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Fig.1 XRD patterns of the alloys
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2 W-Si-Zr &4 1) XPS i
Fig.2 XPS spectra of the W-Si-Zr alloy: (a—b) 2.0% ZrH, and (c—d) 3.0% ZrH,

3 W-Si-Zr & 42 [ BSE-SEM [y
Fig.3 BSE-SEM images of the W-Si-Zr alloy: (a) low magnification and (b) high magnification

1 E3bshW-Si-Zr 5 &N EHFICA B EDS HTER
Table 1 EDS analysis results of different marked positions of the W-Si-Zr alloy in Fig.3b (at%)

Position w Si Zr O Phase
A 90.64+4.06 3.24+1.51 - 3.83+1.86 w
B 53.62+2.16 33.01+£2.36 - 9.63+0.63 W.Si,
C - 30.86+3.76 - 64.89+2.56 SiO,
D 9.3940.59 4.83+0.54 29.06+1.66 55.96+1.49 ZrO,

3 EEIE T RBIZe &4 AR EIEE] 10 h
I, W-Si il W-Si-Zr 4 4 (#1725 B T AR A 38 =90 50l
34.6 f116.8 mg-em™. HHULAT L, A0 Ze 1T DAFAIR & 4 (14
12, 75 1000 CHL 10 h B BL T , W-Si-Zr A Lg%

29 W-Si ¥ 1/2. LARTRIRE TR 2T, W-Si A #2400

26 W [ 1/18, AT W-Si-Zr (RS TER 4 N4l W 1/36.
W-Si-Zr & 4 7E 1000 C 4 A6 AN [F] B 8] J5 58 1h 11

XRD B an B 6 for . M 6 1T LLE H, S Ak I Ta) 45 0
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Fig.4 EPMA element mappings of the W-Si-Zr alloy

50

40t

30F

Oxidation Mass Gain
per Unit Area, (Am/A)/mg-cm™

Oxidation Time/h
5 4 I A TEIRR A A 6 B AP ] 1) AR A
Fig.5 Variations of oxidation mass gain per unit area of the alloy with

oxidation time
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Fig.6 XRD patterns of the alloys oxidized at 1000 °C for different time
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W PR 5 AR AR 55, T 13 BH WO, 48 K K 7™ B

& 7 & W-Si-Zr & 4 75 1000 “C %04k 0 F1 10 h i) 1
SEM M8 fro BN AL JZ S5 A AR AL, 2R 1T D — 2835 5] 43
A 3R K LR (BRid N A, H R & — 2 S 2 FLOIR &
M ARIE N B) o RERURL A DL S 2 FLIW 45 25 74 B 31T EDS
arHT s g R unER 2 FroR , 4 6 2 BT BT AP TR] A A UL
N W-Fe-0, Z LN % 4 Si0,. W-Fe-O kLI 2 K
BR S IE AR o B ER B GERE 5] NI Fe 24 i & 72 A AL I F2 I8
1S9 [ (vapor liquid solid, VLS) 4= KA 7E AL 2 2 1

7 E4AE 1000 CHEMANF I 18] )5 (931 SEM [ 5
Fig.7 Surface SEM images of the alloy oxidized at 1000 °C for
different time: (a) 0 h and (b) 10 h

2 B 7ah W-Si-Zr E&E N 0 h FREWRIZALE EDS 45 R
Table 2 EDS analysis results of different marked positions of the
W-Si-Zr alloy oxidized for 0 h in Fig.7a (at%)

Position W Si Fe (0] Phase

A 11.59+1.54 - 10.03£1.29 77.63+2.32 W-Fe-O

B - 30.32+4.19 - 70.02£7.77  SiO,
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Fig.8 Cross-sectional BSE-SEM images of the alloy oxidized at
1000 °C for 0 h: (a) W-Si and (b) W-Si-Zr
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Fig.9 EPMA element mappings of the oxidation layer area in Fig.7: (a) W-Si and (b) W-Si-Zr
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Microstructure and Oxidation Resistance of Self-Passivating W-Si-Zr Alloys

Zhang Shirong', Chen Shijie', Wang Rui', Ye Chao', Xue Lihong', Zhou Qilai’, Yan Youwei'
(1. State Key Laboratory of Materials Processing and Die and Mould Technology,
School of Materials Science and Engineering, 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-Si-Zr alloys were prepared by mechanical alloying and spark plasma sintering. Microstructures of alloys were
characterized by XRD, XPS, SEM and EPMA, and their oxidation resistance was tested. The results show that the alloy contains W-enriched,
W.Si,, SiO, (x=1, 1.5, 2) and ZrO, (x=1, 1.5, 2) phases. The W,Si, phase distributes continuously. SiO_and ZrO, particles are dispersed in the
matrix with the sizes of 1.0-2.5 um and 0.7-2.7 um, respectively, and ZrO_ particles are often associated with SiO_ particles. The W,Si, plays a
key role in the oxidation resistance of the alloy. The addition of Zr contributes to the formation of W Si; phase, whose area reaches 70.2%. The
oxidation rate of W-Si-Zr alloy is about 1/2 of that of W-Si alloy and 1/36 of that of pure W at 1000 °C in the air.

Key words: W-Si-Zr alloy; mechanical alloying; spark plasma sintering; oxidation resistance; self-passivating
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