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Table 1 Characteristics of raw material powders

Purity  Average particle

Powder Appearance 1% size/um
Reduced tungsten  Irregular 99.9 2.0
powder
Carbonyl Subglobose  99.5 2.5
nickel powder
Carbonyl Irregular 99.5 5.4

iron powder

F 25 E Instron 227 8802 Hi il ik J1 2% ¥k fig il 56 LY
S B DR R NI A 2, P rh ) AR R
mm/min; 7F H 4 JSM-6360LV % 474 Hi % b0 5 4y f
Wr B3, I 4B EDAX e /T RG34 & 11
SEVERE BT WAELE B ZheHL s 5 SR A A
[E MeF3A M&AH BB &4 WAL, JHxtis
B R (1) 3% 2 P8 1A T 0 B o

2 #FHR51E

2.1 FHLEEE SR MAL RO/

@1%1%00&&% 30 min 55 4 40 5L
b BRI A W ) A 2L, BRI Ay R £ AR 4
21, AE s SR Z . W L eT DUR IV A
BRI 1 v A R ) RS A B A AR B S O TE B B A
1, AR A BT R & G T AR S5 A I SR SR IS,
5 R 55 ORG G AR A ATAR AN AY i 40 B A AR AL HEL S (1)
B A ORL SR 5 AR A A AR 3 A, IR R B A
AbER T MR BEA O B, SGE S

B2 24 1550 CHlkess 30 min 854 &4 1A
AR BRRT G AT T SEM JES . vl L, B S e A2 R R
SEARSCAR TG, AR A B A S R, B S R AR
o Wi, e imadr A4 4 Rl B9800 E St
T RE A RO T st R BT R A EORE B RY 5 A 1 ST
W7 ZRURG G5 AH () I PEIRT 2L . K5 6] 2a F1 2b X EC AT DL
W, A AN B S 1R A 4 BT A R 1 2 A

BT Aiede &5 41 < 0 B AL BRI B 11 1R AL 40
Fig.1 Fracture microstructures of tungsten-based alloy by
microwave sintering before (a) and after vacuum heat

treatment (VHT) (b)
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Fig.2 Fracture SEM images of tungsten-based alloy by
microwave sintering before (a) and after vacuum

heat treatment (VHT) (b)
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Table 2 Properties of tungsten-based alloy before and

after VHT
Relative Tensile Hardness, Elongation
Sample .
density/% strength/MPa ~ HRC 1%
Before VHT 98.3 920 30.5 9.7
After VHT 99.2 988 33.8 18.6
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Fig.3 Microstructures of tungsten-based alloy by microwave

sintering before (a) and after VHT (b)
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Fig.4 Ideal microstructure of tungsten-based alloy!®!
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Fig.5 EDAX position of tungsten-based alloy by microwave
sintering before (a) and after VHT (b)
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Table 3 Content of each element of tungsten-based alloy before and after VHT in Fig.5 (w/%)

Element 1 2 3 4 6 7 8 9 10
w 26.14 25.52 25.07 25.21 26.63 24.32 23.15 25.40 24.93 22.66
Ni 52.07 52.72 53.33 52.65 52.41 53.76 54.37 52.45 53.22 54.80
Fe 21.78 21.76 21.60 22.14 20.95 21.92 22.47 22.15 21.84 22.54
3 4 s TEA A8 S B R, ORI Ay 4 = T 7.4%
o1&

1) FRHAACELR, TRE 458 £ S K P 5l S A

F191.8%.
2) HEHA S, 6 40 T 2315 20 o



#

9 3] I KA BRI TR 45 93W-Ni-Fe 75 R 23 K ) A P BE IR 5% i

* 1683 -

Y5 AT 1 R ORI A B SR RTORE 5 AH 1
FEVEHI R R

3) EAMGEIEE, B RIEREH 0.64 R
0.53, K& A& 2 BT R
S ik References

[1] Ma Jinlong(th 4 ), Tong Xuefeng(H %
New Material Industry(Hi# ¥l =)k [I], 2001, 11(6): 30

[2] Prabhu G, Chakraborty Amitava, Sarma Bijoy. International Jour-
nal of Refractory Metals and Hard Materials[J], 2009, 27(3): 545

[3] Zhu Sumin, Fahrenholtz William G, Hilmas Gregory E et al.
Composites Part A: Applied Science and Manufacturing[J],
2008, 39(3): 449

[4] Peng Yuandong(3% JG 4R ), Zhang Zhaohui(7K JK#%), Wu Bin(3%
W) et al. Materials Science and Engineering of Powder
Metallurgy(ky K16 &M R R 22 5 T REH[I], 2007, 12(3): 156

[5] Li Zude(Z=AH4E), Li Songlin(ZEFA#K), Zhao Muyue(#X %% 1%).
Materials Science and Engineering of Powder Metallurgy(¥)
KR &R R 25 T R[], 2006, 11(6): 315

[6] Fan Jinglian(Yt $t3%), Huang Boyun(¥%1[12), Liu Jun(X] %) et
al. Power Metallurgy Industry(§3 K18 4 T)K)[J], 2002, 14(1): 29

[7] Yang Jin(# #7), Liu Ying(X] i), Gao Shengji(Fi T} 7) et al.
China Ceramic Industry(H B B & T Mk)[J], 2004, 11(5): 30

[8] Roy R, Agrawal D, Cheng J et al. Nature[J], 1999, 399: 668

[9] Zhou Chengshang, Yi Jianhong, Luo Shudong et al. Journal of

Alloys and Compounds[J], 2009, 482(1-2): L6
[10] Upadhyaya A, Tiwari S K, Mishra P. Scripta Materialia[J],

), Peng Hu(% ).

2007, 56(1): 5

[11] Zhu Guisen(K#E#%), Liu Mingcheng(X]%%4 /&), Lin Zhongjie
(BRILZR) et al. Acta Metallrugica Sinica(4: &% )[J], 1981,
17(1) : 39

[12] Yoon H K, Lee S H, Kang S L et al. Journal of Materials
Science[J], 1983, 18(5): 1374

[13] Zhen Zhenxian(E{ % 5%), Yao Heng(Wk #i), Zhu Guisen(Zk A
#%) et al. Powder Metallurgy Technology(¥i KiH & HiAK)[J]
1984, 4: 11

[14] Ge Rongde(% 7% /f), Wang Panxin(F£ ##7), Lai Heyi(#i 1
). Heat Treatment of Metals(4: J& AL FE)[T], 1996, 3: 5

[15] Zhou Guoan(J# [FZ2), Lin Guobiao(#k [E#5), Lai Heyi(#iFl1f)
et al. Heat Treatment of Metals(4:J@&# AL H[I], 1995, 5: 13

[16] German R M. Liquid Phase Sintering[M]. New York: Plenum,
1985: 31

[17] Peng Yuandong(¥JG4), Yi Jianhong(%) {@ %), Guo Yingli
(FEBA) et al. J Cent South Univ (Science and Technology)
(F R 2R F AR B A R[], 2008, 39(4): 723

[18] Tang Xinwen(J##i ). Study on the Elongation of W-Ni-Fe

T B A 4 TR S AR T )

[D]. Changsha: Central South University, 2003: 35

Heavy Tungsten Alloys(W-Ni-Fe 5

[19] Fan Jinglian(y5 5t 3%), Wang Denglong(¥f % /%), Cao Jianhu
(H # 2). The Chinese Journal of Nonferrous Metals(H 15
0,4 J8 244 [I], 2005, 15(2): 217

[20] Ma Yunzhu(*}i2 #§), Huang Boyun(#: 1A =), Fan Jinglian(73
S¥E) et al. The Chinese Journal of Nonferrous Metals(
04 JE 243 [I], 2004, 14(8): 1382

Effects of Vacuum Heat Treatment on Microstructure and Mechanical
Properties of 93W-Ni-Fe Alloy by Microwave Sintering

Ma Yunzhu, Zhang Jiajia, Liu Wensheng, He Liuqing, Cai Qingshan
(State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Effects of vacuum heat treatment on microstructure and mechanical properties of extruded rods of 93W-Ni-Fe alloy sintered by
microwave were studied. Fracture morphology and microstructure were observed by SEM and optical microscope, respectively.
Quantitative analysis of each element of the samples before and after vacuum heat treatment was performed by energy spectrum analyzer.
Relative density, tensile strength, elongation and hardness of samples were measured. The results show that the mechanical properties of
the tungsten-based alloy are increased after vacuum heat treatment. Tensile strength and elongation are improved markedly, which are
increased from 920 MPa to 988 MPa and from 9.7% to 18.6%, respectively. After vacuum heat treatment connectivity of tungsten grains is
reduced, and transgranular cleavage fracture of tungsten grains and ductile tearing of binding phase are increased evidently. The content of
tungsten element in binding phase is obviously reduced after vacuum heat treatment.
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