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Organic Template Free Synthesis of Aluminosilicate high cost and the harmful gas produced during the removal
Zeolite ECR-1 of the template normally carried out by high-temperature
combustiorf:7-8
Jiangwei Song, Lei Dai, Yanyan Ji, and Feng-Shou Xiao* Interestingly, there are a couple of successful approaches
b ‘| . for recycling organic templates in the syntheses of zedlités.
Synthesis and PreigagéKgKeﬁs?r@tgiWnour{i]grrsgig/rjlc For example, Takewaki et al. report that partial tetraethyl-

Changchun 130023, People’s Republic of China ammonium cations (TEA in the synthesis of zeolite Beta
can be recycled by an ion-exchange procedure, but the

. Receied Naoember 23, 2005  organic cations interacted strongly with the zeoltie framework
Revised Manuscript Receed March 5, 2006 siill cannot be removetiRecently, Lee et al. reported a novel

Zeolites, especially large pore zeolites, have been widely route for complete recycle of the organic template in the
applied in many industrial technologies, including gas Synthesis of ZSM-5. They create an organic structure-
adsorption, ion exchange, separation, and catalysis, for theirdirecting agent that can be disassembled within the zeolite
unique porosity and high surface afawhich attract pore space to allow removal of their fragments for possible
extensive studies on the influence of composition, temper- Use again by reassembly.
ature, and environment on the synthetic process of zedlites. ~ Large-pore aluminosilicate zeolite of ECR-1 is an intimate
Aluminosilicate zeolites are the most important for many twin of the mordenite-like sheets between layers of mazzite-
applications used commercially in the petroleum catalysis like cages, which was first discovered by Leonowicz and
and refining industry, and most of the applications require Vaughan using the organic template of bis(2-hydroxyethyl)-
that the zeolites are of low cost and friendly to the dimethylammonium chlorid&’-*° Later, ECR-1 is success-
environment. Notably, modern synthesis methodologies for
preparing zeolites or zeolite-like materials typically involve  (7) Chen, Z. W, Li, S.; Yan, Y. SChem. Mater2005 17, 2262.
the use of organic molecules that direct the assembly pathway © {}'Q‘S'o,i,r?gs T&ééboj"?iefgg . e Kim. W Microporous
and ultimately fill the pore space® The use of the organic (9) Takewaki, T.; Beck, L. W.; Davis, M. EJ. Phys. Chem. EL999
template has obvious disadvantages such as the relatively, ﬁgﬁei_%“_-w_; Hwang, S. 2.; Okubo, T.: Davis, MCEem. Mater.
2001, 13, 1041.
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fully synthesized in the presence of adamantine-containing
. T . 12000
diquaternary alkylammonium iodid®r in the presence of
tetramethylammonium (TMA).2! In these cases, organic 100004
templates in the synthesis of ECR-1 are necessary. However,
these organic templates with relatively high cost in the 8000+
synthesis severely hinder the practical applications of ECR-1 2
in catalytic reactions for the petroleum industry. £ 6000+
More recently, gallosilicate zeolite (TNU-7), an analogue 4000
of aluminosilicate ECR-1, is hydrothermally synthesized in
the absence of organic template, while the synthesis system 2000+
is not suitable for the synthesis of ECR?l Notably,
compared with the synthesis of ECR’1?! the ratio of 0 S a—

10 20 30 40 50

NaO/SiG; in the synthesis of TNU-7 is relatively low, which
2 theta (degree)

suggests that the ratio of Ma/SiO; plays an important role i _ _ _
for the synthesis of ECR-1. We demonstrate here a succgssfuﬁ?oufg - ff?a}’/’:t\fﬁm :‘;&T;ﬁg’:ﬁi‘fé‘;ﬁﬁ%ﬁlaig/RHjOS;’t“tlhoei%ed at
organic template free synthesis of the large-pore alumino- 2 .5:200 in the starting gel.
silicate zeolite of ECR-1 by carefully adjusting the molar - - ) )
ratio of NaO/SiQ, in the synthesis for the first time. F”"' AT w Y " TTREH

The samples were hydrothermally synthesized with poly- : TR
(tetrafluoroethylene)-lined stainless steel autoclaves statically/&s
at the temperatures of 186A60°C for 1—-14 days with molar
ratios of starting gels at SKAI,Os/NaO/H,O = 10:1.0:
2.0—-3.3:200. In addition, the filling rate of the autoclave
was near 40%, and the pH value of the starting gel was about
12.5. As a typical organic template free synthesis of zeolite
ECR-1, a precursor solution (Si\l,0s/Na0/H,O = 15:
1.0:16:320) was prepared by mixing NaOH, NaAl@nd
water glass under stirring, followed by aging at room
temperature for 20 h, giving a clear solution. Then, 1.4 mL
of the clear solution was mixed with 1.2 mL ot@8, 10 mL
of water glass, 2.3 mL of A(SOy); (0.88 M), 2.4 mL of
NaAIO; (2 M), and 0.4 mL of HCI (10 M), giving the ratio 3
of SiO,/Al,Os/Na,O/H,0 for the final mixture at 10:1.0:2.5: Ganeral
200. After stirring, the gel mixture was transferred into an Figure 2. SEM image of the as-synthesized zeolite ECR-1 synthesized at
autoclave to crystallize at 10T for 2 weeks. The product ~ 100°C for 14 days with a molar ratio of SEAI204/N&0/H0 at 10:1.0:

- . . - 2.5:200 in the starting gel.

was collected by filtration, washed with deionizeg and
dried in air. The morphology of the samples was observed
with a field-emission scanning electron microscope (JEOS
JSM 6700). The X-ray diffraction (XRD) data were collected
on a Rigaku D/MAX 2550 diffractometer with Cu &K
radiation ¢ = 1.5418 A). The step size was 0%92nd the
scanning speed was 2X/Bin. The ratio of Si/Al was
determined by°Si NMR spectra which were recorded on a
Varian Infinity plus 400 spectrometer (fitting the sample in
a 7 mm ZrQ rotor, spinning at 4 kHz with the number of
scans being 308 and a collection time of 25.6 min) and by
the result of inductively coupled plasma (ICP) analysis
(Perkin-Elmer 3300DV).

obvious peaks at 5.9, 6.7, 8.3, 9.7, 11.2, 130d so on,
which are typically assigned to those of ECR-1 structure.
Furthermore, the scanning electron microscopy (SEM) image
of the sample synthesized at 100 for 2 weeks (Figure 2)
shows that a pure phase is obtained, and its morphology is
the same as that of ECR&.20 All of these results indicate
that a pure phase of ECR-1 could be hydrothermally
synthesized at 108C for 2 weeks in the absence of organic
templates. Possibly, hydrated alkali-metal cations in the
synthesis may organize ECR-1 structural subunits and
solution-mediated crystallization of the amorphous %el.

. i More importantly, the successful organic template free
Figure 1 shows XRD pattern of the sample synthesized at g yhesis of zeolite ECR-1 may offer a novel route for the

100°C for 2 weeks with a molar ratio of SUAI.0J/N&O/ gy hiheses of other zeolites normally templated from organic
H,O at 10:1.0:2.5:200 in starting gel. The sample exhibits templates.

(19) Vaughan, D. E. W. Stohmaier, K. G. The infl oot s As observed in Table 1, the molar ratio of Jd SI0; in
augnhan, D. E. ., otronmailer, K. G. e Intfluence or template size : . i . .
and %eometry on Faujasite crystallization.7th Int. Zeolite. Cponf. the _syntheS|s Slgnlflca..nt-ly influences the final prOdu.CtS O.f
Murakami, Y.; lijima, A.; Ward, J. W., Eds.; Kodanshia/Elsevier: ~ zeolites. When the ratio is 0.33, a pure phase of zeolite Y is

1986; p 207. i L : )

(20) Chen, C. S. H.; Schlender, J. L.; Wentzek, SZEolites1996 17, formed’_ when th? ratio is 0.28, a mIXt.ure of zeolite ¥ and
303, ECR-1 is crystallized; when the ratio is 0.25, a pure phase

(21) Gualtieri, A. F.; Ferrari, S.; Galli, EZhem. Mater2006 18, 76. of ECR-1 is successfully synthesized; when the ratio is 0.20,

(22) Warrender, S. J.; Wright, P. A.; Zhou, W. Z.; Lightfoot, P.; Camblor,
M. A.; Shin, C.-H.; Kim, D. J.; Hong, S. BChem. Mater2005 17,
1272. (23) Davis, M. E.; Lobo, R. FChem. Mater1992 4, 756.
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Table 1. Syntheses from Starting Gels with Molar Ratios of Si@
Al;,03/Na;O/H,0 at 10:1.0:2.0-3.3:20¢"

reaction conditions

N&O/SiO, temp €C) days produét
0.33 100 1 Y
0.28 100 14 Y+ ECR-1
0.25 100 14 ECR-1
0.20 100 14 amorphous
0.25 140 5 ECR-%+ P
0.25 160 1 ECR-} P°

aRatios of NaO/SiO, are varied between 0.20 and 0.83he phase
appearing first is the major phasawith other peaks unidentified (Figure
S1, Supporting Information).

the product is amorphous silica. Furthermore, it is found that
the crystallization rate of ECR-1 increases obviously with
temperature in the synthesis. For example, when the tem-
perature in the synthesis is 160, ECR-1 with an impurity

is crystallized for 1 day (Figure S2, Supporting Information).
In contrast, crystallization of ECR-1 at 10CQ takes 14 days.
Notably, although the synthesis at 1T takes a longer time,

it is a pure phase of ECR-1.

Figure 3 shows thé°Si magic-angle spinning (MAS)
NMR spectrum of the calcined sample of ECR-1, which is
synthesized at 100C for 2 weeks with the molar ratio of
SiO/Al,04/NaO/H,0 at 10:1.0:2.5:200 in the starting gel.
The resulting spectrum exhibits peaks at abe@s, —100,
—106, and—112 ppm with reference to tetramethylsilane,
which are reasonably assigned to Si(Q®&NAl)s—x units
wherex =1 (QY), x =2 (), x = 3 (@), andx = 4 (Q",
respectively. The ratio of SiAI,O3 in our sample estimated
from Figure 3 is near 7.0, which is similar to the ICP result
of 7.2, in agreement with those 7#0.0 in ECR-1 templated
from organic cationg® 2!

In summary, an aluminosilicate zeolite of ECR-1 is
successfully synthesized at 10060 °C for 1—14 days in
the absence of organic templates for the first time. The
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Figure 3. 2°Si MAS NMR spectrum of calcined ECR-1 synthesized at
100 °C for 14 days with molar ratio of SifAl,03/Na,O/H,0 at 10:1.0:
2.5:200 in the starting gel.

organic template free synthesis could be important for
potentially industrial applications of zeolite ECR-1 in
catalytic reactions.
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