),



calcination with at | east one peak) nesoporous support materials are
‘characterized by their structure, which includes extrenely |arge pore

w ndows as well as by its high sorption capacity. The term "nmesoporous"”, as
used her ei WO 20¢5/428883t to indicate crystals having uni fo?‘HT/H&(@é’O\%“f"hi n the
range of from 13A to 200A. It should be noted that "porous", as used
herein, is nmeant to refer to a material that adsorbs at |east | gramof a
smal | nol ecul e, such as Ar, N2, n-hexane or cycl ohexane, per 100 grans of
the porous material. [0022] The support materials suitable for use herein
can be di stinguished from other porous inorganic solids by the regularity
of its |arge open pores, whose pore siée nore nearly resenbl es that of

. anor phous or paracrystalline material s,””but whose regul ar arrangenent and
uniformty of size (pore size distribution wthin a single phase of, for
exanpl e, +25% usually 15% or |ess of the average pore size of that phase)

.resenbl e nmyBAt(egseNDf IB (8.g! @u)i NEB (&.81Sm) oK theePaiodit Tadle bf e Eleatdnid es.
Thus, support materials for use herein can al so be described as having a
hexagonal ad sxfanesmf théseliange open channel s that can be synthesized with
open internal diameters from 13 to 200A, preferably from 13 to 100. x.

[ 0023] The term "hexagonal ", as used herein, is intended to enconpass not

only matef4 that exhipit mathematical l.y .penfect hexagon symetry

ot B n e heldaBt & s st ine (%, BFVIRE sEficushaRRab B rrar i Ayt
significa .abi fro0 i sThu . agonal "
as used tﬁ%ﬁ%@%ﬁgﬁ%%?&ﬁ%{t %’&f gqegﬁ@@)oggggﬂf@gg@gc@% %&8@@?031067

- 10 sui t ab¢Acihafion sattharist ohs p6@?ﬁheé@of@.fs@upb@ﬁtlﬁﬁefi_ﬁﬁataré Rabravesizeghannel s
in the material would be surrounded by six nearest nei ghbor channel s at
roughl y t hey demestdicttrenwhich inckides Extrémelydaegt, pdrewandowstakaveltiad bytits and

inperfections in the support material wll cause significant nunbers of
channel s tighiseriian ¢apasityr Thetermsnmesoporous”, as used herein, is meant to indicate

crystals having uniform pores within the range of from 13A to 200A. It should be
noted that "porous”, as used herein, is meant to refer to a material that adsorbs at
least 1 gram of a small molecule, such as Ar, N;, n-hexane or cyclohexane, per 100

grams of the porous material.

[0022)  The support materials suitable for use herein can be distinguished from
other porous inorganic solids by the regularity of its large open pores, whose pore
size more nearly resembles that of amorphous or paracrystalline materials, but

( whose regular arrangement and uniformity of size (pore size distribution within a
single phase of, for example, +25%, usunally +15% or l_ess of the average pore size
of that phase) resemble more those of crystalline framework materials such as
zeolites. Thus, support materials for use herein can also be described as having a
hexagonal arrangement of large open channels that can be synthesized with open

internal diameters from 13 to 2004, preferably from 13 to 100A.

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

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



varyi ng degrees, depending on the quality of the material's preparation.
Sanples which exhibit as nmuch as +25% random devi ati on fromthe average

repeat distance between adjacent channels still clearly gi [o j.zabl e
i mages of tWE2EWHP2 naterials. Conparabl e variations argé'}gﬁg%ﬁ?{gsgg 7\Z/ed in

the d100 values fromthe electron diffraction patterns. 100241 The support
materials suitable for use herein can be prepared by any neans known in the
art, and are generally formed by the nmethods described in United States

Pat ents Nunmbers 5,098,684 and 5,573,657, which have al ready been

I ncorporated by reference. Cenerally, the nost regular preparations of the

support material give an X-ray diffract_ilq_n pattern with a few distinct

maxima in the extrene |ow angle region.” The positions of these peaks

approximately fit the positions of the hkO reflections froma hexagonal
lattice. The X-ray diffraction pattern, however, is not always a sufficient
i ndi cat or ofuitahke ﬁ;r asehereinfs mhantdo rafer éo ikd fact thet most clegwmels 1w fthe syierali ty

vt duny ek e Sioided by et kb RREMIng: foughly theseEsber vod | |
| ndeed, i ] I i St] k i t he. | i f
the X ray UpFPRE: [toNO KRR eAe Bl RS iR mdmndic- BPRERERE supSit " ©
anount s of ﬁmrfgyw lcahse ‘ﬁ%ﬂi t SAABErsl FMRAIS R i«@mé k8 Chigdrford o€

m crostructure this material are transm ssion electron m croscopy and

el ectron di ¥4ryhagtdeiees, Bepprlingy of theqbsityifekd Mangialt pfeparade Samplest
mat eri al s show a hexagonal arrangenent of |arge channel's and the

cor r espondi whichl exbibibas ohutch raa ¢t256h raradane daviagon éonathesperage repeat] distarseagonal
arrangenent_ of diffraction nmaxima. The d100 WD 2006/ 028882 PCT/ US2005/ 0311067
-11 spaci ngb@weenadiacent chennelststilladearbngysireeognizable imegesiofitha MCNEtheen -

adfacent spole. o8, (% AEQRELECH 8 o LS TEI AR o0 A1 FEorR e ©

electron diffraction patterns.

[0024]  The support materials suitable for use herein can be prepared by any
means known in the art, and are generally formed by the methods described in
United States Patents Numbers 5,098,684 and 5,573,657, which have already been
incorporated by reference. Generally, the most regular preparations of the support
material give an X-ray diffraction pattern with a few distinct maxima in the

. extreme low angle region. The positions of these peaks approximately fit the
positions of the hkO reflections from a hexagonal lattice. The X-ray diffraction (
pattern, however, is not always a sufficient indicator of the presence of these
materials, as the degree of regularity in the microstructure and the extent of
repetition of the structure within individual particles affect the number of peaks that
will be observed. Indeed, preparations with only one distinct peak in the low angle
region of the X-ray diffraction pattern have been found to contain substantial
amounts of the material in them. Other techniques to illustrate the 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 patiern

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



.a.sub. 0 between channel s observed in the electron m crographs through the
formula dioo=aor3/2. This d100 spacing observed in the electron diffraction
patterns corresponds to the d-spacing of a |ow angle peak in the X-ray
diffracti d}ﬁoﬁ%wgﬂﬁﬁl of the suitable support material. THPPYYHIYA v
ordered preparations of the suitable support nmaterial obtained so far have
20-40 distinct spots observable in the electron diffraction patterns. These
patterns can be indexed with the hexagonal hkO subset of unique reflections
of 100, 110, 200, 210, etc., and their symretry-related reflections. [0025]
In its calcined form support materials suitable for use herein may al so be
characterized by an X-ray diffraction pattern with at |east one peak at a

. position greater than 18A d-spacing (4.909 20 for Cu K-al pha radi ati on)

whi ch corresponds to the d100 value of the electron diffraction pattern of
the support material. Also, as stated above, suitable support materials

. di spl ay armspacinigloftthé electronziffeactidaqrapeimns tleagistanty betwaghedjazent dpts éb gr ans
benzene/ 100 %Lans crystal at 50 ton {6367 kPa) and 25C. (basis: crystal
materi al Hhehkg premetionadithe henagonahtatisgrand ¢ relatagk to the repeet dismingekage by

cau f'f[lltr i ioh DR SaRE S GRSEREAGE fip ilgﬁﬁc?%e{i%p%%%ﬁ'é%ﬁq%ﬁgﬁft’é% rfm“l bppor
Cont am nariber ooy 2o ko BERTESURelegIR hehesirth S Comtk B e
crystal l'i ;h%g‘?ﬁ?&{ds‘% tﬂé‘ﬂss?ab @Baﬂﬁvaéllﬂ%l@ P%Q%Q%e’éﬁgggﬁ%?ﬁﬁ E%tt@rﬂdof""at er

renmoved b nary mnet hods. ter e’ renov
t echni queshe euitable biygFoTaMateda! ThomosPhighlP beddted groparitivnas iof tedipbRuS
materials, e.g., silica, and organics nmay be renoved by contact with acid
or base orsuppormargiziogeamedseXaprya Zpr40 519810 sots observhlalaiin fie elgetnos such
that the dde%frit,al mat er i will be rempved w thoyt detrinental
iffraction patterns. These patterns can be indexed with the hexagonal hkO subset
of unique reflections of 100, 110, 200, 210, etc., and their symmefry-related

reflections.

[0025] Inits calcined form, support materials suitable for use herein may also be
characterized by an X-ray diffraction pattern with at least one peak at a position
greater than 18A d-spacing (4.909° 20 for Cu K-alpha radiation) which corresponds
to the d,qo value of the electron diffraction pattern of the support material. Also, as
stated above, suitable support materials display an equilibrium benzene adsorption
. | capacity of greater than 15 grams benzene/100 grams crystal at 50 torr (6.67 kPa)
and 25°C. (basis: crystal material having been treated in an attempt to insure no

pore blockage by incidental contaminants, if necessary).

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

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



effect on the crystal. [0027] In a nore preferred enbodi nent, the cal cined,
crystalline, non-layered support nmaterials suitable for use herein can be

characteriz -ray diffraction pattern with at Iep(?} < at
positions gﬁ&a@é?’%ﬁén 10A d-spacing (8.842 20 for Cu K-a 6H%%r9:§'§”ﬁa i on)

whi ch corresponds to the d100 value of the electron diffraction pattern of
the support material, at |east one of which is at a position greater than
18A d-spaci ng, and no peaks at positions |l ess than 10A d- spacing with
relative intensity greater than 20% of the strongest peak. Still nost
preferred, the X-ray diffraction pattern of the calcined material of this

I nvention w Il have no peaks at positiqp% | ess than | OA d-spacing with
relative intensity greater than 10% of e 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 value of the electron diffraction pattern of the
mat eri al . [ obersicairagentmsushribat the detwrialmateriabwill hy semayed widwat detmenenipbor t
materi al s sHjtabI for use herein can also be characterized as having a
pore size ofl§dPy e‘ﬁﬁ%%her as measured by physisorption neasurenents. It
shoul d be noted that pore size, as used herein, is to be considered a

maxi mum per pendi cul ar cross-section pore dinension of the crystal. [0029]

As stated a ot j ' § IR C
o epar ed. by U o A8 SHBROEIIRAUIT Al U CAchRl, WPl S Ongaered,
net hods  deggppdrethatetialhindiedleSorues hilrietdnshd\ldigsteribedBP af W rand 5, 573, 657,

whi ch have already been incorporated by reference. The nethods of neasuring
x-ray diff difftacten gaitern veith it leastitwonpieeky et pesitionsrgreatenthaank0 A drspacirigng
materials fr VIO, 2006/ 028882 PCT/ US2005/ 031067 -13 anmoni um to hydrogen”
formis knoﬁﬁrg]f‘% %&gﬂraé‘! Kaﬂﬂﬁ%’éqﬁh‘ﬁ!%"’ﬂﬁch gQfrespedds fo the digo value of the i

electron diffraction pattern of the support material, at least one of which is ata
position greater than 184 d-spacing, and no peaks at positions less than 10A d-
spacing with relative intensity greater than 20% of the strongest peak. Still most
preferred, the X-ray diffraction pattern of the calcined material of this invention
will have no peaks at positions less than 10A d-spacing with relative intensity
greater than 10% of the strongest peak. In any event, at least one peak in the X-ray
diffraction pattern will have a d-spacing that corresponds to the d;o value of the

electron diffraction pattern of the material.

[0028] The calcined, inorganic, non-layered, crystalline support materials C
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, 1s to be considered a maximum perpendicular cross-section

pore dimension of the crystal.

[0029]  As stated above, the support materials suitable for use herein can be
prepared by any means known in the art, and are generally formed by the methods
described in United States Patents Numbers 5,098,684 and 5,573,657, which have
already been incorporated by reference. The methods of measuring x-ray

diffraction data, equilibrium benzene absorption, and converting materials from



United States Patent Nunber 5,573,657, which has already been incorporated
by reference. [0030] The support naterials suitable for use herein can be
shaped i nt i variety of particle sizes. Generall } he
_support n€¥83P@ﬁ9§%%tic|es can be in the formof a po é??ﬁg%gggﬁﬂ e, or a
nol ded product, such as an extrudate having particle size sufficient to
pass through a 2 nesh (Tyler) screen and be retained on a 400 nmesh (Tyler)
screen. In cases where the final catalyst is to be nolded, such as by
extrusion, the support material particles can be extruded before drying or
partially dried and then extruded. [0031] The size of the pores in the
present support materials are controlleg 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 Industrial Applications", 36 CHEM CAL | NDUSTRI ES,

. pgs. 41- 6laii@89)m to bydivigen fomn é krayven insthewatcarfdogancalely beweiewieddfh  t he

factors affecti shape lectiyify). It. shauld also be poted th

di 1 usi onal/nited gg%{?%ﬁ%tsﬁv@%alf éé%ﬁé?rﬁv%‘éﬂ% alrendy ben chomérﬂs@ DYl arge
pores. Bi nd?r Materials [0032] As stated above, the hydrotreating catal yst
used in th?g B%nt invention also conprises 40 to 60 w. % of a binder

material. It is preferred that the hydrotreating catalyst conprise 45 to 55
wt . % bi nder, nore preferably 47 to 52 wt .% binder, and nost 48 to 51 w. %

bi nder. WG RB0P/ 03B8&dpHsel tidbet 1O sl Tor usd hetdi 3ah bBishaged b arwiles

suitable for use herein can be selected fromany binder material known that
i s resi st andridty of papetadinese Gardalty hprakog) did suppertempteoipt garticleshgalr bd r eat i ng
pr o(cesses. . The suppaort materials are conposited with the binder
, in the form of a powder, a granule, or a molded product, such as an extrudate
having particle size sufficient to pass through a 2 mesh (Tyler) screen and be
retained on a 400 mesh (Tyler) screen. In cases where the final batalyst is to be
molded, such as by extrusion, the support material particles can be extruded before

drying or partially dried and then extruded.

[0031] The size of the pores in the present support materials are controlled such
that they are large enough tl{at the spatiospecific selectivity with respect to
transition state species in reactions such as cracking is minimized (Chen et al.,.
"Shape Selective Catalysis in Industrial Applications", 36 CHEMICAL

' “ INDUSTRIES, pgs. 41-61 (1989), to which reference is made for a discussion of
the factors affecting shape selectivity), It should also be noted that diffusional

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

Binder Materials

[0032]  As stated above, the hydrotreating catalyst used in the present invention
also comprises 40 to 60 wt.% of a binder material. It is preferred that the
hydrotreating catalyst comprise 45 to 55 wt.% binder, more preferably 47 to 52

wt.% binder, and most 48 to 51 wt.% binder.



material to forma finished catal yst onto which netals can be added. Bi nder
materials suitable for use herein include active and inactive materials and

synthetic v%zdaﬁ/g%(%?g ly occurring zeolites as well as i nq{ﬁg%gzgﬂsyﬁghgﬁi al's

such as clays a oxi des such as alumna, silica or silica-alumna.
Silica-alumna, alumna and zeolites are preferred binder materials, and
alumna is a nore binder support material. Silica-alumna nmay be either
naturally occurring or in the formof gelatinous precipitates or gels
including mxtures of silica and netal oxides. It should be noted that the
i nventors herewith recognize that the use of a material in conjunction with
a zeolite binder material, i.e., conbinegitherewith or present during its
synthesis, which itself is catalytically active may change the conversion
and/ or selectivity of the finished catalyst. The inventors herewith |ikew se

recogni ze th I nactive materials can suitably serve as djluents o control
t he amunt[0§$3]con§m®r Snteryalg ﬁ'@tqdﬁég@rnqsei heyeincqagbe; @lf‘@mﬁl ﬁyguanbhﬁmdﬁm ation

O dor 1y wi tRGEtA Enp PG BERBR L e BT el onBRER EbTnet Bac s on
orderl'y wi ' | i _ . _
clays, o g RS Rle 0Eess YR Rl TR ML S aRaNtGs "D,

catal yst ungdgerisPyRus AfinRhed eithRet 6MdAhichRSctaBdniiesdde@n Biad&i nders or
matrices for the catal yst. Hydrogenation-Dehydrogenati on Conponent [0034]

As stated ahatesialstsaetabledioptseehdrenginchidel acsive unddnactiviehpatprielsemid syattestici on
further conprises a hydrogenat.i on-dehi/drpgenat_i on conponent sel ected from
Group VI orgltwalecsturmgaepiites assuell apingsganic materigs speh avelayhandione WO

be_sel ect o METBARARTIA Hligt PROCe ARG S TcF AU S BRRRGr o8
thereof, mySp&le f)?e%%e@ bitider H{E‘terﬁ)aqg,l A i 2 more binder support
material. Silica-alumina may be either naturally occurring or in the form of
gelatinous precipitates or gels including mixtures of silica and metal oxides. It
should be noted that the inventors herewith recognize that the use of a material in
conjunction with a zeolite binder material, i.e., combined therewith or present
during its synthesis, which itself is catalytically active may change the conversion
and/or selectivity of the finished catalyst. The invcﬁtors herewith likewise
recognize that inactive materials can suitably serve as diluents to control the
amount of conversion if the present invention is employed in alkylation processes
so that alkylation products can be obtained economically and orderly without (
employing other means for controlling the rate of reaction. These inactive materials
may be incorporated into naturally occurring clays, ¢.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.

Hvdrogenation-Dehydrogenation Component

[0034]  As stated above, the hydrotreating catalyst used in the present invention
further comprises a hydrogenation-dehydrogenation component selected from

Group VIII noble metals and mixtures thereof. It is preferred that the



mxtures thereof. It is nost preferred that the

hydr ogenat i on- dehydr ogenati on conponent be platinum and pal | adium [0035]
The hydro enat i on- dehydr ogenati on conponent is typically present in an
anount %@jpﬁ GREH 0.1 to 2.0 wt.% preferably fromDO. 2P$HU§2085/9&1°@7<; nor e
preferably 0.3 to 1.6wm.% and nost preferably 0.4 to 1.4 w % Al netals
wei ght percents are on support. Al netals weight percents are on support.
By "on support” we nean that the percents are based on the weight of the
support, i.e., the conposited support material and bi nder naterial. For
exanple, if the support were to weigh 100 grans then 20 w.

hydr ogenat i on- dehydr ogenati on conponentl woul d nean that 20 grans of the

- hydr ogenat i on- dehydr ogenati on netal was In the support. [0036] The

hydr ogenat i on- dehydr ogenati on conponent can be exchanged onto the support
material, inpregnated into it or physically adm xed with it. It is

.preferred lisiad génaciohydbhedeipehatior demydnegdeadelamted fropopalhidibeg, plataopor at ed
by inpregnation. |f the hydrogenation-dehydrogenation conponent is to be

i mpr egnat ediodivm, ividiwrcinahpedurssttberens, m@rmargfetrebllysupﬁnm padtadium) arehd

binder, it .my be d

o] for exanpl e ea the osite.with a
suitabl e |IBF¥tEr§ﬁtﬂ%ﬁrﬁP€g“15tW@S E‘%ﬁ%ﬁl# }%ﬁé(h' GYRIQEsRAHARNt . If the

hydr ogenat | on- de enatio ent is plati num suitabl e platinum
conpounds 9%?%’&8 ?%V‘HB} %&R%@@gﬁh pl ati nous chl ori de and vari ous

conpounds cont ai ni ng the platinumam ne conplex. The
hydr ogenat i on- dehydr ogenati on conponent may al so be incorporated into,

ont 0, Or wooBs) heThemgdﬁogteﬁdn@uﬂahydrogedatmmdﬁﬂ pomdrRid Bipicadly presdnt 24 By a
@ound(s wherei n the hydrogenati on-dehydrogenati on conponent WO
200

/ ozssmn@mr/rm@ﬁgﬁ‘rm 006w 2 Omt Y& ppefesbly fiom 0Retockad matspmorthe conpound
and/ or corrpoy cLs or ich it resen {)
preterably 0.3 to 1.6wt.%, and mos preferably 0.4 to 1.4 wt.%. All metals weight
percents are on support. All metals weight percents are on support. By “on support”
we mean that the percents are based on the weight of the support, i.e., the
composited support material and binder material. For example, if the support were
to weigh 100 grams then 20 wt.% hydrogenation-dehydrogenation component
would mean that 20 grams of the hydrogenation-dehydrogenation metal was on the

support.

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



in the anion of the conpound(s). It should be noted that both cationic and
ani onic conpounds can be used. Non-limting exanples of suitable palladium

or platinum _ conmpounds in which the netal is in the formo catian or
cationic COW@EB%%& Pd( NH3) 4C12 or Pt (NH3)4Cl2 are part?éﬂﬂﬁ%ﬁvb"ﬂg@ful, as

are anioni ¢ conpl exes such as the vanadate and netatungstate ions. Cationic
forms of other netals are also very wuseful since they may be exchanged onto
the crystalline material or inpregnated into it. Process [0037] The

i nventors hereof have unexpectedly found that by using a hydrotreating
catal yst conprising the above descri bed anobunts of support material, binder
mat eri al, and hydrogenati on-dehydrogenat_L@_n conponents, the present
invention is nore effective at renoving | fur and nitrogen contam nants
present in |lube oil boiling range feedstreans. Thus, the term
"hydrotreating" as used herein refers to processes wherein a

hydr ogen- coistmréstnhdn theeeatiopasf the couspouridranidier gorepenncis ordfi vehishiittialprasent
catalyst that is primarily active for the renoval of heteroatons, such as

sul fur, andimtheasiamof theeeeipomndes). Lirshonld by neted deatdoth patigme gad@niomient i on,
| ube oil boili f t .as d i bed . i s.contacted with
yar ot r oat i FeUL s wel Aiad- GRS o Crades BF Suifebll Beb bR BeR: ons.
pororreaty ! DO ! _ o
ander whi chtApBPAERAAERIN hleBi13; B et 8P 2ZRIGH AP EAGOAE SBmiANAke | D12

| ube oi | boPh{rg'rtaga@ggcﬁ PESHS],ChAm ﬁﬁﬁisﬁ@?@\iﬁ.@ﬁﬂr as &@%ﬁ%ﬁi@@om%@éc@%ﬁch

effective hyd rreating conditions includé tenperatures rangi from 150C

to 425C, pr af feakingd2QQGdimet3MMEstatoions. [Cationi @frns2TWthéromé@l 2HQ 6l 2
PCT/ US2005/ 031067 -17 350C. Typical weight hourly space velocities (" V')
range from 0seful sinedtifey may be exchanged onto the crystalline material or impregnated R

into it.
Process

[0037] The inventors hereof have unexpectedly found that by using a

hydrotreating catalyst comprising the above described amounts of support material,
binder material, and hydrogenation-dehydrogenation components, the present

invention is more effective at removing sulfur and nitrogen contaminants present in
lube o1l boiling range feedstreams. 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.

[0038] Thus, in the practice of the present invention, a lube oil boiling range
feedstream as described above is contacted with a hydrotreating as described above
under effective hydrotreating conditions. Effective hydrotreating conditions are to
be considered those conditions under which at least a portion of the sulfar
contaminants present in the lube oil boiling range feedstream are removed or
converted. Typical effective hydrotreating conditions include temperatures ranging

from 150°C to 425°C, preferably 200°C to 370°C, more preferably 2306°C to



preferably from0.5 to 5hf-'. Any effective pressure can be utilized, and
"pressures typically range from4 to 70 at nospheres (405 to 7093 kPa),
preferablxvlo to 40 atnospheres (1013 to 4053 kPa). [00391 |In one

enbodi mentVORYENEBhst ant i nvention, the effective hydr ot TEH IR 1¥ndi ti ons
‘for use with the catal yst conprising the an inorganic, porous, non- |ayered,
crystalline, nmesoporous support material are conditions effective at
renoving at |east a portion of the nitrogen and organically bound sul fur
contam nants and hydrogenating at |east a portion of the aromatics present
in the Ilube oil boiling range feedstream Hydrotreating under these
conditions produces at least a liquid E be oil boiling range product having
a |l ower concentration of aromatics and hitrogen and organi cally bound

sul fur contam nants than the lube oil boiling range feedstream [0040] As
stated above, in sone instances, the |lube oil boiling range feedstream is

Cfirst hydmPeargtpiwltwbighclmntgnspmaleldsnitieso@"rveﬁtsm?r orat0. 1 e 2@dce the
sul fur contamnants in the |ube oil boiling range feedstreamto bel ow 500

wppm  pr efprefepably feno@. SA05 pp rnyreffechive prassivieycah dleaiti 200, angpressunes hi s

enbodi nment, fhe present process conprises at | east two reaction stages, the

first corypicalygangedsorachta dham Fﬁsr@QtSitﬁa 094 k&) prelgpabind @ do dAder
effective _hydr.otreati C ihtJ Qns, and the second contai ning an

hydr ot r eatqnﬂésﬁl?ﬁﬁﬁ C@tﬁgg &gg&#@ﬁbed above operated under effective
hydrotreati ng conditions as descri bed above. Therefore, in this enbodinent,
the lube oil boiling range feedstreamis first contacted with a

convent i ongh3dy dr pi sRAémBediinéRofthe inbtdiSnPERRANER dfectivBX ﬂﬁﬂ%ting_
conéal ning treat gas in a first reaction stage operated undér effective

hydy ot r eatdonditicesrfdi tiseowsthithe oatibyst compenitgethiclya inotdanic, pordusntorsf t he | ube
oi | boiling range WO 2006/ 028882 PCT/ US2005/ 031067 feedstreamto within the
above- desdeyased, erysiglinesmeseprwur pupport ezaterg aracangisiops effective at

removing at least a portion of the nitrogen and organically bound sulfur
contaminants and hydrogenating at least a portion of the aromatics present in the
lube oil boiling range feedstream. Hydrotreating under these conditions produces
at least a liquid lube oil boiling range product having a lower concentration of
aromatics and nitrogen and organically bound sulfur contaminants than the lube oil

boiling range feedstream.

[0040]  As stated above, in some instances, the lube oil boiling range feedstream
kﬁm is first hydrotreated with a conventional hydrotreating catalyst to reduce the sulfur
contaminants in the lube oil boiling range feedstream 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 conventional hydrotreating catalyst operated under effective
hydrotreating conditions, and the second containing an hydrotreating catalyst as
described above operated under effective hydrotreating conditions as described
above. Therefore, in this embodiment, the lube oil boiling range feedstream is first
contacted with a conventional 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



for use in the present invention are any conventional hydrotreating
catalyst. Conventional hydrotreating catalyst, as used herein refers to

t hose hydrotreatl n catal yst which are conprised of at n up VI i1
metal , pref o940 E@ Co and Ni, nore preferably Co and/%‘fl 2%032?{’8%@0

preferably Co; and at least one Goup VI netal, preferably Mo and W nore
preferably Mo, on a high surface area support materi al, preferably alum na.
It is within the scope of the present invention that nore than one type of
hydrotreati ng catal yst be used in the sane reaction vessel. The Goup VIII
metal is typically present in an anount rangi ng from2 to 20 wt.%
preferably from4 to 12% The G oup VI rr;e% will typically be present in

an anmount ranging from5 to 50 wt.% préferably from 10 to 40 wt.% and nore
preferably from20 to 30 wt % All netals weight percents are on support. By
"on support” we nean that the percents are based on the weight of the
support. Fofeedstteamlte within theeatowpplesdriveel mnge. Seitaple hGrareming datdpst20 wt . %
Goup VIIl nmetal . would nmean that 20 grans of Group VIII netal_ was on the
support. [ o@zrlqseen flepresent iy RIboNase pRY C%‘fmntnon@ldydrﬁtr@mg edalygt.-r eact i on

SurPur cont bR BRIGHLL FigGealing CHBBRT 43 sbe GeeHbarers snprs higontaiiRe
above- descr LGSt AFure IRSspHYPLOLES I SRNAL hAS, BESoARN BE 6405

descri bed a ures ran |ng preferably

200C to 3706ngd 'N?irﬁloPé e?érﬁ@ YC& aRGor N\R, zﬁmﬁos p&@f&%lg‘@ ‘GIhd d1Qedst ¥ngPace
vel ocities ("WHSV") nge fromO0.1 to 20hfl, ‘prefer yfrom05t05f1

etc. In a pGrbap P\Hdnaat;@defembﬂy Mdand=W, ensrieefeiatly difo eat & hiplcandideives i n
the second reaction stage are al so condltlons effective at renoving at (

| east a por sumommawlalt prp@aably alumingodhis wighinthe seonesofi thapreseahthvention

E%/:?_/r (L)J%(ZEBSES} agaf(%e;rei one retolf %r},]/d%ctre%taihg cat: ? st Ie(l:lged mh%%gg{eor%ggt?gn
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.

[0041] Effective hydrotreating conditions in the second reaction stage 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. These
hydrotreating conditions are any of those described above, i.e., 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'', etc. In a preferred embodiment, the effective
hydrotreating conditions in the second reaction stage are also conditions effective at

removing at least a portion of said organically bound sulfur contaminants and

hydrogenating at least a portion of said aromatics.



.[0042] The contacting of the |ube oil boiling range feedstreamw th the
conventional hydrotreating catalyst produces a reaction product conprising
at least a vapor product and a liquid lube oil boiling range product. The
vapor prodieg? ﬁfﬁﬁfﬁgéal |y conprises gaseous reaction pr OCF&J{@SZQE%WI% H2S,
and the liquid reaction product typically conprises a liquid |ube oi
boiling range product having a reduced |evel of nitrogen and sul fur

contam nants. The reaction product can be passed directly into the second
reaction stage, but it is preferred that the gaseous and liquid reaction
products be separated, and the liquid reaction product conducted to the
second reaction stage. Thus, in one enbgdi nent of the present invention, the
vapor product and the liquid |ube oil "bGiling range product are separated,
and the liquid [lube oil boiling range product conducted to the second
reaction stage. The nethod of separating the vapor product fromthe |iquid
. tube oil b042hg rHARIDNLICHAL thelubetoil wilitg calgetfoeddraimetithnthei nventi on and

can be acconplished by any neans known to be effective at separating
gaseous andonviegtipnalrlgadretrentingroathlystproguses axeantion praduet gampiising tadlkast or
reaction zone can he used o .separa he vapor produ fromth l'iquid

| ube oi l béWﬁPWd’rpﬁﬁﬁfé‘lﬂr%H%a?uh%@ﬁ Epéwgdangpogrqﬂrupt-bﬁw Wﬁ@orr%ﬁﬁ’g@%roduct
thus conducted, to the second reactia i ]l ve sul fu .
concentr at Fyé’ Cf\(ilyﬁﬂwm&é SR 63%&5’9]&%%‘&25% %7 %ga’&\ﬂld%ﬁ ﬁ\%‘ﬂiﬂe%%
preferably R Rpri Bl Al : oV I I 0
preferred gﬁﬁggg%g%g of t%éégg?%édn{%ie?@%@llogiﬁ‘ldnegiﬂgagﬁ lﬁvg%é ?%&?ﬁceédart
wi |1 recoghivébof Miglogeh ARd seMfixcstini@ninantst e reasticnp@duyt edif Bephyedcoul d be
devi sed for carrying out the spirit of this invention. [0044] The follow ng
exanpl e wi directly usae thet ecohed réacphon swge dhftdcisiprefeesd thit thh gasquussad liquid

invention, but is not neant to |im.t. the present invention in any_fashion.
WO 2006/ 0288ghopprodysisiosssepanaies and dhe Hqulﬁ reaction product conducted toythe

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 tube oil boiling range product is not
critical to the instant invention and can be accomplished by any means known to be
effective at separating gaseous and liquid.reaction products. For example, a
stripping tower or reaction zone can be used to separate the vapor product from the
liquid lube oil boiling range product. The liquid lube oil boiling range product thus
K conducted to the second reaction stage will have a sulfur concentration within

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

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

invention.

[0044] 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 [ 0045] A series of catal ysts were nade using MCM 41 nesopor ous
materials wth different ratios of MCM41 and al um na. MCM 41 nesopor ous

materi al was repared into a filter-cake and this filter

pre-cal ci neﬂqzﬁ{'“ﬁq%?*fgagen at 540C. The pre-cal ci ned NCI\44118£’§§120§%3%(% t hen
mulled with a Versa]-300 al um na binder and extruded into 1/16 inch (1.6 mm
cylinders. The MCM41 C content of the muller mx was varied to 35, 50, and
65 W.% on a solids basis. The extrudates were dried and then calcined in
air at 538C. The cal ci ned extrudates were then co-inpregnated with 0.3 wt.
platinum 0.9 wt. palladium The catalysts then received a final
calcination in air at 304C to deconpose #d’ue plati numand pal | adi um
conmpounds. Properties of the finished catalysts are summarized in Table 1
bel ow. [0046] In order to determne the activity of the various catal ysts
used in the Exanples herein, each was separately subjected to the Benzene
Hydr ogenat i EXAM®IiRity ("BHA"). The BHA test is a neasure of the activity
of the catalyst, and the higher the BHA index, the nore active the

catal yst. Thus, the performance of each catal yst was screened for

Eé?[f’%i?if B04BE A Sbie S e ALy et e BEIMC N LS SopGTauh BN or one

100C - (;120C
350G, * nont naithylBEEF AL O MCR SR AR S, U S me PRSI G f”
then 0ol edhicha®Goidn NG en AR Se- Eabeni pheargied iiyAraganal on

measured at” 50C, 75C, 100C, and 125C. In the B t est is flowed
at 200 seens4urd. PEBS pEE-édiciasd MEMIENZ6HEs SR BRN hflled Hith alvgrsam@odata are

fit to a zero-order Arrhenius plot, and the rate constant in noles WO (
2006/ 028882alRGEIABRAIREAABEOBTded it 1/16 inch (1.6 mm) cylinders. The MCM-41
content of the muller mix was varied to 35, 50, and 65 wt.%, on a solids basis. The
extrudates were dried and then calcined in air at 538°C. The calcined extrudates
were then co-impregnated with 0.3 wt. platinun, 0.9 wt. palladiom. The catalysts
then received a final calcination in air at 304°C to decompose the platinum and

palladium compounds. Properties of the finished catalysts are summarized in Table

1 below.

[0046) In order to determine the activity of the various catalysts used in the
Examples herein, each was separately subjected to the Benzene Hydrogenation ,
Activity ("BHA"). The BHA test is a measure of the activity of the catalyst, and "
the higher the BHA index, the more active the catalyst. Thus, the performance of

cach catalyst was screened for hydrogenation activity using the BHA test. The

BHA test was performed on each catalyst sample by drying 0.2 grams of the

catalyst in helium for one hour at 100°C, then reducing the sample at a selected
temperature (120°C to 350°C, nominally 250°C) for 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 nole of netal per hour at 100C is reported. It should be
noted that Pt, Pd, NI, An, Pt/ Sn, and coked and regenerated versions of

t hese cat al sts can be tested al so. The pressure used i t t est

i s at nospREt PUABEE results of the BHA test were recorg)g:éjﬁ'&gw&%g}og i ncl uded
"in Table | below. TABLE 1 Benzene Oxygen Hydrogenation Chenisorption

Catal yst Description Pt (wt.% Pd (w.% Activity Index (OM 65% MCM 41 /
35% A1203 0. 27 0.89 607 0.65 50% MCM 41 / 50% A1203 0.28 0.82 520 0.59 35%
MCM 41 /| 65% A1203 0.27 0.83 470 0.64 10047] A second series of were al so
made using MCM 41 nesoporous materials wth different ratios of MCM41 and
alum na. Again, MCM 41 nesoporous mateyjial was prepared into a filter-cake
.and this filter-cake was pre-calcined in nitrogen at 540C. The pre-cal cined
MCM 41 solids were then mulled with a Versal-300 al um na bi nder and
extruded into 1/16 inch (1.6 mm cylinders. The MCM 41 content of the

. mul | er ni of peerdugspersmoteoof3setabper b@lraatdlwﬁcvw regorted. dt shmild be nioted hat The

2?? lﬁ it o3t 8% R PSP, s et TREEREIOIGEEV R onp b esE ol aRDe.
ecompose (T Hka ThERrEntrSiel SRFnERs Rist R S BB r@hlaBt P shea

cat al YSt'S (g BESUIRGch FefbebRicHobl @ o BENRK N BROPLORASE2 PCT/ US2005/ 031067

-22 TABLE Benzene yge
TABLE 1
Benzene Oxygen
Hydrogenation | Chemisorption
Catalyst Description Pt (wt.%) | Pd (wt.%) | Activity Index (O/M)
65% MCM-41 /35% ALO; 0.27 0.89 607 0.65
50% MCM-41 / 50% ALO; 0.28 0.82 520 0.59
35% MCM-41 / 65% Al O, 0.27 0.83 470 . 0.64

[0047] A second series of were also made using MCM-41 mesoporous materials
with different ratios of MCM-41 and alumina. Again, MCM-41 mesoporous
material was prepared into a filter-cake and this filter-cake was pre-calcined in

S nitrogen at 540°C. The pre-calcined MCM-41 solids were then mulled with a
Versal-300 alumina binder and extruded into 1/16 inch (1.6 mm) cylinders. The
MCM-41 content of the muller mix was varied to 35, 50, 65 and 80 wt.%, on a
solids basis. The extrudates were dried and then calcined in air at 538°C. The
calcined extrudates were then co-impregnated with .15 wt. platinum, 0.45 wt.
palladium. The catalysts then received a final calcination in air at 304°C to
decompose the platinum and palladium compounds. Properties of these finished

catalysts are summarized in Table 2 below.



Hydr ogenat
| ndex O/ NI

i on Chem sorption

Cat al yst Description Pt (wt.% Pd wt.% Activity
659%0VCM 41 / 35% A1203 0.14 0.45 600 0.67 50% MCM 41 / 50% A1203

41 /

0.14 0.41 0% MCM 41 / 20% A1203 0.14 0.43 870 0
65% A1203 8‘_9@&96@%588265 0.62 [0048] After each catal yst ‘3%@8%2#’@%53‘?
performance of each catal yst was separately evaluated for hydrofinishing a
hydr ot r eat ed 600N dewaxed oil. The dewaxed oil was first hydrotreated to
reduce the sulfur content to 200 wopm The 600N dewaxed oil had an
aromatics concentration of 415 mmol /kg. Approxinmately 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 t9 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

Jg{f’i\ﬂthe

hydrogen at 260C for 8 hours and then cooled to 150C. The 600N dewaxed oi |
feed was then introduced and operati RAB@ ti ons were adjusted to 2 LHSV,

1000 prig (6996 kPa), and 2500 scf H2/bbl (445 nB8/nB). Reactor tenperature
was increased to 275C and then held constant for 7 to 10 days. Hydrogen

purity was—166—9tand—mo—gasjrecyctewasusetc: lr—OO"mze%duut qa%i iy &S
defined by| aromatics, sulfur,j hydrogen, and nit L&gé%)gg(%@tgent@emls ﬂ'&?&? tior ed
daily. Totfal sul fur.content as fynctli of,, ti N, m ar itn
the F gure hc‘.ﬁ%trﬁhs?%?sc?%%onca? %R?[s‘ftg °h dgalggi'o{?é 'r‘v"ﬁ\?gﬁy%’geﬁe“cr i Eguiﬁ)‘T n
Tabl es 1 anebRMsBE¢e /376 Ak lbe 8é&n ijn tRE5Fidure h€dlein, {he i BAPéntors
her eof WO AMERB h 3S2005 1067 have un ectedly fgund that
catal ysts angé %lggzg.d%%l#ﬂ’s % !\./?1%541 anelo'ég 565 Y 833
80% MCM-41/20% ALO, 0.14 0.43 870 0.49 a
35% MCM-41 / 65% ALO; 0.14 0.42 465 0.62

[0048]
separately evaluated for hydrofinishing a hydrotreated 600N dewaxed oil. The

After each catalyst was prepared, the performance of each catalyst was

dewaxed oil was first hydrotreated to reduce the sulfur content to 200 wppm. The
600N dewaxed oil had an aromatics concentration of 415 mmol/kg. Approximately
5 cc of each catalyst was separately loaded into an upflow micro-reactor. 3 cc of
80-120 mesh sand was added to the catalyst loading to ensure uniform liquid flow.
After pressure testing with nitrogen and hydrogen, the catalysts were dried in

nitrogen at 260°C for 3 hours, cooled to room temperature, activated in hydrogen at

260°C for 8 hours and then cooled to 150°C. The 600N dewaxed oil feed was then
introduced and operating conditions were adjusted to 2 LHSV, 1000 psig (6996

P

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 1060 % and no

gas recycle was used.

[0049]

contents was monitored daily. Total sulfur content as a function of time on stream

Product quality as defined by aromatics, sulfur, hydrogen, and nitrogen

are shown in the Figure herein for the catalysts made using MCM-41 as described

in Tables 1 and 2 above. As can be seen in the Figure herein, the inventors hereof



W . % al um na provided the highest |evel of desulfurization. [00501 It should
be noted that although Tables 1 and 2 indicate by the BHA test that

catal ysts Vi ratio of MCM 41 and al um na different he opti mal
50:50 rati‘gg&f)@g%\%%glzed by the inventors hereof are nore %‘%‘W%w?ﬂ%@
inventors hereof attribute this discrepancy to sulfur in the feed. The BHA
test is perforned without sulfur present, and the real feed had sul fur
present, as described above. Thus, in applications utilizing "real feeds",
i.e., feeds that are used in petroleumand/or chem cal based processing
schenes, a catalyst conprising 50 wt.% MCM 41 and 50 wt.% alumna wll

provi de the highest |evel of desulfurization. WO 2006/ 028882

. PCT/ US2005/ 031067 -24- CLAIMS: 1. A hydrotreating saturation process for

| ube oil boiling range feedstreans conprising: a) contacting a | ube oil

boi ling range feedstreans containing aromatics and nitrogen and organically
. bound sul fhaveamexpedtediytfound that eatalystirmadensingg dawvalyMCMa41 bad pbesence of
a hydrogen-cont ai ni ng treat as in_ a reaction stage operated under

ef f ecti ve Wyt dumiae prayideshihebighastlevahed desulfgazafionidr ot reat i ng cat al yst
conprises: i) 40 wt.%to less then 60 w.% of an inorganic, porous, non-

| ayered, crystalline, nmesoporous support material; ii) 40 to 60 w.% of a

from  the EV5Th VI hobls e Fod S A9ERER L TR R RO IR A0S P BIE ete, = o
sat ur at i onppf QRSStsHaVidpUPaAte! df MONA1Gnda8fil LT ERFTEm (B BPfilidl NY:
50:50 ratio discovered by the inventors hereof are more active, the inventors hereof
( attribute this discrepancy to sulfur in the feed. The BHA test is performed without
sulfur present, and the real feed had sulfur present, as described above. Thus, in
applications utilizing "real feeds", i.e., feeds that are used in petroleum and/or
chemical based processing schemes, a catalyst comprising 50 wt.% MCM-41 and

50 wt.% alumina will provide the highest level of desulfurization.

&



a) contacting a lube oil boiling range feedstream containing aronatics,
nitrogen and organically bound sul fur contamnants in a first reaction

st age opera‘;‘@g%#%ggsrsz effective hydrotreating conditi onsyy&/bgzgwﬁéoggresence

of hydrogen- aining treat gas with a conventional h at al yst
conprising at |east one Goup VIII netal oxide and at |east one G oup VI
nmet al oxi de thereby producing a reaction product conprising at |east a
vapor product and a liquid lube oil boiling range product; and b)

contacting said reaction product with a second hydrotreating catalyst in
the presence of a hydrogen-containing treat gas in a second WO 20061028882
PCT/ US2005/ 031067 -25 reaction stage o&grat ed under effective hydrotreating
conditions, wherein said second hydrotréati ng catal yst conprises: i) 40
w.%to | ess then 60 w. % of an inorganic, porous, non- |ayered,

crystalline, nmesoporous support material; ii) 40 to 60 w.% of a binder
mat eri al ; dBHAIMS: a hydrogenati on- dehydrogenati on conponent sel ected from
the Goup VIIl noble netals and m xtures thereof 3. The process according to

any preceding claimwherein said process further conprises: a) separating
sai d vapor

o b oty LR e LB L O el = D)
second r eacéow}isﬁgge containing said aromatics saturation catalyst.
a) contacting a lube oil boiling range feedstreams containing aromatics

and nitrogen and organically bound sulfur contaminants with a

hydrotreating catalyst in the presence of a hydrogen-containing treat (

gas in a reaction stage operated under effective hydrotreating

conditions, wherein said hydrotreating catalyst comprises:

1) 40 wt.% to less then 60 wt.% of an inorganic, porous, non-

layered, crystallinc; mesoporous support material;
it} 40 to 60 wt.% of a binder material; and
iii)  ahydrogenation-dehydrogenation component selected from

the Group VIII noble metals and mixtures thereof.

2. Anaromatics saturation process for lube oil boiling range feedstreams
comprising: (
a) contacting a lube oil boiling range feedstream containing aromatics,
nitrogen and organically bound sulfur contaminants in a first reaction
stage operated under effective hydrotreating conditions and in the
presence of hydrogen-containing treat gas with a conventional
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 second hydrotreating catalyst

in the presence of a hydrogen-containing treat gas in a second



4. The process according to any preceding clai mwherein said support

material 1s conposited with said binder material. 5. The process accordi ng
to any preceding claimwherein said binder materials is selected from
active andVPRM2%82 material s, synthetic zeolites, naturBfTySHe¥HM¥ng
zeolites, inorganic materials, "Clays, alumna, and silica alumna. 6. The
process according to any precedi ng claimwherein the support nmaterial has
an X-ray diffraction pattern with at | east two peaks at positions greater
than 10A d-spacing (8.842 20 for Cu K-al pha radiation) which corresponds to
the d100 value of the electron diffraction pattern of the support material,
at | east one of WD 2006/ 028882 PCT/ US2Q05/ 031067 -26 which is at a position
greater than 18A d-spacing, and no peaks"at positions less than i O0A
d-spacing with relative intensity greater than 20% of the strongest peak.

7. The process according to any precedi ng claimwherein the support materi al

. di splays an equili brrbwﬁoh@rdgwtgaem@@undémffmmydrot@éatﬁr itidrisan 15 grans
benzene/ 100 granms crystal at 50 ton égG? kPa) and 25C." 8. The process

according to any prededeingas sacondhyduitreaagdatalystegeuisesin- dehydr ogenati on

conmponent is present. in an ampunt raHgi Ba frﬂom’gEi 1.to 2.0w.% and is

sel ected from pal | ad) um 481%E YorfQripssither Ot Yor GIAT AROTSARIC, FOKPUR: B8Nt her eof .

9. The process according,to_any preceding claimwherein the,binder materi al

is MM41l and the hydr oé@f?&?%ﬁfﬁi@ﬁ%’r‘&g%WP%S {‘Fpail’s pl ati num and

pal I adium 10. The procegg tg%@%ﬁ%”&“éginﬂﬁyn%“[ cqding claimwherein said
erive

| ube oil boiling range feedstreamis rom crude oils, shale oils

and tar sands as welif) aSalﬁéﬂ@ég&Ia'tiﬁn-fdeﬁﬁér_O%@ﬁaﬁén s6mBeh&f skleedd b Oi |
bOI(IHI ng range feedstreans having an initial boiling points of 315C or
hi gher. the Group VIII noble metals and mixtures thereof.

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

catalyst.

Q 4, The process according to any preceding claim wherein said support material

is composited with said binder material.

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

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

6. The process according to any preceding claim wherein the support material
has an X-ray diffraction pattern with at least two peaks at positions greater than
10A d-spacing (8.842° 20 for Cu K-alpha radiation) which corresponds to the d;gq

value of the electron diffraction pattern of the support material, at least one of



11. The process according to any preceding clai mwherein said | ube oil
boiling range feedstreamcontains up to 0.2 w.%of nitrogen, up to 3.0

wt. % of sulfur, and up to 50 wt.% aromatics, all based o il
boi I i ng rafy@2%REB? eam 12. The process according to an C'{‘Sﬁgz@@&ﬁ(ﬁcl ai m

wherein said |ube oil boiling range feedstream has a sul fur content bel ow
500 wppm

-26-

which is at a position greater than 18A d-spacing, and no peaks at positions less

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

7. The process according to any preceding claim wherein the support material
displays an equilibrium benzene adsorption capacity of greater than 15 grams

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

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

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

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

palladium.

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

initial boiling points of 315°C or higher.

11.  The process according to any preceding claim wherein said lube oil boiling
range feedstream contains up to 0.2 wt.% of nitrogen, up to 3.0 wt.% of sulfur, and

up to 50 wt.% aromatics, all based on the lube o1l boiling range feedstream.

12.  The process according to any preceding claim wherein said lube oil boiling

range feedstream has a sulfur content below 500 wppm.



