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Abstract

Radiative cooling technology has attracted substantial attention owing to its ability to operate without
external energy input, adapt to complex working conditions, and utilize lightweight materials. Rooted
in the interdisciplinary integration of optoelectronics and physics, the theoretical foundation of radi-
ative cooling has vigorously propelled the rapid advancement of this field. This article systematically
reviews the fundamental principles of radiative cooling, summarizes the categories and fabrication
strategies of radiative cooling materials, and analyzes the compatibility between materials and prep-
aration methods, the structure-property relationships, and the corresponding application domains.
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In addition, recent progress in radiative cooling films for applications in buildings, personal protec-
tion, and agriculture is briefly highlighted. Finally, the challenges confronting radiative cooling tech-
nology and its prospective future directions are discussed.
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Figure 1. Relationship between the number of publications and citations of radiative cooling papers and the
year (Topic = radiative cooling)
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Figure 2. Heatmap of research hotspots on radiative cooling materials
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Figure 3. Schematic diagram of the principle of radiative cooling
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I, (m):%+ BRI T 0 EAREE A, ) R, h RWEE AR, ¢ R,
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S5 N £ 1 SR AR 9 £ 075 (PVDF)/SiOo-PTFE £ 4R, w] SEE A R AR S 74, RIS T Je kR ik,
FELFRT I P L N AR BEAIR 9.2°C o 10 SRS M AT YE AL T RE A RVE SRR I Tt AR IR B Bl 64
HGTLh R EFFRE T — 2% PRl K R TE % [29] -

TR, N A B BHE SR S A S8 4 B EE A . i an: 4A Wb 225 800°C Husb 3
Jei, KRB R F AT L 92%, TE 8~14 pum B B RS2 EA 0.94, (ERMRERAM B, HAER KR
TR R PR LT F7[30] 0 WAk, RGBS HH AR TG 3R, BF 8N 5 1) 2%t R Ca i i okl v
Ble Sl AEME IR WG B A A A RS B A RLEEURE, TSR R S B e, HLREAE KA
S A CRIFIR R RO 2, [ B A S B LA BUR S 1 BE[31] [32] 6

T AR SR AR AT 38 I 15 I R BN G (0 22 2 T e s BE AL o A U AR, TR
SV AR AR, SERDGIE e S AR S [33]. B, FET SiO. EALAR(HFO.). Si M Ag MIZE )
Z A4, AT DASE I K B R 26 5 KA R 26 [34] [35]. 6T s AR TT LAFE R L ik B AR FFIE
[Fi] BN E 21 A B S I R ST, 3 —ARp M0t 325 B S A A A (i S o 7 ) HL A B S AR
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TCALER G A MR G T AR e =, PO R RE i, KBH Y RO 3R 5 LD Ah R bt g Bl
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BRIEA 2R MRS, Sebrp . SRE. AR BB R SN R ek e RE FR bR . B, PERR
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B, X T BEEITE R A AMX SR A SR EL RS R, B A AL RS B [39] . BN, LR (4-F AR
H5) (P-TPX)WIE RN 2R — F ik A bt (PDMS) 2 52 & i E S R I A R (4 3 VA PR RE[32] [40]. iy T4&
SHRA M B R R R RE, AR EHE PVDF. RIE LME(PTFE). 3 40 (PE)S5[41]-[43]. X4t
BEXF R BHERISCRAG . AR R m, BN THERE 5 IRESI AL R, JCIE A i 4% K AR M i) v
VL, R ARSI R S AR 5T R o

AL, ST SR PR (W TiOz. SiOn) B 7k 2R AW IEAR (I PVDF. PMMA) At A 5 AL A4 4l i S
¥4 1 BE[38] [44] [45]. S AHRM A MRS I I TR T 51N 7 F 5 A, SR Re th RRAL . 97
KL F AL BE SR A PE B, I8 AT P2 T+ I L RE AR R e . B, 3 SiO, ERBEHLIR AR &
YAk, AT DL ORI GRS BT ORAUE A RS ZRE I 0.93 I AEH30]. i, PVDF-HFP-Ag
VRIS T FH U 4 K BHON S R 4T R [46]

BT AR, SR R 2 R I, FRT R A R A B ORI JE R PR 2 7 A T N
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B P RF SR R B IR, RV SR S e AR 32 OGUE[49]. BN, SF4ER . LR NYK T4k
RAERRL, XA R WA EE[33]. SIAZ AL MW BE— 2B 52T MO R 5 70, 1 anb i B g5
LR IV GURETHERE R T 1 2 FLAGHE , b — D3R AR A4 PERE[44] [50]. TR WHRE SN A MR e B
INTRE . SRVELF, LM RS RBIEIRCRAR, PRSI AEEE, 5 MK T AR SR M A %5, AL
W SENR TR ERTHER: EAR AT R REMSHEAR, [FREE ST N FREE 1).

Table 1. Several representative radiative cooling materials and their performance parameters
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AL, TR
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REME ¥t PSIPDMS/PECA E 4 86.6%0-92.8%  953%-96.3%  LUis FIANAN B [32]

PN NNE]
SR wE s
RameE  ZILRG-HE-IE) (P-TPX) 88.6% 88.11% AL ANEWE, & [51]
AW B THJI ' (B %) FT Az =04 #)
S—_— IR,
EARL REMHT A RN SiO2 fiEk ‘iéfﬁ >0.93 [V &1 T 215 93 [30]
W/m?
o o GIESTS- N2 N»
RAOIRIE (ﬁﬁ%ﬁﬁi) >0.90 >0.90 HLMPit, HA [31]
A 2 554 A
" s Janus YaFRHE,
- J-MRC #JIE (94K % 1L LTV 22 A N
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ZRHR PEIPEOIAg 4K 4) Rl o )

2.3. BREIHIAMRIABI& TS

ERI IV MR % TTVE B 2R, ASFI S T ZMR TADRES R R AR A RERFAE, P& RA
IR EMA RN 75, EEAFE LT U

F L L AR % R EME S MBI m R L2 [52]. ZHEAME & EESIER, HREWIERE
KRB O IOR BRONR 2T 4, T2 SLIREE AR . 41, TiO.-PVDF T 4E i n] i i it 5 5 Al
#eo FA > AN R IF B4R SV VR BE[44]. AR, ROTEORTERR G A SUR B H MR L%, A
AT AL ARG PERER . 2 THER A L R[50] . 1207 AT 3 = HESCGR T YE R 2% S5 4,
BV BOCHUR BN, RN AR O R B v LD AN AR RS, D v ik E S 1 S b oA B ) 25 SR T
AR

HAGr BT 4 2 FLR G VIR R R A T2, Bl iR AR 7 BV 4 10 2 5L PVDF i, ]
DASC I iR AP 5 I 56 (95.6%) AR U 1 s A ST 56(99.1%) [38] 0 AH Y BB AT E R A WP 5 2 2 4L
KA, WA 25 B i K FH S A 34 [53]

i3 HL G BRI 70 8 i) 5 O SR A W R BAT 22 AL, R AU R B DG I I 9 2T b R A
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AU EARI S LA . A BVENIAEAE 2 FLE ML 5 FLBR AR R B WU B, T
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P B SR SRR 2 A R, (AR R E R B RE B S .
ARSI BT & SRR RARERIE, T LU H 80 S A R 33]

W 150 S SO BN K R (1 TiO2. SiOo) 5 ML AN R S RN R IR (I PVDF. PDMS)R A il
FRERE, ARIFE R MR EE] R T SO I E AR R T [32] [54]. B, B RS A AEE RIS S
FHAY BETT DL 46 H 2 LG MM E SR, H 2 AL A B T3 58 K PG HU [32] o v SEILRUARE AL A5 7= Fl
NI, ¥R WHRATEDRISRRAS . 9 ) 4% T 2 IE R BRI R [33], X KA Rl m it 4 1k 2 5
B T 2 R FH T K TAR BB SR T, A 5 S W B 12 CUFE 2020~2022 4523 = AR [33] o ¥ MR BE 55
MR T2 MR, &HT RIS, (AR EiREE G R,

FIF Gk B AL SR R BRI 6L B B B 2, A 2SR AR e & T AR
TERCE PN R . B, ARG SiOo g 4544 mT DATE B e 85 (14 S ol ¥ J2[55] . 1 4126 T R R Sl
KA 2 )2 P4k, AT ERE. MAKEIAL.

XF T80 AU R, K& —Fh ] B R et vk o B e L R BB AR B, T A R
() AR SE R RO TS, AR O 22 Mk fE . B0, 7E 800°C 2k F Rt 4A Wb A1 b AT #uib 38, mI R
FLRAREEAR, SR A HIVERE B PR TH[30] A R ALE THAE M B . ACR B2, AT R A
SR SO S;  Sh AU R B be REFE R i, 0 T A i v B M RE AT AE — i R

R AR R, R T HORZI AL R E U TR SR B I K iR
AR, K A A BOEEA LG K G54, DA & HAT R E B SR M R 2544 [17] [56] . X Ee 77k Al kS A 42 il Aokt
Pt RE, H AR o

X T RA VAR A MR, S RIS S G O VA DR M R . i,
I AMEHA TG T DA % tH A BB BK | 37 B AR S A A VR RE I B2 G I [37] . A 2B TV BRI B
A, AR ARG UHE TR ISR B ATE T AP RS e R, H & 32 2 EIhRE R &M, A2 N2
BUETRAE AT BB, o SO0 2 PR BRI

2.4, BEHISHRIE N

RASERITHIA PR O SL IS0 2 980, SR8 L TCRERE MR IR 3, BB B NS b At , TR 4K
%571~ ZEHH[58]. HH[59]. AL [60] 55 ks BN A, Wl 4 Frs.

ER SR MRME SR SRR, FH B |2 [61] o K S o) VA Ak B e FH - R 0 R T B At , oI &K
S RBRYGRE, BRARR IR, Wb A RE, I FERRERE, Bl = AR TFE R,
BEMBIAET, A5 RT3 m A MG, 2 T0EE TR ERE, B 50~60CRHF KR =R 2=
RN HE—T R, BAAmat il Dm0, ] {545 B i) v AL IR S £ s FEA1IK 84.9%. 30.3%
A 2.4% 7/ A45[62]. BHEAMIIINASE SRR, J2 TR H1e RGN HTh 2RIk 96 Wim?, 12808 2 LA 2
H BT B4 75 5K [63].

IR PSR G SR B L, ARSI €, P &0 mAil, WAy RE. %45
IR Z IR T SR, 2%, DIRORGMIEE, SR aET, HILIHEFEt KEA
J1~ W B s, AR % 7 AR K2 AR i, MEES fA AR IR & ok T
BEG[64]. TERUINHL X IR RoR, ARG TR A S A MRS, B NIREEFFMIC 9.8°C, MROARIAIRE
TR 4°C. FHZIGHEBETEARRTEE N R, SFEn 14/ 573 G Wh, #14r #h [X v] 58 4 B A 1 5
DI AR [65]
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Figure 4. Application fields of radiative cooling materials
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