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ABSTRACT

A zeolite Mazzite (MAZ) analogue with high silica content has been synthesized from a Na,0-Al,0;-SiO,-morpholine-
H,O system. The crystal morphology of this MAZ analogue was found to consist of spherical agglomerates of diameter
up to 17 um. It has been unequivocally demonstrated that zeolite Mordenite (MOR) or amorphous material was pro-
duced instead in the absence of either morpholine or Na’. Associated phases indicate that the MAZ may be a “interme-
diate phase” between the crystallization fields of zeolites Analcime (ANA) and MOR. Thus, the zeolite MAZ analogue
is seemingly derived from the cooperative structure-directing effect of the organic molecule morpholine and the inor-
ganic cation Na'. The results of CHN elemental analyses as well as of thermogravimetric (TG) analyses confirmed that
morpholine had been incorporated into the zeolitic structure.
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1. Introduction

Several types of zeolites with the MAZ framework are
known, such as the naturally occurring zeolite Mazzite [1]
and the synthetic aluminosilicate zeolites Omega [1],
LZ-202 [2], and ZSM-4 [3]. This zeolite framework has
12-membered ring pore, and has attracted a lot of re-
search interest owing to its strong Brensted acidity and
its activity as a catalyst for alkylation [4], cracking [5],
and isomerization [6]. The synthetic analogue of Mazzite
is usually crystallized by using the tetramethylammo-
nium cation as a structure-directing agent, and other or-
ganic molecules, such as pyrrolidine [4], piperazine [7],
glycerol [8], and p-dioxane [9] can also be used as tem-
plating agents.

The use of organic molecules as structure-directing
agents (SDAs) in the assembly of high-silica zeolites has
attracted much attention in the past 30 years. Since the
majority of readily available amines and derivatives
thereof have been examined as SDAs, recent advances in
high-silica zeolite synthesis have centered on synthesiz-
ing novel SDAs by more sophisticated routes or by em-
ploying more exotic SDAs [10]. However, from a prac-
tical perspective, the SDA should be commercially avail-
able or at least relatively easy to prepare. Morpholine
was selected due to its low cost and ready availability,
and because it has been generally used as a SDA to syn-
thesize aluminophosphate molecular sieves with the CHA

"Corresponding author.

Copyright © 2012 SciRes.

framework, such as ZYT-6 [11] and AIPO4-34 [12].
However, reports of aluminosilica zeolite synthesis from
morpholine are relatively rare. Using a combination of
fluoride anion and morpholine, our research group has
recently prepared the high-silica clathrate compound MTN
by vapor-phase method [13] as well as by solvothermal
method.

In the work described herein, we have examined the
structure-directing effect of morpholine in the hydro-
thermal method combining inorganic cations or fluoride
anion. This work has shown that by exploiting the coop-
erative structure-directing effects of the inorganic cation
Na" and the organic molecule morpholine, a zeolite MAZ
analogue can be successfully synthesized.

2. Experimental Procedure

The reagents used were morpholine (C4HoNO, >98.5
wt%), sodium hydroxide (NaOH, >99.0 wt%), silica sol
(Si0,, 30 wt%), and aluminum hydroxide (Al(OH);, >98
wt%). Distilled water and sodium aluminate were pre-
pared in our laboratory. A typical sample was prepared
from a gel as follows: sodium hydroxide solution (3.16
mL, 10.6 mol NaOH/L), sodium aluminate (1.06 mL,
2.62 mol Al,O3/L), and deionized water (6.6 mL) were
thoroughly mixed in a beaker by stirring at room tem-
perature for 60 min. Morpholine (1.94 g) and silica sol
(9.18 mL) were then added. After further stirring for
about 10 min, the mixture, with a molar ratio of 8.0 Na,O:
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1.0 Al,05:20.0 Si0,:8.0 morpholine:400 H,O was trans-
ferred to a stainless-steel autoclave and kept statically at
150°C in an oven for 5 days. The crystallinity, phase pu-
rity, and identity of the obtained samples were deter-
mined by X-ray diffractometry (XRD) (Rigaku, D/max
2500). The crystal morphology and size were observed
by scanning electron microscopy (SEM) (JEOL, JSM-
35C). Thermogravimetric (TG) analysis (Netzsch, STA-
409) was carried out in air at a heating rate of 10°C/min
using y-alumina as the reference. CHN analysis was car-
ried out on an Elementar Vario EL analyzer.

3. Results and Discussion

First, we employed morpholine as a large SDA, together
with inorganic cations (Li", Na’, K") or F~ as co-SDAs.
Interestingly, it was found that only Na' induced the
formation of high-silica zeolite MAZ, whereas the other
ions yielded only the clathrate compound MTN or amor-
phous material. The effects of the different combinations
of morpholine and Na“ on MAZ synthesis are listed in
Table 1.

The morpholine/Al,O; ratio was varied from 0 to 8.0.
According to the data in Table 1, in the absence of mor-
pholine (Run 1) or with only a small amount added (Run
2), zeolite phase MOR was obtained. Zeolite MAZ was
formed when the morpholine/Al,O; ratio was in the
range 5.0 - 8.0 (Runs 3, 4). Thus, morpholine clearly
served as a powerful structure-directing agent in the
MAZ synthesis. The Na,O/Al,O; ratio was varied from 0
to 10.0. According to the data in Table 1, in the absence
of Na,O (Run 5), only amorphous material was obtained.
Zeolite MAZ analogue was formed when the Na,O/
ALOs; ratio was in the range 6.0 - 8.0 (Runs 3, 7). At
Na,O0/Al,0; = 3.0 (Run 6), zeolite MOR was synthesized,
while at Na,O/Al,O; ratios greater than 10.0 (Run 8) a
mixture of zeolite MAZ and ANA was formed. The re-
sults showed that zeolite MAZ may be a “intermediate
phase” crystallizing in the overlapping crystallization

fields of MOR and ANA and also proved that Na' plays
a structure-directing role in the formation of zeolite MAZ.
Morpholine and Na' are necessary components of the gel
and the absence of either one leads to the disappearance
of the zeolite MAZ analogue from the crystallized prod-
ucts, implying that both are needed for the simultaneous
stabilization of several different substructures in the gel
that combine to yield the MAZ framework.

The situation here is consistent with previous argu-
ments [14] concerning cooperative structure-directing
effects in high-silica zeolites by using a combination of
bulky and small structure-directing agents. Organization
of the tetrahedral TO, units by the large morpholine
molecules may not be energetically favorable, leading to
the formation of amorphous materials. However, the
presence of small Na' ions in the synthesis gel could im-
prove the crystallization process by helping to overcome
the energetic barrier of the nucleation. At the same time,
Na' influences the types of secondary building units that
form in the gel, leading to the formation of ANA and
MOR. However, with the addition of morpholine, these
small inorganic entities can gradually be assembled
around the morpholine, thus opening up the possibility
for the crystallization of another zeolite, i.e. MAZ. The
synthesis data have shown that Na“ and morpholine may
together exert a cooperative structure-directing effect on
MAZ synthesis.

The XRD pattern of typical MAZ (Table 1, Run 4) is
shown in Figure 1. Comparison with the data reported in
the literature [15] showed that the positions and relative
intensities of the diffraction peaks were the same as that
of zeolite MAZ, proving that the synthesized samples
were a pure phase of the zeolite MAZ.

Analysis of the MAZ sample (Table 1, Run 4) re-
vealed C, H and N contents of 3.10, 1.83, and 0.86 wt%,
respectively, corresponding to a C:H:N molar ratio of
4.20:29.79:1.00. The C/N ratio of the sample was close to
that in morpholine, C/N = 4.0, suggesting that morpholine

Table 1. The effects of morpholine and Na,O on MAZ synthesis.?

Run Reactant composition (starting molar ratio) Phase

1 8.0Na,0:1.0A1,05:20.0Si0,:0morpholine:400H,O MOR

2 8.0Na,0:1.0A1,05:20.0Si0,:3.0morpholine:400H,O MOR

3 8.0Na,0:1.0A1,05:20.0Si0,:5.0morpholine:400H,O MAZ

4 8.0Na,0:1.0A1,05:20.0Si0,:8.0morpholine:400H,O MAZ

5 0Na,0:1.0A1,05:20.0Si0,:8.0morpholine:400H,O Amorphous
6 3.0Na,0:1.0A1,05:20.0Si0,:8.0 morpholine:400H,O MOR

7 6.0Na,0:1.0A1,05:20.0Si0,:8.0morpholine:400H,O MAZ

8 10.0Na,0:1.0A1,05:20.0Si0,:8.0morpholine:400H,O MAZ + ANA

% reaction temperature 150°C, reaction time 5 days.

Copyright © 2012 SciRes.
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Figure 1. XRD pattern of typical MAZ sample.
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Figure 2. TG curve of typical MAZ sample.

Figure 3. SEM image of typical MAZ sample.

were occluded in the micropores of the MAZ. However,
the H/N ratio of the sample, 29.79, was greater than that
in morpholine, H/N = 9. This deviation of the hydrogen
content of the sample from that of morpholine can be
explained in terms of the contribution of water molecules.
Further calculation showed the content of morpholine to
be about 5.6 wt% (based on C: 3.10 wt%). As shown in
Figure 2, the TG curve of MAZ (Table 1, Run 4) features
two distinct main steps, the first between 50 and 300°C
(8.5 wt%), corresponding to the removal of water mole-
cules, and the second between 300 and 1000°C (5.9 wt%),
corresponding to the removal of the occluded structure-
directing species morpholine. The latter weight loss is in
close agreement with the morpholine content estimated
by CHN analysis (5.6 wt%). The TG curve (300°C and
1000°C) indicated that the guest molecules could not be
fully released before the framework collapsed.

SEM image of the crystals of MAZ (Table 1, Run 4)
is illustrated in Figure 3. It can be seen that the zeolite
MAZ obtained with morpholine as the template consisted
of spherical agglomerates up to 17 um in diameter com-

Copyright © 2012 SciRes.

prised of hexaprism crystals. The crystal growth and as-
sembled procedure are being studied.

4. Conclusion

We have reported herein our recent studies on the crys-
tallization behavior of the Na,OAl,0;Si0, morpholine
H,O system for zeolite MAZ synthesis. The obtained
zeolite MAZ analogue grows as agglomerates of inter-
grown hexaprism crystals. It has been found that Na'
itself can lead to the specific zeolite structures MOR or
ANA, but that the addition of the organic structure-di-
recting agent morpholine to the gel can lead to the crys-
tallization of MAZ. The experimental data have proved
that the small cation Na“ and the bulky molecule mor-
pholine exert a cooperative structure-directing effect,
resulting in the formation of the MAZ analogue. The
results of CHN and TG analyses suggest that morpholine
is occluded in the micropores of the MAZ analogue.
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