WD 2006/ 028880 PCTI US2005/ 031059 AN | MPROVED NOBLE METAL- CONTAI NI NG
CATALYST CONTAI NI NG A SPECI FI C RATIO OF SILICA TO ALUM NUM | N THE FRAMVEWORK
FIELD OF T JolViEREELON [0001] This invention relates to gepgdoisosiose

-metal -containing catal yst suitable for use in the hydroprocessing of

hydr ocar bonaceous feeds. Mire particularly, the present invention is
directed at a catal yst conprising a hydrogenati on dehydrogenati on conponent
selected fromthe Goup VIII noble netals and mi xtures thereof on a
mesopor ous support having alum numincorporated into its framework and an
average pore dianeter of 15 to less than 40A. BACKGROUND OF THE | NVENTI ON
[0002] Historically, lubricating oil prgducts for use in applications such
as autonotive engine oils have used additives to inprove specific
properties of the b ale q t products. Wth
t he advent of increa@gj— Sa :E)rﬁﬁ bﬁ%ﬁf y_%&gn sr-nance
requirenents for t he GATAL: ¥SFLONTA, ABREC] B0 Aneri can

Petrol eum I nsti t ut QFAINICATO ASTEINUM IN GHEFRAMEBEYORICKs i ncl ude a
saturates content of at |east 90% a sulfur content of 0.03 w.%or |ess
and a viscosity index (VI) between 80 and 120. Currently, there 1is a trend
in the lube oil market to use Goup 11 basestocks instead of G oup |
basestocks in order to neet the demand for higher quality basestocks t hat
provi de fRIELBQEEHE INKENFONN,  reduced enissions, etc. WD 2006/ 028880
PCT/ US2005/ 031059 -2

¢ [0601] This invention relates to a noble metal-containing catalyst suitable for
use in the hydroprocessing of hydrocarbonaceous feeds. More particularly, the
present invention is directed at a catalyst comprising a hydrogenation-
dehydrogenation component selected from the Group VIII noble metals and
mixtures thereof on a mesoporous support having aluminum incorporated into its

framework and an average pore diameter of 15 to 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. Américan Petroleum Institute (API) requirements for
Group 1I 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 Iube oil market to use Group II basestocks instead of Group I
basestocks in order to meet the demand for higher quality basestocks that provide

for increased fuel economy, reduced emissions, etc.



[ 00031 Conventional techniques for preparing basestocks such as

hydr ocracking or solvent extraction require severe operating conditions
such as hi 0 poeessste and tenperature or hi gh sol vent: olPCTIEs2e0838¢ hi gh
extraction tenperatures to reach these higher basestock qualities. Either
alternative invol ves expensive operating conditions and |ow yields. [0004]
Hydr ocr acki ng has been conbined with hydrotreating as a prelimnary step.
However, this conbination also results in decreased yields of |ubricating
oils due to the conversion to distillates that typically acconpany the
hydr ocracki ng process. [0005] In United States Patent Nunber 5,573,657, a
hydrogenati on catal yst, and process usi2ng the same, is described wherein a
m neral oil based lubricant is passed over a nesoporous crystalline
material, [p(mfsrr alglonvehiidha t&hRRRIES foxcﬁ@f)ﬁ'iﬁ% BiséttodkeG0EN 89 AL ARR 4B B
function. The supported nesoporolus material has pore dianeters greater than
200A. The bysblogeratiactioprequassevere operatingdtonddtioriswmichtaydigippredsiat andoduced
therein has a | ow degree of unstaturati on. 100061 However, there is still a
need i n t htemperathes oighfsplient: ol ratinsandhigh exraciion éemperatures to igael cat i ng

oi | basest qcks, . 0061028880 .PCT[.1.JS20051031059 , - 3- SUWMARY OF.THE
| NVENTI ON figsorigher a&?ﬁ@géﬂpaﬁh%réuﬁm HETHVECRUAIVE CXDGHRYA GRESHPRL can be
used in thg%géfé@s?aﬂ{(f)fo%?i:gﬂﬁ of a hydrocarbonaceous feed. The cat al yst

conpri ses: or'gan porous, non-layered, crystalline, nesoporous
support material, wherein the support material has a framework conpri sing
at '

[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 catalyst to prepare

quality lubricating oil basestocks.



| east al um num and silica, and wherein the ratio of silica to alumnum is
10:1 to 100:1 and the average pore dianeter of the support material is 15
to less t 2ecaNd D) a hydrogenati on-dehydrogenati o zoS€el ect ed
.fromthe a@?@@%&%*ﬁl nobl e nmetal s and m xtures thereof.9€88g81§§ﬂhgﬁe

enbodi mrent of the instant invention, the inorganic, porous, non- |ayered,
crystalline, mesoporous support material is characterized as exhibiting an
X-ray diffraction pattern with at | east one peak at a d-spacing greater than
18A. The support material is further characterized as having a benzene
absorption capacity greater than 15 grans benzene per 100 grans of the
material at 50 torr (6.67 kPa) and 25G. [00091 In a preferred form the

. support material is characterized by a substantially uniform hexagonal
honeyconb_Ju ;ﬁgﬁhigli§t£2§n1pores havi ng an average pore di aneter
of the su§ﬂh&&ﬁigéﬁékir' s than 35A. 100101 In another preferred
form the present invention further conprises a binder material. [00111 In
yet another preferred form the support material is MCM41. WD 2006/ 028880
PCT/ 115200098 105%e prdscHRlREnRES R Do o 1BEn bO0AEI inlibe Fi gure s
a graph depicting the aromatics saturation performance of catalysts with
vari ous phydroproressiggndf ahPrdida:arbomacmnstfeai.iTirescdtmlytsm:implfimnemr k versus
the time the various catalysts were used in an aromatics saturation process.
DETAI LED DESCRUPTI GN ioprgasic, [pRy@ENT nontlayered, crystalline, mesoporous support

matenal, wherein the support material has a framnework comprising at

¢ least aluminum and silica, and wherein the ratio of silica to aluminum
is 10:1 to 100:1 and the average pore diameter of the support material
is 15 to less than 40A; and
b} a hydrogenation-dehydrogenation component selected from the

Group VIII noble metals and mixtures thereof.

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

having an average pore diameter of the support material is 15 to less than 35A.

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

binder material.

(0011} In yet another preferred form, the support material is MCM-41.



[0013] The present invention is a catalyst that is suitable for use in the
hydr opr ocessi ng of lubricating oil feedstocks. The catal yst conprises an

i nor gani ¢, wopmo&eesssonon- | ayered, crystalline, nmesopor ousPSOES2N0s/03103%r i al
preferably bound wth a suitable binder material. The franmework of the
support material conprises at |least alumnumand silica, and the support
material is further characterized as having an average pore dianeter of 15
to |l ess than 40A. The catal yst also conprises a

hydr ogenat i on- dehydr ogenati on conponent selected fromthe Goup WVIII noble
metals and m xtures thereof. [0014] In their calcined form support

mat eri al s having characteristics simlard-to those suitable for use herein
generally had a high ratio of silica to alumnumin their framework.
Generally, these materials had a ratio of silica to alumnumin their
framework on the order of 800:1. The higher ratios of silica to al um num
wer e usedBMEﬂ?BEB(ERiﬁBWE@NQWI'BH@EE@UREreaCUons However, the inventors
hereof have unexpectedly di scovered that increasing the amount of al umi num
i ncorporated into the frarrework coupled with snmaller pore sizes discussed
bel ow, pro a sf that, has, i.nproved aromati cs.sat uration

capab | [t W% e i {ho Bobn ESishup BB (9, §9GTA108 SpYBRUAN RIS IADGR 66 ¢
material s gé{h '\Snfl%nHﬁ?Prg{étsE{b% an alﬁ&ﬁnﬁﬁﬁ‘%ﬂé tﬂ&i’l‘aﬁé 'il‘i)ﬁlellj ﬁﬁhb\?&k

synthetic ositions o ef "conprising pore s

crystal l'i ngeRiaaR: tu%@'th@bbﬁo&s”d%@él?&ts ’Wér@[lbe'ﬂ §1 ﬁf@roh{h@lw@ﬂﬂu?atl 196&ss,

non-| ayered crystalline phase materials that are characterized (inits
calcined forn) by an X-ray diffraction pattern with at |east one peak at a
d- spaci ng reat er_than 18A W|th a reI atlve intensity of 100. The support -/
materi al s iLE CFHANAO} NVENTION

[0013]  The present invention is a catalyst that is suitable for use in the
hydroprocessing of lubricating oil feedstocks. The catalyst comprises an inorganic,
porous, non-layered, crystalline, mesoporous support material preferably bound
wiih a suitable binder material. The framework of the support material comprises
at least aluminum and silica, and the support material is further characterized as
having an average pore diameter of 15 to less than 40A. The catalyst also
comprises a hydrogenation-dehydrogenation component selected from the Group

VIII noble metals and mixtures thereof.

[0014]  In their calcined form, support materials having characteristics similar to
those suitable for use herein generally had a high ratio of silica to aluminum in their
framework. Generally, these materials had a ratio of silica to aluminum in their
framework on the order of 800:1. The higher ratios of silica to aluminum were
used to prevent undesirable cracking reactions. However, the inventors hereof have
unexpectedly discovered that increasing the amount of aluminum incorporated into
the framework, coupled with smaller pore sizes discussed below, provides a

catalyst that has improved aromatics saturation capabilities.



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

Preferred wéﬁ&ﬂ%%ssﬂm erials are inorganic, porous, non'ﬂ@ﬁ%ﬁ%fﬂ%ﬁ” al

-havi ng a hexagonal arrangenment of uniform y-sized pores w't maxi mum
per pendi cul ar cross-section pore dinension of 15 to | ess than 40k. A nore
preferred support material is identified as MCM41. MCM 41 has a
characteristic structure of hexagonally- arranged, uniformy-sized pores of
at least 13A dianmeter, exhibits a hexagonal electron diffraction pattern
that can be indexed with a dl oo value greater than 181, which corresponds
to at | east one peak in the X-ray diffrgction pattern. MCM 41 is described
-in United States Patents Numbers 5,098,684 and 5,573,657, which are hereby

I ncor pora y reference, and al,sq,..t | esser, degree, bel ow.  [.0016] The
i nor gani ct[ﬁﬂ%ﬁ I a%}*%&uﬁﬁ%ﬁ%ﬁaf&‘g 3?9%@3?% g IEJB?)H? erpéf:%ep% H}‘?n{’gg ed as
» conponent g, r ' ' {a?{ﬁg%! kLQr ' to the
forml a Msi?%}?%e%@fgg%}hpioﬁmﬁﬁ% EP?](#{%F%@I) 1S a %P@g?geﬁﬂg gir%gnt , selected

from di valcgpitaliine§ihab@WShitatls stippoit atalals fedhersablc) poriganesayeeabal t
iron, and/or nagnesium nore preferably cobalt.” X is a trivalent elenent,
pr ef er abl yrystaltineyrhase natengls that areashdtantergaid (in s caleiredooahg balanyX-ahyini num
Yis atetravalent elenment . such as silicon and/or germani um, preferably
silicon. ZHiifgciiopaatiernmathyatdeashong peaksatad-sBa¢As gpgberuban MBASWHBhRE or nore
i ons, such as, for exa ni_u 0 l. | LA and VLI$ ians, usually
hydr ogen, relaHY 8 IPeRIIY B?b6%0?%“?&9?@“%‘*@&9‘%&#%%5g’ér%ﬁﬁléé‘b05 1031059
-6 is the r.ae.:.of a | 1] ' tl"vgl% Lges; g is
thé WEI ghtcggﬁc?r%f%rd &as\r}g‘r a% gg.}ighggogg bt{-ﬂh?% 151 Eéer%%%? 5e (ﬁgqr)rgl es or nole
fraction @knneperlt00 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 15 to less than 40A. 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 2 hexagonal

electron diffraction pattern that can be indexed with a d,g9 value greater than 18A,

which corresponds to at least one peak in the X-ray diffraction pattern. MCM-41 is

described in United States Patents Numbers 5,098,684 and 5,573,657, which are

hereby incorporated by reference, and also, to a lesser degree, below.

[0016] The mnorganic, non-layered mesoporous crystalline support materials
used as components in the present invention have a composition according to the
formula M;4(W, XY Z4Oy). In this formula, W is a divalent element, selected
from divalent first row transition metal, preferably manganese, cobalt, iron, and/or
magnesium, more preferably cobalt. X is a trivalent element, preferably aluminum,
boron, iron and/or gallium, more preferably aluminum. Y isa 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 [A, HA and VIIB ions, usually hydrogen, sodium and/or fluoride ions. "n"



c, and d are nole fractions of W X, Y and Z, respectively; h is a nunber of °
froml to 2.5; and (a+b+c+d)=1. In a preferred enbodi nent of support

mat eri al s o r@bbmssof or use herein, (atb+c) is greater tram/ub2005nd108s:=2.

Anot her further enbodinent is when a and d=0, and h=2. Preferred materials
for use in making the support materials suitable for use herein are the
alum nosilicates although other netallosilicates may al so be used. [0017]
As stated above, the support materials suitable for use herein have a

hi gher concentration of alum numincorporated into their framework then
those wused prior to the present invention. Thus, support materials suitable
for use herein have a framework silica6to alumnumratio of 10: 1 to 100:1,
preferably 25:1 to 70:1, nore preferably 30:1 to 60:1, and nost preferably

45:1 to 55islthe cRAE8 bfkke éch}ﬁeésitiéﬂ Eid]ﬁélh??ﬂ xpietsed A oRIHMROG lis TRl Wéilghled
suitable for use Nerein have a conposition, on an anhydrous basis,

expressed emparavesdgeyabgnce o Mow/quis the mishberopf{tidaleXioY nzoleHyactidmerfdMRajls, t he
total organic material not included in Mas an ion, and r is the
coef fi ci ent, 4nskd mre mole fractieas afiNbeX, ¥randul.agspsactinglys bris acrmaherd! fregm Ithe M

oresence B fa el SHSRTAESR G il SR bRt AL, o
tesi ren, - o4 HRh (GO KEORS dréitir il EEARPHDD CRAGHEP GG @ifbodiehbfs e on!

as- synt hesigaRfl amHdeI=8 lan@h=0hiPsefeired aitéi2dls F@NuEnRAkidcate sippsgor dance
wi th conventional ion-exchange techniques. Preferred réplacing ions include

met al i ons matgritogamblofor,usk hdrety ere thp akonimesilicates glthoaghwmtherm i ons and

m xtures of these ions. Particularly preferred ions are those which provide
the desir etnetdllogiliceigsananalse bepsed the final catal yst. WD 2006/ 028880

PCT/ US2005/ 031059

[0017] As stated above, the support materials suitable for use herein have a
higher concentration of aluminum incorporated into their framework then those
used prior to the present invention. Thus, support materials suitable for use herein
have a framework silica to aluminum ratio of 10:1 to 100:1, preferably 25:1 to 70:1,

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

[0018]  In the as-synthesized form, the support materials suitable for use herein
have a composition, on an anhydrous basis, expressed empirically by the formula
TRMyq (W, XY Z4Oy), where R is the total organic material not included in M as
an ion, and r is the coefficient for R, i.e., the number of moles or mole fraction of
R. The M and R components are associated with the material as a result of their
presence during crystallization, and are easily removed or, in the case of M,
replaced by post-crystallization methods described below. To the extent desired,
the original M, e.g., sodium or chloride, ions of the as-synthesized material of this
invention can be replaced in accordance with conventional ion-exchange
techniques. Preferred replacing ions include metal ions, hydrogen ions, hydrogen
precursor, €.g., ammonium, ions and mixtures of these ions. Particularly preferred

ions are those which provide the desired metal functionality in the final catalyst.



-7 These include hydrogen, rare earth netals and netals of Goups VIIA
(e.g., M), VIIA (e.g., N), IB(e.g., Cu), IVB (e.g., Sn) of the Periodic

Tabl e of t s and mxtures of these ions. [0019 & caishal | i ne
(i.e., hav‘?ﬁéﬂgﬁ’?ﬁggi ent order to provide a diffraction pattern such as,

for exanple, by X-ray, electron or neutron diffraction, following (
calcination with at | east one peak) nesoporous support nmaterials are
characterized by their structure, which includes extrenely |arge pore

wi ndows as well as by its high sorption capacity. The term "nesoporous”, as
used herein, is neant to indicate crystals having uniformpores within the
range of from 13A to 200A. It should be7- noted that "porous", as used
herein, is neant to refer to a material that adsorbs at |east |I gramof a

smal | mol egil, incﬁﬁ't?&hﬁ@ro?%%trg% %agﬂlhr%ﬁﬁarﬂf mSad ?P@f@'@;% VREA (&QO %%ans of

t he porous materia ove, e present In I on rs=¢ cterized

-as using ayFURROL!, NBITH (24, Uay, TVEB &g a8R) 8Dtheiriodit TaBIE6f BE Flemests | €ss
t han 40A, prefgrgblbglﬁng {egéfSSA?/ rmrgengpref}erabl y 2rO to 30A, nost prefgrabl y

23 to 27AndThixtyres ef thexe iafs. t he present invention is one key feature of the
I nstant invention because the inventors hereof have unexpectedly found that
by limting { the average pore dianeter of the present invention to within

t hi t] t ti. f f t. [ t i ti
o or eat yPHEE o EhE RiskiiBes B oo cist BRI o Provitin dkEasse bor e n
bel i St Lo . . ! t D
of i oo 1 an BLBRLAREE, K WenICHy RIS Bel R BPRLG: SPUirfacty Ofob Rl OF' Y
anor phous cqrcim_fo?acwﬁtaaldaisﬂ@a@péﬁ? ilﬁ?dsﬁ{)(_)ﬂ%% suphes endtedalsare shdrab@figent and
S

unitfformty of size (pore size distribution within a

by their structure, which includes extremely large pore windows as well as by its
high sorption capacity. The term "mesoporous”, as used herein, is meant to indicate
crystals having uniform pores within the range of from 13A to 200A. It should be
noted that "porous”, as used herein, is meant to refer to a material that adsorbs at
least 1 gram of a small molecule, such as Ar, N3, 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 404, preferably 15 to 35A, more preferably 20 to 30A, most preferably 23
to 27A. The pore size of the present invention is.one key feature of the instant
invention because the inventors hereof have unexpectedly found that by limiting

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

aromatics saturation performance of the instant invention is greatly improved.

[0020] The support materials suitable for use herein can be distinguished from
other porous inorganic solids by the regularity of its large open pores, whose pore
size more nearly resembles that of amorphous or paracrystalline materials, but
whose regular arrangement and uniformity of size (pore size distribution within a
single phase of, for example, +25%, usually +15% or less of the average pore size
of that phase) resemble more those of crystalline framework materials such as

zeolites. Thus, support materials for use herein can also be described as having a



singl e phase of, for exanple, 25% wusually 15%or |ess of the average pore
size. of that phase) resenble nore those of crystalline framework material s
such as zew@ iobessssbhus, support materials for use herei gCcras2mbsmoke

descri bed as having a WD 2006/ 028880 PCT/ US2005/ 031059 -8 hexagonal
arrangenment of |arge open channels that can be synthesized with open

i nternal dianeters from1l5 to | ess than 40A, preferably 15 to 35A, nore
preferably 20 to 30A, and nost preferably 23 to 27A. [0021] The term
"hexagonal ", as used herein, is intended to enconpass not only materials
that exhibit mathematically perfect hexagonal symretry within the limts of
experi mental measurenent, but al so those-with significant observable
deviations fromthat ideal state. Thus, "hexagonal" as used to describe the

support Mahefieahsl arﬁﬂg[%;ﬁ@n@ of Prgh ©pef Shatireld haf®Babe s¥hth&fifdd Withiopenf act
that nost channels inthe material ™ woul d be surrounded by six nearest

nei ghbor chaemal diaateters fighh \l Sttodessathen d0Af preferablyt 1535 A, mereptedetablyovever ,
that defects and i nperfections in the support material wll cause

si gni fi can20 teABAs andmoshpraferably 63\9@37& e this criterion to varying
degrees, depending on the quality of the material's preparation. Sanples

whi ch exhi bit as nmuch as +25% random devi ati on fromthe average repeat

u h as dom d ) . .
of *t o eV THUBAEheS ARIRR s Bhed herblel R interfel o EREABAG I Buly T 0
d100 val UematéR tHaPexifbRthaMRnilitichll PEHOR 1RREESA Symimdtry bOBRRIMC Migicp uppOT ¢

materials suitable for use herein can be prepared by any ‘neans known in the

art, and aoEeqgsrimaithlyméasureshent; bubelsoehdsedeithl emnifidaed 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
between adjacent channels still clearly give recognizable images of the MCM-41
matenials. Comparable variétions are also observed in the d;q values from the

electron diffraction patterns.

[0022] 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



United States Patents Nunbers 5,098,684 and 5,573,657, which have already

been incorporated by reference. CGenerally, the nost regul ar preparations of

t he suppor ri;al give an X-ray diffraction pattern y few di stinct
maxim in \&’Rezq&té‘f??%ﬂgrre | ow angl e region. The positions o&i’ﬂ@’g’gﬁgﬂgﬁs

approximately fit the positions of the hkO reflections froma hexagonal
lattice. The X-ray diffraction pattern, however, is not always a sufficient
i ndi cator of the presence of these materials, as the degree of regularity
in the mcrostructure and the extent of WD 2006/ 028880 PCT/ US2005/031059 -9
repetition of the structure within individual particles affect the nunber of
peaks that w Il be observed. Indeed, pgeparatlons wi'th only one distinct

-peak in the low angle region of the X-ray diffraction pattern have been

-
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pattern es an appr mat el y ‘hexagonal arrangenent of diffracti on maxi ma.

The dl oo a‘iﬁ@mm of tife hberiel motheon Othéftedntigoss walluetrae the niibwstustuadof

bet ween agkacent 5fots on the hkO projection of the hexagonal lattice and
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spacing of the electron diffraction patterns 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;o=ao\3/2. This dy Spacing observed in the electron diffraction patterns
corresponds to the d-spacing of a low angle peak in the X-ray diffraction pattern of
the suitable support material. The most highly ordered preparations of the suitable
support material obtained so far have 20-40 distinct spots observable in the electron
diffraction patterns. These patterns can be indexed with the hexagonal hkO subset
of unique reflections of 100, 110, 200, 210, etc., and their symmetry-related

reflections.

[0023] In its 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° 28 for Cu K-alpha radiation) which corresponds
to the d,o 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).



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

symet ry- r elyatesbo26sh| ections. [0023] In its cal cined forpg/eseiiose
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 |I8A
d-spacing (4.909 20 for Cu K-al pha radi ation) which corresponds to the dl Oo
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 grans benzene/ 100 grans crystal at
50 ton (6.67 kPa) and 25C. (basis: crystgl material having been treated in
an attenpt to insure no pore blockage by incidental contam nants, if
necessary). WO 2006/ 028880 PCT/ US2005/031059 -10 [0024] It should be noted
that the equilibrium benzene adsorption capacity characteristic of suitable

support natj@o24) s lishaRdbbé aotednhithBe Bgsilibriin BénzeAE adsdiha6k egsac
i ncidental contam nants. For exanple, the sorption test will be conducted

on the crysthatdcteristiceafesuitableruppert matengls mompaswret oochabasis ofinaporeant s and
wat er renoved by ordinary nethods. Water may be renoved béﬁdeh dration

t echni ques, bleckige byniacidsintal contamtipants pEpeeximpie; the Somramiestwihbe phous
N e
proforred chparaERThOTR By orfnhiaheBBal Wafe ¥itybe ity fof dRRICH
mat eri al s seilidfhés, EY., thefnhek&itMefAPHE HIRKIRE ifirhAfE alibrplous hatérials,

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.

[0025] In a more preferred embodiment, the calcined, crystalline, non-layered
support materials suitable for use herein can be charactenized by 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,q value of the
electron diffraction pattern of the support material, at least one of which is ata
position greater than 18A d-spacing, and no peaks at positions less than 10A d-
spacing with relative intensity greater than 20% of the strongest peak. Still most
preferred, the X-ray diffraction pattern of the calcined material of this invention
will have no peaks at positions less than 10A d-spacing with relative intensity
greater than 10% of the strongest peak. In any event, at least one peak in the X-ray
diffraction pattern will have a d-spacing that corresponds to the d,g value of the

electron diffraction pattern of the material.

[0026] The calcined, inorganic, non-layered, crystalline support materials
suitable for use herein can also be characterized as having a pore size of 15 to less

than 40A or greater as measured by physisorption measurements. It should be



diffraction pattern with at | east two peaks at positions greater than 10A
d-spacing (8.842 20 for Cu K-al pha radiation) which corresponds to the d100

val ue of on diffraction pattern of the suppor o o at | east
t\{iﬁzqog)og{s% ﬂcﬁi?stzgt{:/o%im

.one of whi a position greater than 18A d-spacing, and no peaks at
positions |less than 10A d- spacing with relative intensity greater than 20%
of the strongest peak. Still nost preferred, the X-ray diffraction pattern
of the calcined nmaterial of this invention wll have no peaks at positions
| ess than 1 OA d-spacing with relative intensity greater than 10% of the
strongest peak. In any event, at |east one peak in the X-ray diffraction
pattern will have a d-spacing that corrgsponds to the d100 val ue of the

el ectron diffraction pattern of the naterial. [0026] The cal ci ned,

i norgani c, ngn; | ayered, terials. suitable,f use
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to be considered a maxi mum per pendi cul ar cross-section pore di nension of
the crystal. [0027] As stated above, the support materials suitable for use
herein cafi0gy] prapatated byowanhesuppertinatenals suithleledot usedeteiaraandener al | y
formed by the nethods described in United States Patents Nunbers 5,098, 684
and 5, 573pegprredihy enywacans kaowsdahe senancharergsoerallydfopyed by dhemedhodshe

reLnods oh TEas I &1, L sclon, deLacoc LU BecEne apeor oL on
and can L BouRERE GV RN BNEShc HETARLENSr AREIngk AEP- 657 whioh

hag al ready i'’ncor
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.

[0028] The support materials suitable for use herein can be shaped into a wide
variety of particle sizes. Generally speaking, the support material particles can be
in the form of a powder, a granule, or a molded product, such as an extrudate
having particle size sufficient to pass through a 2 mesh (Tyler) screen and be
retained on a 400 mesh (Tyler) screen. In cases where the final catalyst is to be
molded, such as by extrusion, the support material particles can be extruded before

drying or partially dried and then extruded.

[0029]  The size of the pores in the present support materials are controlled such
that they are large enough that the spatiospecific selectivity with respect to
transition state species in reactions such as cracking is minimized (Chen et al.,
"Shape Selective Catalysis in Industrial Applications", 36 CHEMICAL
INDUSTRIES, pgs. 41-61 (1989), to which reference is made for a discussion of
the factors affecting shape selectivity). It should also be noted that diffusional

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



reference. [0028] The support materials suitable for use herein can be
shaped into a wide variety of particle sizes. Generally speaking, the

support may8hidlndkeéticles can be in the formof a powdgfryusedésiedee, or a
nol ded product, such as an extrudate having particle size sufficient to :

pass through a 2 nmesh (Tyler) screen and be retained on a 400 nesh (Tyler)
screen. In cases where the final catalyst is to be nolded, such as by
extrusion, the support material particles can be extruded before drying or
partially dried and then extruded. [0029] The size of the pores in the
present support materials are controlled such that they are |arge enough
that the spatiospecific selectivity wild-respect to transition state
species in reactions such as cracking is mnimzed (Chen et al., "Shape
Sel ective Catalysis in Industrial Applications”, 36 CHEM CAL | NDUSTRI ES,
pgs. 41-61 (1989), to which reference is made for a discussion of the

factors af(pes0] ngSepRenBrRed suitable for ke E&‘é&ﬁ farpbe Qel%dilﬁ'ﬁeﬂet hat
diffusional linmtations are also mnimzed as a result of the very | arge

por es. WD binddil«32.8 HoveR€en, /it iS106fs1e8 1 Ihe piBedilinSedtiGuplsorconmmiesiaal s
suitable for use herein can be sel f-bound, i.e bi nder| ess. However, it is
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materials and synthetic
materials suitable for use herein include active and inactive materials and synthetic
or naturally oceurring 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, énd 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 2 material in
conjunction with a zeolite binder material, i.e., combined therewith or present
during its synthesis, which itself is catalytically active may change the conversion
and/or selectivity of the finished. The inventors herewith likewise recognize that
inactive materials can suitably serve as diluents to control the amount of conversion
if the present invention is employed in alkylation processes so that alkylation
products can be obtained economically and orderly without employing other means
for controlling the rate of reaction. These inactive materials may be incorporated
into naturally occurring clays, e.g., bentonite and kaolin, to improve the crush

strength of the catalyst under commercial operating conditions and function as

- binders or matrices for the catalyst.

[0031]  The present invention typically comprises, in a composited form, a ratio

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




or naturally occurring zeolites as well as inorganic materials such as clays
and/or oxides such as alumna, silica or silica-alumna. Silica-al um na,

al um na grfhodERbdot €s are preferred binder materials, apgdRLhiElhRsdS @ nore
bi nder support nmaterial. Silica-alum na my be elther naturally occurring
or in the formof gelatinous precipitates or gels including mxtures of
silica and netal oxides. It should be noted that the inventors herewith
recogni ze that the use of a material in conjunction with a zeolite binder
material, i.e., conbined therewith or present during its synthesis, which
itself is catalytically active may change the conversion and/or selectivity
of the finished. The inventors herewi.ifa |i kew se recogni ze that inactive
mat eri al s can suitably serve as diluents to control the anobunt of conversion

Al kyl ot B DpbFRRER HEoRRTamiel hsRale. bors R aaRRyHCal now

epl o1 gt BefnaHARSixntafpRANS Rl BI20BS0r Sufort RReLEADIndhese 1 nactive

materi al s my I'nco I nt o natural urrlngcays e.dg.,

bent oni t gatepid], freferably fiom G6535ve I5hE5. (ﬁ‘dlﬁlbnsnmhg aizgtbe dbné be catal yst under
commerci al operating conditions and function as binders or matrices for the
cat al yst convgoganal Theansriecluding mulingithe maygrials togetamboliovesd by exteisiamposi t ed

form ar of suppor ri nder. material ranging from 80 parts
suppor t 9&? @F‘élngtlé‘mz \@Q@%%ﬂ@%g@g@ag@ﬁr 5/ 031059 -13 parts bi nder
material to 20 parts support material to 80 parts binder material, all
rati os being by weight, typically from80:20 to 50:50 support

m"ﬂ erial [Dd@tsnper AsTEREd hBbve, RREHREER! ifvdriiom iﬁﬁh@?céﬂ efa. Conpositing may
bé done conventional means including nmulling the materials together
foll O\I\Bdh)litltogeﬁatr&ﬂl-dahydrogenatlon component selected from Group VIII noble metals

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

component be selected from palladium, platinum, rhodium, iridium, and mixtares

thereof, more preferably platinum, palladium,‘and mixtures thereof. It is most

preferred that the hydrogenation-dehydrogenation component be platinum and

palladium.

[0033]  The hydrogenation-dehydrogenation component is typically present in an
amount ranging from 0.1 to 2.0 wt.%, preferably from 0.2 to 1.8 wt.%, more
preferably 0.3 to 1.6wi.%, and most preferably 0.4 to 1.4 wt.%. All metals weight
percents are on support. By “on support” we mean that the percents are based on
the weight of the support, i.e., the composited support material and binder material.
For example, if the support were to weigh 100 grams then 20 wt.% hydrogenation-
dehydrogenation component would mean that 20 grams of the hydrogenation-

dehydrogenation metal was on the support.

[0034]  The hydrogenation-dehydrogenation component can be exchanged onto
the support material, impregnated into it or physically admixed with it. Ttis
preferred that the hydrogenation/dehydrogenation component be incorporated by

impregnation. If the hydrogenation-dehydrogenation component is to be



of pelletizing into the desired finished catal yst particles. (0032] As
stated above, the present invention further conprises a

hydr ogenatigingleRygdr ogenat i on conponent sel ected from GpeyisiMosbsiagb! e
nmetals and mxtures thereof. It is preferred that the

hydr ogenat i on- dehydr ogenati on conponent be selected from pal |l adi um

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

hydr ogenat i on- dehydr ogenati on conponent be platinumand palladium (0033}
The hydrogenati on-dehydrogenati on conponent is typically present in an
anount ranging fromO0.1 to 2.0 wt.% pngferably fromO0.2 to 1.8 w.% nore
preferably 0.3 to 1.6wm.% and nost preferably 0.4 to 1.4 wt.% Al netals
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are based onposited support
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20 grans tife hydeogepdnogehhydmgendmwomgenam df thehpdrogesatiom-t he support.
(00341 The hydrogenati on- dehydrégenatlon conponent can be exchanged onto
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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(INH;),Cl; or Pt(NH;),Cl; are particularly useful, as are anionic complexes such

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

useful since they may be exchanged onto the crystalline material or impregnated

into it.

[0035] 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.

[0036] The following example will illustrate the improved effectiveness of the

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



t he hydrogenati on-dehydrogenati on conponent. If the hydrogenation-

dehydr ogenati on conponent is platinum suitable platinum conpounds incl ude
chl or opl Wd DisSoRgdod, Pl atinous chloride and various compquRYsseSfRkai Ni ng the
pl ati num am ne conpl ex. The hydrogenati on- dehydr ogenati on conponent may

al so be incorporated into, onto, or with the conposited support and bi nder
material by utilizing a conpound(s) wherein the :
hydr ogenat i on- dehydr ogenati on conponent is present in the cation of the
conmpound and/ or conpounds or in which it is present in the anion of the
conpound(s). It should be noted that both cationic and anionic conpounds
can be used. Non-limting exanpl es of_jguitabl e palladi umor platinum
conmpounds in which the netal is in the formof a cation or cationic conplex
are Pd( iﬁﬁgor Pt (NH3) 4C12 are particularly useful, as are anionic
conpl exe s the vanadate and netatungstate ions. Cationic forns of
other netals are also very wuseful since they nay be exchanged onto the
crystalline material or inpregnated into it. [0035] The above description
is dir eclmao 01 @émfsr@pbzﬁm?@@!vvashsadefushrgeMcme@pmeso?cy@m nfifferialose
skilled rn the art wll recognize that other enbodiments that are equally
ef f ect i vevithodiffdrame Si@y:iAde0; fatiosead mpimigalopare sizes.s BasicallpfMMstL i nvent i on.

[ 0036] The follomﬁn% exanple will il]Justrate the inprqoved effectiveness of
the pre5®sePIrRYEMAateials pyare s¥nthesizemwith 31021419 ratios bebweah80G:hwadt i on in
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I materials were washed, filtered, and dried at 250°F (121°C) to prepare a dry cake.

The dry cake was precalcined in nitrogen at 540°C. The precalcined MCM-41
materials were then mixed with Versal-300 alumina binder and extruded into 1/16-
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 0.15 wt.%
platinum and 0.45 wt.% palladium and dried at 120°C. The catalysts then received
a final calcination in air at 304°C to decompose the platinum and palladium
compounds. Properties of the finished catalysts are summarized in the Table
below. Note that benzene hydrogenation activity index increases with reduction in

Si0,:Al,O4 ratio or increase in the aluminum content of the MCM-41.

[0038] The Benzene Hydrogenation Activity ("BHA") test is a measure of the
activity of the catalyst, and the higher the BHA index, the more active the catalyst.
Thus, the performance of each catalyst was screened for hydrogenation activity
using the BHA test. The BHA test was performed on each catalyst sample by
drying 0.2 grams of the catalyst in helium for one hour at 100°C, then reducing the
sample at a selected temperature (120°C to 350°C, nominally 250°C) for 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



with different Si O2: A1203 rati os and nom nal pore sizes. Basically, MM 41 -
nmesoporous materials were synthesized with Si02: A1203 rati os between 800:1
and 25: ivowndobosesn nal pore sizes of 40 and 25 Angstr ofer/uRb®sayshesi zed |
MCM 41 materials were washed, filtered, and dried at 250F (121C) to prepare '
a dry cake. The dry cake was precalcined in nitrogen at 540C. The '
precalcined MCM41 materials were then m xed with Versal -300 al um na bi nder
and extruded into 1/16- inch (1.6 nm cylinders. The extrudates were dried
and then calcined in air at 538C The cal cined extrudates were then
co-inpregnated with 0.15 wt.% platinumand 0.45 wt. % pal | adi um and dried at
120C. The catal ysts then received a-féd-nal calcination in air at 304C to
deconpose the platinumand pall adium conpounds. Properties of the finished
cat al yst %f{ﬁ‘ir@ﬂ' ' I : b

hydrogenglt ﬁ%ﬁesac iw‘%%/%lgrnfgg)](é ?ﬁ%{rgggbgrsh@mﬁta&wp gg{ggﬁ%dr@%feg q@?@?ﬂlbf% ratio
or i ncr easrdithattiePA) NiTAW PY/Sanamhtoledd dnderedEddrdted Vepigss of iteesBenzene
Hydrogenation Activity ("BHA") test is a nmeasure of the activity of the
cat al yst patahdtstdan beitgsted alshe TRiebressumysetdidurmgrthe Bl Avesttibatmaspligrst . Thus,
t he performance of each catal yst was screened for hydrogenation activity

usi ng t hd herpsults of therBH Apigat Wé’éﬁfeﬁﬁ@eﬂeﬁmrﬁéﬂcbde(éatﬂlegg@téﬁ)b@lmganpI e by
drying 0.2 grans of the catalyst in heliumfor one hour at 100C, then
reducing the sanple at a selected tenperature (120C to 350C, nominally

250C) for one hour in flow ng hydr-?gg].EThe catal yst was then cooled to 50C
I n hydrogen, and the rate of benz ydr ogenat i on neasured at 50C, 75C,

100C, and 125C. In the BHA test, hydrogen is flowed at 200 sccm and passed
t hr ough benzene sparger eld at _10C The data are fit to a zero-order -
Arrhenius plot, and tlhe rate¢ constant WO 2006/ 023888aPCTI US2005y38105!
MCM-41 Pt Pd Surface Area | Hydrogenation | Chemisorption
Si0,:AL,0, Wt%) | (wt.%) | (m%/g) Activity Index (O/M)
40 Angstrom Pore
300:1 0.14 (.44 589.00 120 0.55
50:1 0.13 0.45 448.00 200 0.53
25 Angstrom Pore
300:1 0.13 0.43 555.00 190 0.6
50:1 0.14 0.42 599.00 240 0.66
25:1 0.14 0.40 584.00 290 0.64
[0039]  After each catalyst was prepared, the performance of each catalyst was

separately evaluated for hydrofinishing a hydrotreated 600N dewaxed oil. The
dewaxed oil was first hydrotreated to reduce the sulfur content to 200 wppm. The ( )
600N dewaxed oil had an aromatics concentration of 415 mmol/kg. Approximately
5 cc of each catalyst was separately loaded into an upflow micro-reactor. 3 cc of
80-120 mesh sand was added to the catalyst loading to ensure uniform liquid flow.
After pressure testing with nitrogen and hydrogen, the catalysts were dried in
nitrogen at 260°C for 3 hours, cooled to room temperature, activated in hydrogen at
260°C for 8 hours and then cooled to 150°C. The 600N dewaxed oil feed was then
introduced and operating conditions were adjusted to 2 LHSV, 1000 psig (6996
kPa), and 2500 scf Hy/bb] (445 m*/m’). Reactor temperature was increased to
275°C and then held constant for 7 to 10 days. Hydrogen purity was 100 % and no

gas recycle was used.



-16 in nmoles 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

ver si ons catalysts can be tested also. The pressw: during \
- the BHA tvgétzwa@%?ormspheri c. The results of the BHA test Wez?%#@i@:& ded, and l
are included in the Tabl e bel ow. TABLE Benzene Oxygen MCM 41 Pt Pd Surface ‘
Area Hydrogenation Chem sorption Si02: A1203 (W.9% (w.% (nR2lg) Activity

I ndex (O M 40 Angstrom Pore 800:1 0.14 0.44 589.00 120 0.55 50:1 0.13 0.45
448.00 200 0.53 25 Angstrom Pore 800:1 0.13 0.43 555.00 190 0.6 50:1 0.14
0.42 599.00 240 0.66 25:1 0.14 0.40 584.00 290 0.64 100391 After each

catal yst was prepared, the performancgyof each catalyst was separately

eval uated for hydrofinishing a hydrotreated 600N dewaxed oil. The dewaxed

oil was first hydrotreated to reduce the sulfur content to 200 wppm The

600N dewaxed oil had an aromatics concentration of 415 mol / kg.
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hydrogen, the catal ysts were dried in nitrogen at "260C for 3 hours, cool ed
to room tenpaeskg). elotataronwties as a fiyctiomgefitimat on stream are shown in the
Figure herein for the catalysts made using MCM-41 with different silica:alumina
ratios and pore sizes. As can be seen in the Figure herein, the inventors hereof have
( unexpectedly found that catalysts made using MCM-41 with the lower
| silica:alumina ratio, i.e., higher acidity, and smaller diameter pore openings

provided the highest level of aromatic saturation.



260C for 8 hours and then cooled to 150C. The 600N dewaxed oil feed was then
i ntroduced and operating conditions were adjusted to 2 LHSV, 1000 psig (6996
kPa), and 2500 scf Hz2/bbl (445 nB/nB). Reactor tenperature was increased to
275C and then held constant for 7 to 10 days. Hydrogen purity was 100 % and
no gas recycle was used. WO 2006/ 028880 PCT/ US2005/ 031059 -17 [0040]
Product quality as defined by aromatics, sulfur, hydrogen, and nitrogen
contents was nonitored daily. Aromaticfg were measured by UV absorption
(mmol es/ kg). Total aromatics as a function of time on streamare shown in
the Figure herein for the catalysts made using MCM 41 with different

silica: @uATMS ratios and pore sizes. As can be seen in the Figure herein,
the inventors hereof have unexpectedly found that catal ysts nmade using

MCM 41 with the lower silica:alumna ratio, i.e., higher acidity, and

snal | er i amk@fyd%@:gcl%ﬁ/%ﬂ?gﬁ 'f%gﬁsﬁ cOPEIRed) A RiofafiRESdroh L Y6 - 19EreAr Omat i c

saturation. -18- . A hydropr ocessing catal yst conprising: a) an
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to less than about 27 A and b) a hydrogenati on-dehydrogenati on conponent

sel ect edabqupRY G eupbla hydrogrontion-dabydiogenation pempancaissclagted disim Groupidilcat al yst

accordi ngoglgm%{aga@dlmix %Sqthgregﬁl d catal yst further conprises a binder

2. The catalyst according to claim 1 wherein said catalyst further comprises a binder
material selected from active and inactive materials, synthetic zeolites, naturally occurring

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

3. The catalyst according to claim 2 wherein said support material is composited with
said binder material.
4, The catalyst according to claim 3 wherein said binder material is selected from the

group consisting of silica-alumina, alumina and zeolites.
5. The catalyst according to claim 4 wherein said support material is MCM-41.

6. The catalyst according to claim 5 wherein the hydrogenation-dehydrogenation

component is a mixture of platinum and palladium.

7. The catalyst according to claim 4 wherein the ratio of silica to aluminum in the

framework of said support material about 30:1 to about. 60:1.

8. The catalyst according to claim 2 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.



material selected fromactive and inactive materials, synthetic zeolites,
naturally occurring zeolites, inorganic materials, clays, alumna, and
silica-alum na. 3. The catalyst according to claim2 wherein said support
material is conposited with said binder material. 4. The catal yst according
to claim3 wherein said binder material is selected fromthe group
consisting of silica-alumna, alumna and zeolites. 5. The catal yst
according to claim4 wherein said support material is MCM41. 6. The

catal yst according to claim5 wherein the hydrogenati on-dehydrogenati on
conponent is a mxture of platinumand palladium 7. The catal yst accordi ng

to claig 4 VRS Qtadlyst M ofddid © fimSi Whédinttke @gyé& fHafBriaNardBe bing@mewor k of sai d
support material about 30:1 to_ about 60:1. 8. The catal yst according to

cl ai m 2mifsdplargcampposiehisoy retipraf sippent mafesial igyhinder magegigl Tapging dienbdeyene
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cl ai m Zbindermenterial, nd ratigyteidg byawephtal and the binder nmaterial are conposited

inaratio of support nmaterial to binder material ranging fromabout 80
parts support material to 20 parts binder material to 20 parts support

mat eri ajp.t o ‘AR AeiYsPaccBiditielo RIS WRdrein@hd subBbrk BRIl A Ry viEOht . 10. The
catal yst according to claim2 wherein the support material and the binder

mat er i amnatgrial asoeqopisitediini aratio phsuppor fuatayiphiorttinden tratarial ranginp ifnede0:26ht er i al
rangi ng, f %80:2 0. 50:50 s ht teri.al.: binder material, based on
wei ght gt();P: %gpg{eggl?blg%eég}ag%ﬁg b?%fﬁ?qnﬂﬁgf wherein the support materi al
has an X-ray diffraction pattern with at |east tw peaks at positions
greater than about 10 A d-s aci_ng1 _ )

11.  The catalyst according fo claim ] 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°20 for Cu K-alpha radiation) which corresponds to the dygy value of the electron

diffraction pattern of the support material, at least 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 catalyst according to claim 11 wherein the support material has an X-ray
diffrqction pattern with at least one peak at a position greater than about 18 A d-spacing
(4.909°20 for Cu K-alpha radiation) which corresponds to the d100 value of the electron
diffraction pattern of the support material and with no peaks at positions less than about 10

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

13.  The catalyst according to claim ! wherein said hydrogenation-dehydrogenation

component is present in an amount ranging from about 0.1 to about 2.0 wt. %.

14.  The catalyst according to claim 13 wherein said hydrogenation-dehydrogenation
component is selected from the group consisting of palladium, platinum, rhodium, iridium,

and mixtures thereof,



(8.84220 for Cu K-al pha radi ation) which corresponds to the d100 val ue of
the electron diffraction pattern of the support material, at |east one of
which is at a position greater than about 18 A d-spacing, and no peaks at
positions | ess than about 10 A d-spacing with relative intensity greater

t han about 20% of the strongest peak. 12. The catal yst according to claim 11
wherein the support material has an X-ray diffraction pattern with at | east
one peak at a position greater than akput 18 A d-spacing (4.90920 for Cu

K- al pha radi ati on) which corresponds to the dl OO val ue of the electron
diffraction pattern of the support material and with no peaks at positions
l'ess thap abUhd catdlystAcebrding€d s1GimM 4 Whéreinabidtgdidpe@ihtdehgdrégdngtiod han about
10% of the strongest peak. 13. The catal yst according to claim1l wherein

sai d hya%géwa'tlﬁéﬁﬂ‘aécﬁ’g}almdb%rm eopsistipgpbplatinum, paladivmngnd Hixg¥esa nount
ranginggk&%glabout 0.1 to about 2.0 wt. % 14. The catal yst according to
claim1l erei n sai d hydrogenati on-dehydrogenati on conponent is selected
fromthe group consisting of palladium platinum rhodium iridium and

m xtureg, thereof. -20- 15 The catalyst acgcording to ¢lai.m 14 wherein said
vl ogentit | oRBGiy it dusrling s Eh b HuMEI S BGE B PG R GHTAERE oL

consi st cagp&Hentis prdstitTh aP Alb@f irdHFinAMéin Abotl 0388 abbiRareet. %.16. The cat al yst
accordi ng %o claim1 wherein said hydrogenaui on-dehydrogenati on conponent

is present in an anount ranging fromabout 0.3 to about 1.6 wt. %



