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AND USE BACKGROUND OF THE I NVENTION 5 10 15 20 25 30 Field of the

I nvention,JJhks;invention relates to a novel synthetic porous crystalline
material, MCM 71, to a nethod for its preparation and to its use in

cat al yt|c conversion of organic conpounds. Description of the Prior Art
Zeolitic materials, both natural and_synthetic, have been denpbnstrated in
the past to have catalytic properties for various types of hydrocarbon
conversion. - Certain zeolitic materials are ordered, porous crystalline
alum nosilicates having a definite cr stal line stru ure as determ ned
by X-ray diffractionSYNTHERCGRORRUS LEYS I4ldINE de/ laumber - of smal | er
cavities which may be i ntercg@lgqmafj, @(sgNmU@Eer of still smaller

channel s or pores. These cavm‘e‘s%%‘me‘ uniform in size within a
specific zeolitic material. Since the dinensions of these pores are such
as to accept for adsorpt 'B%%l@héwﬁéﬁm@%{/ﬁwﬂ@ﬂmns' ons while
rejecting those of larg al s have conme to be
kgown as Fiélwbemullmermbaves" and are utilized in a variety of ways to

t ake advant age t h natural
and synt heti c, ﬁf&[’t’ﬁ{ﬁ"’& r&[agegse\g rl?ogﬁl%hqﬁe‘[%&&?%gﬁls%ﬂﬁ%gﬁ?tgﬁ% n

crystal | i m:mwhl @Ré esethddies dis prépacaticesarchio itseusess caiahdig coaserélqnuéu d

t hr ee- di mensi onal framework of SiO4 and Periodic Table Goup I11A

el ement oRIRRIC EPPPOUTKSOL i n which the tetrahedra arc cross-1inked by
the sharing of oxygen atons whereby the ratio of the total Goup I] A
el enrent, e.g., . al L#m num - 2 d silicon atonms to oxygen atonms is 1:2. The
épectrova%gé@m%—gbﬁ—kﬂhedra containing the Goup 111A el enent,

e.g., alum numzeloﬁncbﬁtiawize;;i bbth nadteral ane byrshetic, have heer dgioastraied cati on,

for exanple an al IS can
be expres HhePasido Ephe e\E yfrépro&e esalﬁ %ou% t?;?ﬁr hg??ﬁc%Lb&@&drﬂ@rerh
al uni num Qeplaimgediticbentertdls mrordaedcaonooasryssalhﬂe @lgrrmsﬂlca@ﬁ/f@\"ﬂga K or

, 1S egudaeg'gﬁig Icé{éh}]}/neva l%é %F o .erﬁ‘ﬁr;éiﬂ(s}% T8y, BRrsthanasd valither

entlrely r catiron utilizing ion exchange
#echni queshdrd sAe adargemuindresiof QmQIIdxmavmeggvhnch 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 10 accept for adsorption molecules of certain dimensions while rejecting
those of larger dimensions, these materials have come to be known as

20 "molecular sieves” and are utilized in a variety of ways 1o take advantage of
these properties.

Such molecular sieves, both natural and synthetic, include a wide variety
of positive ion-containing crystalline silicates. These silicates can be described
as a rigid three-dimensional framework of SiO, and Periodic Table Group HIA

25 element oxide, e.g., AlQ,, in which the tetrahedra ara cross-linked by the sharing
of oxygen atoms whereby the ratio of the total Group A element, e.g.,
aluminum, and silicon atoms 1o oxygen atoms is 1:2. The electrovalence of the
tetrahedra containing the Group 1A element, e.g., aluminum, is balanced by the
inclusion in the crystal of a cation, for example an alkali metal or an alkaline earth

30 metal cation. This can be expressed wherein the ratio of the Group lIA element,
e.g., aluminum, to the number of various cations, such as Cal2, Sr/2, Na, K or Li,
is equal 1o unity. One type of cation may be exchanged either entirely or partially

with another type of cation utilizing ion exchange techniques in a conventional



10237PCT -2 5 10 15 20 25 30 manner. By neans of such cation excha8ge¥R 2005 -
has been possible to vary the properties of a given silicate by suitable
sel ecti on@fpdhe cation. The spaces between the tetrahedra are occupied
by nol ecul es of water prior to dehydration. Prior art techni ques have
resulted in the formation of a great variety of synthetic zeolites. Mny
of these zeolites have cone to be deshgnated by letter or other
conveni ent synbols, as illustrated by“zeolite A (U S. Patent 2,882, 243) ;
zeolite X (U. S. Patent 2,882,244); zeolite Y (U S. Patent 3 130 007)
zeolite ZK-5 (U S, Pat ent 3,247,195), zeolite ZK-4 @ § E

3, 314, 752ngnpen| By mezsnpbsughigation exelanaesil 1e9 begp Posy 8|Pt"@WZ f41 1 (U S

T 2P %%ea%%)mta%%ﬁ‘cggr%& é%tatﬁ&sézcd%%tcﬁ%e Sath#2, AfO3pacesol i t e

ZSM 20 ( aten S. Patent 4 016 2452 zeolite
ZSM 23 ( Lbéwel@atthmtetn‘ah@dl@ mz:)ccume@bvm eaoipsdl water miorpa Oghydralig, 325) -

and zeolite |06§|(lgec§»n B%g%% s%ﬁ%dm’fom‘?ﬁtﬁh ftaogreaﬁ\mg?‘le@ tew. The

Si 2/ Al 208 rati & 7881 e s ten varia i exanpl e,
zpolite &mthezaaﬁmshmm tlu\estdrze&htéz/haﬂze cemedo mngntammmaﬁaf 3;
zeolite Y,

t of the
Si c/ Al 2C8' ?@Ff 8°“"§”"°19 %ﬂ%d"s 'E%“ﬁfagg‘f éfg‘lr‘éaﬁegﬁéh’ éﬁ:é{gw mﬁ%?ﬁ? n the
Si 2/ A12CBediné XO(U.S. Pdtehten 882, 254)aeblm¢)\’t (0.3.Hetentrd, ﬂ%O 697)pr?é@lé¢1?K -5
anal yti cal hni S 1 29, 948)
di sci oses! %g%ﬁ&fggﬁl\ys{&? %er? "#gt % ﬁ%%%%ﬁ?% ‘F%%’?:? ?_’5&4 2 xture
cont ai ni nwmméeémbewm&sy Zeadidz ST (WS | Peteites, 302 PT 9 gealitk £9M 12 and
exhibitin Y, act t f uU. S.
Bt ent s Sho ettes) e 210 S e T EBYf 2R
silicates P@femarmms)ademne@sram (e APatenint, 87,84 M Rgolite MGMER ar e
synt hesi z t he t S an
organi c n?lSTSon (ﬁ‘n%%u% ‘?—rbcizee{)i%eor(ngﬂpb%gﬁﬂsg%‘éfn %é%qsynt) hré’gfgz}’gh"al n the

presence @kriect f@pr opyl anmoni um cations and zeolite MCM 22 may be

synt hesi zed i n.J t AbsRie POssi bl e
to synthesize z §§é@?§1a§uo ! gﬁ%?%ﬁ%%@leﬁ%@ggh n#O'? he E?eesence of
159i d pol peyitkidccaruioe symbesjzedi WMSI%‘A@G&’E@S pisfeem Z1er3; @raliplYe 9Ms.
Patent Nos, 5,501 848 e,rangry directing
agents (Zéc}f’laibgg ﬁ?Zéﬂi&S%%J?gper hﬁl)gf 5@2%5/(5 iC Clil quat er nary
di rect i ng uagembded ms if b8e2}ch eaa_mplemrgasgm 1he SiO/AlL O ratio s at least

5 and up to the limits of present analytical measurement techniques. U.S. Patent
3,041,871 (Re. 29,848) discloses a porous crystalline silicale made from a

20 reaction mixture containing no deliberately added alumina in the slarling mixture
and exhibiting the X-ray diffraction pattern characteristic of ZSM-5. U.S. Palents
4,061,724 4,073,865 and 4,104,294 describe crystaliine silicates of varying
alumina and melal content.

Mariy zeolites are synthesized in the presence of an organic directing

25 agent, such as an orgaric nitrogen compound. For example, ZSM-5 may be
synthesized in the presence of 1etrapropylammonium cations and zeolite MCM-
22 may be synthesized in the presence of hexamethyleneimine. It is also
possible to synthesize zeolites and releted molecular sieves in the presence of
rigid polycyclic quaternary directing agents (see, for example U.S. Patent Nos

30 5.501,848 and 5,225,179), flexible diquaternary directing agents (Zeolites,
[1994], 14, 504) and rigid polycyclic diguaternary direcling agents (JACS, [1992},
114, 4185).
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pr esent inventi on is directed to a novel porous crystalline material,
naned met hod for its preparation, and the conversion of organic
conpounds con?act ed with an active formthereof. The calcined formof the
porous crystalline material of this invention possesses a very high acid
activity and exhibits a high sorpti og _ capacity. MM 71 is reproducibly
synthesi zed by the present nethod in~high purity. DESCRI PTI ON OF
DRAWNGS Figure 1 is a plan view of the elliptical 10-nmenbered ring
channels of MCM71. Figure 2 is a three dinensional view of the pore
structure of I\/CM?l _showi SYMMARY GF IHEINYENHBEr ed ring channel s
intersecting t r Nirffd @Hfegiad shows
the X-ray diffr (‘?t':l’% rﬁ t%htr'%lrp'gf(mt% e%ég%s@drﬂéﬁg@?gggﬁgfaolduct of Exanpl e
1. Figur eném&hQWSMLTTE; Q(nempddorf |fsr;a'epamrnop,aartt?bhhﬁ C@ﬂ"ﬁﬁl@”a@ k83N ned

product of r tern of

t he as- syﬁ?W@&Pg&c%}i%‘aﬁ%g’%@P %)J‘é 158 %Fgﬁ%% egaghtﬁﬁ’éw ray

d%f fracti ggreRatdrpnaind nfatmuaasfmwhmmnbspesmavemhm@mﬁ)a@wsy Figure 7
ows the X-ra dlffractlo attern of

Exanpl e 43”@)58&It@?lr@@ TP H?IC@’ Ew&‘g}ﬁ/ﬁﬁﬁ%ﬁ‘w g%ﬁg?%@%gfgﬁs

crystal | i pedamt gictiddd infhighpsrity.nvention, MCM 71, is a single crystalline

phase whi ch has a uni que 3-di nensi onal channel system conpri sing

general ly straight, highly elliptical channels, each of which is defined

by 1 O-nmenbered rings of teajgbRERAONOEGRAWEESED at ons, intersecting
with sinusoidal channels, each

def - ed rings
30 tetrahedr al Tiguecolf Righ é'&wa‘ifgﬂ%wpwl%a' ié rﬂ%nﬁggrr%gd% %&Iﬁgﬁgﬁlel s have
cross- se@jdosd. di nensions of about 6.5 Angstrom by about 4.3 Angstrom
wher eas the

Figure 2 is & three dimensional view of the pore structure of MCM-71
showing the torluous 8-membered ring channels intersecting the elliptical 10-

membered ring channels.
15 Figure 3 shows the X -rey diffraction pattern of the as- -synthesized product

of Example 1.
Figure 4 shows the X-ray diffraction pattern of the as-ca!cmed product of

Exémple 1.
Figure 5 shows the X-ray diffraction patlern of the as-synthesized product

20 of Example 2.
Figure 6 shows the X-ray diffraction pattern of the as-synthesized product

of Example 3.
Figure 7 shows the X-ray diffraction patiern of the as-synthesized product

of Example 4.

25
DESCRIPTION OF SPECIFIC EMEQDIMENTS
The synthetic porous crystalline malerial of this invention, MCM-71, is &
single crysizlline phase which has 2 unique 3-dimensional channel system
cornpnsmg generally straight, highly elliptical channels, each of which is defined
30 by 10-membered rings of tetrahedrally coordinated atoms, intersecting with

sinusoidal channels, each of which is defined by 8-membered rings of
tetrahedrally coordinated atoms. The 10-membered ring channeis have cross-

sectional dimensions of about 6.5 Angstrom by aboul 4.3 Angstrom, whereas the
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cross-sectional dinensions of about 4.7 Angstrom by about 3.6 Angstrom
The pore {bfHeture of MCM 71 is illustrated in Figures 1 and 2 (which
show only the tetrahedral atons), in which Figure 1 is a plan viewin
the direction view of the elliptical 10-nenbered ring channels and

Figure 2 is a three dinensional view ghowi ng the tortuous 8-nenbered ring
channel s intersecting the elliptical 10-nmenbered ring channels. The
structure of MCM 71 may be defined by its unit cell, mhich is the

smal | est structural unit containing all ei structur‘ﬁ fgznts of the
mat eri al . 8-"epbered ringthanpeis rﬁd§|cf‘?5§r%e%'?” SERERY P éa(?PH tomin the

uni tcel | o]0 HARRRELEs & ARkitoheL TR SSe dlrakearol MORBRURTbarated by gen

at om whi c onde to an adjacent tetrahedral %tFO ince the
t et r ahedr Riguagrend@ywhishehaoonly Hl?éeiféhe%?’néfamé? YIWRICOFARWES B & esence

of inorgan Ph-Slembered ANGehsinets Bn®5 nmi s
i mpl i ed foraneac q{étggiyc[%c{fﬁg%gyﬁ%ﬂ“&%b | e 1en|1\lurlr'te)erAt§onx A) z
15113. 721Eig8568. mammrasmzseﬁszmatl@ms_hw B 191 UGS TRTYET§9 H1S

45141. 5482, 858 iy Sirenbh8s1291. 880 7Si 7
15. 9015. 2?‘1‘1”7“3]}%6‘ ‘géﬁgéﬁéﬁﬁ?ﬁéﬁ @%%3@ 7”%111..1351. 170
10Si 103. 72110. 43@R%kTud0fe bl BIGM-73 . roay b des oits risael?whighds 1213815, 919
13S1133. 72116. 70310, 760 ekl inodHaldtiap5010. 990
Tos110r LaBENETOTACES L Gobind oh b SRR brglfediembiatly 89315. 7016. 329
TSi 191. 54048128 Rdts 4R0p RMBIR0E 248 16rah@8reb 28019 in the unit cell in nanometers;
10 each tetrahedral atom is bonded to an oxygen atom which is also bonded 1o an
adjacent tetrahedral atém- Since the tetrahedral atoms may move about due to
other crystal forces (presence of inorganic or organic species, for example), a

range of + 0.05 nm is implied for each coordinate position.

Table 1
15
Number| Atom x {(A) y (A) z (A)
7 S 3.721 1856 8.420
2 Si 3721 'RER 17.470
3 Si3 7.540 2.008 £.190
2 54 1548 2.858 12.857
5 Si5 3721 7.424 18,010
3 Si6 3.721 8.129 1.660
7 S 5501 5271 77 780
g Si8 5803 6421 3.267
3 ) 3721 11.135 1170
70 Si10 3.721 70.430 17.300
ik Sit1 5901 13.288 7.400
12 Si12 5 695 12.138 15.019
13 §i13 3,721 16.703 10.760
14 54 3.721 17.408 7.710
15 Sin5 1540 14,550 70.850
16 5i16 1545 15.701 £.329
7 Sin7 5901 14.550 70.990
18 S8 5893 15.701 6.329
19 519 1.540 13.288 1.400
20 Si20 1548 12.138 15.919
21 Si21 1540 5271 77.780
22 Siz2 1.548 6.421 3.261
23 Si23 5,901 4,009 8.190
24 Si24 5893 2.858 12.851
25 Si25 0.000 11.195 8420
26 SiZ6 . 0.000 10430 11.470
77 Si27 5 261 13.268 5.190
28 Siz8 5268 12.138 12.857
29 Si29 0.000 16.703 T18.010




21S1211. 5405. 27117. 780 22Si 221. 5486. 4213. 261 23Si 235. 9014. 0098. 19 PR
24Si 245. 8932. 85812. 851 25Si 250. 00011. 1358. 420 26Si 260. 00010. 43611?27% s
27S1 275. 2@;31,3%,2888. 190 28Si 285. 26812. 13812. 851 29Si 290. 00

016.70318.010 2

9 APR 200 0237PCT - 5 10Si 300. 00017.4081. 880 3151312.18014.55017.7
3251322.17315. 7013. 261 33Si 330. 0001. 8561. 170 3451340. 0001. 15117. 300 %
3551352. 1804. 0091. 400 36Si 362. 1732. 85815. 919 37Si 370. 0007. 42410. 760
3851380. 0008. 1297. 710 39Si 395. 2615. 27110. 990 40Si 405. 2686. 4216. 329
4151412.1805.27110.990 4251422. 1736. 4216. 329 43Si 435. 2614. 0091. 400
44Si 445, 2682. 85815. 91 9 45Sj455. 26114 55017 780 46S5:465-26815. 7013. 261
4751472.18013.[2868. 19820851480 0931> 131/2%B51 & MWL eah be pr epar ed
in essentiallyi3pure ffeitmwilth 318t1e br HrVdetdet T0780 mplirity crystal
phases. In i t si2¢al ci neigk f or m Q\WA 71 h 51597 1,\( e ‘3% 0 e | on pat %/er n
whi ch, al t houg®resen®? ng it hat?%f o d2820 cel dsedid—tS Paltoent No
5,397, 550), isPHisti rg@f—s-heud 90000t ¢ otn-aitht romit I.W‘?'wbtt;-:D s of other
known as-synth %ized '.abthcrn““"%‘lq e tC{[b‘og st iirmIijjl rat[er|i I g e[l
lines |isted Po Tabhit bebowi tablels i 15919 als by the

a7 Sia7 0.00bFIT T2 #h24 10.760

38 Sia8 0.000 B.129 7.710

39 Siag 5,267 5271 10.990

40 Si40 5268 6.421 6.329

21 Sia1 2.160 5271 10.850

42 Si42 2.173 6.427 6.328

43 Si43 5,261 2.009 1.400

44 Si44 5.268 2.856 15.819

45 Si45 5.261 14,550 17.780

46 Sia6 5.268 15.701 3.261

47 Sia7 2.180 13.288 8.190

48 Sia8 2.173 12,138 12.857

10

MCM-71 can be prepared in essentially pure form with litlle or no

detectable impurity crysial phases. In its calcined form, MCM-71 has an X-ray
diffraction pattern which, 2lthough resembling that of DCM-2 {disclosed in U.S.
Patent No. 5,397,550), is dislinguished therefrom and from the patterns of other

known as-synthesizec or thermally treated crystaliine materials by the lines listed

in Table 2 below.

Table 2

Cria A Relative Intensity
9.57+0.20 w- 5
9.2820.20 w—5
8.25+0.18 m-—=5
6.50+0.20 W~ Im
5.2620.12 W—m
4792010 m-—S
4.1820.10 VW — W
3.7520.09 w-—m
3.5420.08 S — VS
3.4520.12 S- VS
3.35+0.08 w
3.1410.08 VW — W
2.8520.10 VW — W
1.8620.07 VW




dhk, ,.Relative Intensit 9.570.20w s 9.280.20w - s 8.350.18ms 67 PRIy
- m5.260.12w - m4.79_0.10m - s 4.180.10vw - w 3.750.09w - m 3.540.08s -
vs 3. 450. 1%% sés 3.350. 09w 3. 140. 08vw - w 2.950. 10vww 1.86' _0.07vw 2 9
APR 2005 59 CT -6 5 10 15 20 25 30 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 tine of 10 seconds for each
step. The interplanar spacings, d's, were calculated in Angstromunits,
and the rel ati Vilhesatersyi difiestiol dethevare getiectad with @pe@ntagddirpgtion

one- hundredt,h of the_ _intensi . _ | ik . ground),
vere deri V¥l EAVPREC Wgté’ agiéfﬁaya”gjr”a%?‘ﬁeg‘%fefg‘?\%g‘r"?odﬁﬁgn% orﬂsﬂg‘ﬁd

deri vat i veadibysy, i Thenifirddtienidztewsict reesrdad &y siercecareingdl 9.67 degieght z and

Dol 2y S i h B Sob BLG0Tbhh e i sh onck gy of the
(40-60), voreawdaked 20ndherpintdr epecingsetils, weak c0aialg. in Fngstriom uhitbe
oo o Bt i B SR T RS T i BB faol © 1 nes
condi t i ongpteRsBivIake dirbhsRNaESebove betaFbahd ) geanbervedhvtintbe usrwy aappear
o anees vannesouire i SR R soliP e arBepL el oo e
change i n glyabakd $oMTBEAl,and ddwithiicn efienge Tha rélbtve intensities are
10 given in terms of the symbols vs = very sirong (80-100), s = strong (60-80), m=

medium (40-80), w = weak (20-40), and vw = very wezk (0-20). It should be

understood that diffraction data listed for this sample as single lines may consist

of multipie overlapping lines which under cerlain conditions, such as differences

in crystallographic changes, may appear as resolved or panially resolved lines.
15 Typically, crystallographic changes can include minor changes in unit cell

parameters and/or a change in crystal symmetry, without a change in the

structure. These mincr effects, including changes in relative intensities, can also

occur as a resull of differences in cation content, framework composition, nature

and degree of pore filling, crystal size and shape, preferred orientation and
20 thermal and/or hydrothermal history.

The crystalline material of this invention has a composition involving the
molar relationship:
X205 (n)YO,,

wherein X is a2 trivaient element, such as aluminum, boron, iron, indium, and/or
25 - gallium, preferably aluminum, Y is a letravalent element such as silicon, tin,

titanium and/or germanium, preferably silicon; and n is &t least about 2, such &s

4 10 1000, and usually from zbout 5 to about 100. In the as-synthesized form,

the material has a formula, on an anhydrous basis and in terms of moles of

oxides per n moles of YO, as follows:
30

(0.1-2)M;0:(0-2)Q X,03:(n)YO,
wherein M is zn alkali or alkaline earth metal, normally potassium, and Q is an

organic moiety, normally triethanolamine. The M and Q components are



structure. These minor effects, including changes in relative 79 APR 2005
intensities, can also occur as a result of differences in cation
content, {kapeyork conposition, nature and degree of pore filling,
crystal size and shape, preferred orientation and thermal and/or

hydrot hermal history. The crystalline material of this invention has a
conposition involving the nolar relationship: X203: (n)YQ2, wherein X is
a trivalent elenent, such as alum num boron, iron, indium and/or
gallium preferably alumnum Y is a tet r"aval ent el ement such as silicon,
tin, titanium and/ or germani um Eref er

i can rg/ I east
about 2, esedriaisc withiee MRy 5@ ESYLP ! e‘f \ngerﬁeaﬁ%ﬁw'@ ¥ 5&0 I n
the as- Sy%gﬁ%ﬁ ¢ srs?ﬁ 'ﬂ:bin ﬁw@%ﬂﬁﬁl@'bf e d%aém@hé‘s@;remﬁpacaeemhamﬂ@hh?ﬁr ous

basis and I n terns es of oxides per nrmlc_?_E% 8%1& as foll ows:
(0. 1- 2) M2ar De2y@hexized withpian Qi;ﬁéﬂ'éldl'feﬁh'ﬁ%a%ﬁF‘al &Y e “al kal i ne earth

metal , normal | QERich APhBEY heririaiRry Imore
tri el hanofgMPRES hgé%ya'? %Bg%ér?ﬁ% g%[bsry%%e 2 9 APR 2005 10237PCT -1 5 10

15 20 25 Parimskogideseibedi th the material as a result of their presence
during crystal I zat i on. ' N [oTap 1 fieramaligtsd the
i Jﬁeﬂ%gtl'?ﬁg{%%ﬁ{fe'can Eﬁrg{h% ¥

as- synt hesi zed e synt hesi zed w t hout an organi c
di rect i ng cagemid foFH'nexleﬁmal h(grcmrrtaoa@m@ (3RO daSwithy MICSPRATB Y OBYME ©

post - cryst 'H %c&.;g'g |cc. fj Sl caa n% rfoméﬁaraﬂérh%r%%%o'nﬁ descri bed.

The cryst e invBntron I's thermally stable and in the
cal ci ned form exhi b|1¢57an.l%td1wsa1r$rf ace area (380 n2/g with m cropore

volunme of 0.14 .cc o] iani fi sorption capacity for water and
H9dr ocarbons: 14.7 )4 i }jfgr r%rPrInLi ; ne .% for normal -hexane 5.4 wj. %
for cvclohexane. To 3.hevtéktentvcdbsiared, the ori gi nal sodi um and/ or

pot assi um cat i ﬁ'PS of ??geg§ecr¥l% Eﬁéhé]e&%dm eﬁdﬂ/ét D%QSIQR% &‘f&@hg@)emel n

accordance wt at least in part, by
i on excharageswﬁdmzeuhasienatq-:ort@ reFﬁeeﬁéW@EOFG*%P%!M@C%‘B‘H%‘Q’BW ncI ude

metal iong, Avdrgden, | NSt (VAP 35 o ESGHARSE withtBer cations. Preferred

15 replacing cations incluce meial ions, hydrogen ions, hydregen precursor, €.g.,

ammonium ions and mixtures thereof. Farticularly preferred catioqs are those
which tailor the catalytic activity for certain hydrocarbon conversion reactions.
These include hydrogen, rare earth metals and metals of Groups 1A, HIA, IVA,
VA, IB, B, HIIB, IVE, VB, VIB, VIIB and VIil of the Periodic Table of the

20 Eiements.

When used as a catalyst, the crystalline material of the invention may be
subjected to treatment to remove part or ali of any organic constituent. This is
conveniently effected by thermal treatment in which the as-synthesized material
is heated at a temperature of at least about 370°C for at least 1 minute and

25 generally not langer than 20 hours. While subatmospheric pressure can be
employed for the thermal treatment, atmospheric pressure is desired for reasons
of convenience. The thermal treatment can be performed at a temperature up 10
about 925°C. The thermally treated product, especially in its metal, hydrogen
and ammonium forms, is particularly useful in the catalysis of certain orgenic,

30 e.g., hydrocarbon, conversion reaclions.

When used as a catalyst, the crystalline material can be intimately
combined with a hydrogenating component such as tungsten, vanadium,

molybdenum, rhenium, nickel, cobalt, chromium, manganese, or a noble metal



ammoni um i ons and mixtures thereof. Particularly preferred cationp9aP8 2005
those which tailor the catalytic activity for certain hydrocarbon
"~ conver si ofpz@@eti ons.  These include hydrogen, rare earth netals and
nmetals of Goups IIA IIIA IVA VA 1B, 1B, 1118, IVB, VB, VIB, VIIB
and VIl of the Periodic Table of the Elenments. Wen used as a catal yst,
the crystalline material of the inventdon may be subjected to treatnent
to renmove part or all of any organic constituent. This is conveniently
effected by thermal treatnent in which the as-synthesized material is

heated at a tenperature of at |east apout 370C for at | i hut e and
gener al | yS¥et 2F GiRJEEM Hare!lagivabibere %/\Rﬁrfrfag |ap??§§5§rggfe§§lﬁoﬁwe@ggﬁr@ can be
enpl oyed {0f gd8edkbierdmRl Sdradnmmitent 84ATBS ekl confpceRisnby way efesi red for
reasons of convenience. The thermal treatnent can be{'&&grfornﬁd at a

t enper at ucecnygtalizatiamxchanard intrHge cARPRaIIPY 19 thePue & GHIP Pespeci al 1 y
inits ”Efe%:me%}}/ .gf,%ﬂmirﬁ:ﬂﬁj, iQTRE IsHIRLAS, WPprdgpafdrthb @i rinymasaf ul in the
cef tal

catalysis 0 n organic, e.dg., hydr ocarbon, convers on reelctti ons.
Waen used phgsiaaiyaadihixet tharpeitior Suearompeneii Can PgIIMeERe Bied At Fat'Rry

eS8, LRV R ety vt o

mol ybdenui’ hi-um rom um _nmanhganese, or a noble
netal 2 9sARRCARBHIEITAG 2 FRahungmBtal-gontsirpug 25. Jhvssswigsle RV BIML i num or -

pal | adi um wher o 4 |ORc REEARId S THRFIUERhIorge badbe

perfor ned.cogfﬁﬁ'ngg?r%rgH%%ﬁp&éﬁ .E%Q:é’%)éﬁﬁe corr_posi’t’iyon by way of

cocryst al vedabs compexotmogdainingttbe platingOrasoise CPBWIE% t he extent a G oup
LLIA element, & g. |, L o b0 St LN B ol dPERGR &esh therein
df inti mat el y E’ﬁ%gﬁg%"ﬁ?,@%ﬁ'i’e ﬂlt"ﬁgﬁ\%\ﬁ\}@%. Such p(J:(f)drfrponent can_ be

i npr egnat edsorbent coas acatdlystdugh OREENIT CYMRREFACBVEISEN RIRCEFeSNONEDGf
platinum freating Lhe Sl ' IHU31iRQ NS Bitérhp&raturplimt i num
nmet al -contd hﬁl haéec?‘oaﬁ.lgaﬁihéh%%ﬁ%}%n%Fé;t%?%u%m colrr%oun_ds _?or t hi s purpose
i ncl ude chherapdeast 200°Cdoiaboud AP Crioas asnperhede SHHHES 94 TBASEE Mpounds

cont ai ni ng, the :R%%EFHM §U§>é‘lﬁ\0§9%t‘3&'su—5@%tﬁ{o¥§ﬁ§lc’ prEgsures edrivetwedn thi s
enployed eilthe b

i nvention, when r-as an adsorbent or as a catalyst in an

dbgani ¢ c@fpoimdes any éB siours. JRefbEsiontfanl s bke PEERT%R'EEMat | east
parti al 1y o TS 1GANmRReif 8 B1d0hgNRE M- 710n & J=R OB, BULE RngBr time is

required 1o obtain a sufficient amount of dehydration.
The present crystalline material can be prepared from & reaction mixture
containing sources of alkali or alkaline earth metal (M}} cation, normaily
20 potassium, an oxide of trivalent element X, e.g., aluminum and/or boren, an oxide
of tetravalent element Y, €.g., silicon, and water, said reaction mixture having a

composition, in terms of mole ratios of oxides, within the following ranges:

Reactants Useful Preferred
25 YO X;03 2 - 100,000 5-100
H:O/ YO, 10 - 1000 20-50
CH/YO; 0.02-2 0.1-0.8
MY O, 0.02-2 0.1-0.8
30 MCM-71 can be crystallized from a completely inorganic synthesis

mixture or alternatively can be produced in the presence of an directing agent
(Q), preferably triethanolamine. Where a directing agent is present, the molar
ratio Q/YO; is typically 0.01 — 2.0 anc preferably is 0.1-0.3

Crystallization of MCM-71 can be carried oul at either static or stirred

35 conditions in a suitable reacior vessel, such as for example, polypropylene jars or



the range of 200C to about 370C in an atnosphere such as air, nit@§okfs, 2005
etc., and at atnospheric, subatnospheric or superatnospheric pressures

- for betweespd® m nutes and 48 hours.. Dehydration can al so be perforned
at roomtenperature nmerely by placing the MCNi-71 in a vacuum but a

|l onger tine is required to obtain a sufficient anount of dehydrati on.
The present crystalline material can_RBe prepared froma reaction mxture
cont ai ni ng sources of alkali or alkaline earth netal (M cation, normally
potassium an oxide of trivalent elenment X, e.g., alum num and/or boron,
an oxide of tetraval ent el enent Y, i ter, §aid

e.g.,,silicon o
reaction #fandinedpasianjess 5‘6%’%'?‘@8#@?‘?@%@{%%?@@@ g%PaEtblogs of
oxi des, Wg%b*@fér%qirfaegbmweﬂgf& egv%%za{?&ard Getus BseleubMpefanrcated)2/ X2032
- 100, 0005 - 100 H2 Y0210 - 100020 - 50 OH'/Y020.02 - 20.

-0,8
M Y020. 02 e.g.20om-apogt bmwreto3aifays. dhoEHET.ithe aYFIbhF'E %@ﬁbﬁ]‘ﬁg ey

I norgani c s | ' re or alternatively can be produced in the
presence (t)'?é/%ﬁglg}r’(g{:?%ékggent (Q, preferably triethanol am ne. Were a

dbrecting agentlt $houst be eratized Het sl rgpClionamOUreICPIIPONSNEYENEA |y 0. 01 -
2.0 and plobSiaYmbRe flaf ofle 3oiFob TRt 1dAlbh Mbddle Mrbe hreppfedenrar Tl ed

out” at eit ic or stirred conditions in a suita react or vessel,
such as f istawasebrecontiobgysho pyivevebsize esd srystelizaiprlivgo 1h9PSYPCT -g 5 10
15 20 25 3Q &6 OR L AP QarPhih HeSiud! A 96h MiASre ShpRybEERET at ure
of 100C t& %ag{’ﬁe mf%lé?g%ﬁ&??{@%n@egﬁ%f%ﬁgﬁ? I?)(%‘Jétc‘):r cryst Al Tivation to occur
at the tenpecastalzatisechnditong. , from about 5 hours to 30 days.

ereafter, thescrysta r S(;EQE : Wi et segovered. It
Iﬁoul d be real ieszy@ﬁﬁ%sa%ﬁpﬁé'%\r”é:a tllgn '%(e{%rmeh_té[c%@nggl}l%sscan be supplied
by nore t lieast O pooerdepreftably O peypentianduntid noera Mhefefatdh A PEEFEEHt her

new cr ys PP RAB SIRABRLEn G LB T EB MR F% e caction

ni xt ur e enpl oyetheasniistalsiiseparge bilthe inatand inveoiirf ¢arbbrs ShaRas RIs? ¥igk t he

new cryst @aﬁew pl%ﬁicﬁeaﬁ.ﬁég.tégﬁéiaﬂysﬁe%ﬁirﬁf BREMBcI8f ¢ be in the form of a

15 powder, a granule, or 2 molded product, such 2s an extrudate having periicle
size sufficient to pass through a 2 mesh (Tyler) screen and be reta_jmeci on a 400
mesh (Tyler) screen. In cases where the calalyst is molded, such as by
extrusion, the crystals can be extruded before drying or parlially dried and then
extruded.

20 The crystalline material of this invention can be used lo catalyze a wide
variety of chemical conversion processes, particularly organic compound
conversion processes, inclucing many of present commercial/industrial
importance. Examples of chemical conversion processes which are effectively
catalyzed by the crystaliine material of this invention, by itself or in combination

25 with one or more cther catalytically active substances including other crystalline
catalysts, include those requiring a catalyst with acid aclivily.

Thus, in its active, hydrogen form MCM-71 exhibits & high acid aclivity,
with an alpha value of 20 1o 45. Alpha value is an approximate indication of the
catalytic cracking activity of the catalyst compared 1o a standard catalyst and il

30 gives the relative rale constant (rate of normal hexane conversion per volume of
catalyst per unit time). It is based on the activity of silica-alumina cracking
catalyst taken as an Alpha of 1 (Rate Constant = 0.016 sec-1). The Alpha Test
is described in U.S. Patent 2,354,078, in the Journal of Catalysis, 4, 527 {(1965);




| east 0.01 percent, preferably 0.10 percent and still nore prefer 2Bl APREOS
percent, seed crystals (based on total weight) of crystalline product.

- The cryst a:g7gegkepared by the instant invention can be shaped into a w de
variety of particle sizes. CGenerally speaking, the particles can be in
the formof a powder, a granule, or a nolded product, such as an
extrudate having particle size suffiq'%ent to pass through a 2 nesh
(Tyler) screen and be retained on a 40 mesh (Tyler) screen. In cases

- where the catal yst is nol ded, such as by extrusion t he crystals can be
extruded before drying or part g dried %g Extrud

crystal | i fe2fB{ 946 2rer oL 13%e 1%%@n ?gh’”é%rﬁob%e et y[:%IFraEirS?‘féasa wi de

vari ety Ofh%%tﬁaionc%\éeéx%)bﬂﬁweafépesﬁ@ﬁ&ws Hané et baed yewigmrivgeconpound
conver st on processes I NC esent commer CI al /i U|St rial

many r
|rrportance:on@aahﬁehwf@ﬂrecﬁeﬁﬁaéalané’@\ﬁ@f) PVl @s SesCupfidcin

ef fecti velﬂ;{ J&‘Wn | M%Sfa é/[sté'qe :@g}@ég@l ine material of this i nvent| on, by
itself or one or’ nore other catalytically active

sBbst ances i nclmsmnrtge oesrerf mapm:aﬂamsweﬂ reant 28 §esigblg iednerRrectate e
requiring a Cat l‘in %é}ﬁe%b@r%ﬂés\ﬁéﬂ 10 mlh%mde'ﬂatuée% &d bives hydrogen

form MOMF THVe h acird activit h an al pha value of 20 to
45. Al pha coatimens emmyaﬁmoogamcmvﬁmmrpmﬁsgﬁ e reRedRly U acki ng

f.th w
?ﬁ;' \r“ei[ )altt ?ﬁfé&? %Fé Haalyes ka%?%r?cdoin%élc%r%% SRR NG et 24 weldi VeS

EGhsT nor mal ne conversi on per vol une
of catal mtmp@anmnnaletaalmpch b clasrsbﬂbt@cﬁrmbrtméiab@lﬂﬂ% gychops alumina.

o022 YHSF ASK b% g AU ALLRS LAl BEnRe e Glioind Rt e Constant -

016 sec escr a ent 3,354,078; in
the Jour najreabttﬁas at g@smcwmc_smmqms@ﬁprhcaagdwlmsw-z@?@@ 10 5 10

15 20 25 30 6(13@?{1 coﬁutuﬁg@nd\garpgie%w %%L%%S%mmhb%ﬂfm&r;ﬁé%there' n

by r ef er edB&'€ scription e experinental conditions of the
t est used dw:mglsvmrueealsw(ﬂ@”neanewG%tmhls@mp@ﬁah}ﬁéd%fo9%‘9@ tBAd a variabl e

C Sy 3t ARERRSTLRAG debclh bt nb ok uatbrphicabins. 61, 395

(1980). As™1n e case sts, It ma desirable to
i18cor por atmoté@esné'wcnvq/maa&ﬂq}ﬁ 'élP11aé‘HoftEIﬁ‘eﬁ‘ Eﬁﬁl"@ﬂ‘?aio sdfod the#mPE e

tenper at ur g v@%gon h eélv?rpﬂ%gééé 5 fh=8 BRIR¥HELdnheObiaed eeORY@IcaYBnd
processes. s include active and inactive nmateri all'ﬁe and

synt heti ¢ c@rﬂerhawuhfali leynrirying Pihe MEesF ferecenigling e rate of reaction.

materials may be inccrporated into naturally occurring clays, e.g., bentonitie and
kaolin, 1o improve the crush strength of the catalyst under commercial operating

20 conditions. Said materials, i.e., clays, oxides, etc., function as binders for the
catalyst. It is desirable 10 provide a calalyst having good crush strength because
in commercial use it is desirable 1o prevent the catalyst from breaking down into
powder-like materials. These clay and/or oxice bincers have been employed
normally only for the purpose of improving the crush strength of the calalyst.

25 Naturally occurring ciays which can be composited with the new crystal
include the montmorillonite and kaolin family, which families include the
subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia
and Florida clays or others in which the main minerai constituent is halloysile,
kaolinite, dickile, nacrite, or anauxite. Such clays can be used in the raw stale as

30 originally mined or initially subjected 1o calcination, acid treatment or chemical

" modification. Binders useful for compositing with the present crystal glso include
inorganic oxides, such as silica, zirconia, titania, magnesia, beryllia, alumina, and

mixiures thereof.



as inorganic materials such as clays, silica and/or netal oxides §§ckPRai(5
alumna. The latter may be either naturally occurring or in the form of
gel ati nousgzzgpiceci pitates or gels including m xtures of silica and netal
oxi des. Use of a material in conjunction with the new crystal, i.e.,
conbined therewith or present during synthesis of the new crystal, which
is active, tends to change the convegsion and/or selectivity of the
catalyst in certain organic conversion processes. Inactive nmaterials
suitably serve as diluents to control the anmbunt of conversion in a

gi ven process so that products can be obtai ned econom. call L orderly
wi t hout enpl oyi'AGIBRABIC HEAREEGOHIS ‘?98}‘?1”?@} ﬁ]er{be\"f ﬁ@spaif;%n g? C&@%@?'f%’n. These

mat eri al s Y5 BSolf FRAtRL Fridh @l siéPed@hsd-Auhing elidamaghesiaytica-e. g. ,
bentonite anda‘ aolin, to inprove the crush strength of the caital yst
under comziscenial sitgsethatiaryicacknivlia.isdies-titasia gs Mel &5 18T"eTY FOBPOS Y By s,
oxi des, et a{s‘émﬁé-'aﬂﬂniﬂé-tﬁéﬂw%niéa-faﬁfmihél%irc&ﬂé ahi¥sblurhihainseghesiaranll e t o
provi de a catalyst haylng_good crush strength because in conmercial use
16 is desisiliebireagresprawonte-t he catal yst from breaki ng down into
powder-|ike mat-grd %La?ivey?rgﬁ:ﬁ‘u&{saé‘f.fﬁ@ Nid QX Ege=hinadase i iheganenpl oyed
0

normal |y only for the purpose of inproving the crush strength of the

cat al yst . dNateumatrixywaoceigehi, wiihdhegysighearienidan®ag dormaRetddOibOrt t he new
crystal ifclude th t | i i [ bl kel famlies
et ude 18 P ED S R R R e e Dyl .
McNanee, Geepayed in tredofh of bdads imihe rengoehriast 2o wePeheq WEIShhP# Chttner al
c&nsti tuen(;tﬁi chl%l J)s%éSi te, kaolinite, dickite, nacrite, or anauxite.
Sich cl ays cré% ePU%Ed in.the raw state as ori ginally mned or initially
subj ect ed to calnairderttoaneredoiiliystade thermatye o tegrinvantionaef tHedaRMgn.

Bi nders useful .for [ a Vo PRAVLY n-bjh% ystal al so include

i norganic %ﬁr%cet@‘gs%gﬁggﬁé ]fscélipﬂény,&zgl (!:ona?gﬁﬁ%néﬁ'a, magnesi a, beryllia,
alumina, and mxtures thereof. 2 9 APR 1005 10237PCT - 11 5 10 15 20 25
30 In addigti the foregoing materials, the new crystal can be

conposi teo&'&vﬂ?—f’?&a porous matrix material such as silica-alum na,

sigl i ca- maghwshesis sf AMugiposticetsodCl-7%i | i ca-thoria, silica-beryllia,
silica-titania as well as ternary conpositions such as

silica-alum na-thoria, silica-alumna-zirconia silica-alum na-nmgnesi a
and s il i taohBgliaids iSiiczi(P@ vated AKDD: (ApEitUrRe HyPEpH® S8 BPﬁ'ri nel y

di vided crysfhaldiifiyBRhRe, 2b vAdkdiiiRhY ¥kthzanolamine and distilled water were

combined in the following molar ratio:

20 SilAl; 20
H;O/Si 30
OH/Si 0.375
K'/Si 0.375
Triethanolamine/Si  0.20
25
The combined mixture was added 1o an autoclave and heated 10 160°C
for 368 hours and subsequently heated 10 180°C for 82 hours. The product was
then fillered and washed with water and dried overnight under an IR lamp. The
solid was then caicined in air at a temperature of 540°C for 8 hours 1o yield the
30 new material designated as MCM-71. The powder patterns oi the as-synthesized

and calcined materials are given in Figure 3 and 4 respectively, and show
mordenite as an impurity phase (less than 5%). The as-synthesized material has

the corresponding peak list as compiled in Teble 3.



oxide matrix vary widely, with the crystal content ranging from a@gugpg]gg[ﬁ
to about 90 percent by weight and nore usually, particularly when t
conmposi t e,gbgpcPrepared in the formof beads, in the range of about 2 to
about 80 wei ght percent of the conposite. In order to nore fully
illustrate the nature of the invention and the manner of practicing
sane, the follow ng exanples are pres,faj]t ed. Exanple 1 Synthesis of

Al um nosilicate MCM 71 7g of Colloid Silica (30 w%, AI(OH)3 (A um num -
Hydr oxi-de, solid), KOH (Potassium Hydroxide, 20 wt % sol ution),
triethanolam ne and distilled water_ were conbined in the follow ng nol ar
ratio: Si/A12 20 H20/Si 30 OH S TW¢S K /Si 0.375 Triethanol ami ne/ Si
0.20 The conbi ned m xture was added to. an autoclave and heated to 160C

for 368 hours an subseq"“ y hreat :M\QM pr oduct
was then filterpd-and—nitd Wy ' ler an IR
|l anp. The sol i dlwasthel \t"g*' cHhed—iA—air—at—a—tepperature—of—540C for 8
hours to yield the new Whe®rial dedignated-as P.’gz‘;hv@‘?l. Fhe—powder
patterns of the as-synthé&$%ed andicalci ndeaJ_s_ape_gwl in
Figure 3 and 4 respectivél39 and show nordenite4dd an inpurity phase
(less than 5% . [The as-s@riffiesi zed material has 18He rnrrpqnnnd. ng peak
list as conpiledlin Tabl .37 2 9 APR 2005 10237P83.6 12 Table 3
d6kl 10010/ I max. [L3.58"4. .8D.25'2.0]9.5025.8 9.3042.8 9.06' 10.418.3758.6
6.674.2 6.5041.6{6.38*>1.d)s5®.05" 1.7(5:80"3.5 41.6

£.38" >1.0

6.05” 1.7

5.80" 3.5

5.27 30.5

4.80 56.5

4.70 4.6

4.65 7.8

4.52 7.5

4.34° 6.0

4.18 15.6

4.08" 8.8

4.05 4.6

4.00 3.0

3.94 4.4

3.82 3.5

3.76 41.9

272 ' 9.19

3.55 68.29

3.46 ' 100.0

3.40 20.0

3.35 14.2

3.28 30.3

3.25 19.8

3.22* 7.8

3.20 ' 9.7

3.4 18.5

3.06 10.2

2.953 17.9

2.887" 2.9

2.872 4.8

2.804 10.8

2.781 10.0

2.645 8.6

2.628 9.0

2.5638 2.8
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2730.5 4.8056.5 4.704.6 4.657.8 4.527.5 4.34'6.0 4.1815.6 4.08' 298APR 2005
05'4.6 4.008.0 3.944.4 3.823.8 3.7641.9 3.729.19 3.5569.29 3.46100.0
4020. 0 3p3pk4. 2 3.2830.3 3.2519.8 3.22'7.8 3.209.7 3.1418.5 3.0610. 2
95317.9 2.887'2.9 2.8724.8 2.80410.8 2.78110.0 2.6458.6 2.6285.0

5682.8 2 9 APR 2005 102117PCT - 13 Table 3 (cont'd) dhkl 100l ol i m x.
5451.1 2.5122.9 2.4963. 3 - 13-

Table 3 {cont'd}

O A 10010/ e
2.545 1.1
2.512 2.9
2.496 3.3
2.482 3.0
2.433 1.6
24217 2.0
2.361 1.7
2.324 1.5
2.217 >1.0
2.188. >1.0
2.146 >1.0
2.133 2.7
2.077° 2.7
2.049 >1.0
2.023 2.8
1.987 1.5
1.972 2.7
1.961 2.4
1.850 2.4
1.235 2.1
1.917 >1.0
1.878 1.7
1.861 7.5
1.824 2.0
~denoles a probable
impurity peak

Examiple 2
Synthesis of Aluminosilicate MCM-71

7g of Colioidal Silica (30 wi%), Al(OH)s {Aluminum Hydroxide, solid), KOH
{Potassium Hydroxide, 20 wi% solution), triethanclamine and distilled water were

combined in the following ratic:

SifAl; 21
H:0/Si 30
OH/Si 0.375
K'/Si 0.375

Triethanolamine/Si  0.20



2.4823.0 2.4331.6 2.4212.0 2.3611.7 2.3241.5 2.217>1.0 2.188, >1. 029 APR 2005
2.146>1.0 2.1332.7 2.077'2.7 2.049>1.0 2.0232.8 1.9871.5 1.9722.
1.9612.4 1,9502.4 1.9352.1 1.917>1.0 1.8781.7 1.8617.5 1.8242.0 denot es
a probable inpurity peak 5 Exanple 2 Synthesis of Al um nosilicate MCM 71"
7g of Colloidal Silica (30 w%, Al (G—|)3 (Al'um num Hydr oxi de, solid), KOCH
10( Pot assi um Hydr oxi de, 20 wt % sol uti ﬁ)g triethanolamne and distilled
water were conbined in the follow ng ratio: Si/A 221 H2Q Si 30 OH Si 0. 375
15K / Si 0. 375 Tri ethanol am nel Si0.20 2 9 APR 2005 10237PCT -14 5 10
The combined mixture was added to an autoclave and heated to 160°C
for 360 hours and subsequently heated 1o 180°C for 120 hours. The product was
then filtered and washed with water and dried overnight under an IR lamp. The

powder pattern of the as-synthesized malerial is given in Figure 5.

Exampie 3
Synthesis of Aluminosilicale MCM-71

7g of Colloidal Silica (30 wi%), AI{OH); (Aluminum Hydroxide, solid), KOH
10 (Potassium Hydroxide, 20 wt% solution} and distilied waler were combined in the
following reatio:
Si/Al, 26
H.O/Si 3G
OH/Si 0.375
15 K'/Si 0.375
The combined mixture was added to an autoclave and heated 1o 160°C
for 300 hours and subseguently heated to 180°C for 122 hours. The product was
then filtered and washed with water and dried overnight under an IR lamp. The

20 powder pattern of the as-synthesized material is given in Figure 6.

Example 4
Synthesis of Aluminosilicate MCM-71

25 7g of Colloidal Silica (30 wi%), Al{OH); {Aluminum Hycroxide, solic), KOH
(Potassium Hydroxide, 20 wt% solution) and distilled water were combinied in the
following ratio:

SifAl; 22
H,0/Si 30

30 OH/Si 0.375
K'/Si 0.375

The combined mixture was zdded to an autoclave and heated to 160°C
for 300 hours and subsequently heated to 180°C for 132 hours. The product was
35 then filtered and washed with waler and dried overnight under an IR lamp. The

powder pattern of the as-synthesized material is given in Figure 7 and the



15 20 25 30 35 The conbined m xture was added to an autocl ave and7QegrReip)
to 160C for 360 hours and subsequently heated to 180C for 120 hours. The
product wass;;pthen filtered and washed with water and dried overni ght
under an IR lanp. The powler pattern of the as-synthesized material is
given in Figure 5 Exanple 3 Synthesis of Alum nosilicate MCM 71 7g of
Colloidal Silica (30 wt%, A (OH)3 (A um num Hydroxide, solid), KOH

(Pot assi um Hydroxi de, 20 wt % sol ution)” and distilled water were conbi ned
in the followng ratio: 20 Si/Al12 H2QO Si 30 OH Si 0.375 K /Si 0.375 The
conbi ned m xture was added to an autoclave and heated to 160C for 300
hour s andcwiespegdiegtispkiiehsagmpied J0C614- 132 hours. The product was

then filtered and washed with water and dried overnight under an IR | anp.
The powder pattern of the as-synthesized material is given in Figure 6.
Exanmpl e 4 Synthesis of Alum nosilicate MCM71 7g of Colloidal Silica (30
w%, A (OH) 3 (A um num Hydroxi de, .?gtl)]iedg, KOH (Potassi um Hydroxi de, 20
wt % sol ution) and distilled water were conbined in the follow ng ratio:
2 Si/A2 H0/Si30 O/ Si0.375 K/Si0.375 The conbined. mxture -was added

to an autoclave and heat deiAo 160C__far 200 hourl®OhfAd«subseguent] y heat ed
to 180C for 132 hours THeAH 4 then filtelBd-and-washed| with
water and dri efl_overni ghtO.iiider an IR anp— The phéder pattern—pf the
as- synt hesi zed _lxai..e.r_l_a-l-%g?- ven—i-p—Fitgure—7and gi'%uZ 9-APR—2665 10237
PCT -15 550" X
8.32 51.0
6.63 6.3
6.47 39.3
6.02* 1.0
577 1.5
524 29.6
4.96" 0.32
477 58.5
467 6.2
4.63 7.6
4.50 4.4
431" 6.1
4.25 13.6
417 15.7
4.07" 18.5
A 03 11.€
.28 5.4
3.83 5.1
3.81 3.6
375 43.2
3.71 9.2
3.63" >1.0
3.53 74.8
3.446 100.0
3.30 20.2
3.534 749
3.27 32.7
307 16.9
3.18 6.8
3.13 30.0
3.05 11.2
3.05 4.6
2.945 20.5
2.865 4.2
2.796 11.2
2.774 4
2.63¢ 8.7
2.620 6.3
2.561 2.8




correspondi ng peak list is conpiled in Table 4. Table 4 5 dhv, A10ORS APR-2005
13.45'1.8 10.17'1.2 9.5124.1 9.2435.3 8.99'5.9 8.3251.0 6.636.3 6'.4739.3
6.02' 1.0 §u4fp4 - 5 5.2429.6 4.96'0.32 4.7759.5 4.676.2 4.637.6 4.504.4
4.316.1 4. %513. 6 4.1715.7 4.07'18.5 4.03*11.6 98'5.4 3.935.1 3.813.6
3.7543.2 3.719.2 3.63'>1.0 3.5374.8 3.446100.0 3.3920.9 3.3474.9 3.2732.7
3.2219.9 3.196.8 3.1330.0 3.0511.2 16 -

Table 4 (cont.d)

O A 10010/l me.
2.483 3.6
2.455" 3.8
2.417 1.3
2.355 2.4
2.317 1.6
2.281 3.3
2.238 2.0
2.213 1.3
2.183 >1.0
2.128 5.0
2.072 3.3
2.018 3.3
1.981 2.2
1.968 2.2
1.959 1.2
1.944 1.9
1.830 1.7
1.876 1.4
*denotes a probable impurity
peak.




3.034.6 2.94520.5 2.8654.2 2.79611.9 2.7749.4 2.6398.7 2.6206.3 27964F2. 1805
2 9 APR 2005 10237PCT -16 Table 4 (cont.d), dhki 10010/ max. 2.4833.6
2.455*%3.8 2.4171.3 2.3552.4 2.3171.6 2.2813.3 2.2392.0 2.2131.3 2.183>1.0
2.1285.0 2. 0723.,304g0183. 3 1.9812.2 1.9692.2 1.9591.2 1.9441.9 1.9301.7
1.8761.4 'denotes a probable inmpurity peak. 5 2 9 APR 2005 -1, CLAI M
What is Claned is: 1. A synthetic porous crystalline material with a

framewor k of tetrahedral .
Whetis Claimed 18:

1. A synthetie porous crystalline materizl with & framework of teirzhedral
ztoms bridged by oxygen zloms, the tewehedral ztom fremeviork being defined by

2 unit cell with ztomic coordinates in Angstrom shown 1n the following table:

Number| Atom x (A) y (A) .z {A)
1 Sil 3.721 1.856 8.420
2 512 3.721 [ 1.181 11.470
3 Si3 1.540 4.008 §:120
14 Si4 1.548" 2.858 12.851
5 Si5 3.721 . 7.424 | 18.010
16 - 1836 3.721 [ 8120, | 1.880 . |
7 5i7 5.901 5271 | 17.780
g Sig 5.803 6.421 | 3.281
9 SEE 3.721 11135 | 1.170
10 5i10 3.721 1 10.430 17.300
13 Siil 5.901 {13288 1.200
12 S5i2 5.893 12,138 15.818
13 8513 ] 397 16.703 10,760
14 Sii4 3,721 | 17408 7710
15 Si1% 1.540 | 14.550 10.550
16 Si1% 1.548 157061 | 6.329
17 Si17 5.901 1455¢ | 10.5%0
118 Si18 3§93 15701 | 6.329
16 Si19 | 1.540 13.288 |  1.400
20 120 ] 1.548 12138 | 15919
421 3i21 1.520 5271 17.780
22 8122 1.548 6221 3.261
23 5523 5801 | 4.009 | 8150
24 Siz4 . 5.863 2.858 12,831
25 8i25 £.000 11.135 8.420
26 1Si26 0.000 10.430 11.270
27 Si27. 5.261 b 13288 | 2.190
28 . Si28 |  5.268 | 12138 12.85]
20 $i2¢ | 0.000 | 16.703 18.0310
30 Sizo0 | 0.000 | 17.408 1.8%0
31 Si31 | 2180 | 14.550 17.780
32 Siz2 | 2173 | 15.70] 3.261
33 Siz3 | 0.000 | 1.856 1.170
34 Si34 i 0000 | 1.15) | 17.300




atons bridged by oxygen atons, the tetrahedral atom franmework bei pg APR 7005
defined by a u it cell with atomc coordinates in Angstrom shown in the
foll owi ng table: NunberAtom | x (A) (A ZW'A) 1Sil 1 3.721 11.856 18.420 2
1S]2 1 3.721 11.151 111.470 3Si 3 1.5404.0098: 190 4Si 4 { 1.548 :
12.85812.851 5 1Si51 3.721 1. 7.424 118.010 6 .1Si6 3.721 j8.129. 11.880

71817 5901 15. 2RI 2780 P TSI, BY3 18,42 13,283 1 1S9 |
3.721 111351 1 Fg16-Tfoego-t Sk T 9 "?&0 §T7390 3150 TSH{11 1 5.901
1. 13.288 11.400 ¥2tsiiPr s 8 R4S g L3 721

116. 703 110.760 18& 14 11886721 B s £58s (5. 19, oF 0 110 cop
S 1165;16 1 1.54{87 15 75131 6. 3290.000 35117 8.4863 14 8806610 590 18 | o 18
| 5.89315.701 ! 6. §&9 195530 || ' .0.680 115288.109. 400 120018 20 | 1.548
(12.138 115.9] O EBISTZIssl 5[ 0L bep 71T |1 72299 221S 33 obol. SAL' 86421
3251 231Si 23 1 5. 54%11 4 ,;it)r_8 J.Z$l 6@” Si ‘_4_ % 5893 S 12,851 2 5l
S 12 5 1 0.0001 112913 51°8™0gl 0678805\ Tg BAY 15143819270 42 5 715127,
1 5 2611 13.2881 #1190 284l g bg 2.18% -ah1 32713314 839-998 i bo | 0. 000
16.70318. 010 301 S{430 | O\SH01 7. 20%1. 880 38%3131 || 2.658%1 14)55017. 780

- 321Si32 1 2.1731 143 70115343261 333.36B3 | [0. 000F 1. §5611.400170 B 41813 4 1

0. 0001.1511 1 7.%400 Qids 5768 2.858 15.910
45 Si45 5.261 14.550 17.780
a6 Si46 5.268 -15.701 32671
47 Si47 2. 180 13,288 §.190
48 . Si48 2173 . 12,138 12,851

erein cach coordinale position may vary mlhin 0.5 An'ctrom.

2. A synthetic porous ery sizlline metenel cherecterized Dy an X-rzy

Ciffrection pakern including velues substantially 2s set forth in the fellowing

teble:

Gt A, Relztive Inmensity
0.5720.20 e 8§
9.28=0.20 w—5
8.35=0.18 m—5
6.50=0.20 W 1D
526=0.12 W— 1D
4.76=0.10 m—5
4.18=0.10 | AW — W
2,73=0.09 . W=

- 3.54=0.08 ‘§— VS
3.45=0.12 5- V§
3.35=0.09 W
3.14=0.08 VW — W
2.9520.10 | Y —
1.860.07 \ vy




2 9 APR 2005 -is Nunber AtomX A(j k)(.k) 35Si 352.1804.0091. 400 %8 APR 2005
3651362. 1732. 85815. 919 37Si 370. 0007. 42AJ'IQ3-760 385i 380. 0008. 1297. 7

39Si 395. 2615. 27110. 990 405i 405. 2686. 4216."329 415i 412. 180 15.27110. 990

42Si 422. 1736. 4216. 329 43.1Si 431 5.2614. 0091. 400 44Si 441 5.2682. 85815. 919 -
45 1 Si 451 5.26114.550 117.780 46(Si 465. 26815. 7013. 263- 47) Si 471

2.18013, 28883190 A8SicAR1z1lin2mif8:PcIGRILR. 8FIC e Rdiznirgactompet A hat e
position may vary within = 0.5 Angstrom 2. A synthetic porous

crystal | i ne” peephsirathomokhidet%@ ey an X- ny diffraction pattern

Lech..nag val ues substantialLy as SEt}’gff-rwgﬂVbD the follow ng table. dyri
A lredanve 1 nt_,ait- 9.57-0.20v- s'9728%0.20w - s 8.35-0.18ms 6.500. 20

5.26-0.12 4. 3Qrekn QNs 21 1e3s1 £80:9 20K 15 WHAVY SlePel 8m08S znd ¥Sis 214PRickds- Vs
3.35=0.09w 3.14 0.08vw - v: 2.951.10env - v: 1.86-0.07vw 2 9 APR 2005 -19
3. The crystalelname material of aiml or Jaim2 baving a conposition

A

4. The crystzliine mzterial of eny preceding Clzim having 2 compositien, on
en anhydrous basis and in terms of moles of oxides per o moles of YOy, expreés:d
by the formule: '

) (0.1:2)K30:(0-2)Q: X203:(r) Y03

wherein Q is an organjc moiety.

5. The crysizlline meterial of Claim 4 wherein seid Q comprises € cation

erived from tneithanolzamineg,

6. The crysielline meterizl of eny onc of Claims 3 to Swhereln Xis 2 |
trivalent element selscied from the group consisting of borox, iron, inéium,
gallium, zlumminum, end & combinztion thereof; end Y is 2 temevelent elemnent

selected from the grovp consisting of silicor, Hn, tiznium, gemnaniicn and e

-

comblnzstion therech

7. The crysizlline meterie] of eny ont of Cleims 3 to € wherein X comprizes

2lurninum 2npd Y comprises silicon.

8. The crystelline mzaierial of eny one of Cleims 5 to 7 wherein i 3s eboui 5 to

zbout 100.



conprising the nolar relationship X20;:(n)Y 02, . wherein n is at7lgegstags
about 2, Xis atrivalent element, and Y is a tetravalent clenent. 4.

The crystalline naterial of any precedi mg¥%d aire having a conposition, on
an anhydrous basis and in terns of noles of oxides per n noles of YO, '
expressed by the fornula: (0.1-2)1:20:(0-2)Q X2G :(r.~)Y02 wherein Q
s an organi oMl elyy, G AT ARes Al dha Bt ariialz of £ growdzgideain sai d
Q conprises a’cati derived from triet hanol ami ne. 6. The crygg_al l.i ne
material of aByiQN@:9nek al) prRpAiApubivehgrel NI sADIICEPEHE Oot AFENE

sel ected fromlinc group consisting of. boron, .iron, nediu mqjlagééwn

al umi num  ands®d coattralatd SMIXTHECOFPTISHIES ¥ G5 C4PPEF T AT A Bt el enenit

sel ected Isom .the group cgnsistingd of. si.id Heh eyt i @Rb4Mb: 0BIgERNi um
and a conbi nati GAET feFR ?tfgf%P“‘Fﬁg’fg’%@{‘gPF?ﬁ’?ﬁg Jg}riﬁacfmgf mzllzny one of
Clainms 3to 6 b0 %GR al-er] ¥iipnahe foiccanprirses: sili con. ~8.
The Crystalli ﬁé\gﬁé’%l&i}ér’ ‘%ﬁggﬁ%? of Clains 3 to 7 wherein a is about 5
to about 100. 2 9 YBRX2A(5 -20 9. A nethod fof-dPRMNEsi zi ng crystalline
material of any precedig Claim which conpri Se?o(ilgoﬁ" eparing an

i nor gani ¢ synt hesi $#B@/x¥89r e capabe of forning 'sSaid material, said

m xture conpri sing SRYLEES of potassiumions, amzexkde of trivalent

el ement (X), E71 oxide’of tetraval ent el enent E?B and water, having E
conposition, in ter®yyd@, nole ratios, withint 2tof owi ng ranges: Y02/
X2032 - 100, 000 H20/ Y0210 - 1000 OH-/Y020.02 - 2 K 020.02-2- U7 ii)

mai ntai ning said m xture under sufficient Conditions including a _
tenperature Ofriaﬁ E%é”x‘ﬂ%‘?&“ 53261991*31@ AR fB20G dhnisidorsiystding zofmpaiztire
material are forned, and .(1i1) recovering said crystalline material f.rom
Step (i5). 10.ofFhenrbbinokD0eE iGlhain? B0 Rherdicryssdi of TRXTHT NS 1§70 208
conposition, in terns . of nole ratios,. W khin,thenfollow ng ranges:

L s 02/ X 0 5. 1087 GFBsip seifgrysalfind Htentdl 3D

10 The moethod of Claim § wherein s2id mixiure has 2 composinon, 1n lemns

-
<

of mole retios, witkin the following ranges:

YO,/ 3:0; : 5-100
3,0/ Y0, 20- 50
OH/YO; 0.1-0.8

XY o, : 0.-0.8,



OUn p20.1-0.8 1i"'NO-,0.1-0.5. 2 9 APR 2005 -2] 11. A nethod for ZQAPRTU(E :
synthesi zing a potassiumcontaining crystalline material of any on

Claims | to 8 which conprises (i) preparing a synthesis m xture capable
of formng said material, said m xture conprising sources of potassium
ions. an. oxide of trivalent element (X), an oxide of tetraval ent
element (Y), an organic directing agent (Q consisting of

triethanol am ne, and water, having a conposition, in terns of nole
ratios, within the follow ng ranges: YO2/ X2032 - 100, 000 P20/Y0210- 1000
G 3-/YQ0.02, - 2 K /Y (A 84 6 f sl d

m xture undi]r suf"f’?qﬁtpé%f&é%nﬂaﬁ Sltzfngr?}%ig%%éfﬁamgg er?p%g?ﬂ;tlﬁre of from.
100C t 0 2206 aisit Clairsy y'$d &lvehion cosairidesn@t mepaabg arsmbhepsaerns fareadis o )
recovering said crystal lLi.ne.material fromste c t od of
Gama | et BS R e i sl IS aBI

rati os, wthf givkleer ElehmbRWiNOan enigest Ieh‘MenKEEBwﬁl Q’)l@l@ or@ovcmmg 50

02- 3. A7020. 1- 0. 8 X4n020. 1- ggnveni ng
a feedst ockaﬁféﬁiﬁlfé’PﬁﬂméPﬁgfﬁ%F”%W%ﬂé MG ha@@l%\f'gérog{pggl%%?gg%g? \%ﬂl ch
conpri ses Copiaglé @itk foBEWSEPGIgesat organi c  conpound conversion
conditions with a catalyst conprising an active formof the synthetic
porous crystal | YR/ ¥éteri al of any one of ECI0H801 to S.

H.0/YC;, 10- 1000
OH /YO, 0.02-2
K'Y 0O, 0.02 -2
QYO 0.01-2;

(31) maintaining said mixture under sufficient conditions including 2 temperature
of from .100°C 10 220°C unti] crystals of szid matenal are formed; and

(1ii) recovering said crvstalline maierial from step (31).

12, The method of Claim 11 wherein said mixture has a composition, in 1erms

of mole ratios, within the following ranges:

YO/ Xz0a 5-100
B0/ Y0, 20 - 50
OO, 0.1-0.8
X'/Y0, 0.1-0.8.
QY O, 0.1-0.3.
13. A process for converung a Jeedstock comprising organic couspounds 10

conversion product which comprises contacting said Jeedstock a1 organic
compownd conversion conditions with a catalyst comprising an active Jorm of the

svntheiic porous crysialline material of eanv one of Claims 110 &



