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ABSTRACT

In order to synthesize monodispersed spherical silica fine particles, we investigated thé reaction of
hydrolysis of 0.05 ~4.0 mole S{0C;H;); — 0.01 ~7.60 mole NH; - 0,24 ~ 38,40 mole Hy O —
2.62 ~ 16.88 mole C; Hy OH systems,

The range of the composition of solution which spherical silica particles were formed was enlarged
according to an increase in concentration of Si{OC, Hg )4,

Larger particles were obtained at higher molar ratios of Si(OC; Hs)e/Ca H; OH, NH3/H; O and
H, O/Si(0C1 Hg }4 and at a lower reaction temperature,
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Sample Concentration of Constituent( mole } Sample Concentrations of Constituents (mole )
No., Si(0C,Hyp,| NH, H,C C,H;0H No. Si(0C,Hg),| NH, H,O | CH,0R
0 05-1 0. 05 0 95 4. 00 15. 33 0.2-9 0 20 0 i2 3 68 15, 19
0. 05-2 0. D3 075 4, 20 15. 35 02-10 0. 20 024 1 78 15. 73
0. 05-3 ” 0 55 4. 40 15. 37 02-11 ” 0. 16 1. 87 15. 74
0. 05-4 # 0.35 4. 60 15. 39 0.2-12 " 007 1. 96 15. 75
0. 05-5 o 0.15 4. B0 15.49 0n2-13 ” 011 123 15. 96
0. 05-8 ” 0.15 0. 80 16. 65 0.2-14 ” 0 05 129 15. 06
0 05-7 " 011 0. 84 16, 65 D 2-15 " D04 0. 94 16. 08
0. 05-8 4 0.07 0.88 16, 66 0 3-1 0. 30 5. 70 24, 00 625
0. 05-9 ” 003 0.92 16. 66 0 3-2 0. 30 4. 50 25, 20 6. 37
0. 05-10 ” 0. 06 0. 44 16.79 0.3-3 4 3. 30 26. 40 649
0. 05-11 o 004 0.47 16, 80 0.3-4 ” 410 27, 60 6, 60
0. 05-12 " 0.02 0. 49 16. 80 0.3-5 14 0. 90 28, 80 6, 70
0. 05-13 “ 0.03 D 31 16. 85 0.3-6 " 0. 90 4, 80 14, 15
0 05-14 " 0.01 0. 32 1G. 85 0.3=7 ” 0. 66 5. 04 14,17
0 05-15 ” 0.01 024 16, 88 0.3-8 ” 0, 42 b 28 14.19
01-1 019 1. 90 B 00 13. 52 n3-9 ’” 0 18 o 52 14,22
0.1-2 0. 10 1 50 840 13. 56 0.3-10 n 0 37 2 67 15,02
0.1-3 ” 110 8. 80 13. 59 0.3-11 4 0. 23 2,80 15,04
0 1-4 " 0. 70 9,20 1363 0.3~12 " 010 2. 93 15.05
0. 1~5 ” 0, 30 9. 60 1367 0.3-13 " 0 16 1. 85 15. 36
0 1-6A " 0.30 1. 60 16, 15 0.3- 14 " 007 1 94 15.37
01-7 ” 022 163 16. 15 03-15 # 0. 05 L 41 15. 54
0 1-8 4 014 176 16. 16 nd-1 0 40 7. 60 32 00 2. 62
0.1-9 #” 0. 06 L84 16. 17 04-2 0. 49 6 Q0 33 60 278
0.1-10 #" 012 0.89 th 44 0.4-3 " 4. 40 35, 20 293
0.1-11 y 0. 08 093 16. 44 0.4-4 4 2 80 36, B0 3.09
0.1-12 #” (.03 0 98 16. 45 0.4-5 " L 2¢ 38,40 3. 24
0.1-13 " 0.05 0. 62 16. 55 0.4~6 " 1 20 6, 40 13. 15
D 1-14 " 002 0. 65 16, 55 04-7 " 0. 88 6. 72 13. 18
0. 1-15 " 0.02 0,47 16, 61 04-8 e 0 56 7. 04 1321
02-1 020 3. B0 16 00 9. 59 }4-9 #” 0. 24 7. 16 13.24
0.2-2 020 300 16. 80 9 96 0.4~10 ” 0. 49 3. 66 14, 32
0.2-3 " 220 17. 60 10. 04 04-11 o 0. 31 373 14. 33
02-4 ” L 40 18. 40 12 12 0d4-12 4 013 391 14, 35
0.2-35 " 0. 60 1920 10. 19 0.4=-13 # 0 22 246 14.77
D2-6 ” 0. 60 3.20 1515 04-14 " 0. 09 2. 59 14. 78
02-7 14 0. 44 3. 36 15. 16 0.4-15 " 007 1 83 15.00
02-3 #” 0,28 3. 62 15. 18
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fig. 1. Molar ratio of 5i(0C:H;)s— NH; ~H;O three
component in sample solation.
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Fig. 2. SEM phatographs of the silica spheres.
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Table 2. Result of Reaction

510 CHe), 2] molen) 3.07~3.38)49 e NH,/
H;0, H,0/5i(0 C,H,), ¥ C,H;0H/5i (0 C,Hy,2
moele ¥} ZH7 0,08 ~0.24, 80~ 52 W 307~ 338
dl 4 BTA R EV S1(0CH,)Y, & s5r 0.4
mole/d (C,H,0H/$1(OC,H,), & 24| 6.55~3.75)
& #l= NH./H,0, H,0/5i0¢(C,Hy), 9 C,H,0H/
SiCOCHs), 2 mole v]7} A7l 0.03~0.24, 8.8 ~v
96.0 % 6.55 ~35.83 8] #gd 4 Y=y} QA=
Si{OCHy), o @ Frhs o gebge] piftoz o
FHAere C,H.OH: el 2 SI{OGHE),

Sample | Fmal | Reaclion | Particle | Particle
S1ze slZe

No. pH | product | o £ | eMeddin )

0.05-1 119 sphere 0,20

0.05-~2 1L 9 apherc 0. 20

0.05-3 11. 8 sphere 0.17

0.05-4 11 3 observed

0.05~5 1

0.03-6

0.05-7

0.05-8 ggtserved

.05-9

0, 05-10

G.05-11

0.05-12

005-13

0.05-14

0.05-15 +

t1-1 12, 2 sphere 0. 39 017

01-2 12. 0 sphere 04] 0 16

013 1L 8 sphere 0 28 0. 16

01-4 1L & sphere n 2§ 0. 15

0.1-5 1. 3 sphere 0. 20 013

0.1-6 1

01-7

D1-8

0.1-9 Dnbostervecl

0.1-10

01-11

01-12

0.1-13

01- 14

0.1- 15 i

0.2-1 12, 8 sphere 0. 54 0 32

0.2-2 12. 5 sphere 0, 64 0 34

0.2-3 12, sphete 0. 59 0. 25

0.2-4 | sphere 0 46 023

0.2-5 tL 6 sphere 0 43 018

0.2-6 1. & sphere 0,15

n2-7 11. 3 | abserved

0.2-8 11, 2 | observed

Sample | Final | Reachon | Particle | Particle
51Ze SlLiE

Na., pH producl (Gre‘grrlrs (R'Iedﬁﬁlj

0.2-9 1

0z2-10

0.2-11 ggtserved

0z2-12

02~-13

0 2-14

0.2-15 !

ha-1 12. 5 sphere 0. 52 0 74

3-2 12 4 sphere 0, 56 0. 76

0.3-3 12, 2 sphere 0. 53 0. 64

0 3-4 Lsg sphere 0.51 0. 32

0.3-5 1L 5 sphere 0. 45 0 22

0.3-5 1L 5 sphere 0. 33 0. 18

0.3-7 11 3 sphere 0, 34 0. 16

03-38 111 sphere 0 3z 0 15

0L4d-9 10, 7 chserved

0.3- 10 1

03-11

0.3-12 E(I)Jtserved

0,3-13

nL3-1a

03-150 l

D4-1 12 8 sphere 0 54 0. 75

04-2 12. 5 sphere 0. 48 0. 73

04-3 12 3 sphere 0. 37 & 51

G4-4 1L ¢ sphere 0. 09

04-5 1. 7 sphere

L4-6 1L 7 sphere 0. 22 0. 23

0.4-7 11 6 sphere 19 0. 18

0.4-38 1L 3 sphere 10 0.17

0.4-9 11, 1 observed

0.4-10 11 4 ohserved

04-11 1L 0 observed

04-12 1

04-13

0.4-14 E(l;tserved

04-15 l
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Fig. 3. Variation of average particle size with
concentration of Si{0C:H; ).
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Fig. 6. DTA and TG curves of silica spheres.
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Fig. 7. IR spectra for silica spheres.
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