AN | MPROVED NOBLE METAL- CONTAI NI NG CATALYST CONTAI NI NG

A SPECI FI C RATIO OF SILICA TO ALUM NUM I N THE
WO-RAMRABRK FI ELD OF THE | NVENTI ON [ 0001] Thi s Paweston®eB1059

relates to a noble netal -containing catal yst suitable

for use in the hydroprocessi ng of hydrocarbonaceous

feeds. More particularly, the present invention is

directed at a catal yst conprising a

hydr ogenat i ondehydr ogenati on conponent sel ected from

the Goup VIIl noble netals and m xtures thereof on a

mesopor ous support having al-dmi num i ncorporated into

its framework and an average pore dianeter of 15 to

| ess t hanANGIMPRONETONOBOE VHETATVCONIA [NING]

Hi st ori caCA/FALMET CRONTAINING' L2 SPHSIFIT RISEION

appl 1 cap PR REATO AL UMINUMIN THE FRAMEWORK S ¢

addi ti ves—t0o nprove SpPecCTriTC propertres o tNne

basest ocks used to prepare the finished products. Wth

the advent of increased environnmental concerns, the

performance requi renents for the basestocks thensel ves
FIRRDE ONOHBRINVENTIONan PetroleumInstitute (API)

requirenents for Goup Il basestocks include a

saturates content of at |least 90% a sul fur content of

Y. or |ess and a vi 03|t i ndex., (V
lmwcfand hlg‘?snvqaswelerﬁﬁtiﬁ o aqhlc pae ?q%walrggchtﬁ@ﬂ shitable for

us I IHHE e (gewq}ourbeﬁ&@hggemng\ipgefgahrazﬁﬁﬂ@uaw

preéeat inb¥ntiGs ﬁzsdl%‘df@d AthgatRIyQy b(ﬁﬁpﬁ@l‘h&' aﬂ@y(ﬁ@gﬁﬂhtfdﬂe |

econony, reduced em ssions, etc 3] "Conventi onal
de]nyectrb genptEn dampgeapaclectgd e sho Greup; MIH resble metals and
drocracklng or solvent extract.ion reqU|re severe
mléé@?%’t eﬁ@ [rRIMEsOPRIOYs SHPRAS A Hgﬁ WEER Ingegporated 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. American Petroleum Institute (API) requirements for
Group II basestocks include a saturates content of at least 90%, a sulfur content of
0.03 wt.% or less and a viscosity index (VI) between 80 and 120. Currently, there
is a trend in the lube oil market to use Group II basestocks instead of Group I
basestocks in order to meet the demand for higher quality basestocks that provide

for increased fuel economy, reduced emissions, etc.



tenperature or high solventoil ratios and high
extraction tenperatures to reach these higher
whamwestssek qualities. Either alternative invol REBUS2005/031059
expensi ve operating conditions and | ow yields. [0004]
Hydr ocracki ng has been conbined wth hydrotreating as
a prelimnary step. However, this conbination al so
results in decreased yields of lubricating oils due to
the conversion to distillates that typically acconpany
t he hydrocracki ng process. [0005] In United States
Pat ent Nunber 5,573,657, a h¥drogenation catal yst, and
process using the sane, is described wherein a m neral
[0003] baSmtlentibnalc@elinigsepfos peehavingr baaestoskypsuchuss hydrocracking
crystalline material, preferably with a support
or salent xitiaglian KoQHtRysavarq operaBRg conditiens sweh ankigh pressure and
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egree o wever, ere

corditibhs and'ked yigldé.he art for an effective catalyst to
prepare quality lubricating oil basestocks. SUMVARY OF

THE | NVENTI ON [ 0007] The present invention is directed
e N R
o) 018 B0 PRGN 1o BN B VR U Rricating i

dud'®s Biel InveAsordtd digtiRueE khat eycAISy AecovhpdBaiie Bldusiracking
and silica, and wherein the ratio of silica to

praglessri numis 10:1 to 100:1 and the average pore
di aneter of the support material is 15 to | ess than
49A; and

[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.



b) a hydrogenati on-dehydrogenati on conponent sel ected
fromthe Goup VIII noble netals and m xtures thereof.
wQ 20683888 one enbodi nent of the instant inventdouS20031€31059
i norgani c, porous, nonlayered, crystalline, nesoporous
support material is characterized as exhibiting an
X-ray diffraction pattern with at | east one peak at a
d- spaci ng greater than 18A. The support nmaterial is
further characterized as having a benzene absorption
capacity greater than 15 grans benzene per 100 grans
of the material at 50 torr (8:67 kPa) and 25C. [0009]
In a preferred form the support material is
SUMMARY OF THIMNVENAIONt i al | y uni f orm hexagonal
honeyconb m crostructure with uniform pores having an
average pore dianeter of the support material is 15 to

s than 35A. .[0010] ln,.another preferred form the
(0043 o 15 st BReT n iclifeE BBy St b 1 che
hyditBtoctksihg Of 0L Ehp e PhERT THP R FR R e

[004R] The ifdrghh R, poroasJiidRiaydedl, ety sidllih emasspvrbus support
saturation performance of catalysts with various pore
si zes anthaiéniali wherato thesuppert matsriahhahe franfeveornkveomiprising at

versus the tine .the vari.

i.ous catal ysts were used.in apn .
aromat | cieastalipnnmand sikiea and phekpingthe pptig-af ﬁi%catp auminum

THE | NVE ] .. T t ] ' ' .
e Y 08 AR kO MELPof fihupport materi
hydr opr ogepstdRs®thanWyA catid ng oi | feedstocks. The

catal yst conprises an inorganic, porous, non-|ayered,

cryb) al | ahydrogenation-aehyduogpoatiometmpomdnt sekettadafrom the
bound with a suitahl e binder material. The franmework
of the s(BpEp VIiNgrchle metals apdimigtures thereof.

[0008] In one embodiment of the instant 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
substantially 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.



at least alumnumand silica, and the support materi al
is further characterized as having an average pore
walzanerssso of 15 to | ess than 4gA. The cat al ystPel/B882005/031059
conpri ses a hydrogenati on-dehydrogenati on conponent
selected fromthe Goup VIII noble netals and m xtures
thereof. [0014] In their calcined form support
mat eri al s having characteristics simlar to those
suitable for use herein generally had a high ratio of
silicato alumnumin their framework. Generally,
these materials had a ratio-#f silica to aluninumin
their framework on the order of 800: 1. The hi gher
ratios of silica to alum numwere used to prevent

undesi rabl e cracki ng reactions. However, the inventors
B 15Eﬂﬁﬂ;ﬂlﬁﬂﬂﬁﬂﬁﬁﬂﬁlﬁﬂgﬂ&ﬁﬂ@Bﬂbred that increasing
t he armount of al umi numincorporated into the
framewor k, coupled with smaller pore sizes discussed
ow,
(0910 TR PHER ApRBhhR At gfasab PUANAoR R ffce of
catalystsawith viaoious perd mzéshald aluttiguprcomeshitratiofshitbeir framework
i ncl ude synthetic conpositions of matter conprising an
veisis the timeghe yarieuseatalysisymers|usedén phasematBis safwiabion process.
support materials are inorganic, porous, non-layered
crystalline phase naterials that are characterized (in

DETREEE‘W% MﬁOWg:TﬁE gb_ﬁv%lﬁfriéﬁ' on pattern
reater than 18A

wth arelative intensity of 100. The support
materials suitable for use herein are al so

(003 r actles pme@ntaQVﬁammlg aacaltaalmtéhet ls(supabl@rfon ugeal tthy
reater tha 1b ?geﬁlgienz er O rans. of the
hygopEpeesping oldbr mg(q; Riogks ese BYPEisES AN Inorganic,
pofItRPAb 14JREEd i g&aa@'hs fnggggﬂshscs r@%&@ﬂ.@te@? BidB¥%81¢ Hound

matérla havi’n arra

withd §@itdbly biridee thadeifls THe! frarBeWoilt Bﬂﬂ‘iel@ﬁbpSﬂ%@t@h@I comprlses
cross-section pore dinension of 15 to I ess than 4qA.

at leostaalpmaiwm aed sdigapend theasuppoa material is further characterlzed 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.



identified as MCM41. MCM 41 has a characteristic

structure of hexagonal |l yarranged, uniformnly-sized
wPoes28880 at | east 13A di aneter, exhibits a hexaEryusmbs/031059

el ectron diffraction pattern that can be indexed with

a dlOoval ue greater than 18A, which corresponds to at

| east one peak in the X-ray diffraction pattern.

MCM 41 is described in United States Patents Nunbers

5,098,684 and 5,573,657, which are hereby incorporated

by reference, and also, to a_| esser degree, bel ow

[0016] The inorganic, non-layered mesoporous

crystalline support nmaterials used as conponents in
[001% prEassysupporematerialhisvitabde fmmgedn theoin thequestnt gnwtention

the formula M/ g(\Wa XbYczZdCh) . In this formula, Wis
incdudy spantetic @wr@mtlon%@f BHEHCApTS g Aal tdﬁa-lﬂtgesnorﬁ 6ike

crygf?gfﬁﬁlr H}%{f E @ltl}? ﬁ{ﬂ%f T ab{\%l,agqlgafﬂ(gr%gp{cc %ggql}g gon (fayered
crylsf A;{ﬁé Sﬂﬁﬁeeﬂlﬁféﬁﬁis’ thRf z?r%ec?l%fﬂd/ ri"‘ieklrﬁrp ngbalkeﬂgﬁ‘ar‘ﬁon'nﬁ 8Y an X-ray

lum nore pre erab al’'um num

dlfﬁ@t:nam{ @hﬂa&l Witk e assomperk z&lal d-spacing dteaterghama 8iAuwith a
preferably silicon. Z is a pentaval ent el enment, such

rela@vmnﬁgmtyrcufsl 00v The simpost materialy @n@blestnrhlsaélerd‘m are also

G 1A d V
chia0IaRZed 5 P BBa T DNt SR SEP R RoEeater thafu LS graras of

belgkhsa? 196, b o7 HETBRRSIS! HERO PRI B PIIP A s RS ECE P fifred

su@&dh @;%rgm% a%%%aﬁlgc RIS, gggn@*&ea "n?é,%éﬂﬂfhéizfirié/h h@xagonal

arraﬂgepﬂemtl ofaimfoﬂnly-mz&drpmm@swnhfa maommimtpereridicdadcross-section
(atb+c+d)=l. In a preferred enbodi nent of sogfort

pomadlmqr@m @13 tblees then 40d Aanereprefersed-sypn @ﬂ&eataéis
e s MERA I MOt et e St o g aEOn y-
RO G LA OB i s
eleggbaldiffdctiongiaeermiat aaisbe helexsédvith a d ¢ 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 inorganic, non-layered mesoporous crystalline support materials
used as components in the present invention have a composition according to the
formula My;q(W, XpYZ4Or). 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,

"t

Group IA, IIA and VIIB ions, usually hydrogen, sodium and/or fluoride ions. "n



[0017] As stated above, the support materials suitable
for use herein have a higher concentration of alum num
wo pwenpsss@t ed i nto their framework then those BPSBUS2005/031059

prior to the present invention. Thus, support
materials suitable for use herein have a franmework
silicato 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 55:1. [0018] In the
as-synt hesi zed form the supgort materials suitable
for use herein have a conposftion, on an anhydrous
basi s, expressed enpirically by the forml a rRvn/ q (W
is tKb byt theleenmpokition dxetuding M exp@asidcas@ided; ] isnbe¢ weighted

included in Mas an ion, and r is the coefficient for
matgr gvesage YHenoe oo nég Isbe aymber pbmoles gt:modmfr@ctl@ of M; a, b,

c, i) A PTMOL AR o haid Zp FECEREUTHLR i lﬁq@number of from 1
to Qrsyaﬁ@}gywdgﬂl 808 pRU(Er RS0 FRYSEL Blor! BaldiSls suiable

| aced post-crystalli zat

ford&%(lfelréiﬁd(dgfbl-%yvls gﬁeatteh chadvd, einid 16 IAdhert fugthef Embodiment is
., Sodiumor chlori de ions of the

wmgas@nd dre andch=r3at Referredmateniads forwse i araking theesupport
|.aced .i.n .accordance w.th convent.i onal . jon hange
marial SHALIS for uedire are Hrea%lpﬁgn%hgatmhm Qipsr
e AMRONET ARG I Sucddy dr 0gen precursor, e.g.,
ammoni um 1ons and m xtures of these ions.
Particularly preferred ions are those which provide
the desired nmetal functionality in the final
[00341] al yAs statessabaviecthedaphed maagenials rsatteb]eeﬁor hsenhmainshamh

| f VITA (
131”@} gorsfce%y)a?ogu pséélgnémm gﬁ,)or}ggra{qﬁiem\ééhleg r%mwgrlg tlgqn tilose

use @rl&l %ﬁgiﬁis%ﬂglﬂ%ﬁégﬁ ﬁg‘hg%ﬁsﬁ.lggg nr{l&gfis s%i%g f;)gp ‘ﬁaee herein
ha?e Stk ARGkl R0t A0MiPHA RaRS of 1071 R¥EIRA %reﬁ%alﬁyr@’ 1to 70:1,
el ectron or neutron diffraction, follow ng cal cihation

mose phefatablly 3611 wnsd: bmid)mnﬁsmpfembﬂy &upposs:lmateri al s
are characterized

[0018] In the as-synthesized form, the support materials suitable for use herein
have a composition, on an anhydrous basts, expressed empirically by the formula
RMy/q (W, XY Z4O4), 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.



by their structure, which includes extrenely |arge

pore wi ndows as well as by its high sorption capacity.
wabmweHEs8sn " mesopor ous”, as used herein, is neaPtT/Us2005/031059

i ndi cate crystals having uniformpores within the

range of from 13A to 20gA. It shoul d be noted that

"porous", as used herein, is neant to refer to a

mat erial that adsorbs at least 1 gramof a snall

nol ecul e, such as Ar, N2, n-hexane or cycl ohexane, per

100 grans of the porous material. As stated above, the

present invention is char actérized as usi ng a support

mat eri al having an average pore dianeter of 15 to | ess
Theseinchgls, hysireger, abdeyeatth metabtand metads pf GreupHVIIA (e.£.0Mn),

30A, nost preferably 23 to 27A. The pore. size of the
VI kot NihJBriesibaCh 16k (ady Shbat hedbeatodind sblecatihe Bloments
Fnventio use the inventors hereof have
an%ﬁ%%@é%i@%ﬁ%géb%ﬁd that by limting the average pore
di aneter of the present invention to within this
range, the aromatics saturation performance of the
[00199t arThd erystatlimmen(iies, towvaeg $ufficigat ovded to pbddAdE adiffraction
support materials suitable for use herein_can be

patierarsual @b sfos gxampls, Syremrapotienison eloagurancdigipetian, fgllowing
el SRSV oS S5 RRES RS g0 P iz
oy RRGESENSR, VIEH FRUGAL A ool HOERns Sy s well sty s
high sirpiibnicapacitgl The tergn Simegdporohst's es aed haeingXaiehst to indicate
+250/% usual |y +15% or |ess of the aver aggl pore size of

crysteds @wageml%g@@ma%wmlethmgge of fiony 48 AItiZ09A. It should be
nolGRBRY bl S bt e 2 d e REMsoros
lea?ﬁ}{:/l gP:ﬂn %?%@%Pﬁgl@éuﬁ@%ﬁ%ﬁ’?ﬂkroﬁﬁ,' x’lﬂﬁgfa&oﬁ%ﬁ&{@kﬁh& per 100

can be synthesi zé ope er na aneters
grdm©oT the poroheamtdrivan Adotated abbd ¢, aht Yrekent wvafon 0T €

preferably 20 to 3gA, and nost preferably 23 to 27A
chdraoztized he usingra suppregoaterial hawng snavhegeipore dsameter of 15 to
less an 904, Srofonb o388  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



materials that exhibit mathematically perfect

hexagonal symmetry within the [imts of experinental
worsmszsssent , but al so those with significant PCT/US2005/031059

observabl e deviations fromthat ideal state. Thus,

"hexagonal " as used to describe the support materials

suitable for use herein is neant to refer to the fact

that nost channels in the nmaterial would be surrounded

by six nearest nei ghbor channels at roughly the sane

di stance. It should be noted, however, that defects

and inperfections in the sup%ort material wll cause

significant nunbers of channels to violate this
hexaganal amwangemetarofilage dpgn ehannele et dan beapnthesizgd avitl ypen
. of the material's preparation. Sanmples which exhibit
intghaiameters foomylaniedassden A@i&@ preferably A8 ta3&Aageore preferably

re t di,st ance be adi,acent channels still

205 AR, o P PR 2 T Ao ne o T he MOV 41
mat eri al s. Conparabl e variations are al so observed in
the dioo values fromthe electron diffraction

[0024] t erTise tefM0h2kagddraal's usmeed hemigris adtendad toadnicenipass not only
use herein can be prepared by any neans known in the
maggrials thad exhibigmathematically ciyexagenateynaistry eeighin ghel limits
in United, States Patents, Nypbers.5,6098.684 and _
of EXasPIngEF! msA R SUb DI iR SIERB ot Shseryabje deviations

Ine St I j .
fropp R TS ol PR, ool b Bl RB s B ol
suitdblé fer dse\tietléintis AtdantBxiefer torthé gt eidtirao® dhanhéldgh the material
region. The positions of these peaks approximately fit
wouhdbe sgiroundes by siximeatgsOneighber chammelst atanughlysha gamal
.lattice.. The X-r i ffractjon pattern, however, .is
disgicea i e mofd Deev P the dlebre v nd jBPgH eiewsdn Ghe support
e S P Bhin i IR LR gRhel SIS d i
Va@‘iﬂri]% ﬂég&%@s,\ﬁebehdﬁng o thie Q]I'ualitypéf the @hfsrialfld Mepatafi®n. Samples
nunber  of peaks that will bé observed. I|ndeed,
whichegxribitias msucki as+25oyrandemdiesiationt frpmake ametage rémaat distance
I
bet%&pegeneadjacent channels still clearly give recognizable images of the MCM-41
materials. Comparable variations are also observed in the d,oy 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, howeyver, is not always a sufficient indicator of the presence of these

materials, as the degree of regularity in the microstructure and the extent of



region of the X-ray diffraction pattern have been
found to contain substantial anounts of the materi al
WO 20068880 Ot her techniques to illustrate the PCT/US2005/031059
m crostructure of this material are transm ssion
el ectron microscopy and el ectron diffraction. Properly
ori ented speci nens of suitable support materials show
a hexagonal arrangenent of |arge channels and the
corresponding electron diffraction pattern gives an
approxi mat el y hexagonal arrangenment of diffraction
maxi ma. The di oo spaci ng of Phe electron diffraction
patterns is the distance between adjacent spots on the
repeki@oprofjtiee strocturd within ineivddoalglartieles affectethd numbeelofitpeaks that
to the repeat distance a.sub. O between channel s

wil heerbseryern Indeeds peaparasiong witly grbpore distiseigicakya the low angle
f. hi . ' b ' h | ect .

regii P Mt Ko SLPRRE Pelr SRR g uPa a0 Bof e g el

anoBtsAYahE ntettall il th&lg. Ot éi%eﬂhfi% lAstPAE (IR Hli&fgsfrﬁ@ture of
sul tabl e support material. The st highly ordere

thip frepexidtare banshission dedtt@bmicrosgymr Andeleetroadiffilactoned
so far have 20-40 distinct spots observable in the

Prepezkyt oroented specamens af paitabde supporhewterisds shawig hexageral
SRR Tk haB0CL 19, hogrrreeppy g elecrdfliiggtion pattern
oYl R A LA A e bR e o

spaﬂiiﬁ% obthetdlactast diffraeiopatteinsiy the disthiiceslsdtivedn pdjdcentspots on
with at | east one peak at a position greater than 18A

thechkfp pcojegtion 0f i@ Ixghgenablaticalaptds relatiedto ¢ repehtdistance

o G B IR A RS i S oupugh o
e s i SEAEE T VAP, fhe BRI A
co%rgﬁié)%ﬁlg th )ﬂﬁ”ﬂ@-sﬁ@dlﬁg €A 18WhnglepEakcinythe X-raf diffrat@6m 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° 26 for Cu K-alpha radiation) which corresponds
to the d,q 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).



and 25C. (basis: crystal material having been treated
in an attenpt to insure no pore bl ockage by incidental
waznbarsssiant s, if necessary).[0024] It shoul d Ber/ustesio31059
that the equilibrium benzene adsorption capacity
characteristic of suitable support materials is
nmeasured on the basis of no pore bl ockage by
i ncidental contam nants. For exanple, the sorption
test will be conducted on the crystalline materi al
phase having no pore bl ockage contam nants and water
renoved by ordinary net hods:10wat er may be renoved by
dehydration techniques, e.g., thermal treatnment. Pore
bl ocki ng i norgani c anorphous nmaterials, e.g., silica,
and organics may be renoved ﬁg,contact wth acid or

[0024de dF shauldbeqioted that therawibdwmrpengene adsorplaen capacity

material wl.l be renoved without detrinental effect an

chdTAEE e phputatip sufto RO R et S B BhEbasir affo poR
) ¢ r i

o8 B ROt e FOCOHE! 89 SRR it e
coducaed on Kty crysfallimciateniabphiseriaving ho pord Blagkagewontaminants

(geaks at positions greater than | OA d-spaci ng (8.842
an@gfager remored hyrerdinady metlaeds. Nhatehmeyrheasprvgd byodghydration

i oo val ue of t el ectr diffraction pattern of the .
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chémifcahagédnts suictathar tHehdoiri0 vavéridlneilShe rmaeddd wiBbut detrimental

Still nost preferred, the X-ray diffraction pattern of
effe¢teorcthiecirystal. mat eri al of this invention will have no

peaks at positions less than | OA d-spacing wth
relative intensity greater than 10% of the strongest

K. 0 i X-
O3, 207 A B0k BhpbaR 08 SRBHCA T DSl oy
suppdrt BREGHIS stigablé fordisehesdit @ aft betdharet&diedBy an X-ray
iffraction pattern of the material.

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;g value of the
electron diffraction pattern of the support material, at least one of which is at a
position greater than 18A d-spacing, and no peaks at positions less than 10A d-
spacing with relative intensity greater than 20% of the strongest peak. Still most
preferred, the X-ray diffraction pattern of the calcined material of this invention
will have no peaks at positions less than 10A d-spacing with relative intensity
greater than 10% of the strongest peak. In any event, at least one peak in the X-ray
diffraction pattern will have a d-spacing that corresponds to the d;q 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



[0026] The cal ci ned, inorganic, non-|ayered,
crystalline support materials suitable for use herein
W@ 206/a28880 be characterized as having a pore sieer/v$2005031059
to |l ess than 4gA or greater as neasured by
physi sor pti on neasurenents. It should benoted that
pore size, as used herein, is to be considered a
maxi mum per pendi cul ar cross-section pore dinmension of
the crystal. [0027] As stated above, the support
materials suitable for use herein can be prepared by
any means known in the art,-ldnd are generally forned
by the nethods described in United States Patents
nofddrthetr [sors, 23 a6 e dolnatein, 178, ebdonsidered a maasamaim pexpendicular
been i ncorporated by reference. The nethods of
Crase86eHiompose dimengionfofghe comtalat a, equili bri um benzene
absorption, and converting materials fromammoniumto
hydrogen formis knomn in the art and can al so be
I e R 7
O b R el R por TR EAALs SHTASTe oy B42nE%ih can be

prdpafatBby ahy nsaapp dxtlbwmah ¢h¢ aftsarmdafeadenerdly forsedtgr the methods
can be shaped into a wide variety of particle Si zes.

desgatbgddn |L%1&§b%mtqsd’at¢m&&mmm 6,098,684 and pardiad/ewheenhave

alrgidy e ingooraied Y B Arga 1B REINALS pLmeP e 7oy
ifFALER R b BT hOANB AL BB SIhd L Rrn S HEERIE R

talné SCreen

amti@iign toehyidrogén fortrpdsialowrsint the et 41l ciecalss be Reviswbl in
extrusion, the support material particles can be

Unated States Potsms Nvmbqu 57565 hawhichihay atheadyi beentincogporated by
xtruded. [0029] The size of the pores in the present
TCIEi56rt materials are controlled such that they are
| ar ge enough that the spatiospecific selectivity with
respect to transition state species in reactions such

[002B]CT artd Sifppost MihteritlZRAtabld ¥R usé hetein 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.



"Shape Sel ective Catalysis in Industria
Applications”, 36 CHEM CAL | NDUSTRI ES, pgs. 41-61

W@ 18802888t 0 whi ch reference is made for a di SCEEEUSW08031059
the factors affecting shape selectivity). It should
al so be noted that diffusional limtations are al so
mnimzed as a result of the very |arge pores.[0030]
Support materials suitable for use herein can be
sel f-bound, i.e., binderless. However, it is preferred
that the present invention also conprises a suitable
bi nder material. This binder!?material is selected from
any binder material known that is resistant to
tenperatures and ot her conditions enployed in

(0Qi0 o7 TSRO BRI SRIABlE e BRESIB AR SeH R 120
i8S HORRRE S 3 oler2h (il e BResEH; HieBlifn R, Bfnprises a
suitdHié BfieR Fhdt¥8al2Mhib Bfdel ViSatErpA195 %lél:eéteﬁri?orﬁ%%;/htﬁh&@r rRkterial

naturally occurring zeolites as we as I norganic

knowhehatak sesistaft @temipaysu@s dhdotleeti cdaditiarstenaslogedim prcesses
silica or sjilica-alumna. Silica-alumna, alumna and
usingdhe peasent mvenider, 18 suppRIbMateiiads peg eomperited| with the binder

iS. bind t material. Silica-alunna.
i S BB B v B " iR
24040 RSN SR G A L0 L e
or havedllyoscureng webdlites as ol Aeinbiginid haterids Slicteas clays and/or

material in conjunction wth a zeolite binder ]
oxidgs suchans aluming, siliempnetica-nbimainat Pibea-plussian; aluminmgnd
redis B SRo BBRC Bl 5. BB RL ot Y bfpor
maqrl e A0 RAYER) O S by o S Aol SORE AR o
gelatin6@dpreRipitdies el incdidiag mvivnatoof silich Aad pheakokides. It

invention is enployed in alkylation processes so that
shauld pearteshthat duuinvenioanhdrewolht rec ognize that dind usd 0f/a material in
cor%ﬁg&ﬁéﬁ/ w‘ﬂht ap (z)gcglitg g?rlld%)rl i&a%er?ztﬂ?%., ggga%?ned 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



for controlling the rate of reaction. These inactive
materials may be incorporated into naturally occurring
w@bm@y®28860 g., bentonite and kaolin, to inprovePthES2005/031059
crush strength of the catal yst under comrerci al
operating conditions and function as binders or
matrices for the catalyst. [0031] The present
invention typically conprises, in a conposited form a
rati o of support material to binder material ranging
from80 parts support material to 20parts binder
material to 20 parts support13rmteri al to 80 parts
bi nder material, all ratios being by weight, typically
pafits bimd8On2@erial t6 205farssnppott materal tal 80 lbxirtﬂjlaindannmtdrisall,, all
preferably f.rom 65: 35 to 35 28 CB ositing may
ratts@rt@ntg/ ¥ SrRi gl rxmgﬂ lmﬁaﬁs&?' tiaP; wmpprtﬁgamél binder

el p R DB 512 i S50, oY B diedgre by
co@@érﬁioﬁh?ﬁreaﬁ@%ﬁdlﬁg nﬁIlﬁh ‘t‘h@ﬁﬁt’e?laﬁ et T6Mdwed by extrusion

I nvention further rrprls

of pylistixgey aito the dediyedh figished ca:tmlysopmunmst sel ected from
Goup VIIl noble netals and m xtures thereof. It is
preferred that the hydrogenati on- dehydrogenati on

1O AT SR e TR iR ipRd Bhe cqiopEss a
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and ik nged hierut: defmdemmathamhectgmwgmhoh&iem:dtogenmlon
and pal | adi um %moss The

companeifdreatelentied ;mpai@admams platingnn shedium, dridipm,cad mixtures

theil s Y ERURY BB, PAYadiumgan iy iEs Fastapt s gost
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ent's are nTsuppor
pal&diiRan that the percents are based on the wei ght of
t he support, i.e., the conposited support material and

bi nder materi al .
[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 1.6wt.%, and most preferably 0.4 to 1.4 wt.%. All metals weight
percents are on support. By “on support” we mean that the percents are based on
the weight of the support, i.e., the composited support material and binder material.
For example, if the support were to weigh 100 grams then 20 wt.% hydrogenation-
dehydrogenation component would mean that 20 grams of the hydrogenation-

dehydrogenation metal was on the support.

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

impregnation. If the hydrogenation-dehydrogenation component is to be



For exanple, if the support were to weigh 100 grans

then 20 wt. % hydr ogenati ondehydr ogenati on conponent
wowenek/d2ssean t hat 20 grans of the PCT/US2005/031059

hydr ogenat i ondehydr ogenati on netal was on the support.

[0034] The hydrogenati on-dehydrogenati on conponent can

be exchanged onto the support material, inpregnated

into it or physically adm xed with it. It is preferred

that the hydrogenati on/ dehydrogenati on conponent be

i ncorporated by inpregnation. If the

hydr ogenat i on- dehydr ogenat i oi#-conponent is to

bei npregnated into or exchanged onto the conposited
impregnated inw er éxahaaget bntocdthe coiripositgd Meppdenmatdrial and binder, it

exanpl e, by treating the conposite with a suitable ion

maydie done, §of @rrenplpdbYtrenting the- cnampeniisgeitheisyitable ion containing
R cpL S B PR R0
cck DU ) QLR Pt PRI PRRAL LS planaietu

chiveoplhtinic athd platiiaagahdsrideantthariviegympounlscompanigithe
may al so be incorporated into, onto, or with the

platimwpoainirgicauplesr tTherydspgenationedediydeogemation iconpongntamay
cqnmpound(s herei n the hydrogenation-dehydro ation .

AIs BREROTIed BHEcRRE, PR nE SoTaRSEF HRPOELRE Ander materia

i, e
by FiHle £ ETRBUIAASE bkt By dipgk eyl EaaN drhlerdifon sqmponent
is prabérth ¢heddticind Othie C ot E/ctaydnkifouhele ér in which it is present
n-limting exanples of suitable palladiumor .

in fHeatrionm of thengmopeimd(s). vibshdould the notedithat bothncatiomi¢ andranionic
of a g¢ation or cationjc. conplex. are. Pd .or .

compoRRES cay be Hesl. PRI ICAS SRR AL S%‘gui;@gﬂlwg o platinum

S . NS .

coB PR oy Bithinginditia R R SR ARUEOUIREHRL Eorpbicare

PABNPGRC HRU;RE1SxeRrEadaty uSeful @is Gy ahRdnid H6mplexes such
mat erial or inpregnated into it.

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.



[ 0035] The above description is directed to preferred
enbodi nents of the present invention. Those skilled in
wa bwe/azsssoni | | recogni ze that ot her enbodi nent sPaTiE$2005/@€31059
equal |y effective could be devised for carrying out
the spirit of this invention. [0036] The foll ow ng
exanple will illustrate the inproved effectiveness of
the present invention, but is not nmeant to limt the
present invention in any fashi on. EXAMPLE [ 0037] A
series of catalysts were made usi ng MCM 41 nesopor ous
materials with different Si€®-A 20 ratios and nomi na
pore sizes. Basically, MCM 41 nmesoporous materials
EXWMPEENt hesi zed with Si Q2: Al 203 rati os between 800: 1
and 25:1 with nom nal pore sizes of 40 and 25
Angstronms. The synthesized MCM 41 materials were

hed, fi.ltered,, and dried. at .25 100 to .
(0@l pars sefigh §F Exlaty 3w i lnide MMy dnfobpichs aterals
. o . r C A
R A RGP FBL G e TR AGfu-a1
meSEpo1oUe ehdtertisls Wekb synthesizéd wath$J0,cAl,0)detiss bdtkeen 800:1 and
extrudates were dried and then calcined in air at
259380lt.nomhaakporeisivsd of ¥0randad e ngetrems hdhe synthesized MCM-41

co-inpregnated w.th 0.15 Joplatinumand 0.45 wt. %
m%%nlqlwemnweﬁﬁlae%ml@aagtané B0 kAl &l Fhis Rrepare a dry cake.

RS R S BBl e v

mafGRAS Werd T mblka A VOt el- S8 Bl bldEr TR &S inkd 1/16-

inchQtli6/ivinY) ¢y1ERErd. MTRE asesdated Wereedhied hDthen caléhed 24 at
ratio or increase in the alum num content of the

53814 The chlpixdR] exthelaBsnwzerechéty do-ompnegriated withi Ozl § wt. %
("BHA") test is a neasure of the activity of the

platiaug guad 0.44rwit. Yhpal adgimaranddsiegas 1208€x Therratalysts then received

active the catalyst. ) )
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

S10,:Al,O; 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



Thus, the performance of each catal yst was screened
for hydrogenation activity using the BHA test. The BHA
w0 2®b/028880 per f ormed on each catal yst sanpl e byPdr/y$1g5/031059
0.2 granms of the catalyst in heliumfor one hour at
1000C, then reducing the sanple at a sel ected
tenperature (1200C to 3500C, nom nally 2500C) for one
hour in flow ng hydrogen. The catal yst was then cool ed
to 5Q0C in hydrogen, and the rate of benzene
hydr ogenati on neasured at 500C, 75C, 1000C, and 125C.
In the BHA test, hydrogen i 46f| owed at 200 seem and
passed t hrough a benzene sparger held at 100C. The
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[0039]
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
kPa), and 2500 scf H,/bbl (445 m*/m’). Reactor temperature was increased to
275°C and then held constant for 7 to 10 days. Hydrogen purity was 100 % and no

gas recycle was used.



kPa), and 2500 scf H2/bbl (445 nB/nB). Reactor
tenperature was increased to 275C and then held
w@owsHzesso for 7 to 10 days. Hydrogen purity waBCTL0S2085/031059
and no gas recycle was used.[0040] Product quality as
defined by aromatics, sulfur, hydrogen, and nitrogen
contents was nonitored daily. Aromatics were neasured
by UV absorption (nmol es/kg). Total aromatics as a
function of time on streamare shown in the Figure
herein for the catal ysts made using MCM41 with
different silica:alunina ratli’os 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,
[0040) herPradnefi quality asidetingd by armaafigse sulbern byémnng@d nitrogen
rovi ded th e aro
co@tspmw wRpRARD ARTBopfis ek Frt by LAY phsorption
1 NPotaParodtat s 33 hErioR 8F AHR OIP&Fedn\‘%i?er §ftbwn i in the
crysta i ne, Nesoporous support materia erein th
Figilip befdin et ki catalys naadenaimywiGMedhprithsdifiggredt silmsdlumma
al um num and silica, and wherein the ratio of silica
ratias and prrasiness Asan heoseenn theRigure bergim thg investars hereof have

di f h Lot | t ha
una)'e&ré‘f’ i ey ey SRR B hcmRar SoBR M ’Zﬁawﬁa e Bshent

Sﬂ%ﬁer eofﬁj& %[18%53 g%t%ayh&hltgg%g?ﬁ 8 &a ﬁoﬁé Wﬁef ef

préatled el fibhest lé\kélblﬁ@forﬁ@tﬁmﬁatﬁﬁﬁlo& bl nder mat eri al
sel ected fromactive and inactive materials, synthetic

zeolites, naturally occurring zeolites, inorganic
materials, clays, alumna, and silica alunina. 3. The
catal yst according to any preceding clai mwherein the
support nmateri al



has an average pore dianmeter of 23 to 27A, is
conposited with said binder material, and displays an

we@zpbH2888G um benzene adsorption capacity of Qreel/e$2005/031059
than 15 grans benzene/ 100 granms crystal at 50 torr
(6.67 kPa) and 250C. 4. The catal yst according to any
precedi ng clai mwherein said binder material is
selected fromsilica-alumna, alumna and zeolites. 5.
The catal yst according to any precedi ng cl ai mwherein
the support material has an X-ray diffraction pattern
with at |east two peaks at P8sitions greater than | OA
d-spacing (8.842 2Q¥or Cu K-al pha radiation) which

CIcAIVI&sponds to the d10o val ue of the el ectron
diffraction pattern of the support material, at |east
one ofwhich is at a position greater than 18A

d- i ng, d. k t iti I th | OA
L. 4. o Bk HEPTACERsiPE FARNGECOMPERDE | gr eater than 20% of
the,_ stro k T '
o c2Ba e SRR porus Wt EfRId/ 8y RARAE HnBsbdcRoNupport

bi nder naiagdrid| wherin pbetdnaterial had a raffewsorkpomiprising at
material to binder material ranging from380 parts i
support leasealuglinem and splaea, gngdiwhipseinrthe éatiqpf sidicago aluminum

bR SRPRRS IO Gt 620t e PP o gt
to any p sefsef*d f%?fsa aﬁ!éfqm%rde' n the support materi al

and the DI ndér erial ’are conposited in a ratio of
suppprt H%Wfdgﬂnati@nmbny&rogaﬁétﬁm édmpandtit Relektedfr&®: GRoup
to 50:50 support naterial:binder material, based on

wei ght . §llITnble atesdly and amixturds thereaf. any precedi ng
claim1 wherein said hydrogenati on-dehydrogenation
conponent is present in an anpunt ranging fromO0.1 to

2.0 . | i NQ.: ' X
2. 2 Ot S RS L S SRS B R s o
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 any preceding claim wherein the support material
has an average pore diameter of 23 to 274, is composited with said binder material,
and displays an equilibrium benzene adsorption capacity of greater than 15 grams

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

4. The catalyst according to any preceding claim wherein said binder material

is selected from silica-alumina, alumina and zeolites.

5. The catalyst 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° 260 for Cu K-alpha radiation) which corresponds to the d, g0

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



conponent is selected from palladium platinum
rhodium iridium and m xtures thereof. 10. The
W@ 21084038880 accordi ng to any precedi ng cl ai m wheper/ms10h&031059
support material is MCM41l and the
hydr ogenat i on- dehydr ogenati on conponent is platinum
and palladium 11. The catal yst according to claim3
wherein the ratio of silica to alumnumin the
framewor k of said support material is 25:1 to 70: 1.
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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.

6. The catalyst according to any preceding claim wherein the support material
and the binder material are composited in a ratio of support material to binder
material ranging from 80 parts support material to 20 parts binder material to 20

parts support material to 80 parts binder material, all ratios being by weight.

7. The catalyst according to any preceding claim wherein the support material
and the binder material are composited in a ratio of support material to binder
material ranging from 80:20 to 50:50 support material:binder material, based on

weight.

8. The catalyst according to any preceding claim 1 wherein said
hydrogenation-dehydrogenation component is present in an amount ranging from
0.1 to 2.0 wt.%.

9. The catalyst according to any preceding claim wherein said hydrogenation-
dehydrogenation component is selected from palladium, platinum, rhodium,

iridium, and mixtures thereof.

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

palladium.

11.  The catalyst according to claim 3 wherein the ratio of silica to aluminum in

the framework of said support material is 25:1 to 70:1.



