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Abstract: With the intensification of global warming and the greenhouse effect, the global demand for
refrigeration is increasing day by day. However, the traditional refrigeration method not only consumes
a lot of energy, but also produces greenhouse gases such as CO, and ozone (O3), which will lead to the
intensification of the greenhouse effect, resulting in a vicious circle. There is an urgent need to develop a
clean cooling technology. Passive daytime radiative cooling has been proven to be an effective strategy to
transfer heat in the form of radiation to the cold outer space, and achieve the purpose of cooling without
consuming energy or utilizing auxiliary equipment. Based on the principle of passive daytime radiant
cooling technology, this paper analyzes the design ideas of daytime radiant cooling films and coatings, and
analyzes and expounds the development history and latest research progress of radiant cooling materials.
Finally, combined with the current application in building cooling and personal thermal management, the
future development direction of this technology is prospected.
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Figure 1 Absorption wavelengths by CO,, H,0O, O, and O3 in the earth’s atmosphere (Reprinted with permission from Ref.[14];
Copyright 2023 American Chemical Society)
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Figure 2 The basic principle of daytime radiative cooling (DRC) technology: (a) schematic diagram of the radiative heat
exchange between surface objects and outer space; (b) schematic diagram of the heat exchange process during the operation of

radiative cooling materials (Reprinted with permission from Ref. [15]; Copyright 2019 American Chemical Society)
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Figure 3 Schematic diagram of passive radiative cooling with a double-layer photonic coating, including mid-infrared

emissivity and separate control of ultraviolet light, with the smaller green spheres representing Al,O3 and the larger blue spheres

representing TiO, (Reprinted with permission from Ref. [16]; Copyright 2021 American Chemical Society)
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Figure 4 (a) Images of various solutions on the Bio-PRC surface; (b) Low-magnification SEM images of the Bio-PRC coating;

(c) Variation of the contact angle with mechanical abrasion cycles, with photos of water droplets taken after the o™ abrasion;

(d) Change in the contact angle over time when exposed outdoors; () Variation of the contact angle at different pH values (Reprinted
with permission from Ref. [22]; Copyright 2021 American Chemical Society)
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Figure 5 SEM images showing the microstructure of (a) pristine PTFE and (b) laser-ablated PTFE film; (c) Schematic
comparison of the micromorphology and wettability between the pristine PTFE film and the laser-ablated PTFE film (Reprinted
with permission from Ref.[23]; Copyright 2021 American Chemical Society)
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Figure 6 (a) The surface SEM image of EPDM/SiO; film; (b) The high-magnification cross-sectional SEM image of EPDM/
Si0, film; (c) Photographs of the coated glass with water droplets (dyed in orange and blue), Coca-Cola, tea, and orange juice;

(d) Self-cleaning test of the coating by flushing with water (Reprinted with permission from Ref.[25]; Copyright 2021 American

Chemical Society)
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Figure 7 (a) SEM image of the PDMS@KL film and its water contact angle (WCA); (b) Photo of droplets of deionized water
(dyed black and orange), milk, Coca-Cola, and tea on the PDMS@KL film surface (Reprinted with permission from Ref.[26];

Copyright 2023 American Chemical Society)
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Figure 8 (a) The mechanism of action of the A1,O;/PVDF-HFP composite porous film; (b) Reflectance of fabric with composite
porous film and ordinary fabric after UV irradiation aging (Reprinted with permission from Ref.[27]; Copyright 2024 American

Chemical Society)
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Figure 9 (a) The white-to-transparent transition of the porous PVdF-HFP-air/isopropanol system; (b) Photos of the system

showing the dry and wet states; (c) Spectral hemispherical transmittance of the wet and dry states; (d) Icehouse-greenhouse

transition of PPCs in the PE-air/alcohol system as an example; (e) LWIR thermograms of PE PPCs in PE film during the

isopropanol drying-wetting cycle; (f) Spectral hemispherical transmittance of the wet and dry states of the polyethylene-air/

alcohol system (Reprinted with permission from Ref.[33]; Copyrigh

t 2019 American Chemical Society)
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Figure 10 A double-layer structure composed of an adaptive silicone top layer and a bottom layer embedded with carbon

black particles (CBP) (SPDMSx-CBP film, where x is the ratio of water used in the film preparation) and its cooling and heating

mechanisms (Reprinted with permission from Ref.[34]; Copyright 2020 American Chemical Society)
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Figure 11 (a) A comparison of the scratch resistance between radiative cooling wood and natural wood from three different

directions; (b) A comparison of the tensile strength between radiative cooling wood and natural wood (Reprinted with permission

from Ref.[51]; Copyright 2019 American Chemical Society)
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