2 3 MAR 2007 WO 2004/ 046034 PCT/ US2003/ 032853 HI GH ACTI VITY SVALL CRYSTAL
ZSM 12 FIELD 5 This invention relates to a high activity, srﬁlm 0y t al
ZSM 12, i%mg_,y,ﬂ%;lagﬁi s and its use in catalytic processessrHdobifEedsar!ly in
t he conversion of C9+ aromatic hydrocarbons to xyl enes. BACKGROUND 10
ZSM 12 and its conventional preparation in the presence of a
t et ramet hyl ammoni um or tetraet hyl ammoni dm directing agent are taught by U.S.
Pat ent No. 3,832,449, the entire disclosure of which is incorporated herein
by reference. ZSM 12 has a distinctive X-ray diffraction pattern which
distingishes it 15 frqy@i TV SMXBI atRYST AIRZsM-abs. U. S. Patent No.
4,391, 785 discloses a metnod tor the synihests of ZSMI2 froma reaction
m xture conprising, as a directing agent, a conpound selected fromthe
group consisting of a dinethyl pyridiniumhalide and a dinethyl 20
pyrrolidini uﬂ@éﬁi de. U S. Patent Nos. 4,452,769 and 4,537, 758 di scl ose
et hods for synthesizing ZSM 12 from a reacti on m xture contai ni ng
methyltri ethyl ammoniumions as the directing agent. However, these patents
are 25sprinarily direcrigdinvenfiowe¢laient hihigh SitoRyAmR4IBcrryatal BSMOTyHsOf
ZSM 12, greater than 80 in the case of the " 769 patent and greater than 200
in the case 9nthesie and g uspan eptalytireessess, pyheulady ihthestoaveiondf {ptrages i n
the " 769 patent of uqsi n m%th ltri ethyl amoniumions as the directing
agent is thé BPBLRY r%cr?%bqnsl%F "% rystal size materials. 30 2 3 MAR 2007
WD 2004/ 046034 PCT/ US2003/ 032853 2

BACKGROUND

10
ZSM-12 and its conventional preparation in the presence of a
tetramethylammonium or tetraethylammonium 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 distingishes it

15 from other known crystalline matenals.

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 dimethy] pyrnidinium halide and a dimethyl
) 20 pyrrolidinium halide.

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. However, these patents are

25 primarily directed 1o producing high Si04/Al; 05 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
patent. Moreover, one of the stated advantages in the ‘769 patent of using
methyltriethylammontum ions as the directing agent is the production of large
crystal size matenials.

30



O her organic directing agents that have been used to synthesize ZSM 12

i ncl ude bi s(di nmet hyl pi peridiniumtrimnmethylene ions (see U S Pe%t entR No.
4,539, 193%‘,, benzyl triethyl ammoniumions (see U. S. Patent No. 4, gEfﬂ 7@@) ,

di benzyl d &m*’%%ﬁbhi umions (see EP-A-167,232), di met hyAGVER0¥ERMBni um 5
ions (see U S. Patent No. 4, 552,739), benzy)trimethyl anmoni umions (see

U S. Patent No. 4,585,637), bis(N-nethylpyridy]) ethyliniumions (see U.S.
Pat ent No. 4,5852,746), hexanethyleneimne (U S. Patent No. 5,021, 141) and
bi s(met hyl pyrrolidiniunm-diqual-n, where n =4, 5 or 6 (see U S. Patent No.

} 5,192,521). 10 Althaough influenced by variables such as the siljcal/alum na
nol ar ratio of the r&4Ben onganir diigrieng eesntethat hpee bern wied o Higthesige cryst al

hol i c..zeol ] SUGh o i d b
The’ chor on oMY dhqifdd SistBet fienBipRAmERYIchE inl S s @TABS O DY, -
the case of 443bh932), bénARAEShGRENARAGN CInSt BkS U Paerr MNICEA5RIREI a

benzyl trimethyl anmoni um directing agent, rice-shaped cryst al's can be made
in the presdibeszyddiethybmmueningl amsdpdeuhP sl 68233 dlibethyidegthyaminexigonal

pl atelets can be ed r om_y a, hexanet enei m ne, directing agent.
20 Thé cont 1056 (Wpégﬁ?afe@t&%ée éﬁ,ﬁﬁ)phm el PORHBOIPR (e S ¢ he

st andpoi nt Gty Vi i L rg;ﬁ,qﬁm Eqr '

applicati on§%t6ﬁ5%1 #’Bgsr’ggﬁéﬁkgibéﬁeé“%pa \@ys t élae]é’s:%r(gigjéag?éé e'}égﬁyg “for high
activity and585aba6), t yhexaardiydemeniinté he(lhBghdratar f Noe a3,023,140)d aedice t he
shorter diffusion path, of small crystal materials. In_addition_since

zeol i te actbis(ragthylpymelidipiumletavieh veheee P5=ah.ufi GTubn (BecoivsSi RateRteNeeol i t e
fragework, gEs B Wer the Si02/Al 203 ratio of the zeolite, the higher its
acidity. To™ a%’e, nmost synthesis routes for ZSM1 2 have led to the
prodygtion of either small crystal materials or materials with a | ow
Si02/Al2C8 ratio. In general, however, it has been difficult to synthesize
high purity ZSM 12 whildpuglainivendeditiyevanables isueless B sthed/alumiasmelar si ze and
low 30 Si Q2/[.Al 2.3

ratio o%’?ﬁe rn%[c{igﬁ mlxturel\,/l%‘gmge(i)‘gtﬁre and stirring, the crystal morphology of
synthetic zeolites, such as ZSM-12, is mainly dominated by the choice of directing
agent used in the crystallization. For example, in the case of ZSM-12,
15 needle-shaped crystals can be produced using a benzyltrimethylammonium
directing agent, rice-shaped crystals can be made in the presence of

tetracthylammonium salts, and bundles of hexagonal platelets can be prepared

from with a hexamethyleneimine directing agent.

N

20 The control of zeolite crystal morphology 1s very important from
the standpoint of activity and stability enhancement. For catalytic applications,
small crystal size is always the desired preference for high activity and stability
because of the higher surface area, and hence the shorter diffusion path, of small
crystal materials. In addition since zeolite activity i1s associated with the

25 aluminum atoms n the zeolite framework, the lower the Si0,/Al,O; ratio of the
zeolite, the higher its acidity. To date, most synthesis routes for ZSM-12 have led
to the production of either small crystal materials or materials with a low
S10,/A1,0; ratio. In general, however, it has been difficult to synthesize high .
purity ZSM-12 which has both the attributes of small crystal size and low

30 Si0,/AL,0; ratio. |



WO 2004/ 046034 PCTI US2003/ 032853 3 An object of the present invention is
to provide a small crystal, high activity formof ZSM 12 whi ch gt&{%zmﬁs
enhanced @6&{0&{/@6 Ln t he conversion of C9+ aronmtic hygr &@%r b%; L
* xyl enes. I 0% be appreci ated that, although ZSM 1 G F\Q?f’r%ﬁsﬁ/
synt hesi zed as an alum nosilicate, the framework al um num can be partially
or conpletely replaced by other trivalient el enments, such as boron, iron
and/or gallium and the framework silicon can be partially or conpletely
repl aced by other tetraval ent el enents such as germanium 10 SUMVARY | n one
aspect, the invention Jesides in_a _porou [ | Line, nmaterj al aving the
framework structure oMg citzoéaﬁ]g pégsggﬁbnéfgpﬁ?%# ?bn 6‘1"6‘1%6 S%Q%ﬁ%ﬁ@r 15
.rel ationshi gig®R03ity fern'BRZINEI BRicK dxhibitstehhiled Rkt EheBRE confetsord _
tetraval ent e% enment  and n is less than 60, wherein the average crystal size
of the mat eof @b+ ammiatis hydtvaarbOnsltondylenem and 20 wherein the nmaterial has a
,Diffusion Paraneter for nesitylene of at |east 1000x10-6 sec'' when neasured
at a tenperature of | 00C and a nesitylene pressure of 2 ton. Preferably, n
is 20.to | ess than 60; refe iS¢ al i Ll heon.
Pr ef er5abl y, the mat erlltalgéhlgs%fgnggﬁlffﬁ%e%(a uté %%‘%@g}ggﬂg#%%pﬁﬁm&pfurther
aspect, thesyriNn@ided R dresiudtsostlicatep RS Fameworky BluRfiturdicaf be3ghrtidly porous,
crystalline ZSM 12 material of said one aspect of the invention _conprising
the steps ofompigtebnreplaced by qthgr Bivelsat iehgnentsy Suchr & &atvab|iewnoand/ef m ng sai d

materi al, Sg%lﬂglﬁlﬁ, )él}'l '+ ﬁga& roir isﬁ%oﬁ QUh %%Spé)l{ialﬁll lé?lciomgfetxg’_l/ %%léc%ﬁ l:%?rt h netal

(M, an oxi trivar en
3 other tetravalent elements such as germanium.
10
SUMMARY

In one aspect, the invention resides in a porous, cfystalline material
having the framework structure of ZSM-12 and a composition involving the molar
15 relationship:
X205 :(m)YO,

wherein X is a trivalent element, Y is a tetravalent element and n is less than 60,
wherein the average crystal size of the matenial 1s less than 0.1 micron and
)20 wherein the material has a Diffusion Parameter for mesitylene of at least 1000x10°
sec” when measured at a temperature of 100°C and a mesitylene pressure of 2 torr.
Preferably, n is 20 to less than 60.
25 Preferably, X is aluminum and Y is silicon.

Preferably, the matenal has an alpha value in excess of 300.

In a further aspect, the invention resides a process for synthesizing
30 the porous, crystalline ZSM-12 material of said one aspect of the invention

comprising the steps of:



el ement (X), an oxide of tetravalent elenment (Y), hydroxyl (01-1) ions,
water and nethyltriethylammoni umcations (R), wherein said n‘ixzﬁr hzﬁf} a
conposition, in 5 terns of nole ratios, within the following r d@g:

YO2/ X233, - less than 100 H2O YOQ2 = 10 to 100 Of-/Y02 = 0.1to 0.6 MY
= 0] to 0.6 10 RYQ2 =0.1to 0.6, (b} maintaining said m xture under
sufficient conditions until crystals of said naterial are forned; and (c)
recovering said crystalline material fromstep (ii). Preferably, said
reaction mxture has a conposition in terns of nole ratios 15 within the

foll owi ng ranges: Y02/ X203 =_40 ; " 2 =0.15to
0.4 MY02 = %e)15 thepﬁrm@ EG’IWO%WQ% oﬁg&mg.zs -anxgeégé%%d gﬁs%é condi tions
i ncl ude a term@, D%A&Irce&‘w@kﬁmor AlFDBe eﬁfbh Rreed €3 bnyaxidel ofSnsaJdﬂum

DESCRI PTI ON OF

W NGS Fi gu %} i ?re sca g@fg% el ectron m crogr aphs
(SEM of the stemego Sy m 6 o SSRGSt 70 25 n5, WAIGT
respectively. . eyl gﬂ%nmc&ﬂ%{w@@%nm/nuﬁa@qgaé 3R8RAitioD, in F| gure 4 is

a scanni ng el ectron mcrograph of the as- synthesized product of
Exanpl e 8. Fi gemes ﬁmokratmg;\aﬁtmtb@t@ﬂwmgfﬁnﬁ@ Si 02/ Al 203 agai nst the al pha

YO X0, = less than 100
H,0/Y0, = 10tc 100
OH/YO, = 0.1t00.6
M/YO, 0.1t0 0.6
10 R/YO, 0.1to 0.6,

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

|

material are formed; and |
() recovering said crystalline material from step (ii),

Preferably, said reaction mixture has a composition in terms of mole ratios

15 within the following ranges:
YO,/X,0, = 40 to 80
HO/YO0, = 15t0 40
OH/YQ, = 0.1510 0.4
M/YO, = 0.15t004
20 RYQ, = 015t004

Preferably, said conditions include a temperature of 140°C to
170°C.

25 Preferably, M is sodium.

DESCRIPTION OF THE DRAWINGS

Figwres 1 to 3 are scanning electron micrograpbs (SEM) of the as-
30 synthesized products of Examples 1, 2, and 6 respectively.



5 activity of the hydrogen forns of the ZSM 12 products of Exanples 1 to 7.
DETAI LED DESCRI PTI ON G:dT::'F EMBODI MENTS The ZSM %2 according top4 gy ;?07
inventionulh';\?) w$agyay diffraction 10 pattern charactery -ray
diffraction ioﬁ/gé%?fn Table 1 below Table |I D spacing ([\J)&ﬁ%zg{%éfoéeg? ntensity
[100 x Illol 11.90.2 m 15 10.1 0.2 m4.76 0.1 w 4.29 0.08 vs 3.98
0.08 m 3.87 0.07 vs 20 3.49 0.07 w 53.380.07 m 3.200.06 w 3.05 0.05 w
2.54 0.03 w2 3 MAR 2007 WD 2004/ 046034 PCTI US2003/ 032853 6 These X-ray
diffraction data were collected with a Scintag diffractoneter using copper
K-al pha radiation. T | ff ract i RESYr S nni ng at
0. 02 degrees of two-t et%a,4 \;ﬁg‘r lé%hﬁg?ta@%egﬁ{)ﬁe&& aggg&ﬂgrgglﬁ?aﬂ,) gﬁghég@counti ng
time of | segohesifaprehchoSExxmpldfe i nterpl anar spacings, d's, were 5
calculated in Angstromunits (A), and the relative intensities of the lines,
I/ 1o, where |lo is one-hundredth of the intensity of the strongest line,
«above background, were derdve ] t S . rQfile fifti outi ne
(or second derivative F?%Hr%oslr it %ngabﬂl{]e]&:ﬁﬁ etﬁgﬁlpg/éﬁﬂé(?% aﬁer’fg%trih cqg}é‘{for
Lorentsz and ;p@Vidy 1zhé hytito@hffe@isSof thd BSM-€b gfdd\aasbﬂﬁgﬂﬁpkwsc are given in
terms of the synbols vs=very strong (75-100), 10 s=strong (50-74), nmemedi um
(25-49) and w=weak (0-24). It should be understood

DETAILED DESCRIPTION OF THE EMBODIMENTS

The ZSM-12 according to the invention has an X-ray diffraction

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

_ Table 1
D-spacing (A) Relative Intensity {100 x 1/lo}

11.9£0.2
15 : 10.1x0.2
4.76 £ 0.1
4294 (.08
3.98+0.08
3.87+0.07
20 3.49+ 0.07
3.38£0.07
3.20£0.06
/, 3.05 £0.05
N 2.54+0.03

£33 €£585€838



that diffraction data listed for this sanple as single lines con5| st of
multiple overlapping lines which under certain conditions, E%M
differences in crystallite sizes or very high experlnental resolutlon or
crystal | OYOapHI6GHange, may appear as resolved or par tHAYFROHEYed
lines. Typically, crystall ographic chan(ges can 15 include mnor changes in
unit cell paraneters and/or a change in crystal symetry, wthout a change
in topol ogy of the structure. These mnor effects, including changes in
relative intensities, can also occur as a result of differences in cation
content, franmework coffess tX-oay difftaghen adala degreeeobiéctgrbreith i 4 | $aintag and

th I d/ hydr ot h | hi st . 20 al.l terial, ZSM 12 of
I P T R AR Sl A oS
X203 YO | '

209 (1) 108 VAR Lo ELYA 0SB HED SO AL B, o017

el enent, susitoaﬁmsg hhf‘eO@f 1 tseCondafd/ &akch GepIahe Uititerplagdrespabings, sd'd, iwaa, and n
is less than 60 and preferably from20 to less than 60. In its
as- syft hesi Qai@mﬁf@drm Angstremyenits M)n@ndréhtefqlalveomtqm@es ¥ dhe lines, Ihies a

formul a, on dro er s of OXId er, n nol es
of Y02, ’r”gf-'feg‘ HW(’UP%@E Pgﬂ‘f) BS'E}'OOng 6°r2% e‘fﬁ' »2 3 MAR
2007 WO ZOOWe%@Q%fGEﬁ]U&%OQ'Sﬂ %@2;,8%?0513 ﬁfffﬂ@rﬁiuﬂnéﬂ (b§ s%Ebn%' Hé’ﬂﬁdﬁ%or ,

al kaline earth netal, and is preferably sodium and

met hyltri et higbrathm)n'l‘thmmahsmes arEhendractgd Ffochnmmmaam& palaazasmodifertsed with
the material as _ a.result, of their Eresence duri n éy%%Stal [ i z and are

easi. | y rendletrl#{redBensities ¥e MY HiphBaRD FEX $tEqn $é 00),
t | | t
par ti,gul ar | y_d ggﬁgr(%cb?gyme”é;ﬁu \%1@) 8. 1&&?@ ltsﬂ&ﬂﬂ e%a n aver age

crystal si ze es’s ron, prete Iy about
0. 05 m cr onthatdidirbaionadata listed for this sample as single lines may cons:st of mulnple

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
15 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 also occur as a result of differences in cation
content, framework composition, nature and degree of pore filling, and thermal

and/or hydrothermal history.

3 20
The crystalline material ZSM-12 of the present invention has a
composition involving the molar relationship:
X205 :(n)YO;
wherein X is a trivalent element, such as aluminum, boron, iron, indium and/or
25 gallium, preferably aluminum; Y is a tetravalent element, such as silicon, tin

and/or germanium, preferably silicon; and n is less than 60 and preferably from 20
to less than 60. In its as-synthesized form, the crystalline material of the invention
has a formula, on an anhydrous basis and in terms of moles of oxides per n moles
of YO,, as follows:

30 (0.01 to 2)M;0:(0.01 to 2)R,0: X;05 :(n)YO,



Di ffusion Paraneter, D/?, for rresityl ene of at |east 1000 x 10 s sec -1, and
preferably at |east 2000 x 10 -6 sec'], when neasured at a te pipup7 of

100C an 5 tylene pressure of 2 torr. As used ‘PBi$ooddiessk T fusion
Par amet &yo%ogoﬂgrtl cular porous crystalline materi al W f| ned bas

D/ r 2x106, whereln Dis the diffusion cqefficient (cmZ/sec) and r is the
crystal radius (cnm). The required diffusion paraneters can 15 be derived
from sorption nmeasurenents provided the assunption is nade that the plane
sheet nodel describes the diffusion process. Thus for a given sorbate

| oading Q wheeindiue aalRalinber elk@ling sartthmetatUinkdiib pieferablg sbéinem, laod® ng, is
mat hematically related to (Dt/r2)1/2 where t is the tine (sec) required to

reach the 1§ %%@W*ﬁ'ﬁ@lﬁ’}?g‘f@m@leﬁ?ﬁpﬁam@d\%ﬁ”ﬂdﬁ§°'1"B?mt“ﬁeafﬁIaé%‘ﬂé%’eet nmodel

are given f

i ver si ty LR fhsull PEE SEBR 65l crPuqpifBlod ang e U8,
invention pegbeedbY )zsomsys@dmﬂulah natBddéher@haftd nidP@pinidditrly aedrib®d. e
preferably at |east 300." The al pha value test is a neasure 25 of the

crackd ng activity of a catalyst and is descrl bed in US. Patent No.

3,354,078 and in the Jou f talysis 1965); Mol . 6, p.
278 (1966): and Vol . %ﬁégﬁ'lg%‘%ﬁ%yt '“8%‘8!?“1 r}"i‘éS‘F' ﬁB?raFeﬂ&ﬁé %%eh"’xb/
reference age hﬁtérﬂﬂ‘tls 1e4€ 8501 T hifton, B ??EP&EB]P‘%BS@'O G Rflrbh O 104 o the test
used herein i1nclude a constant tenperature of 538C and a varlable flowrate
as descri bddiffusiodePaineiery Dhg ﬂmumaatylen’.éOobfat Qedstl 1980 s¢ 100F . se6), aml 395. 2 3
MAR 2007 WD 2004/ 046034 PCT/ US2003/ 032853 8 The ZSM 12 of the present

i nventl on JarlerbyAt dersEy f"r%ﬂ’n geCs y MRk Breasufed ol 4 mpstrtwe Af 80 Sotdces of

al k i ent Zﬁjrlﬁ?#éh{]&f;?%sg&e@tﬁ{) (M cations, normally sodium an oxide of a

tri va normal Ty alum na, an oxide of a tetraval ent el enent
(Y), normally silica, methyltri ethyl amoniumions (R), 5 normally present
as the iodide salt, %droxci/ ions and water. The synthesis m xture has a
conposi tion, expressedsiused deremn, ghenbiffasion: Paramsier fi 3 @articylar porous

crystalline material is defined as D/r2x106, wherein D is the diffusion coefficient

(cmz/sec) and r is the crystal radius (cm). The required diffusion parameters can
15 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/Qs where Qs 1s the equilibnum 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.

.} 20 Crank in “The Mathematics of Diffusion”, Oxford University Press, Ely House,
London, 1967.

The ZSM-12 of the present invention preferably has an Alpha value

of at least 150, and more preferably at least 300. The alpha value test is a measure

25 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

30 of Catalysis, Vol. 61, p. 395.



foll ows: Component Useful Preferred YO02/X203 20-100 40 - 80 H20/Y®2 10-100
15 - 40 OH'/YQ2 0.1-0.6 0.15-0.4 R/ Y02 0.1-0.6 0.15-0.4 M YG2Z @p130! 6
0.15-0.4 10 The synthesis nmethod of the invention funct] ] r.w thout
* added nucY &f"?'ﬁ’g‘“ééeds. In a preferred enbodi nent, the kggﬁ{s\é\@h}af‘ﬁ% ure
contains 0.05-5 wt % nucl eating seeds of ZSM 12. Crystallization is carried
out under either stirred or static 15 &onditions, preferably stirred
conditions, at a relatively low tenperature of 170C or |less and preferably
140 to 160C. Preferably, crystallization is conducted for 48 to 500 hours,
whereafter the resul t g Z§W{2 o‘frtH§tpi‘és§nta{n%ﬁtﬁﬁﬁEﬁ$ &d ﬁrb@ﬁ@ehhﬁomnﬁ’t her

|l i qguor and recovered. 20 In its as-synthesized form the ZSM 12 of the

i nventi on cenithésismixtine cong@mng somtesrofallkad)or adladina satth smetdl (dHtcatignsagent  and,-.
prior to use as a catalyst or tadsor ent, the_as-synthesized material is
normal |y trBamealysedrarmpeoxyds of dirvalent glementX)opermally Adynmg; AuHEe This is

emper atur eobf AR SR oG YR ASRAES TR R ol 0B, poue 4
hoursg 2 3 Mihal§0fresdi® a0/ RARR3&IPRLAHRFOLNO3BRAtd. The tshithexs ent

desired, the original sodium and/or potassiumcations of the as-synthesized
mat eri al camidere bad aceempesiéet opgzesessd W témiseeh maje gstiorelof oxfdesywas i n t he
art, at | eagp%I in part, by ion exchange with other cations. Preferred

repl aci ng cHO¥§5 i nclude metal ions, hydrogen ions, hydrogen precursor,
e.g., 5 ammoniumions and m xtures thereof. Particularly preferred cations

are those m;f%e%%a' wiic activity for certain hydrocarbon
COﬂ\lser sl on reagt| onNSemponent Useful Preferred
Y0,/X,0; 20-100 40 - 80
H,0/YO; 10-100 15-40
OH/YO;, 0.1-0.6 0.15- 0.4
R/YO;, 0.1-0.6 0.15-04
M/YO, . 0.1-0.6 0.15-04
10 The synthesis method of the invention functions with or without

added nucleating seeds. In a preferred embodiment, the reaction mixture contains

0.05-5 wt% nucleating seeds of ZSM-12.

) Crystallization is camried out under either stirred or static
15 conditions, preferably stirred conditions, at a relatively Jow temperature of 170°C
or less and preferably 140 to 160°C. Preferably, crystallization is conducted for 48

to 500 hours, whereafter the resultant ZSM-12 crystals are separated from the

mother liquor and recovered.

20 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 or
adsorbent, the as-synthesized malerial is normally treated to remove part or all of
the organic constituent. This is conveniently effected by heating the as-
synthesized matenal at a temperature of from about 250°C to about 550°C for

25 from 1 hour to about 48 hours.



“

" These i ncl ude hydrogen, rare earth netals and netals of Goups I1A . IIlA

VA, VA IB, IIB, IIIB, NB, VB, VIB, VIIB and VIIl of the Permgli‘(\;@zble of
the Elenents. 10 The crystalline material of this invention A g | oyed

- either advOM94&¥%fbent or as a catalyst in an organic ESMYSEMIRBRer si on

process should be dehydrated, at |east partially. This can be done by
heating to a tenperature in the range 9f 200C to about 370C in an

at nosphere such as air or nitrogen, and at 15 atnospheric, subatnospheric or
super at nospheric pressures for between 30 mnutes and 48 hours. Dehydration

can al so be perf or med rglyf oyt SRES A EinRhehin Byl ATIAG BihSM 12 Tn a

vacuum but a longer tfine I's requireée taln a su anount of

. dehydrat i onof @ 28phthedized maldidPedir hesieplaseddineposdandewiale tehaiqneswber ew t h

can be used either in the as-synthesized form the hydrogen form or another
uni val ent oknowmin theaarbrat least impar, Hyolomexphangawvith edhepeationed Rreferrad i mat e

nbi nat i it h hydr. ti t h t t di
ol ybdenum SPASHIE fRUoRs; RIAE meldl, o ByiraRs 1o BV G/2REE 1CBIS0L SiBbl e ot al
such as pl abinfeR idh Bl hAdiuiéd WeRbE PaRudiREepREdrAR- ey poaRati on

function is to be perfornmed. Such conponents can be exchanged into the
conposi t i onwhiakpradgn titeechtslyge @crivigr for pleytginchydrycarimn nertversjora derckiess.

t herew t h. ch .conmponents can be | npregnated i or. on tot 12 such
as, for exa ?se,m?}g?e Sﬁdrpﬁs"saageecaaﬁﬁ'%tslgmdrﬁlet?f;é)itéwgpi h@lﬂgpﬁ% with a
pl ati num negal -1go | RN GVIED Syt & i MRS hi s

pur pose incﬁdeﬁé%ropl’atl ﬁin\(i:B’a‘gF%’, bﬁaﬁcﬁm@htﬁgri deaﬁgh@gﬂ?g]ﬁé 2 3 MAR
2007 WO 208mA6034 PCT/ US2003/ 032853 10 conpounds containing the platinum
am ne conpl ex. Conbinations of metals and nethods for their introduction
can dPso be used. Wen used as a catalyst, it nmay be desirable to

i ncorporate the 5 ZSihd2-olfheh@XAYHRY M loR IhYPEmPRYE bifler ies! Stant

to the tenperatures
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
15 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.

; 20 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,

nickel, cobalt, chromium, manganese, or a noble metal such as platinum or

25 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

matenial with a platinum metal-containing ion. Suitable platinum compounds for

30 this purpose include chloroplatinic acid, platinous chloride and various



ot her conditions enployed in certain organi c conversion processes. Such
matrix materials include active and inactive materials and syﬂéﬂﬁgiﬁ or
naturally occurring zeolites as well as inorganic materials s g llays,

silica angigdfpoiVBicabs OXi des, e.g. alumina, titania and/ opcFikfeihsasssThe
| atter may be either naturally occurring or 10 in the form of gel ati nous

precipitates, sols or gels including mxtures of silica and netal oxides.
Use of a material in conjunction with t ZSM 12, i.e. conbined therewth,
which is active, may enhance the conversion and/or selectivity of the

catal yst in certain organic conversion processes. Inactive materials

sui tably sercompoaadsicéntaning the ptadimbmodmink eocnpbexn tConibinations rof imetals anda gi ven
process so thaiI (%raoduﬁt,s, 15 can be opt %i ned econom cally and orderly wi thout
enpl oyi ng otMEhodeior thepntrodysiop 6ap plsg PENESd at e or reaction. Frequently, ‘
crystalline catalytic materials have been incorporated into naturally
occurring clays, e.g. bentonite and kaolin. These mmterials, i.e. clays,

oxi des, etc., functi onWhen d3ad tas AatlliyRgler salObe UbErabhl & Yiichrpotdte itlse
desirable to provide a catal yst having good crush strength because in a

pet r ol eum 2@SM{liZnef thetineentian avijls andtheromaienakiesistant éel theotermpgrturesaandl i ng,

which tends to bregk: th t gl.yst down int wder - | j k i al s. whi ch
Cause pr obi GHET SRPRSOS TPIYD AETIR) MgBE CaRTA G" ArayS >t Seeh Balie

conposi t ed %gtsﬁmwﬁaeﬁmvsﬁm ﬂﬁét?i\fe?rﬂat%ﬁmtaﬁh !s&xﬁl'ﬁeﬁ%ﬁﬁdrﬁﬂau%seduﬂﬂfg the

nmontnmorillonite and kaolin 25 famlies which include the subbentonites, and

t he kaol i ns zeoliten ak ywdthasvmogganicdDnatesialshuish e eclaySe eiliga andfod nidtairdxddescl ays, or
others in which the mai n m neral cot@ti tuent i.s h@ll l o siaﬁe, kaglinite,
digkite, naéré pliIpina.fHaRa pd/or Zieapia Th datier paybe qilbeyniturally ocqUINg Pt e as

origipally mi TR i t [ j 00 ' 1 nt or
cheni &1 tod p}%g%’?’:’:‘odn@e%ﬁéﬁ%p’%/ﬁg%%%glsv% %ﬁoﬁ’%@%@”ﬁ%}' %538{)%?@32853 11
| n addi t i on nealt dveidéo N ésgaifrg makdraai imkenjubdtonpwithaht ZSMGRak.6. @rtbibe
conposited wth a porous matrix material such as silica-alum na,

si | i ca- magndksrawithsWhicBds ALt may, erdianee: they am prsions and/pr selestiyity jof the

silica-tit a@ia@lysfaﬁl Yeidin f’s?ga}lﬁr&%zgrsion processes. Inactive materials suitably serve

as diluents to control the amount of conversion in a given process so that products

15 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

) 20 refinery the catalyst is often subjected to rough handling, which tends to break the

catalyst down into powder-like materials which cause problems in processing.

Naturally occuming clays which can be composited with the

hereby synthesized crystalline material include the montmorillonite and kaolin

25 families which include the subbentonites, and the kaolins commonly known as

Dixie, McNamee, Georgia and Florida clays, of 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.

30



conpositions such as silica-alumna-thoria, silica-alumna-zirconia, silica
5 al um na-magnesi a and silica-nmagnesi a-zirconia. The matrix cangheipprypghe

f or m of .~/ mxture of these conmponents coul d al g The
relative ‘Spg@g"ﬂ"%ﬁs of finely divided crystalline mat erpi%g(&g?ldéﬁ) %g?f rix vary

widely with the crystalline material content ranging fromabout | to 10
about 90 percent by weight, and nore usUal | y in the range of about 2 to
about 50 percent by weight of the conposite. Alum nosilicate ZSM 12
according to the invention is useful as a catalyst in organic conpound, and
in particul ar hydrocarlcditivaneahs iforegbingchb@fials, the preRhechs@l @atbevity is
inmportant. In particular, when conbined with a hydrogenati on conponent, such
.as pl at i numecogositedl with 8rpordusinainx maenadsveh as sidica-glygning, silicatmegnesital yti c
conver si on of.].09+ al kyl ron‘gti.c hédr q)carBons .eitther al one,. or in_the
presence of YRLAAITENE HF- B8NS e SHICSTH PG SHE UM 85 Yl na% IF0&Ysi on i s
Aypically efdffosifiond SucheRersiidal AuRinalthefhabakda-AeRida0zinkaut Sfek (340 to
20 510C), and preferably from about 750 to about 850F (400 to 450C), a
pressur e ofaldmmmmadgnesia 300 silioa-atentsisa@icpsa gl i{enaoirixocan bek by formnal
preferably from ahout 20Q to about 500 DZAJ% (%480 to 3550kPa), a wei ght
hourly spacé SP&8flod mixturginese gampnepissoulthdlse boustdand about 200 hft, and
preferably between about 0.5 and about 20 hr", and a hydrogen, H2, to

hydr ocarbon, HC, nolar ratio of between 25 about | and about 5, and

preferably from about [Thteelatraiproportidhebf finkly E&lkd 2ryefallidtemhateriaindndon i s
used in the catal ytic. _conversion of C9+ al _kzl aromati ¢ hydrocarbons, the
ZSM\12 may BBatiye@ry widebowithribe contalinenmatesiak someHepRIng Froms peaid In8vi ng a

constraint i . 30 23,
zov 39 oW SYiperterh By gl Rt hoeT e p el de R SF b S
may be arranpgfgni by weight ¢fitite compddid. 2007 WD 2004/ 046034 PCT/ US2003/ 032853
12 catal yst beds, with the feed cascading fromthe catal yst bed containing

the ZSM 12 to the bed containing the second nol ecul ar sieve. Alternatively,

the ZSM 12 Aluminosilicate ZSM-12 according to the invention 1s useful as a

catalyst in organic compound, and in particular hydrocarbon, conversion reactions
15 where high activity is important. In particular, when combined with a
hydrogenation component, such as platinum, palladium or thenium, the ZSM-12 is
useful in the catalytic conversion of Cg+ alkylaromatic hydrocarbons, either alone
or in the presence of toluene and/or benzene, to produce xylenes. Such conversion
is typicaily effected at a temperature of from about 650 to about 950°F (340 to
' y 20 510°C), and preferably from about 750 to about 850°F (400 to 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, Hj, to hydrocarbon, HC, molar ratio of between
25 about 1 and about 5, and preferably from about 1 to about 3.

Where the ZSM-12 of the invention is used in the catalytic
conversion of Cg+ alkylaromatic hydrocarbons, the ZSM-12 may be used in
combination with a second molecular sieve having a constraint index of 3 to 12,

30 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



and second nol ecul ar sieve can be conbined in a single catalyst bed. 5 In
order to nore fully illustrate the nature of the invention andtMd 20kenner

of practi wsigngposaye34t he fol | owi ng exanpl es are present edeCiystwpl/es2853
* (Comparative) 1o A mixture was prepared from 306 g of water,

t et raet hyl ammoni um brom de (TEABr), 64.3 9 of Utrasil PM 1.55 g of

al um num hydroxide and 15.8 g of 50% sodi um hydroxi de sol uti on.

had the follow ng nolar conposition: SiQ2/A1203 = 100 15 H2O Si 02
OH'/ Sid2 = 0.2 Nat+/ Si02 = 0.2 TEABr/ Si02 = 0.2 20 The mi xture was
reacted at ZR6Hyst badw)withthg fegbcascading domthe catplyshbed containipgahe ZSHI-RPM f or

168 hours.
dried at 25

o (BB phEa sSieEtng MRt Sl AR ATont A

83 g of 50%

The m xture

20

and
showed®

the typical pdrsgciiaansietliadsiVelcanberohdiied id BSingfetMaBst &g as- synt hesi zed
shown in Figure 1 and shows that the 25 nmaterial was conposed of

aggl onerates of small crystals (with an average crystal size of about 0.05°
m crons). The as-synthesized crystal s ywere converted [nto the hydrogen form
rﬁhyﬂlyﬁ fah

material is

by tw® ion exchanges wtHIEHATRPTS

fol |l oned by

Ustratede DEtREsL

¢ ipvsrioRaRd gt ure, 30

hours. The rﬂ%ﬁefﬁ%@%ﬁﬁgﬂ%%fgﬁ‘lg%ﬁéx%h}%?%'ff%@%eg%?;(?g,?lczj L]?r 1(156, an

Al pha val ue

of 120, and a D'r2 paraneter for 1,3,5-trimethyl benzene

(nesityl ene)Exﬁ,t,S%ll lcltggngar;ﬁggo x 10.6 V. 2 3 MAR 2007 WD 2004/ 046034

PCTI US2003/ 0328

710
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20
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anpl e 2 (Conparative)

A mixture was prepared from 306 g of water, 83 g of 50%
tetraethylammonium bromide (TEABTr), 64.3 g of Ultrasil PM, 1.55 g of aluminum
hydroxide and 15.8 g of 50% sodium hydroxide solution. The mixture had the

following molar composition:

SiOz/Ale;; = 100
H,0/8:0; = 20
OH/ Si0; = 0.2
Na'/8i0; = 02
TEABr/ Si0; = 0.2

The mixture was reacted at 285°F (140°C) in a 600 ml autoclave
with stiming at 150 RPM for 168 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. The
SEM of the as-synthesized material is shown in Figure 1 and shows that the
material was composed of agglomerates of small crystals (with an average crystal

size of about 0.G5 microns).

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 resuling ZSM-12 crystals had a Si10,/A1;0; molar ratio of 116, an
Alpha value of 120, and a D/r? parameter for 1,3,5-trimethyl benzene (mesitylene)

at 100°C of 7,900 x 107,



The sane reactants and procedure as Exanple | were used except that
met hyl tri et hyl anmoni um (MIEA) brom de was used as the directi e bJs 5
The SEM As-synt hesi zed material is shown in Figur Eﬁ t hat
* the mat e(r)ﬁa JB\%{;@‘%g%?/rposed of aggl onerates of ri ce-shaped)%gr?[g/sg 2103 ?with an
average crystal size of 1-5 mcrons). 10 The as-synthesized crystals were
converted into the hydrogen form by tW® ion exchanges with anmmoniumnitrate
solution at roomtenperature, followed by drying at 250F (120C) and

cal cination at 1000F (540C) for 6 hours. The resulting ZSM 12 crystal s had
a Si 02/ A 20 Ak . 116, an Al pha value of 92, and a D/ ? paraneter
f or 1,3,5-t§"§§{"ﬁ‘§/? (gélﬁ’g’é‘%‘“ﬁ}esityl ene) 15 at 100C of 19 x 10-6. Exanple 3
+(Conparative) A mxture was prepared from 348 g of water, 30 g of | 20
methyltri ethyl ammoni um chloride (MIEACI), 64.3 g of Utrasil PM 2.33 g of
Al um num hydr oxi de, ardeEamageagtan5Eus swedire by Bromplid weremsedsxcepthe mi xture
shad the fol |,omMng nol ar, conpasi tion., S O2LA 203 = 67 25 H2O Si02 = 20

Gr & 02" gt e ishgabaty GSEAER 8970t uldalintalr " as
reactgd at 285F (140C) in a 600 ml autoclave wth stirring at 150 RPM for
168 hours. The product was filtered, washed with deionized (D) water and
dried at 250F (120C). ThheSEXRDf pint 4esynthesizedsategial i3sHadR DOBigure Zamd/nt hesi zed

material showed the typical pure phase of ZSM 12 topal ogy. The SEM of the
as- synt hesi Sl MG IRORRS Pré?%gf’@F"a\WésOfp eefﬁ%y cpystals
agg! oner at e&vm{ﬁg@érggec&yﬁglasliz%w_ggi%ﬂver age crystal size of about

)

10 The as-synthesized crystals were converted into the hydrogen form

D

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 Si0,/Al,0; molar ratio of 116, an

Alpha value of 92, and a D/r* parameter for 1,3,5-trimethyl benzene (mesitylene)
15 at 100°C of 19 x 10,

Example 3 (Comparative)

A mixture was prepared from 348 g of water, 30 g of
) 20 methyltriethylammonium chioride (MTEACY), 64.3 g of Ultrasil PM, 2.33 g of
Aluminum hydroxide, and 17.4g of 50% sodium hydroxide solution. The mixture

had the following molar composition:

Si0,/Al,0; = 67
25 H,0/ 810, 20
OH7 S10; 0.22
Na’/ 8i0; 0.22
MTEACVSIO; 0.2

1l

fl

30 The mixture was reacted at 2859 (140°C) in a 600 ml autoclave
with stirring at 150 RPM for 168 hours. The product was filtered, washed with
deionized (DJ) water and dried at 250°F (120°C). The XRD pattern of the as-



0.1 mcrons). 5 The as-synthesi zed crystals were converted into the hydrogen
form by two ion exchanges with amoniumnitrate solution at roog%M
tenperature, followed by drying at 250F (120C) and cal ci nati on ﬁ%&%
(540C) for 6 hours. The resulting ZSM 12 crystals had a Si 2/ A1133 nol ar
ratio of 68.6, an 10 Al pha value of 19@, and a D/r' paraneter for
1,3,5-trinmethyl benzene (nesitylene) at 100C of 600 x IV. Exanple 4 15 A

m xture was prepared from 1158 g of water, 85 g of nethyltriethylarnnmonium
chloride (MIEACI), 178 g of Utrasil PM 17 g of sodium alum nate sol ution
(45% , and 35g of 50% sgdi [ I '3% | ] d the

fol |l ow ng nol ar corrposi%g%lﬁgpegi t%lg%@ %lt 20 ﬁ%;%qjh%enguzzﬂgg% oH/ S
= 0.2 Na7 Si GBpology2 THYTEACHS Bie @2 syntlsi2dd Raterldl showsxhatrtbe wasrislewst ed at 320F
(160C) in a 2 liter autocl ave ith stirring at 150 RPM f.or 8 hours. The
product was fiqoﬁ’é’Pséﬂ,ogeﬁqu‘%Qyﬁ"ﬂhW%ﬂf b‘@% DB SRS ﬁﬁ"d(’féagf”étd at 250F
(120C). The XRD Rt 4:RY. N of the as- synthesized material showed the typical
pure phase of ZSM 12 topol ogy. The SEM of the as-synthesized naterial shows
that thedmaterial was conposed of 30 agglonerates of small crystals (with an
average crystal size Ole?eQ@- ] : he
as-synt hesi zed crystals vvergh&%ﬁ%@r%@dﬁ%ﬁ%@%%nﬁy%@(%%ﬁgﬁgﬁ% y two ion
exchanges wi t hyyarw finugnchdnpgsatith sminohivon nirater obtivt ehpema tamperaturé,ol | owed by

drying at 2507 (1200, 808, SRLSBHAPR) Bla 220980 2 0Gbed Uaofl for 6
hours. The resulting ZSM-12 crystals had a SiQ,/Al,O, molar ratio of 68.6, an
10 Alpha value of 190, and a D/’ parameter for 1,3,5-trimethyl benzene (mesitylene)

at 100°C of 600 x 10°%.

Example 4

5 A mixiure was prepared from 1158 g of water, 85 g of
methyltriethylammonium chloride (MTEACI), 178 g of Ultrasil PM, 17 g of
sodium aluminate solution (45%), and 35g of 50% sodium hydroxide solution.

The mixture had the following molar composition:

Si0,/ALO, = 60
20 H,0/ 810, = 245
OH7/ 810, = 02
Na'/ §i0, = 2
MTEACYSIO, = 021
25 The mixture was reacted at 320°F (160°C) in a 2 liter autoclave

with stirting at 150 RPM for 168 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 pur¢ phase of Z8M-12 topology. The
SEM of the as-synthesized material shows that the material was composed of
30 apgglomerates of small crystals (with an average crystal size of about 0.05

microns).



hours. The resulting ZSM 12 crystals had a Si Q2JAI 22 nolar ratio of 58.1,
an 5 Al pha value of 340, and a D'r2 paraneter for 1,3,5-trinethyl benzene
(n'iesitylene) at 100C of 11SO x 10'6. 'Exanple 5 10 A m xture?3padiRiEpar ed
from 1204 g of water, 105 g of nethyltriethylamoni um Brom de ( MIEABr), 283
g of sodiumsilicate solution, 16.8 giof alumnumnitrate and 16. 45 of
sulfuric acid (98% solution). The m xture had the follow ng nol ar
conposition: SiOz/Al2A8 - 60 15 H2AQ Si02 =57 OH/ SR =0.3 Na/ S
= 0.6 MEABr/SiQ2 - 0.4 20 The mi xture was reacted at 320F (160C) in a 2

{11 terad, vached w th - Hegniieded bl Sovkdd 08 tyalidfn BERS 00 " e
XRD pattern ofpytfs® %- cxshmgd@e@ahzadmmﬁmrmahtesbmmﬁd at ot yem;minuﬂure phase of
ZSM 12 topol o The SEM of nt hesi.zed mat er t hat the
materi al was %y dy Gyingst %%}b?éﬁ’érég cinghgn pt Wésftaéﬁ‘@ Jvfofﬁ an aver age
crystal size %u.@b%k rSulie zmupfm%s\mtirmefow@ h&sthaGtl Gf Y81 ahs Vere

converted into the hydrogeh form Wo | 0on exchanges w th arfmoni um nitrate
sol uti onsat rd’dphat\eim@féiq,lmaD/ﬁ@mﬁﬁebf%dﬁbﬁrﬁme?wh@naﬁtnewmﬁﬂe&QOC) and

cal ci nati on at, ﬂtfbogof %Q{Q@ﬁor 6 hours. The resulting ZSM 12 crystals had a
Si 1A 20 nol*h trTo of 51.8, an 2 3 MAR 2007 16 Al pha val ue of 330, and
a Dr2 paranmeter for 1,3,5-trinmethyl benzene (nesitylenc) at 100C of 1400 x

107'. Exanmple 6 5
P Example §

10 A mixture was prepared from 1204 g of water, 105 g of
methyltriethylammonium Bromide (MTEABT), 283 g of sodium silicate solution,
16.8 g of aluminum nitrate and 16.45 of sulfuric acid (98% solution). The mixture

had the following molar composition:

Si10,/ALO;, = 60
15 B0/ 810, = 37
OHY §i0, = 03
Na'/ 8i0, = 0.6

MTEAB/SIO, = 04

20 The mixture was reacted a1 320°F (160°C) in a 2 liter 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, The
SEM of the as-synthesized material shows that the material was composed of

25 agglomerates of small orystals (with an average crystal size of about 0.05

microns),

The as-synthesized ¢rystals were converted mto the hydrogen form

by two fon exchanges with ammonium nitrate solution at room temperature,

30 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 8i0/ALO, molar ratio of 51.8, an



A m xture was prepared from 1185 g of water, 98 g of

nmet hyl triethylanmonitrm chl oride (MEACI), 204.5 g of Utrasil yM@A mof
sodi um al um nate sol ution (45%, and 43,2g of 50% sodi um hydr oxi ut| on
The m xture had the follow ng nolar conmposition: 10 S102/ Al2Q3 =

H2OSIO =22 OH/ Si2 = 0.22 Nel 8362 = 0.22 MEAC /S Q2 0.2 15 The
m xture was reacted at 285F (140C) in a 2 |liter autoclave vm'th stirring at
150 RPM for 336 hours. The product was filtered, washed with deionized (D)
wat er and dried at 250F (120C). The XRD pattern of the as- synthesized

mat eri al showed the typAl?,gA viuE Q,fglgasg,dog F8Vbagmétad 00y, 5-vih@hyd0 SEM of t he
as-synthesized material s shown in |gure 3 and shows that the naterial
was conposed dknmgeinmsiviencry 160°Coidfl0 kst als (with an average crystal

size of about 0.05 mcrons). The as-synthesized crystals were converted into
t he hydrogen form 25 by two ion exchanges with amoniumnitrate solution at
room t enper at y,gmpld ®! | owed by drying at 250F (120C) and cal ci nation at
1000F (5400 for é) hours. The resulting ZSM 12 crystals had a Si Q2/ Al 20,

nol ar rabio of 46.3, an Al pha value of 472, and a D/r2 paraneter for
1,3,5-trirnethyl benzeng gnmbtwiseg@),are@tfw}ipol@gg)fg3@0@,@& 168 2 ¢ MAR 2007

17 Exanple 7 A reaction mxture having the sane conposition as in Exanple 3
was conbi ned whdiyl@Bichybsmofinmedinsido (MIEMD22645 grafdiltred PM. Bkamfle 6 and 5

e et e A CRACko e PRI OB MBI RIQE 2 190 RM

for 120 hours. tere shed water and dried at
120C. The mixture had the following melar composition:
10 S10,/AL 0, = 50
H,0/ Si0, = 22
OHY Si0, = 0.22
Na'/ §8i0, = 0.22
MTEACYSi0, = 0.2
15

The mixture was reacted at 283°F (140°C) in a 2 liter autoclave
with stirring at 150 RPM for 336 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattem of the as-
synthesized material showed the typical pure phase of ZSM-12 topology. The

20 SEM of the as-synthesized material is shown in Figure 3 and shows that the
material was composed of agglomerates of small crystals (with an average crystal

size of about 0.05 microns).

The as-synthesized crystals were converted into the hydrogen form
25 by two ion exchanges with smmonium nitrate solution at room temperaiure,
followed by drying at 250°F (120°C) and calcipation at 1000°F (540°C) for 6
hours. The resulting ZSM-12 crystals had a 810,/AL0, molar ratio of 46.3, an
Alpha value of 472, and a D/r® parameter for 1,3,5-triznethy] benzene (mesitylenc)
at 100°C of 3600 x 10%.



The XRD pattern of the as-synthesized material showed the typical pure phase
of ZSM 12 topol ogy. The SEM of the as-synthesized material is shown in
Figure 4 and shows that the material was conposed of aggl oner t3%lR%q073ma”
crystals (wwth 10 an average crystal size of about 0.05 mcro

as-synt hesi zed crystals were convertedlinto the hydrogen form by two ion
exchanges with ammonium nitrate solution at roomtenperature, followed by
drying at 250F (120C) and cal cination at 1000F (540C) for 6 15 hours. The
resulting ZSM 12 crystals had a Si Q2/ Al 20, nolar ratio of 48.2, an Al pha
val ue of 560, mq,pae{)/rz parameter for 1,3,5-trinmethyl benzene (mesitylene)
at 100C of 8,450 x 100. The relative actl vity and the Si 2/ A1203 corrp05| tion

of the ZSM 20 12 crystals of Exanples | to 7 are plotted in Figure 5. It
will be seen from Fi gurg seaudNaikudetMvil tﬁéééﬁleado& Wiy a%ll%&ﬂ%é? <60 and the
desi red norphol ogy in the ?orm of aggloner at smal | can be

produced by usi#sgohdbindd with @r5exiic dé sapds oﬂﬁM-IQadstpsodacedZB(Ez@@ﬂéﬁ(ahdo 1600)

under stirred conditi,o nm 12/ ym na

pr epar ed?f rom‘%@'ﬁ‘&{“f’%{bép Pﬁ—ﬁ?@ﬁ{nafﬁeﬁﬂmﬁ?@% %ﬂﬁé@@%&ml e 5 m xed
with 35 parts 19f He@ROTHE pid@ics ies filRHER, alamumamqm xaat&ramdlaasdmzmte m xture was
mul l ed and formed into 1/16" 30 cylindrical extrudates. The prepared

ext rudat es werkediRIR gatigm efghyrasey dmatenal shayd o ypicpueoiarei 6034
PCT/ US2003/ 032833 12 %:ﬁ;oxoggl @hmfh 8f 104 QOQIRHeA4AThatkiOA 15@}1&%‘{11951%1@@ fini shed

extrudat e had an The finished extrudate was then inpregnated
with an ammnlanmsh@spml mm@ WAPRRpaser oft agalomeiates ohenall carstals(eithes s

i mpregnation to rudate. . The extrudate was dried
at 250Fq%1200) Tagﬂygf%g%}r(\%ﬁadr? Po @Plﬂﬂ%r & ned inair for 1 hour at 975F

(524C). The inpregnated and cal CI ned extrudate was steaned in 100% st eam at
900F (482C) for 5.5 houi:hse. as—syn%icsmmryswls were converted into the hydrogen form
by two ion exchanges with ammonium niwate solution at room temperature,
followed by drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6
15 hours. The resulting ZSM-12 crystals had a 8i0,/Al,0, molar ratic of 48.2, an
Alpha value of 560, and a D/r* parameter for 1,3,5-trimethyl benzene (mesitylens)
at 100°C of 8,450 x 10°.

The relative activity and the 810,/Al,0, composition of the ZSM-

20 12 crystals of Examples 1 to 7 are plotted in Figure 5. It will be seen from Figure

5 that Z8M 12 crystals with 5i0,/AL0O, <60 and the desired morphology in the

form of agplomerates of small crystals, can be produced by using MTEA
hydroxide or their salts at 260-320°F (140-160°C) under stirred conditions.

25 Example 8

A Z8M-12/alumina catalyst was prepared from 65 patts of H-form
Z8M-12 crystal produced in Example 5 mixed with 35 parts of LaRoche Versal
300 alumina on a dry basis. The mixture was mulled and formed into 1/16"

30 cylindrical extrudates. The prepared extrudates were dried at 250°F (120°C) and



catal yst contai ned 0.44wt % Re and had an al pha val ue of 60. 10 Exanple 9 The

catal yst prepared in Exanple 8 was tested in the catalytic C?Mﬂgﬁn of a
03285

C9+ aro i C cont ai ni ng about 60wt % Tol uene and h 'T%:;S precise
conpositi Q%P‘If@ﬁgﬁ“’n Tabl e 2 bel ow. The catalytic eval ug’ﬁ onszovvere “per f or med

inamcrounit having a 3/8" (9.5 mm external dianmeter reactor tube, into
whi ch was | oaded catal yst, mixed with d8nd as a packing naterial. After

| oading in the reactor, the catalyst was dried at 200C for 2 hours and
reduced with hydrogen for 1 hour at 427C and a hydrogen pressure of 340

psi g (2445 kizined0 100 F B0ty fordshdufen hrdirfishednaeidie ta@@anlpia éthe
reaction tenperature of 427C and the reaction was conducted at a pressure

of 340 psi g 12445 kPa), a hydrogen to hydrocarbon nolar ratio of 1.2 and a -
VWHSV of 3-6. The results are sumarized in Table 2 below. 2 3 MAR 2007 WD
2004/ 046034 PCT/ US2003/ 032853 19 Table 2 WHSV 6.00 3.00 3.00 3.00 3.00 3.00

3.00 Da S 13k . Y 't %6 FEED
PRODUCT Wot hane. 1. o9 ir.h%gﬁ’%‘f’}%g %@%ag.‘g% @Fggmgr%aé%z%% gg%ﬁ”ﬂzﬁﬁog 2.16

2.09 & 09 2.pe&herRreofyRN®idtichbvid 1d@pitntlwethedbGniprédnation o give1.5+w84 Re70 0. 55
0.68 0.68 0.74 0.64 0.70_C5 0.11 0.08 0.11 0.07 0.08 0.08 0.08 C6 non-A
0.36 0.36 0.opihpeximdater7 The grtiradaie wagdrigg At 2005 §52Q5 (Y forp2 bours apd theno1 0. 01
0.01 Benze 9, . 1]. ol ochl. 1: 5 39. 87
39.97 36. 60%%8??3;56?%30%%. %@”3%‘. giﬁ (SHCy e imphEgnaldd Y50 Taftincdt®
extrudate was steamed in 100% steamn at 900°F (482°C) for 5.5 hours. The final
catalyst contained 0.44wt% Re and had an alpha value of 60.
10

Example 9

The catalyst prepared in Example 8 was tested in the catalytic
conversion of a Cy+ aromatics feed containing about 60wt% toluene and having
15 the precise composition given in Table 2 below. The catalytic evaluations were
performed in a microunit having a 3/8" (9.5 mm) external diameter reactor tube,
into which was loaded catalyst, mixed with sand as a packing material. After
loading in the reactor, the catalyst was dried at 200°C for 2 hours and reduced with
hydrogen for 1 hour at 427°C and a hydrogen pressure of 340 psig (2445 kPa).
) 20 The reactor was then heated under nitrogen to the reaction temperature of 427°C
and the reaction was conducted at a pressure of 340 psig (2445 kPa), a hydrogen to
hydrocarbon molar ratio of 1.2 and a WHSV of 3-6. The results are summarized
in Table 2 below.
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results are mer T Zzed T Tabte 13 et O 111 8Fh 30'“ 0071 008 0.0’ 0.08
C6 non-A 0.36] 0.36] 0.27} 027] 027/ 0.27] 0.30
*) C7 non-A 0.02] 0.01] 0.02] 0.01] 0.01f 0.01] 0.01
Benzene 9.43] 9.58! 11.191 11.35| 11.60] 11.47{ 11.76
Toluene 62.95| 39.87] 39.97| 36.60| 36.37] 36.72| 36.52| 37.84
Ethyvlbenzene 0.05) 1.59 1.65{ 1.11{ 1.06] 1.12] 1.09] 1.31
Xylenes 3.26] 26.98( 26.80} 31.09f 31.54{ 31.30] 31.53] 29.46
Cumene 034 0.014 001 001 001 0.00] 0.01] 0.01
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Hydrogen Consumption (%) 13.42) 11.23 10.77| 4.39] 1.98] 1.73] 1.43
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results are summarized in Table 3 below.

Table 3
WHSV 6 6 6 3 3
Days on Stream 1.13 1.90 2.83 3.83] 4.83
) Yieids, wi%
Methane 1.27 1.06 1.27 0.33 0.08
Cc2 2.09 2.21 2.09 2,15 209
Propylene ' 1.16 1.19 1.16 1.45 1.51
C4 0.81 0.781  0.75] 092! 0.78
C5 0.11 0.08] 0.11 0.07/ 0.08
C6 non-A 0.37 0.37) 037] © 0.34] 0.32
C7 non-A 0.02 0.01 002 0.01 0.01
Benzene 10.39] 10271 1029 11.23] 11.60
Toluene 36.92] 36.65] 37.33] 40.86| 36.67
{Ethylbenzene 1.73 1.74 1.79 1.40 1.37
Xylenes 29.12) 29.28] 28.65 26.23] 30.25
n-propylbenzene 0.01 0.01 0.01 0.00 0.01
Ethyltoluenes 3.38 3.43 3.51 1.04[ 243
Trimethylbenzenes 9.96] 10.13 9.98] 10.84 9.98
Propyltoluenes 0.00 0.00 0.00 0.04] 0.00
3 Diethylbenzenes 0.07 0.07 0.07 0.01 0.04
' Dimethylethylbenzenes 0.77 0.78] 0.77 0.70{ 0.65
Tetramethylbenzenes 0.51 0.52 0.49 0.65 0.58
Indan 0.34 0.35 0.35 0.33]  0.31
Methylindans 0.08 0.08 0.08 0.10  0.09
Naphthalene 0.09 0.09| 0.09 0.10}  0.09
Methylnaphthalenes 0.18 0.190 0.18 0.27) 0.25
Other 0.63 069 0.64 0.93] 0.82
Toluene Conversion (w1%) 41.35] 41.77] 40.691 35.09! 41.74
A9+ Conversion (wi%) 52.77] 51.63] 52.35 5591} 55.06
Toluene + A9+ Conversion (wt%) 45311 45.11] 44.75] 42.14] 46.23
BTX (wt%) 76.43] 76.201 76.27] 78.32; 78.51
Benzene Purity (% C6) 96.59| 96.55] 96.50| 97.05{ 97.30
Ring Loss (mo} %) 4.15 420 4.10 287 289
Hydrogen Consumption (%) 14400 12931 14.08 4.17 3.46




Benzene Purity (% C6) 96.59 96.55 96.50 97.05 97.30 Ring Loss (nol % 4.15
4.20 4.10 2.87 2.89 Hydrogen Consunption (% 14.40 12.93 14.08 4.17 3.46 2
3 MAR 2007 21 CLAIMS 1. A porous, crystalline material havi ngZfiéR 2007
framework structure of ZSM12 and a conposition involving the nolar

rel ati onship: X233:(n) YO2 wherein X is a trivalent elenent, Yis a

tetraval ent element and n is |ess tha”dl60, wherein the average crystal size
of the material is less than 0.1 micron and wherein the material has a

D ffusion Paraneter for nesitylene of at |east 1000 x 10-6 sec -1 when
measur ed @j.A3M9g enperature of 100C and a nesitylene pressure of 2 torr. 2.
The porous, crystalline material of claim1, wherein nis 20 to | ess than
60. 3. The porous, crystalline material of claim1, wherein Xis al um num
and Y is SI|I oh | r wherein
sai d nat erl al R§8r0u§ ag l&ﬁl"& ﬂael hl%?l1¥1 }(lgeeééés %?&%gtgmh@]e 0$ZSM ?)irgﬁudé

crystall |d:t&npminen|na401\01ﬁgmleandhﬂrelamb1&hm n said material has an al pha val ue
in excess of 300. 6. A proce for nt hesi zi ng t he porous, crystalline
material of claim1l1, conpri sis}'??é)-"(‘ﬁ)ﬁ(sé};steps of: (a) preparing a mxture
capabl e ofp&em [!;Ql ti‘?i@!al@nt”é@én‘?e,rn't?3“1Ir is aﬁ@%rﬂral@nt(él%@nt(‘aﬁmﬂ% Ri$'Ban BQUNRSn Of al kal i
or alkaline earth netal (M, an oxide of trivalent el ement (X), an oxide of
t et r aval et awdregesanystlgjze olﬁy@rroa@ymal Qﬂess)tharo(h $ mlwan @nd sherein the material

methyltrigth mxlt re has conposi tion,
in tgrms %1‘5 aﬁé?ﬁgpﬁh}?@?e ?rﬁpﬁltgﬁéé Ot\fl\% wrbrqg ranﬁé‘:«’aC W ﬁ%ﬁb@d té}rrgss t han
100  H2Q péferatuldot M02O@nd Prhesitidenepressireld? 2Qork.

2. The porous, crystalline material of claim 1, wherein n is 20 to less than 60.

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

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

value in excess of 150.

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

value in excess of 300.

6. A process for synthesizing the porous, crystalline material of claim 1, comprising
the steps of:

(a) preparing a mixture capable of forming said material, said mixture comprising
sources of alkali or alkaline earth metal (M), an oxide of trivalent clement (X), an oxide
of tetravalent element (Y), hydroxyl (OH") ions, water and methyltriethylammonium
cations (R), wherein said mixture has a composition, in terms of mole ratios, within the
following ranges:

Y0,/X;03=less than 100
HyO/YO, = 10 to 100
OH/Y0,=0.1t00.6



2 3 MAR 2007 22 MYQ2 = 0.1to0 0.6 RY02 =0.1to 0.6, (b) maintaining
said m xture under sufficient conditions until crystals of said nateri al

are forned; and (c) recovering said crystalline material fror@EM&pI0Ti). 7.
The process of claim6, wherein said reaction m xture has a conposition in
terms of nole ratios within the foll ogw ng ranges: Y02/ X203 = 40 to 80
H2O'YOR = 15 to 40 OH'/YOR = 0.15 to28.4 MYOR2 = 0.15 to 0.4 R YO = 0.15
to 0.4. 8. The process of claim®6, wherein said conditions include a
tenperature of 170C or less. 9 The process of claim6, wherein said

condi tions include Mt@mpenabore of 140C to 160C. 10. The process of claim
6, wherein Mis sodium 11. A process for converting C9+ al kyl aromatic
hydrocarbons to a pg¥E&uct0.1#P-8ding xyl enes, conprising the step of

cont act | ”% a fﬁ%ﬂtaﬁ{? &Eﬁ%ﬁ&ur@%ﬁd&'sbfﬂcﬁni’ befons ﬁXﬁr&fﬁﬂ%’ﬁQ&i&:ﬂ%mer W th

t ol uene and/ or benze er conversion conditions w por ous
crystal |l iare foratedyandl of claim 1. 12. The process of claim1l, wherein n is
20 to less. than 60., 13. The rocess. o claim.Jl11l, wherein Xis alum numand Y
is silico® 2 BCQRRNSERIGCrysaling majgria [?P’i'}c%?s(“ f claim1l, wherein said
porous, crystalline material has an al pha value in excess of 150. 15. The

process of claim11l, wherein said porous, crystalline materjial has an al pha
The process of claim 6, wherein said reaction mixture has a composition in terms

of mole ratios within the following ranges:
YO,/X203=40 to 80
H,O0/YO, =151t0 40
OH/YO;=0.15t00.4
M/YO,=0.15t0 0.4
R/YO,;=0.15t0 0.4.

8. The process of claim 6, wherein said conditions include a temperature of 170°C

or less.

9 The process of claim 6, wherein said conditions include a temperature of 140°C

to 160°C.

10.  The process of claim 6, wherein M is sodium.

11. A process for converting Cqt+ 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 material of claim 1.

12.  The process of claim 11, wherein n is 20 to less than 60.

13.  The process of claim 11, wherein X is aluminum and Y is silicon.



val ue in excess of 300. 16 The process of claim 11, wherein said conversion
conditions include a tenperature of from about 650 to about 950F (340 to
510C), a pressure of fromabout 100 to about 600 psig (790 to UDMAR RHA), a
wei ght hourly space velocity of between about 0.1 and about 200 hr's, and a
hydrogen to hydrocarbon nolar ratio of between about |I and about 5. 17. The
process of claim1l, wherein said con¥®rsion conditions include a
tenperature of from about 750 to about 850F (400 to 450C), a pressure of
fromabout 200 to about 500 psig (1480 to 3550 kPa), a weight hourly space

vel oci ty 1et wage pafResstof chrif 13 Wh@biahid4Rrds, crystalife MaRyiall @R alpla Ny dr ocar bon
nol ar ratio of between about 1 to about 3. 1%. The process of claim11,

wher ei n &valug in eegssof 18Pso contacted with a second nolecul ar sieve having a
constraint index of 3 to 12. 19. The process of claim 18, wherein said
second nol ecul ar sieve is selected from ZSM5, ZSM 11, ZSM 22, ZSM 23,
ZSM 35, Z23M 48he ptiess bf ataiin ASMvb&ein said porous, crystalline material has an alpha

value in excess of 300.

16 The process of claim 11, wherein 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 4240 kPa), 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.

17.  The process of claim 11, wherein said conversion conditions include a
temperature of from about 750 to about 850°F (400 to 450°C), a pressure of from about
200 to about 500 psig (1480 to 3550 kPa), a weight hourly space velocity between about
0.5 and about 20 hr’', and a hydrogen to hydrocarbon molar ratio of between about 1 to

about 3.

18.  The process of claim 11, wherein said feed is also contacted with a second

molecular sieve having a constraint index of 3 to 12.

19.  The process of claim 18, wherein said second molecular sieve is selected from
ZSM-5, ZSM-11, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57 and ZSM-58.





