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Abstract The purpose of this study is to prepare WO; nanopowders by high-energy milling in mixture gas (7 % H,+Ar) with
various milling times (10, 30, and 60 min). The phase transformation, particle size and light absorption properties of WO;
nanopowders during reduction via high-energy milling are studied. It is found that the particle size of the WOj; decreases from
about 30 pum to 20 nm, and the grain size of WO; decreases rapidly with increasing milling time. Furthermore, the surface of
the particles due to the pulverization process is observed to change to an amorphous structure. UV/Vis spectrophotometry shows
that WO; powder with increasing milling times (10, 30, 60 min) effectively extends the light absorption properties to the visible
region. WO; powder changes from yellow to gray and can be seen as a phenomenon in which the progress of the color changes
to blue. The characterization of WOs; is performed by high resolution X-ray diffractometry, Field emission scanning electron
microscopy, Transmission electron microscopy, UV/Vis spectrophotometry and Particle size analysis.
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Fig. 1. Schematic diagram of experimental procedures.

Materials of bowl & Ball to powder

Speed

Sample balls weight ratio Ball diameters [rpm] Milling time Atmosphere
W60 60 min air
WGI0 . 10 min :
Zirconia oxide 10 : 1 1ol 1000 ' mixture
WG30 (Imm, Smm) 30 min gas
WG60 60 min (7% Ha+Ar)
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Fig. 2. X-ray diffraction patterns of (a) raw material, (b) WG10, (c)
WG30, (d) WG60 and (¢) W60 nanopowders for milling time.

Table 2. Crystallite size of the WO; nanopowders.
FWHM(deg) Crystallite FWHM(deg) Crystallite

Sample (120)  size (nm)  (220)  size (nm)
WO, 0.164 49.52 0.184 45.11
WG10 0.351 2322 1.049 7.91
WG30 0.461 17.68 0.480 16.69
WG60 0.752 10.88 0.966 8.57
W60 0.966 10.41 0.954 8.68
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Fig. 4. FE-TEM images of WO; nanoparticles for (a) 10 min, (b) 30 min, (c) 60 min mlllmg time in 7% H2+Ar mixture gas.

o7 AZFELM ATE 4 2715H 543 dA=79] s Hold
Fig. 6= ¥ A7 Wzt m& g2dislEe] oz oy B8N SHREe A7 et =9 A
A7E Y& BA7IE ol & AE eI 28 & & 7 o, o= Yo Qg Fuo HEH
A HaEdEkE 2] A== 20 ~30 umel™, ¥ Aol A Tkt YR FFE Fe A & T
g Akl F7HESE gaEliskES] A=l e 7 9
nmZ7] YA FolAl= AS & F AU o= Fig. Table 3> UV-Vis spectrums ©]-8-3}] CIE L*a*b*
3%} Fig. 40X AArgn] 7 o] Aol ]’\1 =T %O 29 s UERAITE £k 291710M ERAIZR] o
< YAEC] ME FHE FHE Ho 1%7;14 1x]8kal & Ae] Wste guliislEo] Shlukgo R lste] B



R S o]g3 Blue BAEISHE Lh=R}o] Az} E4 77

Fig. 5. HR-TEM image of WO; nanoparticle for 60min milling in
7% H,+Ar mixture gas.
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Fig. 6. Particle size of WO; nanopowders for various milling times.

Table 3. CIE L*a*b* chromaticity coordinate of WO; nanopowders.

Sample L* a* b*
WO, 36.92 0.26 8.73
WGI10 34.52 0.08 4.4
WG30 35.12 3.42 -0.21
WG60 30.97 0.1 -0.3
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Fig. 7. UV/Vis spectra of WO; powder for (a) 0 min, (b) 10 min,
(¢) 30 min and (d) 60 min milling time in 7% H,+Ar mixture gas.
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