55 43 %55 6 0 W g fl %K Vol. 43, No. 6
2022 4 12 A IRON STEEL VANADIUM TITANIUM December 2022

W B2 40K M 18 VO, YK 7%
SR HBET R

/B =3

(FOR REFALZEAL T 2B, TR 400715)

T B DmAL IR B LR, KA MR SRR, mAES R B 4B 2470, R — 2K A TE 280 C 4 T4 W i (T
SRR 0 3] 2.0% () VO, iR, 46 I m A BIR AR, #il4 VO/PU B & #il, @it XRD. TEM, XPS,
DSC & BARE AT T WIARALRE . TESR ., JCZE MRS HERE /T, R FH £ 40T WL 21 A S e 1w
BERTA, SRR G W B4 0 BN E] 2.0%, AP THERT AR 61.8 C BRIKE 15 C, KT8
= 1.0% () —EACHUART 51 VO/PU B &, AT, 13k 11.7%, FEARHE 22 REH A9 SEPR R

KRR R AR — 2K I; 9B % AR PERE; AR

h & 535 : TF841.3, TB34 YRR A XEHRS:1004-7638(2022)06—0024—07
DOI: 10.7513/j.issn.1004-7638.2022.06.004 FREE FiRIRS) #RRG (OSID) :

Hydrothermal synthesis and phase transformation
properties of W-doped VO,(M) nanoparticles

Yang Xue, Zou Jian

(School of Chemistry and Chemical Engineering, Southwest University, Chongqing 400715, China)

Abstract: In this paper, using ammonium metavanadate as the vanadium source, hydrazine mono-
hydrate as the reducing agent and ammonium metatungstate as the dopant, the VO, powder doped with
W from 0.0 to 2.0 at% was prepared by one-step hydrothermal method at 280 °C, and was added to
polyurethane to prepare VO,/PU composite films. XRD, TEM, XPS and DSC were used to analyze the
phase composition, morphology, element valence state and phase transformation performance of the
synthesized samples. The transmittance of the films was measured by UV-Vis-NIR spectrometer. The
results show that with W doping increasing from 0.0 to 2.0 at%, the phase transition temperature of va-
nadium dioxide decreases from 61.8 °C to 15 °C. The composite film based on 1 at% W-doped vana-
dium dioxide powder shows a good solar modulating ability (AT, = 11.7%), which meets the practical
application requirements of intelligent windows.

Key words: vanadium dioxide, one-step hydrothermal treatment, W-doped, phase transformation prop-
erties, films

ks B #A:2022-10-26
B R &R A SRR B (cstc2016jcyjA0027 ) ; Hr s e AR 55 2535 H (XDIK2020B026) .
TEEE M, 1998 45 A, <, W g B0, LA 55 A, W58 0 181 JEALAL L, E-mail: yangxue98@email.swu.edu.cn.


https://doi.org/10.7513/j.issn.1004-7638.2022.06.004
https://doi.org/10.7513/j.issn.1004-7638.2022.06.004
mailto:yangxue98@email.swu.edu.cn

£ 6 1]

W, 45 W BA90K M AR VO, MK G iU HARZE P RE - 25 -

0 3%

TAEABHL(VO,)TE 68 C KA Tl 4 I 4 2%
TRARAR (MIT), AR SRR (M AR ) 76745 4 e il 4
UAF (R AR, [FIE AR 2 B R B G2a e i, 2
PF AR BT R RO KR MIT, VO, 78
BRed . TP U BB A B B R
I 7o b, FH TSR 2401 RE A BUAE 1
BRew MR R 2. (HRARME A AT
R AR AR TR BE | AR AT WGads o S A BRI K PH BB
JE T RE F7 4 BIBE ™, 00KE LA EL AR il T 40Uk A 5
PRNLH . BAsEcrE, sy W B TRIRE MR VO, 1Y
FHAR IR B BRI, ATk VO, WRAE G
JEERT DA—E R 142 5 il WG i R A B RE VA 15
PERE™. Rk, SRk BER R A 4K MO 4k
B BT RA

Hil, M AH VO, & k2 Fh 24, sk
Pk A2 SR UIRREY W R YR
FAUTRUES SOk 5 KIG I RN IR
JEAR, LUK RO AN I, e 1l REA BB L i 4h
K VO, & Bl HE R VO,(M) k. K
LKA BOE R VO,B) 5 VO,(A), #&
J 38 1o B A A AR ) MO AR, H R
PR K2 FHUEA R, MRS tarkbe .
H At A — L — 25K A& U FE AR IE . Chen 55
NH V05, R VS R 2 o JEORE R — 25 K ik
7E 280 C A A RIBIHEE R VO, (M/R), HTEAR
BIRIRE T, RE2E0™ RS 0R, AR K, %
M A o M i ELR AT SR AL o i P
Sirvent % A 7E 240 °C i1t 7% V,05. H,C,0, HYE

IR FERL B AR B A 2K R 5 i VO, (M A,

{EEA /DR A A VO, 830 D # VO, Ifee™,

B R — K g T B R (R T8
FoR, 23T N 0 3] 2.0 % B A ALK R,
IG5 2 90 K TR 43 O SRR (PU) I WP ol 4
VO,/PU E 4, Hd, 8% 1.0 % 1) A b
KR AR AR TELRE R 29.9 °C, BET EE R, LI &1
B HISR FHRE TR I F0R N 7.1%, = 2 WK FHBE
PAHIRCE R 11.7%.

1 RBARE 5%

1.1 R
i Bl W2 B (NH,VO;, 99%), i 5 R %

((NH,),0Hy(W,0,)¢xH,0, 99.5%), 7J(%E# (N,H, H,0,
98%), B W2 (C,H,0,, 99.5%), MU W It A 4 1k 4%
(CH;;NO, 25%), LB H7 T A AL BHE B3 A5 BR 2>
A, AT, KA BHA IR Z AR B2 10 %
(BT 40

12 B2 ARG IR A

FH— KA BT AR AR AR
WA . B 4 g NH,VO, Fl— & & 1) 25 7R 2 2]
40 mL K&K ik, 2= ibiE . A 4.4 mL
i R B 7K A, T R g i . B 1/4 =il
JA 1 mL HAc, FIZK#3 B2 20 mL, 58 % 25 mL
ANFENE IR R BT BN 2 A% B LA
280 °C /KIS 24 h, it B0 AR R TTREY),
B TR RIS, F iR T T, 5 2A RS 4
T T EALGRITR . L W/ (VW) [ 2R
0E7 >S5
1.3 VO,/PU & &R &

¥ 5 mg 5B RIHBA R VO, 91K B0kL
JNE] 3 mL 258 F oK IAGE 2 DU LA AL
VSRR R A BN, A e, 153040 08 S I o
PEFELLREIWPER 25T, LA 4 mL RZ [ (PU),
PRI — 2 & R0, 25 B /KR B 10 mL
G . B—E ORI ST DR A T 2 A
I, IFAE 30 C T TR, 53] VO/PU B A HIAR,

1.4 FiE

FH X BHEEATHHY (XRD, XD-6, It 53 i@
H, Cu Ko fE R 48 515 ) 7E /L E 8 36 kV. HLTE R
20 mA ., FIHHEHEE 4 °/min AYSE RN E R AR AUARSS
¥ o ff 3 S B T B 8% (TEM, H 4R JEOLJEM,
F200) 35 ¥3 A& ) TEM Al HRTEM A9 &% . i ad
X SO T fEI% (XPS, 25 [H Thermo Scientific K-
Alpha) Bl AR FOCRE M. it 2R E R R
1 (DSC, NETZSCH DSC 214) 7E-30 C F| 100 °C
TREEYE RN LA 10 °C/min 19 TR S 1R FEF SRR b
ARAASTRLE . P& e B 0 28 Sh- 1] -3 21 4k
6% ( H 4~ HITACHI UH4150) 43 578 20 °C Fil
90 °C. HYZRA T I AL 1) 325 3 2%

R T VAR A R R G2 e, DR Y 375 S
SRR W] W% S 32 (T, 380 ~ 780 nm) F1I
K PG % 53 (T, 280 ~ 2 500 nm) , 2220
‘F[H]:

Tlum(sol) = j‘Plum(sol) (DT (A)da/ f‘Plum(sol) (Hda (1D



- 26 - N

2022 45 43 &

Forp, TOOFRAERE— P 0 T ISR (%);
Prun(N) S NHR B BRSO R PR 0010 ST
KA 1.5, KRS HFL IR 37°5F T
(R b3 A BHAR SRS R L (Wom nm ).

KBHEEFTTRESI(AT,,) Al A R ARG HRAH

AT g1 = Toorse = Tooim (2)
Horb, T 2R VO, 7RG SRR T 59K 2
R, Y03 Ty AR AE R B JEIRAS T BO R FH B S
R, %

2 ERE5®

R RER A U AR T A H— 182
I B MRS RR B A IB N, AR T R A
it (T4 I 0 3 2.0%, 4 3CIR)) 19— S AL AURE

(@)

A | o 20%

A M 3%
e ) N S WL

-A— M J\-« 3%

A‘ . ,LL__A 0

! , VO,(R) PDF#44-0253

., VO,(M) PDF#43-1051

30

40 50 60 70 80
20/(°)
(a) 20°<20<80°

20

e B 1(a) AT, K484% VO, 5 M A VO, F5
7 PDF & H (NO.43-1 051) fT A AT 5 g DT fiE, ¢ W]
RERE G i M AH VO, T A BB 24 iR S
KBt b A LR AT S0, WA BT Y 2= e 1
B, L, B4R o 4R M A VO,. IF HiBZ4
Jer B AT S IRATO AR AR, D Pyt B AR A A /N, BT
HAREWMEERE . A TR W B2500E R r
ZY, FIZE01 DATHHEROR, WE 1(b) frs. 4
W & A\ 0 53] 2.0% BF, XRD E#(011) 1M
27.8 °(K1B2% VO,) Inl/MIT S A TURAS , 280 dhif
B AR K, 55 SCHRAR S A IR ER 45 I X
T WIRREAR KT VY, S B 22 0K WOERL
& VI 3 S B R, DT b A7 5 06 [ 1K
FIEREh ., XWIEH WOHEA T VO, k.

(b)
2.0%

1.5%

MW
Mﬂw
25 26 27 28 29 3

20/(°)
(b) 25°<20<30°

S E

0

E1 280 CKHAERTREISHRE_SLHM XRD 1&
Fig.1 XRD patterns of VO, with different doping levels synthesized by
hydrothermal method at 280 °C
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Fig.2 TEM images and their corresponding lattice-resolved HRTEM images of VO, NPs with different W-doping contents
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Fig. 4 DSC curves and T, data with linear fitting of the obtained VO, with different W-doping contents
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Table 1 Summary of metal insulator transition temperatures for samples with different W-doping concentrations
BEE% il T coating / C. T/C PR/ C AH=ein/ (T AH= i/ T2 ) AH/(J-g")
0 61.8 33.1 47.5 28.7 30.19 -32.31 31.25
0.5 49.5 27.7 38.6 21.8 25.66 -26.22 25.94
1.0 40.3 19.4 299 20.9 23.36 —22.14 22.75
1.5 30.4 9.1 19.8 21.3 17.82 -16.39 17.11
2.0 253 4.7 15 20.6 13.96 -15.13 14.55

i AH:(AHfhemingHAH*cmmng|)/ 2; T=(T, c-heating T T. c-cuu]ing)/ 2,
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Table 2 Thermochromic properties of VO, films with different W-doping concentrations

Pkt SR BmL T 1% Tin 1% AT %
20 °C 100 C 20 °C 100 C ’
0 0.8 57.5 43.7 53.0 52.3 13.8
0.5 0.8 53.6 453 51.2 54.6 8.3
0.4+0.4+0.4 394 26.7 324 34.1 12.7
1.0 0.8 49.8 42.7 46.8 49.5 7.1
0.4+0.4+0.4 41.8 30.1 37.1 379 11.7
1.5 0.8 435 42.4 414 46.3 1.1
0.4+0.4+0.4 34.5 31.4 31.6 359 3.1
3 % » TEABARAS IR M 29.9 °C, LR E R
3)W 2% 1.0% 1) VO,/PU & 45 M5 Y K FH A
D REUER L R ELIR, KA AR T, BSR4 PR AT, W3A 11.7%, 85t T8 R B [IRELR
FABLHNR H— 2 K L TE 280 °C A T A5 4) 5 A TR SRR H ER R o A e YEIA A
iy B AU A HE— PR AEGE, DA e @ S B AR e

2) {4528 0] DI SR A A PR AR IR B, A JEEAA ) P AR o
AR IR R TR AT Ik 18.42 °C/%; W 1544 1.0 % 1)
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