M Foxit PDF Editor Sg3g
P B (c) by Foxit Software Company, 2003 - 2009
ik
438 % 4 g WAT S oo i
2019 4F 4 1 MATERIALS CHINA Apr. 2019

FHEH)

JEF mm AR IR R

&, ki, BRR, K42, PR, £ &

9

(MR R 22 EAM BS54, BIEYT 1B/REE 150001)

&

W OE: CRPIR AR S, S EHEOL S AR RE A A0 AR I S A, AT L PR R OK S R B,
OGRS R F NN Es i, nTIR T bR A 5 B R B A 0 62 Rt 30 XSG R B BEAT IR AN S A Ak, 1T DA b 3 R s A R
FOCHIRPEPERE , W AN ZSTE AR RO R B A5 3R o A SC IR IR R, FEAEE 4 4. HR R At T
R TIOR A B, BE  A SS R AR SR 1 A ARG T R R R AR LA BOG R PEREEA T 1 A HUOR AR LG T a1
RO A e F R R R R - 6T AR IR B 1 S S I 2 e 1 Rk MR Bl 4 65 4 O B I S S e s RS AR
I 4 I AU 20 T N 5 P e PR P e B BE A R RE T A R O 1T S 9 R R AT R B 6 R R O DY 4
585 I A5 E ARG R BB IR R BN F AR

KR OLPIRE,; LTI, PURST; MONSEH; ERERE, BRER

FESEE. TB34 XHERFRINAD . A XERS . 1674-3962(2019)04-0352-07

Investigation of Photonic Crystals Regulation on

Optothermal Performance
LI Long, XU Hongbo, REN Feifei, ZHANG Weiyan, DOU Shuliang, LI Yao

(Harbin Institute of Technology, Institute of Composite Materials and Structures, Harbin 150001, China)

Abstract: Light and heat are necessary conditions for human survival. Reasonable regulation of light and heat can not only
make human life more convenient but also solve the urgent problems in space exploration. The microstructure represented by
photonic crystals endows the material with novel optical characteristics. The photothermal regulation performance can be sig-
nificantly improved by making the key materials microstructured to meet the needs of the human application in civil applica-
tions and military. This paper starts from the principle of photothermal regulation, mainly includes four parts: at first, mainly
discusses microsphere synthesis, preparation and spectral properties of opal structure photonic crystal and inverse opal struc-
ture photonic crystal; then the application of microstructure represented by the photonic crystal in the regulation of optical
properties is presented. Whereafter, the application of microstructure photothermal regulation in smart thermal control and
smart windows is briefly discussed, which is based on the principle of radiative heat transfer. The new research on radiative
self-cooling of the microstructure is introduced. At last, the application prospect of photothermal regulation is prospected by
combining with the existing studies abroad.
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Fig. 1  Schematic diagram of energy-wavelength distribution of

solar radiation and blackbody radiation
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Fig. 2 SEM images of opal (a, b) and inverse opal (c, d) structure

photonic crystals''®]
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Fig. 3 Images of three-dimensional ordered macroporous (3DOM) Ge
showing the color change that occurs with a slight change in the

angle of incident white light'®)
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Fig.4 Light regulation by microstructure!'”> 1. (a) color change of SiO, three-dimensional photonic crystal; (b) reflection spectra of SiO,

three-dimensional photonic crystals; (¢) schematic diagram of enhanced coloration effect of electrochromic three-dimensional ordered

macroporous structure; (d) response time of electrochromic three-dimensional ordered macroporous structure
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Fig. 5 Light regulation of microstructure' '3/ ;

: (a) SEM image of moth-eye microstructure; (b) the picture of moth-eye micro struc-

ture on silicon surface; (c) the reflectance of moth-like eye microstructure at different incident angles; (d) the transmit-

tance spectrum of moth-like micro structure on the quartz surface
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Fig. 6 Thermal regulation of microstructure!?'!; (a) SEM image of the

polystyrene two-dimensional photonic crystal; (b) SEM image of
polyaniline two-dimensional photonic crystal; (c¢) the variable
transmittance of the polyaniline two-dimensional photonic crystal
in visible wavelength; (d) the variable reflection of polyaniline

two-dimensional photonic crystal in infrared wavelength
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Fig. 7 Thermal regulation of microstructure: (a) SEM image of ther-

mochromic VO, microstructured film; (b) the transmittance of

VO, films at different temperature prepared by different con-

centration of sol; (c¢) schematic diagram of double sided

microstructure VO, thin film; (d) the transmittance spectra

for single and double sided VO, films!?!

Brim RATRE, 455 LIEAMRUE R T I RN, fERR
7 e, S8 FUESE T 4R T H IR SR AE 850 W/m?
KIECEHS FRRETEA 4.9 K MHlR 3R,

2015 4E Yu 2015 Science K3 T X TG TV I 4R
W RGN G IR A HOE . ROTHE 2 wm 2245 B4R
W= RIS B R B TR [QHU AE T L3 21 A0 % Bt
A R RRE, RIES T RO A A A e B R
PRV REE IR W B ) PR SO, DT A AR AR
WL AR iy g T VD L ) AR AR R

2016 4E Cui %577 7 Science | 41 38 W40 fL % 2. %
(PE) BEAE R AR N A B BCARTESE , R Z4L PE B (1L
25341 50~ 1000 nm ) 7 K BH 48 5 5 Be ) oK FC SR 56 9 ey
B, WIESFI A PE BEAE iham 2040 0 i ik e ik, 3R
B HIA R AR, BB B I > R BH A W, $i i A
RS, B A R 2 R AR R IR 2 K

2017 4 Yang %[28] 1E Science 4238 T —Fpn] KB A=
PRI TR ST B RV R A AR 2% . AnIEl 8 PR,
4 Sio, kAL A B R AT, FIEAER G YT
HEAR , SEEOK BH R G i B 0 v B A, TR R A e R
Si0, BRI 75 T A T304, AE RAE D Lob kS FR R
F0.93, SLHTAEPFHDCEN T 93 W/m’ iy4E 5 H1v%
iR, Zhang'®'7E Science % FIEIETE Y, XM EF



M Foxit PDF Editor Sg3g

P B (c) by Foxit Software Company, 2003 - 2009

AT -

358 AR

% 38 &

SERHEA TR S AT AN ) AR HIR, R H R
T TIEEIR B, Y RROR S R, R 5 5
A TR A

2018 4F Yu %' 7E Sicence ['RIE T —FhZ R EEM4N
FLEEF Y vk e H T 4 S 7 2 SR I — 98 & 0 -7 TR
(PVAF-HFP) W, FFH 85/ ROsH 0 L 05 K B i B i)
o, RIRERR ST LS LD 0 ) R %, Wb
KA, Mo K2 fR g ae i, H AIFEETE T35 6 K.
IXFRERETT DL R TR R R, BhAh, R RIE T
PURIZ R EURHE 25 & LS A R 6%

Glass spheres
embedded
inatransparent
and flexible

Glass spheres
constantly emit infrared
light and release heat

Silver mirror backing
reflects visible light

Pl 8 KRS AR = 1 v A AR 2 I 1 v T 3R 2 e 2

Fig.8 Schematic of metamaterials for perpetual cooling at large scales?

A folc 2 23 A R R 1) D' 2 0L I 4 b e 2 R
ETI S BT K 0 30 4 ) 28 B [T PR A2 3 0T 5 Y
e SR EE b R LRI N W VN EL T i e
8 A R 20, LR N 5 4 1 G A R B S AT A A
EHOEFIREALIE R BT, OCHDE R IS T A 5835
I S AR AE G B 42 P RO BIF 5 v R TG, 7 22
BT

4 % iE

PG A SR AR 3R 110 I A 45 4 X D' 1) R e 8 4 A
Py v EIDE 2T I Pentaa il i R gt gl I D €T B
BICAREE AR BRIA 72, RERS (A4 R R 2 P R S B
CHEWC . BERCMIRETH”, MR R A RHERE . IR
Mo VEEAAET f i B, A4 R R RO B
AOLTEIA, ANRERHDE T A & B ke, b fE
ST SRR RI NI 5 . IO 1 A A SR S R R n
SRR TC P MR BN A, #R AT LA B 254 Y
PR G2 BN BEA T LRI ST

S Ht  References

(1] Williams R C, Smith K M. Nature[J], 1957, 179; 119-120.

[2] Sanders J V. Nature[ J], 1964, 204 1151-1153.

[3] Darragh P J, Gaskin A J, Terrell B C, et al. Nature[J], 1966, 209;
13-16.

[4] Stsber W, Fink A, Bohn E. Journal of Colloid Interface Sciences[]J],
1968, 26 62-69.

[5] Philipse A P. Jouran of Material Science Letters[ )], 1989, 8(12)
1371-1373.

[6] Ohtaka K. Physical Review B[]J], 1979, 19(10) : 5057-5067.

[7] Ohtaka K. Journal of Physical Chemistry[ 17, 1980, 13(4) ; 667680.

[8] Yablonovitch E. Physical Review Letters [ J ], 1987, 58 (20 ):
2059-2062.

[9] John S. Physical Review Letters[J], 1987, 58(23) : 2486—2489.

[10] Liu Xin(X| WT). Thesis for Doctorate(1§-1-#3C) [ D]. Harbin: Har-
bin Institute of Technology, 2013.

(117 Meseguer F. Colloids and Surfaces A Physicochemical and Engineering
Aspects[ 1], 2005, 270 1-7.

[12] Bennett H S, Rosasco G J. Applied Optics[J], 1978, 17(4) : 491-493.

[13] Hutter E, Fendler J H. Advanced Materials []], 2004, 16 (19)
1685-1706.

[14] Xu H, LuN, Qi D, et al. Small[]J], 2008, 4(11). 1972-1975.

[15] Xu H. Langmuir[J], 2011, 27(8) ; 4963-4967.

[16] Meng X, Al-Salman R, Zhao J, et al. Angewandie Chemie
International Edition[ J], 2009, 48(15) ; 2703-2707.

[17] Yang H, Pan L, Han Y, et al. Applied Surface Science[ J], 2017, 423
421-425.

[18] Yang L, Ge D, Zhao J, et al. Solar Energy Materials and Solar Cells
[J], 2012, 100; 251-257.

[19] Li N, Yu L, Wei P, et al. Advanced Materials Interfaces [J],
2018 1800277.

[20] Pan L, Xu H. Scientific Reports[J], 2018, 8(1) . 4523.

[21] Tian Y, Zhang X, Dou S, et al. Solar Energy Materials and Solar Cells
(1], 2017, 170: 120-126.

[22] Dou S, Wang Y, Zhang X, et al. Solar Energy Materials and Solar
Cells[1], 2017, 160 164-173

[23] Gentle A R, Smith G B. Nano Letters[J], 2010, 10(2) : 373-379.

[24] Rephaeli E, Raman A, Fan S. Nano Letters[J], 2013, 13 (4):
1457-1461.

[25] Raman A P, Anoma M A, Zhu L, et al. Nature[]], 2014, 515
(7528) ; 540-544.

[26] Shi N N, Tsai C C, Camino F, et al. Science[J], 2015, 349(6245) .
298-301.

[27] Hsu P C, Song A Y, Catrysse P B, et al. Science[]], 2016, 353
(6303) ; 1019-1023.

[28] Zhai Y, Ma Y, David S N, et al. Science[J], 2017, 355(6329) ;
1062-1066.

[29] Zhang X. Science[ ]], 2017, 355(6329) ; 1023~ 1024.

[30] Mandal J, Fu'Y, Overvig A C, et al. Science[J], 2018, 362(6412) ;
315-319.

[l

(% KEY)



