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Effect of ball milling time on microstructure and oxidation resistance of

self-passivating W alloys

CHEN Shijie' , YE Chao', LIU Wei' , XUE Lihong™ , ZHOU Qilai*, YIN Shengming' , YAN Youwei'
(1. State Key Laboratory of Materials Processing and Die and Mould Technology, Huazhong University of Science and
Technology, Wuhan 430074, China; 2. School of Materials Science and Engineering, Wuhan University of Technology,
Wuhan 430070, China)

Abstract: Self-passivating W alloys exhibit excellent high temperature oxidation resistance and are expected to be
used in key components in high temperature environments. In order to reveal the relationship between the micro-
structure and high temperature oxidation resistance of the alloy, a self-passivating W-Si alloy was prepared by
mechanical alloying method combined with spark plasma sintering. The effect of different mechanical alloying time
on the microstructure of the alloy was studied. And the high temperature oxidation resistance of the alloys was in-
vestigated. The results show that the alloys are composed of W, W;Si; and SiO, phases. When the ball milling time
increases from 4 h to 20 h, the content of SiO, in the alloys increases from 16.2% to 23.6%, while the content of W;Si;
decreases from 57.8% to 43.6%, and the grain sizes of W and W;Si; are both reduced. The grain refinement contri-
butes to the improvement of the microhardness of the alloys. After oxidized at 1 000 ‘C for 10 h, the mass gain of the
alloy prepared by ball milling for 4 h is 37.4 mg, while that of the alloy prepared by ball milling for 20 h reaches
141.6 mg, and their oxide layer thicknesses are about 167.0 pm and 415.7 pm, respectively. The alloy prepared with
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short ball milling time has better oxidation resistance, because the W;Si; in this alloy is a continuous phase. The

WO,/SiO, composite oxide formed by in situ oxidation of W;Si; is also a continuous phase, forming a protective

oxide layer and effectively inhibiting the internal oxidation of the alloy.

Keywords: self-passivating; W-Si alloy; mechanical alloying; spark plasma sintering; oxidation resistance
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Fig.1 Backscatter SEM images of W-Si powders ball milled for different
time: (a) 4 h; (b) 20 h

& 2 & BK BE 4h #1 20h (9 W-Si & 4 8 K (19
XRD &3 . BN RE S B E AL, A5 AT S
I 5 W i JCPDS No: 04-0806 /1 45 & . W4, 1
2y 28.4° 4 AT AFAE — A /N S AT, DL IS AE A
BRI 20 h 19 W I 17 5 W AH X T BR S 4 h i) 8 —

8

4h; (b)20h

¢ 4t b =W

L‘ h 20h
H/ J\h ¢ Si
Ehn A | H
el % M

28.0 28.2 284 28.6 28.8 29.0 28.0 282 284 28.6 28.8 29.0
200°) 200) g
| |
| |
0 A A

T

20 h

Intensity

. JL A .

T

JCPDS: 04-0806

20 30 40 50 60 70 80 90
20/(°)
P2 BRIE 4 h Fl 20 h J5 H9 W-SiBAH) XRD [
Fig.2 XRD patterns of W-Si powders after ball milling for 4 h and 20 h
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Ball milling time/h Grain size/nm  Solid solubility/at%
4 41.82 6.81
20 18.91 6.86
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Fig.3 XRD patterns of the alloys made from the W-Si powders
milled for 4 h and 20 h
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Fig.4 Surface backscatter SEM images ((al), (b1)) and fracture SEM
images ((a2), (b2)) of the W-Si alloys: (a) 4 h; (b)20h
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Fig.5 Oxidation mass gain of the alloys made from the W-Si powders
milled for 4 h and 20 h
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Fig.6 XRD patterns of the W-Si alloys oxidized for 0 h, 2 h and 10 h, respectively: (a) Milled for 4 h; (b) Milled for 20 h
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Fig. 7 SEM images of the oxide layer of the W-Si alloys oxidized for
different time: ((al)-(a3)) Alloy made from the powder milled for 4 h with
surface oxidized for 0 h, 2 h and side surface oxidized for 2 h; ((b1)-
(b3)) Alloy made from the powder milled for 20 h with surface oxidized
for 0 h, 2 h and side surface oxidized for 2 h
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Fig. 8 Backscatter SEM images of the cross-sections of the W-Si alloys oxidized at 1 000°C for 2 h: (a) Milled for 4 h; (b) Milled for 20 h
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