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[ 0001] Thewpressant47di scl osure relates to a novel nol ecul CTAIS2MS/016004
conposition, a nethod of nmaking and a process of using the sanme. In
particular, this disclosure relates to a novel nolecul ar sieve conposition
which is an EMM 10 or MCM 22 type material having | ow angl e features of
MCM 22- P and MCM 56. BACKGROUND OF THI' S DI SCLOSURE [0002] Mol ecul ar si eve
materials, both natural and synthetic, have been denonstrated in the past
to have catalytic properti es for various types of hydrocarbon conversion.
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of the MCM-56 (U.S. Patent No. 5,362,697). Hexamethylenelmme 1s “also faught or use In
-22 (U.S. Patent No. 4 ,954,325) and MCM-49

(U.S. Patent No. 5,236,575). A molecular sieve composition of matter referred to as zeolite SSZ-

synthesis of crystalline molecular sieves MCM

25 (U.S. Patent No. 4,826,667) is synthesized from a reaction mixture for hydrothermal reaction
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(2004) Mol ar conposition of the mxture Si02/A 203 60, 30 60 H20/ Si02 40
40 40 OH'/ Si02. 0.63 0.4 0.5 OH? Si02" 0.73 0.6 0.6 Nat/ Si02 0.73 0.6 0.6
RJISi 02 0.6 20081016478 Crystal | i zati on conditi ons Tenper at rCE/USE)07/016904

containing an adamantane quaternary ammonium jon. U.S. Patent No. 6,077,498 refers to a
crystalline molecular sieve composition of fnatter named ITQ-1 and its synthesis from a reaction A
mixture for hydrothermal redction containing one or a plurality of organic additives.
[0004] Chem. Lett. Vol. 32, No. 6,‘ page 542-543 (2003) by S. H. Lee, C. H. Shin, and S: B
Hong and Microporous and Mesoporous Materials, Vol. 68, page 97-104 (2004) by S. H. Lee, C.
H. Shin, D. K. Yang, S: D. Ahn, I. S. Nam and S. B ‘Hong reported a MCM-22 molecular sieve .
S)-'n'thesiz'ed by crystallizing reaction mixture for hydrothermal reactions prepared from watér,
'.Mes-diquét-S dibromide, Ludox HS-40, ahiminum nitrate non-hydrate, an'd. 50 wt% sodium
: hydroxide' solution. The mixtures had a molar composition as shown in Table L. The mixtures
were crystallized under crystallization conditions (as shown in Table I) and characterized as pure

phase MCM-22 with a crystal size of about 0.5 x 0.05 um (micro plates morphology).

Table I
Chem. Lett. | Microporous and Mesoporous
Vol. 32, No. 6, Materials, Vol. 68, page 97-104
page 542-543 (2004)
(2003)
Molar composition of the mixture .
Si0,/AlL 04 60, 30 60
H,0/ SiO, .. 40 . 40 40
OH7 Si0," 0.63 .04 0.5
OH/Si0; - 0.73 0.6 .06
Na'/ Si0, 0.73 0.6 ' 0.6
R/Si0, . 0.15 0.1 0.1
Crystallization conditions .
Temperature (°C) . 160
Stirring speed (RPM) : 100
Time (hr) : 168
Product Characterization
: XRD Result Pure Phase MCM-22
Si02/AlL, O3 (molar ratio) 38
BET area (m”/g) ‘438
Crystal size 0.5 x 0.05 pm
Morphology Platelet Platelet

* The OH'/'8iO; of this row is calculated with correction of aluminum source, wherein AI(NO;);
was used in both papers. . . . '

** The OH7 SiO; of this row is calculated Wit_hout correction of aluminum source.

{[0005] = Provisional Application No. 60/834030 discloses a crystalline molecular sieve (EMM-
10-P) having, in its as-synthesized form, an X-ray diffraction pattern including d-spacing maxima
at 13.18+0.25 and 12.33+0.23 Angstroms, wherein the peak intensity of the d-spacing maximum
at 13.18+0.25 Angstroms is at least as great as 90% of the peak intensity of the d-spacing

maximum at 12.33+0.23 Angstroms.



Stirring speed (RPM 100 Tine (hr) 168 Product Characterizati

Pure Phase MCM 22 Si 02/ Al 203 (nolar ratio) 38 BET area (rrg} é?n4§8RD CR:(ra;gl[ ;I
si ze 0. 5*\1(70(20@5)16!4717 Morphol ogy Platelet Platelet * The was/uss@doiévobot h
papers. The OH? Si02 of this rowis calculated w thout correction of

al um num source. (0005] Provisional Application No. 60/834030 discloses a
crystalline nol ecular sieve (EMM 10-P) having, in its as-synthesized form
an X-ray diffraction pattern including d-spacing naxi ma at 13.1810.25 and
12. 3310. 23 Angstrons, wherein the peak intensity of the d-spacing lnaxi mum
at 13.1810.25 Angstrons is at |least as great as 90% of the peak intensity

of the d- aC| Xi 2

2008/ 018 ?%é‘él%‘?f%n%g% by %g% %r’ ﬁ@?ﬁ?ﬂﬁ“&? dlscméghst i “’E‘f‘?dcé’tf. rg?]klﬁ% :
6%\/! 8?|\>/ff|oﬁ)ﬂs’caldnesmbtasudsr severBMAGd Od), lhamqtl@dafomp%‘flé flst’ieé’sﬁgl ecul ar sieve
( - tatj' ré’(ﬁalﬁgdd ﬁﬁ’,ﬁ}}{cl &m,sh—@eatslkﬁsQSm@fsource of at least one tctravalcnt

element (Y), at least one source of at least one alkali or alkali earth metal element,

_at least one dxrectmg—agent ®), water, and optionally at least one source of at least

one trivalent element X0, said mixture having the followmg molar ratio:

Y:X2 = 10to mfimty
H,0:Y = 11010000
OHY . =  0.001to00.59
M"Y = 0.001t02
R:Y = - 0.001t02

_wherein M is an alkali metal and R is at least one N,NiN,N’N’N;-heXamethyl-l,5-
pentanedxamxmum salt (Meg-diquat-5 salt(s)); and .
(b) submitting the mixture at crystallization conditions to form a product compnsmg
the de51red crystallme molecular sieve, wherein the crystalhzatlon conditions
. comprise a temperature.in the range of from 100°C to 200°C, and a crystalhzatxon
time from about 1 hour to 400 hours. .
[0007]  Provisional Patent ‘Application No. 60/834, 032 discloses a crystalline molecular sieve
(EMM-10), in its ammonium exchanged form or in its calcined form, ompnsmg unit cells with
MWW topology, said crystalline molecular sieve is characterized by - d1ﬂ’ractlon streakmg from
the unit cell arrangement in the c direction. The crystallme molecular sieve is further
characterized by the arced hk0 pattems of electron dlffractxon pattern The crystalline molecular
sieve is further characterized by thie unit cells streakmg along c direction. '
[0008] Provisional Patent Apphcatlon No. 60/834,031 discloses a method of ma.kmg a
crystallme molecular sieve (EMM- 10) the method comprising the steps of:
'(a) providing a mixture comprising at least one source of at least one tetravalent
element (Y), at least one source of at least one trivalent element (X), at least one
source of at least one alkali or alkali earth metal element, -at least one directing-

agent (R), and water, said mixture having the following miolar composition:

Y:Xa = 10 to infinity
Hz0:Y = 11010000
- OHYY =. 0.001 t0 0.59

M"Y o= 0.001 t0 2

R:Y = 0001102
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(a) providing a m xture conprising at | east one source of at |east one
tetravalent element (Y), at |east one source of at |least one alkali or

al kali eawohoddatied77el ement, at | east one directing- agenPCtRs200mmt@n4 and
optionally at |east one source of at |east one trivalent elenment (X), said
m xture having the followng nolar ratio: Y: X2 10 to infinity H20:Y 1 to
10000  0.001 to 0.59 1Vi+:Y = 0.001 t62 RY = 0.001 to 2 .wherein Mis an
alkali nmetal and Ris at |least one N,N,N,N N N -hennethyl-1, 5-

pent anedi ami ni um salt (Me6-diquat-5 salt(s)); and (b) submitting the

m xture at crystallization conditions to forma product conprising the
desired crystal | |,fe molgs M AkalbiRie and'REE & 18ast biee KN/BININ'Nz-dtkametingdeici-t | ons
conprise a tenperature in the range of from 100C to 200C, and a

crystal | i zati on pinianegieminiwBsalt (Vendigratepsalid): AB%rs. [0007] Provi si onal

Pat ent Aopl i oah QibxliRing G BRMQIR ofsadliaBes condimostialbime precuduaisbigey e
(EMMH1(J), in1ts ammoni um exchanged formor in 'Lt§ cal c{aﬂed f or

conprising unit tel fesirgd cRyskAMDS BRIBYY , S FRErL £ FPRE FZA{OIL SPagitgRs. | o

'tf]ecgag?ftegu éﬁdc%ipx%eut&tﬁﬁtfr?@fb ﬁtm@aﬁgi@effrmmoohe t0l200°Coetd 2 enystalligetient i n
. .The crystalline cular sieve is further characterized

by the arced hkotpstfem aoubt h@%%bﬁo‘éﬁsffraction pattern. The crystalline

ol ecul ar  si evg) k&olslddBE cighanias bfidcund sieye;tahé unit cell s streaking al ong

c direction. , [0008] Provisional Patent Aal Lcation No. .60/ 834 .
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al kal i j@rinaktad,ia St dr BtcRlcrgtagiieninoleatlal siast comsitioneend mythederftngi®g  and

water, said m xture. havi,n 1 iti : :
i nfini tsycmel{crystaﬁine molcc%latr rs‘lieevé ((:)clirlllg)c\g’itpogs.npl ar composition: Y:X2 1Q to

SUMMARY OF THIS DISCLOSURE ‘
[0010] In some embodiments, this disclosure relates to a crystalline MCM-22 family

molecular sieve having, in its as-synthesized form, an X-ray diffraction pattern including a peak
at d-spacing maximum of 12.33+0.23 Angstroms, a distinguishable peak at a d-spacing
maximum between 12.57 to about 14.17 Angstroms and a non-discrete peak at a d-spacing
maximum between 8.8 to 11. Angstroms, wherein the peak intensity of the d-spacing maximum
between 12.57 to about 14.17 Angstroms is less than 90% of the peak intensity of the d-spacing
maximum at 12.33+0.23 Angstroms.
[0011] In other embodiments, this disclosure relates to a method of making crystalline
molecular sieve recited in any preceding claim, comprising the steps of:
(2) providing a mixture comprising at least one source of at least one tetravalent
element (Y), at least one source of at least one alkali or alkali earth metal element,
at least one directing-agent (R), water, and optionally at least one source of at least

one trivalent element (X), the mixture having the following molar ratio:

Y:X> = 10 to infinity

H,O:Y = 1 to 10000

OH"Y without trivalent element source correction = 0.001 to 0.59, and/or OH:Y
(with trivalent element source correction) = 0.001 to 0.39

M"Y = 0.001 to 2

R:Y = 0.001 to 2

wherein M is an alkali metal and R is at least one N.N,N,N’N°N’-hexamethyl-1,5-
pentanediaminium  salt(s), N,N,N.N°N’N’-hexamethyl-1,6-hexanediaminium
salt(s), or any combination thereof, wherein said OH:Y is calculated; and
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= 1to 10000 AOT:Y 0.001 to 0.59 IVe:Y =0.001to 2 RY=0.001to2 W
2008/ 016477PCT/ US2007/ 016004 wherein Mis an alkali netal and Ris at |east
one N, N, NviY2bbsd1641examet hyl- 1, 5- pent anedi am ni um sal t @itearsdeogoadoob
salt(s)); and (b) submitting the mixture at crystallization conditions to
forma product conprising the desired crystalline nolecul ar sieve, wherein
the crystallization conditions conprise a tenperature in the range of from
100 Cto 200C, and a crystallization time fromabout 1 hour to 400 hours;
(c) recovering the crystalline nolecul ar sieve; and (d)

i on-exchangi ng the crystalline nolecular sieve with anmoniumnitrate

sol uti on. 1008914&;&&:15 AR LitBR At CHMEN 1Bkt SD E It g o férinz @ parddet comprising
aggregation/ a

oneration, or new x-ray diffraction can Ilf ec;(’gn %%ﬂié’rﬁt
behavi or, especi thel desired grstabidpec molpeplef sipvf; \"/"?‘f’ﬂ?“’a §‘Ey§% P SPNere i s,
therefore, a neeghfOfseNOMapefaitfs iditel razend fosi|180° G ie¥30° Coapising ispersl @nd
met hod of maki ng such novel crystalline nolec Leve .conpnosi:iL-ons:. .
SUMVARY OF THI S pmgoedsuret et 79 RPN 6%?5%%85#@%? L apd ias‘%?ai%%a%’?ﬁ?‘é"e
relates to a crygbad dvoiel Mdvha 2006 Rétrt;andol ecul ar sieve having, in its

as-synthesized form an X-ray diffractjon pattern including a peak at
d- spaci ng maxi @l rscavering thaerystalling MolqeylaE SI€EE- (jj st | ngui shabl e peak at a

d- spacigniexi [ b #eSbokEn s, ! Bisadigilbsulct Adatén g5 hrmebodio nzannastuding o et e
peak at a d-spacl ng maxi num bet\Ven 8.8 to %1.§$ngstroms, wherein the peak
i nt ensiarystadline meleenlanrigventhe methad FAMBEERE LN SIPSEF {0 about 14.17 Angstrons
is |ess than 9QYpaividiig a Raatard cingiiingat Rhstidne sourspailit hgshencitettavelsnt
12.33t0.23 Angstrons. [0011]1n other e i en i ! tes
to a nethod of m&kemfyt )ygtglg?sf PRESHEICE ﬁf%?sqg)flée?/lgal& g}cé{(&eig%gﬁlqgﬁ@ee]é}gcrg’di ng
claim conprisingttdag oat @psctink:agem)(Rprvatérdamipraionalkt atleastanepeirst Ahatdeast east

one source of at |east one tetr ent. el kind G5 rage source of
at |east one al k@ Toyalent ﬁlgmente@ﬁt}e et a eek[eglgg#et&l%{,}ougt Iféeast one

di recting-agent (WX, water = and 10 indinéty | y at | east one source of at | east
one trivalent el g (X), the ?xggé(g) having the follow ng nolar ratio:
Y: X2=10 to infi nﬁ@ 20:Y=1 to 68 11-:Y without trivalent el enent
source correct i oroH ¥ .vafibut wivalebOsleraerd Sourc@dortection T Mo 2apd/ar OFt - Yevithent
source correcti Oqzivgler?t'e(l)eon%entt (s)ou(i)'c‘:e?’cgonl%t"ic.mYQO%Q]to b0 2 R Y=0.001 to 2

MY = 0.001 to 2

RY 0.001t02

wherein M is an alkali metal and R is at least one N,N,N,N "N’N’-hexamethyl-1,5-

pentanediaminium  salt(s), N,N,N,N’N’N’-hexamethyl-l,6-hexanediaminium

salt(s), or any combination thereof, wherein said OH™:Y is calculated without

I

trivalent element source correction; and
(b) submitting the mixture at crystallization conditions to form a product comprising
the desired crystalline molecular sieve, wherein the crystallization conditions
‘comprise a temperature in the range of from 100 °C to 200°C, a stirring speed of
ranging from at least 150 RPM to less than 5000 RPM, and a crystallization time
from about 1 hour to 400 hours; and

(¢) recovering the crystalline molecular sieve.

[0013] In yet other embodiments, this disclosure relates to a method of manufacturing a
crystalline molecular sieve, the method comprising the steps of:

(a) providing a mixture comprising at least. one source of at least one tetravalent
element (Y), at least one source of at least one alkali or alkali earth metal element,
at least one directing-agent (R), water, and optionally at least one source of at least
one trivalent element (X), the mixture having the following molar ratio:

Y:Xs = 10 to infinity
. 5.



wherein Mis an alkali nmetal and Ris at |east one

N, NN NN N N -hexanet hyl-1, 5- pentanedi am ni um salt(s),

N, N, N, N Nvbi 20082 e4me2t hy1- 1, 6- hexanedi am ni um sal t (s), or pamyuSe@ Tioiéead i on

t hereof, wherein said 01-F:Y is calculated; and WO

2008/ 016477PCT/ US2007/ 016004 (b) submtting the m xture at crystallization
conditions to forma product conprising the desired crystalline nolecul ar
sieve, wherein the crystallization conditions conprise a tenperature in the
range of from 100C to 250C, a stirring speed of ranging fromat |east 150
RPMto | ess than 5000 RPM and a crystallization tinme fromabout 1 hour to
400 hours; and (ch,@:®coveri=ng t Isao@systal |l i ne nol ecul ar sieve. [0012]1n yet
ot her enbodi nents Su s discl os%@gre ates to a nethod of manufacturing a
crystalline nol ec(aﬁa sieve, the d conprising the steps of: (a)

provi ding a m xt uv@:onpri stng dL0dleagt one source of at | east one

tetraval ent el emaliQt (Y) at_ Ieasd ofN§ pSour ce of at |east one al kali or

al kali earth net el enent, at Ieast one directing-agent (R), water, and
optionally at | eawhereindMgan glbalp et ahdRS$ atdeast ond NAY.NAY %Némﬁmf(tbﬁ)l -L,3-he
m xture having th nol at Y5 B |-
10000 01 Ty w 't hotgen S0 B 4 M NICRETA debinb i Dk ddeaihh,
O T:Y with trival sat(s)eberanicombination dleareasc Whevsin-sgddHEY 3 qatouigtedowithior o 2
R Y0.001 to 2 whe d is at | east one

N,N,N,N N N - hexa&%ﬁ’t%ﬁ%ﬁ@le@ﬁ? gérf;é’ |atr°i1ﬁ%ﬁt8’% ?gil t(s),

N,NNNNN - hdhhmnymgih@mm@m@mmﬂmaUm senditiens to dprmy p prodypbromATisHIE
thereof, wherein E‘? EI:& c)(ys'tzﬁh %llklcﬁfa?(%lé%t Bdfeid the @h&RIiZRlGARBAAOKY C€
correctlon and ( tlng m xture at crystalliZation conditions to
form a product con@npmemgtemm’eraﬁas IHF the renaeselafiern 1O0iR 120 "6y 2 stiwipg, sPiffkplei n
the crystallizatipp,pantidh ORSs 150 RYNI 61635 {HRABOOGRBMVE anfl aldifstd] A8 Yme F OM
100 C to 200C, a strrring speed of ranging fromat |east 150 RPMto | ess

t han 5000 RPM an&omWyfsthfFQé@Qbthaﬁé from about 1 hour to 400 hours;

and (c) recoverccpgec;,{)&“@w@@@g@m@n{g;gcgﬁpgla{;e sieve. [0013]1n yet other
enbodi nents, this disclosure’ relates to a nethod of manufacturin

a
crystal I9HA] o lacyst githes | eshodimenss, Hhis eFleYFR FIlaen P £ HBeReE GE n%?F‘“?a("é')"ng a

provi di ReysaillifethoEEulAQMRE] the BRIRH cbRPEbing GRatRWECe of at |east one
tetraval ent elenent (YY), at.least one source of at |east qne al kali %HH

al kali earth ne@hProyiding qtmixtre| GoRuYisEgeAt JPast OnF $guseg e 2t (Jpgst oﬁétt%tFava

optionally at | eaateniaﬁfa(&é)oame&t o si»hrdeeﬁat le@sﬂ%né amunbemlkalebmmnua(a@meﬁthe
m xture having the OWI nmol ar = toinlnlt\é %
to 35 OH':Y=0.001 a‘{ a% qqe: ﬁtneﬁ)igefab water at lea one see tlonally at least

one source of at least one trivalent element (X), the mixture having the following

=5

molar ratio:
Y:X5 = 10 to infinity
H0Y = 1 to 10000
OH:Y = 0.001to 2
MYY = . 0.001t02
RY = 0.001to 2

wherein M is an alkali metal and R is at least one N,N,N,N°’N’N’-hexamethyl-1,5-
pentanediaminium  salt(s), N,N,N,N’N’N’-hexamethyl-1,6-hexanediaminium
salt(s), or any combination thereof, wherein said OH:Y is calculated with or
without trivalent element source correction, wherein the seed has a concentration
in the mixture ranging from about 0.01 to 10 wt% based on the weight of the
tetravalent element oxide in the mixture; and

(b) submitting the mixture at crystallization conditions to form a product comprising

the desired crystalline molecular sieve, wherein the crystallization conditions
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R Y=0.001 to 2 wherein Mis an alkali netal and Ris at |east one
N, NN NN N N -hexanet hyl-1, 5- pentanedi am ni um salt(s),

N, N, N, N Nvbi 20082 e4me2t hy1- 1, 6- hexanedi am ni um sal t (s), or pamyuSe@ Tioiéead i on
thereof, wherein said Of :Y is calculated with or without trival ent

el ement source correction; and (b) submtting the m xture at
crystallization conditions to forma product conprising the desired
crystalline nolecular sieve, wherein the crystallization conditions
conprise a tenperature in the range of from 100C to 200C, a stirring speed
of ranging fromat |east 150 RPMto |ess than 5000 I\qwand a

crystal lization tiTEPTIGhIPABEAUr in e range of fromh M S to 3PRIC and 2 exystalizatian t he
crystal l'ine nol ectimarfresi et 106G 100 hy&; &iher enbodi nents, this

di scl osure reI O)e§ecgve rIFt hool lgif manuf act.uri ng a crystalline nolecul ar

si eve, the nethod e TR e ugf sieY&y) “providing a mixture

conpri si®YSht [least odm em:mnﬁems‘ thit di@ASsureORPatéLld ARUESH of ln%ﬂﬁfét:tuﬁuﬁ
e .al kal.i. or alkali earth netal el enent, at

| east o
| east oﬁlg' %P#lrgc |lér)lgu-la551e°qu§ £RmPrisips the steps §fie seed, and optional Iy at
| east one sour de) pfovaling maﬁ:ttummentpﬁlsmglae&hst%lnemﬂ%e b2t lcaish&aeni‘x ?‘lﬁ%' ng

the follow ng m)I%gr{s%gtelY)t(Z ?Inflnlt H20:Y =1 to 1000
=0.001 to 2 MY =0.001 to "RV o8k '8 omsameres ot Mermaniym o(Gedl pt lpastapneand

E :\I s Naf\l :\Ieﬁlst honedi’s#dﬂnga%bxg' drlll), hﬁmnﬁi&wgh&;aﬁyla@qeéﬁnﬁgls%mcel wnf%tsiéhét(é)e,
N N - hexaggi m ni um sal t or any conbi nation
t her eof, wherein sal %X%fff"@tgj g ?éf e?i‘evﬁOPWedﬁgca\‘/\}qaﬁdiile aﬁlﬁlw akali eardnent
source correcti onmetghelewient, theenismedhdvas; the CARGERE mdlar edtick N the m xture
rangi ng from about 0.01 t O\ based o:}]ot he i ght of the tetraval ent
el ement oxide in the mxture: &and (b) submt? P ¥he ni xture at
crystallization conditiondld®Yform a =pr oductb 10001 i si ng the desired
crystalline nol ecul ar si eg\?: herein the cbrtxzt allization conditions WO
20081016477PCT/ US2007/ 016004 conprise a te rature in the range of from
100C to 200C, and a cryst &N zation t5nme fOrQﬂhtanout 1 hour to 400 hours;
and (c) recoveri ng; I | gr  sieve. ,
hiBl M YSha Jllf ngul 1564’ R qiptises a ?%&? Lﬁ %?\ENN

enbodi nents, this disclosure re 0O a ne
crystal l'ine nol eclhiframediybl.&-pentanediamingun c orsphfsyi nGNMNN MMNENS-hekametii-1,6-

providing a m xt uﬁﬁﬁ&ﬂ&ﬁ%ﬁlﬁfn‘p&hﬁs{) %@%oxggﬁﬁgu (e:ree %ﬁrcl east one

non- ger mani um tet raval ent el ene e of germani um
(Ge), at | east (nubpntiag thevgixige st Cl(YF{t)alllmmreq:qndarmis mqoformr:abx}oxduatcoh@as{fngone

source of at | eashe QR8irdd cMalafl east. Qne.source.of at
| east one alkali of al kal |M§aar itHﬁ ﬁb]%gﬁg} F%zr% ?ﬂg’e ethr% b Sta@zﬂéﬁﬂ Repditipms

fol | owing nol ar reQMPELSe a tgmuyeratyee-in the 1gngandf fivrayl 0PDION20D" €,cnd QOSRstdNizatioR

M- Y R Y=0.001 t Girde HO&Bott Md&t@ﬁb(ﬂk&@ Lpgetal and R conprises at | east
one N,N,N, N N N.- hexanmethyl- ent anedi am ni um sal t (s),

N,N, NN NN - h&%?afﬁ‘é‘%vﬁﬁ}ﬁgffw@rysf?@%ﬁ%%?frﬁﬂm salt(s), or any conbinati on
t her eof[00361d () sanbambbdif@nishBisdisdiskuee 21 S&nal{dbl\?- '
forma lgg&]qﬂ,c garsportlt ﬁggﬁf Ee de5|1r ed crysitée\lslr?bl ne no 2% fﬁqllggﬂ%ei%/%ia? eve ein

the crysta |on c °8WE& conprise a tenperature in the range of from
100C t d09BUC, Fnether cnmbycgliraddts, s di@alo!‘;Urgﬁelité@t@eﬂ;k}@bgss fortfochBoft O0h RS

and ( C)coﬁﬁ)?igf‘ﬁgrthé' gtef) Q)? cgﬁtylc&nagl 21 L cﬁ'ocarboehci'éec?stocil w1th the crystalline molecular sieve

made by the method of in any one of claims 7-30 or the crystalline molecular sieve of claims 1-6,

under conversion conditions to form a product.

[0018] These and other facets of the present invention shall become apparent from the
following detailed description, Figures, and appended claims.

BRIEF DESCRIPTION OF THE FIGURES-

[0019] Figure 1a shows the XRD of the as-synthesized product of Example 1 at 80 hours.
[0020] Figure 1b shows the XRD of the as-synthesized product of Example 1 at 92 hours.
[0021] Figure 2 shows the XRD of the as-synthesized product of Example 1A.

[0022] Figure 3 shows SEM for Example 1A.
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(0016) I n some enbodi nents, this disclosure relates to an MCM 22 famly

nol ecul ar si eve made by nethods of this disclosure. (0017)1n other

enbodi nenwe,20edni1647di scl osure relates to a process for hydrasasbonoos
conversion, conprising the step of contacting a hydrocarbon feedstock with
the crystalline nolecular sieve nade by the nethod of in any one of clains
7-30 or the crystalline nolecular sieve of clainms 1-6, under conversion
conditions to forma product. [0018] These and ot her facets of the present

i nvention shall becone apparent fromthe follow ng detailed description,

Fi gures, and appended claims. BRI EF DESCRI PTI ON OF THE FI GURES

(0019] Irg F@é? Q%oxtvbﬁlem@)%fftﬂeme-s sypuhesieest Praglc?. of Exanple 1 at
80 hours 002 ure | b shows the D of the%fu% thei ed product of

Exanpl é00[2431t 91281??6 rshows @Gﬁﬁl‘#loéﬁ}eé‘s‘éy%‘]%"oﬁ}@dtpﬁ is- synt hesi zed

pr oductyg aﬁ% cifowh iR bl tHetas 3 ﬁth@s\&ﬁedﬁﬂiﬂlfcﬂﬁfﬂmm)é& 1A. WO
2008/01647}PCT S2007/ 016004 [ 0023] Fi ?@%e 4 shows, t f the

as- syntlf2sl 7 e Figus duheowes thegSEYLof theps-s ?sﬁelélpé% gt ’hm\ﬁse ‘he SEM of the
as- synthgsy) Zede@ﬁ&%bw@ﬁheB&RDRJf%éas—s&ﬁﬁlBﬁidﬁ pjualuz;t 6f&kamvyﬂe #he XRD of the
as-synt he5| zed_product of he SEM of the
as- syntlA28]; egFigrs v th %ﬁ%f&@s—s% %S?%"ﬁpgﬁ Ctgf )ﬁamv?se %he XRD of the
as- syntipes ZedF@ﬁ&dlleQE t}E)Q&R[plo(ftlk as{s@ﬂtﬁ&’dxﬁdgxmcmcgoﬁﬁmmw he SEM of the
as-synt heS| zed_produc he XRD of the
as- synt 88391z ed¥ ’;ﬁP’E?dUéﬁ“’B’Ft I° t}§ 1L 6% ur‘glct}%g{%& %he SEM of the
as- synt anpl e 5. DETAI LED DESCRI PTION [0031]In sone
enbodi lﬁﬁ?é&ﬁ?ﬂﬁgﬁgl’ﬁi%ﬁ relates to a crystal l'ine I\S\A émiri 1
mol ecul 993 evin tsamengmbediments, this diselasess sldes dp g CBYP! “feay%?” Ton
patter nmbféﬁﬁlgx]délm B hl A asdsy%ﬁeﬁhémfomxm{r}cnaaszfdlfhactaﬁppaz@mmamg mEpeakd

di stinguls e pea i ng maxi num bef ween aﬁh‘m? to\ﬁg t 1§i 17
Angst r oats d@nering W@P@c Pﬁtlé 32% 0123 2 Angstrpmsy 7 (i R R P p§ e 11.
Angstr Oﬁﬁmgﬂﬁ? hivked N©.FERKabIU 8T B(ngbftrohﬁ&arﬁ §paﬁ4dmrdmpbamm betspeeing
12.57 to about 14.17 Angstrons is Ie

n 9Q0% of klnten5|t
Lhe - s hebwemBSds 11pABEHoRS, Whgekr DResa Tensingt B8 i ReARe ol
f“ scl gsyét%e&?i?ggg)zé%urﬂ W%gﬁfonﬁmilg 163§ tRCHOPS of tegesk bftensiy o thetiesisaing.
nt roducti on atents ent .a a t est 0
pri ori t paviERAEht%] “‘%9er3 ‘&‘@@mﬁu@iq ef’{_})’ﬁg&ﬁ?gfn%}ﬁ? glsagn e %lﬁgs t%ggééﬁﬁ%notfs
ci ted henRind afd prokbtdsby/of RGRBOsaMecd by reference to the extent such
disclosure is not inconsistent with the present invention and for all

j uri sdi Bioghetian, whi ch such incorporation is pernmitted. [0033]Wen
nuner i cajoszpwerall i phdnss, apstedtu ﬁp;ﬁliaaadmsuptpﬁr prdceilirss, apaotitys deehniantse| atickednges

from an%&}ﬁ:‘Qﬁéns' 'anﬁalé Oan nc}{hel%pdo cumerlltgn cfted’i fleerel%oar}g %P}l ﬂ'x 81q)orated by reference to

the extent such disclosure is not inconsistent with the present invention and for all jurisdictions in

which such incorporation is permitted.
[0033] When numerical lower limits and numerical upper limits are listed herein, ranges
from any lower limit to any upper limit are contemplated.
[0034] As used in this specification, the term “framework type” is used in the sense described
in the “Atlas of Zeolite Framework Types,” 2001. ’
[0035] As used herein, the numbering scheme for the Periodic Table Groups is used as in
Chemical and Engineering News, 63(5), 27 (1985).
[0036) The term “tabular habit” morphology as used herein means a tabu}ar mineral having
“parallel stacked thin platelike crystals.” The term “platelet” morphology as used herein means
thin platelike crystals.
[0037] The term “MCM-22 family material” (or “material of the MCM-22 family” or
“molecular sieve of the MCM-22 family™), as used herein, includes:

@) molecular sieves made from a common first degree crystalline building block

“unit cell having the MWW framework topology”. A unit cell is a spatial
-8-



[0034] As used in this specification, the term"framework type" is used in
the sense described in the "Atlas of Zeolite Framework Types," 2001.

[ 0035] As weeadosmas4n, the nunbering schene for the Peri edirwsi@dloeso® oups i s
used as in Chem cal and Engi neering News, 63(5), 27 (1985). [0036] The term
"tabul ar habit" norphol ogy as used herein nmeans a tabul ar m neral having
"parallel stacked thin platelike crystals.” The term"platelet" norphol ogy
as used herein nmeans thin platelike crystals. [0037] The term"MCM 22 fam |y
material” (or "material of the MCM 22 fam |y" or "nol ecul ar sieve of the
MCM 22 fam |ly"), as used herein, includes: (i)nolecular sieves made from a
common first degreeagdngsinaht dfa®nisvhidh ﬁngxlbrl m:tﬂoréétdinintfmé@ial spraw tondestiike WV

f ramewor k t opol ogy ni a. »
20081016477PCT/ uszo&‘?’?ﬂtf%so‘ifi“gbreflé@énéﬁf 3 ZepledFranhork Types’y Rifth edicion,

t hr ee- di nensi onal spm:letltecentimntebeoit\hlmclmrsymtmoratsdde@&rpwd in the "At | as
Of Ze0| I te Fr a \or k T%Bﬁr SCVC a@le %é) IQQ"’O %‘PO 1S€CBH§ &the'er Fd%kt gﬂ)kkog
whi ch is incor pdrat 88 %S re erence; (ri1) nolecul ar sieves mad rom a
conmon second degr e@- dnmexhsabnagtlbhgcif sugh MW Wefishowerk typt ivag erllss freming gy
framework type unit.c y bk &8 tickn

t hi ckness” preferabﬁ"’?ff101 eré’?é%:@gt éE‘eln tmtgﬁ&lsg Efefé}gbl?%ﬁe nol gcu é‘? g?séves
made from comgiii) s e colebuthe gieves tbadd fomgeonimerksscond d«;@pesb@fdneg]blogks, nmsWerst han
O e OO mL CBESSS br WIRY il ohl o B 5 Bfnc Y GLIANE /e B bnchhian
thickness is made from stac packi ng, Inding at |east two

nonol ayers of one umb¢ ugiekéll thmkokssoﬁ mad¢ fromestickinganiakipg RebmMERE KABIHPK
topotogy. The stackifigoplhesidhy §%&9’L@11Clﬁi€f<%? yBHidotl Rovibl BRke P ANGRRe kN

regul ar fashion, an 1rregular a random fashion, or_ any conbl nation
thereof: or (iv) noitemsltgyr ToE etaskingeefesush saeppdrdagrreabuililing hlogishpan be in a

2- di mensi onal or 3- er%}maia 9031, £ARRERR ERRoA 2 Wilidort Blhion N kidoddlenddo

f ramewor k t opol ogy. The fam |y materials are characterized by
havi ng an X-ray di f ftheseafi @ pattern including d-spaci ng maxi ma at

12. 4+0. 25, 3. 57(;;9 ozn@gcqﬂgf /&@93 qzad%ng@t raﬁ?'sre(gﬁla} hef @alich nediuaensmnal or

as- synt hesi zed)". MCM 22 famly mateéria al so be ch rized

havi ng an X-ray di ff%%lwpﬁﬂn%a‘t"-’t”@i‘lﬂati% ofi ¥y CS % Rvingg Hea ?‘amework
12. 4+0. 25, 6. 9+0. 15’*"%??1‘%'0 07 and 3.42=40.07 Angstrons (either calcined or
as-synt hesi zed). The diffraction data used to characteyize the .

mol ecul 0038} eveTher MQY2R Faibbipatsriaisaaiedchamckmizedidy aing at‘ﬁ%'r?éi élf%ﬁ%tmn
doubl et ;Qkerk q{mﬁdlné‘%-gpgﬁn% Rk ERN bt 124L@bs,0N5ANKbard § 42000 MR aroney(ithgre d
with a SCI ntillation coun

er and ass |ated c ut e he ca ctlon
et o CEER PSS BIGHE She RENERE B51B aratrsaly Re Gise Trohiasenen b | |
U S Pah X-m diffrR86n paforn ifdhiddingdd Pasng mbaeham 10.430.2826.9:0la5, 3L5A3V0AE) |

720 LRI Gt IS s o I P SRR

(descri laﬁd»auenimﬁe midlédubdt alevPatedlitaited by cahidod tddhniqued Tsidg ﬁeai-alpm@osblet

described in Inter.na n Pat ent I 148
Edescrl Bga"lm‘?rtf =2\ &l aélatg‘mfgg Zggbc{oﬁékﬁ E@“‘F H%ds‘}??ﬁ%%g 4%) 0 % No.
5, 236, 5Zﬁéoplatéﬂl\éo&l;(mlﬁ%rthéae@ilelcnoﬂJsﬁterPdt/IateNds bglongae @@@MCM@ m)weecludc
descri Pat. 20Nol nts
gare i ni: g g%gcfshebregl ndglg ?%f ggeﬁgglizs[)nggg?’klhbicﬁbg@ﬂ}@? Zpﬁﬁec?g%ggé? he.
MCM 22 {S&@-25 (destalond ar Us$ eRass Nobe #6826160).aBBBel  &descrifedt imn Gutoppand PatepindNo. _
convent (30as2) 18R 1 PRLGEAMN LS At . 8ld790 Qﬁt?é%zi(géscnﬁ&ﬁﬂ R riROAAPatelt | N

that th have 12-ri ncg[:; sur ace ets which do not
communi PablcationhNohdV @67/r1i72ﬂj)),| H@ﬂrﬁ’aK eﬁ@?‘@ds%ﬂ@ﬁﬁ“éﬁoﬁahé’ ARPL pligtion; Rpe

V\D ZPQSA]@@&@Q(ZJ@EI A %@M%k@&@ﬁbé@ﬂ“@ﬂba K805 250 §7ﬂﬁmmat|9s(d€kaﬁb@ﬂﬁht@@ by

MAWV t opol o are multi-|a )\; g%g&{]gg@l i.ch
have t wdapd¥@ 5336 BEMsh ﬁ’gs‘t“rbéﬁt“t Bre e Ge7 381030613 & ed
rings. The Al RS, 9362/60h TR eEﬁ&m%mh{é oF gtk 26 ﬁﬁ:ofpo!/zﬁedihérélﬁrogméf’egenmrmd

materials as having this sane tqpol
ssz-25. 198111 THes %m\hezQPPF%ﬁlﬁtt%/ heoMET 2 ‘é ‘é‘gEﬁ‘gﬁz S‘Sé?n%%ﬂﬁ??"o‘”ﬁ
usef ul  idistthghRhéPldmontertibnl Airbe Pore CBYIRE 2ikgTatiph aﬁemssucﬂamkmltafm KB 22

famly | ecul ar_siev 6

Uz 5, AR A2 G R ol o T SRS TG P pot eApmiE it R fo-Ai

ar omat i nea poedsstem@f tiexaoipdudar sigve. Pat ent No. 6, 936, 744 di scl oses a
process for producing a nonoal kyl ated aromatic conpound, particularly
cunene, conprising the step of contacti r?g a pol yal kyl ated aromati c conpound
wi th an al kyl atabl e aromati c conpound under at |east partial |iquid phase
conditions and in the presence of a transal kyl ation catal yst to produce the
rmnoal kyl at ed ar orratl c corrpound V\her e| n the transal kyI at| on cat aI yst

o o, o, re " o,




WO 2008/ 016477PCT/ US2007/ 016004 (a) structure and the degree of
crystallinity of the nolecular sieve material by X-Ray Diffraction (XRD);
and/ or (byoroegpghed’agy and crystal size of the nol ecul ar peiraseoomaie@n4 al
nmeasured by the Scanning El ectron Mcroscope (SEM; and/or (c) chem cal
conposition by atom c absorption spectronetry and/or |Inductively Coupl ed
Pl asma Mass Spectronetry (1 CP-Ms or ICPMS); (d) adsorption capacities and
surface area neasured by nitrogen BET nethod; and/or (e) catalytic
activities and catalytic stabilities. nmeasured by the probing reactions.
X-Ray Powder Diffraction Pattern [0044] The interplanar spacings, d's, were

cal cul g@rg) | N ARGRLEMnERILE defbnatadBy tHteZreSatas beingnif emsMW Bstopploghere

lines, 1/1, where the intensity of the stronge l,ne e l.,
o sl WPV ST B ot WIS AU B D

(or secncheAerina! TNEABADSH Z4ollied FrambeoikTiges tlrsses fige diffenantly mapied andtesials
Lorentz and pol arizatiogn effec e relati Lnt ithes are given in
ternms &fhevee fysdsgiedo -%éﬂ‘&%ﬁ%&%‘%’g‘ﬁbﬁ’eﬁéﬁ %gaﬁl%gkgzt%floo)_, 8-s'gron8
(gr eat qpodihan R MTMAD, fabdilyedblacnlrgsieas davd heem 20nd to HOpseivldin\y WITERY PD t o

20). It should be understood that diff i : i | lbnes
mag/ corfyrcagpn ﬁﬂ?‘ﬁ%‘?fél’fé’s%%s?sag“b‘f“ﬁgfef F%@wﬁﬁgﬂﬂ.&lﬁﬁé@@iﬁﬁg %(k:é;%iﬁ izghs ,

such agvidM-ierenmese| ITQy PSEl-3,088225) UZbhangwsERBal: Syshanelegiar dews\a&¢ or
partially_resol|ved. |lines. Typicall ry. l.ogh I Y M§HRS74Q s clded Mde
ni nor c%é%& ahﬁﬁ"ﬁ‘ﬁf‘t" 851“?"‘1-%5?5‘?8?%&? Skcoér?gélg le,gﬁ ig%ﬂsgtlﬁﬁ &r yst4al ls;syrrmet ry,
Wi t houtpracesifsl @eodubinghemstdaligiatedarofiats eompovad, prrfiesiarly cUme RAHYG sHgdhg e's
inrelative. intensities, .C | I kfkShARC&mMpound
cat i on' EBHEEHESEHPE AR S SRS Php i whE dclvabl S thARSRmcRnG |
and t heirdet awiest partial Hawd lphasvadontitionnand inGhi eresetsa ref @stransalkiylption, eatglyst o
patterns can pe indicative of i I W8l Wa&atalBt &drh@iss

whi ch i%’og‘ﬁcg t %@8“?%@1%%%%%? i %@% vv\‘/{ijl % {?ir{sa?lr@ﬁ@%gsrs‘mﬁg%eri atlals? e. g]fﬁj,i 0e
MCM 49, midbbde 54, at deabt P84 MiBerefit0O#Shilihe molecdas| sigvas. wheeinngpsh of the mglycylar

consi der.ed broagd jf Y &X RLie ke W i®f 28dQUinaterial GaviAR4h Ktrabal f
hei ght YR i Sr?gaa{egshg% 62)%?&% gh{gf ?}e/&f\?gﬁi\éﬁlfggﬂg% t he maxi num t o '?g 4@@ l7i ne.
[ 0046] ThigfraatipmpatRD inthwting dispadiemaxipedt 12 44038 9Hb i3 700 ép ﬁe §§) XRD
peak WIE\EI &{?g%rly defined peak maxi mum which is at |east tw tinmes of the
aver age gc

ground noi se |evel. [0047] The term "non-di ete" peaks (al.so
"unr esol0pd2]  pduivd) b¢ nnderiedby)a earspr pldlled Hetkp s':‘rtﬁé%ﬂége E&Wﬁ% %B'ﬂ@rfg?% #lc
profil e .n-BeLNeen HREM (e GE 8RoiphBuPMaRtialsebiin ellsentigsiarviWwW franeasikng

(or stayihg even) ‘or decreasing (or staying. even) wthin nojse The
ter m " diepokogics” (epmaMF Ll MEY)s rander ther B%I&E’é‘fsi(%gx. V3™ ?kda%dé?llei%%%rgr;é:ans

;55828%2%%{%}@ 2138%70 %o -FsChRcHnD espily d)ecutai dieve(s)\WB-existing with

] 004 [00491The crystalline nol Il i _
conpos] EeavICHH-22 RrslmelseBlat pevetenP s CRPSIT v SRNaBy T oy oy M 42 i on
pat t er n zah1 b ez -5 Welig e, 20drdehi& tSRUhlite CaritdreAndicine. Dibereeiamplasdiiithe nhnee
peaks; (1) d-spacing maxi mum gt 12.330. 23 Aﬁ‘ LONE, o 29 d- [ hfrum
Dot veen MOV BiriivIBoPRR ST aReco- Pl T MGRT E3 ol AR RAck 38,8
d- spaci mgls ABSioseaBe ineRRnlas sRvéarithvink, flardevesrk tgpesof BHO MTWt RERpMOR, SOD,
intensity of the d- Ci i.mum bet ween .14 LR bRRiAL
| ess t hdWNdowdsr Dﬂ'ﬁf& Sé\ag}\'ﬂ%ﬁ@i’@m {enF &t -lgéégl?)%e%xﬁnum at 12. 3914,8’_ 23
ANgst I Offfee oFaioheVICM-RB tfenily anaeriadsBpEe tgn (A)bsRetially fee PArerMEY-22 fanily 100
14.17> 4 e ublaVRerdd 3Rans the MCM-22 family material of this disclosure preferably

contains a minor proportion (less than 50 wi%), preferably less than 20 wt%, of non-MCM-22
family materials (“impurities”) in the MCM-22 family materials, which weight percent (wt%)
values are based on the combined weight of impurities and pure phase MCM-22 family
materials.

[0043] It' is to be understood that throughout this detailed description, common

characterization techniques were used to describe molecular sieve materials. These common

techniques are included ascertaining:
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M VS e crystalline nol ecul ar stave conposition of this

di scl osure may be characterized by an X-ray diffraction pattern of the

as- synt hesozeas/as473t al | i ne nol ecul ar sieve includi ng d- epaaise@7mesodsa of
as-as listed in Table Il or Table IV. Table |1l Interplanar d-Spacing (A)
Rel ative Intensity, VI. x 100 14.17> d >12.57 MVS 12.33 0.23 MVS 11.1 to
8.8 WS 3.57 0.06 WM3.43 + 0.06 MVS awe Interplanar d-Spacing (A

Rel ative Intensity, 1/1,, x 100 14.17> d >12.57 MVS 12.330.23 MVS 11.1 to
8.8 WS 4.41 0.1 WM broad

(a) structure and the degree of crystallinity of the molecular sieve material by X-Ray
Diffraction (XRD); and/or ’
(b) morphology and crystal size of the molecular sieve material measured by the
. Scanning Electron Microscope (SEM); and/or
(c) chemical composition by atomic absorption spectrometry and/or Inductively
Coupled Plasma Mass Spectrometry (ICP-MS or ICPMS);
(d) adsorption capacities and surface area measured by nitrogen BET method; and/or

(e) catalytic activities and catalytic stabilities measured by the probing reactions.

X-Ravy Powder Diffraction Pattern

[0044] . The interplanar spacings, d’s, were calculated in Angsfrom units (A), and the relative
intensities of the lines, /l,, where the intensity of the strongest line above background, I, is
counted as 100, 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 (greater than 60 to 100), S=strong
(greater than 40 to 60), M=medium (greater than 20 to 40) and W=weak (0 to 20). It should be
understood that diffraction data listed 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 crystal symmetry, without a change 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, and
thermal and/or hydrothermal history. Other changes in diffraction patterns can be indicative of
important differences between materials, which is the case for comparing MCM-22 with similar
materials, e.g., MCM-49, MCM-56, and PSH-3.
[0045] The interplanar spacings, d’s, were considered broad if they exhibited peak width of
about 1.5° or more at half height determined as 50 % intensity value from the maximum to the
baseline. :
[0046] The term “XRD distinguishable peak™ as used herein is defined as XRD peak with
clearly defined peak maximum, which is at least two times of the average background noise
level.
[0047] The term “non-discrete” peaks (also “unresolved” peaks) in XRD as used herein
means peaks having a monotonic profile in-between them (successive points either consistently
increasing (or staying even) or decreasing (or staying even) within noise).
[0048] The term “discrete” peaks (also “resolved” peaks) in XRD as used herein means XRD
peak(s) which are not non-discrete (unresolved).
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3.96 0.08 WVS, broad 3.57 0.06 WM3.43 ---- - 0.06 . MVS

uum j Conparing with simlar materials (MM 22, MCM 22-P, MCM 36, MCM 49,

MCM 56, BNbRa6/Reeand EMV 10), the composition of this dipstlussenreidvas t hree

key peaks which distinguish this conposition from McM 22, MCM 22-P, MCM 36,

MCM 49, MCM 56, and EMM 10 as followi ng: (1) peak having a d-spacing

maxi mum at 12.330.23 Angstrons: all materials, MOM 22, MCM 22-P, MCM 36,

MCM 49, MCM 56, EMMW 10-P, EMM 10, and the conposition of this disclosure;

(2) peak having a d-spacing maxi numdbﬁ/bv\w/egg 54. 17t aRd 12i ﬁ_?AngzgrkorrsiAD(a)
22 \/ , MCM 49, EMM 10 an b6 do_not have S ;o V

2/(?\408 101 é@f%%?@@;ﬁb"f?lbﬁ% Bkeculsy sigrarompgsitiqmd this- disclosyee may be whareetedzednave

this peakan bovmﬁmefcagn BARGER O the! &@@nmeﬁgedi%ygggg@g%ﬁexﬁg%%gg% %ﬁ{aé[;g gher
-spacin Xi num a : . 23, ] ,

;gﬁn dit gg’F%ggﬁbg%ééﬁqlgﬁﬁnﬁ’g‘E&“aC%? g‘&%ﬁﬂ@ RSt 42) deraninermecinem hetidend4.17a)

si mi | ar aad1VEMEStroMENIZRe A Card\B4 dforPdibétktefdpadhl nfbdim WBREL 8lgSma YEYF 22,

MCM 22- R, M 49 .and VI-10, this _peak is a discrete peak, or partially
Fesol ved B s WREan JH° ERfaTisensit ot 4hy SasieR Paxieum havupen, b17 mnd H3.57
fol | owi HgefaieisviessTahed0¥ oflthé pedd aaisitd-oBRAE ANGadifAY midxih&R(d 12.33£0.23
Angstroms.
Table II
Interplanar d-Spacing (A) Relative Intensity, I/I, x 100
. 14.17> d > 12.57 M-VS
12.33 M-VS

{0050] The crystalline molecular sieve composition of this disclosure may be characterized
by an X-ray diffraction pattern of the as-synthesized crystalline molecular sieve including d-
spacing maxima of as-as listed in Table I1I or Table IV.

Table III
Interplanar d-Spacing (&) Relative Intensity, 1/1, x 100
14.17> d > 12.57 M-VS
12.33 £ 0.23 M-VS
11.1 t0 8.8 W-S
3.57+0.06 W-M
3.43+0.06 M-VS
Table IV ,
Interplanar d-Spacing (A) Relative Intensity, I/I, x 100
14.17> d > 12.57 M-VS
12.33+£0.23 M-VS
11.1 10 8.8 W-8
441 +0.1 W-M, broad
3.96 + 0.08 W-VS, broad
3.57 & 0.06 W-M
3.43 +0.06 M-VS

[0051) Comparing with similar materials (MCM-22, MCM-22-P, MCM-36, MCM-49,
MCM-56, EMM-10-P and EMM-10), the composition of this disclosure has three key peaks
which distinguish this composition from MCM-22, MCM-22-P, MCM.-36, MCM-49, MCM-56,
and EMM-10 as following:

(1) peak having a d-spacing maximum at 12.33+0.23 Angstroms:

all materials, MCM-22, MCM-22-P, MCM-36, MCM-49, MCM-56, EMM-10-P,

EMM-10, and the composition of this disclosure;

(2) peak having a d-spacing maximum between 14.17 and 12.57 Angstroms:

(a) MCM-22, MCM-36, MCM-49, EMM-10 and MCM-56 do not have this peak,

-12-



XRD Peak position 14.17 -12.57 12.1-1236 8.66-11.3 el. wO Eo0o 7, 85 -4
Rel ative Intensity, no x loo NI-vs MVS WS (broad band) non discrete peak
1:1; ci oWoCMs/RD7Peak _position 13.53 0.2 12.36 0.2 1PCTA5S2000/026094 15 1
0.3 Relative Intensity, 1/10 x 100 MVS VS MS M-S U -ww

(b) MCM-22-P, EMM-10-P, and this material have this peak, however for EMM-
10-P, this peak is at least 90% or even higher than the peak having d-spacing
maximum at 12,33+0.23 Angstroms;

(3) non-discrete peak having a d-spacing maximum at between 8.66 to 11.3:

(a) similar as MCM-56, MCM-36 and EMM-10-P

(b) for all other materials, MCM-22, MCM-22-P, MCM-49 and EMM-10, this
peak is a discrete peak, or partially resolved in the case of EMM-10.

The differences are summarized in the following Table V:
Table V

Interplanar d-Spacing (A)
5 g g| XRD Peak 14.17-12.57 | 12.1-12.56 8.66-11.3
S E 2 position
g © | Relative Intensity, W-S (broad band) non discrete
6 8 —g I/Io x 100 M-VS M-VS peak
, | XRD Peak 1353402 | 1236£02 | 1113202 | 9.15£03
LE) ﬁ position
~ | Relative Intensity, x : M-S
= VL x 100 M-VS VS M-S
, | XRD Peak Nodistinet | 1535, 02 | 11.03£02 8.83.40.14
g ~ | position peak
o - .
= Relative Intensity, VS M-S M-VS
R ;‘igifjak Above32 | 123802 9.01-10.54
5 Relative Intensity, VS M-S W-S (broad band) non discrete
= [ Vx 100" - peak
XRD Peak 13.15+0.26
] o 49 +0. 19+ 0.22 89+0.2
= position shoulder peak 12. 490.24 11190
SR - -
= Relative Intensity, } . W-S
171, x 100 \& M-S
, | XRD Peak 1236 % 0.2 92-111
= o |position ‘
LE) ‘* | Relative Intensity, M-VS W-S (broad band) non discrete
171, x 100 peak

[0052] In some embodiments, the X-ray diffraction pattern of the crystalline molecular sieve

of this disclosure further includes a d-spacing maximum at 28+1 Angstroms.

Scanning Electron Microscope (SEM)

[0053) The as-synthesized known MCM-22 crystalline material disclosed in Chem. Lett. Vol.
32, No. 6, page 542-543 (2003) by S. H. Lee, C. H. Shin, and S. B Hong is reported as having a
particle size of about 0.5 x 0.05 pm and a platelet morphology.
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XRD Peak position No distinct peak 12.36 1 0.2 11.0301 8.830.14 Relative

Intensity,

.1110x 100 VS MS MVS 9E-|1 NDAT XRD Peakposition Above 32 12.38

0.2 9.01-w0.29¢8016eati ve Intensity, VI. x 100 VS M'S W Bc{husoa@d/ob@nd) non
di screte peak 617 INDIN XRD Peak position 13.150.26 shoul der peak

[0054]

The SEM image of a crystalline molecular sieve of this disclosure made by non-

germanium and non-seeding preparations are demonstrated in Figure 5. The crystalline molecular

sieve as shown in Figure 5 has a crystal morphology of 5-20 micron spherical (round, oval)

aggregates of intergrown platelet crystals of less than 0.1 micron thickness. The SEM images of a

crystalline molecular sieve of this disclosure made by germanium and/or seeding preparations are

demonstrated in Figures 7, 9 and 11. The crystalline molecular sieves as shown in Figures 7, 9

and 11 have a crystal morphology of flakes with an estimated crystal size of the largest diameter

less than 2 micron and an estimated thickness of about 100 nm.

Surface Areas and Adsorption Uptake

[0055] The overall surface area of a molecular sieve may be measured by the Brunauer-

Emmett-Teller (BET) method using adsorption-desorption of nitrogen (temperature of liquid

nitrogen, 77 K). The internal surface area may be calculated using t-plot of the Brunauer-

Emmett-Teller (BET) measurement. The external surface area is calculated by subtracting the

internal surface area from the overall surface area measured by the Brunauer-Emmett-Teller

(BET) measurement.

[0056] The crystalline molecular sieve (after calcination) of this disclosure may be

characterized by a preferred total surface area (sum of the external and the internal surface areas,

as measured by the BET method) of greater than 450 m?/g, preferably greater than 475 m*/g, and

more preferably greater than 500 m*/g.

[0057] In addition, the crystalline molecular sieve (after calcination) of this disclosure may

be characterized by the ratio of the external surface area (as measured by the t-plot of BET

method) over the total surface area of preferably less than 0.18.

Formulation of the Reaction Mixture for Hvdrothermal Reactions

[0058] Synthetic molecular sieves are often prepared from aqueous reaction mixtures for

hydrothermal reaction (synthesis mixture(s) or synthetic gel(s)) comprising sources of

appropriate oxides. Organic directing agents may also be included in the reaction mixture for

hydrothermal reaction for the purpose of influencing the production of a molecular sieve having

the desired structure. The use of such directing agents is discussed in an article by Lok et al.

entitled “The Role of Organic Molecules in Molecular Sieve Synthesis” appearing in Zeolites,
Vol, 3, October, 1983, pp. 282-291.

[0059] After the components of the reaction mixture for hydrothermal reaction are properly

mixed with one another, the reaction mixture for hydrothermal reaction is subjected to

appropriate crystallization conditions. In some embodiments of this disclosure, such conditions

usually involve heating of the reaction mixture for hydrothermal reaction to an elevated
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12.49 1 0.24 . 11.19 1 0.22 8.9 1 0.2 Relative Intensity, Iflo x 100 - VS
MS WS 95 INDI Al XRD Peak position 12.36 1 0.2 9.2 - 11.1 Relative
| nt ensi t ywol2bésm1847100 M VS WS (broad band) non di scr etreTpmsad07/016004
e l__,...._[0052]In some enbodinents, the X-ray difliaction pattern of
e crystalline of this disclosure further includes a d-spacing maxi nmum at
28+1 Angstronms. Scanning El ectron M croscope (SEM [0053] The as-synt hesi zed
known MCM 22 crystalline material disclosed in Chem Lett. Vol. 32, No. 6,
page 542-543 (2003) by S. H Lee, C H Shin, and S. B Hong is reported as
having a particle size of about 0.5 x 0.05 pmand a pl atel et norphol ogy.
WO2008/ @hipbraflR€ BhlS2IH0 BiGIE0ARing of the reaction mixture for hydrothermal reaction in a
temperature ranging from 0°C to 120°C is also desirable in some instances.
[0060] The crystalline molecular sieve material of this disclosure may be prepared from a
reaction mixture for hydrothermal reaction containing sources of alkali or alkaline earth metal
(M), e.g., sodium or potassium, cation, an oxide of trivalent element X, e.g., aluminum, an oxide
of tetravalent element Y, e.g., silicon, an organic (R) directing agent, hereinafter more particularly
described, and water, in some preferred embodiments, the reaction mixture for hydrothermal

reaction having a composition, in terms of mole ratios of oxides, within the following ranges in

Table VI:
Table VI
Reactants . Useful Preferred
YO0,/ X,05 10 to infinity 15-120
H.0/ YO, 1 to 10000 : 5-35
OH/ YO, 0.001-0.39 0.1-0.35
OH/YO, 0.001-0.59 0.1-0.5
M/YO, 0.001-2 0.1-1
R/YO, 0.001-2 0.01-0.5
Seed 0-25 wt% 1-5 wt%
R Meg-diquat-5 salt(s) Meg-diquat-5 salt(s)

* The OH7/ YO, of this row is calculated with correction of trivalent element source,

** The OH/ YO, of this row is calculated without correction of trivalent element source.

*** The weight percent (wt%) of seed is based on the weight of the solid tetrahedral element -
oxide. .

[0061] For these embodiments when reaction mixture for hydrothermal reaction having a
composition as disclosed in Table VI, the OH:YO; molar ratio without correction of trivalent
element source ranges from about 0.001 to about 0.59 and/or OH:YO, molar ratio with
correction of trivalent element source ranges from about 0.001 to about 0.39.

[0062] The following OH:YO, molar ratios (without correction of trivalent element source)
are useful lower OH:Y O, molar ratio (without correction of trivalent element source) limits for
these embodiments as disclosed in Table VI: 0.001, 0.002, 0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5,
and 0.55. The following OH:YO; molar ratios (without correction of trivalent element source)
are useful upper OH: YO, molar ratio (without correction of trivalent element source) limits for
these embodiments as disclosed in Table VI: 0.59, 0.55, 0.51, 0.5, 0.4, 0.3, 0.2 and 0.1. The OH"
:YO, molar ratio (without correction of trivalent element source) ideally falls in a range between
any one of the above-mentioned lower limits and any one of the above-mentioned upper limits,
so long as the lower limit is less than or equal to the upper limit. The OH:YO, molar ratio

(without correction of trivalent element source) may be present in an amount ranging from 0.001
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[ 0054] The SEM i mage of a crystalline nolecul ar sieve of this disclosure
made by non- germani um and non-seedi ng preparations are denonstrated in

Fi gure 5.woheosonygtal | i ne nol ecul ar sieve as shown in Fipgures2&7hadoa
crystal norphol ogy of 5-20 micron spherical (round, oval) aggregates of
intergrown platelet crystals of less than 0.1 mcron thickness. The SEM

i mges of a crystalline nolecular sieve of this disclosure made by

germani um and/ or seedi ng preparations are denonstrated in Figures 7, 9 and
11. The crystalline nol ecul ar sieves as shown in Figures 7, 9 and 11 have a
crystal norphol ogy of flakes with an estimated crystal size of the |argest
di anet e 0.8 & bivémBodiinefitpaltanadively @01 itoratedltétativele8s tof0.5itetnafiOdly lahi/
Surface, Areas and. Adsqr ption.Upt ake 100551The overall surface area of a
nol ecul%‘?m?ralevg)' “Bg’eﬁgﬁg?ﬂ’@gmby the Brunauer- Emmett-Teller (BET) nethod
usi ng aj@eesIpt i The dalkovipg OBITYER, molar aen (Witleogrerction pitrivhlept ¢ementrsotucey@n, 77
K). The i r nal -suLf.ace are be cal cul.at. } P :

Br unauet € ?Vtve-r'r%ﬁl gﬁ)" (nlﬁfl"‘:‘qlr ) raﬁ%gvs%ﬁlrl SHERE.H fg}lg%ﬁe{férlg%ng S%rgé,)elﬂglrt geg&iﬂslese

cal cul agrabbdinyestsilag Kisclosetint Tabld Wi:c0.601, 05002f 8065.30.85 3.0 8.8 &-16\0e2, 4.3, and
surface SUr h - .

[ 0056] e cyrapan iR Oty 2otk HEBY e GiHehion Bt £ bich Rehert BB SRF ot

di scl osupper NOK YO, chalanattéy i(wishl doyreation of etrivalgntt elemients spyradlelinite sfof shepeof
the external. a i f AN tdye-- 85T {5i-hod)
of gr ea?%?oc{lﬁlgrﬁntgfég%ﬁjf}) %d,s{ngfg ggi&%b‘ﬁ?fﬁg@%%@l’? %én' 475 ﬁg'/ SM‘ eaég'@rrg%e
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net hod) logwee lintihis lesstthdn oriagfizide the erppenlinmity dhe O4bI¥0O4 meler fatigr{withi@rrection of

For M1 AkdvAlbaP letdlify BRAELT Rty MeXbidldh iR an' MeAlbiah NEHATRE AERVIIA® 0.39 in one

[ 0058] Syntheti c nol ecu eves are often prepared from aqueous *reaction
mi xt ur eembedimieyd aliarnativelyl 0.0 ko35 pltemptiyahn Qi1 do Qi3 aligragtivelypnddiam Aditp 8-25

gel (s)); %{M&E{ng&iﬁﬁﬂﬂces of appropriate oxides. Organic directing agents
may al so be I1ncluded In the reaction m xture for hydrothermal reaction for

the pur [¥96d] of Ther pryataling gmelsenlay; sigye mRaeriahf ofathig disclosue ©aR \ALeHIbYHY Bohe

desi r ed sl Gt HGR- 2 TORHYS Gnillurd YShfirb@6ind) deRIRA! SontaSnifls $6WREL DS ialkaBiNor
article by Lok et al. entitled "The Role of O ganic M) ecules mi)ul\t/tgéecul ar

Si eve Sphkelesssasth mefpl®k ag- spdipmdripotssium patiog, anrpide el rivalgaielement X &8.»g1
[ 0059] Abi@linbRE af YIRRNEN tctraOhlefthElemORCY] @RS #iiddnyraa $1Rinib YWY difketinglagent,
reaction are properly. m xed vvllyg one another, the reactrtj n m'FturF fotr
hydr ot h8fHRtFEeYe RHiquiarly d5se %’&"ﬁdvaé'ﬁp § pracHpmutiyre doy hydrofhsrgigl reaction
condi t i @RSing b BomPHRGHTROGHABE 1B010 ratidRioF oflidss Mathik e fellisVing pinded indable0dlal | y
i nvol ve heating of the reaction m xt %r%aﬂ{ hydr ot hermal reaction to an
el evated WD 2008/ 016477PCT/ US2007/ 018 enperature and with stirring.
Agi ng of the reacRédetntd Xture |for hydiUgéfaer mal rejacti on Rrafeared enperajure
rangi ng frpm O0C ty0,1%Q0;1s al 30 desio &bin€inith sone| i nst ancks55 100601 The
crystalling nol eggJorrys) eve ndteri al1ef10000s di scl osure n#y35Sbe prepaled
froma reagtion romywiog” 1 or hydr ot her Wa4-2 eact i on| cont ai N0 sour ces | of
al kali or @r'kalrtareaoth netal] (M, eog4.2 sodiumjor pot aseigdn catiom, an
oxi de of trirvalentvgfejrent X [e.g., adooi-pum an jpxi de of ofiet raval ent
el ement Y, [€. 0., SrRi¥@ON, an qrganic ¢.BP1-di recting agent 0.0n€x%ei nafteq nore
particul ar [y descrgdeg®, and wdter, 1 10-20&s preferyed enbodiwents, the
reaction nixture formghydrothefi al MegdRfuhtoNsdlifs)l NQ| a oMRidpiat-5a4lt(s) N fer ns
of ol e s Bid O/ YO, DF S Fow Wichltuntddnaith edrleaiibmgf tiiamg@seldnient afilree. VI . Tabl e VI
React ant*§ Useful _Preferred YO 2(2 3 .gho to infi nift% ]]5- 1%0 H%O/ YO2

The OH/ YO, of this row is calculated without correction of trivalent element source.

*** The weight percent (wt%) of seed is based on the weight of the solid tetrahedral element

oxide.
[0065] For these embodiments when reaction mixture for hydrothermal reaction having a

composition as disclosed in Table VII, the OH/ YO, molar ratio without correction of trivalent
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1 to 10000 5-35 OFf/ Y02' 0.001-0.39 0.1-0.35 OFf/ Y024. 0.001-0.59 0.1-0.5
M Y02 0.001-2 0.1-1 R/YO2 0.001-2 0.01-0.5 Seed wt% 1-5 wt % R Me6-di quat -5
sal t(s) Me6-2dosgued775 salt(s) * The 01-11 Y02 of this reerivs2ealcihat ed
with correction of trivalent elenent source. ** The ON Y02 of this rowis
cal cul ated without correction of trivalent elenment source. *** The wei ght
percent (wt% of seed is based on the weight of the solid tetrahedral

el ement  oxide. [0061] For these enbodi nents when reaction m xture for
hydr ot hermal reaction having a conposition as disclosed in Table VI, the

From abSTgt obtk gullss b, S8HLEHoR ators A @hThp R OFEl Wonamelke dstie asth on
of tri vabeettion|of trizaiens element soarvgempbs _ﬁBinaabeuiohﬂl ?%gtr;t?zgff)g; gf 3?.“ val ent
ol enont 19086 oy T BEL e (Bt B Shefh Pha G vl Pofectip of fvaleattlemertertcEbn
of trivareweidllewms@HE¥0.0elat fatib (&ithar cohesionThodilar gleizheﬁssdgx!r&g E]igﬁﬁa,cfg% n
The fol Iyiscitsetorfes. B2 017,06 0 % Wi, 7ad et mbi Obpingicfay Ikt mblgnt
o ) b mmonOF 100 sk Gt MOl
I T s T
mol ar rdt3.d, OVl andoli8. dbe rQIT :?(@1 oblat rakigf(hngi;??t?oggﬂili? V\gﬁr)thii:vjﬂlrenr_)tt éléigﬁglsgu{f@{)'n:
7 S IS 00 046 e RSOV b b el
t han or 2Bejfamentipned appasdionits, soidng a¥ e 1OWEr NAR isrds@than @k iequa] v tHeQipper limit.
correct itgR g ¥id, A 186 l(@ﬂ‘ﬁ&h cglqggtﬁ)g)of Walc?n? eRufEnf Qoturclzesl rr%ir}]r baerrpprgsréglt ' N9
from O. %g)n]éunt ranging from 0.74 to 2 in one embodiment, alternatively 0.8 to 2, alternatively 0.8 to 1,
alternatively and from 0.8 to 1.1 in another embodiment.-
[0067] The following OH/ YO, molar ratios-(with correction of trivalent element source) are
useful lower OH/ YO, molar ratio (with correction of trivalent element source) limits for all
disclosure processes: 0.64, 0.65, 0.66, 0.7, 0.75, 0.80, 0.90, 1 and 1.5. The following OH/ YO,
molar ratios (with correction of trivalent element source) are useful upper OH7/ YO, molar ratio
(with correction of trivalent element source) limits for all disclosure processes: 2, 1.6, 1.4, 1.3,
1.2, 1, 0.9 and 0.8. The OH7/ YO, molar ratio (with correction of trivalent element source)
ideally falls in a range between any one of the above-mentioned lower limits and any one of the
above-mentioned upper limits, so long as the lower limit is less than or equal to the upper limit.
The OH/ YO, molar ratio (with correction of trivalent element source) may be present in an
amount ranging from 0.74 to 2 in one embodiment, alternatively 0.8 to 2, alternatively 0.8 to 1,
alternatively and from 0.8 to 1.1 in another embodiment.
[0068] The crystalline molecular sieve material of this disclosure may alternatively be
prepared from a reaction mixture for hydrothermal reaction containing sources of alkali or
alkaline earth metal (M), e.g., sodium or potassium, cation, an oxide of trivalent element X, e.g.,
aluminum, an oxide of tetravalent elemt'mt Y, e.g., silicon, an organic (R) directing agent,
herejnafter more particularly described, and water, the reaction mixture for hydrothermal reaction

having a composition, in terms of mole ratios of oxides, within the following ranges in Table
VIIL:
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WD 20081016477PCT/ US2007/ 016004 to 0.59 in one enbodi ment, alternatively
0.01 to 0.5, alternatively 0.1 to 0.5, alternatively and fromO0.1 to 0.4 in
anot her ewbadisnani77 [ 0063] The followi ng O T: YO2 nol ar r @Ciras2qomioldvo4
correction of trivalent clenent source) are useful [ower O T: Y02 nol ar
ratio (with correction of trivalent elenment source) limts for these

enbodi nents as disclosed in Table VI: 0.001, 0.002, 0.005, 0.01, 0.02,

0.05, 0.1, 0.2, 0.3, and 0.35. The following O T:Y02 nolar ratios (with
correction of trivalent elenent source) are useful upper OH':Y02 nol ar
ratio (with correction of trivalent elenment source) limts f-or these

enbodi nents as disclosed in Tabl e VirableV3g, 0 35 0.31, 0.3, 0.2 and 0.1.
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e.g., alumnum an oxide of tetravalent elenent Y, e.g., silicon, an

organl cofifly. directing agent, hereinafter nore particularly described, and

wat er, igdGoy ea%} %sénefﬁth&lﬁieB&r wﬂéﬂj féatzth@l{ ﬂﬁkmfeeﬁﬁ th;ﬂfbﬂliﬁimahgpaatmomosg i on,
in terns of mple ratjos of oxid

the foll Tabl
VI | : TatAmapogitionRs disclopdsin Jable ¥ HIPPE%AQ X@ f%?‘b%\#%%g‘i“ggpﬁ?@ RiP G @‘g 335
H20/  YOZ; kbR ARAPS 15-385TRY. folibwIRR H,0: e, ol FatbosQMé uYEA! Ioive? #10: VOBl Y02

0. 001- 2ra?1ollm]1_1ts for these embodiments as disclosed in Table VIII: 5, 10, 12, 15, 20, 22, 25 and 30.
The following H;0:YO, molar ratios are useful upper H,O:YO, molar ratio limits for these
embodiments as disclosed in Table VIIL: 10, 15, 20, 25, 30 and 35. The H,0:YO, molar ratio
ideally falls in a range between any one of the above-mentioned lower limits and any one of the
above-mentioned upper limits, so long as the lower limit is less than or equal to the upper limit.
The H,0:YO, molar ratio may be present in an amount ranging from 5 to 35 in one embodiment,
alternatively 5 to 30, alternatively from 10 to 35, alternatively 10 to 30, alternatively 15 to 35,
alternatively and from 15 to 30 in another embodiment.

{0070] The crystalline molecular sieve material of this disclosure may alternatively be
prepared from a reaction mixture for hydrothermal reaction containing sources of alkali or
alkaline earth metal (M), e.g., sodium or potassium, cation, an oxide of trivalent element X, e.g.,
aluminum, an oxide of tetravalent element Y, e.g., silicon, an organic (R) directing agent,
hereinafter more particularly described, and water, the reaction mixture for hydrothermal reaction

having a composition, in terms of mole ratios of oxides, within the following ranges in Table IX:

Table IX
Reactants Useful Preferred
YO/ X503 10 to infinity 15-55
H>0/ YO, 1 to 10000 5-35
OH/ YO, 0.001-2 0.001-2
M/YO, 0.001-2 0.1-1
R/YO, 0.001-2 0.01-0.5
Seed 1 wppm - 25 wt% 1-5 wt%
R Meg-diquat-5 sali(s) Meg-diquat-5 salt(s)

* The OH/ YO, of this row is calculated with or witout correction of trivalent clement source.
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PJY02 0.001-2 0.01-0.5 Seed" 0-25 WMt% 1-5 wt % R Me6-di quat-5 salt(s)

Me6-di quat-5 salt(s) * The OT/ YO 2 of this rowis calculated with
correcti omoabostaisaral ent el enent source. ** The OM Y02 ofPCrhissonoweons

cal cul ated without correction of trivalent elenent source. *** The wei ght
percent (wt% of seed is based on the weight of the solid tetrahedral

el emrent oxide. [0065] For these enbodi nents when reaction m xture for

hydr ot hermal reaction having a conposition as disclosed in Table VII, the
OWN Y02 nolar ratio without correction of trivalent WO

20081016477PCT/ US2007/ 016004 el ement source ranges from about 0.74 to about
2 and/ or * t}he xightverzcesh (W o) af pesd ik basedorn thet weighiop! theisphidl defrahedralrelament
source bpr@ges from about 0.64 to about 2: [0066] The foll ow ng OH? Y02 nol ar
ratios iwlthout correction of trivalent elenment source% are useful |ower
o Yo2 l0dihr rEorithesefuitodimenty pher mpastion mixture repidrethermeh reaston deyingjani t s
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1.3, 1. 2xid¢ of gh@reartibrOmakturéHer Mot‘ﬂ@ﬁ’heﬁnbmlon Ak bé \ptetslantqmahemﬁmmn rzﬁlfgmg
trival egl,,e t rG8e) n t ween he
above- rre@;r(l)tl g(r?ggtg %%ve%I ﬁg en{b%ﬁ%e&ly al% welgf 63‘9 {1% %@O\?E"‘%th‘fellyo e [(}ép 5

| inmits, abenitbgly &5 thd 0l eltematively t0 5 so | o saltetrimgivelyr arglgfiain 0d theé ippesther
limt. Theod2n:Y02 nolar ratio (with correction of trivalent el ement

sour ce) 7¥ be present in an anobunt ranging fromO0.74 to 2 in one

enbodi mEf¥72] a| tle spme; eprtioglingengs, {Yocamprises &Fenand atdkast On@nowgdrmaaiune tat@hédrall y
and froBlofhefk {9 Whikhii® sAROLOOF REBPULMERHudink08 ). lar
si eve mat efl al “of thIlS sd| scI osﬁ)?'!eEB a telrn#at ?\% g{fpéréeg{acrdedé e?%%nﬁw
react i oRXiHFxEsFHANINEY niigREes G @F}walgerrm‘emcﬂqlt% oﬂteareﬁﬁtngl Bt cfor diydrtheanal or
al kal i neeat@dd Ravi fboraPsitih, th teri®F hh@@[ah@@&%&é&”&wtﬁﬂxt 9 o1 %ngqulf
trival e[}t gment X, e.g., al um num an oxi de of tetrava ent e

e.g., sif an organic (R) directing agent, hereinafter nore

parti cul arI y described, and water, th&plegacti on-m xture for hydr ot her mal

reacti on ha\li ng com le_l t | on ‘_l_n tg_r_r__ns_g_f_n:g_l_e ratios. of oxi dPQ M thl n
VI |1 React &n{_gGeo%\Y02)} X505 10 to infinity 15-600
H,0/ YOg 1 to 10000 1-35
OH/YO, 0.001-2 0.001-2
M/YO, 0.0-2 0.0-1
R/YO, 0.001-2 0.01-0.5
Seed 0-25 wt% 1-5 wt%
R Meg-diquat-5 OH and/or Mes-diquat-5 OH
Meg-diquat-6 OH

* The OH/ YO, of this row is calculated with or witout correction of trivalent element source.

** The weight percent (wi%) of seed is based on the weight of the solid tetrahedral element

oxide.
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Useful Preferred Y021 X203 10 to infinity 15-55 1120/ Y02 5-35 5-

Y02. 0.001-2 0.001-2 M Y02 0.001-2 0. 1- 1yR/ Y02 0.001-2 0.01-0. SSSg’gd'Qc I)/ 25
W % 1-5 wyenBgdberdi quat -5 sal t(s) Me6-diquat-5 sal t(s) ptTise0@oidood02 of
this rowis calculated with or wtout correction of trivalent element
source. ** The weight percent (W% of seed is based on the weight of the
solid tetrahedral elenment oxide. [0069]For these embodi nents when reaction
m xture for hydrothermal reaction having a conposition as disclosed in
Table VII1, the H20: Y02 nolar ratio ranges fromabout 5 to about 35 or from
about 5 to 30. The foll ow ng H20: YO2 nol ar ratios are useful |ower 1120: Y02
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t et r avAFEITR! I BhEREUTY, FRENE ,%og*l Wé% 1 ,""§H 1§r°3‘5r? Pgdo? J?l(%:lf irgrltg?{taflﬂégw ggeﬁzwo’
her ei nadifesiativEly Eropnl0 e S0G; kiterdathety beth 66hdltemetvely dhéo 50 A Fmatysly f0d o

for hydrother Ireaction havi a conposition, in ternms of nole rati
oxi des, rwgﬁit%%é’ af’8ﬁthﬁ)e\’/’\[nnl?1°gdlﬁriglﬁges in Table I X os of

[0074] The sources of the various elements required in the final product may be any of those

in commercial use or described in the literature, as may the method of preparation of the
synthesis mixture. .
[0075] Y is a tetravalent clement selected from Groups 4-14 of the Periodic Table of the
Elements, such as silicon and/or germanium, preferably silicon. In some embodiments of this
disclosure, the source of YO, comprises solid YO, preferably about 30 wt% solid YO in order
to obtain the crystal product of this disclosure. When YO is silica, the use of a silica source
containing preferably about 30 wt% solid silica, e.g., silica sold by Degussa under the trade
names Aerosil or Ultrasil (a precipitated, spray dried silica containing about 90 wit% silica), an
aqueous colloidal suspension of silica, for example one sold by Grace Davison under the trade
name Ludox, or HiSil (a precipitated hydrated SiO> containing about 87 wt% silica, about 6 wt%
free H,O and about 4.5 wt% bound H,O of hydration and having a particle size of about 0.02
micron) favors crystal formation from the above mixture. Preferably, therefore, the YOa, e.g.,
silica, source contains about 30 wt% solid YO, e.g., silica, and more preferably about 40 wt%
solid YO, e.g., silica. The source of silicon may also be a silicate, e.g., an alkali metal silicate, or
a tetraalkyl orthosilicate.
[0076] In additional embodiments of this disclosure, the source of YO comprises acid of the
tetravalent element (Y). When YO; is silica, the silica source may be silicic acid.
[0077] X is a trivalent element selected from Groups 3-13 of the Periodic Table of the
Elements, such as aluminum, and/or boron, and/or iron and/or gallium, preferably aluminum. The
" source of X;03, e.g., aluminum, is preferably aluminum. sulphate, aluminum nitrate or hydrated

alumina. Other aluminum sources include, for example, other water-soluble aluminum salts,
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Reactants Useful Preferred Y02/ X203 10 to infinity 15-55 H201
-\I;glzjli Li)( 10800 5-35 Off/ Y02* 0.001-2 0.001-2 M Y02 0.001-2 0.1-1 P1Y02
0.001-2 OwWOLe@/dedSeed” 1 wppm -25 wt% 1-5 wt % It Me6- di @uatuszomsalén)s)
Me6-di quat-5 salt(s) * The O f/ Y02 of this rowis calculated with or
W tout correct on of trivalent elenent source. WO
20081016477PCT/ US2007/ 016004

sodium aluminate, or an alkoxide, ¢.g., aluminum isopropoxide, or aluminum metal, e.g., in the
form of chips.
[0078] The alkali or alkali earth metal element is advantageously lithium, sodium, potassium,
calcium, or magnesium. The source of alkali or alkali earth metal element is advantageously
being metal oxide, metal chloride, metal fluoride, metal sulfate, metal nitrate, or metal aluminate.
The sodium source advantageously being sodium -hydroxide or sodium aluminate, The alkali
metal may also be replaced by ammonium (NH4") or its equivalents, e.g., alkyl-ammonium ion.
[0079] The OH:YO, molar ratio (without correction of trivalent element source) as used in
this disclosure does not include correction of acid in the reaction mixture for hydrothermal
reaction. It is calculated based on the total mole of ‘hydroxide added to the reaction mixture for
hydrothermal reaction divided by the total mole of Y element added to the reaction mixture for
hydrothermal reaction. The hydroxide (OH) source is advantageously alkali metal oxide, e.g.,
Li;0, Na,0, K;0, Rb,0, Cs,0, Fr,0, or any combination thereof; alkali metal hydroxide, e.g.,
LiOH, NaOH, KOH, RbOH, CsOH, FrOH, or any combination thereof; ammonium hydroxide,
alka]in earth metal oxide, e.g., BeO, MgO, CaO, SrO, BaO, RaO, or any combination thereof:
alkali earth metal hydroxide, e.g., Be(OH),, Mg(OH);, Ca(OH),, Sr(OH),, Ba(OH),, Ra(OH),, or
any combination thereof; oxide(s) or hydroxide(s) of any element selected from Groups 3-17, and
any combination thereof; and organic hydroxide(s), such as amine hydroxide(s), hydroxide of
organic template (R) used in the synthesis.
[0080] The OH: YO, molar ratio (with correction of trivalent element source) as used in this
disclosure include correction of acid in the reaction mixture for hydrothermal reaction. The mole
of OH" after correction is calculated by subtracting three times the mole of trivalent element Gf
the trivalent element source is supplied in the form of salt other than oxide, hydroxide, or metal)
from the total mole of hydroxide added to the reaction mixture for hydrothermal reaction. The
OH:YO; molar ratio (with correction of trivalent element source) is, therefore, calculated based
on the total mole of hydroxide after correction divided by the total mole of Y element added to
the reaction mixture for hydrothermal reaction.
[0081] Directing agent R comprises at least one of N,N,N,N’N’N’-hexamethyl-1,5-
bexanediaminium (Meg-diquat-6) salt or N,N,N,N"N’N’-hexamethyl-1,5-pentanediaminium
(Meg-diquat-5) salt.. Examples of Mes-diquat-5 salt are hydroxide, chloride, bromide, fluoride,
nitrate, sulfate, phosphate, or any mixture thereof. Examples of Meg-diquat-6 salt are hydroxide,
chloride, bromide, fluoride, nitrate, sulfate, phosphate, or any mixture thereof,
[0082] In some embodiment, the directing agent R comprises at least one of Meg-diquat-5
dibromide, Meg-diquat-5 dichloride, Meg-diquat-5 difluoride, Meﬁ-diquat-S diiodide, Meg¢-diquat-
5 dihydroxide, Meg-diquat-5 sulfate, Mes-diquat-5 dinitrate, Mes-diquat-5 hydroxide bromide,
-21-



** The wei ght percent (wt% of seed is based on the weight of the solid
tetrahedral el enment oxide. [0071] For these enbodi nents when reaction

m xt ure fwo 2bgsdriei7ner mal reacti on having a conposition 2eTAdiSs@li70s@d4 i n
Table I X, the synthesis of the crystalline nolecular sieve is facilitated
by the presence of 1 wppmto about 25 w% preferably about 1 to about 5
wt % seed crystals based on total weight of tetrahedral el enent oxide
(e.g., silica) in the reaction m xture for hydrothermal reaction. The

foll owi ng seed crystals, in w% based on total weight of tetrahedral

el ement oxide of the reaction m xture forbjﬁ%drot hermal reaction, are useful
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hydrothermal reaction of many crystallme molecular sieves. The lower the amount of the
directing agent in the reaction mixture for hydrothermal reaction (low R:YO; molar ratio), the
cheaper the final molecular sieve produced.

[0084] For these embodiments as disclosed in Tables VI, VII, VIII and X, the reaction
mixture for hydrothermal reaction may optionally contain seed crystals. It is well known that
seeding a molecular sieve synthesis mixture frequently has beneficial effects, for example in
controlling the particle size of the product, avoiding the need for an organic template,
accelerating synthesis, and improving the proportion of product that is of the intended framework
type. Usually the seeding crystals are from the synthesis similar to the one where they are used.
In general any form of the crystalline material may be useful in facilitating synthesis on the new
phase.

[0085] In some embodiments of this disclosure, for these embodiments as disclosed in Tables
VI, V11, VIII, IX and optionally X, the M:Y O, molar ratio ranges from about 0.001 to about 2.0.
The following M:YO; molar ratios are useful lower M:YO; molar ratio limits for all disclosure
processes: 0.001, 0.002, 0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 0.55, 0.76 and 1. The following
M:YO, molar ratios are useful upper M:YO, molar ratio limits for all disclosure processes: 2,
1.5,1.2,1.1, 1,09, 0.8, 0.59, 0.5, 0.4, 0.3, 0.2 and 0.1. The M:YO; molar ratio ideally falls in a
range between any one of the above-mentioned lower limits and any one of the above-mentioned
upper limits, so long as the lower limit is less than or equal to the upper limit. The M:YO; molar

ratio may be present in an amount ranging from 0.001 to 0.59 in one embodiment, alternatively
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Me6-di quat-6 OH Me6-diquat-5 OH ** The wei ght percent (W% of seed is
based on the weight of the solid tetrahedral elenent oxide. WO

2008/ 0164¥6RR/WE2Z007/ 016004 [ 0073] For these enbodi nent CTuEsRON7@2@DE ON

m xture for hydrothermal reaction having a conposition as disclosed in
Table I X, the (0e02+Y02)/ X203 ranges from about 10 to about infinity or
fromabout 15 to 600. The foll ow ng (0e02+Y02)/ X203 nolar ratios are
useful |ower (0e02+Y02)/ X203 nolar ratio limts for these enbodi nments as
di sclosed in Table I X 10, 12, 15, 20, 22, 25 and 30. The foll ow ng
(0e02+Y02)/ X203 mol ar ratios are useful upper (Ge02+Y02)/ X203 nolar ratio
limts d.0f tbh@Sea@éi‘HﬂﬁﬂeWEﬂbﬁl ag4dios ] anadammﬂm @o X, dltefratiivély, 0.60080 21000,
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stepwi se variation in tenperature. [0099] The nol ecul ar sieve product from
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water, and/or dried. The crystalline nolecul ar sieve formed by
crystallization may be recovered and subjected for further treatnent, such
as, ion-ewxohassyacanwrt h anmoni um salt(s) (e.g., amoni um rgEUsZed®Ic08NTONI UM
nitrate, ammonium chl ori de, amoni um sul fate, amoni um phosphate, ammoni um
carbonate, or any conbination thereof) and/or calcination in an oxidative
at nosphere (e.g., air, gas with an oxygen partial pressure of greater than
0 kPa-a) at a tenperature of greater than 200C, preferably at |east 300C,
nore preferably at | east 400C, and nost preferably at |east 500C. Catalysis
and Adsorption [00100% A summary of the nol ecul ar sieves and/or zeolites,
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Synthesis and | dentification"; (R Szosta | acki e Academ ¢
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pressur I oyed for the thermal treatnent, atnospheric pressure is
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particu Si s cert bon onyer si,on
reacti Okﬂﬂ#%%?ﬁ{%&a%ﬁ w?lrtg&#%%pr olr!l esg}ec?rgl qy Pt ReLt Y met a ;a/n ogen
and anmmiMithuethéoeations. Brefaredi mplaamgycamm‘ idclide métel armsahy&ogemtons,ehydmgen

, f
Cuch v cBEnlor, B HRRBENRD (o SRUGHBIAR: IERGE iRy D plgrdied Dtefi GRAER. ©
4,973, 7S’A?lcmtag%mﬁl‘@talﬂl@%"ﬁllfm 2erg8p hodsOcardorgRveGn rkagBms 2Eifese include
4,962, Zﬁﬁdroéangga?reﬁgﬁh nfateﬁ?‘ﬂ:m@ﬁétals‘loig@%u§§-5 ~17, 6re?e§§blg%ﬁou4s- 292 ’0941% Periodic
4,962, 239 f3168 402; 5, 000, 839; 001, 296; 2 001
5,001, 2830 8f e Flements.5’ 019, 670;

-27.



5,019, 665; 5,019, 664; and 5,013,422, each incorporated herein by reference
as to the description of the catalytic reactions. [00104] The crystalline
nol ecul arweizessa16477t hi s di scl osure can be shaped into aperds2cani@dy of
particle sizes. Generally speaking, the particles can be in the formof a
powder, a granule, or a nolded product, such as an extrudate. In cases
where the catalyst is nolded, such as by extrusion, the crystals can be
extruded before drying or partially dried and then extruded. 1001051 The
crystalline nolecular sieve of this disclosure nay be used as an adsorbent,
such as for separatlng at | east one conponent froma m xture of conponents
in the ny etaffing hﬁ&ecmﬁvma@ oif &ﬁ@ dRolobwitk, sefypablynhe MEMe22 fimsily cs
wi t h réspec. to t e crystalline nDIec si eve( ftthls dISC|%
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170 to aifees havixgodiffeatial sorption characteristics with respect to the crystalline molecular sieve(s

of this disclosure. Therefore, at least one component can be partially or substantially totally

separated from a mixture of components having differential sorption characteristics with respect
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(vii) conversion of light olefins to gasoline, distillate and | ube range
hydr ocarbons with reaction conditions including, individually or in any
conbi nat iwo,20@/d1es7per at ure of from about 175C to about BCHTSa0d/0860ps €SSUr €
of from about 800 to about 150001cPa-a; (viii) two-stage hydrocracking for
upgr adi ng hydrocarbon streans having initial boiling points above about
260C. to premumdistillate and gasoline boiling range products in a first
stage using the MCM 22 fami |y nol ecul ar sieve of this disclosure in
conbination with a Groups 8-10 netal as catalyst with effluent therefrom

being reaction in second stage using zeolite Beta, also_in conbination
with a & d%§r3§tai]€f’err§t° culag siqVEesy | of sthis diselofuas by epntecing the gRixtTR cVidithyy
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reaction of amggs Vﬂlﬁﬁathﬁltcﬁfr%)&ﬁ!nb%oﬁﬂagﬂg J\ﬁ?tﬁﬁﬁa\f%u&gmgafgéﬁieﬁ&and toluene
preparation of dyes to prepare practically salt-free reactiv

dye- cont ai ni ng sol ut¥ghivehgasisonairrmfs plfishto mewdwtsre%rem andhdiorllndetes ed

entirely herein by r\emerremlen &dhﬁitﬂon@sinélh@inéb%%QSﬁﬁll f of 1ﬁezﬂﬁrr @Bxhgﬁxatxon, a
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conpri sing tol uene; a@xwomhlmatlan,pact@eggam of] éome abiut gl 60N tol wbeme2605At adt a of
a 90-200C+ bottons fﬂr@s@ﬁﬂc%@ﬁ%ﬁ{ﬁoﬂ%&)ﬁg%ém catal ytic conversion of

nmet hanol to gasollne whi ch conprises contacting ’'the durene-containing
bottons fracti di wi oy aherslewith dlafing grstquivklenhalcphals tnpronidrtions thain | v
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Exanpl es Exanples 1, I A (conparative) and 2: [00112] Reaction m xtures
for hydrothermal reaction were prepared fromwater, M6-diquat-5 ("R")
di brom dew(030@Eb4771 nc. ), silica (Utrasil TM Degussa Cecp/usooaiowsanum
sulfate solution (8.1 wm % Al 203) solution, and 50 wt % sodi um hydr oxi de
solution. The m xtures had the follow ng nolar conpositions as shown in
Table I X2 WD 20081016477PCT/ US2007/ 016004 Table 1 X Exanple 1 Exanple | A
Exanple 2 Si 02/ Al 203 23.6 23.6 25.5 H20/ Si02 21 21 20 OH? SiQ2 0.22 0. 26
0.24 OV Si02- 0.47 0.51 0.48 Ni'] Si02 0.47 0.51
from about 1500 to 2300 kPa-a and a total WHSV of from about 2 hr™' to about
10 hr';

(vi)  conversion of light paraffins to olefins and aromatics with reaction conditions
including, individually or in any combination, a temperature of from about
425°C to about 760°C and a pressure of from about 170 to about 15000 kPa-a;

(vii) conversion of light olefins to gasoline, distillate and lube range hydrocarbons
with reaction conditions including, individually or in any combination, a
temperature of from about 175°C to about 375°C and a pressure of from about
800 to about 15000 kPa-a;

(viii) two-stage hydrocracking for upgrading hydrocarbon streams having initial
boiling points above about 260°C. to premium distillate and gasoline boiling
range products in a first stage using the MCM-22 family molecular sieve of this
disclosure in combination with a Groups 8-10 metal as catalyst with effluent
therefrom being reaction in a second stage using zeolite Beta, also in
combination with a Groups 8-10 metal, as catalyst, the reaction conditions
including, individually or in any combination, a temperature of from about
340°C to about 455°C, a pressure of from about 3000 to about 18000 kPa-a, a
hydrogen circulation of from about 176 to about 1760 liter/liter and a liquid
hourly space velocity (LHSV) of from about 0.1 to 10 h'; ‘

(ix) a combination hydrocracking/dewaxing process in the presence of the MCM-22
family molecular sieve of this disclosure and a hydrogenation component as
catalyst, or a mixture of such catalyst and zeolite Beta, with reaction conditions
including, individually or in any combination, a temperature of from about
350°C to about 400°C, a pressure of from about 10000 to about 11000 kPa-a, an
LHSYV of from about 0.4 to about 0.6 and a hydrogen circulation of from about
528 to about 880 liter/liter;

) reaction of alcohols with olefins to provide mixed ethers, e.g., the reaction of
methanol with isobutene and/or isopentene to provide methyl-t-butyl ether
(MTBE) and/or t-amyl methyl ether (TAM) with conversion conditions
including, individually or in any combination, a temperature of from about 20°C
to about 200°C, a pressure of from 200 to about 20000 kPa-a, a WHSV (gram-
olefin per hour gram-zeolite) of from about 0.1 hr'! to about 200 hr' and an
alcohol to olefin molar feed ratio of from about 0.1/1 to about 5/1;

(xi) toluene disproportionation with Cot+ aromatics as co-feed with reacfion

conditions including, individually or in any combination, a temperature of from
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0.48 R/Si02 0.15 0.15 0.14 Tenperature (t) 170 170 170 Stirring speed (RPM
250 100 250 Seed (W% 0 O O Tine (hr) 80 92 72 80 XRD Result This

i nvent i orwO80wmy470See Figure la); this invention and <PexHEdIDZAOIN:e (92
Ins) (See Figure | b) EMM 10-P and <5% Anal ci ne

about 315°C to about 595°C, a pressure of from about 101 to about 7200 kPa-a,
a hydrogen/hydrocarbon mole ratio of from about 0 (no added hydrogen) to
about 10 and a WHSV of from about 0.1 hr”! to about 30 hr'!;

(xii) preparation of the pharmaceutically-active compound 2-(4-isobutylphenyl)
propionic acid, i.e. ibuprofen, by reacting isobutyl benzene with propylene oxide
to provide the intermediate 2-(4-isobutylphenyl) propanol followed by oxidation

* of the alcohol to the corresponding carboxylic acid;

(xiii) use as an acid-binding agent in the reaction of amines with heterocyclic fiber-
reactive components in preparation of dyes to prepare practically salt-free
reactive dye-containing solution, as in German Patent No. DE 3,625,693,
incorporated entirely herein by reference;

(xiv) as the absorbent for separating 2,6-toluei1e diisocyanate (2,6-TDI) from isomers
if TDI as in U.S. Patent No. 4,721,807, incorporated entirely herein by
reference, whereby a feed mixture comprising 2,6-TDI and 2,4-TDI is contacted
with the present MCM-22 family molecular sieve which has been cation-
exchanged with K ions to absorb the 2,6-TDI, followed by recovering the 2,6-
TDI by desorption with desorbent material comprising toluene;

(xv) as the absorbent for separating 2,4-TDI from its isomers as in U.S. Patent No.
4,721,806, incorporated entirely herein by reference, whereby a feed mixture
comprising 2,4-TDI and 2,6-TDI is contact with the present MCM-22 family
molecular sieve which has been cation-exchanged with Na, Ca Li and/or Mg
ions to absorb the 2,4-TDI, followed by recovering the 2,4-TDI by desorption
with desorbent material comprising toluene;

(xvi) in a process for decreasing the durene content of a 90-200°C+ bottoms
fraction obtained from the catalytic conversion of methanol to gasoline which
comprises contacting the durene-containing bottoms fraction with hydrogen
over a catalyst of the present MCM-22 family molecular sieve with a
hydrogenation metal, at conditions including, individually or in any

‘combination, a temperature of from about 230°C to about 425°C and a
pressure of from about 457 to about 22000 kPa-a;

(xvii) in a processes for co-producing phenol and ketones that proceed through
benzene alkylation, followed by formation of the alkylbenzene hydroperoxide
and cleavage of the alkylbenzene hydroperoxide into phenol and ketone, e.g.,
benzene and propylene to phenol and acetone, benzene and C4 olefins to
phenol and methyl ethyl ketone, such as those described for example in
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(See Figure 2) This invention (See Figure 4) Si02/A 203 (nolar ratio) 21
19.5 21 BET area (nR/g) 522 (87 external) 506 (109 external) Hexane
cracki ng WwoLmgA)164260 Mor phol ogy  5-20 mi cron spheri calpCrusaoud/jo16moal )
aggregates of intergrown platelet crystals of less than 0.1 micron

t hi ckness (See Figure 3) 5-20 micron spherical (round, oval) aggregates of
intergrown platelet crystals of |ess than

international application PCT/EP2005/008557, which can be followed by
conversion of phenol and acetone to bis-phenol-A as described in international
application PCT/EP2005/008554, benzene to phenol and cyclohexanone, or
benzene and ethylene to phenol and methyl ethyl ketone, as described for
example in PCT/EP2005/008551;

(xvili) in a process of benzene alkylation reactions where selectivity to the
monoalkylbenzene is required, e.g., selectively sec-butylbenzene from
benzene and C; olefin feeds that are rich in linear butenes, as described in
international application PCT/EP2005/008557, preferably, this conversion is
carried out by co-feeding benzene and the C4 olefin feed with the catalyst of
the present invention, at a temperature of about 60°C to about 260°C, for
example of about 100°C to 200°C, a pressure of 7000 kPa-a or less, and a feed
weight hourly space velocity (WHSV) based on C4 alkylating agent of from
about 0.1 to 50 h'! and a molar ratio of benzene to C4 alkylating agent from
about 1 to about 50; and

(xix) in a process for transalkylations, such as, for example, polyalkylbenzene
transalkylations.

[00107] In the case of many catalysts, it is desired to incorporate the new crystal with another
material resistant to the temperatures and other conditions employed in organic conversion
processes. Such materials include active and inactive materials and synthetic or naturally
occurring zeolites as well as inorganic materials such as clays, silica and/or metal oxides such as
alumina. The latter may be either naturally occurring or in the form of gelatinous precipitates or
gels including mixtures of silica and metal oxides. Use of a material in conjunction with the new
crystal, i.e. combined therewith or present during synthesis of the new crystal, which is active,
tends to change the conversion and/or selectivity of the catalyst in certain organic conversion
processes. Inactive 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 be incorporated into
naturally occurring clays, e.g., bentonite and kaolin, to improve the crush strength of the catalyst
under commercial operating conditions. The materials, i.e. clays, oxides, etc., function as binders
for the catalyst. It is desirable to provide a catalyst having good crush strength because in
commercial use it is desirable to prevent the catalyst from breaking down into powder-like

materials. These clay binders have been employed normally only for the purpose of improving
the crush strength of the catalyst.
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0.1 mcron thickness (See Figure 5) Crystal size (SEM NA 5- '

Figure 3) 5-20 micron (See Figure 5) T%i ckness (S(EI\/) IVDNA . 5 ZOL;nsgr?Eagsgel
m cron (Swe2bsguse73) Less than 0_1 nicron (See Figure BYT/US20078id084 OF i ni's
row is calculated with correction of trivalent elenment source. ** The off |
Si02 of this rowis calculated without correction of trival ent el enent
source. [00113J The mi xtures of the above Exanples were crystallized at
170C in a Parr autoclave with stirring. After crystallization, the reaction
m xture for hydrothermal reaction slurries were filtered, washed with wat er
and dried in air at 120C. [00114] The XRD of Exanple 1 at 80 hours (Figure

IAz;)g Sts Pmpgl?g ﬁagthé%%vgé&i 9 rdR2¢1yehich bhn Be spaposigd veisti tha meat cristaldgeludgthe

’ - XL mum. 1 . .
a non- giogkpailioniie §5§é‘?ﬁ‘gﬂ %ﬁw%@gffﬁﬁﬁs %“Aé B 1‘%‘ ntgg %E%“E‘\%‘Ségt? %%Pr;tﬁmv\(ﬁ%l?g? n( g
the peakyinBhENGicwh ADkRG Mesae] Ggormix nliflokids weagsn ol 4thed inrkvhigh igz7main

Angstrons Is |l ess than 90% of the p I Nt ens . - ' |
at 12, gBgeralronsiue skellov s g@%‘é‘)‘&l‘ﬁ%%@ﬁ‘&é‘%’?ﬁ%‘%gg%g?g%sléf%’rg D of
E)c() amrrBIn %%%Tgta‘t S}%S ag; ?géiﬁaliﬁnmeae)rliﬁ)ialaj subjeave calomafion. asid meptipentios chpmical ar e

T e heen S b GRS g gttt
oxides, notably alumina. T
[00109] In addition to the foregoing materials, the new crystal can be composited with a
porous matrix material such as silica-alumina, silica-magnesia, silica-zirconia, silica-thoria,
silica-beryllia, silica-titania as well as ternary compositions such as silica-alumina-thoria, silica-
alumina-zirconia silica-alumina-magnesia and silica-magnesia-zirconia.
[00110] The relative proportions of finely divided crystalline molecular sieve and inorganic
oxide matrix vary widely, with the crystal content ranging from about 1 to about 99 percent by
weight and more usually, particularly when the composite is prepared in the form of beads, in the
range of about 20 to about 80 wt% of the composite.
[00111] The following examples reflect embodiments of the invention and are by no means

intended to be limiting of the scope of the invention.

Examples
Examples 1. 1A (comparative) and 2:

[00112] Reaction mixtures for hydrothermal reaction were prepared from water, Mes-diquat-5
(“R*) dibromide (SACHEM, Inc.), silica (Ultrasil™, Degussa Corp.), aluminum sulfate solution
(8.1 wi% AlLO;) solution, and 50 wt% sodium hydroxide solution. The mixtures had the

following molar compositions as shown in Table IX:

-33 -



WM broad 3.96 0.08 WVS, broad 3.57 0.06 WM 3.43 + 0.06 MVS

[00116] The XRD of Exanple 1 at 92 hours (Figure I'b) shows the sane feature
of Fi gur ewbaotsogetsner with about |ess than 5% EU zeol i t eCT/iseooxi8ibo04
Exanple 2 (Figure 5) shows the sane feature of Figure 1 with [ess than 5%
anal cine. [00117] The XRD of Exanple |A shows the same feature of EMW 10-P.
Exanple 3 (Seed for Exanple 4): [00118] The reaction m xture was nade
according to the follow ng procedure. To a reactor was added 376.2 g of
water and 75.9 g of Al 2(S003018H20 (Ri edel -de Haen). To this solution was
added 62.1 g of a 50 wt%sol ution of the NaOH used was from Baker.
Then 91.1 g of Utrasil 'VN 35P (U tras#® rporation) was added and m xed

in the solution, foll owed byEkdepladdi tidn of EX4RplE 14 Of & 50 \/Exéqn'i,péyt o
of pept &i@rAloni um di brom de (SAGCKHEM Tnc.))~ The myTure Wgs stiTrzk ot
honogenHenssSiObhe nol ar jconposi tppn of The react Ign m XTune can ogoexpr essed
as: OR76HY10,10. 033 AIRO3 7 Sp@z 70. 15 R 22 Fgg6( 00119~ The Tgpe4 or—was
cl ose, OBf/9i060 and heafed wiTh4g rate gf 250 N s{0 L70C) Heat T g gwes
conti husid’/@oder stirred condi tp@nps Tor 42 nr. /-\()rsgf TootT Mg 0 TP
t enpef ariBi®, the crystials Wer epnecovere fromt @QSHUL trer 1t HUPI g —
cent r [ f Ughpga@rdCORSNed 3 Ti MEY7qW Th Watfer Tieyy p.blleu crystars fﬁe—d‘i“"e\‘ feor )
over nj gBiirriak spedCRPANE [y €1 0 0h5d e crystats wegp i; iﬁvm 951 etattvefo—the—
t ot al apeddiwvt®) the sTarting sygt MESTS T L):E ure g T Rb ?I:u SEM-are-prtacnes
in the TiMﬁﬁ (Figuresf 6 and 86292 VO ZUUS IUTo% 74 PCTTOSz9 077 u;uugé_Bé&FFp-n e
3 XRD Result This invention (80hrs) EMM-10-P and This invention (See
(See Figure 1a); this <5% Analcine Figure 4)
invention and <5% (See Figure 2)
EUOQ zeolite (92 hrs)
(See Figure 1b)
SiOz/A1203 (molar 21 . 19.5 21
ratio)
BET area (m”/g) 522 (87 external) 506 (109 external)
Hexane cracking 260
(ALPHA)
Morphology 5-20 micron spherical | 5-20 micron spherical
(round, oval) (round, oval)
aggregates of aggregates of
intergrown platelet intergrown platelet
crystals of less than crystals of less than
0.1 micron thickness 0.1 micron thickness
(See Figure 3) (See Figure 5)
Crystal size (SEM) NA - 5-20 micron (See 5-20 micron (See
Figure 3) Figure 5)
Thickness (SEM) NA Less than 0.1 micron Less than 0.1 micron
(See Figure 3) (See Figure 5)

* The OH"/ SiO; of this row is calculated with correction of trivalent element source.
** The OH"/ Si0; of this row is calculated without correction of trivalent element source.
[00113] The mixtures of the above Examples were crystallized at 170°C in a Parr autoclave
with stirring. After crystallization, the reaction mixture for hydrothermal reaction slurries were
filtered, washed with water and dried in air at 120°C.
[00114] The XRD of Example 1 at 80 hours (Figure 1a) shows the following features:

(1) d-spacing maximum at 12.334:0.23 Angstroms;

(2) d-spacing maximum between 14.17 and 12.57 Angstroms; and

(3) a non-discrete d-spacing maximum between 8.8 and 11.1 Angstroms, wherein the

peak intensity of the d-spacing maximum between 14.17 and 12.57 Angstroms is

less than 90% of the peak intensity of the d-spacing maximum at 12.33+0.23
Angstroms. .
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Si 02/ Al 203 33 H20/ Si02 22 AT/ SIA2'" 0.35 OW/ Si02" 0.55 Nail 3i02 0.55

R ./Si02 0.15 Tenperature (C) 170 Stirring s
. . ! peed (RPM 100 Seed (WM % none
Crystal | iwetzoesmidirme (hr) 72 XRD Pattern See Figure 6 SiPO?/USIZ@ﬁZBg((OMJ/? ar

ratio) n.a. BET i
(SEI\/)) area (m/g) n.a. Hexane cracking (ALPHA) n.a. Morphol ogy

[00115] The XRD of Example 1 at 80 hours (Figure 1a) also shows the following peaks which

are common features of the MCM-22 molecular sieves as listed in Table X:

Table X
Interplanar d-Spacing (A) Relative Intensity, /I, x 100
441 0.1 W-M, broad
3.96 + 0.08 W-VS, broad
3.57 +0.06 W-M
3.4320.06 M-VS

[00116] The XRD of Example 1 at 92 hours (Figure 1b) shows the same feature of F igure la
together with about less than 5% EUO zeolite. The XRD of Example 2 (Figure 5) shows the
same feature of Figure 1 with less than 5% analcine.

[00117] The XRD of Example 1A shows the same feature of EMM-10-P.
Example 3 (Seed for Example 4):

[00118] The reaction mixture was made according to the following procedure. To a reactor
was added 376.2 g of water and 75.9 g of Alx(SO4);#18H;0 (Riedel-de Haen). To this solution
was added 62.1 g of a 50 wt% solution of NaOH, the NaOH used was from Baker. Then 91.1 g of
Ultrasil VN 35P (Ultrasil Corporation) was added and mixed in the solution, followed by the
addition of 145.8 g of a 50 wt% solution of pentamethonium dibromide (SACHEM Inc.). The
mixture was stirred until homogeneous. The molar composition of the reaction mixture can be
expressed as:
0.275 Na,O / 0.033 AL,03/ Si02/0.15R /22 H,0

[00119] The reactor was closed, stirred and heated with a rate of 25°C/hr to 170°C. Heating
was continued under stirred conditions for 72 hr. After cooling to room temperature, the crystals
were recovered from the mother liquor by centrifuging and washed 3 times with water. The
washed crystals were dried overnight at 120°C. The yield of the crystals was 8.8 wit% relative to
the total amount of the starting synthesis mixture. XRD and SEM are attached in the figures
(Figures 6 and 7).
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Fl akes (See Figure 7) Crystal size (SEM, Estinmated Largest dianeter |ess

than 2 um (See Figure 7) Thickness (SEM -100 nm (See Figure 7) * The OW/
Si 02 of tWwo=008006473 cal cul ated with correction of trivalPemusedogmesvns sour ce.
** The OFf / Si02 of this rowis calculated without correction of trivalent

el enent source.

features sane as Figure 1

[ 00120] The XRD of Exanple 3 (Figure 6) shows the follow ng

and

(1) d-spacing maxi num at 12.33+0.23 Angstrons;
(2) d-spacing maxi nrum between 14.17 and 12 57 Angstrons;

(3) a

non-di screte d-spaci ng maxi num between 8.8 and 11.1 Angstrons, wherein the
peak intensity of the d-spacing maxi mum between 14.17 and 12.57 Angstroms
is less than 90% of the peak intensity of the d- spaC|ng maxi mum at
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[00120] The XRD of E:xample 3 (Figure 6) shows the following features same as Figure 1:

[00121]

(1) d-spacing maximum at 12.33£0.23 Angstroms;

(2) d-spacing maximum between 14.17 and 12.57 Angstroms; and

(3) a non-discrete d-spacing maximum between 8.8 and 11.1 Angstroms, wherein the

peak intensity of the d-spacing maximum between 14.17 and 12.57 Angstroms is

less than 90% of the peak intensity of the d-spacing maximum at 12.33::0.23

Angstroms.

The XRD of Example 3 (Figure 6) also shows the following peaks which are common

features of the MCM-22 molecular sieves as listed in Table X.

Example 4:

[00122]

The reaction mixture was made according to the following procedure. To a Teflon

reactor liner was added a water based‘ solution of sodium aluminate (containing 10 wt% of NaOH
and 7.8 wt% of Al,O3, the NaOH used was from Baker, the aluminumhydroxide from Alcoa). To
this solution was added a 40 wt% sodium hydroxide solution (NaOH from Baker). While stirring,
Ultrasil VN 35P (Ultrasil Corporation) was added and mixed in the solution. Then a 50 wt%
solution of pentamethonium dibromide (SACHEM Inc.) was added. Afier the mixture was

homogenized, crystals from Example 3 were added to obtain a concentration of 0.5 wt% relative
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0.46 R/ Si 02 0.15 Tenperature (C) 170 Stirring speed (RPM 60 Seed (W% 0.5
Crystallization Time (hr) 60 XRD Pattern See Figure 8 S102/ Al 203 (nol ar
rati o) n.wo2BBhie47¢a (m/g) n.a. Hexane cracki ng (ALPHApCm/ts2000b1@hol ogy
(SEM Fl akes (See Figure 9) Crystal size (SEM Estinated Largest dianeter

|l ess than 2 um (See Figure 9) Thickness (SEM -100 nm (See Figure 9) * The
O+ / Si02 of this rowis calculated with correction of trival ent el enent
source since alum num was suplied as Al 203.

to the total weight of the synthesis mixture. The quantities used in the above mixture were such
that the molar composition of the reaction mixture can be expressed as:
0.23 Na,0 / 0.04 Al;03 /8i0,/0.15R / 18 H,0

[00123] The liner was than placed in a stirred reactor which was closed and heated with a rate
of 25°C/hr to 170°C. Heating was continued under stirred conditions for 60 hr. After cooling to
room temperature, the crystals were recovered from the mother liquor by centrifuging and
washed 4 times with water. The washed crystals were dried overnight at 120°C. The yield of the
crystals was 13.9 wt% relative to the total amount of the starting synthesis mixture. XRD and
SEM are attached in the figures (Figures 8 and 9).

Example 4

Si0,/Al,03 25
H,0O/ SiO; 18
OH7/ Si0, 0.76
Na'/ §i0; 0.46
R/Si0, 0.15
Temperature (°C) 170
Stirring speed (RPM) 60
Seed (wt%) 0.5
Crystallization Time (hr) 60
XRD Pattern See Figure 8
Si0,/Al,O; (molar ratio) n.a.
BET area (m’/g) n.a.
Hexane cracking (ALPHA) n.a.
Morphology (SEM) Flakes (See Figure 9)
Crystal size (SEM) Estimated Largest

. diameter less than 2 pm

(See Figure 9)

Thickness (SEM) ~100 nm (See Figure 9)

* The OH" / SiQ, of this row is calculated with correction of trivalent element source since

aluminum was suplied as Al,Os.

[00124] The XRD of Example 3 (Figure 8) shows the following features as Figure 1:
(1) d-spacing maximum at 12.33+0.23 Angstroms;
(2) d-spacing maximum between 14.17 and 12.57 Angstroms; and
(3) a non-discrete d-spacing maximum between 8.8 and 11.1 Angstroms, wherein the
peak intensity of the d-spacing maximum between 14.17 and 12.57 Angstroms is
less than 90% of the peak intensity of the d-spacing maximum at 12.33£0.23
Angstroms.
[00125] The XRD of Example 4 (Figure 8) also shows the following peaks which are common
features of the MCM-22 molecular sieves as listed in Table X.
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100124] The XRD of Example 3 (Figure 8) shows the follow ng features as
Figure 1. (1) d-spacing nmaxi mumat 12.33th0.23 Angstrons; (2) d-spacing
maxi mum bwoweeni1d#717 and 12.57 Angstrons; and (3) a nomrcaitsesoeesod+ spaci ng
maxi mum between 8.8 and 11.1 Angstroms, wherein the peak intensity of the
d- spaci ng maxi nrum between 14. 17 and 12.57 Angstrons is |l ess than 90% of the
peak intensity of the d-spacing maxi numat 12.33th0.23 Angstrons. 1001251
The XRD of Exanple 4 (Figure 8) also shows the foll ow ng peaks which are
common features of the MCM 22 nol ecul ar sieves as listed in Table X
Exanpl e 5: 1001261 The reaction m xture was nmade according to the
follomﬁﬁggmphﬁhdure To a stainless steel autoclave was added 28.7 g of a

% Wah&‘dn@ S O SRk dHoh WixRire ggmgsta% Qe&ur axghm{eofzsng@n{g%mée(%@*wa delifiteds

V\hllet |sslut|on was stirr er mani um oxid
Al dri chptehsutadavedvasatidet 38,7 & ofin @2\%9ﬂmrh99%h$°i‘§dmtﬁﬁhﬁ<@nit9°@“@ hyrdromde

tetraet 'ERL QEAOREM, '19@3 ewﬁlﬁﬁ tm %maw a§ Q)mwsl @gd&ggeﬁgmml Sxilld WogLwlsl. 9

of alumn mSOprOpOXI drich) was a eStII’I’In t he
honogendddechinas @ﬁiéedmé thﬁe@ewetws@@@ogm'%eérbeﬁgatl PR qfd?tr@thyﬂorfh?éxhgw u(?ii ng
was st oRResl A88cH)Sak hadCeNtHiIMERukarl. §8Pfa.lﬁﬁ'inu%u§)ﬂ%po§lmé€(98 SRl Afdrxch) was

conditions. After coollng to roomterrperature . g he |n|t|a m Xt ure
was evappdfed: Sihidrstirrieg. tthe hereaganpeys. mipgare gas hgpted #b %fC e“c#ﬁpsélﬁ@tmgoﬁqr dehrithe

synt hes'sﬁrrm {dé %m@{?é@ﬁn& B8R EdhlintR fdiCarRURF OS5 B vAder Qatk E&RIRidns0AGRY
Al 203 / 'Si0Z /0.3 EtOH / 0.045 i PA /. 141420 [00127] After this

pre- t r e SOREPE torI9aMACNPURRR- WOl the itpl AHFUFRWRLEVaRPTRIFG uring thefierdionw B a
rate of o%@fadlhﬁolmok%guohi%ﬁfhle@?nm@s% fafhre @ﬁeﬂto%ﬁl@ﬁg Sdndelepiesyadiab:i ons for

144 hr. After COO|II’]%'[O room ture, the crﬁ‘gtals were recovered from
€

the nother |iquor b3y Ueen{ P08 gt S&ﬁ’d/%&{e‘ﬁE@}l{( S HAMHEP M of water.

The washegr 27 yshﬁbﬁth%r@-u%ﬂn&,@h Mearictvt vak clodfand' H@tésdl \Qiﬂibu@fagftdﬁﬁn%ﬁﬁi al s
was 14 wt%relatjve to the total amount  of  the .star y@?ﬂui&ﬁ ure

X RD andiiipgre/hnio 9Bk leaing s rred upder gigHe go fiofh
Si02 | Ab308m3BmpEefidst 1t OBktals WerkORcaMerdd?forh the GotAct lhﬂﬁr foy (&ﬁ%jglﬁé.ﬁﬁd

EIL.E:I)-&)?SH: F\{@Sﬁé&% ﬁglé?ﬂ 0. %(1%0 Sn?%? \Zw-gte% 'Iqlze) wz?shgd %1'5ystRls/ weSrle%%eg overmgrrPe{ ﬂi()l‘l&eTg %
yield of the crystals was 14 wt% relative to the total amount of the starting synthesis mixture.
XRD and SEM are attached in the figures (Figures 10 and 11).

Example 5
Si0, / AlL,Os 33
(GCOQ_+ SiOz) / AlLO; 40
H,0 / 8i0; 14
H,O/ (GeOr+ SiOz) 11.7
OH /Si0; 0.3
OH / (GeO,+ Si0,) 0.25
R/ SiO, 0.3
Temperature (°C) 190
Stirring speed (RPM) 0
Seed (wt%) none
Crystallization Time (hr) 144
XRD Pattern Figure 10
Si0»/Al0; (molar ratio) n.a.
BET area (m*/g) n.a.
Hexane cracking (ALPHA) n.a.
Morphology Flake (See Figure 11)
Crystal size (SEM) Estimated Largest
diameter less than 2 um
(See Figure 11)

Thickness (SEM) ~100 nm (See Figure

11)

* The OH / Si0O, and OH / (GeOx+ Si0.) of these rows are calculated without correction of

trivalent element source since aluminum was supplied as aluminumisopropoxide.
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o Seed (Ww9% none Crystallization Tine (hr) 144 XRD Pattern Figure 10

Si 02/ Al 203 (molar ratio) n.a. (n2 BET area (/g) n.a. Hexane cracking
(ALPHA) nwe.2odomnpivel ogy Fl ake (See Figure 11) Crystal sipee/us3idvioidast i mat ed
Largest dianeter |ess than 2 pm (See Figure 11) Thickness (SEM -100 nm
(See Figure 11) * The off | Sill and Of / (Ge02-1- Si02) of these rows
are cal cul ated without correction of trivalent el enent source since

al um num was supplied as al um num sopropoxide. - 38 - WO

2008/ 016477PCT/ US2007/ 016004 [ 00128] The XRD of Exanple 5 (Figure 10) shows

he foll owm ng features as Figure 1:
t [00128] The XRD of Exampl% 5 (Figure 10) shows the following features as Figure 1:

)] d-spacing maximum at 12.33+0.23 Angstroms;
(2) d-spacing maximum between 14.17 and 12.57 Angstroms; and
(3) a non-discrete d-spacing maximum between 8.8 and 11.1 Angstroms, wherein the
peak intensity of the d-spacing maximum between 14.17 and 12.57 Angstroms is
less than 90% of the peak intensity of the d-spacing maximum at 12.33+0.23
Angstroms.
[00129] The XRD of Example 5 (Figure 10) also shows peaks which are common features of
the MCM-22 molecular sieves as listed in Table X.
[00130]  All patents and patent applications, test procedures (such as ASTM methods), and
other documents cited herein are fully incorporated by reference to the extent such disclosure is
not inconsistent with this invention and for all jurisdictions in which such incorporation is
permitted.
[00131] When numerical lower limits and numerical upper limits are listed herein, ranges
from any lower limit to any upper limit are contemplated.
[00132] The meanings of terms used herein shall take their ordinary meaning in the art;
reference shall be taken, in particular, to Handbook of Petroleum Refining Processes, Third
Edition, Robert A. Meyers, Editor, McGraw-Hill (2004). In addition, all patents and patent
applications, test procedures (such as ASTM methods), and other documents cited herein are
fully incorporated by reference to the extent such disclosure is not inconsistent with this
invention and for all jurisdictions in which such incorporation is permitted. Also, when numerical
lower limits and numerical upper limits are listed herein, ranges from any lower limit to any
upper limit are contemplated. Note further that Trade Names used herein are indicated by a ™
symbol or ® symbol, indicating that the names may be protected by certain trademark rights,
€.g., they may be registered trademarks in various jurisdictions.
[00133] While the illustrative embodiments of the invention have been described with
particularity, it will be understood that various other modifications will be apparent to and can be
readily made by those skilled in the art without departing from the spirit and scope of the
invention. Accordingly, it is not intended that the scope of the claims appended hereto be limited
to the examples and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present invention,
including all features which would be treated as equivalents thereof by those skilled in the art to

which the invention pertains.
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(1) a-spacing maxi nrum at 12.330.23 Angstrons; (2) d-spacing nmaxi num

between 14.17 and 12.57 Angstrons; and (3) a non-discrete d-spacing

maxi mum between 8.8 and 11.1 Angstrons, wherein the peak intensity of
the d-spaci ng maxi mum between 14.17 and 12.57 Angstrons is |ess than
90% of t Kd.4AEMS: i ntensity of the d- spaC| ng maxi num at 12. 330. 23

ahi'ah ar & confoioP ST P2 (RHERT 3 ot S et i & et EBE do, an

Table X [00130}, A'dhfﬁl%ﬁ@ﬁ‘ d};‘faﬁ%ﬂﬂ 1B@Ih§ﬂ% @pBEikcaaTt' 9@§a01ﬁ§sﬂ‘laﬂﬁl QR OMT 8841,
(such as ASTM nef hods) ot her docunents cited hereinh are tfully

i ncor por at ed B3.38&9. 833416131'(1 b 3.hEER0G amt 3.43h0@hagitonns, @ distingoishable peak at

i nconsistent with this |1v=nt on an r, all dj ons i
such i ncor por gtqt-%ming BEHHY at‘”efﬁg%é?]t \M@Hi ﬁ%ﬁﬁ‘@iﬁ?’&%& alxilqﬁwﬁigcrete
and numeri cal pegkpef al d4¥piding neaxiSiCBetiRELISB 16 qngmﬁétmﬁ@ aferb@Me peak

limt to any upper limt are contenplated. [00132] The neani ngs of
terms used hetdensityipdithe dsrecing siaxingim betrrepn dB i tagibbut 14hE7 Angstroms is less

ref erence sha 0 s,

Refining Pr octeﬂszslle@/t%ﬁgge% e%@i:t&Sﬂh%dstpﬁﬁnE‘%Qers agdzﬁngd%%&tmms
MG aw Hz) | ( ZBO4)rystdllin@aableduddt, siavd repite@ih &Iﬁﬂﬂlp&ﬂﬁfbﬁn app-eHt didMsction
test procedures (such as ASTM net hods), and. other docunents cited
herein are fuP#{Fm ARAPGHSr e angd Ii’a@f“é(?' dptersities suhstaatialbhes shewn n the follow
di scl osure isTQqk. i nconsistent with this invention and for all
jurisdictions_In which such incorporation is pernmitted. Al so, when
nureri cal | ower | ilntetyslanardl-Spavirg @31 upper | i nRektise EntbhsiiyeHl, kel08i n,
ranges from any lower4ivsd *.any uppe] Timt are conyeppl ated. Note
further that [Trade Nanmggsgsggzdierern arg 1 nalcated by ¥1-V§1 Symbor or
synbol , indicaring ha[u[-[foggmas ey~ e prOtECt ed uy y Ggtar

trademark ri iltb, e U ,af.ilhgﬁaény be— cgl stered—tr+ QUC”WE/II —veatr+ous

j urisdicti ons—1-66+331—WH he—-Hustiatvre—erbodi +he

i nventi on have—been des rL hD@ﬁmnfh nartlhnlarlfv it aﬁfyshp

under st 0&d t h%{be vestalliae sncleqularovievd eesited il olgiml Ibé’hﬁml’f@t}@tﬂ diffgaction
can be readil Iql r t| n
fromthe spi r?/ és?%c%?%e 0 faﬁg I{E%\gg%ﬁ%%ﬁl CSI&JB% (f#’t follow
i nt ended thatTaH‘le: scope of the clains appended hereto be Ilmted to

t he exanpl es and descriptions set forth herein but rather that the
clains be construed as encorrpaSS| ng aﬁrqb €’cWe features of pat ent abl e

novel ty whi ch | s
whi ch woul d | :_j‘ _ [ _ E{’I é‘ﬂltél%'%t% q[Ig geﬁbb

art to whi ch ft-he—+nveh —Berfabhs- _ARMS 1A S e

MCM 22 fam | 2. L2 avi ng—ih-its as-synt hcmmd form an

X-ray diffradtion nattplrlnl foBudi ng a_peak at d- spaci n-Saxi mum at

281, 12.3310.]23, 4.4110441+3.5710. 06 and 3. 4310. 06 VAddshroads, a

di stingui shahl e peak aB.% Ho$B8aci ng maxi num bet weenW-25HBrdad about
14.17 Angstrdns and a d®BvrHD$Er et e peak|at a d-spacl ngwogx! num

between 8.8 t[o IT AngshGrgyE g ggher e n (ne peak_TntensThyypf The

d- spaci ng nmaximom between 12757 to about— 1417 AngstTons s tessthan
90% of the peak intensity of the d-spacing maxi rumat 12.3310. 23
Angstromk. 2. AThethod yf trahbfaomriog tiee etystalline evsdedubiste®d of Rlaiha il M, the method
wherein the X-ray, dif ractlon pattern includes val ues and rel ative
intensities s‘iﬂ%ﬁr&ﬁ%ﬁ ERPPE8Tshown in the fol low Table: Interpl anar

1253 0°28 1l mrofRi R ARG o Eline Blish ghl Gty o fs|pmidetrpatent
The crystalline nutlemmhtafY)s iagVenst en¢ sewtct of at ddast dne wikali eirnalkdie eafth Aigtal

di ffraction patterqq |nclu s valu s and relagive intensities
substantially as s Rt PRY FBGFURSmAeent (FapMeatqry/and optionally at least one

source of at least one trivalent element (X), said mixture having the following

molar ratio;

Y:Xs = 10 to infinity
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I nterpl anar d-Spacing (A) Relative Intensify, VI x 100 14.17> d >
12.57 MVS 12.33 1 0.23 MVS 11.1 to 8.8 WS 4.41 1 0.1 WM broad
3.96 0.08 WVS, broad 3.57 1 0.06 WM3.43 1 0.06 MVS 4. A nethod
of manufacturing the crystalline nolecul ar sieve of claims 1-3, the
met hod conprising thO¥teps 6F: (PABISHI ng a nixture conprising at

| east one source ofypty| east one toqjor EE%{EI ent element (Y), at |east
one source of at Ieasf one al kal i ali earth netal elenent, at

| east one directingdagent (RE vvat[)eﬂOl taad optionally at |east one
source of at |east _ope trival ent %I enent (X), said mixture having the
fol l owing nol ar rafFd: Y: x2=10 to %Rty H20: Y=Ito 10000

01.1:Y¥=0.001 to 2 e P@TIQI\?%:HK% %XM%%e%t%@W,‘N NN A xamethyl-

alkali metal and Ris east one
- hexanet hyl 1, 5- penf grpeiitanediaminiusal t (s) salfBN, N, N B,N,N XN Bhénainethyd-1,6-

hexanedi am ni um sa | nation thereo erein sad

DL 1-CY 15 cal cur aNEHRGHARER AR Y £ CAMERTLD Wi WoERasad OHY is
correction; and ( b),-azaﬁnlafeutvhtm& M’ﬂﬁmﬂr&%%m@c@neﬁféﬁﬁ}&' doh%@ﬁdnp Bnd
conditions to forma product conprising the desired crystalline

nol ecul ar si e(®, whdrwitting rthe cnixdwral b z:mtstai}nzatlondmnmscmnfomea aproduct

emperature I RDLEnS lnd SO 098l Re Bkl AT

crystallization tipgndifieny elifptisela bdMferdtore4A0thB Guniss oﬁﬁdm 100°C to 200°C, a

(Q)recovering the (s:tgr%%tgaslpl:édnoef rgl?gllr?g %’lo?nr atsitlaa%\t/?SO RPM to less than 5000 RPM, and a
crystallization time from about 1 hour to 400 hours; and

(¢}  recovering the crystalline molecular sieve,

5. The method of claim 4, wherein said mixture further comprises at least one seed
having a concentration in said mixture ranging from 0.01 to 10 wt.% based on the
weight of said tetravalent element in said mixture.

6. The method of claims 4-5, wherein the OH™Y is in the range of from 0.01 to 1.

7. The method of any one of claims 4-6, wherein the crystallization conditions further
comprise a stirring, said stirring has a speed in the range of from 200 to 1000 RPM.

8. The method of any one of claims 4-7, wherein the R:Y is in the range of from 0.01 to
0.5.

9. A method of manufacturing the crystalline molecular sieve of claims 1-3, the method
comprising the steps of:

(8  providing a mixture comprising at least one source of at least one non-
germanium tetravalent element (Y), at least one source of germanium (Ge), at
least one directing-agent (R), water, and optionally at least one source of at
least one trivalent element (X) and at least one source of at least one alkali or

alkali earth metal element, said mixture having the following molar ratio:

(GetY):X, = 10 to infinity
H 0 Y = 1 to 10000
M"Y = Oto2

R:Y .= 0.001to 2
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5. The nethod of claim4, wherein said mxturé further conprises at
| east one seed having a concentration in said mxture ranging from
0.01 to 10 wt. % based on the weight of said tetravalent elenent in
said m xture. 6. The nethod of clainms_4-5, wherein the 01-1-:Y is in
the range of from Gvhprein  is ampalkathmetebandbB inat lges) onﬁé!,h{mblrlﬁuh&shmmethyl-

wherein the crystalld i ons er co Ryt L LT ggl
said stirring has a’ sé%{et%‘%ﬁ %le‘h{r ange %#H(%fom 20{3@&01%%3’ ﬁRbe s yi-1,6-
The method of any beganefiaedifinmBsalt(sy, orwhe ceinbirhtien MeMolf:sandn t he range

of from0.01 tq 0.5. 9, A rﬁtho d of manufacturjng the crystalline

mol ecul ar_si ed® of Sehittiag the mpywrenat ratstalbisgions Forslitions’ & efggmop: product
(a)providing a m X e .nf

ot ger mani um t oS SUaT AR fistg SRR mABEI B HEAS vBbr defalEon
ger mani um (Ge), at cbmhhbnsocnmphseectempqamgtemmé Bingewdtfiom 1@01¢ to 200°C, and a

optionally at |east one.saurce o one tr| val ent el enent (X)
and at | east one sﬁﬁfs‘aih@w’épmeeéf’ﬁ‘ %31%5]:‘1 4@rhars; and oarth net al
el enent, sai d£%1 Xt B vBaY, O%ﬂﬁg c?ﬁ?alﬁr@rh@l%ﬁlﬂr dmjar ratio: (Qe+Y): X2 =10

to infinity H20:Y=Ito 10 MF:Y=0 to 2 R Y=0.001 to 2 wherein Mis
an al kal 'IO.met The method. ofickainmt 9, IWEIEan smé(Ge+Y) X, is in the range of from 15-600.

NN NN RN - 2R AL 505 GRE R STBhP 8 HEGPCI A9:Y fin g ramge of from

conbi nation t hereof ; and (b) submttl ng the m xture at
crystallization conditions to forma product conprising the desired

crystal | i%e ndhemsthed ofiaayene ﬂﬁelﬂ@iiw-ﬂheﬂhqrgmtsmldleé’tlis@nﬂr@@metqfcﬁrm 0-1.
t
Cryatal | Foat | R PR by A hs 0 4 oo Wi ol £hcbions further

recovering theonpystadtining, said stietindhass el inkhe rahge of BbMOED 191000 RIPML,
9, wherein saTg (Ge+&q) 2 is in the range of from 15-600. 11. The,
i

met hod of4-any B @egiod fAnyong of 5l a“ﬁ/ﬁér]é”is Wheegin the. tetrayalent glement (¥) is silicon

range of fro y one of clainms 9-11,
wher ei n sai d%@é?%wlﬁ%tt Ee rgﬁx LRj{lrom 0-1. 13. The nethod of any
one of clai nsTEeﬂﬁthoMrc@msﬂHé wihy:s:imﬂhb[[—lzz@t‘immnothafhnrgeoﬁswsm her

conpri se stirri id. sti has a.s eedlnt range of from
50 to 106‘%‘ RPQPM&R’I'%ﬁgmﬂ’éYWG cYier siqye pade By agy of auf@ “Itherein the

tetraval ent eh sfo\f)hguﬁ)cafﬂohc‘ceﬂv@ﬂén (s mﬁh@inﬁ%@ﬁép ghement (X) is

al um num 15. met hod of clains 4- rern the H20: Y is in the
range of 5 to(&“35 a@tactimgMOngdRocattzom fegdshaskewith e ca’ysiwlhnﬂawéedularaiwe made

one of clainms 4-1 7. ro ess for roca onver , .
conprising the stg?yyé}em% f%@“%e%%/ﬂ {2585#‘?‘33% @EPW@WW"‘*
the crystalline nobegsing 1 Slﬁid%rmrshﬂléoﬁl&lti&iﬁﬁ RoRr@fa prod@py one of
clainms 4-15 or the crystalllne nol ecul ar sieve of clains 1-3, under

conversion conditions to forma product.
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