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ABSTRACT

The effect of synthesis condition, type of starting materials, mole ratio, mixing, aging, and crystallization temperature and time, on
the size of FAU-type zeolite has been studied. Different mixing route may lead to the different phase of zeolite even with the same
starting materials. In general, the size of particles is smaller after aging, especially at lower aging temperature. Two step mixture gel
preparation method resulted to not only the reduction of crystallization time but also that of particle size, but without the aging of two
mixture gels before the preparation of the overall gel in the second step, only the crystallization time was reduced. not the particle size.
The FAU-type zeolite with average particle size 0.4 um and BET surface area 838 m™/g was obtained from starting materials of liquid
sodium silicate, sodium aluminate, and sodium hydroxide with two step preparation of mixture gel, aging of the mixture gels in two
steps, which effectively reduced the crystallization time and particle size.
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Fig. 1. Procedure of experiment.
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Tabie 1. Molar Composition and Crystallization Conditions of the Mixture Gel for the Synthesis of FAU-type Zeolite

Condition Composition Crystallization Ref
No. Si0, AlLO; (TMA),O NaCl H,0 NaO  EtOH Temp. ("C)  Time ’
o seed 10 1 - - 180 10.67 -
{ feed 10 1 - - 180 4.30 - 100 5h 13
over all 10 1 - - 180 462 -
- 1l 10 1 - - 156.5 39 - 95 48~72h 14
m 34 1.0 23 0.1 300 - - 100 11~18d 15
v 28 ] - 40 - 11.2 80 3d 16
\Y% 6.3 1.0 - - 48 6.0 - 100 2h 17
VI 30 1.0 - - 135 4 - 100 15h 18
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Table 2. Molar Compositions of Mixture Gels in Molar Ratio

Composition Na,0O ALO SiO, H,0 Ref.
Sample

A 4 ] 10 135 18

B 4 ] 10 160 14

C 4.62 1 10 180 13

Table 3. Molar Compositions of Seed Gel, Feedstock Gel, and
Overall Gel in Route 1"

. Composition 6 ALO  Si0, H,0
Mixture gel

Overall gel(C) 4.62 1 10 180
Seed gel 10.67 1 10 180
Feedstock gel 4.2 1 10 180
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Fig. 2. XRD patterns of zeolites synthesized from the mixture
gel in route | and route II.
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Fig. 3. SEM images of samples obtained from (a) route I with silica sol, (b) route I with sodium silicate, (c) route II with silica sol, and

(d) route II with sodium silicate.

Table 4. Average Particle Size(nm) Measured by ELS for
Samples Prepared from the Gel Mixture in Composition
C with Different Starting Materials

Condition Sodium silicate Silica sol
Route 1 5 pum* 612
Route 11 408 454

*Particle size from SEM observation, major phase is GIS
with little bit of FAU phase
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Table 5. ICP Analysis Data of Samples

Samples  SiO,(%) Al,O3(%) Na,O(%) Si/Al mole ratio
Route I 46.6 19.7 11.5 2.01
Route 11 459 19.3 11.3 2.02
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Fig. 4. SEM images of samples obtained from mixture gel in composition (a) A, (b) B, and (¢) C with route L
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Fig. 5. SEM images of samples obtained with different aging time in route I: (a) O h, (b) 6 h, (¢) 12 h, and (d) 24 h.
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Fig. 6. SEM images of samples obtained from overall gel mixed from (a) seed gel (aging at 25°C)+feedstock gel (without aging),
(b) seed gel (25°C)+feedstock gel (25°C), and (c) seed gel (50°C)+feedstock gel (25°C).

Tabie 6. Particle Size Distribution and BET Surface Area of 3.4. ZH st Al Zto) HE B8}
Samples Obtained with Seed Gel Aging at 25 and 50°C AR B 7r0] AoJAFE AAE = A Seto]|EY YA}
for a Day A7 7t AR= A gk :ﬂ-%};]oi\:} xg/u 2o okw 2718}
Aging Particle Size (nm) > ~
T
Tenwp, CC) ~&(10%)  dG0%)  d@0%) ~ Corn/®)
25 264.3 375.5 566.4 837.71
50 537.1 797.7 1167 659.57

(b)

Fig. 7. SEM images of samples obtained from the mixture gel with different crystallization time in route I: (a) 48 h crystallization and
(b) 60 h crystallization.

(a) (b) (c)
Fig. 8. SEM images of samples obtained from the mixture gel with seed gel aging at 25°C and without feedstock gel aging followed
by crystallization for (a) 5 h, (b) 6 h, and (¢) 7 h at 100°C.
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