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Effect of Solvent on Pulverization and Surface Properties of Powders in Wet Planetary Ball Milling
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In this study, we investigated how the type of solvent affects powder pulverization and hydrophilicity/
hydrophobicity in a wet planetary ball mill. We found that as the viscosity of the solvent increased, the flow of the
powder was restricted, improving the pulverization efficiency. The surface properties of the powder were influenced by
the ratio of dipole moment to molecular volume. A higher ratio resulted in greater hydrophilicity due to the formation
of hydroxyl groups, probably caused by the breaking of surface bonds and the formation of radicals from mechanical
energy during grinding. These radicals reacted with water to form hydroxyl groups. However, no increase in
hydrophilicity was observed for alcohols with a low ratio, suggesting that hydroxyl groups were not formed and
reactions between radicals and alcohols were minimal under these conditions. Further research is needed to investigate

this phenomenon.
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Table 1 Properties of added solvents

Molecular volume, V

Dipole moment, p Viscosity (20°C)

Caption Solvent wv
[cm?/mol] [Debye] [mPa-s]
Water Water 18.07 1.85 1.00 0.102
EtOH Ethanol 58.68 1.7 1.17 0.029
BuOH 1-Butanol 91.96 1.8 2.95 0.020
OcOH 1-Octanol 158.37 2.0 8.93 0.013
Hex Cyclohexane 108.03 0 0.89 0
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Fig. 1 N, adsorption isotherms of the silica particles heated at
various temperatures
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Fig. 2 (a) Water vapor adsorption isotherms of the silica particles heated at various temperatures, and (b) enlarged figure
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Fig. 3 Specific surface area calculated from N, and water vapor
adsorption isotherms of the silica particles heated at

various temperatures and their ratio
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Fig. 4 Number of adsorbed H,O of the silica particles heated at
various temperatures
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Fig. 5 Specific surface area of the silica particles ball-milled with
various solvents

Fig. 6 Outer photo of the ball-milled silica particles with
cyclohexane
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Fig. 7 Relationship between solvent viscosity and specific surface
area of the silica particles ball-milled for 60 min
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Fig. 8 Number of adsorbed H,O of the silica particles ball-milled
with various solvents
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Fig. 9 Relationship between p/V of the solvent and number of
adsorbed H,O of the silica particles ball-milled for 60 min
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