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Icing Characteristics of Textured Silicone Rubber Surface Based on
Laser Engraving
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Abstract Because of its good mechanical and electrical insulation properties, silicone rubber has various
applications. However, in a low-temperature environment, the ice coating on its surface severely limits its
application. In this paper, a laser engraving machine was used to process a series of micron-sized cylindrical textures
on the surface of a composite insulator umbrella skirt, resulting in a superhydrophobic surface that required no
chemical modification. Three-dimensional topography instruments and a scanning electron microscope were used to
observe the surface morphology of the samples. The adhesion measurement device was used to assess the ice
adhesion of textured silicone rubber surfaces under various operating conditions. A high-speed camera was used to
capture the condensation-melting process of droplets on the surfaces of various textured silicone rubber. The results
show that under certain working conditions, the cylindrical texture sample with the processing power of 35 W and
texture diameter and spacing of 350 um exhibits the best hydrophobicity and the lowest adhesion, and the best anti-
icing performance. Friction tests confirm that the surface texture of the processed silicone rubber has certain ice-
repellent durability and stability.
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Fig. 1 Cylindrical texture model diagram
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Table 1 Textured surface machining parameters
Width @ /yum Spacing b /pm Power P /W
200 200
250 250
300 300 15,25,35,45,55
350 350
400 400
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1: base chute;

2: slider;

3: specimen;

4: dynamometer;

6: computer

5: transparent cylindrical
plastic thin-walled container;
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Fig. 2 Schematic diagram of an adhesion measuring device
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Fig. 3 Three-dimensional topography and ultra-depth of field scan of the surface of the silicon rubber processed by laser.

(a) 15 W; (b) 25 W; (¢) 35 W; (d) 45 W ; (e) 55 W ; (f) relationship between processing power and texture depth
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Fig. 4 SEM microscopic images of silicon rubber processed by laser. (a) 15 W; (b) 25 W; (¢c) 35 W; (d) 45 W; (e) 55 W
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Fig. 5 Changes of contact angle and ice coating adhesion of different sample surfaces at 0 °C. (a) Change the size; (b) change the

processing power
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Fig. 9 Melting and sliding process of ice particles on the surface of a 20° inclined sample
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Fig. 10 Variation diagram of sample surface contact angle and ice coating adhesion force with friction numbers at 0 °C and three-

dimensional morphology diagram after friction. (a) Change in contact angle; (b) changes in adhesion; (¢) three-dimensional

topography after friction
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