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Characterization of High Silica Mordenite Synthesized from Amine-free
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Abstract A series of high silica mordenite samples synthesized from amine-free system using fluoride as structure-
directing agent were characterized by XRD, SEM, FT-IR, and MAS NMR. The results confirmed that the samples were
truly mordenite with high SiO,/Al,O; molar ratio. The unit cell constants a, b, ¢ and the unit cell volume (axbxc) of
M-36 sample were smaller than those of mordenite with silica alumina molar ratio (SAR)=10 reported in the literature,
which indicated the unit cell contraction caused by the replacement of Al atoms by smaller Si atoms. However,
compared with the sample with SAR=31.5 synthesized from free-fluoride system, the lattice parameters of M-36 were
somewhat increased in the a and c¢ directions, but elongated obviously in b direction, which indicated some influences
on 8-membered ring parallel to the b axis of mordenite structure should be brought by using fluoride as structure-
directing agent. As the SAR of mordenite samples increased, a variety of crystal morphologies (cuboids, hexagonal
prismatic crystals, rectangular parallelepiped crystals) was observed and a wide variation in the crystallite size was
presented. As the SAR changed from 14 to 55, in the infrared spectra of the samples, the band attributed to T—O
bending vibration shifted from 434 cm™ to 450 cm™, and its absorption intensity also increased. The band at 720 cm™
which corresponded to the internal symmetric stretching vibration of the AlO, tetrahedral in the mordenite from a weak
band developed into a broad band and nearly disappeared at last, indicating that the number of SiO, in the framework
was increased. In Al MAS NMR spectra, almost all high silica mordenite samples presented a peak at §(55.6) and no

non-framework Al species peak at about 6(0), which was different from steamed or acid-leached siliceous mordenite.
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Table 1 Composition of gel and mordenite synthesized from

amine-free system with fluoride

n(Si0,)/n(Al,05)
Sample TI'C td
gel mordenite

M-14 170 2 30 14
M-17 170 3 30 17
M-22 170 3 50 22
M-36 170 2 78 36
M-41 170 2 100 41
M-55 160 3 100 55
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Table 2 The XRD data of mordenite synthesized from amine-

free system with fluoride

SAR*=10 (Ref. [24]) SAR=36 (this work)

e 26/(°) d/nm 1, 26/(°) d/nm I,
110 6.51 1.358 100 6.51 1.359 18
020 8.61 1.027 131 8.62 1.024 7
200 9.77 0.906  56.4 9.73 0.908 73
111 13.45 0.658 404 13.43 0.659 41
130 13.83 0.640  29.1 13.86 0.639 14
021 1459  0.607 13.3 14.58 0.607 11
310 1530  0.579 9.5 15.26 0.580 20
400/330  19.61 0453 227 19.60 0.453 46
150 2220 0400 46.1 22.23 0.400 79
241 23.16 0384 169 23.17 0.384 24
002 23.64 0376 6.9 23.67 0.375 15
202 25.63 0.348  75.7 25.68 0.347 100
350 26.25 0.340 435 26.27 0.340 76
511 27.67 0322  46.1 27.67 0.322 30
530/260  27.87 0.320  28.8 27.84 0.320 63
402 30.89  0.289 129 30.91 0.289 33
352 35.61 0.252  15.5 35.67 0.252 19

*SAR = silica alumina molar ratio
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Table 3 Crystallography data of synthetic mordenite

Parameter a/nm b/nm cmm  asB=y/(°) V/nm?*
SAR=10"" 1.811 2.053 0.753 90 2.800
SAR=31.5" 1.807 2.029 0.746 90 2.735
SAR=36 (this work) 1.8078  2.0466 0.7498 90 2.774
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Fig.1 SEM images of mordenite sampels
a) M-17; b) M-22; ¢c) M-41
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Fig.2 FT-IR spectra of the mordenite samples
a) M-14; b) M-41; ¢) M-55
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Fig.3 Si MAS NMR spectra of the mordenite samples
a) M-17; b) M-22; ¢) M-36; d)M-55
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Fig.4 *Al1MAS NMR spectra of the mordenite samples
a) M-17; b) M-22; ¢) M-36; d) M-55
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