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Preparation of Vanadium Dioxide by Hydrogen Reduction of
Vanadium Pentoxide and its Thermochromic Properties
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Abstract

Vanadium Dioxide has been investigated for use as a “spectrally-selective” window coating to block infrared transmission and
reduce the loss of building interior heat through windows.

The preparation of thermochromic VO, powder by the reductive reaction with hydrogen was studied. The reductive reaction
method has many advantages of easy and mass production of VO, powder according to controlled reaction without semi-con-
ductor equipments like sputter and beam evaporator. The reaction temperature, time, concentration of reductive gas, post-anneal-
ing condition and W addition as dopant would affect the characterization of VO, powder and its thermochromism. Many
applications for electrical device and energy-saving technologies is expected.
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Table 1. Manufacturing techniques and applications of thermochromic materials

Techniques Energy sources/Reagents Starting materials Products and applications
Sputtering R'Floﬁl_iir;tlmn v Coated film (Windows)
Evaporation Electron-beam \% Coated film
Fusion Organic acid (flux) V,05 Powder (Sensors)
Reductive reaction CO, H,, SO, V5,05 Powder
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Fig. 1. Procedure of preparation of thermochromic van-
adium dioxide.
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Fig. 2. X-ray diffraction analysis of VO, as reference
material (monoclinic VO,).
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Fig. 3. Schematic diagram of reductive reaction system.
(1. MFCs, 2. Mixing chamber, 3. Furnace & Reactor,
4. Raw materials (reactants), 5. flowmeter, 6. Bubble
flowmeter, 7. GC & PC)

A} 1ef

o] WS B34 AEE oldtshihtgel gw
AEA] WL 729 tetragonal AR T-ZoNA A9
monoclinic *ZZ W3} E JHoleeE FHTo=
& & ded, o] Hdol2=+= DSC(Differential
Scanning Calorimeter, DSC821, Mettler Toledo) %]
< B3 83, AHE oldshihtg Ao Y
7] 9 XYW FEE %7 9814 SEM(Scanning
Electron Microscope, S4700, Hitachi)®4] S <33}

Ak

ool

3. 2% A 1

3.1. sll2z #siof| mE VO, My

V,059F 4] gduksol lojA, =z AS
475°C, 500°C, 525°CE W74 vEEAIZ oA, 7
ZAd4 A" VO, AAAE] dsiA XRD #4415
AABle] Fig, 40 FE3TH

Fig. 4914 Yehd nRe} 7o) 525°C 2&=z710A
AAE olatsiuhlge] XA FHEN AFgoz A |
320 =28°)7t VO, A738°] (011)He] H=7} LX|st
3, A 29 =20 = 570014 VO, A (022)H2] 3]
a7p dAske T 71 B2 V0,2l XRD =9}
71 ARl e

AdeolEE A 26 A A 53, 2017



525°C

Intensity

500°C

475°C

10 20 30 40 50 60 70 80
2theta

Fig. 4. X-ray diffraction analysis of VO, products with the
variation of reductive reaction temperature.
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Fig. 5. X-ray diffraction analysis of VO, products with the
variation of reductive reaction time. (reaction
temperature is fixed with 525°C)
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Fig. 6. X-ray diffraction analysis of VO, products with the
variation of annealing time. (reaction temperature is
fixed with 525°C)
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Fig. 7. DSC diagram of VO, reaction products under 525°C, 4 h, and vol% of H, (DSC condition : N, atmosphere, scanning
temp = 10 ~ 100°C). (a) VO, reaction product, (b) VO,-W[2 wt%] reaction product.

.,

-

=,
\ 1.:29um
. 4

), |
19>
/\) ?! :; 77_3‘1"”1
\\:\\’-—\
S 292

J =

(O O T T R B

5.00um

S4700 10.0kV 11.6mm x10.0k SE(M)

Fig. 8. SEM image of thermochromic VO, particles with
rod-shape of 400 ~ 1,300 nm width.
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