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Abstract— From the formation of the monodispersed silica particle which is a valuable for the industry by Sol-Gel pro-
cess, the effects of the parameters participated in the process, the growth mechanism and the characteristics of silica particles
for each reaction conditions are investigated. In this study, the precursor is TEOS(tetraethoxysilane) and the parameters are
[NH.}, i(H-O/Si molar ratio). temperature. To investigate about the formation of final silica particles, the suspension which
performs the polymerization is reacted with molybdic acid, and the evolutions of TEOS and silica particle size are in-
vestigated in the reaction time due to the characteristics of molybdic acid with the suspension. The kinetics were performed
about the effects of these parameters. Hydrolysis is the rate limiting step and cach reaction is performed by S,-2 reaction and
steric effect exists due to the change of alkoxy group. From the results, a constant number of silica particle is formed at
early reaction stage. Silica particles grow through the aggregation of smaller particles and nucleation is rate-limiting step for
the growth of particles. In the conditions of this study, spherical silica particles are formed, [NH:] and [H,O] concentration
increase the particle size but particle size decrease with [H.O] concentration which is a certain above region. Average particle
sizes are 187.44-483.33 nm and standard deviations in the average particle size are 1.7-2.9% with each experimental condition.
From the BET results, specific surface area is 5.5-23.4m’/g and these values decrease with increase size. The average pore
size is S0-70 A.

Kev words : Sol-gel Method, Silica Particles, Hydrolysis, Condensation, Growth of Particle
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Fig. 1. Experimental apparatus.
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Fig. 2. Reaction of molybdic acid with a solution reacted to in-
creasing stages of polymerization.

Table 1. Composition of final silica particles for different conditions

Sample C(wt%) H(wt%) SiO,(wt%) OCHy(wt%) H,0(wt%)
Vii et al[14] 080 090 915 0.97 5.25
Bogush et al[15] 0.15  0.67 92.7 0.25 575
=40, [NH,]=2.0 017  0.06 99.0 0.32 0.50
r=8.0, [NH,]=2.0 020  0.05 99.2 0.38 0.47
r=8.0, [NH,]=3.0 0.18  0.06 98.9 0.34 0.48
dc
-5 - k, C (3)
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Fig. 3. Relation between molybdate reaction rate constant k,, and
particle size.
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Fig. 9. The change of monomer fraction obtained by the molybde-
num chemical technique vs. polymerization time for different
temp.

Table 2. Reaction and growth rate constants for different conditions

[NH;] R T(°C) k“(min ") k,”(min ")
1.5 & 25 2.66E-2 2.53E-2
2.0 3.79E-2 3.34E-2
25 4.85E-2 4.68E-2
3.0 6.11E-2 6.38E-2
2.0 4 1.61E-2 1.62E-2

10 491E-2 4.11E-2
20 1.54E-1 1.53E-1
& 35 5.74E-2 6.05E-2
45 7.53E-2 7.52E-2

“Estimated from Eq. (9), "Estimated from Eq. (10).

@, : partial surface potential

k : Debye-Huckel constant
o37]14] 1/x& Debye-Huckel screening length2} 7 52]-$-9, = t}
<7 28]

®)

where F : Faraday's constant
: dielectric constant of solvent
: permittivity of vacuum

: concentration of countcrions

: valence of counterions

: radius of gyration

I NAODP®

: temperature
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2.0, T=25°C). skt = olE dabEe] edlel EdstA s wiis 4hS

-
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Table 3. Characteristics of final silica particles for different con-

ditions
[NH;] r T(°C) D.(nm) o/D(%) SBE,(mZ/g) Dp(;\)
15 8 25 338.6 23 12.1 66.1
2.0 406.8 2.0 8.1 67.6
25 449.8 1.8 6.6 71.0
3.0 478.7 1.8 7.1 59.0
2.0 4 187.4 29 234 101.2
10 4833 1.7 55 68.0
20 442.7 1.9 16.9 52.7
8 35 400.1 1.9 7.6 72.1
45 369.5 1.5 95 76.2
.0002
<
o
P
S 0001 [
he}
<
>
<
0.0000
0 500 1000 1500 2000
d (A)

Fig. 14. Pore size distribution for [NH,)=2.0, r=8, T=25°C.
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frahe olube R AejvlalEe] 8 N22 4E A, 7 &
et ()2} N, N/2yg Fulakdct. of 7lell 44§ TEOS =5 &
7isle] FEMEE AL el whE Shuio] dekA & M5 Fig 10°||
viepglet.

3-19] Zxtel| ofstud, vk & Wslel] u}-& Wb Abao} o)
xpA Abel| Wb 2 Adapub-S-& bt ol x| 8he], gk Fig. 109] Z3kg
FE] uhg-g-oly] glala: wWslol whE cheFA E-g2] A%e] & A
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Fig 11-13& 7 9h27el whe Qe del7hal 5ol daba)
I, B AR G4 A TG 219
¢ aieh. Table 3¢ Axpaivl 3 bale 2 ye] b 2
ixs @ AE ARl ARIAES] AEaIsh BEAA 0
%2 Vel sleh. o) Astel mesl, ehujolst ¥ FEe] 27}

3stZat M34A HI5E 19963 108

of whe} % Adejzle] Ha dxzmrle Frhgcoh 2ehd rglel
209 wli= 10 oj®c} 258 slx}=r)7) 4y, el B %
TF o o] Z7HA7H ARlzlsiale] 2r)E Zhade o 4 g)
oh =3 250 Fbel atet AejrislRt ArlE g £ A
EZe A, #F Aelzlizle] a7 oF 187.4-483.3nmo] o,
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=8 S7he dAZ7)E Ak
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A} ol oF 50-70(8) A= 2719] Mlgol Ealghe & & k.
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2 oty FAshke ) Ao sl o o] 3t
meluo} ofge] B e e 2odg #FAl 4rpdetn shea
H A g AR Aabegy o

log

N =Pk

r : H,O/TEOS molar ratio
TEOS : tetracthoxysilane
YSMA: yellow silicomolybdic acid

k, : dissolution rate constant of silica polymer

ky : reaction rate constant between monomeric silanol and molybdic
acid

C : fraction of unreacted silica concentration

Ly : reaction time between monomeric silanol and molybdic acid
[min]

te : polymerization reaction time {min]

[Si](t) : TEOS concentration at time t [mol//]

[Si], :initial TEOS concentration [mol/f}

[Si]. :equilibrium TEOS concentration {mol//]

k. : condensation teaction rate constant [min ']



D..
D(t)

Seer
DP

Aefzislate] Al bl 3F <l

: average diameter of final silica particles [nm]

: average diameter of silica particles at reaction time t [nm]
: growth rate constant [min ']

: particle number density

: specific surface area [m'/g]

- average pore diameter [A]

: standard deviation
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