50 % 5 3
2021 4F 5H

wmRERMBS TR
RARE METAL MATERIALS AND ENGINEERING

Vol.50, No.5
May 2021

ENESHNRTHERT & ERNTRER

WIAR, EXE, X

B, BRE, T kK, EiAE

CREFE TR, Bk 7% 710025)

W OE: JTRIEAFRENEL, HAROWNHR, B OMEEEE BB OB E S SHNMEHE, Tl
MELERRE R, SR A B MR ALIE R R E AR KR IR AN 2 5 AL ) PN S5 KT A, RE
WA R R . ASCIIE R B SRR ORI, PN T LA . KB A R B e M SE R BRI
NG5 R TN R B0 € R B 1 RE DL S R A R IR, BT RS 1 A ) 45 D A A ARSI I A A R B, A R T RS ME S
JEBTTUE R, W HESH TR B R R R S N B A 1R SR

KEEIR: BT M; AR Mg B E
FEESES: TQ174.75%8.2 XRKFRIRAG: A

M EHS: 1002-185X(2021)05-1840-13

H Deb 2 NMELLHIIEwF 7 T BB GBS )5,
HECE MR Z 2] 772 00, BANZEARCE KL
WHMRENZEEMESERLEEEE T
2 N, DA TR R B O RE AN AL
W E AT S M O, W A8 bt L k4T 15 2% Fl 45
Mt ARG T B AR . MR HE TS
TFEMR, HIIHES) T R EUE R P KR

R H A A DS T U EUR AR 2818 P S
=, g 2 R R Xiong WA EE AN IR T A
MLENLA K E S M B ST BEAER, AR T
ATTAE 1) 2% R B0 0 S LR U 5T R B0 B 1 R b 1 T
RE , (HR BT XA R 45 40 () A o it Je i 5 AN 58 3%
ALV LGN, GKBES 25 Fiz s 4548 3 AN J7 1
DA, Sk SR TE AL H B £ Ak A 45 A TR I O e
HEAT THERAI 23, DUE T %6 BHE gl 45 F 0t 92
Tt — S H R E ).

1 HBHHTaERE

PO € 6 ) RE 0 1 T 59 FLAS 5 PR RIS Sk Al
HH AT AR A N, R T AZOA R 4 ) P AR R B
(G| Bkt Biete S il R A N E NP 7. i
St i) R T EL A T T AR L A R R R R . DAY
RS A SR B L S A T R (S R
B TR S 1 P AT S

MR OIRUGRKIMES, REHLHTINAZ GO
ARG (ERTTRE AT N 7 A TR

%5 HEA: 2020-10-22

EE&WE: RnsERIBAR S EE L E A H (2020-JCIQ-1J-222)

R Ry N AN A AR O FE R O EEE R . T
BANTR 2 Pl i T 0 B A0 A Y Al 3 0 4 %

(1) fF7E 1973 4F 1 Deb 2 H (1 (o 0o AU T5L
N, BT ARSI WO, i 25 14 1 = BE AN 58 B, A7
PRS0 E PR ZS MR, BRI NI T SR S A
BB A IR T s, 1% H RS K, Wl 7 AT L
66T JG RO B2 A1 T A WO, I 2 £, 24
) (A SN P R T = N DAL SR B
JHE L A1 IR DR R

(2)Fuaghnan - 1975 =42 tH 1) L -5 F RUEA
PRI e AR o R R, A7 A R A AR
J5R A AR 0 VRN WO, dA% a5 B, AT TR 144
HH “MWO,” 115 WO, i I5 2 85 1. 4t N 1 1n
LR JE, SRy N 1) L R B o 5 22 Bt e 43 3 e [l
FIWIMH M LIRS . ZA L EL R R N

WO+XxM*+xe M WO, (0<x<1) 1)
X M*RR H. Lit. Na'%.

WU N AR R B A B AR B KR 43 Deb B84 T i iR
BB A, i A RS R E 2 T RER
SEIRIGE, St s R SAEMEIREAY S, HEl oW
K2 HAHT T 2.

SR ER R EEARFET. FHE. T6
& BE)E. BRTE TARASAMN YR, f
TR Z 5y M FHEE . AR 2 iR E LR
W W IN A AR O ERE,  Hodh A bR T B
KB, MR SRR R R N BUE AR AR T

{EHEIN: iR, B, 1092 44, 1L, KFE TR, Bib 7i% 710025, E-mail:15991600997@163.com



5 5 3

VA RAE: TOHLR SRR B U (T Uik Fit

<1841 -

(EPAN &5 R DO E S G 2R R e S VA L AN ¢
FAR AR E MEZE ARG, 0 SN A 5K T MR AL,
AFE RS2 CRFE AL BN RS 2204 ey
LB 2D LUK IR 4 57 UM AN A b RE, A
CERRFIRYE < 203 BT A A AR 58 2 8] 1) 5 T
24 S T 6 R SR b R A T RE A b AT TR
o GRS M SO PR L BUR O R RE SR B AN 1 TR,
R B AR5 IR Bl 90 5 A4 2L 45 A vt L S R ASOK 1) L 3% T
B AR A B b LA H R R R A SE M 4y, AT
PSRE Y/ I AR TR Y AW e o o 1D DI PN B 1
PR AR R, A NI 8], ORI AR EE, 1R
TR G B O RE

2 IR

i FLIRSR I 9 K FLIR 5 4 L T o 5 T 7
OB, B TR, NTTHRE T B T (e
AT BOE S, AR T BB 1 AT,

r High porosity, specific surface area and conductivity 1
Nano particle and nanowire

Giate: e e
ek
o &y o

@ S5E ot 8

Improve - - Shorten
electrochromic . ll' Composite nano a‘:ﬁ-'::' r?sponse
efficiency and electrochromic | Maees '_ume and
increase Core-shell materials Mesoporous Improve
contrast structure structure cycle

.E v -u stability

Nanosheets and nanoarrays

L Enhance comprehensive electrochromic performance J

1 ZUOREHICE MR R B 1 e SR R B

Fig.1 Schematic of nanostructures improving the electrochromic

properties of materials

ME=gATRIGHERAGREIMAFZELES
FLANJE Tk 2 A TN ] 2 AN 3 FoR, X HB 4G R
CIRYECE | B AR o P s LN (K= A VW& A 1 i
Uh, AN, NLER R T2 ALGE R R 3 4T A Bh T
S EUR AR RE, (A5 AORE B A SR ) v R[] AR
EYE R &

PEIRR 22 2k Tow, =486 7 KFL WO3 JIE 134 Ji
UG T A DG 0 b 5 s, HUAR AL B R AR T R,
T A It 1% I L % T R I E RS R N R
J1, ARG R PR BRI, fe s SR T
EHIBERE, A, T ZEMERRIL, BERT
KIL WO, 4 B 2 A i, BHIEEK T Rt %
AT, IX B AT BT IR I B 7 3 5

W /R VE Tl oK 2 Tong 25 APIFIGI#E K271 Li 22
¥l 4% T IR EE A A S5 V05 L B0 €0 7 5, i) % Jir 22
WE 4R B 5 R T 222 LR E) V,0s 35 5 5 {4
e T B e B b, SO TSR LG, T AR 1s
WRAEE OB E RN, HEGXEREER, &
ORI T 7 5. 222 FLBAR 75 i 80 1k
Refs an T2 0 bL R AR P I B 1Y 8.26 £, $fit [
2 MG VAL AL, (RIS Fh 454 A T LR BB B
VR GE R R, AT T T AR R

“HETFREAASEHP G NIEAH BT
Ni-AL 2R 0 A AL 78 5 1 i 3048 e bk 2, 178
W OR¥FE 7 B ORIE I R A, HAE PR E TR
UF, VS Z YR 5 R AT B R R FUR K 97%,
RAEREAALSEHEET 4 5.

MR R GG A 2 AU, R — PR
T2 LR, Bt Liu 252200 & T 99k 2 4L
NiO/V,0s IR &, WAL HwE 6 Frw, 5INEAM

Bl 2 AREERAE RS BRARANA 5 RSLE SEM i
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Fig. 4 Schematic of the electrodeposition setup for fabricating
inverse opal vanadium oxide films using colloidal
crystals as templates (a) and the electrochromic
performance testing setup (b), images of the reduced state
(dark) (c) and the oxidized state (orange) (d) of the

vanadium oxide films®?!
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Fig. 5 SEM images of flat and inverse opal vanadium oxide
films. flat films heat-treated at 120<C (a) and 400 <C (b);

120 <C heat-treated inverse opal films based on a colloidal
multilayer template (c) and a colloidal monolayer
template (d); high magnification images of multilayer
films heat treated at 120 <C (e) and 400 T (f) !
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Fig. 9 SEM images of an as-prepared NiO thin film (inset: the

corresponding magnified image) (a) and cross-section of

the NiO nanoflakes grown on FTO glass (b)®%
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Fig. 12 XRD patterns of Ni(OH)2(NiOOH)o.167and NiO powder (a);
SEM images of NiO nanosheets (b) and NiO/PB
composite nanosheets (c); TEM image of NiO/PB

composite nanosheet (d)=*
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Fig. 15 SEM images of TiO, (a) and TiO2/CeO, (b)*"!
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crystalline/amorphous  tungsten

trioxide  core-shell
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Abstract: The development of films with good cycle stability, fast coloring / fading response and high coloring efficiency is research

focus of electrochromic materials. Compared with the organic materials, inorganic materials have stronger stability and better

practicability. The electrochromic properties can be effectively improved by constructing micro-nano structural active films with high

porosity, low resistivity, large specific surface area and multiple active sites. In this paper, the principle of electrochromic devices is

described. The performance advantages and development status of inorganic electrochromic thin films with special micro-nano structures

such as mesoporous structure, nano-array structure and core-shell structure are introduced in detail. Furthermore, the bottleneck problems

and future research and development trends of micro-nanostructure thin films are discussed. It is helpful to expand the research ideas

accurately and play a guiding role in promoting the development and application of inorganic electrochromic materials.
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