j Universe

Scientific Publishing

PPie

Commentary

EEREIER S 5HROR 2024, 2(1), 128
Journal of Clean Energy Science and Technology 2024, 2(1), 128.
https://doi.org/10.18686/cncest.v2il.128

RO R R R S b

Development and progress of radiative cooling materials

S, FRRN, R

Cheng Jin, Gang Pei’, Bin Zhao"

ARENRER TRER, HEBAEOR RS, AR 230027, 2Z#E, HE

Department of Thermal Sciences and Energy Engineering, University of Science and Technology of China, Hefei 230027, Anhui Province,

China

*EWMEE: FEN, peigang@ustc.edu.cn; BXHk, zb630@ustc.edu.cn
* Corresponding authors: Gang Pei, peigang@ustc.edu.cn; Bin Zhao, zb630@ustc.edu.cn

5K

S, SEII, B, GRS AR
KRG EHRER S ER.
2024;2(1): 128.
https://doi.org/10.18686/cncest.v2il.1
28

Jin C, Pei G, Zhao B. Development
and progress of radiative cooling
materials (Chinese). Journal of Clean
Energy Science and Technology.
2024;2(1): 128.
https://doi.org/10.18686/cncest.v2il.1
28

pra i)

W H . 2024-01-25
KHHE#H: 2024-03-04
KAFEHM: 2024-03-11

RAUR B

JRRL © 2024 1% .

CH AR = SHRDY M
Universe Scientific Publishing H}
Fie AAE R EIAIE 2 E 4 (CC
BY) VFAT G VAT .
https://creativecommons.org/licenses/
by/4.0/

English edition of this article is
available online at https://cae.usp-
pl.com/index.php/cest/article/view/14
4

TOlBFARBASKR, A BeVR I K A8 A 3 80 = AR HE E A B, it
TR A BRARHE [1]. 6074 BEFEAS REURTH FEM LA AL 7, 20 2Bk B RE IR
THAEMI20%, RGP 75 B JRARAERE . T R0 L IR 138 B 1) ¥4 AR DL AN
T 3 P VA T R A TR L R R RE AR M 2 B E AN E R TIZ OR
W, EREAREEE R AES KREE CRAE N (813 pm) B
IR, K B B R AR CLRAGR S I UK BARIROR A, AT SRAS 4 20 I
RIHIAROR [2-4]. BB, SR SHA E AR R BT o8 T, it
R SRV AR AZ O AE T LA RS F AR S S [5]. AH BT B ali 1 4 [ 4
SR, A)%R SR i) 7438 o] DAAE K BHAR S 2% 10 B Se B pt s B 5 0%, BRIk s
HN A . ARIE RSP nl & (1)), H ARSI B2 OBk 26 T 20
] SETRK PHEE SRR ISR (— Mk o7 i S 38D R R 41 4 iy R R K W [R) A4k
e

AR, BEA e RN LA Rt 2, I/ iE R [6,7]0
WK R, WRHES) T H [ESE S AT, 2014 4E, Raman %5 [8]HFH] T —Fh £
EIECT AR (B 1b)) , HKRPHARN RS HRIER] 97%, B IRTEKHE S
AT N SEIL T LEIASEIR AR SeCH H ARSIV o 25 R RN T RCAR AR AR
A, Zhai 55 910 7 —Fh o] KIAR 2 PR R (B 1(c)) , % EE
HEREYFHHBNEN TR, i “RAE D7 BN LA Rk SR
(>0.93) , ZEHHRAEREN N SEl 96% IR BHAR S I BT 3R, BRAEAKR
AL E] 93 Wem 2 VRS A TR . B T _FRFES HlA AR, it PR 2B )
BHAMERXAFEMEIAE, — RFEMERe H 4R HA ARG S2m L, i
Higkl (B 1d)) [10]s R ZE (B 1e)) [11BLEBAAM (B 1(6)
[12]. & WY (1315, XM R BA SIS E00 g R85 Re M, HIJREsL
DU T PR8I0 1 1 3 B R



TEEREIRM S 510K 2024, 2(1), 128

H SRS Paon RN R IR Pootar AWK FHER ST (b) SiO2 AN
HO, 528 A ) 2 JZ2 G T 1 (815 () SiO02 MIURLIZ AR 32k I S (AR T2 F )
AT EREE [9]; (d) TiO: 53 R GRS A B [10]5 (e) AH
A5 B > 2 LR (110 () Ao 3% T | e 2R PO 1 R 121

Figure 1. Principle of radiative cooling and high-performance radiative cooling

materials. (a) Principle diagram of radiative cooling [2], Prq represents the thermal
radiation, P.m represents the absorbed atmospheric radiation, and Psolar represents the
absorbed solar radiation; (b) Multilayer film photonic crystal alternately composed
of Si0; and HfO, [8]; (¢) Metamaterial film formed by SiO> particles incorporated
into polymethylpentene matrix [9]; (d) Ultra-white coating formed by mixing TiO»
and fluoropolymer [10]; (e) Hierarchically porous membrane prepared by phase
inversion method [11]; (f) Delignified pressed ultra-white wood [12].
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Figure 2. Versatility of radiative cooling materials. (a) Super hydrophobic

properties. Water, acid, alkali and mud droplets on the surface of the radiative
cooling coating can maintain a large contact angle. The lower left corner shows that
the contact angle of water on the surface of the radiative cooling coating is 165°
[14]; (b) Four double-layer colorful radiative cooling coatings [15], all consisting of
a top layer containing colorants and a bottom layer with radiative cooling function;
(¢) The synergetic regulation of the color and light absorption characteristics of
photonic radiative cooling materials. Through special photonic crystal design, the
same color can be achieved while showing different equivalent solar absorptivity,
thereby producing different temperature characteristics [16].
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(b) Flame shock
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Figure 3. Two ceramic-based radiative cooling materials. (a) The left side shows
porous alumina ceramics that can be sintered into different shapes according to usage
requirements, and the right side shows the spectral properties of cooling ceramics,
filler polymers, silver films, and white commercial ceramic tiles [17]; (b) Ceramic-
based radiative cooling glass coating sintered after solution treatment and its stability
test, in order: high-temperature flame shock test, water immersion test and ultraviolet
exposure test [18].
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