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Picosecond Laser Fabrication of Large-Area Surface

Micro-Nano Lotus-Leaf Structures and Replication

of Superhydrophobic Silicone Rubber Surfaces
Abstract
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The self-cleaning lotus-leaf-like superhydrophobic surfaces are of great importance for various potential
applications. Micro craters in hexagonal matrix with nano substructures are effectively fabricated on mold steel (H13)

with an area of 25 mm X 25 mm by means of a high-power picosecond laser in cooperated with a high-speed galvo
scanner. This kind of micro-nano structured H13 surface is used as a micro-nano imprinting master for replicating

superhydrophobic silicone rubber surfaces under 165 C, 6 MPa in ambient air. Micro protuberances decorated by
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nano substructures, similar to those of lotus leaf, are formed onto the printed surfaces of silicone rubber,
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transforming the rubber surfaces to be superhydrophobic with a contact angle of 153.3° and a contact angle hysteresis
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of 3.2°. The picosecond laser fabricated micro-nano template is capable for repeated imprinting with good durability.
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Fig. 1 Schematic illustration of the process steps
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Fig. 2 Scanning electron microscope (SEM) images of one single spot on H13 surfaces fabricated by picosecond laser

ablation. (a) Laser fluence: 0.5 J/cm?, number of pulses: 700; (b) laser fluence: 2 J/cm®, number of pulses: 100;

(o) laser fluence: 2 J/cm?, number of pulses: 300; (d) laser fluence: 2 J/cm?, number of pulses: 500
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Fig. 3 SEM images of mold surfaces fabricated by the fluence of 2 J/cm® with different numbers of pulses.
(a) 1003 (b) 200; (c) 400; (d) 500

B4 HISHEHIEH . (2 BREh 300 W55 R M i i g B R 5 (b) kb & 300 I 7 1545 4 2 i 19
SHERAMEIR s (o BKPECH 700 B T 4545 2 TE I 0004 AR B R BR TR
Fig. 4 Morphology of H13 mold surfaces. (a) SEM image of mold surface fabricated by 300 pulses; (b) three-

dimensional (3D) microscopic image of Fig. 4(a) surface; (c) tilted SEM image of mold surface fabricated by 700 pulses
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Fig. 5 Silicone rubber surface. (a) After replication with a detail view of one single protuberance; (b) tilted and

placed upside down, comparing with one single crater; (c¢) on the corresponding mold surface fabricated by 700 pulses
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Fig. 6 SEM images of the morphology of imprinted silicone rubber surfaces. (a) Squat bump-like protuberances corresponding

to the mold fabricated by 490 pulses; (b) sharp nail-like protuberances corresponding to the mold fabricated by 700 pulses
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Fig. 7 Relationship between water contact angle on
silicone rubber surface and number of pulse used

to fabricate the corresponding mold
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Fig. 8 Silicone rubber surfaces (a) and (b) by repeated replication procedure using the same mold fabricated

by 630 pulses, with detail views of protuberances and optical images of droplets
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