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Effects of Dual-size Structure Formed by Composite Silica
Particles on Wettability of Film Surface
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Abstract: Superhydrophobic surfaces originated from composite silica particles modified with fluorosiloxane were
obtained. Different sizes of silica particles and fluorosiloxane were used for controlling surface morphology and
chemistry, respectively. The dual size particles were obtained by utilizing the graft of different modified silica
particles with epoxy functional group and amine functional group. This makes the surface of film formed a
composite interface with irregular binary structure. The structure plays an essential role in trapping air between
the substrate surface and the liquid droplets which is necessary for high contact angle and low contact angle
hysteresis. The surface morphologies, roughness and the wettability on the surface of films containing different
structural silica particles were compared. It is shown that the hierarchical irregularly structure with a low
roughness factor and high air-trapped ratio makes superhydrophobic surface stable. The differences of shape and
sizes of composite particles have little effect on hydrophobicity. The maximum contact angle for water on the

hybrid film is about 174°+2° and the contact angle hysteresis is close to 0°.
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Fig.2  Scheme for preparing composite silica particles
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a: singular diameters of 100 nm modified with KH-570; b, c: strawberry-like composite particles resulting from 50 nm with amine groups and

170 nm with epoxy groups, 100 nm with amine groups and 500 nm with epoxy groups, respectively; d, e: quincunx-shaped particles from the

same diameter of 80 nm, 170 nm with epoxy and amine groups, respectively
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Fig.3 TEM images of different silica particles
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Table 1 Various roughness parameters and WCAs for different films
Sq / nm Ra/nm R Found WCA (£2°)  Calculated CA (Wenzel) WCAH (£1.0°)
100 nm 161 + 18 123 £ 7 1.32 + 0.06 120 111.3 21.0
170 nm 17116 136+10 1.35+0.05 134 111.8 33.0
500 nm 147 £5 124 =+ 8 1.28 + 0.03 113 110.6 19.5
50 nm + 170 nm 306+28 239+8 1.52+0.04 168 114.8 1.0
100 nm + 500 nm 298 + 35 255 + 18 1.42 + 0.02 174 113.0 1.0
80 nm + 80 nm 334 + 22 245 + 20 1.49 + 0.07 170 114.2 1.0
170 nm + 170 nm 323 + 30 263 + 15 1.58 = 0.09 173 115.8 1.0

Note: The maximum WCA of the emulsion is 106° and WCAH is 12.3°.
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