F- 7847..—A LARGE CRYSTAL ZSM5, ITS SYNTHESIS AND USE

Thi s |H5é%?46n relates to large crystal ZSM5, its synthesis and its
us€ in catalytic processes. SM5 and its synthesis using

t et rapr opyl ammoni um (- a LG L ni..are disclosed
in US 5 PatentREELE ‘%é EA—EE—Apgg *"*id,ggs NRPSEr ge

crystal ZSM5, having a crystal size in excess of 1 mcron, can be
prepared froma_reaction mxture c ntalnl TPA at S prOV|ded t he
BT S Oerr) raThgS: St gmea atin fo 1erbecryatal g8y

Large CrYSB%tKSM'LE a&nd. e Q@@nhnusjamallwtdmpbecessesarepar ed Wlthout

difficulty when_the alugl n1cont nt .in_ . nt he |s mxture is | ow
As a result, wi ERMr3rge S%szFéPga| Géﬁ' atios of

}1801gr hi glprm catilgﬁ]:sf abalal mlnedmﬂd »g@tnttalamblda,s&d%&l%{)&n?ltios of
or lLower are di nventional | y

prepardd, PargBtzuRe 536{792 §%§ t %—r}légﬂurﬁ%e&i &bra, W3THE tends to be
non- uni f or erykthlazsM-5, Shawihigc anidrystiagheri zal um RUKBeEHGENtT ahi @Fbr >20%)

bei ng fou d on the quter surface, .as cqnpared wth the interior, 20
of the crySERIDE RFERPREM Z5RMNG FRAESIRR Toapenendaptaning TE go
crystals, bagibaenprepodeddth8eOH-Z6103 AlatiionW® maintadidied Mtin i n
Synthetic %ﬁollte ZSh:gl 0R Qvon Bal | nbos & W M Meier, Nature 1981
289, 782- 3-8 AFERERU Blstribution in Large ZSM5 Crystals”, K J.

Chao ®0J. Y. 25Lar§becnys£adll ZSMs5 19885 thicddn)" AswaEllymcéanivy i n ZSM 5
_AS FEB%%LS%eQVW§€h88 f%&cu yR%%%%akhe gld&ld&ﬁ“ﬁ%nté%t\gn
the synthesis mixture is low. As a result, with large
crystal 2SM-5, although SiO»/Al,03 ratios of 100 or higher
are relatively easily attainable, Si05/A1,03 ratios of 40
15 or lower are difficglt to attain.
In_conventionaily prepared, large ZSM-5 drystals, the
aluminum distribution tends to be non-uniform with a
significantly higher aluminum concentration (>20%) being
found on the outer surface, as compared with the interior,
20 of the crystal. Aluminum zoning in ZSM-5, especially in
large crystals, has been reported. See "Zoned Aluminum
Distribution in Synthetic Zeolite ZSM-5", R. von Ballmoos &
W. M. Meier, Nature 1981, 289, 782-3; "Aluminum
Distribution in Large ZSM-5 Crystals", K. J. Chao & J. Y.
25 Chern, Zeolites, 1988,:.8, 82; "Aluminum Zoning in ZSM~S As
Revealed by Selective Silica Removal”, R. M. Dessau, E. W.
Valyocsik & N. H. GoeKe, Zeolites, 1992, 12, 776.
Unexpectedly it has now baen found that by using amino
acids as the directing agent,hiarge crystal ZSM-5 of high
30 . aluminum content, Si0O5/Al,03 = 25-40, can readily be
obtained. Moreover, the resultant large ZSM-5 crystals
have essentially the same 5i0y/Al503 ratios in bulk (as
measured by elemental and NMR analyses) and on the surface
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In one aspect, the invention resides in a synthetic
porous crystalline material having the structure of ZSM-5
and a composition involving the molar relationship:

X,0;: (n) YO,,
wherein X is a trivalent element, such as aluminum, boron,
‘iron and/or gallium, p:eferably aluminum;-Y is a
tetravalent element such as silicon and/or germanium,
preferébly silicon; and n is greater than about 12, and
wherein the crystals have a major dimension of at least
about 0.5 micron and a surface framework Y0,/X,0, ratio
which is no more than 20% less than the bulk framework
Y0,/X,0, ratio of the crystal.

Preferably, the crystals have a major dimension of at
least about 1 micron.

Preferably, the surface framework Y0,/ X,0; ratio is no
more than 10% less than the bulk framework Y0,/X,0, ratio of
the crystal.

Preferably, n is'less than about 100 and more
preferably is about 25 to about 40.

Preferably, the crystalliﬂe material exhibits a
sorption time for 2,2-dimethylbutane for 30% of its
capacity, as measured at 120°C and 60 torr (8 kPa)
hydrocarbon pressure, of at least 5 minutes, preferably at
least 10 minutes.



‘preferabl silicon; and n is greater than about 12, and wherein the
crystal%‘%%ﬁ a mgj or dinension of at |east about 0.5 mcron and a
sutface framework Y02/ X203 ratio 20 which is no nore than 20% | ess than
t he bul k framework YJerr]/X[err]Jerr] ratio of the crystal.
Preferably, the crystals have a major dinension of at | east about 1
m cron. Preferably, the surface franemnrk YC{err]/ X[err]Jerr]

ratio is no 25 nore_ t %galowbless t han the bg]k XD
YO err]/ X er ] O A RGP AsPect,, (it Ayiyetion Zesides g, apiy, n is

! eSfS t hgln e%ﬁhe&(b Qﬁﬂ:dmsr Q:rystalnlrﬁ*fegﬁti)tte’riesl Abdwin@Sthe @bﬁuttéfﬁe
Preferably, the crysta material exhibits a 30 tion tinme for
2, 2- duneth?Fb&PEhé-ﬁ&A ofodisne, Dtsp ropgrhiqyA t%ﬁ?rihéé# St 120[err]C
and 60 tor hef® ikEPter demwd)cafﬂaqresyaswteqwf ad | pesfebalyl puless

preferably_ at | east 10 m nutes.
3 ? tﬁa 409-a furt her aspect, the invention resides in a

syntheti c poroudncrps & | funetheat @Spﬁdcthavttm ideestiotéeides infaZSM5
and a Tol uen hpgﬁpr port.ionati.on In%§¥ S cr séaifagéer eftnid) of
| ess than %% (ﬁ’fg WA Ha Yoty T4 further
aspect, thﬁaWﬂﬂ@ﬂﬁhH1SﬁfnchnrerbﬁiZSM—S comprising the steps of

forming a reaction mixture containing sources of an alkali

10 or alkaline-earth metal oxide, a trivalent metal oxide
X503, a tetravalent metal oxide YOy, water, and an amino
acid or salt thereof having the formula:

Q

15
Ry~ (CHp) z—clznc-OA

Ry

20 wherein R; is NHj, NHR; where R; is an adamantyl or cyclic
alkyl group, or a carboxylic acid group or salt thereof; Ro
is H, alkyl, aryl, alkaryl, NHy or NHR3 where R3 is an
adamantyl or cyclic alkyl group; provided that at least one
of Ry and Ry is NHy or NHR;, A is H or a metal and z is

25 from 0 to 15, provided that at least one of R; and Ry is
NH, or NHR3, and crystallizing the reaction mixture to
produce - said porous crystalline material.

Preferably, the amino acid or salt thereof is selected
from 6-aminohexanoic acid, lysine, glutamic acid and

30 monosodium glutamate.

The invention will now bé;more particularly described
with reference to the accompanying drawings, in which:
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t hereof; R2 FIG. 4 %§k§¢ aFyy, dbf?%???1°%w9a€FeRHR3fwﬁgﬁecﬂéci§edn
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and Rlerr] is NH[err] or Ais Hor a netal and z is 25 from

15, provi dé&¥eHat Ei’faq‘%]a%tzbne of Rlerr] and R[err] is NH2 or NHR3,
and crystallizi nerd hez r@@Cémosa—ﬁwtaifffsctlon pagHuen sai @ha%amémed
crystalline naterl ef er abl am no acid or salt thereof

i s sel éct ed®S H?Qﬁﬁ?ﬁ%h?%ﬁ%%x%H%Yﬁl%k?%yl9}¥Fh€e gfutheri igersingd 30
nDnosodlumagéﬁﬁﬂmggample 5). The invention will now be nore particularly
descri bed wth reference to the acconpa ngln dramnng i n whi ch:

4 FIG. 3 is an x-ray diffraction 8attern ' the calcined

ZSM-5 produced using 6-aminohexanoic acid as the directing
agent (Example 6). '

10 FIG. 4 is a SEM of the ZSM-5 synthesized with N-2-
adamantylglycine in Example 2.

FIG. 5 is a SEM of the ZSM-5 synthesized with N-
cyclohexylglycine in Example 4. '

FIG. 6 is a SEM of the ZSM-5 synthesized with 6-

15 aminohexanoic acid in Example 6.

FIG. 7 is a SEM of the ZSM-5 synthesized with
monosodium glutamate in Example 19.

The present invention provides a novel form of large
crystal ZSM-5 having a composition involving the molar

20 relationship:

X,0,: (n) YO,,
wherein X is a trivalent element, such as aluminum, boron,
iron and/or gallium, preferably aluminum; Y is a
tetravalent element such as silicon and/or germanium,

25 preferably silicon; and n is greater than about 12,
preferably less than 100 and most preferably 25-40, and
wherein the crystals have a surface framework Y0,/X503
ratio which is no more than 20% less, and preferably no
more than 10% less, than the bulk framework Y0,/X503 ratio

30 . of the crystal.

The term “large crystal” ZSM-5 is used herein to mean
that the crfstals have a major dimension, and preferably at
least two dimensions, of at least about 0.5 micron,
preferably at least 1 micron and most preferably about 1 to



;FIG 1 is an x-ray diffraction pattern of the cal cined ZSM 5 produced
usi ng Ne-Zrsgtamant yl gl ycine as the directing agent (Exanple 2).

FIG 2 is an x-ray diffraction patternsof the calcined 5 ZSM 5 produced
usi ng N-cycl ohexyl gl ycine as the directing agent (Exanple 5).

FIG 3 is an x-ray diffraction pattern of the cal cined ZSM 5 produced
usi ng 6-am nohexanoic acid as the directing agent (Exanple 6). 10 -
FIG 4 is a SEMof the ZSM5 synthesized with N 2- adamantyl gl ycine in
Exanpl e 2.about 10 mi&rGnsSassmgagSBneds byhetzanrsds $RMhEechad aueash N-
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under these conditions, is taken to be 1.5 x 10~14 cm2/sec.

The relation between crystal size measured in microns, d,

and diffusion time measured in minutes, tg_ 3, the time

required for the uptake of 30% capacity of hydrocarbon, is:

15 d= 0.0704 x to.a*

The large crysfa; ZSM-5 according to the invention
preferably has a sorption time, tp.3, of at least 5
minutes, and preferably at least 10 minutes.

The novel ZSM-5 of the invention is characterized by a

20 unique behavior when silicon-selectivated for use in the
para-selective disproportionation of toluene. This unique
behavior is reflected in the Toluene Disproportionation
Index of the zeolite which is less than 430 and preferably
less than 400. The Toluene Disproportionation Index is a

25 convenient measure of the para-selectivity and toluene
conversion activity of the zeolite, both of which
properties are vital to the successful operation of a
catalyst for converting toluene to para-xylene. The Toluene
Disproportionation Index is méésured by passing a 2wt%

30 . solution of hexamethyldisiloxane in toluene over a sample
of the unbound zeolite in the hydrogen form at a
temperature of 446°C, a pressure of 300 psig (2170 kPa), a
WHSV of 3 and in the presence of hydrogen to provide a
H,/toluene molar ratio of 2:1. A siliceous deposit is



that th _zéxztars have a maj or di nension, and preferably at | east two
di nensionST 0f at |east about 0.5 nicr%n, preferably at least 1 mcron
and nost preferably about 1 to 5
about 10 microns as neasured by.standard SEM t echni ques. The crystal
size of ZSM5 can al so be deduced from sorption measurenents, for
exanpl e by neasuring the rate of sorption of 2, 2-di net hyl but ane at

120[err] C and 60 torr {8 kPa hydr.qcar hon .pressure. The crystal size
i s conput egp’ﬁfe%y Pré’ﬁéﬁﬁ‘ﬁé)“[ ﬁi%i%%% Mi%@?%ensb 9. Crank, The
Mat hemat i csediedBiffitst @f tHearzmoddrtdrieas, the-Sdnwddildn of théor the rate

f sorbate uptak i d wh i £fusi on t]
appr oxi mat SR o bedad 4R tHe St oy ar i, A 4% rfaieb bR

constant oht2r2giileet Hyltertvarls, and analyweterby hese clorstidtOqsaph§ taken to
be 1.5¢x 1Q: /sec. _The rel ation between crystal_size nmeasured in
mcrond, dants VSRS W ppraskiiene eRhO 1Y eARits 30hroy VeRERE| e
requi red fof the mpmaﬂecofcaﬁﬁ@nepacitneohehﬁdkmhgﬂhﬁﬁilb&anH?toluﬁ?e

to the

nveonti on FeeeC s chpngeg o, Hite Beliid A GGG T a5
m nutes, ardjmséieer ol praduceast thlusnmutemversion levdheoH@@ktZSM 5 of
L1, cone stk EBEACh Rl ) o MEGP VY B Pt ene
10 selectivity is 90wt% and the toluene conversion is 30wt$% is
the defined as the Toluene Disproportionation Index (TDI).
The novel large crystal ZSM-5 of the invention is
produced from a reaction containing sources of an alkali or
alkaline-earth metal (M) oxide, a trivalent metal oxide
15 X203, a tetravalent metal oxide YO,, water, and an amino

acid or.salt thereof (AA) having the formula:

o
I

20 Rp- (CHp) Z—C‘IHC-OA

Ro

wherein Rj is NHp, NHR3 where R3 is an adamantane or cyclic
25 alkyl group, or is a carboxylic acid group or salt thereof;
Ry is H, alkyl, aryl, alkaryl, NHp or NHR3 where R3 is an
adamantane or cyclic.alkyl group; A is H or a metal and z
is from 0 to 15, preferably 1-7; provided that at least one
of Ry and Ry is NH, or NHR3. Examples of suitable amino
30 acids are G—aﬁinohexanoic acid, N-2-adamantylglycine, N-
cyclohexylglycine, lysine, anafglutamic acid (and its
monosodium salt).
The reaction mixture has a composition, expressed in
terms of mole ratios of oxides, as follows:
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par a-sel ectivity and tol uene conversion activity of the zeolite, both
of which properties are vital to the successful operation of a

catal yst for converting toluene to para- ene, The Tol uene

Di sproportionation | nde¥sefUteasur ed l?fe%ﬁeﬁ’g a 2wt % 30  sol ution of
hexanet hyl di si | OB L O OCHE ONRT c A SATP! €] o Wl T nbound zeolite
I n the hydrogen fhﬂﬁazgal A‘f-‘f LH~-8—0 -6 -—ai pressure of 300
psig (2170 kPa), |d#H20/YOMHSV of 318n0in the préfe@Be of hiydrogen to

provi dea. H[exa /Yo, 0l uene ol at06a0i b of P: 0.1Aoselicepus deposit is

6 5 there'gupggaucea onfthg {ERT gt e WIICRH KOG gases t he
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selectTvity of t == ol uene to
par a- xyl ene. The reaction products are sanpl ed at regular intervals

and anal yzed byTngsgh?mm&ﬁ@gm&nmbd.5f thed, inwreit idre et ot eneith

Pexanet hyl SF sEERaNS) AaeEh fuc ating, shedsiooft 3 FRRALTH Lane and { he

t enper at ur embodimagjty st treaertddme enix thudeu eron ttadimee rxd arudimettirng 30wt %

The 1 ?8 cti (S)ge&gr.rperl%teu rpere(f[e%'rrrc.gclc)al%&ni\i){nuimc@otlﬁecet hies Fﬁﬁﬂlll 2'2ewhile the
preferred silicon source is SiQO, sol (30% SiQO, in H,0), which
is commercially available as Catalog No. SX0140-1 from EM

Science, Inc.
Crystallization is carried out under either stirred or
15 static conditions at a temperature of 80 to 225°C,
preferably 120 to 200°C, for 24 hours to 60 days and the
resultant ZSM-5 crystals are separated from the mother
liquor and recovered.
Since the largelcrystal 2SM-5 of the invention can be
20 synthesized with a relatively low silica/alumina molar
ratio (that is with a relatively high aluminum content),
the invention can be used to produce large crystal ZSM-5
with a high catalytic activity. Catalytic activity of
zeolites, such as ZSM-5, is typically measured by Alpha
25 Value, which compares the catalytic cracking activity of
the catalyst (rate of hormal hexane conversion per volume
of catalyst per unit time) with the activity of a standard
silica-alumina cracking catalyst. The Alpha Test is
described in U.S. Patent No. 3,354,078; in the Journal of
30 Catalysis, Vol. 4, p. 527 (1965); Vol. 6, p. 278 (1966);
' and Vol. 61, p. 395 (1980). The experimental conditions of

the test used herein include a constant temperature of
538EC and a variable flow rate as described in detail in
the Journal of Catalysis, Vol. 61, p. 395. In the hydrogen




10 selectivity is 90wt % and the tol uene conversion is 30wt %is t he
defi ned B378%% Tol uene Di sproportionatign | ndex (TDI). The novel

| arge crystal ZSM5 of the invention is produced froma reaction
cont ai ni ng sources of an alkali or al kal i ne-earth nmetal (M oxide, a
trivalent netal oxide 15 X203, a tetravalent nmetal oxide Y(Jerr], water,
and an am no acid or salt thereof (AA) having the fornula:

[err] 20 ernein er. IS arr , | S..a

adamant ane gp_r&cltg% é?rgegwgtgq’lou%ﬂ 35: CJ|fs t!;ﬂ@aqu‘g%%& I'C g%lF%fégf%%gyor
salt thereohas an ARpdar Valued imldwdessrofi 300 lkand/ |pref@raibpl WHR3 where R3
IS an adamant a cyclic akyl group; Ais Hor a netal and z S
fromoO to 158%C558 & a§E§L1-7; provi ded that at |east one of Rlerr] and
Rlerr] is NH err Wheh hd€drad .a oacgl st ofitsmanibe desimalBDe taci ds are

yei ne. Sand IDFOERRFEtE A ana T (¢ MNGTAQH arivh SHGSROF Naledial T
reacti on m regiethat acamptidnprratxmesart] dther coneéivttons empEoyedi 0s
of oxides, 1% %@J&%%% conversion processes. Such materials igclude
active and inactive materials and synthetic or naturally
occurring zeolites as well as inorganic materials such as
10 clays, silica and/or metal oxides such as alumina. The
latter may be either naturally occurring or in the form of
gelatinous precipitates or gels including mixtures of
silica and metal oxides. Use of a material which is
active, tends to change the conversion and/or selectivity
15 of the catalyst in certain organic conversion processes.
Inactive materialslsuitably serve as diluents to control
the ambunt of converéion in a given process so that
products can be obtained economically and orderly without
employing other means for controlling the rate of reaction.
20 These materials may be incorporated into naturally
occurring clays, e.g., bentonite and kaolin, to improve the
crush strength of the catalyst under commercial operating
conditions. Said materials, i.e., clays, oxides, etc.,
function as binders for the catalyst. It is desirable to
25 provide a catalyst hayving good crush strength because in
commercial use it is desirable to prevent the catalyst from
breaking down into pdwder-like materials. These clay
and/or oxide binders have been employed normally only for
the purpose of improving the Efush strength of the
30 catalyst.

Naturally occurring clays which can be composited with
the new crystal include the montmorillonite and kaolin
family, which families include the subbentonites, and the
kaolins commonly known as Dixie, McNamee, Georgia and



-UsefuI'F_7847 Preferred ' YJerr]/ X[err]derr] 20- 80

20- 40 Herr]Q YJerr] 10-90 20- 60

AN YO err] 0.05-0.5 0.9-0.2 5 M YJ err]
0.1-0.8 0.3-0.4 The synthesis method of the invention
functions with or without added nucleating seeds. In a preferred

enbodi nent, the reaction m xture contains no nucleating 10 seeds. The

preferred ) ce i .errl . ' . referred silicon
source is %#%f%@%?Eggyé(§5@§Eﬁ%€%$§§ %%1ﬁgg}¥%mh?gﬁ mlne%a comercially
avai | abl e cenghibuent Nbs SxDldgsite;okabBiinite, Sdiekide,| macrite, or
Crystallizgtion:lLs C Led u ry.ei i d static
conditionsgéégg;#éhpgéé%ﬁrggg%SSggﬁobgnggpr?é,Ehg rg%r%?@ﬁﬁbﬁf 120 to
200[ err] C,ofbgiralhpumined 60 dnjtiaddyt Bubjectedesol radcidaMimr yst al s

are separ Ay N POL e L0LP Chnenican! AT £30d G BHOVEr ed. Si nce

the large crysta nvention-can be 20 synt hesi zed with a
relatively | ow 3nladdibioni ha hbeaforegoingt materhatsi s thiet [ZSM-5lin vel y

hi gh al um : hg Al ni Lon.Gga d pr.oduce .| arge
crystal Zéﬁ%gﬁ8ﬂ£6§g§%% %}E?g% §8F§¥§tﬁéeg%%i@F??FE§§t§P§P1ésaaﬁ '937(ﬁ
zeol i tes, alwahing, ZsM icarmagpesial | gikdasnedtcbpial plsdlita-t¥inie, Which
conpares t 3 ' acki cli Yi o] th lLyst (rate of

o mal - hexarLECe Rt FLER S TOCRNE KX aChs wets 8 SBARER () Wi in

t he aldivicompdsitiomsdsuch as silliceaadiminhaathoadki ngiddical-adhumite- Al pha

Catal yai s, “VRrOE SEELGE-FlanifBL §RbnbR1a ang s Bparlabi®aa8 07\ 71 &)
p. 395 (198ycomha. experi nental conditions of
The relative proportions of finely divided ZSM—S'
material and inorganic oxide matrix vary widely, with the
15 ZSM-5 content ranging from about 1 to about 90% by weight
and more usually, pérticularly when the composite is
prepared in the form of'beads, in the range of about 2 to
about 80 wt.% of the composite.
The large crystal ZSM-5 of the invention is useful as
20 a catalyst for aromatics alkylation and transalkylation
processes, such as toluene disproportionation, and other
shape-selective processes which typically use ZSM-5 or
other medium pore zeolites as catalysts.
In order to more fully illustrate the nature of the
25 invention and the manner of practicing same, the following
examples are presented.

i



t he test used herein include a constant tenperature of 538EC and a

vari abl 1844 rate as described in detail in the Journal of Catalysis,
Vol 61, p. 395. In the hydrogen 10 8
form the large crystal ZSM5 of the invention preferably has an Al pha
Val ue in excess of 300 and preferably in excess of 800. VWhen
used as a catalyst, it may be desirable to 5 incorporate ZSM5 of the

i nvention with another materi al resistant to the tenperatures and

ot her condi®%¥&BR1l@nh| oyed in organic conversion processes. Such
materials igeht€sis of ARLDVEJaNEnt PRGlyeenert erials and synthetic or
natural |y OCCUTTIinNg Zeoliles as WelLT _as inorganic materials such as 10
clays, silica an@/690n@?aﬁtﬁkPH%§ssﬁEﬁeésP&FEWFH§Ct°?heequPPFQtF@ﬂﬂhﬁy be

ei ther nat us@d F¥epgCidi Dﬂl@fs i nohaewiehrrhoftubmg gehahhﬁguaearrqg; F{ﬂ& ates

or gels including m xtu nmetal oxi des
naterlzl\MﬁQ9|?g ttom OQCFFQere?ﬁﬁﬁ§'tBnahSHQQuFﬁéthﬁ§eP§PGn a%&@ﬁ

sel ectivitytHé O?ént Peagtbal ﬁﬁéré nweeet ahBrgedaniod gREME! sifOF1RAGRSSES.
S

| nactive nm Suj as diluents to control t he anount of
conver si on { %Fb?@engéTg 9528 t BHEMmS of %'G&G@théﬁﬁnﬁe(aﬁpéﬁﬁb

economi cal I9o@ngd o dgrams Vb £ hpunadlumerm%@ybngcahhzrebameaaadf 310.0C Yt | 1 NG
ne ralE,Clod SEALED Alersd"SERa™ Bhe3alRh:"%ak C0000HTMES Y
natural ly ry

10 nitrogen was passed through said one inlet into the
reaction mixture to replace the air in the reaction mixture
and in the reactor. The nitrogen was turned off and the
reactor was pressurized with hydrogen through the other

"inlet. Under a hydrogen pressure of 725 psig (5100 kPa),

15 the reaction mixture was heated to 100°C and stirred at
this temperature for 5 days. After cooling down to room
temperature, the excess hydrogen was vented from the
reactor and the reactor was opened. The mixture was
filtered by suction to remove the solid Pd/C catalyst. The

20 filtrate was evaporated to remove the acetic acid and
water. The crude product was washed with ether and
recrystallized from a dilute aqueous solution. A pure
product was obtained after two recrystallization.

Elemental analysis: Calculated for C;5H17NOs: C:68.67;

25 H:9.15; N:6.69. Found C:68.85; H:9.12; N:6.75. M.P.:255.4

C (by DSC at 10 C/min. under He).

1

Example 2
ZSM-5 synthesis using N—2—adaﬁ5ntylglycine
30 . A stock solution of NaOH and NaAlO,; in deionized H30

was prepared by dissolving 16.26 grams (0.198 moles)
anhydrous NaAlO,, 43.55 grams NaOH (1.09 moles) in 2925
grams (162.5 moles) HpO. To 268.8 grams of the NaAlO,/NaOH
stock solution were added 6.1 grams (0.029 moles) N-2-



occurr%ng cHa e.g., bentonite and kaolin, to inprove the crush
strength ok’ he cat al yst under conner&ial operating conditions. Said
materials, i.e., clays, oxides, etc. function as binders for the
catalyst. It is desirable to 25 prOV|de a catal yst having good crush
strength because in commercial use it is desirable to prevent the
catal yst from breaki ng down into powder-like materials. These clay

d/ ' beg I th
o i mpr ovi SFPHEY EPELRENE; oniin BRuPLEle0iREtpnE, BRating sotunys Rl D05
0ﬁcurr|?g mdf?zﬁe?pehatan:g?utoaposeaedsmiublonhw?:ﬁfffged{ugFﬁh I?ﬁLUde
t he non ri
subbent oni %%Fl%ﬁd 39Q é gﬁlFﬁﬁs ﬂ%ﬁ%|§m€H§ﬁﬁna§ ag Q?Q gwéaaﬁe

Geor gi a angirams Sng sol (30% or 17.4 grams or 0.299moles SiOp E'Qﬁtﬁa clays

ﬁ;o?fﬁfizdihéﬁﬁﬁi Egﬁgﬁ?g a%aea gelaﬂ%ﬁxggikgéggﬁhglgﬁg bﬁﬁy eUsed in

t he ram/stﬁaki@mlng modbargcompbyibiomd or initially subjected to

cal ci nati on, aCéPO ;ﬁft nt or chem cal ggfgcatlo I n
addition to the foregor g narerials, the ZSM5 be conposited with
a porous matrix natehlah/Nagb as silica- =abuaBna, silica-magnesi a,
silica-zirconia, S|Iﬁca7§98r|a silica-bgrgblia, silica-titania as
wel |l as ternary
10 Na+/S5i0p = 0.4
OH-/Si0, = 0.34
Directing agent/SiO5 = 0.1

An amount of 330.2 grams of the gel was transferred
into a 600 ml Parr reaction. The reactor was closed and
15 flushed with nitrogen The mixture was heated to 165°C
under a nltrogen pressure of 400-450 psig with stirring.
Approx1mately 2 hours- after the temperature reached 165°C
the stirrer was stopped and the mixture was allowed to age
statically for 24 hours. The stirrer was again turned on
20 ‘and the reaction was carried out at 165°C for 11 days.
Upon cooling the reactor was opened, and the solid product
was separated by filtration. The crystalline product was
washed with water, dried and then calcined at 538°C for 10
hours in nitrogen followed by 10 hours in air. X-ray
25 diffraction gave the pattern of FIG. 1 and showed that the
product was 2SM-5 with high crystallinity. The $i05/Al503
molar ratio was analyzéd to be 37.3 and the hydrogen form
of the zeolite had an alpha value of 1454.
Scanning electron micrograbhs of the ammonium form of
30 the product are given in FIG. 4 and indicate the crystal
size to be in excess of 1 micron.



10 conpositions such as silica-alumna-thoria, silica-alum na-
zi rconi ‘gﬁﬂﬁca-alunina-nagnesia and silica-nmagnesi a- zirconi a.
The rel ative proportions of finely di vided zSM 5 mat eri al and
i norgani c oxide matrix vary widely, with the 15 ZSM5 content ranging from
about 1 to about 90% by wei ght and nore usually, particularly when the
conposite is prepared in the formof beads, in the range of about 2 to
about 80 w_, % of_ the conposite. The large crystal ZSM5 of the
i nvention X8RS a5 20 a catalyst for aromatics al kylation and
transal kyl &@8yrthesis d¢f ccpsSkelsexglgbyasnéol uene di sproportionation, and
ot her shape;sel ecti ve_processes which éggicallé use,

e as dp

S\M S or
ot her medi um pore ks (fIUARMEHE 7ld, Rroce SG6Fd4BP% d™nore ful ly
i |l ustrat e Bxenplad Ur evexfe t &mpPSyedi nvedt sogramsd ghgcinanel .ol peaekici ng

Sae e GO0 go.e) SR, FoReRsPLE e mnng (ho2hrpoles, 4
600 m st ainlldasicis tee)8$py r30eanl oglactial ppedtitt Acd and $tipr gramkWo
roact or , it B oD WerEaiaed?| nFRE' Yealrign aA°raBELER OHEr douer o
charged 10050y anls Fdriglyeadtor under 1000 psig (7000 kPa) hydrogen
pressure at 75°C. No noticeable hydrogen uptake was
10 noticed after 1.5 days, and the reaction was carried out
for 4.5 days. The reactor was opened after cooling to room
temperature. The solid catalyst was filtered by suction.
The filtrate was evaporated to remove the acetic acid and
the excess cyclohexanone. A viscous crude product (brown)
15 remained which'sta;ted to crystallize upon cooling to room
temperature. The crude product was stirred into excess
ether whereby a white‘SOlid precipitated out. The solid
was filtered, washed with ether and dried. The solid was
redissolved in a very small amount of acetic acid and
20 recrystallized by adding an appropriate amount of ether.
144.5 grams of white crystals were recovered (91% yield
based on glycine). Elemental analysis: calculated:
C:61.12; H:9.62; N:8.91; 0:20.36; found: C:60.96; H:9.75;
N:8.88; 0:20.41.
25
Example 4
ZSM-5. synthesis ﬁsing'N—Cyclohexylglycine
To 400 grams NaAlO,/NaOH stock solution used in
example 2 were added 11.5 graﬁé N-cyclohexylglycine (0.073

30  moles). A clear solutioh was formed at room temperature.
The solution was heated to 70-7S5EC before the addition of
86.4 grams of SiOy sol (30% SiOp in Hy0). A thin gel was
formed: N-cyclohexylglycine/SiOy = 0.17; pH of gel = 12.7.
The gel was transferred into a 600 ml Parr reactor. The



‘(Aldrrch 99+9@ 206. 7 grans of 2-adamantanone (Al drich, 99%, 10

gr ams oF'BﬁﬂVadlunr(Swa on charcoal, and 300 grams of glacial acetic
acid. The reactor was cl osed and dry 133 nitrogen was passed through said
one inlet into the reaction mxture to replace the air in the reaction
m xture and in the reactor. The nitrogen was turned off and the
reactor was pressurized wi th hydrogen through t he ot her i nlet. Under a
hydr ogen pressure of 725 psig (5100 kPa fhe reacti m xture was
heated to RRAKHAY Cadh FLlis9d apdpurge tWEht%i'ﬁJre‘?%?‘Elre %g? ECRGFiOonAf t er

cool i ng dowad hdAUH to ad@rm@iﬁééueattbssezcwﬁ iﬂdﬁ@@ﬁn w@ﬁevent ed from
t he reactor and the reactor was opened. xturg filtered
[

by suctlon%ﬁiﬁﬁﬁﬁnﬂ?%rﬁ¥QRﬂqqi¢¥9C?%%15??%¥1°ﬁrﬂﬁﬁoage ?F?E%@aﬁé¥ at
evapor at ed jtgs Tenmye Ahendned | C medsaﬂﬂrer was\ﬁf@étairb@dcéﬂdetﬁEeOdUCt was
washed with ether and recrystalllaﬁg ? #ute aqueous solution. A
pure ° FORRIGOHFEDRRHRA Fikrat ?e ¥ al 1$8¥%+ onThe reagtegent al

anal ysi s: C«asl§t8|5fér€éh faredd edsdimg! ] Nﬁlﬁ@rpiod&@&u@g f2btertd?. FRshlgb. 69.
Found C: 68.85; H 9.12; at .10

under He). With watsz N %Zéke w%ﬁﬁ#%g§V%§H%§?§r%£ %ﬁgkéglﬁﬁaﬁﬁnﬂgbgpy0|ne

30 /%rﬁiélckrédﬂmﬁl onrmé wqymﬂewfé@[ ge6lite wesopdandilienr kO
was prepar sol vi.n é? 98 nol es) anhydr ous
NaAl g er r] % 3rDTe h 2925 grans (162.5 nol es)

Herrj10. To 268 Seiriithy Céléé&cﬁi&l&hf{:ﬁd&giéxbbﬂ-bf the sposdusel Hieogivene
added 6. 1 %raT%é()é)an 1n§?c£te the crystal size to be in excess of

1 micron.

Example 5
15 ZSM-5 synthesis using 6-aminohexanoic acid

To 200 grams of NaAl0,/NaOH stock solution of Example
2 were added 4.72 grams 6-aminohexanocic acid (Aldrich 98%,

0.036 moles). A clear scolution was formed at room
temperature. The mixture was heated to 70-75°C and 43.21

20 grams of SiOy sol (30% SiOp in Hy0) were added to from a
thin gel. The gel was transferred to a Parr reactor and
heated at 165°C with stirring. After 1 hour, the stirring
was stopped and the mixture was aged statically at 165°C

, for 24 hours. The stirring was restarted and the reaction

25 was carried out at 165°C for 8 days. A crystalline product
identified by x-ray diffraction as ZSM-5 was obtained.
Scanning electron photomicrographs (FIG. 6) showed that the
ZSM-5 contained large crystals-(>1 micron). Elemental
analysis gave the Si05/Al;03 a5 25.8, whereas NMR

30 . determinations of framework Al and Si gave a Si0,/Al303
ratio of 28.8. The alpha value of the zeolite in the
hydrogen form was determined to be 998.



11 ' peq .fanantylglycine. The tenpl ate was not readily sol uble at
roon1t5hpé¥5 ure but a clear solution s fornmed upon heating to
75[err]C. To this clear solution was &gged 58.1 grans Si(Jerr] sol
(30% or 17.4 grans or 0.29 noles Si®) wth 5 vigorous stirring and a
gel was forned. The gel had the foll owi ng nol ar conposition:
Siqerr]/AfJerr]derr] 32.5

Aferr]J err] O 0.18 H20/ Si Q2

50 10 eﬁ‘&;{“yﬂ .E:a+/ Siqerr] . = 0.4

OH/Siderr] Example 5 wasOr8peated with a reachioacmixguageita Sirg err]

Tnto o cocthe Fabrofand: Pafibosthibndif Rotar YBedBai "ty 157 1 uen

-

€ reactor was 0Séd and 15 flushed with

nitrogen. The m xture was heated to 165 err]C under a nitrogen
pressufe of 400-450 psig with stirring. Approxi mately 2 hours after
the teénperature reached 165[err]C the stirrer was stopped and the

m xture was al | owed SaOa6fl,0; statically for 24 FO29s2 The stirrer was
again turned on 20 N%QQ %ge reaction was carried outy gty 165[err]C for 11
days. Upon cool I'ng F 2reactor was opened, and tHé“solid product

was separated by fil 6raminoheXbnodrcyatdld/iSi®@oprodust Owa$ washed with
wat er, dried and theﬁ 8§§§bned at 538[err]C for 10_ 6 hours in nitrogen
foll owed by 10 hours Pn‘3ir2 X-ray 25 diffraction gave the pattern of
FIG 0 and showEHet waterhwas chapgedudntwasheSking-watlioni gleactostal linity.

B T
was formed, the NaAlO; was added. The mixture was stirred
until coﬁplete dissolution. The solution was heated to 70-
75°C and the Si0, sol was added with stirring. A thin gel

15 was formed. The reactor was closed and heated to 165°C
with stirring at 100 rpm. After stirring at 165°C for 1.9
hours, Ehe stirrer was‘turned off and the mixture was
allowed to age statically for 24 hours. The stirrer was
restarted and the reaction was carried out at 165°C for 2

20 days. The reactor was opened after cooling to room
temperature. The product was filtered by suction and
washed to neutral pH with deionized water. The as-
synthesized zeolite was dried. Five grams were calcined in
air at 538°C for 10 hours. The calcined zeolite was

25 exchanged with 1 N NH4NO3 and recalcined in air to give the
H+ form. X-ray diffraction (FIG. 3) showed that the
product was ZSM-5 and SEM (FIG. 6) showed large crystals
were formed. Elemental analysis revealed Si:35.57% and
Al:3.09%, corresponding to a mdle ratio of S$i05/Al1503 of

30 22.1. The alpha value was determined to be >1000. The
Toluene Diproportionation Index (TDI) of the zeolite was
measured to be 392.



Scannin%_glectron m crographs of the anmonium form of 30 the product are

gi ven i B&7 4 and indicate the crystal size to be in excess of 1

m cron. : 15 12 Exanpl e 3

Synt hesi s of cycl ohexyl gl yci ne Sim | ar equi pment and procedure as
described in Exanple 1 were enployed. 75.5 grans glycine (1.01 nol es,
5 Al drich, 99+%, 118.4 grans cycl ohexanone (1.21 noles, Al drich
99.8%, 30Q,.mM glacjal acetic acid and 11.2 grans of Pd (5% /C were
used. The 5&h5§as carried out in a 600 m Parr reactor under 1000

psi g (7000 kPa) Ewdhiphens was pepested witH5&. rélactgbhcaakterByHao4ag

upt ake was .10 natjced after 1.5 days, and.the reaction was carried out
for 4.5 _dafé’.e WHRPG r CURRCDHEH ja?tlg?l?:ﬁof"?ﬁbofo room

tenmperature. The Solisiocatalyss was filtered by suckips.1 The filtrate

was evaporated to renpve,lhe,acetic acid and t he excess cycl ohexanone.
A viscgus crude prod3¥?+{%+ %n) 15 renmai ned which §t8r§§d to crystallize

upon cooling to roomé-amiheieesndik cacidgstoyde predgegiwas stirred into

excess et her where white solid precipitated gut._ The solid
was filtered, mshed%@é)%sg?%er and dried. The solid 3556 r edi ssol ved

in a very snmal | T®WHYO ofasicadded atnto aadoR@-gal k6nyphak| régdtby . agdieng an
appropriat%gaﬂ¥uﬁaégoé¥f§ﬁd the 6-aminohexanoic acid were
10 successively dissolved into the H50. At room temperature
and with stirring, the Si0Oy sol was added to the mixture
and a thin gel was formed. The reactor was closed,
pressurized with 148 psi nitrogen, and stirred at 100 rpm
at room temperature for an hour. The stirrer was stopped
15 and the mixture was aged statically at room temperature for
24 hours. The reaction mixture was heated to 185°C with
stirring at 100 rpm. ' After 24 hours, a sample was taken.
X-ray diffraction showed that the product had started to
crystallize. The reaction was terminated after 2 days. X-
20 ray diffraction showed that the product was highly
crystalline ZSM-S.

Example 8

Example 7 was repeated without the static aging step
25 and with the reaction mixture having the following molar

ratios:
Si05/Al503 = = 32.5
Na+/SiO»p = 0.4
6-aminohexanoic aciajSiOZ = 0.17
30 H50/51i05 = 58.3

After the reactor was closed, the reaction Was carried
out at 165°C with stirring at 100 rpm for 5 days. The
reactor was opened after cooling to room temperature. The
product was filtered by suction and washed to neutral pH



144, 5 grans of white crystals were recovered (91% yield based on
egC|nef' "B4dnent al anal ysi s: cal cul at ed: C.61.12; H9.62; N 8.91

0: 20. 36; found: C:60.96; H. 9.75; N§8.88; 0:20.41. 25 Exanpl e 4
ZSM 5 synt hesi s using N-cycl ohexyl gl yci ne To 400 grans

NaAl O err]/NaCOH stock solution used in exanple 2 were added 11.5 grans
N-cyclohexylglycine (0.073 30 nnles) A clear solution was forned at room
tenperature., ‘The sol ytion was heated to_70,75EC before the addition of

86. 4 grans ‘6¥ EHQ$¥9?}Z%6IHZ@0§9§|@ElPﬁ fEet 1Py, undeki NagupmpgFive

for med: Nwﬁr@&l%ﬂlmwﬂ@a&c@[ ReEd caniﬂedeeQéhaﬁbea ¥tk 1 N The gel
mas tr%ﬁsfeHied into.a 6 [eacto

8501 9 el LPRed BRaoble JER® Wi hEAFR: 0gBRD Phevedashasn
was heat ed tie anebdidt reds atSHeS[ enal MOQh@aeBOtdhatTma e crg%*t%fl%f was

st opped and the eaction S ed statical 165[err for
hours. The “&%% kR ed- re 3r?gag3nﬁaiﬂﬁ w% iQQEtPBH & TRLr Wa§ out at
165[err]C:fxgoJ days The reactor was opened after cooling. The

product was filt water unti] the washing was neutral

i
and dried at 11 %§¥w§ prﬁﬂHEF V%Euﬂﬁ?eﬁﬂénﬁg RyniMBsteegontain eldas
i dent i10i ed getrahedi¥l ZEhbmewstkha i fih] / ALLehehEher bhaTy32s2of a

dried sample showed Si: 42.69 wt.% and Al: 2.66 wt.$%.
Based on the elemental analysis the bulk framework
Si0,/Al,03 ratio was calculated to be 30.8. The surface
concentration of all elements of the same zeolite was
15 determined by XPS analysis. Atomic concentration of Si and
Al detected Si: 25.3 and Al: 1.7. The surface framework
Si0,/Al,03 ratio was calculated to be 30.0.
Similarly, the bulk and surface framwork Si0;/Al,03
ratios of a conventionally prepared large crystal ZSM-5
20 were determined. A comparison of results between the
conventionally prepared large crystal ZSM-5 and the large
crystal ZSM-5 prepared according to this Example is shown

below.
s Comparison of Aluminum Distribution
2 >
Large Crystal ZSM-5 Si05/A1507
) ) Bulk Surface
Conventional ;
30 {amine templated) 70 51
This invention
(amino acid templated as in Ex.8) 30.8 30.0
35 These results clearly show that the framework

Si02/Al703 ratio is significantly lower (>20%) at the
surface for the conventionally prepared large crystal 2SM-
5, but essentially the same for the large crystal ZsSM-5 of
Example 8. 1In other words, these two large crystal ZSM-5



-10 . Scanni ng el ectron m crographs of the product are given I n
FIG 5 EnlBf#Adi cate the crystal size tg be in excess of 1 mcron.
Exanple 5 15 ZSM 5 synt hesi s using 6-&ni nohexanoi ¢ aci d To 200
grans of NaAl Jerr]/NaCH stock sol ution of Exanple 2 were added 4.72
grans 6-am nohexanoic acid (Al drich 98% 0.036 noles). A clear
solution was fornmed at room t enperat-ure. The m xture was heated to

70-75[err]C_and 43. 21 .ar f S . . . (30%,5i.(P.in Herr]O were
added to frz(?r?\q'&tes %lttl%i%ﬁ d‘g’l %%nd% %\Algs'rst&]tlrbgirﬁsl’f%r'r eﬁtlglaﬁ%rér r reactor
and hedneéntirat@oherirs] G iwrtifistdnttindigddrer (~20urat ttiee ssurfaog

was st opped and the m xture aged st at.i cal at, C for 24
hour s. Theoéfit?’ﬁ ﬁé’%?t‘ﬁ’lé)&a?t %fﬁ%etarclgaic% 3§rf %gﬂe{m%% carried out at
165[ err] C fconcendantionA iGr esisadrtiinel Jy orthectsame ati dehd i Suxfibye xandyin
diffragtion.,as ZSM 5 oht ai ned, Ind N ect ron phot om crographs
(FIG 9) sﬁ&ﬁe&’ui:%loftmﬁ}e 11""‘rngI\'ﬁrSYSi:tO‘EH][ ﬁg?’ Ingr ?QX%E&% a‘?‘s (>1 mcron).
El enent al ame OIS fgavatdadivdrridnal [mrdddarydtak 2385 wher eas
NVR 30 det ermi nations of framework . S Y

Sigerr]/ %%’f‘%[“&ﬁ] > e 4r5§t i {I)\é)oéﬁfp%?‘gwﬁl}% t%?epﬁ%aalv%? RE 61°PhE%eol it e
in the thiey tregie tf @fnBaesupdas )i ndieteadhaa I@hventional small

14 crystal ZSM-5 (<0.05 micron crystal size) was found to have

10 a TDI of 445.

Example S
A reaction mixture having the following molar ratios

15 was prepared from the starting materials used in the
previous examples: , _

$10,/A1,05 = 36

Na+/S1i04 = 0.39

6-aminohexanoic acid/SiO, = 0.17
20 Hp0/8105 = 58.6

The water was added to a one-gallon Parr reactor. The

NaOH was added with stirring until a clear solution was
formed. The NaAlO, was added with stirring until it was
all dissolved. The Si0O3 sol was added to the mixture with

25 vigorous stirring at. room temperature. pH of the starting
gel: 13.0. The Parr reactor was closed and the reaction
was heated to 165°C and stirred at 100 RPM. After 2 days,
a sample was taken through a dip tube. The liquid had a pH
of 11.3; the solid was a highi§ crystalline ZSM-5. The

30 reaction was terminated. The solid was washed until the
washing was neutral and dried. Weight of product: 154.7
grams.



.Exanple 6 ' : Exanple 5 was repeated with a reaction m xture havi ng

the foFrd®ddg conposition in nolar ratios: 5

Sigerr]/Aferr]Jerr] 18 = 29.2

Na+/ Si J err] = 0.44 . 6- am nohexanoi ¢

acid/ Sigerr] = 0.19 Herr]Q Sigerr]

= 64 10 The water was charged into the one-gallon reactor. Wth
stirring the NaCH was added. Wen a clear solution was formed, the
NaAl O er r [EX@RPL@gE®  The nixture was stirred until conplete

di ssol'ution. Thexspbuéi ®nwiesr&pestddtbutlat a lowekewakbrandnthatSid err]
sol was added with stirring. Athin &fk éS m&s Eorned. 1he reactor was
cl osed andheafeacticngnixtprey whicly hbadsther fRILQWIRGOMPHAE After
stirring atorddSsLtidfe:for 1.9 hours, the stirrer was turned off and

the m xture was al | oned tzﬁﬁge statically for 24 hourg. The stirrer
was restarted and t heSt@acbt2@3was carried out at I6§?e?r]c for 2 20

days. The reactor was opepgﬂsgééer cooling to room = begperature. The

product was filtered by suction and ) mashe? to neutral RH wth
dei oni zed water. The as- ©-amiBAR@XAPOEG 26407 SdO2as dFi 8dl7Fi ve grans
were calcined in - air o5§§b§rr]c for 10 hours. The ¢al.ei ned zeolite

was 25 exchanged with 1 N NH erp] err] and. recalcined,in,air to give
t he Pﬁlq%4¥1c§y§59léiP?r5%¥Tén?%LF€F §fy§ﬁ8§€3 WRS obkgined. product
was 4gM 5 and SEM (FIG 6) showed | arge crystals wer e formed.

El enental anal ysis_reveal ed Si:35.57% and Al :3.09% corresponding to a
mol e ratidgﬁﬂﬂéii¥£lr]/Al[err]C{err] of 30 22.1. The al pha val ue was

determned to bphelffRe mbBar ratiekuedetBeprepgentenahi ¢hel BdertiHy ) of
the zeolite was neasured to be 392. , )
mixture and the same procedure as described in Example 10
except a lower reaction temperature of 130°C were employed
15 in this synthesis. The reaction was carried out for 11
days and large crystal ZSM-5 was obtained. Elemental

analysis showed a Si0O;/Aly03 ratio of 25.1.

Example 12
20 In this example, a solid silica source, Ultrasil

(containing 90% Si0O, and 10% H,0) was used and the reaction

mixture had a high solids content:

S105/A1,03 ='29.2
Na+/Si0, = 0.44
25 6-aminohexanoic -acid/Si02 = 0.19
H»0/5i0 = 24.1

The water was charbed'into a one-gallon Parr reactor.
The NaOH, NaAlOp, 6-aminohexanoic acid were successively
dissolved into the water with“étirring. The solution was
30 | heated to 70-75°C and the Si0O» was added with stirring to
form a gel. The reactor was closed and the reaction was
carried out at 140°C and 100 RPM for 4 days. The reactor
was opened after cooling to room temperaturé. The product
was filtered and washed to neutral pH with deionized water.

Y



15 _7 Eganple 7 Exanple 5 was repeated with a reaction
m xt ure Rave the followi ng conposition in nolar ratios:
Sigerr]/A[err]err] 19 -26.1 5 Na+/ Si C2
= 0.50 6- am nohexanoi ¢ aci d/ Si Q2 = 0.31

Herr]Q Sigerr] = 70.6 The H err] O was
added into a one-gallon Parr reactor. The NaCH, NaAl Jerr], and the
6- am nohexanQi. [ e 40 successively dissolved nto,the Herr]O
room t enper a et%’C &éqg%aoévi‘frhe s‘ﬁ?‘ﬁﬁ;,w‘?’%% %?&1@5 Ws2LH R4t 0 t he

m xt ure exanhch ey eichiwii. the | NHyNO § camnae cba Idinedt atd o i vastiié O8€dform.
pressurized ywith 14 i nitrogen, and sti 3%%@ 00 rpm at room

t enper at ur e Sy pé:#cﬁ.bca.f_waﬁ_lea S ;Qeerc%tas{ %ﬁ 1‘%1110%%&%@ nfkPhee was

At

aged stati caiallpeatin.oredssper a140®. f or 24 hours. The reaction m xture
was heaked to 185[err]C with stirring at 100 rpm After 24 hours, a
sanpl e was taken. X-ray diffraction showed that the product had

started to Exampdreydtdl|ize. The reaction was term nated after 2 days. X-

20 1Y O TTTRGLhgn SMorild Nlod i iRl M5ell O Y 1y SIYELEL T N

having the following molar ratios:

S$i05/Al1503 = 32.5
10 Na+/5i0p = 0.40
6-aminohexanoic acid/Sio, = 0.17
Hy0/Si05 = 21.4

The reaction was carried out at 150°C for 3 days. The
product was large crystal ZSM-5 and weighed 313.5 gms. The
15 HY form of the product had an alpha value in excess of 850
and a TDI of 387.

Example 14

Example 12 was repeated but with the starting mixture
20 having the following molar ratios:

Si05/Al503 = 29.2
Na+/510, = 0.40
6-aminohexanoic acid/SiO, = 0.19
Hy0/8105 = 23.7

25 Similar large crystal: ZSM-5 was obtained.

i

Example 15

The procedure of Example 9 was repeated with the
directing agent being L-glutaﬂic acid and the starting
30 mixture having the following molar composition:
$i0,/Al1503 = 33.7
Na*/sio, = 0.386
Glutamic acid/si0O; = 0.16
H20/51i05 = 56.6



-Exaﬁpl'e 8 . Exanpl e 7 was repeated without the static aging step 25

and wi tBr 18’ reacti on mi xture havi ng the fol l owing mol ar ratios:
Sigerr]/Aferr]derr] 2 = 32.5.

Na+/ Si J err] = 0.4 6- am nohexanoi ¢
acid/ Sigerr] = 0.17 30 Herr]Q Sigerr] =
58.3 After the reactor was cl osed, the reaction was carried

out at 165[err]Cwth stirging at 100 r§g1£§r 5_days, ghe p react or was
opened after coolBeiFedIeREH VehpeFRRRPEY TRe? ONC IREAGR PREL filtered by
sucti-on angdedggbe( t ohsetenatopHwas closed and heated to 165°C for 3 16

with deioniized Herr]O and.dried at 110[err] C under, ,vacuum_Five gr anms
of the pro@ﬁbf?we%\gt%ﬁl EPH&&P%X(F%’%&E& N wfsl\l%eléteq\ﬂ#eaﬂ‘{mﬁsé}‘ﬂ and
caljcisréed th Qrégvéﬁt Balsbh“ Pafrit ofX:Eaémwa@dwa?s NH *trTamtml ! a@fw ZSM 5
an sho .that large crystals wer e for %?. e al pha v e was
>1000 and F%ic?ﬁfgmég e %%9 orm. SEM revpad br S et ®er mi ned

by NVR to geptabBtalihedQ xtetayalddfaladuiae whidwerl Whatinthe HaokEital
anal ysis of a dried sanple showed Si: 42.69 w.%and Al: 2.66 w.%
Based on tH@Sef&MEnRral analysis the bul k framework

Sigerr]/A [Erehéh€sil | analiyeisasfcaheuliasMdst dndécafed aThbalkurface

silica/alumina molar ratioc of 29.5, whereas XPS analysis
10 indicated the surface silica/alumina molar ratio to be
33.8.

Example 16
Example 12 was repeated (using Ultrasil as the silica

15 source) but with the directing agent being L-lysine as
supplied by Aldrich Cbemical Company and with the starting
mixture having the following molar composition:

20 Si03/Al503 = 32.6
Na+/Si0Os = 0.398
L-lysine/Si0O5 = 0.17
H0/S105 = 57.6

The reagents were charged to a one-gallon Parr

25 reactor.. The reactor was closed and heated to 165°C for 3
days. The reaction was stopped and the reactor allowed to
cool. The product was filtered, washed free of base and
dried in a 110°C oven. Part og the as-synthesized zeolite
was NH4* exchanged and air calcined to the H* form.

30 Analysis showed the product to be ZSM-5 with a molar ratio
of 31.4



.concentration of all elenents of the sane zeolite was 15 determ ned by XPS
anal ysiE+-784¥oni ¢ concentration of Si and Al detected Si: 25.3 and Al:
1.-7. ' The surface franmework SiOer4}/A[err]derr] ratio was cal cul at ed
to be 30.0. Simlarly, the bulk and surface framwrk
Sigerr]/Aferr]Jerr] rati os of a conventionally prepared |arge
crystal ZSM5 20 were determ ned. A conparison of results between the
conventionally prepared large crystal ZSM5 and the | arge crystal
ZSM 5 prep&*@@Pd@dilding to this Exanple is shown bel ow.
Conpari son Oﬁxéh%gbn¥%1ﬂh§t&bb%ht%@ Fth a Highee CorvledtraiMdn of
SiJerr]/Af[err]Jerr] , , . Bulk
Surface  Sildga éwshhthatsdhe Shariiemisiig had the following 79

51 Thic dr"\@igo¥ition: (amno acid tenplated as in Ex.8) 30.8
30.0 35 These,re%plts clearly show the framework
Si 2/ A1203 ratio is §%ﬁﬁfﬁ%29&ly | oner (52099~ at the surface for the

conventional ly prepamyi/gmgf crystal ZSM ¢g.40 5, but essentially the sane
for the large crystal_  ZSM5 gj , Exampl e 8._In other words, these two
large crystal zSm5 L-lysine/S51i0; = 0.17 17

Hy0/81i02 = 21.4
The water was charged into a one-gallon Parr reactor.

10 The NaOH, NaAlO,; and L-lysine were successively dissolved
in the reactor with stirring. The solution was heated to
70°C and the solid Ultrasil was added with rigoroué
stirring. A thick gel was formed. The Parr reactor was
closed. The reaction was heated to 150°C with 100 RPM

15 stirring and maintained at these conditions for 3 days. The
product was filteréd and washed with deionized water until
the washing was neutral. The dried product weighed 144.9
gm. Part of the as-synthesized zeolite (5 gm) was NHz*
exchanged and calcined in air to the Ht form. X-ray

20 diffraction showed that the product was highly crystalline
ZSM-5. SEM showed that the product contained large

crystals.

Example 18 ,
25 Example 17 was repeated using L-glutamic acid as the

directing agent and the molar ratios of the starting

1

mixture as follows:

S105/A1,03 = 32.5
Na/Si0, = =0.40
30 L-glutamic acid/SiO, = 0.17
H0/Si05 = 21.4

The water was charged into a one-gallon Parr
reactor. The NaOH, NaAlO, and L-glutamic acid were
successively dissolved in the reactor with stirring. The



zeolites differ in alumnumdistribution. Al umi num concentration is

si gni fi d&Tt847 hi gher (~209% at the surface of the conventional |arge
crystal ZSM5; but the concentrati®®n is essentially the sane at the
surface and in 5 the bulk of the large crystal ZSM5 of Exanple 8.

The TDI for the conventional |arge crystal ZSM5 was determ ned to be
451 (conpared with the value of 390 for t he product of Exanple 8),

whereas a conventional snal ryst al 5 (<0. I cron crystal size)
was found t§°I]rH$é°1‘0wasah?Blte61f t/94§0y’% dz%l\é%aﬁ%’épgnrgras{i 3/ R reaction
m xture haVbaﬁeEilheuft‘h' g:qwo&@u@ms@rlrrrahqls ¥5 thirsk lpj‘apaafﬁj filgramed he The
starting materials used int previ ous exa

SlC{err]/AIFEFF]GFéFFFr was ciosed %. q§§1ég)was heated to 150°C

Na+/ Si O errjyith 100 RPM stirrin@ 3%d maintained at thesefhdnditiﬁﬁ§n0|c

25 6 5 Tbr 3 Fayu SAeREOMESI S FIRSH 1T MATALIAT The

- 58.6 °
NaOH was addédo‘ﬂ'ﬂz'édSWaftrelrn@nltﬁtll lthe @Ja@mﬁg)lwas Afew®Rl. FiverdEshms The

NaAl g err] s added th stirring unti al | dissolved,, The
Si2 sol waStad wﬂ"ﬁ& ﬁlrﬂg hﬁ‘gecﬁﬂa&ﬂ' SRS iRy e rom

t Fﬁpe(rjat U(rjefﬁrﬁthf alike Sb{&rr*alwguffracgﬂ]on Ishdved I‘tﬁlaFtarﬂheE Qﬂmcglicwaﬁas

cl osed an e, reaction at e stirr at 100
RPM  After R39hdys © rystal&%‘s\é%@%a %Mr?]n‘?’(;%{lgt]ﬁ q'be UGhe 1iquid

had a pH cont¢hihbd3lariie $elistalas THe GDY d:ﬂ’yl&t@lﬂrd&ucﬁSMéis Jbe. 30
reaction was term nated. The solid was washed until the

Example 19
1.0 part of Aly(SO4)3.XHs0 was dissolved in 8.0 parts
of H»0. To this solution was added 1.98 parts of 50%

15 sodium hydroxide solution. A solution obtained by
dissolving 1.12 parts of the mono sodium salt of glutamic
acid (MSG) in 2.71 parts of Ho0 was added to the above
solution. To this mixture was added 4.03 parts of Ultrasil
precipitated silica. The slurry was thoroughly mixed and

20 then 8.0 g of ZSM-5 seeds (solids basis) slurried in 2.28
parts of H»O was added to the mixture and the final slurry
mixed for 30 minutes. The composition of the reaction

nixture in mole ratios was:

Si02/A1503 = 36.0
25 - .OH/Si0Qyp = 0.24
Na+/Si0; = 0.50
R/SiO5 = 0.10
Hy0/Si0p = 12.8

The mixture was crystallizea_in a stainless steel
30. reactor, with stirring, at 100 rpm, at 156°C for 60 hrs.
The x-ray analysis of the product showed a crystalline
| ZSM—-5 material. The bulk silica/alumina molar ratio of the
material was 29.6. The product was calcined for 16 hrs. at
538°C and the calcined material was contacted with 10%



-washi ng was neutral and dried. \Weight of product: 154.7 grans.

18 F-784%xanpl e 10 Exanpl e 8 was repeated but at a | ower
wat'er content in the reaction mx@3ire, which had the foll ow ng nol ar
conposition: 5 . Sigerr]/Aferr]derr]

= 32.3 Na/ Si 2 = 0.40

6- am nohexanoi ¢ aci d/ Si Q2 = 0.17 Herr]O SiJerr]
= 29.2 Highly crystalline ZSM5 (large crystals) was obtained. 10

Exanpl e 11NH,Cl solutifire fanechmdearl rhat iasntdctseat e@gtos switht he starting

m xture and th 24P 1 cept a
| ower reactsl Z‘ﬁp ra ure%ﬁl%(%[e rr] év%/g(rj%égcrr%?o e#i&i 9 hrs. %é
synt heS§i s. 53'85‘& teactdroremtasi o dra i@ dwwdragen 1form. dBys mmﬂeraagewasyst al
ZSM 5 was | i . IEkmgm A §é](? erk]/ er ;agerr]
ratio of 2 %%fn%‘hlza arrpla‘-‘lelpj:rba1 2"0561[1?Gl osfslln ﬁd%?ﬁ% &a ﬁ%#l dé l'ica
source, U lshayield the presence of 1-3 micron crystals (Figure 7). The

material exhibited a sorption time for 2,2-dimethylbutane

for 30% of its capacity, as measured at 120°C and 60 torr

10 (8 kPa) hydrocarbon pressure, of 11.6 minutes.



(contarnin% 90% Si @2 and 10% H20) was used and the reaction m xture
had a hiFgfi84dl i ds content: Sigerr]/Aferr]Jerr]
= 29.2 Na+/ Si O2 24 = 0.44 25
6- am nohexanoi c acid/ SiJerr] = 0.19 Herr]Q Sigerr]
=24.1 The water was charged into a one-gatton—PRarr._reactor

The NaOH, NaAl (Jerr], 6-am nohexanoic acid were s I ~dissol ved
into the water with stirring. The sol ution was SOWHBHZHEaﬂMMQ [err]C
and the Si @@ Sias added with stirring to form uw act or
was cl osed and the reaction was carried out' at 140[err] C®nd 100 RPM

for 4 days. The reactor was opened afteréﬁoolin to,roomtenperature.

The product load SYRERGELIGNRORALACETYBLALLL TG MpHeRieh Bavino, she

wat er . structure of 2ZSM-5 and a composition iflvolving thellioilay 9rans
of the product were calcined in air and exchanged wi th NHANG3 and

cal ci ned t Fepatelan#hdRn: f or m The product was a large crystal ZSM5

whi ch had an al pha value in g)ég?s&)qfozwoo. 5 " Exanple 13
Exanpl e 12 was repeated but with the starting m xture havi ng t he
fol | owi ng rheredmi) oks a trivalent element; Y fscpefpEFAVRAERE] err]

= 32.5 element; and n is greater than about 12, and wherein the
crystals have a major dimension of at least about 0.5
micron and a surface framework Y0,/X,0, ratioc which is no
more than 20% less than the bulk framework YO0,/X,0, ratio of
the crystal.

2. The crystalline material of claim 1 wherein the
surface framework xoyhgos ratio is no more than 10% less
than the bulk framework Y0,/X,0; ratio of the crystal.

3. The crystalline material of claim 1 wherein X is
selected from the group consisting of aluminum, boron, iron
and/or gallium, and Y is selected from the group consisting
of silicon and/or germanium.

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

5. The crystalline material of claim 1 wherein n is
less than about 100. '

6. The crystalline matefial of claim 1 wherein n is
about 25 to about 40.

7. The crystalline material of claim 1 wherein the
crystals have a major dimension of at least about 1 micron.



10 - ' Na+/ Si O err] = 0. 40

6- anmi noReX8A4di ¢ acid/ Si 2 = 0.17
"Herr]OSigerr] = 21. 425 The reaction was carried
out at 150[err]C for 3 days. The product was |arge crystal ZSM5 and
wei ghed 313.5 gns. The 15 H err] formof the product had an al pha val ue

I n excess of 850 and a TDI of 387. Exanpl e 14

Exanpl e 12 was repeated but with the starting mxture 20 havi ng t he
fol | owi ng nol ar &-ath g&ynthetic porous crystallingimiteriah havihg the]

= 29;2 structure of ZSM-5 et/ D t&l uene Disproportionationzlgdég
6- am nohexanoi c acid/ Si 0.19

H err] O Si Qfrkgss than 430. 23.7 25 Sinilar large crystal ZSM5 was
obt ai ned. Exanpl e 15 The procedure of Exanple 9 was repeated
with the di recting agent being L-glutamc_acid and the starting 30

mi xture having the A8 GhYRFaidtidne $3} opf claim 8, wherein said

Si g err]/ Afdariddd Qﬁ%]pro&ortiqnaﬁo_’i@-fndex is less thanNabgrrl/Sigerr]
= 0. 386 utamc acid/SiQ2 = 0.16

Herr]Q Sigerr] = 56.6
10. The crystalline material of claim 1 or claim 8

and exhibiting a sorption time for 2,2-dimethylbutane for
30% of its capacity, as measured at 90°C and 60 torr (8
kPa) hydrocarbon pressure, of at least 5 minutes.

11. The crystalline material of claim 10 wherein said
sorption time is at least 10 minutes.

12. A method'of_synthesizing the porous crystalline
material of claim 1 or claim 8 comprising the steps of
forming a reaction mixture containing sources of an alkali
or alkaline-earth metal oxide, a trivalent metal oxide
X203, a tetravalent metal oxide YO, water, and an amino
acid or salt thereof having the formula:

i KA O AR

Rq-(CHy) ,~CHC~OA

Rp

wherein Ry is NHp, NHR3 whefe R3 is an adamantyl or cyclic
alkyl group, or a carboxylic acid group or salt thereof; Ry
is H, alkyl, aryl, alkaryl, NH, or NHR3 where R3 is an
adamantyl or cyclic alkyl group; A is H or a metal and z is
from 0 to 15, provided that at least one of R; and Ry is
NHp or NHR3, and crystallizing the reaction mixture to
produce said porous crystalline material.



: - The reagents were charged to a one-gallon Parr
react or F-1®% % eact or was cl osed and heated to 165[err]C for 3 days.
Aft'er cooling, the product was filtered®nd washed free of base. Part
of the product was NH4+ exchanged and 5 calcined to the Herr] form
SEM reveal ed that |arge crystals were obtained. X-ray diffraction
showed that the zeolite was ZSM 5. El enental anal ysis of the
HZSM 5 |nd|cated a bul k silicalalumnna polar ratio of 29.5, whereas
XPS anal ysis 10 1 rnHFEaFéHhPﬁe°§uFi§&@ 42| Whersifnizndsndran aRous tlo be
33. 8. to ExBHRLe716 Exanmpl e 12 was repeated (using Utrasil as
the silica 15 source) but with the directing agent being L-l1ysine as
supplied by Aldrich Chenm cal Conmpany and with the starting m xture
having the f0||OﬂﬂngTHE|ﬁét§@Hp@§'Elﬁﬂm 12 %ferein the amino acid or
Slqerr]/Alierr qm JJ 6 Na+/ Si O2

0. 398 alt’ there fL1Fy§§ﬁ@p§p@2from the grppp consisting of N-2-

Herr] O Si Q&élﬁintylgl cine, N-é}c@ohexylglyc:.ne-[h%-'éﬁ&ﬁ%ﬁh?ta%&% char ged
to a one- aIIpn reacto ge reactor was cl osed and heated to

P
165[err]Cf§FFl 4 fY51H§ysgl?ﬁémF€a€FF n2Rds PONgSREd WBn g lukamagset or al | owed

to cool. The product was filtered, washed free of base and

15. The method of claim 12 wherein the amino acid or
salt is glutamic acid or monosodium glutamate.

16. The method of claim 12 wherein the reaction
mixture has the following composition in terms of mole

ratios of oxides:

Y05 /X503 . - 20-80

Ho0/Y0y 10-90

AA/YO, 0.05-0.5

M/YO» 0.1-0.8 ]

17. The method of claim 12 wherein the reaction
mixture has the following composition in terms of mole

ratios of oxides:

YO5/X503 . . "20-40 |

H,0/Y0, 20-60
AB/YO, . 0.1-0.2
4

0 |
M/Y0» 0.3-0. “

A I

18. The method of claim 12 wherein X is selected from
the group consisting of aluminum, boron, iron and/or
gallium, and Y is selected from the group consisting of

silicon and/or germanium.



dried in a 110[err] C oven. Part of the as-synthesized zeolite was
NH[ er r ] Fe¥@4dnged and air calcined to the H+ form 36——~Analysis—shewed-the
product to be ZSM5 with a nolar ratio27 of 31.4

21 Exanpl e 17 Exanpl e 16 was repeat eﬂu{lﬂ Ll“ ngl ||Il
concentration of silica such that the starting

fol |l ow ng nol ar conposition: 5 SlCIerr]/AI[err]CIerr]

= 32.5 Na+/ Si 2 0. 40

L-Iysi ne/Sic2 19. The nmgthod of claim 12 Mp@re]igv 8i dsepdiminum and =
21. 4 er was charged into a one-gallon Parr reactor. 10
The NaCH, Ng&fsq%?r a\%}]d L-1ysi ne were successively dissol ved in the
reactor with stirring. The solution was heated to 70[err] C and the
solid Utrasil was added with rigorous stirring. A thick gel was
formed. The Parr reactor was cl osed. The reaction was heated to

150[ err] C wi t h 19®. RFRpesnetheodrefnglai® A whersén srysiheddicatdion dss for

3 days. Thessf t&gogleucé ErLtgredoangdonaghedswict h dei'oni zed water until
t he washi ng WaesC neutr al E\%gpdr%aeg pr oduct wei g%ed {44. 9 gm Part of

the as-synthesi zed zeollte (5 gm was NH err] exchanged and cal ci ned
inair to the Heir']l $REethb@Yof claim 12 wherein crystallization is

effected at a temperature of 120 to 200°C.



20 diffraction showed that the product was highly crystalline ZSM 5.
SEM shoW®ed88Rat the product contained |arge crystals. Exanpl e
18 25 Exanpl e 17 was repeated usi ndBL-glutanic acid as the

directing agent and the nolar ratios of the starting m xture as

fol | ows: ﬁquUN[queH] = 32.5

Na/ Si J err] 0.40 30 L-glutamc acid/Sigerr]

= 0. 17 H err CYSlCL % = 21.4

The wat er was charrmq' 1 GRES SMr P18 SYNTHESIS ANP USE- NaOH,

NaAl g err] and L-glutanic acid wer e Abstﬁ@pesswely di ssolved in the _
reactor with stirring. The

sol uti on was hedifed SYUIEFF PeFeMS Hergsratl ine rpaterihald haVIHQduhd with
ri gorous s [ I Sy f r t S

cl osed. Thtgt;rgiad(%rc?r? Otv\gsﬁgde?edﬂ?oa 1%%18-% mVOP@iﬁg EﬁRI%Mﬁé% :‘Q?rl ng and
mai nt ai ned el atHeashddiditi ons 5 for 3 days The product was filtered

and washed with dei oni zed efnypj,| the washing was neutral. Five
gr ans of the product was NH érr] exchanged and calcined to the H+
S5 wherein X is a trivalent élement; Y is a tetravalent

element; and n is greater than about 12, the crystals have
a major dimension of at least about 0.5 micron and surface
framework YO,/X,0, ratio which is no more than 20% less than
the bulk framework Y0,/X,0, ratio of the crystal. The

10 material is synthesized using an amino-acid as a directing
agent. :



formin air. X-ray diffraction showed that the product was hi ghly
crystalline ZSM5. SEM showed that the product 10 contained | arge

crystals. The TDI of the product was 390. Exanpl e 19 1.0
part of Al2(SOerr])[err].xHerr]O was dissolved in 8.0 parts of
Herr]O To this solution was added 1.98 parts of 50% 15 sodi um hydr oxi de
sol ution. A solution obtained by dissolving 1.12 parts of the nono
sodi genal t gl utam c id (ABGQ i 2. 7)., partgs, of err] O was added
to t,ge bove§ | ut lgn ngt hi a%i Xt & e vvaé)) addeg par to of
Ut rasifl | precilpitatéd si |l ca. The sl brry was thdr outh vy m ked@and 20
t her8.[0 g of ZSM5 seeds (solids basis) slurried in 2.28 p_ar'tos of
H ert] Q@ was added to the mixture and the final slurry ed for 30
m nut es|. The conposition of the reaction m xture in nol€ rati os was:
Siqizr]/AI[err]qerr] = 36.0 25 Siqnerr]
= UV.e=q | Na+/ Si J err] = 055 I,
R Si¥edrr] = 0.10 HerrlQ S err]
= 1598 The mixture was crystallized in a stainless stekl 30
reactor{, with stirring, at 100 rpm at 156[err]C for 60 hrs. — The
X-r gnal ysis of  the product showed a crystalline ZSM 5¢{neat e al . The
bul kaygsHl i ca/ al um na nolar ratio of the mat eri al was 29. 6.} [Theproduct
was ¢galijci ned for 16 hrs. at 538[err] C and the cal cined ngtleri al was
contactled wth 10% —
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23 ‘ NH err]d solution for three 1 hr contacts at 85[err]C, with
stirring. The material was then calcined for 3 hrs. at 5 538EC to convert

it to the hydrogen form The material was founf to have an al pha val ue
of 1380 and a TDI of 390. SEM showed the presence of 1-3 mcron
crystals (Figure 7). The material exhibited a sorption tine for
gbmt hyl but ane for 30% of its capacity, as neasured at 120[err]C
and Sorr 18 (Enga) cIﬁydro%r borppres@re a 11.8 minies. o
< € ai s’ 1. "A syntheti & porous crystalline material™ having the
strucs’t!ure of Z2SM 5 &nd a tonpoditionlinvollving tlhe nollar rel at;[ngh%o
X[err-dlerr]: (n)Y(Jerr], wherein X is a trivalent el ement; YJ sLa
tetravallent elenent; and n is greater than about 12, and i ni—t he
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crystals have a major dinension of at |east about 0.5 micron and a surface
framework YJerr]/ X[err](err] ratio which is no nore than 20% | ess than
the bulk framework Y(J err]/Xerr]derr] ratio of the crystal. 2. The
crystalline material of claiml1l wherein the surface framework
YJerr]/X[err]derr] ratio is no nore than 10% | ess than the bul k franmework
YJerr]/ X[err](err] ratio of the crystal. 3. The crystalline
mat & 8 of g aimd wheigin X5 s sehectegyfromsthe ghoup gonsisting of

al urgne#n bo®on, EBon amﬁ/orggalllunl and‘Y |sFBeIeGNed fron1tﬁé group

con$Nstling ofl siliéon anH/or dermanium l4 _Thk crydtallilne Raterial
of Q_-alml wherein X is aIumnumanles silicon. 5. The
crystal{line material of claiml wherein n is |ess than about 1G0. 6
The crystalline material of claim1l wherein n is about 25 t& aljeut 40
7. Tpefcrystalline material of claim1 wherein the crystalsShave qnaj or
di mgs;on of at |east about 1 mcron. — <+
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25 ' 8. A synthetic porous crystalline material having the
structure of ZSM5 and a Tol uene Di sproportionation Index of |ess than
430. 9. The crystalline material of claim@8, wherein said Tol uene
Di sproportionation Index is |ess than 400. 10. The crystalline
material of claiml or claim8 and exhibiting a sorption time for
2,2-di met hyl butane for 30% of its capacity, as neasured at 90[err] C and 60

torr (8 kPa) hydrocarbon pressure, of at |east 5 mnutes. 11. The
crystalline material of claim10 wherein said sorption tinme is at |east 10
m nut es. 12. A nethod of synthesizing t he porous crystalline

material of claim1l or claim8 conpr|5|ng t he steps of formng a reaction
m xt ure cont ai - - et al oxide, a

trival ent neta 2 de YJerr],
wat er, and an B
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[err] - wherein RL is NH2, NHR3 where R3 is an adamantyl or cyclic al kyl
group, or a carboxylic acid group or salt thereof; R2 is H, alkyl, aryl,

al Karyl, NH err] or NHR[err] where R3 is an adamantyl or cyclic alkyl
group; Ais Hor anetal and z is fromO to 15, provided that at |east one
of Rlerr] and Rlerr] is NHerr] or NHR err], and crystallizing the reaction
m xture to produce said porous crystalline material.

26 13. The method of claim 12 wherein z is fromabout 1 to about
7. 14. The method of claim 12 wherein the am no acid or salt thereof
Is selected fromthe group consisting of N-2- adamantyl gl yci ne,

N- cycl ohexyl gl yci ne, 6-am nohexanoic acid, |lysine, glutamc acid and
nonosodi um gl ut amat e.
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15. The method of claim 12 wherein the amino acid or salt is glutam c acid

or .nonosodi um gl ut anat e. 16. The nmethod of claim 12 wherein the
reaction m xture has the foll ow ng conposition in terns of nole ratios of
oxi des: YJerr]/ X[err]Jerr] 20- 80 .

Herr]Q Yderr] 10-90 AA/ YJ err] 0.05-0.5

M YJ err] 0.1-0.8 17. The nmethod of claim 12 wherein
the reaction m xture has the follow ng conposition in ternms of nole ratios
of oxi des: YJerr]/ X[err]Jerr] 20- 40

Herr]Q Yderr] 20- 60 M YJ err]

0.3-0.4 18. The method of claim 12 wherein X is selected fromthe

aIIiu and Y is sel ected

Al

group consi sting of alum num boron,

i ron and/ or
fromthe gro AR R K R .

FIG. 6A
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27 - 19. The nmethod of claim 12 wherein X is alumnumand Y is
silicon. 20. The nethod of claim 12 wherein crystallization is
effected at a tenperature of 80 to 225[err]C 21. The net hod of
claim 12 wherein crystallization is effected at a tenperature of 120 to

200[ err] C




