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The XRD technique was used to study the lattice parameters a, b, and ¢ and unit cell volume V of
several groups of zeolite ZSM-5 synthesized with different templating agents. When the templating
agent was changed, the V changed greatly and the a parameter increased greatly whereas b and c did
not change significantly. This result supports the conclusion that the ZSM-5 crystal grows through one

by one combination of bc sheets along the a direction.

Since it was first prepared in the presence
of tetrapropylammonium (TPA) (1), ZSM-5
zeolite has been synthesized with some
amines and alcohols as templating agents;
the mechanism of ZSM-3 zeolite synthesis
has been widely investigated (2—4). In this
paper the crystal growth during formation
of ZSM-35 zeolite is studied by X-ray diffrac-
tion for polycrystalline materials.

ZSM-5 zeolite samples with a variety of
Si0,/ Al O, ratios were prepared in the sys-
tem Na,0-AlL0,-Si0,~H,0, using water-
glass as the source of silicon, Al,(SO,); as
the source of aluminum, and TPA, butylam-
ine, 1,6-hexanediol, tetrahexylammonium
(THexA), tetraheptylammonium (THepA),
and tetraoctylammonium (TOctA) as the
templating agents, respectively.

The determination of the lattice parame-
ters of ZSM-5 samples was carried out by
using Rigaku D/MAX-IITA X-ray diffracto-
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meter operating with CuKe radiation at 40
kV and 30 mA and at a scanning rate of 1°/
16 min. The lattice parameter a, b, and ¢
and V (volume of unit cell) were determined
from the 26 values corresponding to 002,
102, 131, 312, 203, 051, 501, 133, 432, and
352 diffraction peaks, using the formula for
orthorhombic symmetry:

Sinl” O(hkl) = (i)z[hz @2 e @2 2
el

These values are shown in Table 1.

It is known that the larger the number of
Al atoms in the unit cell, the larger the unit
cell volume becomes because the Al-O
bond length is longer than that of Si-O.

From Table 1, the following facts can be
ascertained:

First, within the same group the ratio
Si0,/AlLLO; of all ZSM-5 samples are very
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TABLE I
THE LATTICE PARAMETERS AND RaTIO SiO,/AlO; OF ZSM-5 SAMPLES
Templating

Group No. agent Si0,/ALO; a (A) b (A) ¢ (A) v (A
1 1-1 TPA 94.2 20.0870 19.9519 13.4189 5377.95
1 1-2 Butylamine 95.0 20.1659 19.9665 13.4488 5415.04
2 2-1 TPA 74.8 20.0875 19.9582 13.4376 5387.27
2 2-2 Butylamine 74.6 20.1561 19.9779 13.4606 5420.00
2 2-3 1,6-Hexanediol 77.4 20.2415 19.9733 13.4545 5439.51
3 3-1 TPA 55.6 20.1175 19.9896 13.4528 5409.93
3 32 Butylamine 60.0 20.1824 19.9898 13.4641 5431.99
3 33 1,6-Hexanediol 57.2 20.2041 20.0137 13.4770 5449.57
4 4-1 TPA 40.1 20.1474 19.9938 13.4528 5419.07
4 4-2 Butylamine 39.2 20.2031 19.9904 13.4682 5439.36
5 5-1 TPA 55.6 20.1175 19.9896 13.4528 5409.93
S 5-2 THexA 64.4 20.1674 20.0003 13.4843 5438.96
5 5-3 THepA 56.0 20.1914 20.0167 13.4632 5441.35
5 5-4 TOctA 74.1 20.2229 20.0051 13.4619 5446.16

close, but their unit cell volumes are very
different, which effect is caused by the dif-
ference in pore volume, not by the differ-
ence in kind or number of atoms. The vol-
ume of pores in each zeolite depends on the
size of the templating agents.

Second, within the same group, with
changing unit cell volume the increases in
a, b, and ¢ (Aa, Ab, and Ac) are very differ-
ent from each other: the value of Aa is very
large but changes in b and ¢ are not sig-
nificant.

This result supplies further evidence to
the view that crystal growth of ZSM-5 oc-
curs through the combination of bc sheets,
one by one, along the a direction. The for-
mation of the bc sheet is not related to the
size of templating agents; therefore, the val-
ues of b and ¢ do not change greatly with
templating agents. The combination of bc

sections along the a axis occurs through the
attraction of the positively charged tetrahe-
dron templating agents (4) which are located
between two bc sheets. Therefore, the size
of the templating agents influences the dis-
tance between the two sections bc, so that
the value of a is very large with unit cell
volume changes.
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