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Fig. 1. (a) Reflection(R), transmission (T), and absorption (A4) spectra of the metasurface; (b) sample temperature increase AT,

over time ¢, for the metasurface, tinted laminate, and control glass samples; (c)—(e) antifogging performance enhancement by effi-

cient sunlight absorbing; (c) the contro, (d) hydrophilic, and (e) metasurface. Reproduced from Ref.?], with the permission of

American Chemical Society.
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Fig. 2. (a) Cross-sectional SEM image of the as-fabricated coating; (b) transmittance (7) and absorption (A4) spectra of the coating
with various mass fraction of CWO NPs; (c¢) temperature responses of the coating with various mass fraction under 1-sun illumina-
tion; (d) a 10 cm x 10 cm transparent selective photothermal coating fabricated on a glass substrate. The mass fraction of CWO
NPs is kept at 10%; (e), (f) outdoor antifogging test of the large-scale (e) control and (f) photothermal samples using a homemade
freezing chamber. The solar intensity was 0.9 kW-m 2; (g), (h) antifogging demonstration (g) and (h) temperature response of a pair

of safety goggles (left side: treated, right side: untreated); (i) anti-fogging demonstration of a 30 cm x 30 cm glass substrate (left

side: untreated, right side: treated). Reproduced from Ref.l'!l, with the permission of the authors.
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Fig. 3. (a), (b) SEM images and water contact angle of the structures of CS and PSCS; (c) temperature increases of surface under

1 sunl'; (d) temperature increases of CS SCS and PSCS after illumination under 1 sun for 300 s, photothermally induced melting of
frost and ice on SCS and PSCS surfaces under 1-sun illumination!'’; (e) the melting of frost on the superhydrophilic SCS surface
and superhydrophobic PSCS surface (A2)'7)

PSCS surface (Reproduced from Ref. [17], with the permission of United States National Academy of Sciences); (g) photothermal

; (f) the melting of ice on the superhydrophilic SCS surfaces and superhydrophobic

ice removal performancel'; (h) superhydrophobicity self-recovery mechanism of the photothermal coating. Reproduced from

Ref.[18], with the permission of American Chemical Society.
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Fig. 4. (a) Side-view images of CR-SASs and their surface composition!'”; (b) condensed droplets can be continuously removed from

CR-SASs through coalesced droplet jumping!'?;

(c) long-period photothermal experiment under the low-temperature and high-hu-

midity condition for Cu and CR-SASs (Reproduced from Ref.[10], with the permission of United States National Academy of Sci-

ences); (d) schematic preparation of the PPY /Attpulgite photothermal superhydrophobic coatings!'”

hydrophobic at certain time intervals!'®

I; (f) active deicing test of PPY photothermal superhydrophobic surfacel"®

I (e) PPY photothermal super-
I; (g) PPY photo-

thermal superhydrophobic surface and aluminum sheets after outdoor exposure for 4 weeks. Reproduced from Ref.[19], with the per-

mission of Elsevier.

089201-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 8 (2022) 089201

Temperature/C

0.25 W/cm? e 0.50 W/cm?
30 ~+ 0.75 W/cm2 — 1.00 W/cm?2

20 o 1.25 W/em?  —+— 1.50 W/cm?2
0 100 200 300 400 500 600
Time/s

t =600 s
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Fig. 5. (a) Digital photograph of the powder of melanin nanoparticles??; (b) SEM image of superhydrophobic photothermal

coating??; (c) Photothermal-heating curves of the superhydrophobic photothermal coating at different sunlight intensity®?; (d) op-

tical images of photothermal deicing process on superhydrophobic photothermal coating under one sun irradiation(Reproduced from
Ref.[22], with the permission of Elsevier); (e) cross-sectional SEM images of the TiN-PTFE filmP*?; (f) optical images of phototherm-
al deicing processes on TiN-PTFE surface. Reproduced from Ref. [32], with the permission of Elsevier.

HER DR, iR IR TR 32.6 “C (181 5(c)).
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e FEPEO LG R 52 C. W&l 6 iR, il
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F B CIIEARAOR, TR RS S8 T 7EAR
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Fig. 6. (a) SEM and contact angle measurement images of SHSSA; (b) UV-visible-IR absorptance spectra of SHSSA SSA and SHB;
(c) temperature increases (AT) of SHSSA, SSA, and SHB as a function of time under 1-sun illumination; (d) freezing process of a
5-uL droplet when the chamber temperature was adjusted to —60 °C. Time-zero is defined as the moment when the temperature
reaches to the set temperature; (e) top-view image sequences showing the deicing process under 1-sun illumination on the SHSSA
surface; (f) top-view image sequences showing the defrosting process under 1-sun illumination on the SHSSA surface. Reproduced
from Ref. [9], with the permission of the authors.
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TERMAL IR UK SRR 5 B s SUZ, i B Rk vk
SRR T HICAETK R0 (I 6(e) FIIEL 6(f)).
[ sF , 2% 2 THLT 0 5 18 D16 RS T 52 0PIk il 7
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HH 8 5.
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FaSIRTIRFAE. 26 1 B45 T _ERim i 1 s;
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Uk, FATTHRGE B K R T R B T e 1
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# 1 AFEDCPGBEUK KR LG ERE L
Table 1.  Overall performance of various photothermal

icephobic surfaces.
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Rk Bk 4 Ak 162 52 [19]
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SPECIAL TOPIC—Nano engineering and thermophysics

Recent advances in solar-thermal surfaces for
anti-icing /anti-frosting /anti-fogging"
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( Received 9 December 2021; revised manuscript received 11 January 2022 )

Abstract

Icing, frosting, and fogging are all natural phenomena in cold climates, which bring a lot of inconvenience
and safety problems to our daily life and industry when formed on the infrastructures. Solar-thermal anti-icing,
anti-frosting or anti-fogging surfaces have attracted a lot of interest due to their effectiveness and green
ecofriendly features in comparison with the conventional mechanical, thermal, and chemical methods. This short
review aims at summarizing the recent progress of solar-thermal anti-fogging/anti-icing/anti-frosting surfaces.
First of all, both the fundamental of solar-thermal energy conversion and the mechanism of solar-thermal anti-
fogging/anti-icing/anti-frosting are introduced. After that, recent advances in solar-thermal anti-fogging
surfaces, and superhydrophobic solar-thermal anti-icing/anti-frosting surfaces are summarized according to the
categories of photothermal materials. The results of our collaborative research groups in this field are
highlighted in this review. In the end, through comparing those reported surfaces, we point out the bottlenecks

in the existing researches of this field, and suggest the potential significant research directions in the future.
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