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Research Progress for Thermochromic Coating Technology
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Abstract Thermochromic coating technology is an important technology for spacecraft thermal control subsys-

tem, and it has significant implication for performing multitask and adapting complex thermal environment of future

spacecraft. The paper analyzes demands of thermochromic coating technology for spacecraft thermal control subsystem,

and it introduces technology principle and study instance in China and broad for thermochromic coating. Subsequently

development trend for thermochromic coating technology is summarized, and further directions are proposed.
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Fig.3 Temperature dependence of perovskite emittance
H A IR REIR JEHEAT T 2 A5 8] RATHILE
2003 4F5 A, HAK X R IR R TR BIAE ISAS /9 MUSES
—C TR X BRI MR PR S e 1, EAT T AHOCHY
23 RATRIIRIE . H AR 1SAS 2 "I A E AR
Hoiik INDEX /TR bl T Il 4o i ] 28
FRURIZ VLR LA R 375 T T DA o 3 Ot
B NIRRT 2005 AR LR IR E AR N AR
REARPEAT TAEBSIE,
S —SE PR (AR K S ARG B 2 22
P SRR (E R A7 1Y 5 B (] T HOR BRI
HREIK 0. 86 ~0. 89, 41 XH X — 7] i, Shimazaki %5 A%
M2 Bt 18 A B AR CHE 2 Bk A 5 25 19 [7) i oRe
Lay 55T, 1sMnO, B A BH W e % M 0. 89 [ Ik #
0. 211 R i TSI
FHIME T L hitp://www. yhelgy. com 2015 4E 45 1 31



AN INERBEF S, Shimakawa 258 5 1ot ik i
HWOCDURE AR AE A Y 4 8 2R Ll & TR 150
nm [ La,_ M MnO, ¥, H &G R REEO0. 1 ~
0.3,

2.1.2 VO,

TN R ET VO, HWREEGIREMRE L,
TR MPB 38 {52 FIFE IR (CSA ) FIERIH
MUK JR (ESA) ZE B N T T VO, M KA
PER YR Z ST, R B 9K AR AL
FLIR AR — 2 RST R IR A4 SABOH A8 JoUks 7 BT
Si0, A il TARIRAR AR B %(<0.3) iR
RHFE 30 ~90°C N Ae = 0. 45 [ HER S & 5T R ik
JZ1P, MPB A RIS K VO, Si0,/V0, £ 2
gEF R RE R I AR E A & S R R KRR
IR 0.38 ~0. 74, KFHW IR 0.32,4 000 KA H.
2 PHEAM 17 RIGER R AR 2 BA R iasE
Pk, % RS [MPREE B R0 R 28, I KT K =) 76 1
T AL T LAY 3T b I3 1 SR T A, T T A Il
TEIRBIXEE @ VO, IRZERERE M S
EHIESE ) R IAEERR 2 0 TR U LT A
M), (A XV 2 A e A — o AR B (R s ), RIRL B &
SR PTG NI ELAA AR 18 B2 BRI s S AR 5 . MPB A
F) H AR — k2 (1) QAT IR R 56 0E Uk )2 B 7E 3
PERE, BEARFIFEH Li Voi AN BT vO,/ 4R
ZIAREE T &S RRE, B3 AT RGR
AR AL LBl 2 B2 A 6 R B R B (A & R R R
FE4 10 nm, 730 W3 F VO,/Cu LUK VO,/Ag L2
JELERY )

0.65 T

0.55 /g{ N \S\\\ ?Qj ..... §
N N \

0.45

035 |-//& NI N \

average tunability of emissivity

D NN R S S N 3
9 11 13 15 17 19 21

number of layers

0.25

K4 Al Bl 2 O fh o 5

Fig.4 Emissivity as a function of number of layers

MIET 4 T, S 5 AR B A T2 8000 48 g s, HG
RS R I KBAEEN 0.3 ~0.7, A, VO, /48
22 2 LGS AR AR A2 55 238 Wi o7 I (1] 5 B SRS b e )2 R
JE ZREHIEAGERFINRBEA B RLR,
2.2 ERMRHRE

22 P S ) B Y BB S BT T Ji 17 B il 2 10 o
BHHT VO, FPBHIREUE (TR Z RIS, 2 A
MEFEIE DU T 27 A S B LI TR T —
FHIMEITZ,  http://www. yhelgy. com 2015 4F %5 1 3

R JELJRE V1A A PR 0 AR AR (e I IR 45 SR e HLAH
AR TR E VL FIAE 180 ~ 300 K, H: & B A8 AL v Bl vl ik
0.2 &4 AN, AL T T 3T Vo, #k
PSR AR )ZE, K KRS R B EE AR T
0.5,

B B T ORI R T 3 140 I B ek ) A s AR
IR IZEARMIIE , R AL G2 04 B AH B Nz i B9F ] 1) iR
R RSO o T A A IR B Y TR 7E 243 ~ 343 K, &5
FAMEAE 0.26 2247, RBHMOSCR R S i85 1 0.8 LA
J:[ISJ .

HRGE I R SR T 5T T A A I e e 4 Y
TR T R B A e A, H R B R AR Ak ik
0.3, ZABUEEAERIE R SI-9A DAL, T
2012 A NRFERFT A, BEAEE TIRB R IEE
— AR IR INECE IR R R R AT, (I
FROAR o A ) 32 () U R BH A3t B
SEPR T AR A — B e,

3 ABRMESTREREIL

B O URZE AR M i 2 AR IR S AR
ST R G AR R 2 27 B AEREE T R . B
FMURAT S AW R W IR (0 7 )2 A5 RE P
AP A B ARV DhREAR R Bk R CR A
AR 20 T — Bl X PR ECE fo  E D
o AT B — AR X B ESAR €  J2 A AT 5t
SRR RN FEAS W 8 R 400K

CEARIRIIHT , P B (A 1R 2 PERE Y £
RSEFE . 5L A A2 R v A A AR
R LY L 7 s [R) 45 AR AR [ A X AU Tk
EHEARIIFERE O, A SCHE—25 B2 TS UE 6
RZVERERY S R BRI I8 T i — 254 v ok
BEM) R B ARIEE

(1) Wk p O T AR 5 1 4 1) i 1 0 o ) R B A
015 J2 HAH AR IR BEANBH S8, TR e B AR b i Rl 4
7, R T ARIE R I A SR AR AR T R R R FH PR e e
25 T2 RIS s — 5 J 1 ) 8 35 4 1 Rk P A B
AR, Hod MR T A A 1% 2 s
2, T BRI, WU T (10 SF- 3% B2 DL SRS I S5 1% g 2 4
AE. WA, S HRE B H A T 2RI sl s 250
SRR SRR AR I B R R T I],

(2) NS AT N A TR R 52 5 W A AR g
B TF ZEAEANRE AR & S 2 1 0 KRR BRI K P
W ISCRR fiff R ) R AR 34 40 AR 2 3 A 7 2 T PR o T
DL RCRH Z B2 Tk

(3) B REABIOCR MG i — B RA
WIFGEAB 2% B X A T i A AR s B A AR TR RS A
PSR E SV RE A SE M LA ; R T 45 2 SRS 1 R R
ARLZ A, 30 N AE T KB 48 2% 0 R T TH 4% 22 5w

— 3 —



(4) BTl VO, AR T2 [a] i A= 4% Fl 4 25
MIANEAL Y , AT & U R VO, YRS A TR ME , A
It H B 2 TAERER ARG & T2 T W
FHAE A VO, AR H & S E (NI R IR
FE FECHES B B2 RS SED) .

(5)MLBAAFILE W W Cr Ti 55X} VO, 1Y

PEREETFHR DY, B4R 5 25 3 AR VO, 199 A1 A5 TR FE A
W R

(6) FFJE VO, WIS R 45 i T TAE 2
PEE TR BN — SF EEHARERR  EAEEIEAR
JRRIRSE R R 2 RA LSS TR R

I iF, 3 PO 0 7R R BRI TS Ak T T4
A RIS 25 B B, B iR AT IR B TRk
PR RERE T8 i FE A IAEUE (5 IR JE B B K SN
DUBIFIE LA S AR R TR [0 K A 2 R X RS 40 1% J2
AREYTR , RECE OIRZHOR R R T Z AW =
H S PEREZ A1, b A S AN RE LR JZ B BOARAG
PR G A R TE B[] i R ATT A 455 1
BB AR BUE AT 55 DL R A i TR N 1928
] PR B R E M
4 £5iE

R LAt PR B AN o) 2 g 25 (1) P58 355 7
PE RREA 0 K ABUE @ IR B EORXI R AR 1Y
PEREFIIIREM IR A R W AR, BT, A B
(145 £ 2R EHRTE RO AR SC Y, R, FR
IR — 2D IR 80 2 45 R BR IR IR BOR B I
JIEE RN TRER

Sk

(1] PREZR. AR EOR [ M. AT T A,
1991.1-3

[2] Gilmore D G. Spacecraft thermal control handbook
[M]. Galifornia; The Aerospace Press, 2002. 21-36

[3] Swanson T D, Birur G C. NASA thermal control tech-
nologic for robotic spacecraft[ J].
2003, 23, 1055-1065

[4] &R, WG AR IE > REEX AR F5 R
SIBTLI]. MUK EREE TR, 2010, 27(2) : 135-138

[5] Shimazaki K, Ohnishi A, Nagasaka Y. Development of

spectral selective multilayer film for a variable emittance device

Applied Thermal Engineering,

and its radiation properties measurements[ J]. International Jour-

nal of Thermaophysics, 2003 ,24(3) :757-769

[6] Tachikawa S, Ohnishi A. Development of a variable
emittance radiator based on a perovskite manganese oxide [ R ].
ATAA-2002-3017

[7] Shimakawa S, Yosshitake T, Kubo Y,et al. A variable
emittance radiator based on a metal-insulator transition of ( La,
Sr) MnO, thin films[ J]. Applied Physics Letters, 2002,80(25) :
4864-4866

[8] Jiang X, et al. Development of La,_ 1Sr MnO, thermo-
chromic coating for smart spacecraft thermal radiator application
[C]. 10™ ISMSE & 8" ICPMSE, Collioure, France, 2006

[9 ] Tachikawa S, Shimazaki K, Ohnishi A, et al. Smart ra-
diation device based on a perovskite manganese oxide [ C]. 9"
ISMSE, 2003

[10] Shimazaki K, Ohnishi A, Magasaka Y. Computational
design of solar reflection and far-infrared transmission films for a
variableemittance device[ J]. APPLIED OPTICS,2003, 42.1360
-1366

[11] XZRT, A, B, 25 REUE R VO, MK
MRFFEEREL )], FRHTAE, 2009, 23(11) ; 105-114

[12] Saito H, Masumoto Y, Mizuno T, et al. Index; piggy
—back satellite for aurora observation and technology demonstra-
tion[ J] . Acta. Astronautica. , 2001, 48(5-12) . 723-735

[13] Kruzelecky R, Haddad E, Wong B, et al. Variable
emittancethermochromic material and satellite system [ P ]
US7761053, 2010

[14] Benkahoul M, Haddad E, Kruzelecky R, et al. Multi-
layer tuneable emittance coatings, with higher emittance for im-
proved smart thermal control in space applications[ C]. Proc. of
40" International Conference on Environmental Systems, AIAA,
2010

[15] Jiang X, Soltani M, Nikanpour D. Effects of atomic
oxygen on the thermochromic characteristics of VO, coating 1[ J].
Journal of Spacecraft and Rockets, 2006, 43(3) : 497-500

[16] Voti R L, Larciprete M C, Leahu G, et al. Optimiza-
tion of thermochromic VO, based structures with tunable thermal
emissivity[ J]. Journal of Applied Physics, 2012

[17] EAEZR, BRoph, R, & MUK o R A8 K g
PR ELY ] B S, 2011 (3T 2)  58-63

(18] Z=ui, [EMN, Ha5 R, FAEUE R A8 K R
il SARAT R PEDT T (1], TR B2 4, 2009, 30(6) :
1005-1008

(8B FHR)

FHIMEIT.Z,  http://www. yhelgy. com 2015 4F 25 1



	201501

