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Table 1 SPS process parameters of W-X mixture powder
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Fig. 1 Morphology of W-X powder after being mixed by

3D vertical mixer
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Fig. 2 XRD patterns of W-X alloys with different X
content prepared by SPS

5 10 15 20
Grain size/um

5 10 15
Grain size/um

5 10 15
Grain size/um

K, MR A Fr M 7 RE 2dsinG=n, 4 ¢ 1 A R 1G K
B, O EAISLEIEN . BTLL, B XS & 13y
I, W-X &4 St T () 2R K, A7 A 1K A FE AR

Bl 3 B AT L A B e 45 R i 4 AN R X
FE N W-X &4 SEM &. HE 3%, W-X &
SR R 32 DL SR DL 2 b SR AR 1 T
R MRS EWAGEE) TR H, W-X &
SRR EEAEALE 5~10 um, BEE X S EAHY
s W-X &SR N RS R, 3585 Sk &
AKK, BRI R 2 o IR0 X 200 UK
T A I S B oc R, RIS AR R IS B 2%
PR, BIRRLE RN, X 5 FEE G REY B
MITH, FBHEFESE SRR ET 2 W8 #

v

D:7.64 um

5 10 15
Grain size/um

5 10 15
Grain size/um

N

B 3 SPs HEfl#MAR X SET
W-X % 4zf] SEM 14

Fig. 3 SEM images of W-X alloy with
different X content prepared by SPS

(Grain size distribution is labeled in
upper-right corner for each sample):
(a) W-10X; (b) W-20X; (c) W-30X;
(d) W-40X; (e) W-50X
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Fig. 4 Electron microprobe surface scanning images of W-X alloy prepared by SPS: (a) W-10X; (b) W-30X; (c) W-50X
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Fig. 5 TEM images of W-X alloy materials prepared by SPS: (a) W-10X bright-field images and corresponding
selected-area electron diffraction patterns; (b) W-10X HRTEM images; (c) W-30X bright-field images; (d) W-30X HRTEM
images; (e) W-50X bright-field images; (f) W-50X HRTEM images
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Fig. 6 TEM images of W-X alloy materials after quasi-static compression deformation: (a)W-10X bright-field images and
corresponding selected-area electron diffraction patterns; (b)W-10X HRTEM images; (c) W-30X bright-field images;
(d) W-30X HRTEM images; (¢) W-50X bright-field images; (f) W-50X HRTEM images
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Effect of X content on microstructure and properties of W-X alloy

LIU Wen-yang, HUANG Yu-feng, CAI Qing-shan, DUAN Xin-yun, ZHANG Yong, LIU Wen-sheng, MA Yun-zhu

( National Key Laboratory of Science and Technology for National Defence on High-strength Structural Materials,
Central South University, Changsha 410083, China)

Abstract: W-X alloy was prepared by spark plasma sintering (SPS) with high purity tungsten powder and X
powder. The effect of X content on the solid solution characteristics and strength and toughness of W-X alloy was
studied by means of X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron
microscopy (TEM) and energy dispersive spectroscopy (EDS). The results show that the main phases of the W-X
alloy are W-X solid solution and X,0s. The addition of X changes the deformation mechanism of pure tungsten.
On the basis of screw dislocation, the edge dislocations appear. The amount of X solid solution into tungsten grain
increases gradually with the increase of X content. The grain size grows up with the increase of X content, which
seriously reduces the mechanical properties of the W-X alloy. The relative density of the W-X alloy gradually
increases with the increase of X content. The compressive strength of W-X alloy first increases and then decreases
with the increase of X content. When the X content is 30% (mass fraction), the performance of W-X is the best, the
compressive strength is 2044 MPa and the fracture strain is 24%.
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