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In winter, electric power facilities such as solar panels, substations, power towers, and power lines suffer from freezing or
ice accumulation problems due to exposure to harsh external environments. These problems result in unstable power
supply, high maintenance costs, and severe economic and social losses. To address these problems, diverse anti-icing or
deicing techniques including physical, thermal, and chemical approaches have been developed. However, these
conventional approaches have limitations such as requirements for additional external energy, environmental toxicity, and
low applicability. Recently, novel anti-icing surfaces based on unique drop bouncing dynamics have been developed by
mimicking nano/micro-structures of natural systems. These anti-icing surfaces have attracted attention due to their high
energy efficiency and environmental friendliness. It has been found that the superhydrophobic surfaces with specific nano/
micro-structures can effectively remove the water droplets before the formation of ice nucleation by minimizing contact area
and contact time between the droplets and the surface, thereby demonstrating excellent anti-icing properties. This review
introduces recently developed anti-icing techniques based on the drop bouncing dynamics, and briefly describes the future
direction of the anti-icing technology for stable power supply.
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Fig. 1 Development timeline of anti-icing surfaces based on drop bouncing dynamics'**** (Adapted from Refs. 14, 24 and 29 with permission)
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Fig. 2 Drop bouncing dynamics on microstructure based superhydrophobic surface and mechanism of freezing prevention (a) Drop bouncing
dynamics on superhydrophobic surface based on microscale structures. Insets show micrographs of exemplary superhydrophobic
surfaces: posts, bricks, blades, and honeycombs (Scale bar = 10 pm). (b) Drop (-15 pL volume) bouncing dynamics on 30° tilted
surfaces at Tgpgrae < 0°C. Images from top to bottom depict droplet impact, maximum spreading, maximum retraction, and freezing'*
(Adapted from Ref. 14 with permission) and (c) Analysis of drop bouncing dynamics and modeling of droplet freezing on
superhydrophobic surfaces using classical heterogeneous nucleation theory. (i) A schematic showing heat transfer from the droplet to the
microstructures of a superhydrophobic surface. (ii) A schematic showing propagation of nucleated hemispherical ice caps due to heat
transfer between the microstructures and the droplet®® (Adapted from Ref. 30 with permission)
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Table 1 Summary of recent studies on anti-icing surfaces based on various drop bouncing dynamics.

Drop bouncing dynamics

Summary

1133-36 * Materials: Macrotextured superhydrophobic surfaces

Droplet fragmentation’ -~

* Droplets are fragmented by macroscopic line patterns, which reduces contact time

* Materials: Superhydrophobic surfaces with submillimeter-scale tapered post arrays

Pancake bouncing'>37#

* Droplets are rebounded in the shape of a pancake before retraction by the stored capillary

energy, reducing contact time

* Materials: Microstructured superhydrophobic surfaces with roughness gradients

44-46

Passive * Droplets are rebounded into a specific direction by structural or chemical gradients, enabling
o . drop shedding
Directional bouncing - - - - - -
* Materials: Superhydrophobic surfaces with actively actuating microstructures
Active'>* * Droplet dynamics such as rebound direction, contact time, and bouncing height can be actively

modulated, enabling advanced anti-icing or drop-shedding applications
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Fig. 3 Anti-icing surfaces based on droplet fragmentation (a) Top
and side views of droplet impacting on a macroscale textured
surface with different impact velocity. Impact velocities of
droplets are (i) 1.0 and (ii) 0.5 m/s (b) Graph of the contact
time according to the impact velocity in droplet fragmentation
phenomenon. Black triangles indicate the contact time on a
typical superhydrophobic surface (t,), and red circles indicate
the contact time on a macroscale textured surface (t) and (c)
Graph of contact time according to sizes of macroscale linear
structures in droplet fragmentation phenomenon. Red circles
indicate a case in which the impact velocity is 0.5 m/s, and
black squares indicate a case in which the impact velocity is
0.8 m/s* (Adapted from Ref. 33 on the basis of OA)
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Fig. 4 Anti-icing surfaces based on pancake bouncing dynamics (a)
Pancake bouncing based anti-icing surfaces consisting of
arrays of various superhydrophobic submillimeter posts. It
shows anti-icing surfaces consisting of arrays of straight-
shaped posts and posts with an apex angle () of 1.0, 1.7,
3.6°. Insets show contact angle of water droplet on each
surface and (b) Pancake bouncing dynamics according to
apex angle of submillimeter column. Apex angles are (i) 1.0,
(i) 1.7 and (iii) 3.6°, and the value of We is 18.2% (Adapted
from Ref. 37 with permission)
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Fig. 6 Active drop bouncing dynamics based anti-icing surface (a)
The change in the angle of the microneedle structure of the
anti-icing surface under different magnetic fields and the
corresponding change in the trajectory of the drop bouncing
dynamics*’ (Adapted from Ref. 47 with permission) and (b)
A schematic diagram of the anti-icing surface, which can
actively control the drop bouncing dynamics in three modes
according to the angle of the microstructure controlled by
external magnetic field”?> (Adapted from Ref. 12 with
permission)
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