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[0001] This invention relates to highly purified, high activity, small
crystal ASPR0OD/062858 synthesis and its use in catalytic PCOASIGOH56656
particularly in the conversion of C9+ aromatic hydrocarbons to xyl enes.
BACKGROUND [0002]ZSM 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 catal yst
materials in the chem ¢HGHAACTIRITYHISMATLLaTRIESTAS ASK¥eBUlt there is
significant interest in devel oping inproved techniques for the synthesis of
ZSM 12. [0004]U.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 compp sel ected fromthe group consisting of a

di met hyl pyr Fgrum hal i de and a di net hyl pyrrolidinium halide. [0005]U. S.
Patent Nos. [#004$2, 6% BREntlerDBAatéd Aighty paATiE®HIGH Sclivity, syl hesk@al ng

ZSM 12 froma reaction m xture containing nmethyltriethylamoniumions as

the directi AgMidéntts spgsispaitdedis susaria priplytie i rpcespese pegiiPuaslpibdiki ng hi gh
Si 2/ Al 233 rcgﬁx'/ ?sifm?rﬁé pf éa%%c%%rﬁro%%%?[ )U] es§0 in the case of the ' 769
it Phan 20595 Yhe YHe

patent and greater case’ o 758

BACKGROUND

[0002] ZSM-12 and its conventional preparation in the presence of a
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 ZSM-12 from a reaction mixture containing
methyltriethylammonium ions as the directing agent. These patents are
primarily directed to producing high Si0,/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. Mdreover, one of the stated advantages in the ' 769 patent of
using nmethyltriethylamoni umions as the directing agent is the production
of | arge woystiale285ze materials. [0006] O her organi c di PETIUSAgOAG®RE S t hat
have been used to synthesize ZSM 12 include DABCO Cl1-di quat ions 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 tri et hyl ammoni umions (see U S. Patent No. 4,552,738),

di benzyl di et hyl ammoni 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-nethylpyridyl) ethyliniumions (see U S
Pat ent No. #ae8b, Méicovirexamatifht esteedriadear(thgeS. inPéit 1769 Natenb, d32dsidd1) , and
decanet honiumjaons (see U. S. Patent No. 5,192,6521) bis(nethyl pyrrolidinium
di quat-n i oSl ammaniven Qs &5 the stesefing £ERIgh ﬂil%?lﬂ&@ﬁ%%t%iﬂ%n abl es
such as the_.silJd } nolar ratio of the reaction m xture, tenperature
and stirri né&skdfgg&é%%% lém)rphol ogy of synthetic zeolites, such as ZSM 12,
is mainly dom nated by the choice of directing agent used in the
crystallization. For exanple, in the case of ZSM 12, needl e-shaped crystals
can be prod ] usiHherLTBENHS firectingergryts draroay e hs e wed {9 W@t%gﬁti,)SM‘

ri ce-shapedsr; ke ! £seRc fiot-et.raet ni um
salts, and l%gr%flggé %fA‘ aex%‘oﬁgﬁﬁﬁ{)%tgpgfg{ czh@bgogrlgége%e%%f %ﬁﬂgﬁ%_
hexanmet hyl edgi82i3¢),dbiselimithy ippgeitdiniviDeincahylend iofs zeol UtSe Ratyrst Nb.

nor phol ogy i s _very i or{an Irom t.he stangﬁgoi nt of activi tz}/ and %tabi lity
enhancenment P! Fbs PezyttHE (A maHIIe 29050 kse Srnl Patenty §10a) 4822 88)s
desirabl e f Lgh: BYSRAVE it S8 14 face
area, and hg%bggkgﬁlgag{ll%ﬂrﬂtng%{wg?& Ets(?‘%nﬁ%g%[ %@ﬁ%@s% th}%:l?%g écaﬂlr?rlglt@ﬁ als. 3
[ 0008] For exanpbe; US. Ratddadantd, NQ,736),383782dmdihsbinos@sutmhiens yset 1eSi s of
ZSM 12 having a silica to _alumna | ar ratiqQ |l ess than 60, an_average
crystal siz&36nt e 43t 1 7 DG ety Iy b ehliniie omn s B PASTbn
Paraneter f ' e + 100 0- -, Wh ur at a

t enper at ur e?\jc;of ”??g@’ﬂgﬁg él%%%lgl&%l gﬁg%tém%‘?egzijff eﬁg‘%ﬁg Tt1{8'f ff’a%%g@?yn%ﬁdesi s is
conduct ed byleemyshalitinziong (@ecrlé8cPatent Mox UV, 520 pis(wethglpgretidindenpf an
oxide of a trivalent elenment X , a source of an oxide of a tetraval ent

el ement v, MERTNEOHSSYIRFE Bmbnk GhPcations (R) as a tenplate, an al kal i
nmetal and/or al kaline earth netal ion source M having the val ency n and
wat er; wherein the m xture has the followi ng conposition in terns of the
nmol ar rati 04000702/ XA0dupk id4ludme@hy FRODLYEB2such 4S5 theo sdi0a/aldiin¥@olas 0. 15 to
0.4, MYO02 is 0. 1@51 to 0.4 and R/ Y02 is 0.15 to O. 4. Th? crystallization is
carried out '#to of hessRetian GrEtugs. tamprragire presslinrige, the epysial grorajogy 8b to 500
hr. [0009]1 gyafleid ‘8Ried/ SRRt BNtzsAPRb! GATAGAL PHBLIGRK 8D M- pRRB(PO35525
di scl oses a %rocess or “produci ng ZSM 12 aV|yng a primary crystal size of
<0.1 um andiractepesgeht asedah uhe crydatl ematiome Hobyx angrle Lin Yhpcaso oif My 2at  a
maxi mum pressure of 4000 bar, of 30-200 [g in a pore ra(ili us range of
4-10 nm ThecsecRasd; aysivesar ies PHAUFShUSER 81 b%ngﬁﬁflwgy. ynigapiun

conposi ti on 69 SioREr AR kiU L C&mn R id ahedhsi hbs&acas,p silicon
source, TEA + as gla tggmf)l atCe,SHéfr? al a?# rretnal ea;ﬂa or al kafi e egrtﬁ nmet al

i on source Mtixathytgnmbeiuwabasc ynd bandlewaf dexagonalwplaciiets lhen o lmepartD: 5i 02
ratio i s sel ected betweer] 5.and 15, the nolar Q/E/nQ Si OEZ) ratio is {Ivithi n
the range f oM @ Byxanetiylenssming dHpCtifgAdgasto2 Thatoptrps obaealencpialit 0. 10
and 0.18, t 186v i Al A BB $heMsfaliibife HRANRE v 50.1:0+150. The
crystalli za'ltﬁfoo (lggé}(]:a%ri d10g§r at ar(aterrpétla\llrsatElgbe1 ofO P%oﬁqt‘%g%?gt Qﬁ%@t}%o 200C,
preferably gnieancaiont HetGnow caBBEic dpplicationsemaf cybalbtizbds dairdble thr, in
particular fromabout 100 to 250 hr. 4 [00010] An object of the present

i nvention i §18o2gPevi g ataéﬁléy E)%gﬁ%&ﬂ the Hgher 226§ @eas @Pﬁﬂ@rﬂcwm 12 whi ch
exhi bits en @Y hi & At DVELSL of C9+ aromati c hydrocarbons
to xyl enes. Q?(grg%clai?&%@t) Ps ’t%ﬁg{e :Cﬁggecrﬁatt%el lg't hat, although ZSM 12 is

normal |y synthesized as an alum nosilicate, the framework al um num can be
partially or conpletely replaced by other trivalent elenments, such as boron
and/or iron and/or gallium and the framework silicon can be partially or
conpletely replaced by other tetraval ent el ements such as germani um




SUMMARY [00012] In one aspect, the invention resides in a porous,
crystalline material having the framework structure of ZSM 12 and a

conposi t i 20mvwekessng t he nol ar rel ati onshi p: X203 : (n) POR/GHRE0O5G5K | S a
trivalent element, Y is a tetravalent elenment 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 Z$M5 inpurities" is meant 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.g., n is about 30 to about 36. [00014] Preferably, X is

al um num and0008] s ok iezample, WOS2 GPhtehO ORB SHFDBT624SABL s O5 G5 6y rBhd s 01 5]
Preferably, _the terial has an al pha value in excess of 500, e.g., in
excess of 53EMG0WYEIE Pridiratapluning melsprpdpiless Has 68 1 PYUasoHYPal anet er
for mesityl t . = : t erature
of 100C and§fa}gn§2f1%yﬁgﬁegﬁ%r%g§sgreeha%:‘hg rtﬁ%ﬁr} %gagm %ﬁﬁgﬁa&%ﬁg@raﬁgﬁct, t he
present i nvemsitplene ef at lesstt1006x [0t @us wienys¢alitddne anameeiaalre bAYOORT t he

framework structure of ZSM 12 and a conposjtion in terpns of nmple ratios of
oxi des as f 8N BWRSSIYSNERPIESIWS RE 2601 ¢ ) e $ntbesils sopdpolsbbytypalligiig 2 s an

or gani ¢_monogALE TR RIRRUMLSPLARG oRanldidl of EAIGASIARIATKS o

di quat enary anmoni um I's at FPeast one cation having a valence n, X is a
trival ent ekeweabf al ok&leaoft eterravabndleratemennethgltriathgmhemomadaaohs 0. 01 to

about 2, b ranges from about O to ahout 0.5 ¢ ranges from about 0. 01 to
about 2, an %jaﬁa?n&é@rp?tf%ﬁ?%lﬁa&tmféat%“défﬁo%}kallft?o?arﬁbm%]lopr@Pé‘ieaM y, Mis

sodium X i : hnu Y i i..C -00019] , i
R1R2R3RAN+ 3\1@&1 A r}f%eg%‘:lﬁe@? g g 46!&3%5?1%9R%éa#éﬁ%ﬁg%ég%go@gmger ent and
sel ect ed froombh@tign auer@me s itst mothr ehtidS1 I/ XAD;ak kYl te ,8ORH,O8Y O, is 15

R5R6R71\ 1+( CH2) ", N+RSROR16 wh i h of R5, R6, RY, . RO d R1
AN RO MO S ST R Vv S RERSTIATRE (IO R R Bl

al kyl's. The crystallization is carried out at a temperature of 170°C or less for a time of

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:S10, ratio is selected between 5 and 15, the molar
M,,0:S10, 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 Si0,/Al,O5 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.



WO 2011/ 062855PCT/ US2010/ 056656 6 [00021] Preferably, R is hexanethoni um
[ 00022] I n another aspect, the present invention relates to a process for
synt hesi 2WAQ011Ms2§56r ous, crystalline material of porousPCEASIQI0EGHRE
materi al having the framework structure of ZSM 12 and a conposition
involving the nolar relationship: X203 :(n)Y02 wherein X is a trivalent
element, Y is a tetravalent element and n is | ess than about 45, wherein
the average crystal size of the materiah_is |less than about 0.1 mcron,
which material is substantially free of inpurities. The process conpri ses:
(a) preparing a mxture capable of form ng said material, said m xture
conprising sources of alkali or alkaline earth netal (M, an oxide of
trival ent ell@tH0] (A objact axthderaknt eivesual Brtd pebedeatsnal)) crybgtrhogtyl (O f)
ions, water, and an organi c._nonoquatemary ammoni um cation directi n% agent

(R and an 8FHdRi O Yfudd¥nbd yioHi ki Shatedh A VEY dR hheoagENRD PR ) |
o 1 owi ngr st E PR EARIS AR 50”120/ Yo2 = 10 to 100 071 7v02 = 0.1
to 0.6 MY02 =

[00011] It is to be appreciated that, 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 I(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.



0.1to0 0.6 Y02 =0.1t0 0.6 R/R=0.011to0 0.10 7 [00023] Preferably, R
= RIR2ZR3R4AN+ wherein each of Rl, R2, R3, and R4 are the sane or different
and sel ecwodofwwpssshe group consisting of Cl to C4 al kylPET/UR2010856656
R5R6R71\r (CH2) ", N*tRBROR16 wherein each of R5, R6, R7, R8, R9, and Rl are
the sane or different and selected fromthe group consisting of Cl1 to C4

al kyl s, and said reaction m xture has a conposition in terns of nole ratios
within the follow ng ranges: Y02/ X203 -530 to 40 H20/ Y02 = 15 to 40 O f7Y02

[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:
(@R20:(b)R%0(c)M4,0-X,05(d) 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, a 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 Rl, RZ, R3, and R* are
the same or different and selected from the group consisting of C; to C4 alkyls,
R'is 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 Cy4 alkyls.

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

bis-trimethylammonium.



0.15t0 0.4 MY02 = 0.15t0 0.4 RY02 = 0.15t0 0.4 R/R =0.02 to 0.03
[ 00024] Preferably, Ris nethyltriethylamoniumand R is polynethyl ene
bi s-tri navbybamsesssum [ 00025] Preferably, R is hexanePl®AiSamm/0f@8026]
Preferably, the conditions include a tenperature of 170C or |ess. [00027]
Preferably, the conditions include a tenperature of 140C to 160C. [00028]
In still another aspect, the present invention relates to a process for
converting C9+ al kyl aromati ¢ hydrocarbogs to a product including xyl enes,
conprising the step of contacting a feed containing C9+ al kyl aromati c
hydr ocar bons together with toluene and/ or benzene under conversion
conditions with the porous crystalline materials descri bed above.

[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:

X203 I(H)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 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:

Y0,/X,0;3 = less than 50
H,0/YO, = 10to 100
OH/YO, =0.1t00.6
M/YO, = 0.1t00.6
R/YO, = 0.1t00.6
R/R = 0.01t0 0.10

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

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



8 [00029] Preferably, nis 20 to less than 40, X is alumnumand Y is
silicon, the porous, crystalline material has an al pha value in excess of
500, and wbeotdnweesssi on condi tions include a tenperat ur @CofUskolos@Ebout 650
to about 950F (340 to 510C), a pressure of from about 100 to about 600 psig
(790 to 4240kPa), a weight hourly space velocity of between about 0.1 and
about 200 hi-- 1, and a hydrogen to hydrocarbon nolar ratio of between
about 1 and about 5. [00030] Preferablyy_the feed is also contacted with a
second nol ecul ar sieve having a constraint index of 3 to 12. DESCRI PTI ON OF
THE DRAW NGS [00031] Figure 1 is XRD of the as-synthesized material of
Exanple 1. Figure 2A is XRD of the as-synthesized material of Exanple 2.

Fi gure 2B i $00RB] ofPréfhembhs R yrR RERIREG whtein adchoéf ExaRpIRE, 2nd Ri‘gur e 3A i's

XRD of th - t hesi zed terial of EX le 3. Fi Bis SEMof th
as-s?nthegi%%ﬁi%g%%gégégﬁﬁg%&é%%aﬁd%PHD§%Z§EEDCQ@§6%££%é;$;?0@@35? Thee
ZSM 12 accorgi ngspea? i w@ﬂf' 10 - difef pactd on ther
characteri zékgisggl%ﬁeﬁgiﬁr}%?}“ di P?gcp?%errlépieéceﬁsg?lﬁ’ abFe’clg’ e1%ﬁ " rable 1
D spaci ng ( A)Reinat ovéifferdnenad kyleftdzdrom tel goup tanDstingOofAth HOC LalkyB, 2m 4. 76

+ 0.1w 4.29 + 0.08vs . : . : o
and said reaction mixture has a composition in terms of mole ratios within the

following ranges:

YOz/X203 = 30 to 40

H,0/YO, = 15t040
OH/YO, = 0.15t0 0.4
M/YO, = 0.15t0 0.4
R/YO, = 0.15t0 0.4
R'/R = 0.02 t0 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 Co+ alkylaromatic
hydrocarbons together with toluene and/or benzene under conversion conditions

with the porous crystalline materials described above.



3.98 + 0.08m 3.87 + 0.07vs 3.49 + 0.07w 3.38 + 0.07m 3.20 + 0.06w 3.05 +
0.05w 2.54 + 0.03w [00033] The X-ray diffraction data was collected with a
Sci nt ag dwORnadwesset er usi ng copper K-al pha radiation. Ph@/ué10/058@56 on dat a
were recorded by step-scanning at 0.02 degrees of two-theta, where theta is
the Bragg angle, and a counting time of 1 second for each step. The

i nterplanar spacings, d's, were calculated in Angstromunits (A), and the
relative intensities of the lines, I/ L@, where o is one-hundredth of the
intensity of the strongest |ine, above background, were derived with the
use of a profile fitting routine (or second derivative algorithm. The
intensities are uncorrected for Lorentz and pol ari zation effects. The

rel ative i nj@029] i @scfarablyginvieOitm ldsetham 49 Xt Relsyimhol shdve Fv €iiyorsttheong
(75-100), s=strong (50-74), nmenedi um (25-49) and w=weak (0- 24). It should
be understoBHrOtuﬁatcrY&Faglﬁl?ea@i’qtﬁﬁﬁldl?ftsaalpif’éP@d Vel hiegcesartfl e0Gsaid dgf e 1 nes
may consi St oGy b iBhBYEIcRRRIMnldeRf e 0T £5inUBBEY 6SPLd Mdh 93D L ons,
such as dlfferences In crystallite sizes or very high experinental

resol uti on @34(ctysY1AQPCHga gpedsarec brfgen abayt dppedr absutr @DIpsied (0 partial |y

resolved lines. Typically, crystall ographic changes can include m nor
kP@ip é/\ y gr.ap %

changes in (ArkiEei3 WEgPBhRr e PaenhurlBr DaohrANER F99uE Py s1diabeyindfidtliry
wi thout a chapge, {.s eﬁéﬁ?&ro%&rb%ﬁ%m‘i&{ 85 ng%mlé\@/@ﬁﬁodpl%ﬁ S AT

i ncl udi ng changes i n ve Intensities,

2011/ 062855PCT/ US2010/ 056656 - 10 - al so occur as a result of differences
in cation content, framework conposition, nature and degree of pore
filling, andVQ038F ndrefsi@hotheiesdois mésoneniahied Bk 2 perend MOHEALHGS al | i ne
materi al ZSM 1.2 qof I { pvention has a conposition involving the
nol ar rel at %ﬁéﬁ%ﬁ:&l%@ﬁﬁﬁﬁf&z{%ﬁér ein Xis a trivalent elenent, such as
al um num boron, iron, indiumand/or gallium preferably alumnum Y is a
tetraval ent el enent, such as silicon, tin and/or germanium preferably

silicon; an i { say, |ess than about 40, preferably
i s about 20 i I&Plﬁ 6?%@ Wﬁ% preferably about 30 to about 36.
[0030] I'n i t §o@1py i RSHAEARTOOMhe WERy Rh¥s hhRBaBELhle of the invention

has
Figure 2A 1s XRD of the as-synthesized material of Example 2.

Figure 2B is SEM of the as-synthesized material of Example 2.
Figure 3A is XRD of the as-synthesized 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:



the framework structure of ZSM 12 and a conposition in terns of nole ratios
of oxides as follows: (a)R20.(b)R 20.(c)M1110. X203' (d) YO2 wherein R is

or gani c rsOaquaessary anmoni um cation, R i s an organi c PAirgisae1e/ese6ye
ammonium Mis at | east one cation having a valence n, X is a trivalent
element, Y is a tetravalent elenment, a ranges fromabout 0.01 to about 2, b
ranges fromabout 0 to about 0.5, ¢ ranges fromabout 0.01 to about 2, and
d ranges from about 20 to about 100. The .M R and R conponents are
associated with the material as a result of their presence during
crystallization and are easily renoved by post-crystallization nethods
hereinafter nore particularly described. -11- 100311 The ZSM 12 of the
present invention has an avera@eblerlystal size of the material less than 0.1
m cron, and preferably about 0.05 micron, and has a D ffusion Paraneter,
D'r2, for nesityl ene Rfspating 6hkt 1000 x Riddatbedatendity HE xflef er abl y at | east
2000 x 10-6 sec-1, n ured at a tenperature of 100C and a nesityl ene
pressure of 2 toff.%@%gﬁz used hereif? the Diffusion Paraneter of a
particul ar porous cryg%bﬁﬂ%%e material i™ defined as D/r2x106, wherein Dis
the diffusion coeffictéhtt@énp/sec) andW is the crystal radius (cm. The
requi red diffusion pat2hetleds can be derisved from sorption neasurenents
provi ded the assunpti 9 irg.0fade that thenpl ane sheet nodel describes the

di ffusion process. Thug7f@x0&A gi ven sorbhate | oading Q the value Q Qco,
where co is the equididrigum sorbate |ogging, is mathematically related to
(Dt/r2)1/2 where t is3the fiie (sec) reqyired to reach the sorbate | oading
Q Gaphical solutio Qrodéhe pl ane sheet nodel are given by J. Crank in
"The Mat hematics of Eiﬁ Eiﬂﬁﬁn’ Oxford University Press, Ely House, London,
1967. [0033] The ZSM 1 e present inVention preferably has an al pha

val ue of at | east 4002,-5‘éﬁc@-9130re preferabfy in excess of at |east 500, or
even in excess of at |east 600. The al pha value test is a neasure of the

i SS. hveel . ! . A
3 354 0vs el He TR B GroR Jaf EORGIRSAY B schodie SER G,
p. 278 (196@)4ihg&{1%pM0Kralﬁﬁa rliatd5 ([(hO&ffraceias MathGerdescaiid hesepn by

reference as to that description. The experinental conditions of the test
used her ei ns¢a@ingdat 808 glsgregatoft @ippdety wyherofthegrgcthenBragevangiamnd 41 ow rat e

= Sesr A edab el ol § SRR 08D g, SO S BB B e o
calculated in Angstrom units (A), and the relative intensities of the lines, I/ lo,
where lo is one-hundredth of the intensity of the strongest line, above
background, were derived with the use of a profile fitting routine (or second
derivative algorithm). The intensities are uncorrected for Lorentz and
polarization effects. The relative intensities are given in terms of the symbols
vs=very strong (75-100), s=strong (50-74), m=medium (25-49) and w=weak (0-
24). It should be understood that diffraction data listed for this sample as single
lines may consist of multiple overlapping lines which under certain conditions,
such as differences in crystallite 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



45, say, below 40, have been problematic, typically resulting in the
formation of undesired inpurities. The typical inpurities found in the
synt hesi 2&0 2prigeessss i ncl ude the conpetitive phases of PENHS2@0056@56
nordenite which can be identified in X-ray diffraction patterns. The
present invention is based on the discovery that the preparation of ZSM 12
froma synthesis mxture containing two types of directing agents, R and
R, allows the preparation of small crygtal size high activity ZSM12 free
of inpurities. Wthout wishing to be bound by any theory, it appears that
the presence of a diquaternary anmmoni um agent in the synthesis m xture
prevents the formation of undesired inpurities in the ZSM 12 product,

provi di ng hialshloccprasea hesgl cafcmfferetnyesZﬁMalan(noylmalfsaméx@&k&jo&pwemnent ly,

t he di quaternary aymoni um agen ed to the crystalljzation mxture in
amount s r angPRE MHOTRSEEHRIPAE {1 fhma%b thrpglogndisy &y dioglirpat Rigidnabout 0.1 to
about 1 wt% of the starting gel mxture. R is typically defined as
RER6R7N+( CH2) ", N\+RBRORL wherein each of R5, R6, R7, R8, R9, and Rl are the
sane or dif{e0034] dine sr@lstaﬁhmdn’fa[@i?ﬂtm/lgrbuﬁ ﬁmnpieséﬂtngweﬁtic(ﬁl hap £4

al kyl s. Hexanet hani um [N, N, N, N, N - hexanet hyl- 1, 6- Hexanedi am ni unj

di cation i sCB@@P@P?%HWO\W”@WW&%}%T%WWd| chlori de bei ng especial ly
preferred. [0036] The materials prepared in accordance with the present
invention are substantially free of inmpurities, such as ZSM5 or nordenite.
The presence of these inpurities cXnObanieOer m ned and quantified by
analysis of the X-ray diffraction pattern of a sanple. - 13 - cations,
normal |y sodium an oxide of a trivalent elenent (X), nornmally alum na; an
oxi de of a : Aygpni um
ions (R, ekgltef&%{% ﬁn% %rf\{e %feéﬂnerﬁ}onsluggn ?%r#sr,ﬁﬁ ?%n 581%’“ Irﬁt‘yﬁgruzﬁs/gnt as the

i odi de sal t galiust, rpreﬁetabday lahmmhumg S@wattet(rﬁa)emmmmrttymmadusi ylhcmrp;m ses at

| east one organi c diquat, e, xanmet honi um nor y pres

chlori de sala’c"%ﬁ%rwmi wRLeTaY 5 ﬁ)&%ﬂndm& @%‘t}lﬁ’éng trﬂSEtS@f Sidhom”

Component | UERTRPEPRTE0R 1987 B8 B o ob 4% 8 H¥TaPUabl 9 100

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:

(a)R20 : (b)R'gO : (C)Mz/no 'X203 : (d)Y02

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, a 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.
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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

1 and

Diffusion Parameter, D/rz, for mesitylene of at least 1000 x 10 sec
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

(cm2/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 (Dt/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 is described in 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.




[ 00035] The synthesis nethod of the invention functions with or w thout
added nucl eating seeds. In a preferred enbodi nent, the reaction m xture
cont ai ns WOQB11H6285% nucl eati ng seeds of ZSM 12. [ 00036] €cydaiSad0ioz@sé on i s
carried out under either stirred or static conditions, preferably stirred
conditions, at a relatively | ow tenperature of 170C or |ess and preferably
140 to 160C. Preferably, crystallization is conducted for 48 to 500 hours,
after which the resultant ZSM 12 crystajys are separated fromthe not her

| i quor and recovered. - 14 - or adsorbent, the as-synthesized material is
normal ly treated to renove part or all of the organic constituent. This is
conveniently effected by heating the as-synthesized material at a

t enper at ur e [@B4f r oM tehgd (GO puore phatet ZSHOL2 Egstatswith Bibgat,;belivout 48
hours. [00038] To he extent desired, the orj gl nal sodi.um and/ or. potassium
cations of fhesds! @9}*{%%@&%3@%@?%&@%4%@5@1Yé%}l%l@gdn ithe BEwatiraAte with

t echni ques Sands wth
ot her cati o\rqtghé bljéef e uh o h& gté/ﬁnncafigrgfgl ons f|O{r%1(1: Slﬁjtéhemg%tﬁl&%gﬁgﬁgﬁﬂgfogen
i ons, hydr Og&ﬂluctﬂ‘ ﬂnmrtsmpetlteveg phasesmoi 2850 asd/an dnondehity eshithexasobe

Partlcularly pr. rred catl are those which tailor the catalytic
activity ford e@él%@ §?<5k9@ RS STk Pressitt nyeionT hged AR thgie

hydr ogen, r t TB,
1B [11B, %EO@% tﬂ?/nfgg %\ﬁi’ Eﬂ daﬁ/?%;]]@I p% ﬁaﬁ{ H%Z? écpﬁ ‘Ei“@? CBMAIHH?\@

El enents. [ @@63%e‘§hﬂ“ diregSh@hpems RYEthIRI' allloofs thbipsepanatint ofcimalWargstabmpl oy ed
ei ther as an. adsorbent or as a catal i.n an.organj ¢c. conpound conversi on

process shodiZg gh a%thwr A élteeué“ag%puﬁaﬁ% i Withut vwishwegdtgrPepkowdny by
heating to g ﬁ{BBiS%F #H%aﬂs ndt e I%Q&%e cg\gtetrﬁ’a Bt G §bﬁ‘t if

at nosphere suc nitro t NosS erlc subat nosp erlc or
super at nos pheithesi prmesary @svéms tltee(bvmmmrﬁdi)f mndesuta]smqnditifés il cier ASMBPENhydr at i on

can al so be perforned at m t enper at ur e rely by placing the ZSM12 in a
vacuum. _ but PE h@éw@m&éuﬁy P%r&[ﬂo FLP Y GO I SYSHE | ci ent 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 anot her (038Rl ertonoeniontyt,i thal éiqhateatarpranomdwiom agéntcanaddeslotdehaised in
intimate conbi nation with a hydrogenating corrpon%nt such as tungsten
vanadi um nﬁwﬁg‘%"ﬁ‘ PRhdhiey | amounts ranging from about 0 to about 5 wt%,

preferably from about 0.1 to about 1 wt% of the starting gel mixture. R' is

typically defined as R5R6R7N+(CH2)mN+R8R9R10 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)



- 15 - nickel, cobalt, chrom um nmanganese, or a noble netal such as

pl ati num or pal |l adi um where a hydrogenati on-dehydrogenation function is to
be perforwoaoli@eesssconponent s can be exchanged i nto thePCPHSR&I0N0F@HG

i npregnated therein or physically intimately adm xed therewi th. Such
conponents can be inpregnated in or on to the ZSM 12 such as, for exanple,
by, in the case of platinum treating the material with a plati num

nmet al - contai ning ion. Suitable platinumsconpounds for this purpose include
chloroplatinic acid, platinous chloride and vari ous compounds cont ai ni ng
the plati num am ne conpl ex. Conbinations of netals and nethods for their

i ntroduction can al so be used. [00041] When used as a catalyst, it may be
desi r abl e t oaticicpn@atadlyesotiinen; A8Mxid® affa trivelehnsiemen X )whdrimadiyeilamamat er i al
resistant to the tenperatures and other conditions enployed in certain
organi ¢ con¢BrXIBrPi Ghavalel clapey (e ROl sicriafesrapi RO HER 1085 and

i nactive ma ials ; h&GriQfy i I s well as
| nor gani ¢ m b &1 TG ER A Grin 10R: HEF ok R Hck s BRI e

al um na, ti tastivateedlaking ageani(R’) wWiheh Itgpitaly omyiplies eit tist onatougaalid y
occurring or_in the formof gelatinous precipitates, sols or gels including
mi xtures of dJURL Ea2-aheikamethaniyy; wérg!alljlwége%?flt as Agtbaridg) saltyhyRXYIHERS on with
Lhe Zon 12, ahd Sradr OTHENGARERC W has U flbd i AC L tEwsc Y PRUBRERI e
conversion and/or selectivity of the catal'yst Ih certain organi c conversion
processes. ratastofveidestarfolddws:suitably serve as diluents to control the
anmopunt of conversion in a given process so that products can be obtained
econom cally and orderly without enploying other neans for controlling the

rate or reactipp, bregyently, cpysal line ¢atalytdc matgrials have been
i ncor por at ed i4&9=§&EH£&LL¥=Q&GH££¥£Q=£¥4%E‘

i te and kaolin.
These materi al pYG,260;cl ays, ox2@edp0etc., |Ban&Li on, in fpart, as binders

for the catal ypT, IS desira provi gieca cat al yst |havi ng good crush

strength becau*iﬁﬁgg?petroleu féﬁagerv t1§56§@alvst

2011/ 062855PCT) Os2AA%/ 056656 -| 3.6 -0.4 s of t ep 1sulyy gcted t

which tends to i i
RAYQr ocessi ng. [0d042$ Nat ur alily o@durrin

cause probl ens
conposited wt $
rmm)rmri |1 onit pRANPkaalin fan?idbwhi ch” | AOd)-Phe sipbent oni tes, and
t he kaolins copRpRIy known as [ xi0es M:Nanmpe,008e00.gba arjd Fl ori da cl ays, or
ot hers in which mai n_m ner C tituent, (1S IToysifte, kaolinite,
di ckite, nacri %bg?banauxite é@éﬁ?@favs C hjgé"ged ¥n|the raw state as
originally mned or initially subjected to calcination, acid treatnent or
chem cal mogydiiapt | onrnd QAR AUl ¢ @O ihkokBE (RLROSIG BRLGRAL S, Lhe
present crystal's can be conposited with a porous nmatrix material such as
silica-al umadded sintleattngragasi dn siprefeaedi ¢molonlimentsi the c@adthoor ndxture
silica-beryllia, silica-titania, as well as ternary conpositions such as
si | ca- al unicABaRE(5ad Wea nuckealing assdaof “Sdbiiéa, silica- al uni na- magnesi a and
silica-magnesi a-zirconia. The matrix can be in the formof a cogel. A
m xture of these conmponents could al so be used. [00044] The rel ative
propor ti ons [@036] nel yCdistalldadorr s tcatriddneumatieddrakitherd soaedi ¥r vatatye W del y
with the crystalline nmaterial content ranging fromabout 1 to abouf 90
percent by WeRYHENS. rafepiy stigigd| epditipnsnat Papgdativly dewutempegauighelit 50
percent by wepghty;Ofesd N CHITRARIIY ©14d Q9MRRE UPTIERbIY, C GatfiShidh? i@ccor di ng
to the invention 1s useful as a

conducted for 48 to 500 hours, after which the resultant ZSM-12 crystals are

rough handl i ng,
mat eri al s which

cl ays which can be
i al include the

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



catal yst in organic conmpound, and in particul ar hydrocarbon, conversion
reactions where high activity is inportant. In particular, when conbi ned

wi th a hywocegansesssn conponent, such as platinum pal | agdcursee10/0b@sé um t he
ZSM 12 is useful in the catalytic conversion of C9+ al kyl aromatic

hydr ocarbons, either - 17 - alone or in the presence of toluene and/or
benzene, to produce xylenes. Such conversion is typically effected at a
tenperature of from about 650 to about. @50F (340 to 510C), and preferably
from about 750 to about 850F (400 to 450C), a pressure of fromabout 100 to
about 600 psig (790 to 4240kPa), and preferably from about 200 to about 500
psig (1480 to 3550kPa), a weight hourly space velocity (WHSV) of between
about 0.1 awdaddoohtnt, 200 adrbynthasnadpnaéalabhyrnixiywsaredaboethot paraodalbbout 20
hfl, and a hydrogen, H2, to hydrocarbon, HC, m)laff\r réa i o of, beéween about 1
and about 50T 4Rt Op$aei e PABIuSE-on] ik dhitconv e o et ecse ﬁv@d@f&a gWBF &5t he

ZSM 12 of t ' t] i i ' ' 0

Tkl ar omat 1o PR AR at F Renb @bl Cof B IR 2301 ® S 2l 11
second nol edwhat heieweabbavdigowas.constrai nt i ndex 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 nol ecul ar sieve may be arranged in separate catal yst beds, wth the
feed cascadi om t -bad £.a{.ni 0t d
cont ai ni ng t[(ﬂgemfglcondf@&%gegﬁ%ngraéssu%gvgg%ﬁltg@ ea? %%@P@g%g,%)lgﬁ%és%gﬂ%gogﬁd second
nol ecul ar sioé\viee asvyidthestadbinaedal nam bsimplheedc at atysdanbedvitf @04iguen or der
to nore fully iJlustrate the nature of the invention and the manner of
practici ng S&5HeknQWR if ghe G 3§ leashipInest. Hyelofr @SBARISY Witk alRpY atjons.

Co ti ' : : .- of 90.5
o et hyl t1 FEsTEuTE A i ARG D0 ThARRE s PBbER seoue
sol ution), »8&chrswr,0é.gsathmoniahumineadind (Ecagbeeut Jltidulat) predeaded 95. 7 g

of Utrasil silica. The m xture had the foll owi ng nolar conpositjon: - 18
- Si 02/ Al 20%82ationgpatep s%iv@t)éch tailor ‘gwe catalygc activit;g for certain lrl?l)drocarfaon

conversion reactions. These include hydrogen, rare earth metals and metals of
Groups IIA, IIIA, IVA, VA, IB, IIB, 1IIB, IVB, VB, VIB, VIIB and VIII of the
Periodic Table of the Elements.

[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,



- 20 Of/ Si02 - 0.2 Nat/ Si02 - 0.2 MIEAC1/Si02 -0.19 The mxture was
reacted at 335F (168C) in a 7.6 liter (tw gallon) autoclave with stirring
at 150 RPNDR20or1/@88shours. The product was filtered, washe@dTwiseéromeiosani zed
(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 10,410 g of water, 1,126 g .of nethyltriethyl amoni um chl oride
(MTEAC1), 87.5 g of hexamet honium chl oride (56% aqueous sol ution), 325 g of
NaOH 50% sol ution, 265 g of sodium alum nate (45% solution, and 1,814 g of
Utrasil silica. The m xture had the follow ng nolar conposition:

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



Si 02/ Al 203 - 40 H20/ Si02 - 22 Of/ Si02 - 0.2 Nat+/ Si02 - 0.2 MIEAC1/ Si 02
- 0.26 HVDCl/ MTEAC1 - 0.026 [00050] The m xture was reacted at 320F (1600
in a 19 IwWoen1(dop8seé gal | on) autoclave with stirring at PEG/USRMO08G6SA20
hours. The product was filtered, washed with deionized (D) water and dried
at 250F (120C). The XRD pattern of the as-synthesized material showed the
typi cal pure phase of ZSM 12 topol ogy. As can be seen in Figure 2A, no
peaks corresponding to ZSM5 or nordenitge coul d be detected.

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 Cy+ alkylaromatic hydrocarbons, either



- 19 - [00051] The SEM of the as-synthesized material, as denonstrated in
Figure 2B, showed that the naterial was conposed of agglonerates of snall
cryst al s Woizbh/messaver age crystal size of <0.05 m cronspPCT[USRQDBAF6HEE
as-synt hesi zed crystals were converted into the hydrogen formby two ion
exchanges with ammoniumnitrate solution at roomtenperature, followed by
drying at 250F (120C) and cal cination at 1000F (540C) for 6 hours. The
resulting ZSM 12 crystals had a Si 02/ Al2Q3 nolar ratio of 39.3, an al pha
val ue of 520, and a D/r2 paraneter for 1,3,5-trinethyl benzene (nesityl ene)
at 100C of 8,100 x 10-6. Exanple 3 [00053] A m xture was prepared from
10,410 g of water, 1,126 g of nethyltriethylanmoni um chl ori de (MIEACL),
87.5 g of halareirnartheprabhar ofd®l{cnb Yndqudensereptaprodnge xyleBdsd Gudf
Utrasil silica, 299 g of sodj um | um natea(g.,}HS0 ol ution, 20 g of ZSM 12
seed cryst aFSnVeHan 3&3@04% RECeSIF b ABIMRETAIHE Ofiom atowF S57da abRut

BO'Z'lo‘l’\j“ajlg g@gg‘@ E%@%SS tgoey: amd FRtLhid)From 3BotP0 B AWouit BdFhdo & 02 -
450°C), a pressure of from about 100 to about 600 psig (790 to 4240kPa), and
preferably from about 200 to about 500 psig (1480 to 3550kPa), a weight hourly
space velocity (WHSV) of between about 0.1 and about 200 hr', and preferably
between about 0.5 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:



MIEAC11Si 02 - 0.26 HVDC1l/ MTEACL - 0.026 [00054] The m xture was reacted at
320F (160C) in a 19 liter (five gallon) autoclave with stirring at 150 RPM
for 144 mWOr2811/06k8sspr oduct was filtered, washed w th deiPCmiUSee o656 wat er
and dried at 250F (120C). The XRD pattern of the as-synthesized nmateri al
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 of the as-synthesizgd nmaterial, as denonstrated Figure
3B, showed that the material was conposed of agglonerates of small crystals
(wth an average crystal size of <0.05 mcrons). [00055] The as-synthesi zed
crystals were converted into the hydrogen formby two i on exchanges with
amoniumnitrate solution at rSuwAbGperature,46oll owed by drying at 250F
(120C) and cal cination at 1000H,0p4{%) for 6~hpurs. The resulting ZSM 12
crystals had a Si 02/ Al 203 mol apyradipe of 35.5,0an al pha value of 470, and a
Dir2 paraneter for 1,3,5-trime{hylg;genzene (nesghtyl ene) at 100C of 65,000 x
10-6. [00056] Wil e the presentMJ%/lg@lf{éi has~6)ef n described and illustrated
by reference to particul ar enbodifment's, *t hose of ordinary skill in the art

wi Il appreciate that the invention lends itself to variations not
necessari | y J0FIyipeted meted Al 3FoF RS Origas6h, litehdo gatpe) aHeea%houl d be

made sol el'y kg, §tﬁﬁn§%?q@9%l\ﬁ' 3} 98 ZlIlo%Es. PAHeARSE St WasOfik &L WABd WAty LT ue
scope of the present 1 nvention. "-21-
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material, as demonstrated in Figure 1, 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:

Si0,/Al,0; ~ 40
H,0/ Si0, ~ 22
OH7/ SiO, ~ 0.2
Na'/ SiO, ~ 0.2
MTEACLI/SIO, ~ 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.



CLAIM5: 1. A porous, crystalline material having the framework structure
of ZSM 12 and a conposition involving the nolar relationship: X203 :(n) Y02
wher ei n XW020u/Me858al ent el enent, Y is a tetraval ent el @EEAIS2@0056656é S | ess
t han about 45, wherein the average crystal size of the material is |ess
than about 0.1 micron, which material is substantially free of inpurities.
2. The porous, crystalline material of claim1l, wherein n is about 20 to

| ess than about 40. 3. The porous, crygtalline material of claiml,
wherein n is about 30 to about 36. 4. The porous, crystalline material of
claiml1, wherein Xis alumnumand Y is silicon. 5. The porous,
crystalline material of claim1, wherein said naterial has an al pha val ue
in excess ofl00032] 6. Thkh®E Moarfabs as-syntisdsidet inmeenizd] & demhonsfratetl & Righre wher ei n
said material has a Diffusion Paraneter for nesitylene of at |east about

1000x10- 6 s&8- howeh thas dlag, peerid Wastomnoset of asgpmetiies ainemall sBsfaly | ene
pressure of f(%-ggléi,Bera%%cﬁsngpgigygf<@_bg§ﬁigllohg ne mat erial having the franmework
a

structure o conposition in ternms of nole ratios of oxides as
follows: WD 2011/ 062855PCT/ US2010/ 056656 - 22 -

(a) R20. (b) R 20. (¢) M21110. X203' (d) YO2 wherein R i s organi ¢ nonoquat emary
anmoni um calY¥R2I R i Eheas-yvathesizph erysREaNeE Nyt fe PRATOM i s~ at

| east one C"Bgit% Ravidga éé%ﬁﬁcaﬁmﬂo%iﬁrﬂ ﬁbt?a(sé rsBMﬁbﬁth r‘séﬁ‘l”% erafufeS @
tetraval ent elenent, a ranges tromabout 0.01 to about 2, anges from
about 0 to #@bbowedby dryingaeldsoTtom2abOytnd chitinatomboddO®F @dd°d) fanges from
about 20 to about 100. 8. The conposition of claim?7 V\hereipsgl\/gi s sodi um

X is al uni n@ﬁyrsar{lale\reﬁlgtlgg Ml 2 crystals had a S10,/A1,0; molar ratio o , an
alpha value of 520, and a D/’ parameter for 1,3,5-trimethyl benzene

(mesitylene) at 100°C of 8,100 x 10°®,

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,/AlL,0; ~ 36
H,0/ SiO, ~ 22
OH7/ SiO, ~ 021
Na'/ SiO, ~ 0.21
MTEACV/SIO, ~ 0.26

HMDCI/MTEACL ~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



9. The conposition of claim8 wherein Ris RIRZR3BRAN+ wherein each of RI,
R2, R3, and R4 are the sane or different and selected fromthe group

consi sti nyoabh11@62856 C4 al kyls, R is RS5R6R71\r (CH2)", N+RBRAR201M/086686 N each
of R5, R6, R7, R8, R9, and R10 are the sane or different and are sel ected
fromthe group consisting of Cl1 to C4 alkyls. 10. The conposition of claim
9 wherein Ris nethyltriethylamoniumand R is polynethyl ene

bi s-trinmethyl ammonium 11. The conposidg.on of claim 10 wherein R is
hexamet honium 12. A process for synthesizing the porous, crystalline
material of claiml, conprising: (a)preparing a m xture capable of form ng
said material, said m xture conprising sources of alkali or alkaline earth
metal (M, aresoexiedef ZBM rSioraﬂnerﬁenﬂé empotiti¢sX) Thars EMi afethofastsghthasiaéent

el ement (Y), hydroxyl ions, water, and an organi c nonoquat
ammoni um cat eIk %S&eﬂn%ﬁtratséﬁﬂgqrﬁﬁaﬁwwt oh: 20&%%?62’8@5&@%@?3?0/ 056656

- 23 - Ofgaaggloﬂie%@st aYl Q'%Hhactﬁ%%rﬁggc%rﬁtg g ﬁf%.%'nﬂcf&'nef ure has a

conposition n terns rati os OW ng ranges: Y02/ X203
= |l ess than 50 H20/ Y02 = 10 to 100
[00055] The as-synthesized crystals were converted into the hydrogen form

by two ion exchanges with ammonium nitrate solution at room temperature,
followed by drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6
hours. The resulting ZSM-12 crystals had a SiO,/Al,O5; molar ratio of 35.5, an
alpha value of 470, and a D/’ parameter 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.



01-17Y02 = 0.1 t0 0.6 MY02 =0.1t0 0.6 RY02 =0.1t0 0.6 R/R=0.01to
0.10 (b) maintaining said m xture under sufficient conditions until
crystal s WD 20u/d28%at eri al are fornmed; and (c) reeovarsy/os@se
crystalline material fromstep (ii). 13.The process of claim12, wherein R
= RIRZR3R4AN+ wherein each of Ri,

=21 -

CLAIMS:

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

and a composition involving the molar relationship:

X203 I(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 impurities.

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:



R2, R3, and R4 are the sane or different and selected fromthe group
consisting of Cl to C4 alkyls, R is ROR6R71\r(CH2)", N+tRBROR16 wherei n each
of R5, ROVORU11/083%55R9, and Rl are the sanme or different Pamdss@m®stsds from
the group consisting of Cl1 to C4 alkyls, and said reaction m xture has a
conposition in ternms of nole ratios within the follow ng ranges: Y02/ X203 -
30 to 40 H20/Y02 = 15 to 40 01-17Y02 = 0.15to 0.4 MY02 = 0.15to 0.4
R'Y02 = 0.15t0 0.4 R/R = S22

(a)R20 : (b)R'gO : (C)Mz/no 'X203 : (d)Y02

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 ranges from about 0 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.
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 C,4 alkyls, R' is R5R6R7N+(CH2)mN+R8R9R10 wherein each of
R3, R® R7, R®, R’, and R'® are the same or different and are selected from the

group consisting of C; to C, 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



0.02 to 0.03 WD 2011/062855PCT/ US2010/ 056656 - 24 - 14. The process of
claim 13 wherein Ris nethyltriethylamoniumand R is pol ynethyl ene

bi s-tri navbybamsesssum 15. The process of clai m 14 wheP€TwUSR10i056656
hexamet honium 16. The process of claim 12, wherein said conditions
include a tenperature of 170C or less. 17. The process of claim 12,
wherein said conditions include a tenperature of 140C to 160C. 18. A
process for converting C9+ al kyl ar omatig hydrocarbons to a product

i ncludi ng xyl enes, conprising: contacting a feed containing CO+

al kyl aromati ¢ hydrocarbons together with tol uene and/ or benzene under
conversion conditions with the porous crystalline material of claiml. 19.
The processogfanad aligoat@namyhamenonivmi agéfd (R),] ederdimasnidiOmixXuies had uavi num and
Y is silicon, said parous, crystalline material has an al pha value in
excess of 560MPEHHORAR RSN LT HHICE oW BH L LioNEnZ PSS t enper at ure of from
about 650 to about 950F (340 to 510C), a pressure of fromabout 100 to
about 600 psig (790 to 4240kPa), a weight hourly space velocity of between
about 0.1 and about 290,MX,04, ankdsathhwydbogen to hydrocarbon nolar ratio of
bet ween about 1 and about 5. 20, The process of claim19, wherein said
feed is al so contact ddWih a setdlGl ecul ar sieve havi ng a constraint

i ndex of 3 to 12. OH/YO, = 0.1to00.6
M/YO, = 0.1t00.6
R/YO, = 0.1t00.6
RY/R = 0.01t0 0.10

(b)  maintaining said mixture under sufficient conditions until crystals
of said material are formed; and

(¢)  recovering said crystalline material from step (ii).

13.  The process of claim 12, wherein R = R'R’R’R*N* wherein each of Rl,
R% R’, and R* are the same or different and selected from the group consisting of
C; to C4 alkyls, R' is 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 C4 alkyls, and said reaction mixture has a composition in terms of mole

ratios within the following ranges:

YO0,/X,0;3 = 30to40
H,0/YO, = 15t040
OH/YO, = 0.15t0 0.4
M/YO, = 0.15t0 0.4
R/YO, = 0.15t0 0.4
R'/R = 0.02 t0 0.03
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14.  The process of claim 13 wherein R 1s 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.

18. A process for converting Cot alkylaromatic hydrocarbons to a product
including xylenes, comprising: contacting a feed containing Cy+ alkylaromatic
hydrocarbons together with toluene and/or benzene under conversion conditions

with the porous crystalline material of claim 1.

19.  The process of claim 18, wherein n is 20 to less than 40, X is aluminum
and Y is silicon, said porous, crystalline material has an alpha value in excess of
500, and said conversion conditions include a temperature of from about 650 to
about 950°F (340 to 510°C), a pressure of from about 100 to about 600 psig (790
to 4240kPa), a weight hourly space velocity of between about 0.1 and about 200

hr', and a hydrogen to hydrocarbon molar ratio of between about 1 and about 5.

20. The process of claim 19, wherein said feed is also contacted with a

second molecular sieve having a constraint index of 3 to 12.



