WD 02/ 42208 PCT/ US01/ 43849 1 CRYSTALLI NE MOLECULAR SI EVE COVPCSI TI ON

MCM 65, I TS SYNTHESI S AND USE BACKGROUND OF THE INVENTION 5 1. Field of
the Invewoon4hs s i nvention relates to a novel syntheti cPCTAStIa3BiINe

nol ecul ar sieve material, MCM 65, a prgcess for its preparation and its
use in hydrocarbon conversion. 10 2. Description of the Prior Art Zeolitic
materials, both natural and synthetic, have been denpbnstrated in the past

to have cat al vty s phPRINE HOLPEUY Hik SFEVEVCERIPOSIIYR FAERLEs G-V er si on.
Certain zeoli ; silicates
having a 15 definite crystalli n€YNTHESISrANDUSEt er mi ned by X-ray
diffraction, within which there are a |l arge nunber of smaller cavities

whi ch nmay be interconnected by a nunber of still smaller channels or
pores. These cavities andgﬁ 1? i | } ithin a specific
zeolitic material. Since ¢l Rﬁﬁﬂ%ﬁﬁw are such as to
accept far adsorption nolecules of certain dinensions while rejecting 20

t hose of |arger dinensions, these materials have come to be known as

"nmol ecul ar ki eveldeldpi{dhelngention| j zed in a variety of ways to take advantage
of these properti . i typicall e iform pore di ameters of
about 3 Aﬁgs?romf%lsgb%ﬁt?&]l%ﬁeﬁdé rn§§1els¥lﬁtggt\é %rﬁls 81:11 °¢8 ngﬁrﬂegﬁ of zeolites
can vary w dehteristuMCNIFE3Y a bydvesafol s F@p&iaﬁbn aid it @ ih Ryddt&borsome of the Si
atonms may be repl aced by 5 tetraval ent atons such as Ti or Ge, by

trival ent at®®8cS98h as Al, B, Ga, Fe, or by bivalent atons such as Be, or
by a conliai nation thereof. Wen there is substitution by bivalent or

trival ent’ atons, cations such as Na, K, Ca, NH4 or H are al so present.
Zeol i tes inciude BesdtifBorVafth€PYioPArtPOSi tive ion-containing crystalline

Zeolitic materials, both natural and synthetic, have been demonstrated in
the past to have catalytic properties for various types of hydrocarbon conversion.
Certain zeolitic materials are ordered, porous crystalline aluminosilicates having a

15  definite crystalline structure as determined by X-ray diffraction, within which
there are a large number of smaller cavities which may be interconnected by a
number of still smaller channels or pores. These cavities and pores are uniform in
size within a specific zeolitic material. Since the dimensions of these pores are
such as to accept for adsorption molecules of certain dimensions while rejecting

20  those of larger dimensions, these materials have come to be known as “molecular
sieves” and are utilized in a variety of ways to take advantage of these properties.

Zeolites typically have uniform pore diameters of about 3 Angstrom to
about 10 Angstrom. The chemical composition of zeolites can vary widely but
they typically consist of SiO; in which some of the Si atoms may be replaced by

25  tetravalent atoms such as Ti or Ge, by trivalent atoms such as Al, B, Ga, Fe, or by
bivalent atoms such as Be, or by a combination thereof. When there is
substitution by bivalent or trivalent atoms, cations such as Na, K, Ca, NH; or H
are also present.

Zeolites include a wide variety of positive ion-containing crystalline

30  aluminosilicates. These aluminosilicates can be described as a rigid three-

dimensional framework of SiO4 and AlO4 in which the tetrahedra are cross-linked



30 alum nosilicates. These alum nosilicates can be described as a rigid

t hree- dinensional framework of Si04 and A104 in which the tetrahedra are
cross- | i ked¥y9?2/ 42208 PCT/ US01/ 43849 2 by the shari ngpof/usxy43e+» at ons
whereby the ratio of the total alum numand silicon atons to oxygen atons
is 1:2. The el ectroval ence of the tetrahedra containing alumnumis

bal anced by the inclusion in the crystal of a cation, for exanple, an

al kali netal ali-ne earth metal. catian n .organi ¢ speci es such 5
as a quater i r@ga‘?‘ﬁ‘ ioﬁﬁf%%eﬁa_g .S‘?‘h?rg?}é%llﬁr%éd%ﬁb?g)&lé’i}ﬂwqw the ratio of
al umi num t o silinrdheto Glyo¥stbREss LAl TAASlecEMlbndSs oo 2otraibdrd, Na, K or Li
is equal to unity. One type of cation may be exchanged either entirely or

partial | y byontgigng alumiyge ivbalanged by thetinglissipmin the arystat bémemioneohni ques in a

conventi onal _manher. ns such cation exchange, it has been
possible to &Y t %a]&?aﬁbne%‘f%i aé’sﬁ%‘?hnﬁ B H\eif’iﬁatéﬂnuﬂ’i qugrigpmgage‘glewu&hi tabl e
sel ecti on ofastaltpiafeiadr BmmbARINS BAGAS THE! WRBR ckPRssell SHeARE Blcdads §r Usual |y

occupi ed by nol ecules of water prior to dehydration. Prior art techniques
have resul t ediuhimurhie theonmabérod vefious cgtiemst swehras €lay2, 51/2, Ny beli i

| um ilicates. T ' Llicat h to be desi ted b
et tor or orRLR R 8 GnDERDPEhARHE LS pieletEe PSP AP, S,
Pat ent No. i il i lite Y
(0.5 patent o Vge SEHopam eIt ichRe SR s coniioral by 105 . ©

zeol i t e ZK- 4Byume8ns phtushtatiddoexcBadedit BsMeen pessible & ZBME frbpeBiesRetaent  No.
9,979), .and zeolite

3, 702, 886) , |ite. ZSN U, tent No. 3,709,
ZSM 12 ﬁg) s Syl %Cé?é’é%}“@éﬁ $£eaPH§QZ§WP§2ﬂ%dThet@aff‘érbéweéarﬁl@eai ni ng
| og, ZS ' i 23 and

anal og, Z M“cét?aheéfa%r.&’ﬁ%{l}r%@&{gﬁé&b ‘.’\}g‘?ﬁzﬁ %‘;\)%a,ﬁggaé—l}%% d&@%@oﬁ an

5, 063, 037 respectively. at ent escri he porous
crystal | i ne mat erBradr aNGhhnitineshaveiresilisy it the Sorenaftion o a greaaeiriepnofMm xt ur e

AN I TR R e
B 70 VM e SR LA S BT e
| ong di féri & ,38FA3tzesliiccn(lAiSnPaignt No. 2,882,244), zeolite Y (U.S. Patent No.
3,130,007), zeolite ZK-5 (U.S. Patent No. 3,247,195), zeolite ZK-4 (U.S. Patent
No. 3,314,752), zeolite ZSM-5 (U.S. Patent No. 3,702,886), zeolite ZSM-11 (U.S.
Patent No. 3,709,979), and zeolite ZSM-12 (U.S. Patent No. 3,832,449).
The ZSM-52 and its boron-containing analog, ZSM-55, are described in

20  U.S. Patent Nos. 4,985,223 and 5,063,037 respectively.

U.S. Patent No. 4,637,923 describes the porous crystalline material MCM-
47 and its synthesis from a reaction mixture containing a diethylated, linear
diquaternary ammonium compound as the directing agent. U.S. Patent No.
5,068,096 discloses a method for preparing MCM-47 using

25 bis(methylpyrrolidinium)-DIQUAT-4 as the directing agent. Accordingly, the

synthesis of zeolite MCM-47 has required long dimeric templates containing
diquaternary ammonium compounds.

In contrast, the present invention utilizes a monomeric directing agent
rather than dimeric diquat agents, and provides a new crystalline material that has

30 excellent porosity and much improved thermal stability.



di quat er nary anmoni um conpounds. I n contrast, the present invention
utilizes a nmononeric directing agent rather than dineric diquat agents,
and provives2/&2oew crystalline material that has 30 excePCEUSIPBBLsity and
much inproved thermal stability. WO 02/442208 PCT/ US01/43849 3 SUMVARY OF
THE | NVENTI ON The present invention is directed to a novel synthetic
crystalline nol ecular sieve conposition, naned MCM 65, conprising a
crystal having a frarrevvorksﬁlﬁﬁgggg’yoghqiﬁﬁ%@ml@y a distinctive X-ray
diffraction pattern substa Table 1 below. In

addi tion, the invEnrtgresent msenton i directql toeassel gnthctie copnlliirshdeaflarMCM 65,

and to the use of MCM 65 in cat a{\/éti c conversion of organi c conpounds,
e.g., hydr ceXEEERPeHHpBUREE] MOMafY. cembrsioRiasTytal heying pErapWAriNGS Fi gure 1

illustrates = i [aln t-er. - i / 65
prepared in tg’}go I‘Eeh%{azc |Zf§{ijrggtd§1?s?ﬁnp€‘;set$§§%§%? elo%)? %é}ﬁgpﬁsﬁr :Etlc &h pattern
of cal ci 5ed ssfkthSn Tabledaedslvi N Exanple 1; 15 Figure 3 is the X-ray

diffraction pattern of as-synthesized MCM 65 prepared in Exanple 2; and
Figure 4 is the Xopdditignsthe mveptien ssaidessing Rypoasa farithe ngpMpar ed in

Exanpl e 2. TAl > | NVENT] he synthetic
por ous cryst?()gl’ %dnétﬁ%e%ﬁéf g#%\lgallwggﬁqegﬁ,% , ‘fosm%?lfuné-sl’ﬁg%"e

crystal | i ne iydasarbohicetmpoimisi t s cal cined form has an X-ray diffraction
pattern which is distinguished fromthe patterns of other known
as-synthesized or thermally treated crystalline materials by the |lines

listed iy Table 1 bel oyl B350 OFPREDRAWINGS

Figure 1 illustrates the X-ray diffraction pattern of as-synthesized MCM-

65 prepared in Example 1;
Figure 2 illustrates the X-ray diffraction pattern of calcined MCM-65
prepared in Example 1;
15 Figure 3 is the X-ray diffraction pattern of as-synthesized MCM-65
prepared in Example 2; and
Figure 4 is the X-ray diffraction pattern of calcined MCM-65 prepared in
Example 2.

20 DETAILED DESCRIPTION OF THE PRESENT INVENTION

The synthetic porous crystalline material of this invention, MCM-65, is a
single crystalline phase which, in its calcined form, has an X-ray diffraction
pattern which is distinguished from the patterns of other known as-synthesized or

thermally treated crystalline materials by the lines listed in Table 1 below.



Table 1 d-spacing (A) Relative Intensity 8.980.25 vs 6.92+0.20 wm
6.81+0.42 ms 6.110.34 vw 3.460.11 vww 3.400.22 vww 1.840.14 vw 5
These X- ve@ oztif2b8 action data were collected with a Scint apCOURBIV4849 on
system equi pped with a gernmanium solid,state detector, using copper

K-al pha radiation. The diffraction datﬁ were recorded by step-scanning at
0. 02 degrees of two-theta, where theta is the Bragg angle, and a counting
time of 10 seconds for each step. The interplanar spacing, d's, were
calculated in Angstromunits, and 10 the relative intensities of the |ines,
|/L is one-hundredth of the intensity ofpjfpey Strongest line, above
background, were derived with the use of a profile fitting routine (or
second derivative algorithm. The intensities are uncorrected for Lorentz
and pol arization effects. The-gpatiagi(Ap i ntensiti el@hv IgfeMaty I N tlerns of
the synbols vs = verystrong (80-100), s =Istrong (60-80), in = jmedi um
(40-60), w = 15 weak (]20-40), 88¥9.3%ery wealk (0-20). Its shoul d be

under stood that diffractiom—datatisted—Tfor—this—sampte—as—singhe |ines
may consi st of multiplje overl ;%’Sép&rg)giq i nes which unde{g"rEertai n conditions,
such as differences in crystaldogpaphi ¢ charjges, nmay,gppear as rjesol ved or
partially resolved lines. Typically, crystalll ographic changes can include
m nor changes in unit [cell par@heides¥ds and/ or] a change visn 20 crystjal
symmetry, w thout a change—+n—the strueture—Fhese—mnor effects
i ncludi ng changes in relative 51¢8di ties, dan also OPEWr as a result of
differences in cation content sf,lp@FEWOr K CQMpPOST tTOT JAture ar degree of
pore filling, crystal | size and shape, prefdrred orientation and jt hermal
and/ or hydrothernmal hijstory. W3432/142208 PCT/ US01/ 43849, 5~

5 These X-ray diffraction data were collected with a Scintag diffraction
system, equipped with a germanium solid state detector, using copper K-alpha
radiation. The diffraction data were recorded by step-scanning at 0.02 degrees of
two-theta, where theta is the Bragg angle, and a counting time of 10 seconds for
each step. The interplanar spacing, d’s, were calculated in Angstrom units, and

10 the relative intensities of the lines, I/I, is one-hundredth of the intensity of the
strongest line, above background, were derived with the use of a profile fitting
routine (or second derivative algorithm). The intensities are uncorrected for
Lorentz and polarization effects. The relative intensities are given in terms of the
symbols vs = very strong (80-100), s = strong (60-80), m = medium (40-60), w =

15 weak (20-40), vw = very weak (0-20). It should be understood that diffraction
data listed for this sample as single lines may consist of multiple overlapping lines
which under certain conditions, such as differences in crystallographic changes,
may appear as resolved or partially resolved lines. Typically, crystallographic
changes can include minor changes in unit cell parameters and/or a change in

20  crystal symmetry, without a ;:hange in the structure. These minor effects,
including changes in relative intensities, can also occur as a result of differences in
cation content, framework composition, nature and degree of pore filling, crystal

size and shape, preferred orientation and thermal and/or hydrothermal history.



In its as-synthesized form MOM 65 has an X-ray diffraction pattern which
is simlar to that of MCM 47, but the peak intensities are different. Upon
cal ci nat ivomp2/412e¢8 as- synt hesi zed material transforns into RMCMISH/43849 Ng a
distinctive X-ray diffraction pattern |§cl uding the lines of Table 1. In
addition, 5 MCM47 is not thermally stable, whereas MCM 65 of the present
invention is thermally stable. The porous crystalline nmaterial MCM 65 has
a conposition i “Vﬁ'ﬂé'a@%yﬁtlﬂ ﬁf M@ﬁ\%B OS M Rira ?{aﬁﬁactlo ‘éﬁé)nv%g jherein X
is atrivalent elenent, suc al'um num oron ron di'um and/ or

gal lium pr erfsemlhalryo ﬂiaﬂnfmmm 4Y bmtmp@knm\zmrﬂmtareﬂﬁfmm ,Usamch as silicon,

tin and/or r.mani u preferably silicon;_ and is_at |east about 200,

usual Iy f ron‘?al cniion, @Sﬁﬂltb?%@é’?at?%ﬁaﬁgwﬂ CM9Shagy@gal |y from about
500 to about N I}ﬁﬁ} el wi de range
of X203/ YO2 d@@ﬁ@sz t| oS @‘?On ggglrn g%g 3 ﬁﬁ%odggaﬁlg Iﬁ%ﬂ%@ﬂdl ne and
tetranet Byl awiCMH4ATS n@trtgamablydtab}bcw&la@asalgmm 65Ithmd11&e&ymtﬂveﬁticme.§l form the
crystalline materjal has a conposition, in ternms of noles of anhydrous

oxi des per 1homalyeiabls. tetraval ent el enent oxi de as follows:

wherotn X and v aptsaeott) Rafhe i iR K oSy ighanldE) T 0

metal, n is mbherelaiopskip: of M and R and R' are the directing agents
tetramet hyl amroni um hydroxi de (TMACH) and qui nuclidine, respectively. The
original alkali or al k&9Pne&/(&th netal cations of the as synthesized

crystal lige gRbenel. £anae dERLACEn LnAAA RIS Ao fdlly Akgr dance wi th

25 technl gues we e at in pdr y 10h xchange W th

ot her cati ogliuky méREdbepaluLhaci NG LRirhwiat lel%ﬁieﬁd@udl’ﬁis%hhdoﬁ% hydr ogen
i ons, hydrogen precursors ..g.,_ammonium ions and ni xtures ther eof .
Particul arl yar}sif@fg@mn@uumfzmef%a’sgy gitieon; 1964 ¥ isiledst skt 800, upeallydionzeol it e

catal yti cal I%Oﬁ%éq/ﬁ) g%&%ﬁéngénbé%ré@fol’ dr%ﬁbg% %Q%/ 1,30030%:%@? i ncl ude

hydr ogen, rare ear 11, 12,
13, and 14 of theTiReMICMIGS chabt sydthiaivetion atdlaijely wfv\lde range of X,03/YO,

15  mole ratios in the presence of combined quinuclidine and tetramethylammonium

organic directing agent. In the synthesized form, the crystalline material has a
composition, in terms of moles of anhydrous oxides per 100 moles of tetravalent
element oxide as follows:
(0-20)R",0:(0-20)R",0: (0 to 5) (0 to 20)Mz,0: (0 to 2)X,0;5: (100)YO,
20  wherein X and Y are as defined above, M is an alkali or alkaline earth metal, n is
the valence of M, and R' and R" are the directing agents tetramethyl ammonium
hydroxide (TMAOH) and quinuclidine, respectively.
The original alkali or alkaline earth metal cations of the as synthesized
crystalline material can be replaced with another cation in accordance with
25  techniques well known in the art, at least in part, by ion exchange with other
cations. Preferred replacing cations include metal ions, hydrogen ions, hydrogen
precursors, e.g., ammonium, ions and mixtures thereof. Particularly preferred
cations are those which render the new zeolite catalytically active, especially for
hydrocarbon conversion. These include hydrogen, rare earth metals and metals of
30 Groups2,3,4,6,9,11,12, 13, and 14 of the Periodic Table (New Notation). A

typical ion exchange technique would be to contact the synthetic zeolite with an



typi cal ion exchange techni que would be to contact the synthetic zeolite
with an WO 02/ 42208 PCT/ US01/ 43849 6 aqueous solution of a salt of the
desi red me@baeizng) cation or cations. Exanples of such saPtwUSOICi38Hde t he
halides, e.g., chloride, nitrates and sglfates. The crystalline material of
t he i nvention maybe subjected to treatnent to renove part or all of the
organi c constituents. This conveniently effected by 5 thermal treatnent in

whi ch the aszgypihesi Il leS; ' : at | east
About 370C. T 51 o [ RukRbf AR ok Ble defrRefhiRY calorfon GBS IERISR 1, o
Wi | e subat nesphselts incinde rtatidesan.gh ehlerigé,ayieated ard sulfatesal ci nati on,

at nospheric press%{ae is desired. for reasons of conveni ence. The cal cination
can be perfor ned3g crysteling spalgriyl af the snEenmay 9o sebiegediodraBnsatie om about

450C to 10 j - ts ' A tal,
hydr oggn anggﬂgbtve %ﬁgfnaqg?ﬂlng%lrgdﬁ%%ﬁ tﬁ@gﬁl{gr Fgﬁégﬁéﬁé n|Iﬂ§r2 eﬁ%cetleé:% gF ygi s of

certain df gathennaleregtment iywhioh aidmrsynthesivel mhefialie asltined st a iEhpektst al | i ne
mat eri al of éﬂés i nvention | oyed either as an adsorbent or as a

when e
catal yst in @Fetdsaghahont 3ERE o 1%&33%%?\%%%@@@#@3% then 205

dehydr at ed, e i . j e n eatj{ng.to a

t enperat ure ?‘%}ur%'he rlgﬁg%&}g? L%B&Etyg aggﬁilp%efg@o erfp %)F]Blgtc Cér%ﬂg?’e such as
ai r, nitrogeamosplzric piescuratis deairsd phedsbas offdonatni®mph EhE 6aléiation can
super at nospheric pressures for between 30 mnutes and 48 hours.

Dehydr at i on eaperérmed pea fsameeture dpde abwi AL Eaprafertloly dronnahaak $505¢ tpl aci ng

t he MCM in a but .a longer tine is required to 20 obtain a
sufficie aﬂ?ﬁ’t‘]‘ﬁ&%& @ﬁf&f“&l‘ﬂfi&ﬁ“ﬁ%&swlésn us ﬁ’éﬁﬂfi&g@ﬂ@n nvention can
be prepared $hREhRnl %&,Ii@ﬁmi@bléﬂ&l%%f&ﬂﬁ&@é dhdGhi f@?@@%’%ﬁ%- 2s of an

al kali or alkaline earth netal oxi (M, an oxi el ement
(X), an oxi deydsécarten; evmlesinn rebatiopnt (Y), and the directing agents

Mt ur e, 1 ¢ or BT SIRURE B of o BB A K of | o g
conposi ti on 5 ABARES or\ﬁ@a%{aﬁ%?ﬁaanp&gﬁwg&ﬁﬁcﬁﬁﬂ%onversion process should be ‘
15 dehydrated, at least partially. This can be done by heating to a temperature in the
range of 200°C to about 370°C in an atmosphere such as air, nitrogen, etc., and at
atmospheric, subatmospheric or superatmospheric pressures for between 30
minutes and 48 hours. Dehydration can also be performed at room temperature
merely by placing the MCM-65 in a vacuum, but a longer time is required to
20  obtain a sufficient amount of dehydration.
The MCM-65 of the present invention can be prepared from a reaction
mixture containing water and sources of an alkali or alkaline earth metal oxide
(M), an oxide of trivalent element (X), an oxide of tetravalent element (Y), and the
directing agents tetramethyl ammonium hydroxide (R') and quinuclidine (R"). The
25  reaction mixture, in terms of mole ratios of oxides, preferably has the following

composition ranges:



7 Reactants Useful Preferred Y02/ X203 10 to 00 300 to a0 H20/Y02 5 to
1000 10 to 200 OH/YQ2 0.1 to 2.0 0.20- 1.00 WM2/./Y02 0.05to 2.0 0.10 to
0.80 R/wWoop®209 2.0 0.2 to 1.0 R'/Y 0.05 to 2.0 0.2 toPAT/@S01I43849
crystallization is carried out under either static or stirred conditions,
e.g., in an autoclave or static bonb reactor, at a tenperature from about
80 to 5 about 220C, nore preferably from about 160C to about 180C, for a
time sufficient for crystallization to occur at the tenperature used,

e.g., from abgut+—24—hrs—te—about30—days—nore-—preferably about-96-hrs to
about 120 hrs.| Ther eRbidints the grystal sysgrg separated frpppd-hg |iquild and
recovered. Thg conposition can bg prepared utilizipg materials which
supply the apgropriave,pxode. Sudh 10 camagss tions i ncl udgpgadsum sil|i cate,
silica hydrosql, silica gel, sili|cic acid, sodium hydroxide, sodium .
chloride, alurinum sub,Obar®, sodi ym al uns gaigo al unf num oxg gexgpor al ym num
itself. Synthgsis of the new crygtals is facilitatefd by the presence |of at

| east 0.001 percent Opreberably (0.10 pgneenlp and npre prgberehpdy I
percent, seed|crystals 15 (based |on total weight) of crystalline product.

The cal ci ned NCM 65 g, ¥Osurfacg area oads foroomn about 100 g w@eogy 25
n2/ g, nore typgically fromabout 166 to about 199 n2{g, which is indigative
of a porous raterial .RYY one enfjodi nemtQs fotrep mat er | al hagoagi al pha Val ue
of 6 as deterlmined by the hexang cracking test. The Al pha Test is
described, e.d., in UByy20 Patent No. 00534.®78 anfl the gous nal of
Catal ysis, 4:527(1965); 6:278(1966) and 61:395(198D). Test conditions
i nclude a constant tenperature of 538C and a variable fTlTowrate as

described in Journal of Catalysis. 61:395. WO 02/42208 PCT/US01/43849 8
The crystallization is carried out under either static or stirred conditions,

e.g., in an autoclave or static bomb reactor, at a temperature from about 80 to
5 about 220°C, more preferably from about 160°C to about 180°C, for a time
sufficient for crystallization to occur at the temperature used, e.g., from about 24
hrs to about 30 days; more preferably about 96 hrs to about 120 hrs. Thereafter,
the crystals are separated from the liquid and recovered. The composition can be
prepared utilizing materials which supply the appropriate oxide. Such
10  compositions include sodium silicate, silica hydrosol, silica gel, silicic acid,
sodium hydroxide, sodium chloride, aluminum sulfate, sodium aluminate,
aluminum oxide, or aluminum itself. '
Synthesis of the new crystals is facilitated by the presence of at least 0.001
percent, preferably 0.10 percent and more preferably 1 percent, seed crystals
15  (based on total weight) of crystalline product.
The calcined MCM-65 has a surface area of from about 100 to about 250
m?/g, more typically from about 166 to about 199 m%/ g, which is indicative of a
porous material. In one embodiment, the material has an alpha value of 6 as
determined by the hexane cracking test. The Alpha Test is described, e.g.,in U.S.
20 Patent No. 3,354,078 and the Journal of Catalysis, 4:527(1965); 6:278(1966) and
61:395(1980). Test conditions include a constant temperature of 538°C and a

variable flow rate as described in Journal of Catalysis. 61:395.



The conposition prepared by the instant invention can be shaped into a

w de variety of particle sizes. Generally speaking, the particles can be in
t he for mwob2/e2ppowder, a granule, or a nolded product, surPOT/ESOIAISEXtrudate
having particle size sufficient to pasg through a 2 mesh (Tyler) screen
and be retained on a 400 5 nesh (Tyler)~screen. In cases where the catal yst
is nol ded, such as by extrusion, the crystals can be extruded before

drying or parti al dried.and then extruded.. As.in the case of many
catal ysts it may ngie ?fg’él?qsﬁﬂm_tfgel?aﬁ%dol%%fa St Hy oRjER ‘@@r{’&fsg???é Hods ent

| nvention wiiluc3ARERAT IR dils. (RAbANIIHeokie! i€ paliRIBSAADUIARe AlMh O hEr
condi ti ons enployed’in organic conversio prgces es. uélh materials

i ncl ude act i of& povdlermginle, arateolided prodnet, sichtab et exinalatetatvitigadaktycloccur ri ng

zeolites as well .as inorganjc terials such as clays, siljca and/or netal
oxi des. The T4t ?“_é “ Ve gsseth%g a?&f‘?ﬁlhéwl}?rc)é&?ﬁ%lﬁ? iamet aneddlor m of

gel atinous  REGCITRA PRS0 Tn 88S whB! b RS épiﬁﬁluki%a, Qibh § tg( GanARg, met al
oxi des. Use of a “material in conjunction \}/I\nt the conpositron of’the
present i nvetheicoystald can.be ekbrudahtxfore dryihg oepdrtifilydrisdhnd sheacdxitruéed. t ends to

i nprove the conversion and/or selectivity of the catalyst in certain
organi ¢ conver si oftS Bt Bie &3t many catalysts it mpay Be fesined & incaipriptatieve as

di luents to GRS ofl LR el ot | .08 0l ocess so that
products can be obtoai ne ecgno%ﬂﬁ%ﬁyﬂglﬁlﬁh%%%%ér%ﬁtf%gﬁ?leeerrpl oyi ng ot her
means for coempetatiregardweherabaditibng @aployaiin offesecommeriongrscesdy. 20 be

i ncorporgted. into naturaldﬁ%- occurring clays, e.g., bentonite and kaolin, to

i nprove the HhIPAtER3ls gt &Ftl‘f%@lddaﬁcélf"ﬁéliat‘ﬂ'}?ése#nd@dﬁ@é‘ii%i)wauﬁw ating

condi ti ons. ' W €; ' , veih jon bi nders
or matrix fooré%H @%Q%F ?lés‘t;v.e h Ia?m-ogéa ‘gc}s/@?tgﬁ?%gf% aﬁr%%a&F ’dséhc;é%glg}togpyegé? havi ng
good crush séxidesgtThelatte nsey bereithar medraldy ecomigf drrigkhe folie of aélafincus 1 s often

subj ected to rough handling, which tends 25 to break the catalyst down into
powder - | i ke IPFE?%&*T“S&" Qr sefhinehdingaeixtyses silipe and meigl exides Hege ofthese cl ay

bi nders hav : I Y t r-pos of 1 nproving the
crush st rengfﬁlﬁl%ﬁ?l 1'? %h@éﬁ%x{}@{tﬂﬁ"e@ép&% égl:; ?fﬁo eg?%sgﬁ*ﬁﬁg?ﬂ%ag L¥cat al yst

havi ng gidod @mishedstheendhiviiccaustve, fords ReInigbesiie cefiidigsy atdie catal yst is
often subjected to rough handling, which tends to break the catal yst down

into powder Sstpchyitwolie sptakyskinggrtelh osgaRiseconversionpEodepses.pmeeessi ng.

materials suitably serve as diluents to control the amount of conversion in a given

process so that products can be obtained economically and orderly without
employing other means for controlling the rate of reaction. These materials may
20  be incorporated into naturally-occurring clays, e.g., bentonite and kaolin, to
improve the crush strength of the catalyst under commercial operating conditions.
Such material, i.e., clays, oxides, etc., function as binders or matrix for the
catalyst. It is desirable to provide a catalyst having good crush strength because in
a petroleum refinery the catalyst is often subjected to rough handling, which tends
25 to break the catalyst down into powder-like materials, which cause problems in
processing. These clay binders have been employed normally only for the purpose
of improving the crush strength of the catalyst. It is desirable to provide a catalyst
having good crush strength because in a petroleum refinery the catalyst is often
subjected to rough handling, which tends to break the catalyst down into powder-

30 like materials which cause probléms in processing.



WO 02/ 42208 PCT/ US01/ 43849 9 Naturally-occurring clays which can be
conposited with the crystal of the present invention include

nont nor i Wen2/4xoand kaolin famlies. These famlies inclpdpUSubisest onites,
and kaolins commonly known as Di xi e, Mpanmee, Georgia and Florida clays or
others in which the main mneral constituent is 5 hallyosite, kaolinite,
dickite, nacrite, or anauxite. Such clays can be used in the raw state as

originally m ned LS L .ectad cal cination, .acid treatnent or
chenical nodi fi caﬁ?%#nai}}lélﬁ%her §%%§ﬁﬁg&fcgb%ggﬁ%lgg?q ng ﬁrytsﬁlioﬁ stal of
the present presane iviettiordingde Rintderilldite Ao keolaxfabfiSss. MAesddihidsum na. |In
addition to the foregoing materials, the alum nosilicate nol ecul ar sieve

10 of the pri@skde sibbgatonites aadkadlams comprosit lawwm asixicpMcdlamennt ri x mat eri al

such as sil kga-al.unm . Shhlica- nesi,a i |Lica-zlrconi si.l.ica-thori a,
si i ca-beryl ?(grg% S#E:Fgglﬁéatﬁl%%no?gl@gs %Tcgélef%%’%gﬁfr%ocﬁﬁ%gﬁqt%s such as
si i ca- alum dtybkiey, keolirbie] dickited nbdtitsdr ahfik@e] SucltlhyaAndeWRd@thdgnesi a and

silica-magnesi a-zirconia. Catalyst conpositions containing the material of
the i nventi ofWitate a3 erigiapkdy mined oz smpellsabiectethtabaloinationymrid t8edmdmy onei ght  of

MCM 65 and f r,om. ut..~10% t g.99% b i ght of..the.binder or trix

mat eri al . I\/bcrheemﬁ‘?%%éordé%‘f Oy %& s %%OE’QR‘BB% Yviltgr"lge Wftf‘lq;gﬁ%ri se from
about 2%to 1%@8@1@mv%ﬁﬂi&héls&fnchﬁ%@garﬁ@&iﬂéé}H&@Q@Lﬂungig%to 98% by wei ght of
the matrix. The MCM 65 crystalline nol ecular sieve of the present invention

can also 20 be ubeddiipngo the faregsingimateninls, tet duminosilivateinooieonildrisiean

additio h ogenati.ng ..co nent such. as, tungsten, .vanadi um . nol ybdenum
rheni umnﬁini Cﬁp? gEeS%gll \,%n’ugm: %‘fﬂmﬂ?éﬁ%‘%@%é}’o Syaﬁ%’bp@f‘% %Ché‘ﬁuph as

pl ati num or @B¢d-Adninh, WHes tna@nediy dN1RESNBSAANIIFBAN M D IBRAHERN L Wil Oon is to
be perfornmed. Such conponent can be exchanged into the conposition, to the
extent as i nititehie agwellgis derearyicampesjtionssuici2 Bs silies-glumimor-thphig,silocat |y inti mat el y
adm xed the:T%With. .S onent can be nated in or. onto it such

L ridsh, SRp i PRVIAL - :
as, for exanPPEMIRICOP}. fifjes-plimpnasmagnesia agdsilice HyZetB2crystal with a
sol ution conpri si OgaRsEInPHRTIRE Bt HRRERA QA She iHHSHon Wil t @bl e
pl ati num conpounds i nclude chloroplatinic acid, platinous chloride and
generally comprise from about 1% to 90% by weight of MCM-65 and from about
10% to 99% by weight of the binder or matrix material. More preferably, such
catalyst compositions will comprise from about 2% to 80% by weight of MCM-65
and from about 20% to 98% by weight of the matrix.
The MCM-65 crystalline molecular sieve of the present invention can also
20  beused as a catalyst in intimate combination with an additional hydrogenating
component such as tungsten, vanadium, molybdenum, rhenium, nickel, cobalt,
chromium, manganese, or a noble metal such as platinum or palladium where a
hydrogenation-dehydrogenation function is to be performed. Such component can
be exchanged into the composition, to the extent as in the structure, impregnated
25  therein or physically intimately admixed therewith. Such component can be
impregnated in or onto it such as, for example, by, in the case of platinum, treating
the crystal with a solution comprising platinum metal-containing ions. Thus,
suitable platinum compounds include chloroplatinic acid, platinous chloride and
various compounds containing the platinum amine complex.
30 Employing a catalytically active form of the composition of this invention

which contains a hydrogenation component, reforming stocks can be reformed



vari ous conpounds containing the platinumanm ne conplex. 30 Enploying a
catalytically active formof the conposition of this invention which

cont ai ns w0 hydroegenat i on conponent, reform ng stocks can beTUssoEsmd WO
02/ 42208 PCT/ US01/ 43849 10 enpl oyi ng & enperature from about 300C to
about 600C. The pressure can be from about 100 to about 1,000 psig but is
preferably from about 200 to about 700 psig. The liquid hourly space

velocity is generally fromabout 0.1 .About Ppreferably from about
0.5 to about Itﬁogﬁ aﬁﬂ@p?{ﬁ eoﬁ‘élﬁ 8”31{9&(3?%%%%‘1%8%@ Rrgssyicican S ner al | y
from about lggg aBQ@MﬁOO&QabMﬁ@OﬁJ@i%bJﬂ%ﬁ%w ﬂémta%oﬁtbﬂjﬁtojaﬁ?lg Oﬂigg sed

catal yst nade fromthe zeolite of the present ‘i nvention can a

for reduci ngpsihellliquipbomiy sfaceueodiyl is gerfhally frexdwboutan] tosaboat 10,ed out at a

l'iquid hourl pace_.vel oci t etween about. 10 and about 30 and a .

t enper at ur e grﬁ%?%i\éﬁog‘tfg’ﬁf“ %68‘&%‘5%@5&#‘]@ {%‘g@enfe 6F10PRAIOMG BHE whi ch

can be agronglgksdam, S5 B¥hiOt!MBuCH), Blefshp] lite of this

i nvention wt F(lghor \%II t hout a m(e)t all,l e.’g. , p]f g?&%bﬁaugg‘t‘s gg?ﬁgi um i nclude

hydr ogenat i on- deh¥hlr eapdystimadn firoeatkizeolite afithegessehtinvémidhicanalss ®act i ons,

ol efin polynerization.(oligoneri.zation), araqmatic, alkylation with C2-Cl2

ol efins or V\}ilsteﬂ%?fff’%ﬂ‘g%th"eg%q RoINt of gappils, othigredyetion iscomied gitiRtar omat i cs, 15

di sproporti omafid ABurRabd MDA B OTPk er organic

conmpound con\li/%irlsi ons sSch as the corlll\?%?gtlflon ofalbgflco odgastflglggr.a?ﬂgret hanol) to

hydr ocar bonsbetwémn dbolit 400°Ggindabeuticddt@.ng exanpl es further illustrate the

present _invention. 20 EXAMPLE | 35g of colloidal silica (30 w.% Si 02),

Al (OH) 3,19NacH (200t mpgiians o can beucerieplishph emplovingdhe catnlpdmids wt . %

sol ut | on) anglufliad dolifeb s Shvelfib fwith of URLIASmbfdL W1IE fidQyiche ! ar
palladium, include hydrogenation-dehydrogenation reactions and desulfurization

reactions, olefin polymerization (oligomerization), aromatic alkylation with C-Cy,
olefins or with C;-C; élcohols, isomerization of olefins and aromatics,

15  disproportionation and transalkylation of alkylaromatics and other organic
compound conversions such as the conversion of alcohols (e.g., methanol) to
hydrocarbons.

The following non-limiting examples further illustrate the present
invention.

20
EXAMPLE 1

35g of colloidal silica (30 wt.% SiO5), Al(OH);, NaOH (20 wt.% solution),
quinuclidine (solid), TMAOH (25 wt.% solution) and distilled water were

25  combined in the following molar ratios:

Si/Al, 500

H,0/S1 30

OH/Si 0.35
30 Na/Si 0.15

TMAOH/Si 0.2



H20/Si 30 OH/'Si 0.35 30 Na/Si 0.15 TMAOH Si 0.2 WO 02/ 42208

PCT/ US01/ 43849 11 Quinuclidine/Si 0.2 The conbined m xture was added to a

stirred avoovkave and heated to 180C at 100 rpm for 96 hPOT/ASOTH43849pr oduct

was then filtered and washed with 5 watier. The as-synthesized material was

calcined at a tenperature of 540C to yield the new material designed as

MCM 65. The powder patterns of the as- synthesized and cal cined materials

are given in Fig didhYsR respectively. The surface area of the

resul t ant crystaﬁpﬁﬁg hater?al was 199 n2/g. 10 EXAMPLE 2 35g of coll oi dal

silica (30 wt.% Si02), A (OH)3, NaOH (20 wt. % sol ution), quinuclidine,

TMAOH (25 w. % solution). and. distilled water, re conbined in the

fol | owi ng mol ar r&8§ sumbin @Wtsauezvaz@égedtﬂzw@\gﬁ@etocw gd beatasl tona/ Si - 0. 15

20 TMACH Si i e j ' ' ..added to a
o SO L INRIR. Hsatodiify Ol RS isbl diinivugl

stirred autoclave an rpm hour's. e product

was then 5 i |eee dTia ub-syasisidedinblRriaBRasdildiied af AferdSeraviid dresipZE g mat eri al

was calcined at a tenperature of 540C to yield the new material designated

as MCOM 65. Tyieldhevar mpdariabdenignsfl as MCMs65. sTiret froseier pattcamsiofdhé as-ned
Tt ot BB LA o R TA Y Yoo TSl o2 o

surface area of the resultant crystalline material was 199 m?/g.
10 EXAMPLE 2

35g of colloidal silica (30 wt.% SiO;), Al(OH)s, NaOH (20 wt.% solution),
quinuclidine, TMAOH (25 wt.% solution) and distilled water were combined in

the following molar ratios:

15
Si/Al, 2000
H,0/Si 30
OH/Si 0.35
Na/Si 0.15
20 TMAOH/S1 0.20

Quinuclidine/Si 0.20

The combined mixture was added to a stirred autoclave and heated to
180°C at 100 rpm for 96 hours. The product was then filtered and washed with
25  water. The as-synthesized material was calcined at a temperature of 540°C to
yield the new material designated as MCM-65. The powder patterns of the as-
synthesized and calcined materials are given in Figure 3 and 4, respectively. The
surface area of the resultant crystalline material was 166 m?/g.
Table 2 lists the relative intensities of the peaks in the powder pattern for

30 the calcined material MCM-65 of Examples 1 and 2.



Table 2 lists the relative intensities of the peaks in the powder pattern
for 30 the calcined material MCM 65 of Exanples 1 and 2. WO 02/ 42208

PCT/ USO1m3821@208.2 Table 2 EXAMPLE 1 EXAMPLE 2 d- spaci nBCT/UR@x4B8H
d-spacing 1/10x100 8.98 100 9.13** 1005 6.92 31 6.94 30 6.81 61 6.82 67
6.11 9 6.13 10 5.48 4 5.51 3 4.85 2 4.87 3 4.48 1 ----- ----- 4.40 4
4.43 2 4.10 4 4.11 2 3.86 5 3.88 4 3.82 4 3.83 4 3.68 7 3.688 3.46 12
3.48 9 3.40 16 3.41 19 3.34* 1 3.34 7 3.306 3.318 3.2213.252 1.84
2 1.84 1 *peak may be quartz or **peak nmaybe partially resolved enhanced
by quartz doubl et WD 02/42208 PCT/ USO1l/ 438r2 13 CLAIMS

EXAMPLE 1 EXAMPLE 2
d-spacing Ix100 d-spacing I1,x100
8.98 100 9.13%* 100
6.92 31 6.94 30
6.81 61 6.82 67
6.11 9 6.13 - 10
5.48 4 5.51 3
4.85 2 4.87 3
4.48 1 - -
4.40 4 4.43 2
4.10 4 4.11 2
3.86 5 3.88 4
3.82 4 3.83 4
3.68 7 3.68 8
3.46 12 3.48 9
3.40 16 3.41 19
3.34% 1 3.34 7
3.30 6 3.31 8
3.22 1 3.25 2
1.84 2 1.84 1
*peak may be quartz or **peak may be partially resolved
enhanced by quartz doublet




VWE CLAIM 5 1. A synthetic porous crystalline material having an X-ray
pattern including values as set forth in Table 1 of the specification. 2.
The crystvad b2/axosrat erial of Claim 1 having a conposition PCDURS/4SB4Yg t he
mol ar relationship 10 X203:(Y) Y02, wherxeiny is at |east about 200, X is a
trivalent element, and Y is a tetravalent element. 3. The crystalline
material of Claim2 having a conposition, on an 15 anhydrous basis and in
ternms of nol epAdiISoxi des per 100 noles of tetraval ent el enent oxide as
follows: (0-20)R 20:(0-20)R*'20: (O to 5) (O to 20)M/nC (0 to 2)X203:
(100) YO2 wherein Mis an alkali or alkaline earth netal, n is the val ence

of M and R R, are tetranmethyl anmmoni um hydroxi de (TMACH) and
i

qgui nucl i di ne; ively 20 4. The crystalline nmaterial of Cdaim?2
wherein X is a trivalent elenent selected fromthe group consisting of

al um num boron, iron, indium galliumand a conbination thereof; and Y is
a tetraval ent el ehent Aebeibticpdroenuysialige maferiabheiing am¥-raf paterh con, tin,

titanium ger i u and a . conbi [No] ereof, .25 5. The crystalline
mat eri al of lﬁcnglg}ﬁgg}a\]lb}?é?%F%%%?B‘E%ﬁ’ﬁ%g%&ﬂ%m?ﬁﬁfﬁ%ﬁﬁ-and Y conprises silicon.
6. A nethod of preparing the crystalline material of claim1l which 30

conprises: WD 02/42208 PCT/ US01/43849 14 (a) preparing a reaction m xture
capabl e of form ng sai the erpstellineimatani] of Qlaim é haoimgra contpgsisionr ces of

tetraval ent el enent tim ?xi e,. %ﬂrival ent element (X) oxide, alkali or
al kal i ne ear $4PRRSE the gholargplgtionshinyi recting agents R and R', and water,
said reaggion mxture, in terns of mf(ﬂ%i,os, havi ng

wherein y is at least about 200, X is a trivalent element, and Y is a tetravalent

element.

3. The crystalline material of Claim 2 having a composition, on an
15  anhydrous basis and in terms of moles of oxides per 100 moles of tetravalent
element oxide as follows:
(0-20)R",0:(0-20)R";0: (0 to 5) (0 to 20)M,O: (0 to 2)X,03: (100)YO,
wherein M is an alkali or alkaline earth metal, n is the valence of M, and R' and R"

are tetramethyl ammonium hydroxide (TMAOH) and quinuclidine, respectively

20
4, The crystalline material of Claim 2 wherein X is a trivalent element
selected from the group consisting of aluminum, boron, iron, indium, gallium and
a combination thereof; and Y is a tetravalent element selected from the group
consisting of silicon, tin, titanium, germanium, and a combination thereof.
25

5. The crystalline material of Claim 2 wherein X comprises

aluminium and Y comprises silicon.

6. A method of preparing the crystalline material of claim 1 which

30  comprises:



5 the follow ng conposition: Y02/ X203: 10 to co, H20/Y02: 5 to 1000,
OH/Y®R: 0.1to 2, WMJ/i/YQR: 0.05to0 2, 10 R/Y: 0.05to 2, and R'/Y:
0.05 to vohmsxdh n is the valence of the alkali or al kal PorUsS@r43B49netal M
and R and R' are quinuclidine and tetidanet hyl ammoni um respectively; and
(b) maintaining said mxture under crystallization conditions 15 until
crystals of said crystalline material are fornmed. 7. The nethod accordi ng

to Claim6, wherein sajy re@@@d:ﬁ% dfexdtidhenix6ROPidab RO fibgnihokdigw ng
conposi tion ranges: Y02/ X203: 300 to oo, 20 H20/Y02: 10 to 200, OH/YQR:
0.2 to 1, Neatenylgpd ngixture eorppigsing spuroes of tetrayalent clement (R) pxide.0. 2 to 1. 25

8. A process_fo tal yti,c conv i on.of. a hydrocarhon cont ai ni.n
Fecdst ook e ReRBRree) ebRPaTbl & iR ARG R R,
conversion £RARIK kADR"Wrldivaers 8di@ kdsstiof Biles intermi o akble ¥RidsOnavigd -t he
crystalline material of Caim1.
5  the following composition:
YO,/X,03: 10 to oo,
H,O/YOq: 5 to 1000,
OH/YO;: 0.1t02,
Mon/YOg: 0.05 to 2,
10 RY/Y: 0.051t0 2, and
R"/Y: 0.05 to 2
wherein n is the valence of the alkali or alkaline earth metal M, and R' and
R" are quinuclidine and tetramethylammonium respectively; and

(b)  maintaining said mixture under crystallization conditions

15  until crystals of said crystalline material are formed.

7. The method according to Claim 6, wherein said reaction mixture
comprises the following composition ranges:
YO,/X;05: 300 to oo,
20 H,0/YO;: 10 to 200,
OH/YOy: 0.2to 1,
My /YOs: 0.1t0 0.8,

RY/Y: 0.2to 1, and
R"/Y: 0.2to 1.
25
8. A process for catalytic conversion of a hydrocarbon containing

feedstock which comprises contacting said feedstock under catalytic conversion
conditions with a catalyst comprising an active form of the crystalline material of

Claim 1.



