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Table 1 Influence of silica source on crystal phase of zeolite
synthesized in the presence of #-BuOH®

Si conc. in
BET specific Product aqueous
EI:\?(? * Silica source surface area (SiO,/Al,O5 ratio) syg?}?:seis()fg el
: /m2g-1 + by-product /10-5 mol
L-to
1 Colloidal silica — TON(70) —
2b Colloidal silica — MFI(49) —
3 TEOS — Cristobalite —
4 Fumed silica 288 TON(67) 156
5 Fumed silica 189 TON(70) 127
6» Fumed silica 189 MFI(51) —
.. TON
7 Fumed silica 118 - Cristobalite 80.2
.. TON
8 Fumed silica 48  Cristobalite 1.78
9 Fumed silica 5 MFI(60) 0.95
10» Fumed silica 5 MFI(59) —
11 Quartz 1 MFI 0.29

a) Synthesis conditions; #-BuOH : 0.4 K,0 : 0.014 Al,O; :
40 H,0, 160°C, 72 h.

b) NaOH was used instead of KOH as an alkali source.

¢) The Si concentration in the aqueous phase of synthesis mixture
aged at 60°C for 1 h was determined by ICP.
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Fig. 1 SEM images of TON and MFI type zeolites synthe-
sized using various silica sources.
(A): TON (Exp. No. 1), colloidal silica, (B): TON
(Exp. No. 5), fumed silica (189 m2/g), (C): MFI
(Exp. No. 9), fumed silica (5 m2/g).
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Fig. 2 X-Ray diffraction patterns of products obtained
varying aging time at room temperature.
(A): 0.5h, (B): 1.0h, (C): 1.5h, (D): 2.0h, (E): 3.0
h.
Silica source: Fumed silica (189 m?/g).

Table 2 Influence of aging time at 60°C on Si concentration
in the aqueous phase of synthesis mixture prepared
with fumed silica (189 m2/g)

Aging time/h Si/10-5mol L-1™

0.5 113
1.0 127
1.09 174
1.5 134
2.0 156
3.0 169

a) No addition of z~BuOH.
b) Determined by ICP.
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Fig. 3 X-Ray diffraction patterns of products synthesized
(A) with and (B) without n-BuOH.
Silica source: Fumed silica (189 m?/g).
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Fig. 4 FT-IR spectra of as—made MFI and TON type zeo-
lites synthesized using different silica source.
(A): MFI (Exp. No. 2), colloidal silica, (B): MFI
(Exp. No. 9), fumed silica (5 m?/g), (C): TON (Exp.
No. 1), colloidal silica, (D): TON (Exp. No. 5), fumed
silica (189 m?/g).
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Fig. 5 13C CP MAS NMR spectra of as-made (A) MFI and

(B) TON type zeolites.
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Fig. 6 Thermal gravimetric curves of (A) MFI and (B) TON type zeolites.

(a): The as-made zeolite synthesized in the presence of #-BuOH, (b): the calcined zeolite followed by adsorption of #—BuOH at

room temperature for 24 h.
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Influence of Silica Source on Zeolite Synthesis in the Presence of 1-Butanol

Toshikazu KUBOTA, Yasunori OUMI, Toshiya UozUMI and Tsuneji SANO*

School of Materials Science, Japan Advanced Institute of Science and Technology;
Tatsunokuchi, Ishikawa 923-1292 Japan

Synthesis of high-silica zeolites in the presence of 1-butanol (#-BuOH) was conducted under various
conditions to explore the role of silica source, aging time, and #-BuOH.

It was found that the solubility of the silica source in the aqueous phase was a critical factor for the for-
mation of zeolite precursor when KOH was employed as an alkali source. MFI (ZSM-5) type zeolites
were obtained when fumed silica with small BET specific surface area was employed, whereas TON
(Theta-1) type zeolites were formed when fumed silica with large BET specific surface area was em-
ployed. It was also found that the addition of #—BuOH suppressed the formation of cristobalite. This is
probably due to the reduction of the Si concentration in the aqueous phase of the synthesis gel. FT-IR
and 3C CP MAS NMR measurements of as-made zeolites suggested that #~-BuOH molecules were oc-
cluded in the zeolitic pores of TON and MFI type zeolites at the initial stage of crystallization.



