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FI ELD 100011This invention relates to highly purified, high activity, small
crystal ZSM 12, htRss¥nthesis and its use in catal ytic RERRIIIEs656
particularly In"the conversion of C9+ aronatic hydrocarbons to xyl enes.
BACKGROUND [09021ZSM 12 and its conventional preparation in the presence
of a tetranethyl ammoni um or tetraethyl ammoni um directing agent are taught
by U S. Patent No. 3,832,449, the entire (disclosure of which is

i ncorporated herein by reference. ZSM 12 has a distinctive X-ray
diffraction pattern which distinguishes it fromother known crystalline
materials. [0003] There is a growi ng demand for ZSM 12-type cat al yst
materials in the chem cal HAGH AGKIVRIMgMALL GRYSRAL LSMedy)| t there is
significant interest in devel oping inproved techniques for the synthesis of
ZSM 12, 190041U.S. Patent No. 4,391, 785 discloses a nethod for the
synthesis of ZSM 12 froma reaction m xture conprising, as a directing
agent, a conpouBMEldR| ected fromthe group consisting of a

di met hyl pyri di nj hal.de: : j - - oli divnjium:bal i 951U, S.
Pat ent Nos. 4, 4‘:@,6!7'69 %ﬁsdm?lé,}%g@,rg%tgﬂ i Psﬁ%l%g)gmrlr%?ﬁ%g S 12@’589%%%@%?% ng

ZSM 12 from a r 88t i2ontsniyrthesie asd s aiseiimgabtipyireqesses, hypktt Kilonthe ons as
the directing a . t I i rari directed to producing high
Si 2/ Al 28 rati %%P%PI%B§§9£%%%,®S%8§?§{Stt e{%ll 0 in the case of the '769
patent and greater than 200 in the case of the ' 758

BACKGROUND

[0002] ZSM-12 and its conventional preparation in the presence of a

als 2l b8

tetramethylammonium or tetracthylammonium directing agent are taught by U.S.
Patent No. 3,832,449, the entire disclosure of which is incorporated herein by
reference.  ZSM-12 has a distinctive X-ray diffraction pattern which

distinguishes it from other known crystalline materials.

[0003]  There is a growing demand for ZSM-12-type catalyst materials in the
chemical and refining fields. As a result there is significant interest in

developing improved techniques for the synthesis of ZSM-12.

[0004] U.S. Patent No. 4,391,785 discloses a method for the synthesis of
ZSM-12 from a reaction mixture comprising, as a directing agent, a compound
selected from the group consisting of a dimethylpyridinium halide and a

dimethylpyrrolidinium halide.

[0005] U.S. Patent Nos. 4,452,769 and 4,537,758 disclose methods for
synthesizing 7ZSM-12 from a reaction mixture containing
methyltriethylammonium ions as the directing agent. These patents are
primarily directed to producing high SiO,/Al,O; ratio forms of ZSM-12, greater
than 80 in the case of the ‘769 patent and greater than 200 in the case of the 758



- 2 - patent. Moreover, one of the stated advantages in the '769 patent of
using nmethyltriethylamoni umions as the directing agent is the production
of large cryst@l.gshéRssmaterials. [0006] Ot her organic di nRehjshdesQeRts that
have been used to synthesize ZSM 12 include DABCO C'-di quat 1ons where n
=4, 5 6 or 10 (see U S. Patent No. 4,482,531),

bi s(di met hyl pi peridiniumtrinethylene ions (see U S. Patent No. 4,539, 193),
benzyl fti et hyl ammoni umions (see U.S. Patent No. 4,552,738),

di benzyl di et hyl anmoni um i ons (see EP-A-167, 232), di nethyl di et hyl anmoni um
ions (see U S. Patent No. 4,552,739), benzyltrinethylamoniumions (see
U. S. Patent No. 4,585, 637), bis(N—nethyIR¥ridyI) ethyliniumions (see U S
Patent No. 4, 58B82y6) Mopexaneihyf Exeittithadveragss ipdhenfooNeptens oh24ing41) | and
decanet honi um i Q{888 InRoniDA! BAL adNBe dReckifd apdit)is B SAARERH HYiaFL! | di ni um
diquat-n ions wheré n = 4, 5 or 6. [0007] Al though influenced by variabl es
such as the sil ceapkiiagmaeiadol ar rati o of the reaction mixture, tenperature
and stirring, the crystal norphol ogy of synthetic zeolites, such as ZSM 12,
is mainly dom nated by the choice of directing agent used in the
crystallizationl00Ber cXEerpirganiq direpting ageethafhayshgen 2sedie eiteesikhgpdd crystal s
can be produced, dside ARAZY LI AELIVIRAL RO 1B 6L [ERL DS BACANG.

ri ce-shaped crystals can be nmade I n the presence of tetraethylamoni um
salts, and bundF€82,671)hexaldoethypiptratiebeitgmetinletre iqs epetr B f Ragent aNo.
hexanet hyl enei m bR et 0g. : | r@f N

mor phol ogy is U%?gig%%b?%gggnﬁggﬂﬁ?ﬂébét%ﬁ%g%%n?g%#%E%%ﬁ%}tﬁg%igggtabiIity
enhancenent . Fodibporstdiatptahpenion agysl(see &PHA1§7.2 8 adimetyathallanghomuii s
desirabl e for hj | Vi Jalyd hi rface
area, and hencekgggggkgggé%ngﬁgfﬁé?%ﬁ)%g%%gﬁgggéﬁﬁﬁﬁmgggggg?&%%Fggials.
-3- 109081 For Bxempie,4,185837 PdiseNtmdiylpydid@9d3h§idiugi ®ut Gsed).Bhatgynt hesi s
of ZSM 12 having a sid. to_ al um . ar, rat i e t ) aver age
crystal size ofg?héﬁﬁgﬁgg}aﬁw?%wﬂkgﬁmﬁﬁgn(8?€ E@g%oﬁﬁéngaghEgPTg@?on

Par anet er for néshiytheremabnsabed Eds Patd@Ox 150L98,58 Echid(mathytpymebdivive at a

t enper at ure of $9qg_q&%wveg§§Lhy§%pg pressure of 2 ton. The synthesis is
conduct ed by cryé?al I'Zi'ng a reaction mxture conprising a source of an
oxide of a trivalent element X, a source of an oxide of a tetraval ent

element Y, nmethyliriethyla iumcations (R) as a . tenplate,. an al kal
netal and/ or a|ﬁﬁﬁﬁnef§§?¥ﬂyﬁ§P8Ff§3W %%%P%%g%ﬁﬁﬁv@%dﬂgﬁgﬁW%T%ﬁ? "n and
wat er; wherei n takie ofrihx trént@orhidastir) @erf@rd raraiand) steORF aisd dry o nompHobigyef of t he

nmol ar ratios: Y02/ X203 is 40 to 8 /Y02 .is 15 tao 4 117 Y02 _.is 0.15
to 0.4, MY02 i ¥nHets Z¢gitgs: &m}nas %err%g ‘Fsmﬁl?li(5&°t“8n%$?‘h%yfﬁ% Cé?‘fl%toél i zati on
is Cﬁrried out akxgﬁggﬁpﬁn@duf@eeﬁsdﬂﬁﬁk?rFbea&mb&rgﬁhébﬁéoﬁtsmmnut 50 to
500 hr. 109091l n [tign, US Patent ication Publication No.

2008/ 0035525  di SH5SBe] SHEReSe (16r PERBatCIHY ZI DI HRUP HOWET rrar y
crystal size ofdiridg | adht, and-sBaRpeehbihl val Wie madet Br mhdgdedicem®Ecury
porosinetry at a xinun1pressure@§g %ﬁgo ar, of 30-200 /g in a pore
radi us range of CH2{RYHPRIONHE Splfso ARS 8GRI VEX eCRs) NAFIFT 24t PORIBI R
synthesis gel CREMOShEiORIGRABARIS BlecBNe AbsHTl NUID SQILE RS BSIREIcPstadt ed
silica as a silicon source, TEA+ as a tenplate, an alkali netal and/or

al kal i ne earth REPEPIOROM eYr EWONMH AT Ght HENRAY Ny VR @natHY i n whi ch
the nolar H2O SiiRince@bhtO FoPmde! Baly8d aPRIWRSR, aliNy sl sizt RedeBMILRS for _
Mr1110: Si02 ratio is within the range fromQ0.01 tgo 0.045, nolar TEA+/ Si O?
ratio i s bet weeHehByIHY ndGtakHdy deopgse phihenfigher saifeys/ag20nd hgicedhe s wi t hin
a range from 50b0e-ko@usichBanChySiadldyst@ih@RalkS carried out at a tenperature
of from about 120 to 200C, preferabl'y fromabout 140 to 180C, for a tine of
about 50 to 500 hr, in particular fromabout 100 to 250 hr. -4- 1090101
An object of the present invention is to provide a small crystal, high
activity formof ZSM 12 whi ch exhi bits enhanced activity in the conversion
of C9+ aromatic hydrocarbons to xylenes. [00011] It is to be appreciated
that, although ZSM 12 is normally synthesized as an alum nosilicate, the
framewor k al um num can be partially or conpletely replaced by other
trivalent el enents, such as boron and/or iron and/or gallium and the
framework silicon can be partially or conpletely replaced by other
tetraval ent el enents such as gernmani um



SUMMARY [ 00012] In one aspect, the invention resides in a porous,
crystalline material having the framework structure of ZSM12 and a

conmposi tion i gyhmiegasd he molar relationship: X203 :(n) Y4, WhGHEdckscX 1S @
trivalent element, Y is a tetravalent elenent and n is |ess than about 45,

wherein the average crystal size of the material is |ess than about 0.1

m cron, which material is substantially free of ZSM5 or nordenite
inmpurities. By "substantially free of ZSM5 inpurities"” is nmeant that the
conposition contains no ZSM5 phase as neasured by X-Ray Diffraction.

[ 00013] Preferably, the material has a value of n which is about 20 to | ess
t han about 40, e. n is about 30 to about 36. [00014] Preferably Xis

al uni num and Y |9>“%§' | i ereampg Yot 10582 895 pETT 052 0185 665 6Y1hesis-of [ 00015]

Preferably, thezmmies halin @%uaﬁtoadmmd\Aﬁt,luﬂeatme@&ﬁﬁm Qh a9Q8se Gy@al, 1N
excess of 550 [00016] Prefera the material has a Diffusion Paraneter

for mesitylene éFe®f thféa@ffeufb@ﬁo?/eﬁs tong. s arcen \ghd it PeAsineBargpeter f&nper at ur e
of 100C and a n%?egmr@rb@d%%ﬁw(ﬁl@ff se€' WA h@&gﬂeﬁ]atmn@a%&@af pppect, the

present invention relates to a porous, crystalline material having the
f ramewor k st r uctud emefityegppressugad 2a01¢oﬁmmhpws|cw®éﬁe%y ofystabriageat i os of

oxi des s ol | oy (MRAR: ChLRIAR. { INRLIAQ JAR (A XRR MEEREINC RS an

or ganl C m)noquat emary anmmoni u 1 ON is at | east one or gani C
di quat emary ameiremgf aw dxgle af alteseayelewrpdeneat Yomethzlriateylammeniencsetions X is a

trivalent el emagﬁ ?sYa'teQm atEe£J Qi‘l’(gl %% al% g/ggmkalin% éa@tﬂgtﬁ alf {09%&139'-1\% 0.01 to

about 2, b ranges fromabout 0 to a C ranges rom about Ol to
about 2, and d havieeshed rvdnmcazbouandwam abouitn HOOMiXNOEO L8 1thprleflewiabl y, Mi s

sodium Xis al U&k&%%@?%@ b@théhlﬁfﬂ‘?aﬂms hﬁ@%%l i E@ﬂoeé(ﬁ?io);ﬁ%@ g5 R RZR3RA.

N wherein each are or dif and sel ected
fromthe group toHsi(8ti BG. 6f0.1CIoat, MYé)lzkay(DSStOF@4u®R/YOo is 0.15 to 0.4.

RSR6R71\ 1+( CHZ) %er eﬁ%ﬁg E%] Vgh'ceaq*l%d u?gtci'te elﬂ%re 5@’70‘%7 ot Fe?s’ foBg ’txfn%% ar e

the sane or dif ecte rom group consi s to 4
al kyl s. about 50 to 500 hr.

[0009] In addition, US Patent Application Publication No. 2008/0035525
discloses a process for producing ZSM-12 having a primary crystal size of <0.1
um; and a specific volume, determined by mercury porosimetry at a maximum
pressure of 4000 bar, of 30-200 mm’/g in a pore radius range of 4-10 nm. The
process involves crystallization of a synthesis gel composition comprising an
aluminum source, precipitated silica as a silicon source, TEA" as a template, an
alkali metal and/or alkaline earth metal ion source M having the valency n and
water; in which the molar H>O:Si105 ratio is selected between 5 and 135, the molar
M;,,0:Si0; ratio is within the range from 0.01 to 0.045, molar TEA/SiO, ratio
is between about 0.10 and 0.18, the molar SiO,/AlLO; ratio is within a range
from 50 to 150. The crystallization is carried out at a temperature of from about
120 to 200°C, preferably from about 140 to 180°C, for a time of about 50 to 500
hr, in particular from about 100 to 250 hr.



[00020] Preferably, Ris nethyltriethylamoniumand R is polynethylene
bi s-tri met hyl ammoni um WD 2011/ 062855PCT/ US2010/ 056656 - 6- 1000211

Preferably, Ryo8ihgx%aqret honium [000221 In anot her aspelgg:ﬂUStz‘h@m%Qsent
invention relates to a process for synthesizing the porous, crystalline

material of porous, crystalline material having the framework structure of
ZSM 12 and a conposition involving the nolar rel ationship: X203 :(n) Y02
wherein X is atrivalent elenent, Y is a.detravalent elenent and n is |ess
t han about 45 wherein the average crystal size of the material is |less than
about 0.1 micron, which material is substantially free of inpurities. The

process conpri ses: éla) preparing a m xture capable of formng said
material, said MYPdR eAe SRiBtt LithigPresnr Bretion ISaqouav\ildeow‘ sravlkallywﬁleh@arth net al

(M, an oxide Ofycdyid et zelerreRtick XhibidRnei&ea@lict 8t thavahveRionelrement
(Y), hydroxyl (O1T) ions, water, and an organic nonoquatenary ammoni um

cation directingvagemety Ridre@porntosyl§asti ¢ di quat ernary anmoni um st ruct ur e

bl ocki ng agent (R ), wherein said m xture has a conposition, in terns of
mole ratios, wthin the follow ng ranges: Y02/ X203 = | ess than 50 H20/ Y02 =
10 to 100 01- 17V@P1H (O 1s tp ye@pBequydhat, although ZSM-12 is normally synthesized

as an aluminosilicate, the framework aluminum can be partially or completely
replaced by other trivalent elements, such as boron and/or iron and/or gallium,
and the framework silicon can be partially or completely replaced by other

tetravalent elements such as germanium.

SUMMARY

[00012] In one aspect, the invention resides in a porous, crystalline material
having the framework structure of ZSM-12 and a composition involving the
molar relationship:

X203 Z(H)YOQ

wherein X is a trivalent element, Y is a tetravalent element and n is less than
about 45, wherein the average crystal size of the material is less than about 0.1
micron, which material is substantially free of ZSM-5 or mordenite impurities.
By "substantially free of ZSM-5 impurities” is meant that the composition

contains no ZSM-5 phase as measured by X-Ray Diffraction.

[00013] Preferably, the material has a value of n which is about 20 to less than

about 40, e.g., n is about 30 to about 36.

[00014] Preferably, X is aluminum and Y is silicon.



=0.1t00.6 RRY02 =0.1to 0.6 12712 = 0.01 to 0.10 (b) maintaining said
m xture under sufficient conditions until crystals of said material are

formed; and (ghhGeeNering said crystalline material frQ@rak@Robdsdsy: - 7-
1000231 Preferably, R = R ER2ZR3BR4N wherein each of RI, R2, R3, and R4 are

the sane or different and selected fromthe group consisting of Cl1 to C4
alkyls, R is RSR6R71\1+(Cl1l-1,)", N\+RBRORI wherein each of R5, R6, R7, RS,
R9, and RI are the sanme or different and selected fromthe group consisting
of Cl to &4 alkyls, and said reaction m xture has a conposition in terns of
nole ratios within the foll ow ng ranges:

[00015] Preferably, the material has an alpha value in excess of 500, e.g., in

excess of 550.

[00016] Preferably, the material has a Diffusion Parameter for mesitylene of at
least 1000 x 10® sec’ when measured at a temperature of 100°C and a

mesitylene pressure of 2 torr.

[00017] In another aspect, the present invention relates to a porous, crystalline
material having the framework structure of ZSM-12 and a composition in terms

of mole ratios of oxides as follows:
(@R,0-(D)R0:(c)M3,0-X,05() YO,

wherein R is an organic monoquaternary ammonium cation, R' is at least one
organic diquaternary ammonium, M is at least one cation having a valence n, X
is a trivalent element, Y is a tetravalent element, ¢ ranges from about 0.01 to
about 2, b ranges from about 0 to about 0.5, ¢ ranges from about 0.01 to about 2,

and d ranges from about 20 to about 100.
[00018] Preferably, M is sodium, X is aluminum, and Y is silicon.

[00019] Preferably, R is R'R*R’R*N" wherein each of R', R?, R, and R* are
the same or different and selected from the group consisting of C, to C, alkyls,
R'is R'R°R'N"(CH,),.N'R*R’R" wherein each of R’, R®, R7, R, R’, and R' are

the same or different and selected from the group consisting of C; to Cy alkyls.

[00020] Preferably, R is methyltriethylammonium and R' is polymethylene

bis-trimethylammonium.



Y02/ X203 = 30 to 40 H20/Y02 = 15 to 40 01-17Y02 = 0.15 to 0.4 MY02 = 0.15
to 0.4 Y02 = 0.15t0 0.4 R/R=0.02 to 0.03

WO 2011/062855 PCT/US2010/056656
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[00021] Preferably, R'is hexamethonium.

[00022] In another aspect, the present invention relates to a process for
synthesizing the porous, crystalline material of porous, crystalline material
having the framework structure of ZSM-12 and a composition involving the

molar relationship:
X505 :(n)YO,

wherein X is a trivalent element, Y is a tetravalent element and n is less than
about 45, wherein the average crystal size of the material is less than about 0.1
micron, which material is substantially free of impurities. The process
comprises: (a) preparing a mixture capable of forming said material, said
mixture comprising sources of alkali or alkaline earth metal (M), an oxide of
trivalent element (X), an oxide of tetravalent element (Y), hydroxyl (OH") ions,
water, and an organic monoquaternary ammonium cation directing agent (R) and
an organic diquaternary ammonium structure blocking agent (R'), wherein said

mixture has a composition, in terms of mole ratios, within the following ranges:

YO./X,0; = less than 50
HO/YO, = 10to 100
OH/YO» =0.1t00.6
M/YO, = 0.1t0 0.6
R/YO, = 0.1t00.6
RY/R = 0.01 t0 0.10

(b) maintaining said mixture under sufficient conditions until crystals of said

material are formed; and (¢) recovering said crystalline material from step (ii).



1000241 Preferably, Ris nethyltriethylamoniumand R is polynethylene

bi s-t Ti nmet hyl ammoni um 1000251 Preferably, R is hexanmethonium 1000261
Preferably, t ons include a tenperature of 170 000271
Preferably, tﬁ@zgggj |8%4| ons include a tenperature of 140%6%[}5%@%%66%000281
In still another aspect, the present invention relates to a process for
converting C9+ al kyl aromati ¢ hydrocarbons to a product including xyl enes,
conprising the step of contacting a feed.gontaining CO9+ al kyl aromati c
hydr ocar bons together with toluene and/ or benzene under conversion

conditions wth the porous crystal I i ne materials described above. -8-
1000291 Preferablg nis 20 to less.than 40, X is alumnumand, Y is
silicon, the pol®f9e3l chylstagin aneRrr%tReR l\élw}l'f‘éeén sihatfghaRudb uad R @kcess of

500, and t he Co'ﬂ\éesfa%le%dﬁf%%t Eﬂch%cieBQJoHﬁt%e?T&uﬁﬁ&%'fs%gbﬁcpfoérﬂlEm@bOUt 650
to about 950F (340 to. ngqc) Eg gssure of fro @2 to at;gut 600 psig
(790 to 4240kPaR SRR YHCHbat RIR Bpaeherajepast iof § lfseB\né?enanéB%u@leo 1 and
about 200 hr, a f twegn about 1
and about 5. 10%%3%{@%?2?%%2{3%@ Qléglreg%%m?é{gg*)ggm%g%% gt;:?et b%\n%@%ga second
mol ecul ar si eve ahdwihpaglicoongturahata jandhesitiof igtermes afmolpRSORMIORe OF THE
DRAW NGS [0003}4>< 1%15?%1- is XRD of the as-synthesized material of Exanple
1. Figure 2Ais RD the as-synthesized material of Exanple 2. Figure 2B
is SEM of the as-synthesized material of Exanple 2. Figure 3A is XRD of the
as-synthesi zed materi al \npl_e igure 3B is SEM of the

as-synt hesi zed materi al 9@/%?;’@ e3%o %ETAI LED DESCRI PTI ON [00032] The
ZSM 12 according to the HV¥Pti or ha®4n X-ray diffraction pattern
characterized by the X-rgy-ghffractiop dines in Table 1 below - 9 -

M/YO, = 0.15t0 0.4
R/YO, = 0.15t0 04
RY/R = 0.02t0 0.03

[00024] Preferably, R is methyltriethylammonium and R' is polymethylene

bis-trimethylammonium.

[00025] Preferably, R’ is hexamethonium.

[00026] Preferably, the conditions include a temperature of 170°C or less.

[00027] Preferably, the conditions include a temperature of 140°C to 160°C.

[00028] In still another aspect, the present invention relates to a process for
converting Cot+ alkylaromatic hydrocarbons to a product including xylenes,
comprising the step of contacting a feed containing Cy+ alkylaromatic
hydrocarbons together with toluene and/or benzene under conversion conditions

with the porous crystalline materials described above.



Table I D-spacing (A)Relative Intensity 1100 x I/1ol 11.9 + 0.2 10.1 + 0.2
4.76 + 0.1 4.29 + 0.08 vs 3.98 + 0.08 3.87 + 0.07vs 3.49 + 0.07 3.38 +
0.07 3.20 + Owggoﬁ o9Rsst 0.05 2.54 + 0.03 1000331 The X—ﬁqﬁngkﬁﬁ&gg%lon dat a
was collected wt %Clntag di ffractometer using copper K-alpha radiation.
The diffraction data were recorded by step-scanning at 0.02 degrees of
two-theta, where theta is the Bragg angle, and a counting tinme of 1 second
for each step. The interplanar spacings,._g's, were calculated in Angstrom
units (A), and the relative intensities of the lines, I/ To. where To is
one-hundredth of the intensity of the strongest |ine, above background,
were derived with the use of a profile fitting routine éor second
derivative al god®408% . Profseablynn éndl) tojless thap 0. p oy pairB @nd 8ris sil¢wnthe and

pol arization effgGHS. cxﬁaﬁhﬁeelna%elnmehasna@wha'\%earn R WeBr 5B, t &M Of the
synbol s vs=very strong 00), s=strong (50-74), nemedi um(25-49) and
w=weak (0- 24). va@§Hmuwd¢b@bundé¢BQ5@ﬂwﬁh%ﬁOﬁh@ﬁﬂé@#ﬁﬁﬂ“H&K&tPﬂgfed for
this sanple as 9l.e5]d-pes, , i pl i l.j,nes whi ch
under certain Céhgltlgéée?su 3@9 f?%%gﬁggg(&ngc?x§¥§6¢%gl Q@geg or very
hi gh experi ment 4240kBgoh me1gbvrhqyrly@paystvelb¢ltvg>rfagwpw abhatrfgbandr?éyuta?ﬁ@éar as
resol ved or - par b i,gh % 638l it AR md ¥ RLEA oo 61 43421 LRGRARRL © changes
can include mnor ¢ a%ge Nt cell parameters an ange in
crystal symmetry, without a change in topology of the structure. These

m nor effects, | ding..changes. | at S S

2011/ 062855PCT/ U@%%/%gféé‘g@ g‘%lfBéc?“aal?é’o‘“"g‘\é‘gtﬁé Q{fg%aée%%n?u ol%@@arddé% erences

i n cation cont ehtving x amewontkndeepdsi t2. on, nature and degree of pore
filling, and thermal and/or hydrothermal history. 1000341 The crystalline
material ZSM 12 of the present invention has a conposition involving the
nmol ar relatlonsh|-: n Y02 whereln Xis atrivalent element, such as
al um num bor on2ESES PR 20 l'ium preferably alunlnun1 Yis a
tetravalent ele i . r (preferably
silicon; and n Hﬁﬂ%gséH a?%&%%%@?%@asékﬂn@@%@g&?ﬁﬁn 039340 preferably
is about 20 to |ess tHagmabéuiXRD(ﬁﬂwneﬁpﬁbﬁérébhvndbmﬁkMBQeﬂo about 36.
[00301In its as-synthesjze 0, . | t the invention
has the framework strﬁ%ﬁﬂ?gBo éggwéggagﬁ%ﬁ&gm&iag§% f%%kgﬁﬂ?%rns of nole
rati os of oxides as fdigwwdA is XRD of the as- syntheslzed material of Example 3.

Figure 3B is SEM of the as-synthesized material of Example 3.

DETAILED DESCRIPTION
[00032] The ZSM-12 according to the invention has an X-ray diffraction

pattern characterized by the X-ray diffraction lines in Table 1 below:



(a) R20. (b) R 20. (c) M21" 0. X203. (d) YO7 wherein R is organi c nonoquat emary
ammoni um cation, R is an organic diquatemary amonium Mis at | east one
cation having n, Xis atrivalent elenment, Y i | ent

el enent, a ravnvge}s{ﬂ%‘ﬂr o?neabout 0.01 to about 2, b ranges f@g%s%(g%sﬁé’g

about 0.5, c ranges fromabout 0.01 to about 2, and d ranges from about 20
to about 100. The M R and R conponents are associ ated with the materi al
as a result of their presence during crysdallization and are easily renoved
by post-crystallization nmethods hereinafter nore particularly described.

WO 2011/ 062855PCT1CS2010/ 056656 [0031] The ZSM 12 of the present invention
has an average crystal size of the material less than 0.1 mcron, and
preferably about 0.05 micron, andeh&d a Diffusion Parameter, D/r2, for
nmesityl ene of at | east 1800 X -6 sec-1 gn grefbetrgpdoy @Eﬂl east 2000 x
10-6 sec', when rreasured—é?—glgt]l&%erature tyl ene pressure
of 2 torr. [0032] As usedilherei2n, the Diffwsion Paranmeter of a particular
porous crystalline materital +0g defined asmD/ r2x106, wherein Dis the

di ffusion coefficient (cadsae) and r is twhe crystal radius (cn). The
required diffusion parametersogan be derived from sorption nmeasurenments
provi ded the assunption js+ade that the pl ane sheet nodel describes the

di f fusion process. Thus f®r+a.ogi ven sorbate |oading Q the value QQ'"
where Q is the equilibrismsorbate |oadi®g, is mathematically related to
(Dt/r2)1/2 where t is thesg+oe7(sec) required to reach the sorbate | oading
Q G aphical solutions fnrotbespl ane sheefy nodel are given by J. Crank in
"The Mathematics of Diffugdonbs Oxford Uniwwersity Press, Ely House, London,
1967. [0033] The ZSM 12 of s4-hgopresent invgntion preferably has an al pha
val ue of at |east 400, and nore pref erably in excess of at |east 500, or
even in excess of at |east 600. pha value test is a neasure of the

cracki ng acti vi 0003} dheat Wyjéffld(éh)ﬂ df‘@ Vﬂ’éé@ﬂ‘i“l‘iéd" ifhp R9ingpe EFasTHENS.

3,354,078 and i it gopg)@ﬂJKftﬁéhaqfadl%nal Y&d Giffrd@bn ddta Wore %grd@&%gﬁ}ep— Vol . 6,

p. 278 (1966); and Vol. 61, p. 395 (1980), each |ncor%or ated herein by
reference as t oSPRHES deb? idpeEwnot tTRehek prhahEntaal BoRMEiBRS 14 the t est
used herein i nCédﬁqﬁng,auﬁl@rb?namwﬁ@meeraa{ Yes Pe RRSGaRR @mg@raahbﬁef low rate
as described in detail in the Journal of Catalysis, ? . - 12
- [ 0034] At t enpt @leutegy iBuhsiren ;ynéx@)zwtizguﬂcr%tuap@lw Phthsﬂ@lzv Al P93 bel ow

45, say, bel ow ¢Qurc hRVE BRERuRFLR %'F%é cmtewnt}l 6@|tl|1é/ skESMbt LiRG hyayt he

formati on of undesired inpurities. typical inpurities found in the
synt hesi zed pr obhekgrsunidnoverridertviaed v@tbntﬂa@tuiset ple pmfd% SEingf rogaNt @ ser@ndr

mor deni te whi chygan; ke , g%gﬂﬁﬂr% ﬁkeasnre@ym@' Le&feuee?nfo@atbl%ﬁas and NE
present invention Is ba | scovery that the preparation of ZSM 12

from a synt hesi polarizatiay @ffe@ﬁnffm mlfrtgetlmonsntyﬁ@@se gifveldinr teoes eigthagembygds R and
R, allows the preparat.i [ : L M 12 free
of inpurities. ‘&‘I?ﬁgﬁ@%ﬁ@ﬁ?ggt hngcgound y an % 9?%&?{% ng?)%@ars t hat
t he presence of24. ldiskpwit e yalewstoadnion ilidfrcige deta |hﬂte¢1 fe: tlgymnmé@ pssipglxt ur e

he f . - ,
B; event s gt thhﬁyl{ggBﬂr gfzﬁ&flﬂ %@qeﬁﬁ kfgve%%ﬁ?ﬁf&eg%ﬂgﬁ &Srl_asl G 2nBhoguct

such as dlffexemes in 01ysta111te sizes or very high experimental resolution or
crystallographic change, 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 topology of

the structure. These minor effects, including changes in relative intensities, can



[ 0035] Conveni ently, the diquatemary anmoni um agent is added to the
crystallization mxture in anmounts ranging fromabout 0 to about 5 W%

preferably fr ARRMss0. 1 to about 1 wt% of the startingg&s:fhdsts® R s
typically defﬁ?ezd as 3I'«?5R6R71\r(CI—I2) 111\t - RBROR | wherein eacr21 of Rg, R6,

R7, R8, RO, and Rl are the sane or different and selected fromthe group
consisting of Cl to C4 al kyls. Hexanet honi um

[N NN N,N,N -hexanet hyl-1, 6- Hexanedigginiun] dication is preferred,

wi t h hexanet honi um di chl ori de, being especially preferred. [0036] The
materials prepared in accordance with the present invention are
substantially free of inpurities, such as ZSM5 or nordenite. The presence
of these inpuri glegceags pacsyitod HcHIEe A ¢ RMasfenh d@MBY oK MpPeFiEonf t he
X-ray diffracti qiuRahl 8Reddt pBreSAMMY, 8nd hABRY 1NN nFBMndaPhisloRe present

i nvention can be produced froma synthesis m xture containing sources of
al kali or alkaline earth nmetal (M - 13 - cations, normally sodium an

(
oxide of a triv allitQ  mAAGY. el WipRag @ Wemten0had
tetraval ent el ewedr?? ‘“( \e()h%nﬁggt#glg? ym sﬂd??eshxtlet#{?g?agf%rﬁgmeﬁﬁni g?\bs d( R),

e.g., methyltri eethydsdiondrioling thhmo@Ryclatingshival | y present as the iodide salt;
a structure bl ocking agent (R) which typically conprises at | east one
organi c diquat, e.g., hexanmethonium nornmally present as a chloride salt,
hydroxyl ions and water. The synt hesXsOniix¥@re has a conposition, expressed
in terns of nole ratios of oxides, as follows: Conponent Useful Preferred
Y02/ X703 20 - 100 30 - 60 H10/YO02

wherein X is a trivalent element, such as aluminum, boron, iron, indium and/or
gallium, preferably aluminum; Y is a tetravalent element, such as silicon, tin
and/or germanium, preferably silicon; and n is less than about 45, say, less than
about 40, preferably is about 20 to less than about 40, more preferably about 30

to about 36.

[0030] In its as-synthesized form, the crystalline material of the invention has
the framework structure of ZSM-12 and a composition in terms of mole ratios of

oxides as follows:

(@)R,0(h)R0(€)M1,0 X053 () YO

wherein R is organic monoquaternary ammonium cation, R' is an organic
diquaternary ammonium, M is at least one cation having a valence n, X is a
trivalent element, Y is a tetravalent element, o ranges from about 0.01 to about 2,
b ranges from about 0 to about 0.5, ¢ ranges from about 0.01 to about 2, and d
ranges from about 20 to about 100. The M, R and R' components are associated
with the material as a result of their presence during crystallization and are easily

removed by post-crystallization methods hereinafter more particularly described.



10 - 100 15 -

40 OFf7Y02 0.1 - 0.4 0.15 - 0.3 RYQ 0.1 - 0.6 0.15 -

Y02 0 - 0.05 0.001 -0.02 R/RO - 0.50.005- 0.05 MY02 0.1 - 0.4

WO 2011/062855 PCT/US2010/056656
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[0031]  The ZSM-12 of the present invention has an average crystal size of the
material less than 0.1 micron, and preferably about 0.05 micron, and has a

Diffusion Parameter, D/'r2, for mesitylene of at least 1000 x 106 sec™,

and
preferably at least 2000 x 10 sec™, when measured at a temperature of 100°C

and a mesitylene pressure of 2 torr.

[0032]  As used herein, the Diffusion Parameter of a particular porous
crystalline material is defined as D/r2x100, wherein D is the diffusion coefficient

(em2/sec) and r is the crystal radius (cm). The required diffusion parameters can
be derived from sorption measurements provided the assumption is made that
the plane sheet model describes the diffusion process. Thus for a given sorbate
loading Q, the value Q/Q., where Q,, is the equilibrium sorbate loading, is
mathematically related to (D/r2)1/2 where t is the time (sec) required to reach
the sorbate loading Q. Graphical solutions for the plane sheet model are given by
J. Crank in “The Mathematics of Diffusion”, Oxford University Press, Ely
House, London, 1967,

[0033]  The ZSM-12 of the present invention preferably has an alpha value of
at least 400, and more preferably in excess of at least 500, or even in excess of at
least 600. The alpha value test is a measure of the cracking activity of a catalyst
and 18 described 1 U.S. Patent No. 3,354,078 and in the Journal of Catalysis,
Vol. 4, p. 527 (1965); Vol. 6, p. 278 (1966); and Vol. 61, p. 395 (1980), each

incorporated herein by reference as to that description. The experimental

conditions of the test used herein include a constant temperature of 538°C and a
variable flow rate as described in detail in the Journal of Catalysis, Vol. 61, p.

395,

0.4 R7



0.15 - 0.3 1000351The synthesis nethod of the invention functions with or
w t hout added nucl eating seeds. In a preferred enbodi nent, the reaction

m xture cont aifsPyfRsd W % nucl eating seeds of ZSM12. peqmsio10/0s6656
1000361Crystallization is carried out under either stirred or static
conditions, preferably stirred conditions, at a relatively |ow tenperature
of 1 70C or less and preferably 140 to 160C. Preferably, crystallization is
conducted for 48 to 500 hours, after which_the resultant ZSM 12 crystals
are separated fromthe nother |iquor and recovered. 1000371lln its
as-synthesized form the ZSM 12 of the invention contains the organic

material (s) used as the directing agent and, grl or to use as a catalyst -
14 - or adsor béfB4l t hAteBRis{PERE PHEFEGR TPt B A PR b kglewd t o

renove part or ak|sa9f beld¥e4@hPRNeEn FRBBMatid @Hicall T RisSltihS ilCRBYSERLEM Y
effected by heating the as-synthesized material at a Zferrperature of from

about 250C to absisirgbomuriges. fihe fyricahgupurttigs Avedtn 48 swBlieszed[mobns] To t he

extent desired, i{dgicOMht AoRRliRRAPHAR DA, POUESS IRIGAL | PRSh Qhn tH2E
as-synt hesi zed material can be replaced in accordance wth techni ques well

known in the artidendtied wa¥tay ditfiraien pisiprisonhexstsamigevaptiem isotaed o dEi ons.
Preferred repl agjpg cHAHLOMS pi-éggllaygeoﬁ%ﬁhz' P05 a swtgés@,gmtmgra maipx]gr ogen

precursor, e.g., amoniumions and m xtures thereof. Particularly preferred
cations are thos$eo #ivkehf disgctling agepfe, R apdRy pllewsade ipvdppsptidrop! seallt ciital

hydr ocar bon convgg §i.8NE8ACHEANS: frok I, age. th netal s
and metals of G aupe fA‘?%/l:ﬁ?l%@l VE%@&?@%‘%E&X%?‘E@ .fo\)%e?&%@,g% 1B, VIIB
and VI 11 of theaRehpetliicapPadsb thapthe pivecnEd efreditguateri Q0 @8I ageyist dikel i ne

material of this,j 1O . [ I & - r as a
catalyst in an gﬁé%ﬁ?@%@%p%%%é%%ﬁ%ﬁ%ﬁ?gé%g%esdzﬁlg ﬁgtﬁ%&% (g{eeb%}%;} rated, at
| east parti al | ypro@ihétsproading bigtyrperddysthaatitngSylel 2arysemper at ure in the range
of 200C to about 370C in an atnosphere such as air or nitrogen, and at

at nospheri c, subatnospheric or superatnospheric pressures for between 30

m nutes and 48 HWOdFls. ehgderly] dre dgnatahsy empendfozgred isabddedotn thenper at ur e

bt ai 1 & sut 11 cr Nt EHBInt Sr dany SR They ol Pt neclB AR el vetal s
prepared in accprtabte fioer gwut b.1camboet 1 wt’% of the starting gel mixture. R’ is
typically defined as R’'R°R'N"(CH,),N'R*R’R'® wherein each of R®, R®, R, R®,
R’ and R' are the same or different and selected from the group consisting of
C, to C; alkyls. Hexamethonium [N,N,N,N'N'N'-hexamethyl-1,6-
Hexanediaminium] dication is preferred, with hexamethonium dichloride, being

especially preferred.

[0036]  The materials prepared in accordance with the present invention are
substantially free of impurities, such as ZSM-5 or mordenite. The presence of
these impurities can be determined and quantified by analysis of the X-ray

diffraction pattern of a sample.

[0037] The ZSM-12 of the present invention can be produced from a

synthesis mixture containing sources of alkali or alkaline earth metal (M)



used either in the as-synthesized form the hydrogen form or anot her

uni valent or multivalent cationic form It can also be used in intimte
conmbi nati on Wybhog/okpgey ogenati ng conmponent such as t ungsicefiss2M@bsaéhc um

nmol ybdenum rhenium - 15 - nickel, cobalt, chrom um manganese, or a
nobl e metal such as platinumor palladiumwhere a

hydr ogenat i on- dehydr ogenati on function is to be perforned. Such conponents
can be exchanged into the conposition, i-npregnated therein or physically
intimately adm xed therewith. Such conmponents can be inpregnated in or on
to the ZSM 12 such as, for exanple, by, in the case of platinum treating

the material with platlnun1netal ntai ni ng ion table p i num
conpounds f or thﬁgmbﬁWB%ggsPﬁEm ﬁ@”é Pgﬁé%Y ﬂ?@ﬁﬁgg n05@§W hﬁﬂ%ichloride

and various conpeyfds oLORE@IAMINDGehbR (W), dbtRdi saith et SMyRIngXonik@ Ik Nat i ons
of nmetals and nethods for their introduction can al so be used. [00041]V%en

used as a cat al {f&}% &8 fne%(yﬂffaﬂa@@mlaw1@1%(8%.%88?1909%@%Sﬁ'ée pdide 1395 0f t he
invention wth arethge vIRkeL @bnl®SivetiaNtyple@lly BEnfrRBPAT @i LES orRgic Ot her
conditions enployed in certain organic _conversion processes, Such matrix
mat eri al s i ncl udi§vaict &vBeargthrpa®: PQf@aHﬁP@P‘?néla%aéh‘él“%f‘yfffﬂth@fq"%xyéfonﬁat ural 'y
occurring zeol i t@swas Wek Isyﬁﬁeqlsmq&ﬁmaeam%%sh%sex@%&d%te%@wsmol@l l'ica
and/ or netal oxides alum na, titania and/or zirconia. The latter may
be either naturﬁmpyo%ﬁﬁg?ﬁ$ﬁébﬁ$ in the formof gel atinous precipitates,
sol s or gels including mxtures of silica and metal oxides. Use of a

mat eri al i n conj upet-er—wth—theZSMI2——e—conbine herewith, which is
active, may enhangéonpengbnver si pHsdrd/ or seW@ﬁ@V¢1tv of|] the catalyst in
certain organic ccqﬁgm§tpn procepsgesiod nactijig _ppterial sf suitably serve as
diluents to contrg—the—anpunt converston—t—a gtvenprocess so that
products can be otﬁﬁpﬁga-econonl 80 1v9%nd ondérfy wit hout enpl oyi ng ot her
nmeans for controlhonyg¢w rate of one@qtlon brisquent |y, jcrystalline

catal yti c mat eri alfs—have—been—ngorporated—intonaturathy occurring cl ays,
e.g. bentonite and ’k46ki n. These| frdtér al s, PJéf‘ETays, oxi des, etc.,
function, in part, R@g“plnders fof t@%scatal3%b01L%1bS desirable to provide
a catal yst having x{duu crush—strength—because— o etrgl eumrefinery the
catal yst WO 20114883855pPCT/ US20197 856656 - [ 940 oftdn subjected to
rough handl i ng, M zends to byeakO#he cat &llysO.3down ijnto powder-1Iike
mat eri al s which cause probfens rm processi ng. jooodZ] Naturally occurring

cl ays which can onposited wi.th th heS|zed crystal line

mat eri al includ@B&ﬁi mont oY FPEsShineao gﬂﬂﬁﬁdB%PH&$§-01®§ PhPeHHRE ude t he
subbent oni tes, alded tineleding! 488, CaATD Pleferkd ommbaasmdt X the, reMiNan@Buréeor gi a
and Fl orida cla r whi ch t h in mneral constituent is

hal | oysite, kad%Pﬁf @(%d?ﬁkﬁP@Jaﬂﬁ%ﬁﬁ@éngﬁggﬁguxite. Such cl ays can be used
in the raw state as originally mned or initially subjected to cal ci nation,
acid treatnent or chem cal nodification. [00043 In dltl%g to the

f or egoi ng mat er {04939 thék%?ﬁgﬁﬁPnc§y§¥§F%‘§5n osH'&d Wi £H"a por ous
matrix material coﬁﬂh@lhnﬁﬁ)r&bﬂabl‘jastﬁleﬂrBoH@inoﬂisl lat caaremgagesm, tefipbiafi@s HET CONi a,
silica-thoria, silica-bery silica-titania, as as ternary

conposi ti ons sulR*G@sorshessi @ai aweéﬁw% 1f‘ﬂotP| B0°Gj | Fl@aﬁ%'sunﬁfﬁﬁd%ﬂew a,

si l'i ca-al um na-JmRERes! Rr aBdo SHd he@s, NBGPYSIAR- Bé F&ORInd ZSThe BBLGIsarean be in
the formof a cogel. A nixture of these conponents could al So be used.
separated from the mother liquor and recovered.

[00037] In its as-synthesized form, the ZSM-12 of the invention contains

the organic material(s) used as the directing agent and, prior to use as a catalyst



[ 00044] The rel ative proportions of finely divided crystalline material and
matrix vary wwdely with the crystalline material content ranging from about
1 to about 90wpehHRRssPY wei ght, and nore usually in thed@RggRessgbout 2
to about 50 percent by weight of the conposite. [00045] Al um nosilicate

ZSM 12 according to the invention is useful as a catalyst in organic
conpound, and in particular hydrocarbon, conversion reactions where high
activity is inportant. In particular, whga.conbined with a hydrogenation
conponent, such as platinum palladiumor rhenium the ZSM12 is useful in
the catalytic conversion of C9+ al kyl aromatic hydrocarbons, either - 17 -

al one or in the presence of toluene and/or benzene, to produce xyl enes.
Such conver si on °F &0spipgnicthr pysyafes sadapaierial i noBRBkYERGH & BROTS B ABBut 650 to

about 950F (340 of enSd@hnic candnphrel eniahl xoﬁvre@mn@b@mcteaa@ hauiabard 2850F (400
to 450C), a pressure of from about 100 to about (790 to 4240kPa),

and preferably FYBRRSHBOOREIBA AR AT esef0 TG54 Bﬂffﬁ%gj@dmggéﬁQﬁéﬁ“ a wei ght
hourly space velgg t Nout WHBMI: Rfhokgt ween about 0.1 and about 200 hr, and
preferably between about 0.5 and about 20 hr-1, and a hydrogen, H7, to
hydr ocarbon, HC, nolar ratio of between about 1 and about 5, and preferably

from about 1 to@heyl 3 74 BOQKEHMELR hbeEIAIRuAd Do IYERLLAMST S Used

in the catalytlc conversion of C9+ al kg aromati c hydrocarbons, the ZSM 12
may be used in €bHsi HayPBesiARH tohpteiias seo Y reppiced il anO@ﬂWewmmch@qws

constraint i ndex.Qfydwhqn e a3 ugthlegs'? nng't 5by Zo%%&ﬂranog%hz g‘vhelZéMbgsg ZSM 35,
ZSM 48, ZSM 57 and ZSM 58. The ZSM second nol"ecul ar sieve may be

arranged in sepdrdtredcaparipst caiens, lllwckhﬂieh‘e ipese didiseseadiony hydseact he
catal yst bed COBItC lngdlng t@ﬁmﬁ)ﬁw idR B &, Qe CcOBLE nPﬂQCLflggyu eeond

nol ecul ar si eve. ternativ the ZSM 12 and second ar Sl eve can
be conbined in aﬂ@nmgkeﬂ@ata&y@tmbedmel@wﬂkakﬁwarﬂErum@Hmhmbuﬁﬂmny

1 ustrate the BALUGROLilR, LAVENDLAR, ANELARSBARR R, RIAGLLEIRG same.

the followi ng exanples are presente npar at | 481A
m xture was prepargs iy HM&WZ’S MR, gBoHBmﬁﬂ?eﬂVBQEBSVI;}B OfIIB and VIII of the

nmethyltriethyla I EAC1l), 33.5 g of NaOH (50% aqueous
sol ution), 28. 7pm)0ra('u[mb Pﬁ%&&ﬁ%ﬂ%ﬁgte (45% aqueous solution), and 195.7 g

of Utrasil S|I|ca The m xture had the follow ng nolar conposition: - 18

[00039] The crystalline material of this invention, when employed either as
an adsorbent or as a catalyst in an organic compound conversion process should
be dehydrated, at least partially. This can be done by heating to a temperature in
the range of 200°C to about 370°C in an atmosphere such as air or nitrogen, and
at atmospheric, subatmospheric or superatmospheric pressures for between 30
minutes and 48 hours. Dehydration can also be performed at room temperature
merely by placing the ZSM-12 in a vacuum, but a longer time is required to

obtain a sufficient amount of dehydration.

[00040] Synthetic ZSM-12 crystals prepared in accordance herewith can be
used either in the as-synthesized form, the hydrogen form or another univalent or
multivalent cationic form. It can also be used in intimate combination with a

hydrogenating component such as tungsten, vanadium, molybdenum, rhenium,



Si 02/ Al 203 - 40 1420/ Si02 20 OH7SIO - 0.2 Na'-/ Si02 - 0.2 MIEACUSI 02
-0.19 The m xture was reacted at 335F (168C) in a 7.6 liter (two gallon)

autocl ave W t {yoShilokised at 150 RPM for 96 hours. The prqgyals:fessebds! t ered,
washed with deionized (D) water and dried at 250F (120C). The XRD pattern

of the as-synthesized material, as denonstrated in Figure 1, showed the
resulting product was a m xture of ZSM 12 and nordenite inpurity. Exanple 2
[ 00049] A m xture was prepared from 10,41Qsg of water, 1,126 g of

met hyl tri et hyl ammoni um chl ori de (MIEACI), 87.5 g of hexanet honi um chl ori de
(56% aqueous sol ution), 325 g of NaOH 50% sol ution, 265 g of sodium

nickel, cobalt, chromium, manganese, or a noble metal such as platinum or
palladium where a hydrogenation-dehydrogenation function is to be performed.
Such components can be exchanged into the composition, impregnated therein
or physically intimately admixed therewith. Such components can be
impregnated in or on to the ZSM-12 such as, for example, by, in the case of
platinum, treating the material with a platinum metal-containing ion. Suitable
platinum compounds for this purpose include chloroplatinic acid, platinous
chloride and various compounds containing the platinum amine complex.

Combinations of metals and methods for their introduction can also be used.

[00041] When used as a catalyst, it may be desirable to incorporate the
ZSM-12 of the invention with another material resistant to the temperatures and
other conditions employed in certain organic conversion processes. Such matrix
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, e.g. alumina, titania and/or zirconia. The latter may be either
naturally occurring or in the form of gelatinous precipitates, sols or gels
including mixtures of silica and metal oxides. Use of a material in conjunction
with the ZSM-12, i.e. combined therewith, which is active, may enhance 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 or reaction.
Frequently, crystalline catalytic materials have been incorporated into naturally
occurring clays, e.g. bentonite and kaolin. These materials, i.e. clays, oxides,
etc., function, in part, as binders for the catalyst. It is desirable to provide a

catalyst having good crush strength because in a petroleum refinery the catalyst



alum nate (45% solution, and 1,814 g of Utrasil silica. The m xture had
the followi ng nolar conposition: Si02/Al 203 - 40 H20/ SiQ - 22 OW sia,

0.2 Na-/ Si02wp RuReMEEAC /Si 02 - 0.26 HVDCL/ MTEAC! - 0.,Q36152010/036656

- 16 -

is often subjected to rough handling, which tends to break the catalyst down into

powder-like materials which cause problems in processing.

[00042] Naturally occurring clays which can be composited with the
hereby synthesized crystalline material include the montmorillonite and kaolin
families which include the subbentonites, and the kaolins commonly known as
Dixie, McNamee, Georgia and Florida clays, or others in which the main
mineral constituent is halloysite, kaolinite, dickite, nacrite or anauxite. Such
clays can be used in the raw state as originally mined or initially subjected to

calcination, acid treatment or chemical modification.

[00043] In addition to the foregoing materials, the present crystals 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. The matrix can be in the

form of a cogel. A mixture of these components could also be used.

[00044] The relative proportions of finely divided crystalline material and
matrix vary widely with the crystalline material content ranging from about 1 to
about 90 percent by weight, and more usually in the range of about 2 to about 50

percent by weight of the composite.

[00045] Aluminosilicate ZSM-12 according to the invention is useful as a
catalyst in organic compound, and in particular hydrocarbon, conversion
reactions where high activity is important. In particular, when combined with a
hydrogenation component, such as platinum, palladium or rhenium, the ZSM-12

is useful in the catalytic conversion of Cot+ alkylaromatic hydrocarbons, either



[ 00050] The m xture was reacted at 320F (160C) in a 19 liter (five gallon)
autoclave with stirring at 150 RPM for 120 hours. The product was filtered,
washed with dgpomi1488s{ D) water and dried at 250F (120G@cq/uEhgesdiispattern
of the as-synthesized material showed the typical pure phase of ZSM 12
topol ogy. As can be seen in Figure 2A, no peaks corresponding to ZSM5 or
nordenite could be detected. -19- [00051] The SEM of the as-synthesized
material, as denonstrated in Figure 2B, -gshowed that the material was
conposed of agglonerates of small crystals (with an average crystal size of
<0.05 mcrons). [00052] The as-synthesized crystals were converted into the

hydr ogen form by two | on exchang svmth niumnitrate sol ution room
t enper at ur e, foF‘]IOB?/\é’dmb‘PecHPe?‘f“r‘@ fohﬁer@n@%%nw A A3EnSn S d000r
(540C) for 6 houdsr&ersmasrtﬁﬁwuyldmctzém a,zerﬁlseya&&xalos thad aBouBicB8/1NaBOR ol ar
ratio of 39.3, an al pha val ue of 520, f

o O ot ot ot SBeR BB ot S pieray Toncahsrt Ao ok’ (4804t o 3

1000531 A mi Xt ungy RS, REQRANEGrohl mﬁlm(ﬂtmbgumow%qmo ib, 4026k 19),0hd _
met hyl tri et hyl ammoni um chl ori de ( MTEACI hexanet honi um chl ori de

(56% aqueous soPisfardy ffor agaut 260 grabor VA$rie (qu‘ééﬁoﬁ@ yVeBhSYim
al um nate (45% g el WboH.(Wwaks9 (ﬁfbeth%M' Aub € edn& inbat doshr! and pi?b]FQalgé()f NaCH
50% sol ution. The m xtufe had the foll ow ng nol ar conposi ti on 2/ Al 203 -
36 H20/ Si 02 - botwewyabguip®s and about 20 hr™, and a hydrogen, H,, to hydrocarbon, HC,

molar ratio of between about 1 and about 5, and preferably from about 1 to about

3.

[00046] Where the ZSM-12 of the invention is used in the catalytic

conversion of Co+ alkylaromatic hydrocarbons, the ZSM-12 may be used in

combination with a second molecular sieve having a constraint index of 3 to 12,

such as ZSM-5, ZSM-11, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57 and

ZSM-58. The ZSM-12 and second molecular sieve may be arranged in separate

catalyst beds, with the feed cascading from the catalyst bed containing the ZSM-

12 to the bed containing the second molecular sieve. Alternatively, the ZSM-12

and second molecular sieve can be combined in a single catalyst bed.

[00047] In order to more fully illustrate the nature of the invention and the

manner of practicing same, the following examples are presented.

Example 1 (Comparative)

[00048] A mixture was prepared from 1028.5 g of water, 90.5 g of
methyltriethylammonium chloride (MTEACI), 33.5 g of NaOH (50% aqueous
solution), 28.7 g of sodium aluminate (45% aqueous solution), and 195.7 g of

Ultrasil silica. The mixture had the following molar composition:



- 0.21 Na--/ Si02 - 0.21 MIEACUSI 02 - 0.26 HVDCUMIEACL - 0.026 [00054] The
m xture was reacted at 320F (160C) in a 19 liter (five gallon) autoclave

W th stirringwdtykathsiBPM for 144 hours. The product was Jdddssfi6656s30ashed
with deionized (D) water and dried at 250F (120C). The XRD pattern of the

as-synthesi zed material showed the typical pure phase of ZSM 12 topol ogy,
as shown in Figure 3A. The XRD showed no sign of the - 20 - presence of
ZSM5 or nordenite inmpurities. The SEM afjgt he as-synthesized material, as
denonstrated Figure 3B, showed that the material was conmposed of
aggl onerates of small crystals (with an average crystal size of <0.05
m crons). 1090551The as-synthesized crystals were converted into the
hydrogen form by two ion exchange%O bR amoniru nitrate solution at room
tenperature, followed by drying d1:92586k (120C) dhd cal cination at 1000F
(540C) for 6 hours. The resul ti n@SNP12 crystald had a Si 021A 203 nol ar
ratio of 35.5, an al pha val ue of 7 Oand a Drr%2paraneter for
1,3,5-tri nethyl benzene (nesityl hEBJAGESIQp0C (4185, 000 x 10-6. [00056] Wi |l e
t he present invention has been described and illustrated by

The mixture was reacted at 335°F (168°C) in a 7.6 liter (two gallon) autoclave

with stirring at 150 RPM for 96 hours. The product was filtered, washed with

deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-

synthesized material, as demonstrated in Figure I, showed the resulting product

was a mixture of ZSM-12 and mordenite impurity.

Example 2

[00049] A mixture was prepared from 10,410 g of water, 1,126 g of
methyltriethylammonium chloride (MTEACI), 87.5 g of hexamethonium
chloride (56% aqueous solution), 325 g of NaOH 50% solution, 265 g of sodium
aluminate (45%) solution, and 1,814 g of Ultrasil silica. The mixture had the

following molar composition:

Si0o/ALOs ~ 40
H,0/ 810, ~ 22
OH7/ Si0, ~ 0.2
Na / SiO, ~ 0.2
MTEACYS10, ~ 0.26
HMDCI/MTEACI ~ 0.026

[00050] The mixture was reacted at 320°F (160°C) in a 19 liter (five
gallon) autoclave with stirring at 150 RPM for 120 hours. The product was
filtered, washed with deionized (DI) water and dried at 250°F (120°C). The
XRD pattern of the as-synthesized material showed the typical pure phase of
ZSM-12 topology. As can be seen in Figure 2A, no peaks corresponding to

ZSM-5 or mordenite could be detected.



reference to particular enbodi nents, those of ordinary skill in the art

w | appreciate that the invention lends itself to variations not
necessarily ilgwgifoadsed herein. For this reason, then, rgfansfgssesdaoul d be
made solely to the appended clains for purposes of determning the true
scope of the present invention. - 21 - CLAIMS: 1. A porous, crystalline
mat eri al having the framework structure of ZSM 12 and a conposition
involving the nolar relationship: X203 :(p)YO2 wherein X is a trivalent
element, Y is a tetravalent elenment and n is | ess than about 45, wherein
the average crystal size of the material is |less than about 0.1 mcron,
which material further contains both an organi c nonoquaternary_anmouni um
cation, R and a{V0last &St ghHE s airaet RaFylanfoRpiiredl] bguer . 2.
The porous, crysiakidwee (R madriffwk! AiiFbskd oMASEIBHEafs b sAhOUlysBQ to | ess
t han about 40. 3. The porous, crystalline nmaterial of claim1l, wherein n

i s about 30 to AWBUI BETage qystaze REFHUS GRSt al | i ne material of claim i,
wherein X is alumnumand Y is silicon. 5. The porous, crystalline
material of claim1, wherein said material has an al pha value in excess of
400. 6. The pol¥82] cr yEheatstsyribesingt eppals wore enggried into {iigdwdiogersisid nat eri al
has a Diffusion,Pagangt ekchies WH AhENEmOfindL hBAST a@RBHT HPO0NF0- 6 sec-|
when neasured at” a tenperature of 100C and a nesityl ene pressure of 2 torr.

7. A porous, cr{dloardbralryieg ar 358 KR Ghandrralcinataedoli00dt detirter 6f zSM 12

and a conposi ti gn,k Nrhery ti;%,f z§01© LatdiO8d0f SioiadRs ndtar i OV 3, an
(a) R20. (b) R 20. (c) M2nD . X203. (d) Y02 ,
alpha value of 520, and a D/r” parameter for 1,3,5-trimethyl benzene

(mesitylene) at 100°C of 8,100 x 107

Example 3

[00053] A mixture was prepared from 10,410 g of water, 1,126 g of
methyltriethylammonium chloride (MTEACI), 87.5 g of hexamethonium
chloride (56% aqueous solution), 1,814 g of Ultrasil silica, 299 g of sodium
aluminate (45%) solution, 20 g of ZSM-12 seed crystals, and 310 g of NaOH

50% solution. The mixture had the following molar composition:

Si0,/AL,O4 ~ 36
H,0/ Si0, ~ 22
OH"/ Si10» ~ 0.21
Na / Si0, ~ 0.21
MTEACI/SiO, ~ 0.26

HMDCI/MTEACI ~0.026

[00054] The mixture was reacted at 320°F (160°C) in a 19 liter (five
gallon) autoclave with stirring at 150 RPM for 144 hours. The product was
filtered, washed with deionized (DI) water and dried at 250°F (120°C). The
XRD pattern of the as-synthesized material showed the typical pure phase of

ZSM-12 topology, as shown in Figure 3A. The XRD showed no sign of the



- 22 - wherein R is organic nonoquaternary amonium cation, R is at |east
one organi c diquaternary amonium Mis at |east one cation having a

val ence n, X {y98kkisyal ent elenent, Y is a tetraval ent RhaBNL0s6E" anges
fron1about 0.01 to about 2, b is non-zero and extends up to about 2, c
ranges fromabout 0.01 to about 2, and d ranges from about 20 to about 100.
8. The conposition of claim?7 wherein Mis sodium X is alumnum and Y is
silicon, and (i) b/a ranges from 0.005 tp0.05, (ii) b/d ranges from 0.001
to 0.02, or (iii) both (i) and (ii). 9. The conposition of claim8 wherein
Ris R RZR3RAN+ wherein each of RI, R2, R3, and R4 are the sane or
different and selected fromthe group conS|st|ng of ClLto ™4 alkyls, R is
RER6R7NH( CH2) MNRBRIKY O IdF&ioR neidemite impagities ThRPEMRe! theors-sypesigstlar e t he
same or differentaad a@ﬁ&ncﬁ@tllﬁ&f Eduk R8MHN8d HaPHR n@nal $hd Aehpledek to CA
alkyls. 10. The conposition of cfaim9 wherein Ris nethyltriethyl amoni um
and R is pol ynmessigmernes ofi ssuaflcrssistsHyith ampyeragmerysehsizetie O do mperendi on of
claim 10 wherein R is hexanethonium 12. A process for synthe3|2|ng t he
porous, crystalline material of claiml, conprisin a) preparing a
m xt ure capableHBWSﬂornfﬂgE§éV@hﬁﬁ@éﬁD@®hV§ai%mﬁﬁﬁgwm@ﬂ@dhﬁﬂﬁﬁ1ﬁ@msources
of alkali or alkald, qo@%fh& ngézet\a Y§M“ﬁ il 0%} tQQolgfusrjr' o yo%e%p@lldﬁﬁ@nt (X),

an oxide of tetravalent e ydroxyl (OH) ions, water, and an
organi ¢ nnnoqualf(ékowad)byaﬂltmwlrlwﬁ()&%l(l-@rﬁ)d@nde@twmgolagfemooiﬁ@54ﬁr@ fan6or gani ¢

di quaternary anyppl Uﬁ%@&ananggﬁl&a thVWfs'E FhdSRbieh, MK, W far N, G SRS tion,

interns of nole ratios t omnng ranges: Y02/ X203 | ess than
50 H20/ YO2 = 10alpba 1@adeObf /402 aadQa 1Dfro @ragneter for 1,3,5-trimethyl benzene

(mesitylene) at 100°C of 65,000 x 107,

[00056] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



MY02 =0.1to0 0.6 - 23 - RY02=0.1t0 0.6 R/R=0.011to0 0.10 (b)
mai ntai ning said m xture under sufficient conditions until crystals of said
material are forned; and (c) recovering said crystalline materi al
fromstep (b). 13.The process of claim 12, wherein R = RI RZR3RAN+ wherein
each of RI, R2, R3, and R4 are the sane or different and selected fromthe
group consisting of Cl to C4 alkyls, R2lis R5R6R7- 1\ 1( CH2) "NR8ROR1 wher ei n
each of R5, R6, R7, R8, R9, and Rl are the sane or different and sel ected
fromthe group consisting of Cl to G4 alkyls, and said reaction m xture has
a conpositicamIMs:terns of nole ratios within the follow ng ranges: Y02/ X203
- 30 to 40 H20/Y02 = 15 to 40 01-1-/Y02

1. A porous, crystalline material having the framework structure of ZSM-12 and a

composition involving the molar relationship:
X203 I(I’l)YOz

wherein X is a trivalent element, Y is a tetravalent element and n is less than about 45,
wherein the average crystal size of the material is less than about 0.1 micron, which
material further contains both an organic monoquaternary ammounium cation, R, and at

least one organic diquaternary ammonium cation, R'.

2. The porous, crystalline material of claim 1, wherein n is about 20 to less than
about 40.

3. The porous, crystalline material of claim 1, wherein n is about 30 to about 36.

4. The porous, crystalline material of claim 1, wherein X is aluminum and Y is
silicon.

5. The porous, crystalline material of claim 1, wherein said material has an alpha

value in excess of 400.

6. The porous, crystalline material of claim 1, wherein said material has a Diffusion
Parameter for mesitylene of at least about 1000x10°® sec” when measured at a temperature

of 100°C and a mesitylene pressure of 2 torr.

7. A porous, crystalline material having the framework structure of ZSM-12 and a

composition in terms of mole ratios of oxides as follows:
(@)R20-(6)R20(c)M2/,O- X205 (d) YO



= 0.15t0 0.4 MY02 =0.15t0 0.4 RRY02 =0.15t0 0.4 R/R=0.02 to 0.03
14. The process of claim 13 wherein Ris nethyltriethylammoniumand R is
pol ynmet hyl ene bi s-trimethyl ammonium 15, The process of claim 14 wherein
R is hexanmethonium 16. The process of claim 12, wherein said conditions
I nclude a tenperature of 170C or less. 17. The process of claim 12,
wherein said conditions include a tenpé2ature of 140C to 160C,

wherein R is organic monoquaternary ammonium cation, R' is at least one organic
diquaternary ammonium, M is at least one cation having a valence n, X is a trivalent
element, Y is a tetravalent element, a ranges from about 0.01 to about 2, b is non-zero and
extends up to about 2, ¢ ranges from about 0.01 to about 2, and d ranges from about 20 to

about 100.

8. The composition of claim 7 wherein M is sodium, X is aluminum, and Y is
silicon, and (i) b/a ranges from 0.005 to 0.05, (ii) b/d ranges from 0.001 to 0.02, or (iii)
both (i) and (ii).

9. The composition of claim 8 wherein R is R'R*R®R*N* wherein each of R}, R, R?,
and R* are the same or different and selected from the group consisting of C; to Cy alkyls,
R'is R5R6R7N+(CH2)mN+R8R9R1° wherein each of R, R, R, R®, R®, and R'® are the same

or different and are selected from the group consisting of C; to C4 alkyls.

10. The composition of claim 9 wherein R is methyltriethylammonium and R' is

polymethylene bis-trimethylammonium.

11. The composition of claim 10 wherein R’ is hexamethonium.
12. A process for synthesizing the porous, crystalline material of claim 1, comprising:
(a) preparing a mixture capable of forming said material, said mixture

comprising sources of alkali or alkaline earth metal (M), an oxide of trivalent element
(X), an oxide of tetravalent element (Y), hydroxyl (OH") ions, water, and an organic
monoquaternary ammonium cation directing agent (R) and an organic diquaternary
ammonium agent (R'), wherein said mixture has a composition, in terms of mole ratios,

within the following ranges:

Y0O,/X503 = [ess than 50
H,0/YO, = 10to 100
OH/YO, = 0.1t0 0.6
M/YO, = 0.1t0 0.6



-23.

R/YO, = 0.1t00.6
R/R = 0.01t00.10
b) maintaining said mixture under sufficient conditions until crystals of said
material are formed; and
(© recovering said crystalline material from step (b).

13. The process of claim 12, wherein R = R'RZR®R*N* wherein each of R!, R%, R®,
and R? are the same or different and selected from the group consisting of C, to C, alkyls,
R’ is R°ROR'N'(CH,)mN'RER°R® wherein each of R®, R®, R7, R®, R, and R'° are the same
or different and selected from the group consisting of C; to Cy4 alkyls, and said reaction

mixture has a composition in terms of mole ratios within the following ranges:

YO0./X,0; = 30to 40
H,0/YO, = 15t0 40
OH/YO, = (0.15t0 0.4
M/YO, = 0.15t0 0.4
R/YO, = 0.15t004
R'/R = 0.02t0 0.03
14. The process of claim 13 wherein R is methyltriethylammonium and R' is

polymethylene bis-trimethylammonium.

15. The process of claim 14 wherein R’ is hexamethonium.

16. The process of claim 12, wherein said conditions include a temperature of 170°C
or less.

17. The process of claim 12, wherein said conditions include a temperature of 140°C

to 160°C.



