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Fig.1 XRD pattern of silicon dioxide raw material
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Table 1 Raw materials and corresponding grinding conditions
Grinding condition Raw material
Ball-milling in air 2gSio;

Ball-milling in DMF 2 g SiO,, 20 mL DMF
Ball-milling in DMF with 10% 29 SiOz 20 mL DMF, 0.2 g

silane coupling agent KH-560
Ball-milling in DMF with 20% 29 SiOz, 20 mL DMF, 0.4 g
silane coupling agent KH-560
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Fig.2 Peaks (101) and (211) of X-ray diffraction patterns of silicon dioxide after ball-milling in air for different grinding times (tg)

(a) Peaks (101)

Intensity (CPS)

25 26 27 28
26()

(b) Peaks (211)
M
o
o
)
2 t=5h
0
c
]
=
t=3h
. I . I . I .
58 59 60 61 62
20()

B 3 8N 10%FeE e B IBE R T L8 AN R BR S I (32 B% 5 SiO, (101)1(211) & i f) XRD [&]
Fig.3 Peaks (101) and (211) of X-ray diffraction patterns of silicon dioxide after ball-milling
in DMF with 10% silane coupling agent for different grinding times (tg)
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Table 2 Crystallite size (D) and average lattice distortion (&)
of silicon dioxide with or without ball-milling for
different grinding times (tg)

Grinding condition ts (h) D (nm) £ (%)
Raw material 0 47.1 0
3 46.9 0.0253
Ball-milling in air 5 49.7 0.0282
8 49.2 0.0383
3 314 0.0871
Ball-milling in DMF 5 48.6 0.0292
8 40.4 0.003
Ball-milling in DMF with ; 245 0.117
B ) 5 49.3 0.0477
10% silane coupling agent
8 39.0 0.028
Ball-milling in DMF with 8 759 0.063
20% silane coupling agent 5 46.2 0.0565
8 44.7 0.0425
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Fig.4 Possible reaction mechanism between silane coupling
agent and silicon dioxide particles during ball milling
in non-aqueous surroundings
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Fig.5 Particle size distributions of silicon dioxide powder samples
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Table 3 Particle sizes of silicon dioxide versus grinding time

L n Grinding time dos dos dog
Grinding condition

9 () (m)  @m)  (um)

Raw material 0 9.498 27.592 58.757

0.137 4.241 27.178
0.124 5.218 25.133
0.114 3.545 19.317
0.123 1.586 5.387
0.077 0.168 1.857
0.072 0.165 1.338
0.102 1.321 1.321
0.078 0.226 3.380
0.077 0.212 4.838
2.167 5.092 12.289
2.119 4.339 9.334
0.104 2.405 12.857

Ball-milling in air

Ball-milling in DMF

Ball-milling in DMF
with 10% silane
coupling agent

Ball-milling in DMF
with 20% silane
coupling agent
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Effect of Non-aqueous Ball Milling on the Structure, Particle Size and
Zeta Potential of Modified Silicon Dioxide

HU Hong-ying, HU Hui-ping, CHEN Qi-yuan
(College of Chemistry and Chemical Engineering, Central South University, Changsha, Hunan 410083, China)

Abstract: The effects of non-aqueous ball milling on the structure and properties of modified silicon dioxide particles were investigated
using X-ray powder diffraction, particle size analysis and zeta potential analysis, etc. The results indicate that the structure, particle size
and zeta potential of modified silicon dioxide are related to the grinding conditions. Different modified silicon dioxide powder samples
are obtained after ball-milling in air, DMF, DMF with 10% silane coupling agent, and DMF with 20% silane coupling agent, respectively.
For example, after ball-milling 3 h, the average crystallite sizes of the above corresponding modified silicon dioxide samples are 46.9,
31.4, 24.5 and 75.9 nm, respectively, and average lattice distortion (&) of the above corresponding modified silicon dioxide samples is
0.0253%, 0.0871%, 0.117% and 0.063%, respectively. The medium diameters of the above corresponding modified silicon dioxide
powder samples are 4.241, 1.586, 1.321 and 5.092 um, respectively.

Key words: silicon dioxide; ball milling; structure; zeta potential



