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Superhydrophobicity and anisotropic wettability can be simultaneously achieved by simple groove pattern on a surface. To
verify those characteristics experimentally, we fabricated the micro-grooved surfaces with four different groove widths. Static
contact angles were measured with the sessile drop method to investigate the apparent wettability and wetting states. All
four surfaces exhibited the static contact angles well fitted to those estimated on the Cassie-Baxter state in which favorable
water-repellency was expected. The static contact angles measured perpendicular to grooves were higher than those
measured parallel to grooves. This anisotropic wettability was also observed with the sliding angle at the onset of the
droplet moving when the surfaces were tilted. The sliding angles measured perpendicular to grooves were much higher
than those measured on the smooth surface without micro-grooves. Conversely, the sliding angles measured parallel to
grooves were smaller than those measured on the smooth surface. Because the sliding angle as well as the contact angle
hysteresis reflect the water-repellency, the micro-grooves clearly made the surfaces anisotropic water-repellent.
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Fig. 1 Scanning electron microscope (SEM) images of negative Si
mold masters (Left) and optical images of the resulting
replica micro-grooved surfaces (Right) for (a) Gio, (b) Gao,
(¢) Guo, and (d) Gy

Table 1 Geometric parameters of the micro-grooved surfaces and
the water contact angle (CA) values estimated and measured
on the micro-grooved surfaces
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Oy O

Gio 10.1 9.6 49 051 149 123 132
Go 10.1 19.5 49 034 133 119 142
Gs 100 39.1 53 020 122 116 151
Gy 10.1 784 50 011 111 114 158
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Fig. 2 Schematic diagrams of the micro-grooved surfaces showing
(a) Geometric parameters and (b) Dynamic contact angles.
The quantities measured perpendicular (Parallel) to grooves
are denoted with the subscript L (I)

(a) (b) (c)

Fig. 3 Sessile droplets on the G40 for the measurements of (a) The
static contact angle perpendicular to grooves 0 L, (b) Parallel
to grooves Ol, and (c) The sliding angle perpendicular to
grooves L. The volume of a droplet is 5.0 uL. The base
lines between droplets and surfaces are indicated in blue
solid lines
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Cassie-Baxter equation
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Static contact angle [degree]
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Texture area fraction
Fig. 4 Apparent contact angles measured on the micro-grooved
surfaces in this study. Theoretical values of contact angles
according to the Cassie (Ref. 4) and Wenzel (Ref. 5) state are
also depicted as red and black dashed lines, respectively

50

B Perpendicular to grooves A
® Parallel to grooves e
—— Smooth surface e
40 |- — M- Eq (4) perpendicular to grooves e
®- Eq (4) parallel to grooves 7
o) —A-Eq (5) -
-
1 L
& sl -
S e
) =
[o)] o
c - 5
20 |- ~ _
@ e E -
(o)) 2 _ .
c -
» 10} ~
F
i -8

0.1 02 03 ‘ 0.4 05
Texture area fraction
Fig. 5 Sliding angles corresponding to the texture area fractions of
the micro-grooved surfaces. Estimation derived by Lv et al.
(Ref. 22) and Extrand and Gent (Ref. 21) are also indicated
with black and red dashed lines, respectively
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m ACA perpendicular to grooves

I:’ ACA parallel to grooves

160 |-

140 |-
= o] © E?
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100 1 1 1 1 1 1 1 1 1
Smooth  Gyg Gao Gao Ggo Gio Gy Gyg Gego

Advancing contact angle [degree]

Fig. 7 Advancing contact angles measured on the micro-grooved
surfaces. Actual measurement points are shown right next to
the box plots
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Fig. 8 Receding contact angles measured on the micro-grooved
surfaces
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