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Research progress of tungsten-base materials as plasma facing materials
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(1. Institute of Nuclear Materials, University of Science and Technology Beijing, Beijing 100083, China;
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Abstract: Research progress on preparation process, mechanical properties and irradiation performance of W-La,O; and
W-TiC alloy was reviewed. The previous research results reveal that the addition of La,0; phase into tungsten matrix
improves the strength and toughness of tungsten remarkablely, and results in the reduction of irradiation resistance and
increase in density of hydrogen blisters and hydrogen retention. When TiC nanoparticles are used as dispersion phase,
W-TiC alloy worked by hot isostatic pressing sintering and plastic processing exhibits high bending strength of 4.4 GPa,
high recrystallization temperature over 2 473 K and low DBTT (100 K lower than pure that of tungsten. In addition, the
additon of TiC significantly improves the irradiation resistance of tungsten. Compared to pure tungsten, W-TiC alloy has
a lower deuterium retention without visible irradiation hardening, crack and flaking on the material surface.
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Table 1 Mechanical properties of tungsten with different

processing methods!®

State Diameter/ Temperature/ oy/
mm C MPa
Reerstalliat 326 409.64
ecr}tlsta IZ? 10n 649 30276
cast tungstet 871 250.88
1093 230.30
Arc cast tungsten 1 095 225.40
20 1 381.80
93 989.80
Cast tungsten 316 705.60
annealed at 538 558.60
1,000 °C for 1 h 1093 401.80
1370 151.90
Reervatallinat 1370 220.50
T allization
ecdys tle © 1 650 130.34
owdaer metallur;
P o ey 1925 75.46
n n
Hngste 2205 61.74
Svased funast 4635 480.20
a
waged ungsten - 254 1029.00
rod
d1.27 1372.00
40.635 1 538.60
Tonsile tunesten rod 4 0254 1 715.00
NnsS1 n 1 1
enstie lungstentod 4 0.127 2 058.00
40.013 4116.00
1.02 823.00
Tungsten foil 0.508 1372.00
0.254 2 058.00
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Fig. 1 Surface morphologies((a), (b), (c)) and thermal desorption spectra((a’), (b"), (c')) of D, for W samples exposed to pure-D
plasma and D+He and D+He+Be mixture plasmas, respectively at E; of about 120 eV, ¢p of about 5 X 10® m™2, T, of about 573 K
and cy.5%, cg.0.8%
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Fig. 2 Fluence dependence of blister number density for pure
W, K-doped W, and La,O3-doped W (SR and RE denote ‘stress

relieved’and ‘recrystallized’, respectively)™!!
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3.2 W-TiC By 1 1ERE

Fpyd: 1 2P U A 41k T 214 W-TIC By
&, SRJEAE 2 373 K @AT#H e . 4R BoR,
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IRFE W-1.1TiC/Ar £E 1 923 K 347 H I8V in 1) by
SR FEVTIAH) 4.4 GPa(ILE 3).
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Fig. 3 Stress—strain curves for W-1.1TiC/Ar-UH before and
after compression forming to approximately 80% in reduction

ratio at 1 923 K (o indicating proportional limit yield stress)
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