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Abstract— Nucleation and growth of SiO, particle in the SiO, supersaturation solution, which was synthesized with
TEOS by sol-gel method, were investigated. When the TEOS solution was fed into the semi-batch reactor containing the
ammonia solution at constant flow rate, the concentration of silane produced by hydrolysis and condensation of TEOS and
particle induction time were measured and then the supersaturation of SiO, in the solution was estimated. For investigation
of dependency of nucleation and growth rates of SiO, particle on the supersaturation in the solution the concentration of
the ammonia catalyst was varied. The reaction rates of hydrolysis and condensation of the TEOS was changed with the am-
monia concentration and it resulted in variation of the supersaturation of SiO, in the solution. The induction time and su-
persaturation was reduced with increase of the ammonia concentration due to facilitation of the hydrolysis and condensa-
tion reaction. Thus, the lower population density and larger size of final particles were obtained with the higher ammonia
concentration. To predict the particle nucleation and growth rates from measurable variables of SiO, supersaturation and
particle induction time with change of TEOS reaction condition the model equations were suggested. From the comparison
between experimental data and model prediction the exponential constant for particle nucleation rate was suggested as —634.02.
This result meant that the particle nucleation rate was reduced with decrease of the induction time and the particles were in-
duced at different supersaturation. In addition, the model prediction for the final mean particle size was well agreed with
experimental data.
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Fig. 1. Schematic diagram of the experimental apparatus for SiO,
particle synthesis by TEOS sol-gel method.
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Fig. 2. Designs of the Rushton standard reactor and 6-paddle tur-
bine impeller used in the experiment.
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DA=E=2.73 cm Q=0.39cm

J=0.82cm K=50 cm

L=0.825 cm Working volume=0.43 L.
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Fig. 3. Profiles of the variation of the silane concentration during feed-

ing the TEOS reactant at various conditions of the ammonia
concentration.
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Fig. 4. Variation of the rate constant of the hydrolysis of TEOS
with the ammonia concentration.

0.010

0.009 -

°

—l'—l
‘o
‘% 0.008 -
o~
~

0.007 -

o/ ®
0.006 T T T 7
0 2 4 6 8 10
[NH,]/[TEOS]
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with the ammonia concentration.
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Fig. 6. Variation of the particle induction time with the ammonia
concentration.
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Fig. 10. Predictions of the particle induction time with the supersat-
uration of SiO, in the solution.
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Fig. 11. Prediction of the supersaturation of SiO, at the induction
point with the particle induction time which was a measur-
able variable in the experiment.
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Fig. 12. Prediction of the mean particle size of SiO, at the end of feed-
ing time with the particle induction time which was a meas-
urable variable in the experiment.
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A : proportional constant for particle induction time
D : mean diameter of particles
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14.

15.

16.
17.

18.
19.

20.

: mean diameter of particles at end of feeding time
: mean diameter of particles at induction time
: growth rate of particle

: nucleation rate of particle

: exponent constant for particle nucleation

: reaction rate constant of hydrolysis

: reaction rate constant of condensation

: particle growth rate coefficient

: exponent constant for particle growth

: feed flow rate

: supersaturation ratio ([SiO,)/[SiO;).)

: feeding time (Vy/Q)

: particle induction time

: initial reactor volume
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