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Abstract—ZSM-5 and Silicalite-1 were synthesized hydrothermally using Zeosil 77 and sodium silicate solution as
silica sources. The variations of pH in the aging step at room temperature and during the hydrothermal reaction period,
and the effect of modification of pH with sulfuric acid were investigated in relation to the nucleation process of the zeo-
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lites.

Without aging treatment, pH of the substrate was decreased significantly during the induction period, but it appro-
ached to a constant value asymptotically after the induction period. The same phenomena have been observed in the
aging step, which seem to be a consequence of the nuclei being formed by the reaction of OH- with silica particles pro-

ducing silanol or soluble silicates ions.

For the synthesis of ZSM-5 from the substrate composition of 11.7 NayO-Al;03-90 Si04-3510 H;0-10.8 TPABr, by
adjusting pH of the substrate with sulfuric acid and without aging, the best result was obtained from the substrate
which the pH was adjusted to 11.5-11.0 from 13.2 of originals.

Even from a substrate which has unsuitable composition for ZSM-5 synthesis due to high Na+ content and pH, i.e.
30.6 NayO-Al,03-90 Si03-5049 H,0-9.0 TPAOH, ZSM-5 in high purity could be obtained by adjusting the pH of the

substrate to 11.0 from 13.7 with H,S0,.

The faster crystallization rate was resulted in the synthesis of Silicalite-l than in ZSM-5, and the rate of Silicalite-l
crystallization, in contrast to ZSM-5, was inhibited by controlling pH of the substrate from about 13 of original to 11.0.
Formation of Silicalite-l, a Al-free Pentasil zeolite, prefers a bit higher pH of the substrate than for ZSM-5.

As the template, the rapider reaction rates were achieved with TPABr than with TPAOH, probably owing to the pre-

ferable pH of the substrate by using TPABr.
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Fig. 1. Effects of Na,0/Si0, ratio and pH of subs-
trates on ZSM-5 crystallization.
Zeosil as silica source, SiO,/ Al;03 = 90, H,0/
NayO = 300, TPABr/SiO,=0.12, No aging,
Reaction temp.: 170°C
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Fig. 2. Effects of H,0/Na,0 ratio and pH of subs-
trates on ZSM-5 crystallization.
Zeosil as silica source, Na;0/Si0, = 0.13, SiOy/
Aly05 =90, TPABr/SiOz=0.12, No aging,
Reaction temp.: 170°C
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Fig. 3. Variation of pH during hydrothermal
reaction for ZSM-5 under the different
Na,0/8i0, ratios.

Zeosil as silica source, SiOy/ Al,05= 90, H,0/
Na,yO = 300, TPABr/SiO;=0.12, No aging,
Reaction temp.: 170°C
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Fig. 4. Variation of substrates pH during the ag-
ing, and the hydrothermal periods.
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Fig. 5. Effect of different silica source and pH on
ZSM-5 crystallization from the substrate
composition of 11.7 Na,0-Al,0590 SiO,
3510 H,0-10.8 TPABr, using Zeosil only
(o0 ¢ o @) and sodium silicate solution in
conjunction with Zeosil(O @ ®) as silica
source.
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Fig. 6. Scanning electron micrographs of ZSM-5
crystals obtained from the same substrate
composition of 11.7 Na,0-Al,0,90 SiO,
3510 H,0-10.8 TPABr with or without pH
control.

A,B,C: Zeosil as silica source

D.E,F: sodium silicate solution in conjunction
with Zeosil as silica source

No aging, Reaction temp.: 170°C, Reaction
time: 11 hrs, pH control: A,D (original); B,E
(pH 11); C,F (pH 10)
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Fig. 7. Effect of different silica source and pH on
ZSM-5 crystallization from the substrate
composition of 30.6 Na,0-Al,0,90 SiO,
5049 H,0-9.0 TPAOH, using Zeosil only
( o0 @) and sodium silicate solution in con-
junction with Zeosil( 0 m) as silica source.
No aging, Reaction temp.: 170°C, pH is ad-
justed to 11.0 by addition of H,SO4

(e}

2 sflAdxlct, dbelol whg7]de pHE 10,022
7390l = ZSM-59] kel A §eh RiEEsd o A%
A o2 A A= abEEs 2ot e
b, e gl 2A HRE He g g

Fig, 7& #akel 30,6 Na,0-Al,0,-90 Si0,-5049
H.0-9.0 TPAOH Q1 HHEREA #4He drlsle] %
Ee pH & 11,002 243, g4k d7skA &
I Zu2 ZSM-5%
o] EMML Na,0/Si0;, & 4 pH 7l Eof oif
2+ ZSM-59 sEkel FAgske, 3akg A oteled
#E2 pHE H&3A o 43 ZSM-5% &
4 glodeh, zelvh Natdek o pHke] %ol ZSM-5
o] Aol A 2A4MAE tha dlojyrigls 31
22 {2 OH 8 ¥5& HA3] zAdspd ooz
2 A7hfel mgx el ZSM-55 9S o 3loled, 7}
34 Na*e| g8k wFols sojsdd OH-
2]3led hydrogel ol €A HAH=E 39 ZSM— =
Ashed felsleleln Aztsoh

Fig. 8¢ %19l Fig. 72| kol ZeosilE silicalf

D il
o Mo

AN
-0,

o)

A B

Fig. 8. Scanning electron micrographs of ZSM-5
crystals obtained from the composition of
30.6 Na,0-Al1,0,-90 Si0,5049 H,0-9.0
TPAOH with or without H,SO, addition.
Zeosil as silica source, No aging, Reaction
temp.: 170°C, Reaction time: 24 hrs, pH: A
(original, 13.7); B(controlled to 11.0)
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Fig. 9. Influence of pH and aging time on the
crystallization of Silicalite-I from the subs-
trate composition of 0.13 Na,0-8i0,52
H,0-0.12 TPABr.
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pH were adjusted to 12.6 and 11.0 by addition
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Fig. 10. Influence of TPA source and aging time
on ZSM-5 crystallization from the subs-
trate composition of 11.7 Na,0-A1,0;-90
8i0,-3510 H,0-10.8 TPABr(or—10.8
TPAOH).

Zeosil as silica source, TPABr(Oe®) or
TPAOH(CO®) as TPA + source, Aging temp.:
30°C, Reaction temp.: 170°C
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