st=HUIGSS|X| X 40 2 X 4= pp. 291-299

April 2023 /291

J. Korean Soc. Precis. Eng., Vol. 40, No. 4, pp. 291-299

") Check for updates

2Y HOINE 0|83 HEY B
Su

Laser Micro-Structuring of

http://doi.org/10.7736/JKSPE.022.123
ISSN 1225-9071 (Print) / 2287-8769 (Online)

XiH ZAF A4t

uper-Hydrophobic Surface for Lotus Effect

OIZE'S, 2B T2, dojm2t F1EA

Chang Jun Lee'®, Hun Kook Choi?, Ik Bu Sohn?#, and Jun Seok Ha®

1 Muethstn 23Sk s (Department of Interdisciplinary Program for Photonic Engineering, Chonnam National University)

KEYWORDS: Superhydrophobic (4

2 @057 s 1587|314 (Advanced Photonics Research Institute)
1 stelg st (School of Chemical Engineering, Chonnam National University)
# Corresponding Author / E-mail: ibson@gist.ac.kr, TEL: +82-62-715-3337)
ORCID: 0009-0002-9717-050X

HTh

(=]

o

A=A), Superhydrophilic (Z=ZI4~), Laser micromachining (2{[0|X 7}&),

Picosecond laser (|22 24|0| &), Femtosecond laser (HIEZE 2{|0|X])

In a pilot natural super-hydrophobic surfaces study, a super-hydrophobic surface was made by coating, etching, laser
ablation, chemical vapor deposition and lithography. In this study, cone-shaped periodic micro and nano-structures were
constructed on a silica surface with femtosecond and picosecond laser, and the period of micro-structures between cone
shape patterns was increased with 10 um intervals. The contact angle and image of the super-hydrophobic surface were
analysed and the cone (Aspect-ratio 1.27) shape model with micro-protrusion structure similar to the surface of the lotus
leaf was made to measure the contact angle. To analyse the differences in the contact angles between the cone shapes
and heights of the micro-protrusion, different samples with cone (Aspect-ratio 1.27), sphere (Aspect-ratio 1.00) shapes were
made through laser micro-machining technology. To mimick the natural lotus leaves, the optimum condition was a cone
shape. Samples of PDMS with different shapes and mixed micro/nano-structures were fabricated with a PDMS mold insert.
The largest contact angle was measured at 170.42° which is similar to the contact angle of the lotus leaf. This mold insert
could be used repeatedly. The molding process is advantageous for large areas and mass production.
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Fig. 1 Digital camera images natural lotus leaves and (b) Water on
the lotus leaf. FE-SEM (c)-(d) Image of lotus leaf
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Fig. 2 A schematic diagram of the theory models for contact angle
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Fig. 3 Schematic diagram of laser micro-structuring for lotus effect
of experiment method
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Fig. 4 The FE-SEM image of micro hole of silica glass micro-
structured by picosecond laser. Nano structures are visible on
the micro hole surface
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Fig. 5 The FE-SEM image of micro-protrusion of PDMS after mold
process. Nano-structures are visible on the micro-protrusion
surface
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Fig. 6 Schematic diagram of laser micro-structuring of micro-
protrusion with different periods
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Fig. 7 The FE-SEM image of micro-protrusion of PDMS with
different periods of micro-protrusion. The periods of micro-
protrusion are (a) 140 pm, (b) 160 pum, (c) 170 pum, (d) 300
pum, (e) 400 pum, (f) 600 um
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(a) 0= 144.64°
at A =140 pm at A\ =

(b) 6=150.6°
160 um

(c) 6=170.42° (d) 6=147.91°
at A =170 pm at A =300 pm

(f) 6=110.22°
at /A =600 um

(e) 0=141.67°
at A =400 um

Fig. 8 The contact angles of periodic micro-protrusion of PDMS
with different periods of (a) 140 pum, (b) 160 pm, (c) 170 pm,
(d) 300 um, (e) 400 pwm, (f) 600 um. The contact angle are
(a) 144.64°, (b) 150.6°, (c) 170.42° (d) 147.91°, (e) 141.67°,
(f) 110.22°
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Fig. 10 The FE-SEM image of micro-protrusion of PDMS with
mold used repeatedly. The micro-protrusion of silica mold
repeatedly used are (a) Repeat 4th reuse, (b) Repeat 6th
reuse, (c) Repeat 8th reuse, (d) Repeat 10th reuse

(b)

r10

© (d

Fig. 11 The FE-SEM image of micro-protrusion of PDMS with
mold used repeatedly. The contact angle of micro-protrusion
of silica mold repeatedly used are (a) 162.39°, (b) 161.77°,
(c) 159.79° (d) 156.12°
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Fig. 12 The graph of contact angle with micro-protrusion of silica
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Fig. 13 Schematic diagram of laser micro-structuring of micro-
protrusion with different aspect-ratio
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Fig. 14 The FE-SEM image of micro-protrusion of PDMS with
different aspect-ratio of micro-protrusion. The aspect-ratio
of micro-protrusion are (a) 2, (b) 1.54, (¢) 1.27, (d) 1.00
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Fig. 15 The FE-SEM image of micro-protrusion of PDMS with
different aspect-ratio of micro-protrusion. The contact angle
of micro-protrusion are (a) 146.16°, (b) 152.22°, (c) 170.42°,
(d) 156.79°
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Fig. 16 The graph of contact angle with different aspect-ratio of
PDMS sample
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