RS S RH 2024,18(5) :803-808
Materials Research and Application

, ElagnE

http://mra. ijournals. cn ¥ g
Mﬁimsm;?

Email:clyjyyy@gdinm. com g

DOI:10.20038/j.cnki.mra.2024.000514

BANREXNAR-BREZAELEEEESTEEENZIT

S

T A
BRAEBE, TR T M 510006)

frusiy}

U™ R TA KBRS

WE: AR T azHaEM G EATRRRTEFRAMBE T, EAEMBRE LEHFERE TR
. BEBTEMHMATEARD EH FEETEE, EMB(WOIEN—FP) ZH RN LA
HEEMH BEHBEFE EXHTTANHNETI L, UREA R ERNE F NS, ELRAET RSP
ROXBREHN AN BRI EEERE, £T 0, XA FER-HERE(Sol-gel) AHEATRKBEHETHERA
FERAWEMNE(WO)EHE AHFEZTARERBES LB R e Em., LhEREW BE
ROk (200,250,300 350 C) ey 3, A E M F RAZH B E N LGN, EHFEAREMB THE N,
EBRKBEE200CT, HHEEHNH REN BT G AR H M, &1 molL™"# AICLE & ¥
HJE N —0.5 Ve, H A 633 nm 4L By Ok b E O 79%; T 8 250,300 An 350 “CAR K BT, K L E K
WEMBLE TS, SENEARERGANN BT L EEEHEAR ST H R, ERFHE N LEEFAEUE
SR INCRA ,ERECHRE R EE T, 3 BO0F X TR AR E 8 B, % 633 nm 4 89 8 % 4t 1
BB 4 39.1%.23. 7% A1 46.1% ., H &, 350 CHE Ky B BAE K FMWE L EHZ R, X HE T HE
G AN ERRETREGR ML, RARRET —HEZ 8 RRARNHE WO, H RS 7%,

AERNEA R REHBRETELSE,

R : AMDHRE L RRE I RBEGAICL; 3 & 8 Je iR s 3R KR E b F

FESES:TQ174 XHERARER: A

NXEHRS:1673-9981(2024)05-0803-06

SI3AR T B AR | AR IR B XV - B I v AL B R O (PR RE RS2 R [ ). MORHIFSY 5 R, 2024, 18(5) : 803-808.
LIAO Qingdong. Effect of Annealing Temperature on the Electrochromic Properties of Tungsten Oxide Films by Sol-Gel
Method[ J]. Materials Research and Application, 2024, 18(5) :803-808.

0 3l&

R A v [ At 50 8 RE T T e 4 L 3R A S 4 HE ik
245 B RE VR TE FE MY 20 %0, 1 Hod TR Y = R
BIREMRER S =02 . EEFNEE LM AR
AR B RE, AT R A LG A TR T FE 0T 2 = N A
B A 3T . 1984 4F , Granqvist'® $2 H A S0 AF 4 )
et X — & Lk, BB B ke &) T 80+ 4F
& B AT R BR T /N L /N s i L A,
R FUGS, MEE e E MmN R 2R .
MEMHAMERZ U S FREW N E, R
AT T2 e A W = R AL R X & R T
UM BB A B AT A8 PR R R SR A i sz v .
B, WO, H AT 558 210 ) 3T 20 40 e ik e 7, & B win i
S A)Z AR BARTRE WO M BHE & F 5,

%5 B H#9: 2023-04-03

EL7E S B 4 1 5 v K T AR AL R B0 e g
SRS ASTE o 3 I Rl B G 0 D IR 3 R T
T 2ZRW 2, UL KB SR RN AR B B, BT
BE AR, 22380 R FH U I -8 1 2% (Sol-gel) il 8 WO,
LIS IR A R T 2Bk H . % Sol-
gel 1l 4 WO, B, — ik F 7S &4k 2 (WCly)
i 255 P 0 R0 A R VR R S VRS BT WCL R &) T &8
A i B A KSR T R TR AN A% R
B o, PR UL fE AR R R AR R R OB i R A
(HLO,) J A it B R (PTA) , AL 5 13 81
VI, — 2 e IR B . B Ab, Sol-gel ¥ J& — Fh L
FEUH B50AR €2 W O, 1 158 (%) 388 FH B2 AR, HLAIG A9 I 5 g
B 10 15 £ 5 2K, 1 Sk i a8 IR T B R 8 B Tk
ZIETH & WO, RS SRS S 1 AE S

PEE R B B0 5 A B T 1 o 43 T e AR W B8 . E-mail: micdrop333@163. com,



804

ORIFIE ST 2024450 18 45585 5 0

JI 7%, I ELAR w] DA ol B s

AR SCAl o RS A SR R S TR LA R 4B A
AR (FTO)E N 5 HL 3L, R Sol-gel 1l %
WO IR AFF 5 AN [] A 38 T P XoF 45 A A b 35
A AAEREI LI . FTO A T8 AL 085 1% 1 5 i 3
JEE(ITO) HAT AR 4 JAS |, [R) I fh 27 i 1 o v
1 KWEs
1.1 MREHE

WO, MR Hl & E8a & 3 M|, Bk
W B A HLO, [ 453 PTA W LR 5K PTA I
TR VA B 2 WAL i S R, 2 T T AR, e
158 LW EE TR K . B R T 0K OB
o RIS B WO, 3% 1 -

1.1.1 PTABERMH &

B8 50 mL AU KA1 5 mL 58 FKIR G L1
MO CTHEFES min. MJE L2 WImA Wk, 3
118 go FIRAWE TR 2 CT i 24 h, 15 2%
T I FLR AT K AR FLIR VA R O bR R R
SR R A AR B T B I PTA R . b
23 B g5 2 B AR AEARR R HEAT (AR AN
BE AR, LABG 1k S I AT 2218 .

1.1.2 Wbkt S8 R 0 il 2%

B PTAE W S 50 mL TKZRIES, T
55 °CF Il 12 h, 153 2] WA i 2 S B TR VS W, 725 T
VWS B 000 2 kAL A A IR R OR .

1.1.3 WO, IRy i &

FREUL g b fb et SV R A AR, in A 3 mL JEK
o, 50 CTF B 2V i, 15 B0k B 400 35 I IR
UL 1) o B UCH 50 pll % IS I W, T A e R
S 2emX4 em (Y FTO BEES | (RIS TECT, & 1

-

\

-

=

1 WO BKRHEHRA
Figure 1 WO, sol digital photo

FIEERHE A R A R A ™) o (I IERAL (B S EZ4, %
FEWT (D) A2 7= ) #6534 2 000 remin ' R HER 30 s,
PR e I o 78 100 °C Ry b b I 1k 1 e I 45 4
10 min, JH S #B4 (B 5 MF-1100-S, 2 #0173 78 4=
P PEAT R ko, HoH R KR B 43 ) 3 B 200,250
300 i1 350 C, FFilE K Ky 5 “Comin ', IR ] 1 he
1.2 MBRM

AT 4 B W BB (SEM, B 5 SUB010,
Hitachi 2 77 ) , Xt FE & A9 GO S 0k 47 £ AE . F A X
SFEATHHY (XRD, Rigaka Smart Lab9kW ) , i Ko %
SO R 45 KV, B3R 200 mA) |, B %2 ¥ 5 28 5 AR
SERE . RS A AT 0L A 6Ok EE T (LS TU-1810,
At 5t A A w AR ) AT A R
1.3 BT aMEAENK

K = H AR R TR AR AL Ho, WO,
TR AE S TR A AR R PR S AR (RSE R/
Lem X 1 em, bifg#mg s FRHE A BRA w4 ) HR\G
AR AE 2 e H L (A5 RO303, K3 iA 1H B A BR
w7 Al BT IR 3R (Keithley 2450) 45 78 15 it
e JE
2 #HRE5IFiR
2.1 HBEEEMEHESH

il £ WO, 8B5S s, 07 4 TIE s Y e ¥4k T ) A1 3 Je
A R, AR PR BT 00 8 R AR E AL . B’ 2 R [
BAEET WO, M SEMKE ., WE 20 LIE S,
il £ B9 W O, 38 I8 T B 35 7 330 nm 247 o B, Fr il
B T B 1 R R AR — B, kA TR R T 9 A L B AR
PERE RS2 . R T Sk S0 R 1Y) 43 ik Ui 24
Sk 185 “CH i AR S 56 vp T A5 3R K TR EE #7200 °C
DL b B DA e 2R AR ok iR R 2 A5 RN G T R 3
B B0 25 (R 3P B 7 XoF R B JEE 1Y) S M S )N
M 238 0] LLE B, AS A1 R TR BE T I 3 B
AR e, o H X B 2R, X WAF
B TR T2 A% AR S RRAE . Hod, 200 CiR
KO i T I 3 Y R T S LR | 3k T R RO
REEA 251 340, i T AR & 19 S i R 08 | )
AsF R Sk 3 A~ AR BEE B X ) B S K, AT fig S 8k
AL T 4 5 SRR S o B L, B 7R AR kR
JE R RE St 9 R K 3 BH A 4A Ak A R B

El
ERRTIN IR AN



805

IO.32 um
’

0.33 um

(a)—200 °C;(b)—250 °C;(c)—300 C;(d)—350 C,
B2 AELIRANBEHNWO,HESEMEK
Figure 2 SEM images of WO, films with different annealing temperatures
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Figure 4 Transmittance curves of WO; films with different annealing temperatures
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Effect of Annealing Temperature on the Electrochromic Properties of
Tungsten Oxide Films by Sol-Gel Method

LIAO Qingdong
(School of Material and Energy, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Electrochromism is a phenomenon in which the optical properties of a material are altered due to the embedding of
ions in an electrolyte when the material is subjected to an applied electric field. This phenomenon can be utilised in a variety of
scenarios, including architectural insulation, decoration and information display. Tungsten oxide (WOs), a widely researched
mechanism-free electrochromic material, still exhibits high costs when used in large-scale mechanism-free electrochromic films
in photothermal modulation scenarios. This is due to the stringent preparation process requirements and the costly price of the
transparent conductive substrate, despite the material being widely available in our country. In this study, tungsten oxide
(WO,) thin films were prepared by sol-gel method, and the crystalline and amorphous states were prepared by changing the
annealing temperature, and the electrochromic properties were tested. The experimental results showed that the films gradually
changed from amorphous to crystalline state and the internal structure of the films gradually densified with the increase of
annealing temperature. At four annealing temperatures (200 °C, 250 °C, 300 °C, 350 C), the films annealed at 200 °C showed
the best electrochromic properties with good reversibility. The optical contrast at 633 nm was 79% in 1 mol-L. "' AICI, solution
with — 0.5 V applied. The other annealing temperature of the films, due to the internal structure of the films tends to be
dense, in the application of forward voltage, the embedded ions can not be de-embedded in a short period of time, making it
difficult to return to the initial state of the optical properties of the films, the colouring fading response speed decreased; also
led to the film in the state of the colouring of the optical contrast has a varying degree of degradation. One of the samples
annealed at 350 C showed differentiation in optical contrast, which may be attributed to the crystallization of the film, with
fine grain boundaries providing more reaction sites. This study provides a simple and low-cost method to prepare WO, thin
films and investigates the influence of the electrochromic properties of the films at different sub-treatment temperatures for large
area application of electrochromic materials.

Keywords:tungsten oxide film;electrochromic;sol-gel; AlCl;;amorphous films;spin coat;annealing temperature ; optical contrast
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