WO 2011/ 017506PCT/ US2010/ 044527 1 - SYNTHESI S AND USE OF ZSM 12 10001] Thi s
Application claims the benefit of U S. Provisional Application 61/273,711
filed Auguet20#1/012969. FIELD [0002] This invention relat eenuszaopumes’s for
the synthesis of ZSM12 with controlled nesoporosity and to the use of the
resultant ZSM 12 in catalytic processes, particularly in the conversion of
C9+ aromatic hydrocarbons to xylenes. BACKGROUND [0003]ZSM 12 and its
conventional preparation in the presence of a tetranethylamoni um or
tetraet hyl ammoni um directing agent are thught by U S. Patent No. 3,832,449
the entire disclosure of which is incorporated herein by refer ence. ZSM 12’
has a distinctive X-ray diffraction pattern which distinguishes it from

ot her known crystalline i_%__h__'__d__f

s1$ A0PBIUSEF ZSM-1gr owi ng demand f or
ZSM 12-type cat al yst rraterrgllii*‘r e chemcal and refining fields. As a
result there is significant interest in developing inproved techniques for
the synthesis of ZSM12. [0005]U. S. Patent No. 4,391, 785 discl oses a net hod

for the sy is Z r t
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di met hy! pyrgh e s Rald Age@Ad, 2099 met hyl pyrrol i di ni um hal i de.

FIELD

[0002) This invention relates to a process for the synthesis of ZSM-12 with
controlled mesoporosity and to the use of the resultant ZSM-12 in catalytic
processes, particularly in the conversion of Cot+ aromatic hydrocarbons to

xylenes.

BACKGROUND

[0003] 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.

[0004] 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.

[0005] U.S. Patent No. 4,391,785 discloses a method for the synthesis of
7SM-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.



WD 2011/ 017506PCT/ US2010/ 044527 2 [00061U.S. Patent Nos. 4,452,769 and
4,537,758 di scl ose nethods for synthesizing ZSM12 froma reaction m xture
cont ai ni nyoreetigliosi et hyl amoni um i ons as the directi ngPagarsko10Dins3se
patents are primarily directed to producing high Si02/ Al 203 ratio forns of
ZSM 12, greater than 80 in the case of the '769 patent and greater than 200
in the case of the '758 patent. Mreover, one of the stated advantages in
the ' 769 patent of using nmethyltriethylamoniumions as the directing agent
is the production of large crystal size-daterials. [00071Qt her organic
directing agents that have been used to synthesize ZSM 12 incl ude

DABCO- Cn-di quat ions where n - 4, 5 6 or 10 (see U S. Patent No.

4,482, 531) rosd( dired hplbRihpeghsi ai ) idhyl STE74®ndis¢ieee ethodPafeent No.
4,539, 193) ,[o@etﬁzyl r.e?hﬁ‘?ﬁ%ﬁ. Efﬁ%’n‘? E@ge 0. S’ Patent No. 4,552,738),

di benzyl di %;,ﬁmbﬁmﬁgni urZ$omns?2 ( sedroiP- A- 467, 28RYiondi menixyurgi et PNEAMIBEI um
ions (see US. Patent No. 4,552,739), benzyltrinethyla nium i oqs see
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diquat-n iopn = HOthel dakt W€ iRed SBY
vari abl es g}ﬁ%hgggﬂ F‘}?\é\&gﬁﬁfg}éﬁ} a7l%u9 ggﬂtrn% a%lbrgfa}??%aﬁo%@?he reaction m xture,

t enperat ur %a%ﬁ. ShMdreobWd, dnleof tys saltedradphathgey imftheyAcHeapditentzebusings,
such as ZSM 12, is mainly dom nated by the choice of directi ng%ag@nt used
in the cryshethyltrethylmmmioiumxianplas, the ditcgting agenbis the\proslucign Aldatdtaped
crystals can be produced using a benzyltrinmethyl anmoni um di recting agent,

ri ce- shapedr¥itgksize mateislbe nade in the presence of tetraethyl anmoni um
salts, and bundl es of hexagonal platelets can be prepared fromwth a
hexanet hyl enei m ne directing agent. The control of zeolite crystal

nor phol ogy 7[?8%7 ry OiRRreantc difedtinghgeatsahainaivetbeeh wsed itw syntheside Z83bi 1 ity
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to 0.4. Theqfjushabhd ahticowhete ward,iSedr 6ut at a tenperature of 170C or |ess
for a tine of about 50 to 500 hr. [00010] In addition, US Patent
Application Publication No. 2008/ 0035525 di scl oses a process for producing
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tetracthylammonium salts, and bundles of hexagonal platelets can be prepared
from with a hexamethyleneimine directing agent. The control of zeolite crystal

morphology is very important from the standpoint of activity and stability



WO 2011/ 017506PCT/ US2010/ 044527 4 - 120 to 200C, preferably from about 140
to 180C, for a tine of about 50 to 500 hr, in particular fromabout 100 to
250 hr. [woCamjoi#zeeording to the present invention it hasTrswibees2t ound
that, by nmodifying the reaction mxture and reaction tenperature, the time
required for synthesis of ZSM 12 can be reduced to | ess than about 50 hours
thereby increasing production throughput as well as reducing the overall
cost of synthesis. In addition, depending on the synthesis conditions, the
resultant ZSM12 is in the form of aggloderates of closely or Ioosely’
packed, small ZSML2 crystals. [00012] It is to be appreciated that

al though ZSM 12 is normally synthesized as an al um nosilicate, the,

framewor k- g Hi QiR 3 TR nBRIdat i applicATONsCHmbM cF pbiacieel iDyesitabés for

r
trivalent enen ~such as boron, iron and/or gallium and the franework
silicon Cafhi%? aelvity adndy smbilitpripoatsd wfrthpl lgher byrfaceherea; endabencenthe

el enents such as germani um SUMVARY [00013] In one aspect, the invention
resi des i n shopendidfusidropathyof sreall erysiglangisrialis, crystal line material having
the framework structure of ZSM 12 of the formula: (n)Y02: X203 wherein X is
atrivalent elenent, Yis a tetravalent elenent and n is between about 80

and about 9 t he | BhcRG¢ B Ngi Xt eyathpa
: 1600 Q OffN.| Paredt N2 n laf of
form ng saﬁg 2 engf , g@@?&‘%m xt u?%tectorlr\(p(fi @?gg’@ggu?lgglgg%%tal Egl [ B?rb oo

al kal i ne eazgN1-mEhatingM silRa toxildmind nolavstentesetieare 60, @xXpyerage
tetraval ent el ement n% hydroxyl ions (Off), wa » Xpyerage sxy Rl of

by o Liphirtrr R
ranges: voanssinene abel KastloNIDo 9oz e ik g1 HRRBHBR 41058 58,
and a me'sfc‘f}(l)l’enggges&l%ogf Ttdhr 18nk %ygth%g’is is conducted by crystallizing a
reaction mixture comprising a source of an oxide of a trivalent element X.,a
source of an oxide of a tetravalent element Y, methyltriethylammonium cations
(R) as a template, an alkali metal and/or alkaline earth metal ion source M
having the valency n and water; wherein mixture has the following composition
in terms of the molar ratios: YO,/X,05 is 40 to 80, HyO/YO, is 15 to 40, OH”/
YO, is 0.15 to 0.4, M/YO; is 0.15 to 0.4 and R/ YO, is 0.15 to 0.4. The
crystallization is carried out at a temperature of 170°C or less for a time of about

50 to 500 hr.

[00010] 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,0:8i0; ratio is selected between 5 and 15, the molar
M,;,0:Si0; ratio is within the range from 0.01 to 0.045, molar TEA'/SiO; ratio
is between about 0.10 and 0.18, the molar SiO,/AL,O5 ratio is within a range

from 50 to 150. The crystallization is carried out at a temperature of from about



(b) reacting said mxture at a tenperature of at least 300 F (149 O to
formcrystals of said material; and (c) termnating (b) after a

peri od ofwoizn/afsobess t han about 50 hours and recoveri rgTAB2@oOH453T al | i ne
material. 1000141 In one enbodi nent, said tenperature is about 300 F (149
C) to 330F (166C) such as about 320 F (160 C). [00015] Conveniently, (b) is
termnated after a period of tinme of |Iess than or equal to about 40 hours,
such as from about 30 hours to about 40 hours. [00016] Conveniently, the
nole ratio of H20/Y02 is between about 449€-and about 14. [00017]
Conveniently, the nole ratio of OFF7Y02 is about 0.20 to about 0.30. WO
2011/ 017506PCT/ US2010/ 044527 6 [ 00019] Conveniently, the nole ratio of

RIY02 is | 999 ¢hhape r%&q&abl RoabMiutQ4b50 18000200 £Laner & dbout Sitd 500

crystalline matérial’ tonprises aggl onerates of ZSML2 crystal s having a

medi an nes gpoinearaciilusirbat semn 190du250(k. and 40A, typical |y between about
10 A and 35 A, as neasured by argon-physisorption. In addition, the ZSM 12
crystals typically have an external surface area between about 10 and about

Foet des i 0QAPDF AREOTAERE 18 6P et thksror” i, HE, A5, ROEF Sound Mg pyent ! on
aromati c hﬁ§&§ﬂé@?ﬁ? rbQeiofl fftEdire Qﬁ@@&&fﬂnq%ngﬂ?rgﬂdge,%\%ﬁ@e:ﬁlﬁﬁ&??dr

Figures 1 provi de an argon-physi osorption spectrum and a

scanni ng e'sﬁﬁﬂfe@i@ 6 Z.S9I- 8D hednSEY) reduesetot lasel thanofibdadie SPrioaiust thefeb®xanpl e
1. 1000231 Figures 2 (a) and (b) provide an argon-physiosorpti f)n sgec rum
and a scannnegasihgcprastuctinr dyeaghput SeEn) wel eapaedpeiaRy theoroveral Hosh Rl of

Spectrum arsmHResisandD i Giet Aaberes oyt 4B ek raBREr R PGy 0"

product of m : % ' £ RbsBlyPacHed Anall ZSM-
ar gon- physi ﬁoﬁ tlsl gg’?&g)]&agggﬁ%&?ggrﬁ@%&gﬁgct rgn&%ﬁgr ograph (SEM,
respectively cQftafde product of Exanple 5. DETAILED DESCRI PTION OF THE
EVMBODI MENTS
[00012] 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, iron and/or gallium, and the

framework silicon can be partially or completely replaced by other tetravalent

elements such as germanium.

SUMMARY

[00013] In one aspect, the invention resides in a process for synthesizing a

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

formula:
(H)Y()z: X203

wherein X is a trivalent element, Y is a tetravalent element and n is between
about 80 and about 300, the process 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 ions (OH), water and



[ 00026] Described herein is a high solids, high tenperature process for the
synthesis of ZSM 12 which allows for the high throughput and short cycle

ti me syntwe=osl/afs0aggl onerates of closely or | oosely paekedsgomalob45ZEM 12
crystals, WD 2011/017506PCT/ US2010/ 044527 7 typically having an average
crystal size of less 0.05 mcron. Also described herein is use of the
resultant ZSM 12 crystals in the conversion of CO9+ aromatic hydrocarbons to
xyl enes. [00027] In the present process, a synthesis mxture is prepared
contai ning sources of alkali or alkalineSearth netal (M cations, normally
sodium an oxide of a trivalent element (X), normally alum na, an oxide of
a tetravalent elenent (Y), normally silica, tetraethyl ammoni umcations (R),
hydroxyl i S it lSAi e nigsure BN QnpatiogXipr essed
in termns oﬁgérr% fe}ﬂra}galltug@ug} Qgt)%léﬂée‘gﬁ?a{gh%@ | ows: Table 1 Oorrponpent Urgeful
Preferred ywehxafmoldfutios, 3BinlfiR follo®s0g HAGEY02 5 to 15 10 to 14

YO0,/X,0;3 = 100 to 300;
H,0/YO, =510 15;
OH/YO,=0.10to 0.30;
M/YO, = 0.05 to 0.30; and
R/YO,; =0.10to 0.20;

(b)  reacting said mixture at a temperature of at least 300° F (149° C)
to form crystals of said material; and
(¢)  terminating (b) after a period of time of less than about 50 hours

and recovering said crystalline material.

[00014] In one embodiment, said temperature is about 300° F (149° C) to
330°F (166°C), such as about 320° F (160° C).

[00015] Conveniently, (b) is terminated after a period of time of less than or

equal to about 40 hours, such as from about 30 hours to about 40 hours.

[00016] Conveniently, the mole ratio of H,0/YO, is between about 10 and
about 14.

[00017] Conveniently, the mole ratio of OH/Y O, is about 0.20 to about 0.30.

[00018] Conveniently, the mole ratio of M/YO, is less than or equal to about
0.15, such as less than 0.13.



0117Y02 0.1 to 0.3 0.15 t0 0.25 MY02 0.05t0 0.3 0.1to 0.2 RRY02 0.1 to
0.2 0.1 to 0.15 [00028] In one enbodinent, the nole ratio of MY02 is |ess
t han 0. 13wO0[20008%06Sone or all of the al kali or alkal i necearseéronetsat, M
can be added as a netal salt, such as NaCl, and NaBr, rather than as the
hydr oxi de, to assist in maintaining a low 01-1-/Y02 ratio to inprove silica
utilization (yield) while maintaining the MY02 ratio within the desired
range. 1000301 The synthesis nethod of the invention functions with or

wi t hout added nucl eating seeds. In a preferred enbodi nent, the reaction

m xture contains 0.05 to 5 wt % nucl eati ng seeds of ZSM 12. WO

2011/ 017506PCT/ US2010/ 044527 8 [00031] Crystallization is carried out under
ei ther stin r I hE iRER ERAPOY i$1ds5MReh eendubl anabout a
relativel y[glﬁgﬁﬁt e%%@ééﬁﬁlﬁglgpea{?&?ergggﬁ%oo F %ﬁQ O, andmglr ef erabl y about
300 F (149 ¢Qs.to 330F (166C), such as about 320 F (160 C). The
crystallization is conducted for a period of tine of |ess than 50 hours,
generally less than or equal to about 40 hours, such as from about 30 hours

to about 40 hours, whereafter, the resultant ,ZSM 12 cr | e “at ed
from the ndf9@20] i G&Berathia S?‘QC‘W@PQH’.C @9?%}%1 tcﬁ?glpﬁsegtaéa??%%ag%l ?‘ﬁgm?‘om ent
and short cryst.alli ' () (T et i labeus 10Ar ahdnetdA gh

t hr oughput Clszyﬁpﬁhas}% é‘%&#rpé;g,\*r{f?lan[ g‘%&@éﬁﬁ%ﬁ%?ﬁ??ﬁ??he synt hgsi S

condi tions &gﬂehﬂy%étwééiﬁab%ww%mhadméda@mebhmenrmwgbnmiwsssmtm Ise in
the form of “aggl onerates of either closely or |oosely packed sn'%ll
crytsjtalls, taylﬂitﬁci&i,ltheliéSMt 'nl;2f a:n},lfﬂa/lelrtag@aﬂﬁﬁgﬂ’ﬁlaflslﬁ?z@ﬁ@ﬁltﬂuf f(ﬂrg@it Fﬁ"&é‘?e@n. I n
particular, agglomerates of closely pac smal | crystals tend to be
produced atabeif & apgeheut 2 %@ftg?"lt%égsqrﬁ%‘i’? ¥Feequal to 0.1 and synthesis

tenperatures at least 320 F (160 C). In contrast, agglonerates of |oosely
packed small crystals tend to be produced at Na/Si nolar ratios of greater

than to 0. Logps1fi Ghel fmnRkPaspsect! anpenstmias wbidessa ubarof3fE ZMeQ

produced herein in the conversion of Co+ aromatic hydrocarbons to xylenes.

DESCRIPTION OF THE DRAWINGS
[00022] Figures 1 (a) and (b) provide an argon-physiosorption spectrum and a

scanning electron micrograph (SEM), respectively, of the product of Example 1.

[00023] Figures 2 (a) and (b) provide an argon-physiosorption spectrum and a

scanning electron micrograph (SEM), respectively, of the product of Example 3.

[00024] Figures 3 (a) and (b) provide an argon-physiosorption spectrum and a

scanning electron micrograph (SEM), respectively, of the product of Example 4.

[00025] Figures 4 (a) and (b) provide an argon-physiosorption spectrum and a

scanning electron micrograph (SEM), respectively, of the product of Example 5.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[00026] Described herein is a high solids, high temperature process for the

synthesis of ZSM-12 which allows for the high throughput and short cycle time
synthesis of agglomerates of closely or loosely packed small ZSM-12 crystals,



C). 1000331 d ose packing of the ZSM 12 crystals is denonstrated by the
medi an radius of the intercrystalline nmesopores being in the range of about
10A and awoubp11307506t ypi cal |y bet ween about 15 A and abowrCTAB2040/08s52Treasur ed
by argonphysi sorption. Loose packing of the ZSM 12 crystals is denonstrated
by the nedian radius of the intercrystalline nesopores being in the range
of about 20A and about 50A, typically between about 25 A and about 45 A, as
nmeasur ed by argon-physisorption. In addition, the closely packed ZSM 12
crystals typically have an external surfd@aee area between about 10 and about
20% of their total WD 2011/017506PCT/ US2010/ 044527 9 surface area, while
the | oosely packed crystals have an external surface area greater than 20%
of their t J f 0,4 - t iofhed Alss MesdritedZSM 12
pr oduced hg&@ggﬁgorﬁ%gﬁgh?fﬁ#ogﬁﬁalksgﬁtr?zlﬁr?#ngﬁgq&( I\/)AI cations as wel |
as the or gapir&inMReE bthd/frdltht EWBLD cristalsintthesosverfionaf €o- amenadic t he
ZSM 12 as a catalyst or adsorbent, the as-synthesized material is normally
treated to hyelmoceebeuas to xyrleds. of the organic constituent. This is
conveniently effected by heating the as-synthesized material at a
tenperature of from about 250C to about 550C for from 1l hour to about 48

hours. 100 IL&d, O [ pd/ @ntBRI@ASSI um
cations of O@ﬁhzﬁg l‘gﬁ?géérlggéenédﬁ@tce% al %ggtggglggfpggﬁlgezgg I#ﬁbzgccor élanc'en%;vi th
techni ques yRldesksToNRalk Br &I RE learAl mb@ASM) dutipas,! noral fyosodimah angxidd t h
other cations. Preferred replacing cations include netal ions, hydrogen

i ons, hydr osfem tgivaleatr slemene (X), nenmalhi alwmioasamedidd af artesavalenteiement

Particularly preferred cations are those which tc(ﬁ I ﬁrdt he. catal y{ic
activity Y Yo eormnky I8k deiFasEhylamRRIHYMOFALIS )0 RXAIOKY L LONS 911 WaLeT-

hydrogen, rare earth netals and netals. of I Y&y of B,
B P, ThE s ohe Sty B GBoRitRin, FiBHRRed i terisl B mlolewatidh o

El ements. | M 12 produced according to the present process has
an X-ray di ggsggaﬁgﬁﬁ%égt ern characterized by the X-ray diffraction |ines

in Table 1 below. WO 2011/017506PCT/ US2010/ 044527 - 10 - Table 1 D spacing
(A)Rel ative Intensity [100 x I/1ol 11.,19ab4ie(i. 2

Component Useful Preferred
Y0,/X,0; 100 to 300 150 to 250
H,0/YO; 5to 15 10to 14
OH/YO; 0.1t00.3 0.15t0 0.25
M/YO, 0.05t0 0.3 0.1t00.2
R/YO, 0.1t00.2 0.1t00.15

[00028] In one embodiment, the mole ratio of M/YO, is less than 0.13.

[00029] Some or all of the alkali or alkaline earth metal, M, can be added as a
metal salt, such as NaCl, and NaBr, rather than as the hydroxide, to assist in
maintaining a low OH/YO, ratio to improve silica utilization (yield) while

maintaining the M/YO, ratio within the desired range.

[00030] The synthesis method of the invention functions with or without added
nucleating seeds. In a preferred embodiment, the reaction mixture contains 0.05

to 5 wt% nucleating seeds of ZSM-12.
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[00031) Crystallization is carried out under either stirred or static conditions,
preferably stirred conditions, at a relatively high temperature of at least 300° F
(149° C), and preferably about 300° F (149° C) to 330°F (166°C), such as about
320° F (160° C). The crystallization is conducted for a period of time of less
than 50 hours, generally less than or equal to about 40 hours, such as from about
30 hours to about 40 hours, whereafter the resultant ZSM-12 crystals are
separated from the mother liquor and recovered. By virtue of its high solids
content and short crystallization time, the present process allows for the high

throughput synthesis of ZSM-12.

[00032] Depending on the synthesis conditions employed, the ZSM-12
produced by the present process can be in the form of agglomerates of either
closely or loosely packed small crystals, typically having an average crystal size
of less 0.05 micron. In particular, agglomerates of closely packed small crystals
tend to be produced at Na/Si molar ratios of less than or equal to 0.1 and
synthesis temperatures at least 320° F (160° C). In contrast, agglomerates of
loosely packed small crystals tend to be produced at Na/Si molar ratios of
greater than to 0.1 and higher synthesis temperatures of less than 320° F (160°
O).

[00033] Close packing of the ZSM-12 crystals is demonstrated by the median
radius of the intercrystalline mesopores being in the range of about 10A and
about 30A, typically between about 15 A and about 25 A, as measured by argon-
physisorption. Loose packing of the ZSM-12 crystals is demonstrated by the
median radius of the intercrystalline mesopores being in the range of about 20A
and about S0A, typically between about 25 A and about 45 A, as measured by
argon-physisorption. In addition, the closely packed ZSM-12 crystals typically

have an external surface area between about 10 and about 20% of their total
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surface area, while the loosely packed crystals have an external surface area

greater than 20% of their total surface area.

[00034] In its as-synthesized form, the ZSM-12 produced hereby contains
alkali or alkaline earth metal (M) cations as well as the organic material used to
direct its synthesis. Prior to use of the ZSM-12 as a catalyst or adsorbent, the as-
synthesized material is normally treated to remove part or all of the organic
constituent. This is conveniently effected by heating the as-synthesized material
at a temperature of from about 250°C to about 550°C for from 1 hour to about 48

hours.

[00035] To the extent desired, the original sodium and/or potassium cations of
the as-synthesized material can be replaced in accordance with techniques well
known in the art, at least in part, by ion exchange with other cations. Preferred
replacing cations include metal ions, hydrogen ions, hydrogen precursor, €.g.,
ammonium ions and mixtures thereof. Particularly preferred cations are those
which tailor the catalytic activity for certain hydrocarbon conversion reactions.
These include hydrogen, rare earth metals and metals of Groups I1A, IIIA, IVA,
VA, IB, 1IB, IIIB, IVB, VB, VIB, VIIB and VIII of the Periodic Table of the

Elements.

[00036] The ZSM-12 produced according to the present process has an X-ray

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

D-spacing (A) Relative Intensity [100 x I/Io]

119+ 0.2

10.1+0.2

4.76 + 0.1

4.29 +0.08
3.98 + 0.08
3.87 £0.07
3.49 +0.07
3.38 +£0.07
3.20+0.06
3.05+£0.05
2.54+0.03

s 585<€88

[00037] These X-ray diffraction data were collected with a Scintag
diffractometer using copper K-alpha radiation. The diffraction data were
recorded by step-scanning at 0.02 degrees of two-theta, where theta is the Bragg
angle, and a counting time of 1 second for each step. The interplanar spacings,
d's, were calculated in Angstrom units (A), and the relative intensities of the
lines, I/ Jo, 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
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also occur as a result of differences in cation content, framework composition,

nature and degree of pore filling, and thermal and/or hydrothermal history.

[00038] The crystalline material ZSM-12 produced according to the present

process has a composition involving the molar relationship:
X203 Z(H)YOZ

wherein X is a trivalent element, such as aluminum, boron, iron, indium and/or
gallium, preferably aluminum; Y is a tetravalent element, such as silicon, tin
and/or germanium, preferably silicon; and n is between about 80 and about 300
and preferably between about 150 and about 250. 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:
(0.01 to 2)M,0:(0.01 to 2)R;0: X503 :(n)YO,

wherein M is an alkaline or alkaline earth metal, and is preferably sodium, and R
is the tetracthylammeonium cation. The M and R components are associated with
the material as a result of their presence during crystallization, and are easily

removed by post-crystallization methods as described above.

[00039] The crystalline ZSM-12 described herein, 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
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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,
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 present
7SM-12 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, ¢.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
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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 ZSM-12 and matrix vary widely with the
7ZSM-12 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 produced by the present process is useful as

a catalyst in organic compound, and in particular hydrocarbon, conversion
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Utrasil silica: Si0Z/A 203 -250 Si02 = 14 Of/ Si02 = 0.205 Na/ Si02
= 0. 075 TEAItSheDoiling point of liquid argon (-87°K). Full isotherms were generated by
flowing argon to within 99.5% of the 1-atmosphere saturation pressure of argon
and then removing the sorbed argon with vacuum to about 280 torr (37 kPa) of
pressure. A classic BET model was used to calculate total surface area. A t-plot
model using argon film thickness was used to calculate the micropore volume
and external surface area of the samples. A BJH desorption model was used to

generate the mesopore size distributions and approximate average mesopore

size.

Example 1
[00049] A mixture having the following molar composition was prepared from

water, TEAOH (35% aqueous solution), NaOH (50% aqueous solution), sodium

aluminate (45% aqueous solution), and Ultrasil silica:

Si0,/ALL0; ~250
H,0/ SiO, = 14
OH/ SiO, = 0.205
Na'/ SiO, = 0.075
TEA/SiO, = 0.13

[00050] The mixture was reacted at 320°F (160°C) in a 5-gallon autoclave
with stirring at 250 RPM for 36 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 7ZSM-12 topology. The
SEM, Figure 1 (b), of the as-synthesized material shows that the material was
composed of more closely packed agglomerates of small crystals with an
average crystal size of < 0.05 microns. Argon-physisorption shows that the H-
form of the resulting product has an external surface area of about 17.5 % of the

total surface area and a mesopore radius of about 22 A, see Figure 1 (a).



[00050] The m xture was reacted at 320F (160C) in a 5-gallon autoclave with
stirring at 250 RPM for 36 hours. The product was filtered, washed with

dei oni zedwODbi1/matoer and dried at 250F (120C). The XRD pafriuseeiooisehe
as-synthesi zed material showed the typical pure phase of ZSM 12 topol ogy.
The SEM Figure 1 (b), of the as-synthesized material shows that the
material was conposed of nore closely packed aggl onerates of small crystals
with an average crystal size of < 0.05 microns. Argon-physisorption shows
that the Hformof the resulting productléhas an external surface area of
about 17.5 %of the total surface area and a mesopore radius of about 22 A
see Figure 1 (a). WO 2011/017506PCT/US2010/044527 - 16 - Exanple 2

[ 00051] A mixture having the follow ng nolar conposition was prepared from
wat er, TEACH (35% aqueous solution), NaOH (50% aqueous sol ution), sodium

al um nat e (Eﬁ%nggkous solution), and Utrasil silica: Si 02/ Al 203 - 250
H20/ Si 02 :[04 Si02 - 0.24 Na+/, Si02 =0. [’L25 TEA S

0051] A mixture having the following molar composmon was prepared from
water, TEAOH (35% aqueous solution), NaOH (50% aqueous solution), sodium

aluminate (45% aqueous solution), and Ultrasil silica:

$i0,/ALO; ~250
H,0/ Si0, = 14
OH/ Si0, ~ 0.24
Na'/ Si0, = 0.125
TEA/SiO, = 0.13

[00052] The mixture was reacted at 320°F (160°C) in a 5-gallon autoclave
with stirring at 250 RPM for 36 hours. T he 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
less densely packed agglomerates of small crystals with an average crystal size
of < 0.05 microns. Argon-physisorption demonstrates that the H-form of the
resulting product shows an increased external surface area of about 19.5 %
(compared to the total surface area) and larger (medium) mesopore radius of

about 28 A, as compared to the product of Example 1.

Example 3
[00053] A mixture having the following molar composition was prepared from

water, TEAOH (35% aqueous solution), NaOH (50% aqueous solution), sodium

aluminate (45% aqueous solution), and Ultrasil silica:
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[00054]
with stirring at 250 RPM for 36 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-

The mixture was reacted at 320°F (160°C) in a 5-gallon autoclave

synthesized material showed the typica! pure phase of ZSM-12 topology. The
SEM, Figure 2 (b), of the as-synthesized material shows that the material was
composed of less densely packed agglomerates of small crystals with an average
crystal size of < 0.05 microns. Argon-physisorption demonstrates that the H-
form of the resulting product shows an external surface area of about 20 % (as
compared to total surface area) and an increased medium mesopore radius of

about 32 A (Figure 2 (a)) as compared to the product of Example 2.

Example 4
[00055] A mixture having the following molar composition was prepared from

water, TEAOH (35% aqueous solution), NaOH (50% aqueous solution), sodium

aluminate (45% aqueous solution), and Ultrasil silica:

Si0,/Al,05 ~ 250
H,0/ Si0; ~ 13.8
OH7/ Si0, ~ 0.20
Na'/ SiO, ~0.15
TEA/SiO; = 0.13

[00056] The mixture was reacted at 320°F (160°C) in a 5-gallon autoclave
with stirring at 250 RPM for 36 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. T he



=0.13 [00054] The m xture was reacted at 320F (160C) in a 5-gallon
autoclave with stirring at 250 RPM for 36 hours. The product was filtered,
washed wiwb 2de/amioged (D) water and dried at 250F (120€rT/UBR@oXRB2pattern
of the as-synthesized material showed the typical pure phase of ZSM 12
topol ogy. The SEM Figure 2 (b), of the as-synthesized material shows that
the material was conposed of |ess densely packed aggl onerates of small
crystals with an average crystal size of < 0.05 mcrons.

Ar gon- physi sorpti on denonstrates that theé-Hformof the resulting product
shows an external surface area of about 20 % (as conpared to total surface
area) and an increased nedi um nesopore radius of about 32 A (Figure 2 (a))
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about 32 A (Figure 3 (a)) as compared to the product of Example 2.

Example 5
[00057] A mixture having the following molar composition was prepared from

water, TEAOH (35% aqueous solution), NaOH (50% aqueous solution), sodium

aluminate (45% aqueous solution), and Ultrasil silica:

Si0,/ALO5 ~250
1,0/ SiO, ~ 13.8
OH7 SiO; ~ 0.20
Na'/ SiO, ~0.15
TEA/SIO; = 0.13

[00058] The mixture was reacted at 300°F (150°C) in a 5-gallon autoclave
with stirring at 250 RPM for 36 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, Figure 4 (b), of the as-synthesized material shows that the material was
composed of much less densely packed agglomerates of small crystals with an
average crystal size of < 0.05 microns. Argon-physisorption demonstrates that
the H-form of the resulting product shows an of external surface area of about 20
% (as compared to total surface area) and an increased medium mesopore radius

of about 39 A (Figure 4 (a)) as compared to the product of Example 3.



WD 2011/ 017506PCT/ US2010/ 044527 - 18 - SEM Figure 3 (b), of the
as-synt hesi zed material shows that the material was conposed of

aggl oner awe=x0nf01r®ss densely packed small crystal s w t hPam/ise@oags2Tr yst a
size of < 0.05 mcrons. Argon-physisorption denonstrates that the form of
the resulting product shows an of external surface area of about 20 % (as
conpared to total surface area) and an increased nedi um nesopore radi us of
about 32 A (Figure 3 (a)) as conpared to the product of Exanple 2. Exanple
5 [00057] A m xture having the foll ow ntP aol ar conpositi on was prepared
fromwater, TEAOH (35% aqueous sol ution), NaOH (50% aqueous sol ution),

sodi um al um nate (45% aqueous solution), and Utrasil silica: Si02/ A 203 -
250 1120/ SoRfsofl ypnifl fthe rdder PvaRidh HasHOR dolbrRedTHAI SR 18y
100058] The m xture was reacted at 300F (150C) in a 5-gallon autoclave with
stirring atre2&@n&PNb furtid6lahozmisodifiteatyr ihwec tofwasdinaryt ekidld in hs hastl wilk h
dei oni zed (D) water and dried at 25QFei120C35 The XRD pattern.?f t he

as- synt hesi appaecratecinab (hesygation hendsyitselhio peratignsaaet naccssarily Aiiated gy .
The SEM Figure 4.(b),. of the_as-synthesi i Al

mat eri al erE’&mEé‘éﬁ'h%ireaﬁﬁghﬂ}e §¥f§f ‘é%l%%ggdggégﬁéﬁ{%g?%g@%t%ga@? Hs{grea I
crystals wigh 5@;9& is ' Sent invention.

Ar gon- physi ésltg)lrng%];f(gﬁﬁ{ mﬁi{f?ﬁ%ﬁ%@@ﬂﬁ%ﬁh?&f&éﬁg?ﬁ%ﬂ%@@ﬁe resul ti ng product
shows an of external surface area of about 20 % (as conpared to total

surface area) and an increased nmedi um nesopore radi us of about 39 A (Figure
4 (a)) as conpared to the product of Exanple 3.




WD 2011/ 017506PCT/ US2010/ 044527 - 19 - 100059] Wile the present invention

has been described and illustrated by reference to particul ar enbodi nents,
t hose of wodbnmysoskill in the art will appreciate that PCiaszooems2zon | ends
itself to variations not necessarily illustrated herein. For this reason,

then, reference should be made solely to the appended clains for purposes
of determning the true scope of the present invention. WO

2011/ 017506PCT/ US2010/ 044527 - 20 - CLAIMS: 1. A process for synthesizing a
porous, crystalline material having the Zramework structure of ZSM 12 of
the formula: (n)Y02: X203 wherein Xis a trivalent elenent, Yis a
tetraval ent elenent and n is between about 80 and about 250, the process
conprising:CLéJNﬁk (a) preparing a m xture capable of form ng said
material, sard mxture conprising sources of alkali or alkaline earth netal
(M, an oxide of trivalent elenent (X), an oxide of tetraval ent el enent

(Y), hydroxyl (OH) ions, water ,and tetraethyl gnmoni um catj on R) , erein
sai d m xt urg hasA RTesSHpINS isyntBesizing anorous. epysbing W%IF?%l&angt‘ﬁ? ﬁ‘@%"ﬁg‘”

followng r s PP = {£ 300; H20/Y02 =5 to 15; 01-17Y02 = 0.10
to 0.30: M%Rﬁe"f%ig%?z?‘gﬁg‘%%{;}mahd R'YO2 = 0.10 to 0. 20:

(H)Y02I X203

wherein X is a trivalent element, Y is a tetravalent element and n is between about 80
and about 250, the process 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
tetraethylammonium cations (R), wherein said mixture has a composition, in terms of
mole ratios, within the following ranges:

Y0,/X,05 = 100 to 300;
H,0/YO; =510 15;
OH/Y0,=0.10 to 0.30;
M/YO; = 0.05 to 0.30; and
R/YO; =0.10 to 0.20,

(b) reacting said mixture at a temperature of at least 300° F (149° C) to form
crystals of said material; and

(c)  terminating (b) after a period of time of less than 50 hours and

recovering said crystalline material.

2. The process of claim 1, wherein said temperature is 300° F (149° C) to 330°F
(166°C) and preferably is about 320° F (160° C).

3. The process of claim 1 or claim 2, wherein (b) 1s terminated after a period of

time of less than or equal to about 40 hours, preferably from 30 hours to 40 hours.



(b) reacting said mxture at a tenperature of at least 300 F (149 O to
formcrystals of said material; and (c) termnating (b) after a
period ofwoizne/mfsokess than 50 hours and recovering sai @CErusseialohdsoe
material. 2. The process of claiml, wherein said tenperature is 300 F (149
C) to 330F (166C) and preferably is about 320 F (160 C. WO

2011/ 017506PCT/ US2010/ 044527 - 21 - 4. The process of any preceding claim
wherein said nole ratio of H20/Y02 is between 10 and 14. 5. The process of
any preceding claim wherein said nole +2dti o of M Y02 is between 0.1 and
0.2. 6. The process of any preceding claim wherein said nole ratio of

M Y02 is |less than or equal to 0.13. 7. The process of any preceding

claim whergin sgjed,BBlse of il prefedgYOin, swhatineaid thole aanib 6f H5O/Y®, isThe

process of claim1,” wherein Said nol'e ratio of MY02 is |ess than or equal
to 0.1 and teaventl@mpdrldture is at least 320 F (160 C). 9. The process of
claim8, wherein said crystalline material conprises

5. The process of any preceding claim, wherein said mole ratio of M/YQ; is

between 0.1 and 0.2.

6. The process of any preceding claim, wherein said mole ratio of M/YO; 1s less

than or equal to 0.13.

7. The process of any preceding claim, wherein said mole ratio of R/'YO; is

between 0.1 and 0.15.

8. The process of claim 1, wherein said mole ratio of M/YO; is less than or equal

to 0.1 and said temperature is at least 320° F (160° C).

9. The process of claim 8, wherein said crystalline material comprises
agglomerates of closely packed ZSM-12 crystals having a median mesopore radius

between about 15A and 25A, as measured by argon-physisorption.

10.  The process of claim 9, wherein said agglomerates of closely packed ZSM-12
crystals have an external surface area between about 10 and about 20% of their total

surface area.

11.  The process of claim 1, wherein said mole ratio of M/YO, is greater than 0.1

and said temperature is less than 320° F (160° C).

12. The process of claim 11, wherein said crystalline material comprises
agglomerates of loosely packed ZSM-12 crystals having a median mesopore radius

between about 25A and 45A, as measured by argon-physisorption.

13.  The process of claim 12, wherein said agglomerates of loosely packed ZSM-12

crystals have an external surface area greater than 20% of their total surface area.



aggl onerates of closely packed ZSM 12 crystals having a nedi an nesopore
radi us between about 15A and 25A, as neasured by argon-physisorption. 10.
The procewe 20f/armem 9, wherei n said aggl onerates of cl @eselus2packesd7 ZSM 12
crystal s have an external surface area between about 10 and about 20% of
their total surface area. 11. The process of claim1l, wherein said nole
ratio of MY02 is greater than 0.1 and said tenperature is |less than 3200 F
(160 C). 12. The process of claim1l, wherein said crystalline nmateri al
conprises aggl onerates of |oosely packed2ZSM 12 crystal s having a nmedi an
mesopor e radi us between about 25A and 45A, as neasured by

argon- physi sorption. WD 2011/ 017506PCT/ US2010/ 044527 - 22 - 14. The
process of any pnf‘eqﬁaééag oplm’:y Precetthey Ehith, SetefeiX s4i@TDEdBSSsed hliinuMagd d’ Y
conprises silicon. ° 15. A porous, crystalllne mat eri al having the franmework
structure dwnzgﬁﬁﬂﬁhﬁﬁbduced by the process of any preceding claim 16. A
process for the conversion of C9+ aromatic hydrocarbons to xyl enes
conprising contacting a feed conprising at | east one C9+ aronatic
hydrocarbonjundes gabugr@yanligondatiiansaviag hha femedykt staotpe iofi AFMEHe

porous, crystalline material of claim15.
produced by the process of any preceding claim.

16. A process for the conversion of Cot+ aromatic hydrocarbons to xylenes
comprising contacting a feed comprising at least one Co+ aromatic hydrocarbon under
conversion conditions with a catalyst comprising the porous, crystalline material of

claim 15.



