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Thermochromic Film Based on VO,@SiO, Core-shell Nanoparticles

WANG Xin, HU Wenjie, XU Yao
(Xi'an Institute of Optics and Precision Mechanics , Chinese Academy of Sciences, Xi'an 710119, China)

Abstract: A thermochromic film was prepared with VO,@SiO, core—shell nanoparticles to enhance the
visible light transmittance and weather resistance of thermochromic film and also decrease the
agglomeration of VO, nanoparticles prepared by thermal decomposition method. VO (OH) ,@SiO, core—
shell nanoparticles were prepared by coating SiO, layer on the surface of VO (OH), nanoparticles via the
surface electric interaction between nagatively charged VO (OH) , nanoparticles and positively charged
NH, groups of aminopropyltriethoxylsilane. Then a normal heat treatment of VO (OH) ,@SiO, under Ar
atmosphere was utilized to obtain VO,@SiO, nanoparticles. Subsequently optical film with good
thermochromic property was prepared by coating the resin dispersion of VO,@Si0O,o0n well cleaned glass.
The thermochromic property and the weather resistance of thermochromic film were studied . From TEM
images, we find that SiO, shell prevents the agglomeration of VO (OH), during heat treatment. Research
on the optical properties of the film shows that the SiO, and air of low refractive index can improve the
optical properties of thermochromic films, and when the mass fraction of VO,@SiO, nanoparticles is
10wt% , the optical performance of the composite film is the best. The protective effect of the SiO, shell to
the VO, core obviously improves the oxidation resistance and corrosion resistance of VO, in damp heating
and acidic environment, which makes longer life of VO, thermochromic film.
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1.1 KF 50

R A (VOSO,) I B AlfaAesar, 1E i g £ B ( Tetraethyl orthosilicate, TEOS) 4 A Acros, Z % . 4 R
LR VEOK R YW 8 1 2 4 AL A R A BR A | y— 2 N ik = 2 S B e (Aminopropyltriethoxysilane,
KH550) 1 A #h B2

K3 5 i F B MBS (TEM, JEM-2100, JEOL, #:EH JE 200 kV) Fil X $F 4417 4 (XRD, Bruker, D8
Advance A25, Co#l!, A, =0.178 897 nm, 0.02 mm Fe 3§ F ) LAEFE S ATE SR SR ZE 4 . SR UV-Vis-
IR 634X (Hitachi, U-4100)F1 E i A & ) i i AR 25°CF1 90°CH 19 375 5 232, 1 13 il 2 300~2 500 nm.,
SR FH 4 1 50 9 A 228 3 e 0 3 A (3% 22 4 PTM-1700) 3 38 B 7 1 500 nm 32 1 T B SR ] 28
1.2 XL
1.2.1  #T3E4R VO(OH), 4 K -1k 09 4 %

B 1.63 g VOSOME MBI 8 H7 i 28 50 mL 2585 /K o, 78 i i 1R TR 3 in 2 /K K 3 L 6 pH
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VO (OH), 47 B i, y- & N 3 = 28 3wk be b 00 & S8 TR 740 5 5 15 e fop , 3 o 8 e 4 T 1 FH O B o
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Fig. 1 Preparation process of VO,@Si0,
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Fig. 2 XRD patterns of VO(OH),@SiO, after heat treatment at different temperatures for 30 minutes

3(a) MATHRAAR VO(OH), ) TEM 8 R, & 3(b) b H a4k SiO, 7 J5 19 TEM B A, o] LLA WLl ok 44
VO(OH), K/NA R 70 nm, RiAie ¥ 2], R ERE Ah 518 T — 2 Si0,, B4 N 10 nm £ 47, K3

$i0, vo(om),

100 nm 100 nm

(a) TEM images of VO(OH), (b) TEM images of VO(OH),@SiO,

0.32nm

SiO, Voids

100 nm

(c) TEM images of VO,@SiO, (d) HRTEM images of VO,@SiO,

K3 VO(OH),,VO(OH),@SiO,f VO,@SiO, 8 TEM % F M % VO,@SiO, 8 HRTEM & i
Fig. 3 TEM images of VO(OH),, VO(OH),@Si0O,, VO,@Si0O, and HRTEM images of VO,@SiO,
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(¢)H VO(OH),@SiO, # b ¥ 5 13 2 9 VO,@SIiO, ) TEM IR F-, 0] LA WL Si0, 43 78 2 i 77 76 B 1k 1 117 8K 44
1 il AR A 3 R v P SR R o IR AR A 0 T A VO, i R B R A A B R AR v R 23 7 A AT R
A, TR 11 R 428 AR 3 501 o A 3850 A S 17 ' 2 M BB A AR K2 i ™, S10, 78 2 1) 17 76 RE A3 2B 1k i
B AR K . IFH VOCOH), Uk 7E B 7K 45 & A2 8 VO, 18 3 B2 op A B Ss 7= AR e 4, DT 7 A% 58 22 (8] 7=
3 3R R AT A ARk A S 56 3 17 i v LT L S SRR AT AP AR Y X R A T A T GAO Y SRR
FHZK Bk A iV O, 98 2K Uk 740 8 S10, 5948 . 18 3(d) & VO,@SIO, 1 7 43 F8 35 5 1 8% (High Resolution
Transmission Electron Microscope, HRTEM) f& J, A LLFE WL VO, 19 & b 25 20, di 4% (8] B4 0.32 nm, X B F
(011) fh 1A .
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EIG AT LLE W SITCEX VLR R T E 5% 9 Bt s A2 85 M AR — 3. 456 XRD B3 s 5
P AR 1 45 S AT DA S T A5 A% 58 45 M N KR T A% S MR V O, 58 8 TG E B 1 SiO,..

)
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(a) STEM images of Nanoparticles (b) Element mapping of V

50 nm 50 nm
S e

(c) Element mapping of V (d) Element mapping of V+Si

M4 E4RFHAHELLEE F(STEM), UK VASITEN T EDH EHG
Fig. 4 STEM images of Nanoparticles, and element mapping of V, Si, and V+Si
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Fig.5 AT, ~T,, curves of composite films containing different mass fractions of nanoparticles
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(a) Transmittance curves (b) Parameters derived from hysteresis loops and the derivative

H6 HENFKEEFED XA S0 EKAWMRFEEL, ELAINRKETL XK
Fig. 6 Transmittance curves of film at different temperatures , parameters derived from hysteresis loops and the derivative of film
at wavelength of 1500 nm during heating and cooling processes
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Fig. 7 XRD patterns of VO, and VO,@Si0O, after damp heating treatment
M7 Ca) AT LA HR I S 46V OL k3 TR 55 3 K B I 2 90 23 AL IR VO, 3158 5 KA I i Hh 81V, 0,
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Fig. 8 Transmittance curves of film prepared byVO,and VO,@Si0O, at different temperatures after damp heating treatment
e A o B A A T T IS o AR AT TS K — 2 B VO, R VO,@SIO, 53l 43 B pH=1 /Y
HCURW T 1 9 4 HO I ok 8 199 6 P, LA 4 76 1 min B — 9 A 3 11 B8 £, 30 VOL T K e 43
BB 6. 78 10 min i VO, 7 BOBR T IR 213 8 1 , R VO, B 2T IR WU s i, 1V O.@Si0, 70 BUR AR AT
B A2k . 7E 20 min I VO, 73 HORK C 28 8 A2 102 IR (3, R B VO, B 2B/l VO GE 6
VO™ [ FIL) 1T VO.@SIO, 53 HU 19 B 6 % W VO.@SiO, M) FUZF 5 853 . — B %) 60 min, VO.@SIO, 43
RO A )R 722 102 W (R o SRR 45 SRR W S0, 58 2 WA AE AT LLOR AP VO, SIE 22 A5 R 1 15 V8IS ol o it 14

ﬁ *% o
h . B ‘
o
VO,@Sio, - . _—

Imin 10min 20min 60min

—_—

H9 VO, VO,@SiO, % # 7 pH=1 &y 3£ B8 7 7 & K B 5] 69 & 1
Fig. 9 VO, and VO,@SiO, over time images in a solution of hydrochloric acid at pH 1

2.4 HRREHAMERENI
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TR 250 W BYLLAMT VRS G IR, P s S A A e i 3l B R % 0 3 B9 B A2 Akt e n 1 10 B, 7E
B3 1R B VO,@SIO, #1555 Al I I [ (IR B 15 2 A il B2, R i A9 I B2 2% mT Ak 10°C, B VO,@SIO, #
JEAE AR A2 I BEAT 280 R IR 3 AR
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