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Abstract A gradient wettable surface can make a droplet autonomously flow in a pre-determined direction.
Therefore, this method is important for various applications. In this study, a method is developed to quickly
fabricate a gradient wettable surface on the surface of 304 stainless steel using nanosecond laser ablation and heat
treatment. The surface microstructure, chemical composition, and contact angle are observed and characterized via
scanning electron microscopy, energy spectrum analyzer, and contact angle measuring instrument. A high-speed
CCD camera is used to observe the flow of liquid on the gradient wettable surface. The experimental results show
that the content of the carbon (C) on the surface is an important factor that affects surface hydrophobicity after laser
processing. For 304 stainless steel, short-time heat treatment at temperature of 200 ‘C accelerates the increase of
the C content, realizing fast curing of contact angle. The uniformly wettable surfaces with different contact angles
can be obtained by designing the surface microstructure of the target. Then, the surfaces with different wettability
gradients can be obtained by designing the surface microstructure distribution. The flow distance and velocity of the
liquid droplet on the target surface can be controlled by changing the surface microstructure distribution.
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Fig. 1 Variation in specimen surface contact angle with
time after laser processing. (a) 0 d; (b) 10 d;
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Fig. 2 Surface microstructures of same sample in air

for different time. (a) 0 d; (b) 30 d
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Table 1

Measurement of surface composition of 304 stainless steel

Mass fraction /%

304 stainless steel

C Si Cr Fe Ni
0 d after laser processing 5.73 31.22 0.72 12.22 47.08 3.04
30 d after laser processing 11.48 33.44 0.7 10.49 41.23 2.66
Amplitude of variation /% 100.34 7.11 2.78 14.16 12.43 12.5
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Table 2 Effect of heat treatment time on surface C

content at different heating temperatures

Mass fraction of C /%

Heating
Heating time

. Heating time
temperature /°C

of 10 min of 40 min
50 6.21 7.27
100 5.21 7.66
150 7.01 9.18
200 8.81 9.58
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Table 3 Scanning interval of different regions on gradient wettable surface

Scanning interval /pm

Sample No. - - - - - -
Region 1 Region 2 Region 3 Region 4 Region 5 Region 6
17 100 200 300 500 600 700
27 100 300 500 600 700 —
37 100 300 500 700 — —
47 100 300 700 — — —
57 100 500 700 — —

Note: Width of each region is set to be 1 mm.
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Table 4 Analysis results on droplet motion with time
First Second Third Actual Velocity /
Sample ) 3 ) 3 ) 3 Moving time /s

gradient /(°)  gradient /(%) gradient /(%) range /mm (mmes™ ')
17 2.74 26.57 9.36 0 0 0
27 29.31 9.36 9.79 0.060 2.70 45.00
37 29.31 9.36 37.33 0.062 2.85 45.97
4+ 29.31 46.69 — 0.080 4.05 50.63
57 38.67 37.33 — 0.050 2.10 42.00
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