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Fig. 3 Rolled W-HfC alloy microstructure(a), structure of polygonized dislocation walls and partially transformed

boundaries which starting from dislocation cells (b), HfC particles (c) and dislocations in matrix (d)?*"!
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Fig. 4 Morphologies of fracture surface of
rolling direction specimen(a), Back-scattered
electron image(b) of polished surface showing
phase contrasts, fine dispersed Y20s particles
(black) and pores (gray, indicated by circles, c)
at grain boundaries; (c) image of fracture
surface of transvers direction specimen!®”!
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Table 1 Ductile to brittle transition temperature measured under tensile test for as-rolled tungsten alloys?® 40+

Material Dimension/mm

Ductile to brittle transition

Strain peed(mm-min™!) Ref.

temperature/‘C

W-HfC
W-Y203
W-Zr-Y20;
W-TaC
W-TiC
W-ZrC

1.5X0.75X5
1.5X0.75X5
1.5X0.75X5
1.5X0.75X5
13X1.5X64
1.5X0.75X5

0.06
0.06
0.06
0.06
43.2
0.06

200
200
150
200
300
300
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Fig. 5 Relationship between thermal conductivity and
temperature of pure W and W-TaC alloys in different

states!*®]
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Fig. 7 SEM images of loaded areas on swaged WZC ((a)—(d)) and rolled WZC ((e), (f)) after single pulse for 5 ms at room
temperature and various absorbed power densities: (a) 0.44 GW/m?; (b) 0.66 GW/m?; (c), (d) 0.88 GW/m?; (e), (f) 1.1 GW/m?12
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Table 2 Cracking threshold of particle-reinforced tungsten

alloys under transient thermal load

Alloy State Cra‘éé&ffjﬂ;’l“/ Ref.
ITER -W - 0.22-0.33 [53]
PureW As sintered 0.33-0.55 [54]
W-ZrC As rolled 0.88—1.1 [52]
W-ZrC As swaged 0.22-0.44 [52]
W-Y20; As sintered 0.42—0.53 [55]
W-Lax0s As sintered 0.17-0.22 [56]
w-rac ~ Asrolledand 0.33-0.44 [41]
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Research progress on influence of rolling process on performance of
particle-reinforced tungsten alloys for fusion devices

LUO Lai-ma'"2, ZHAO Zhi-hao!, YAO Gang', ZAN Xiang' 2, ZHU Xiao-yong?,
CHENG Ji-gui® 2, WU Yu-cheng?

(1. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China;
2. National-Local Joint Engineering Research Centre of Nonferrous Metals and Processing Technology,
Hefei 230009, China)

Abstract: Tungsten (W) is considered to be the most ideal candidate material for fusion devices due to its high
melting point, high sputtering threshold and good thermal conductivity. A series of microstructure transformations
of particle-reinforced tungsten alloy during rolling process will have a certain influence on the properties of the
materials. This article reviews the effects of rolling on the mechanical properties, thermal conductivity and
resistance to thermal shock damage of particle-reinforced tungsten alloys, and points out the research prospects and
development directions of tungsten materials for thermonuclear fusion reactors.
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