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Fig.1 SEM image of W-Ni-Fe original mixture powder
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Fig.2 SEM image of MA W-Ni-Fe powder
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Fig.3 XRD pattern of MA W-Ni-Fe powder
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Fig.4 Metallographs of MA 93W-4.9Ni-2.1Fe powder sintered at
1360 °C (a) and 1480 C (b) for 120 min



316 - Mty @A RS TRE

39 3%

WL I 2 0% MifE1480 CHELEI, &4
g5 HH TG SOBAH, 75 B 405 1 AVE R AR E N 2 1H
A R A BT, Ok P AR T W AR AT, S
B AR BRI K
222 JR&HIEMESEBR G TR

KIS 2N A S B H R 111480 C 430160
minkE &5 MG AHA L. AT, 2060 minfIkess, &
SRR B S5, AU R I ERAGFE BE U,
i RSFZ324910 pm.

Bl 6 LI A S E G KA 1480 Chedh
B A AR B R DR R O R M . I rPn]
DL, BE A& DRG] 38, A 46 % B T
PR 60 min J5, G &SEAHEE T
B o 3K 2 L Bl T ORI B TR G, e &5 R AT )RR
Iy, A BUR KRR S . AR ORI, UK )
AL B e AR BT I B 40 A ) B AR AR B
R PES Bl , AU R AT R TR A e
He, SEms BT A b FL BRI e A 1 S 4 B0
A B, i HL A 4 i K o B R AT IR R 2
AT (B 5a By, Hisk R4, 58 F4800
FAEWAR TS -Hr h, $E m B R
B A LR I TR) P RE K, A 4 ) e 4 B0 Ay A
WA -AT A2, I T R AR VRO TR R

5 93W-4.9Ni-2.1Fe MA ¥} K7E 1480 ‘CHé45 30 min (a)F!
60 min (b)I?) 4 AH 21 2R

Fig.5 Metallographs of MA 93W-4.9Ni-2.1Fe powder sintered at
1480 °C for 30 min (a) and 60 min (b)
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Fig.6  Effect of holding time on density of tungsten alloy
sintered at 1480 C
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Fig.7 Metallograph of MA 93W-Ni-Fe powder with addition of
Y,0; sintered at 1480 ‘C for 60 min
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Effect of Mechanical Alloying and Trace Y,0; Addition on Microstructure of
Fine-Grain Tungsten Heavy Alloy Rods

Liu Tao, Fan Jinglian, Huang Boyun, Qi Meigui, Tian Jiamin
(State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Fine-grained 93W-4.9Ni-2.1Fe tungsten heavy alloy rods with diameter of 25 mm were fabricated by mechanical alloying (MA),
trace Y,03 adding, cold isostatic pressing and sintering. The tungsten grain size of the as-sintered alloy was 3-4 um. The effects of MA,
addition of trace Y,Os and sintering process on the densification and microstructure of the alloy were studied. It is indicated that the
tungsten grains were spheroidized during liquid phase sintering at 1480 °C, and at this temperature the sintering time greatly affects the
control of tungsten grains growth. The grain size of the tungsten alloy sintered at 1480 C for 30 min was 5-8 um. The grain size of the
tungsten alloy was 8-10 pm when the sintering time was 60 min at 1480 C. The addition of trace Y,Os5 further prevents the tungsten grain
growth, effectively refining the tungsten grain and inducing a homogeneous microstructure. The tungsten grain size of tungsten alloy
sintered at 1480 ‘C for 60 min with addition of Y,O; was 3-4 pm and more uniform.
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