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Fig. 1 Metallograph of section of tungsten target after
exposure (N=2)
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Metallographic sections of tungsten target after
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Fig. 3 SEM images of loaded surfaces after exposure to ELM-like thermal shock events simulated with electron and laser beams:
(a) e-beam, 0.19 GW/m?; (b) e-beam, 0.38 GW/m?; (c) e-beam, 0.76 GW/m?; (d) e-beam, 1.14 GW/m?; (e) e-beam, 1.51 GW/m?; (f)
Laser beam, 0.19 GW/m?; (g) Laser beam, 0.38 GW/m?; (h) Laser beam, 0.76 GW/m%; (i) Laser beam, 1.14 GW/m?; (j) Laser beam,

1.51 GW/m?%;

200 pm
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Fig. 4 Morphologies of cross section of samples exposed to electron (a) and laser (b) beam at RT and 1.51 GW/m?
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Fig. 5 Surface modification of W-sample with successive exposure of tungsten to transient heat loads and deuterium plasma: (a), (d)

Successive exposure; (b), (e) Simultaneous exposure; (¢), (f) Preloaded deuterium plasma after exposure transient heat loads

Primary cracks

Secondary crack

B 6 HILHLE 0.5 ms. 100 RAFE Tl DA BN 0.9 MI/m?® ()B4 5 IR T TE 3
Fig. 6 Surface morphologies of tungsten tile after 100 plasma shots with heat load of 0.9 MJ/m? for 0.5 ms
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7 PEGASUS-3D U SGHI HAS AL A 48 0.5 ms RREEIN R 3 G4 /5 (2 T 30
Fig. 7 Surface morphologies of PEGASUS-3D simulation of cracks developed in tungsten sample after irradiation with heat load of

0.9 MJ/m? for 0.5 ms: (a) Primary crack pattern on sample surface; (b) Secondary crack pattern on sample surface
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Fig. 8 Cracks developed in tungsten sample after irradiation by 100 shots with heat load of 0.9 MJ/m?* for 0.5 ms: (a) Primary

cracks shown in panel; (b) Panel is closer view of sample showing secondary cracks; (c) Panel illustrates PEGASUS result with both

primary and secondary cracks
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Table 1 Properties of tungsten with different grain sizes

Sample Grain size/ Relativc: density/ Microhardness, Bending strength/  Thermal C(i?du_clﬁVity/
pm % HV MPa (Wm K")
W02 0.2 95.25 1107.5 658.3 105
W10 1 97.73 811.5 532.6 128
W100 10 99.05 710.5 322.9 140
RIS e ES K 9 T H, W2 R MPORMEBUA ST RSN N R, i S BUR T A,

W10 AHXS T W100 K BEAEAR ] 1 D 255 B F 244 L
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Fig. 9 SEM images of loaded surface after heat loading of

0.55 GW/m> (a) W02; (b) W10; (c) W100
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Fig. 10 Thermal analysis result of sample loaded with 23

MW/m? for 1.5 s: (a) 3D temperature distribution of model at

t=1.5 s; (b) Temperature gradients at typical directions marked

in Fig. (a)
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Table 2 Predicted fatigue life of different tungsten grades
loaded at 1.14 GW/m®

Predicted fatigue life

Temperature/
© Rolled 50 pm 100 pm
tungsten tungsten tungsten
RT 928 736 182
400 1141 913 260
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Fig. 11 SEM images of cross-section surface((a)—(c)) and cracked surface((d)—(f)) of pressing, vertical sintering and swaging W-K

alloy
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Fig. 12 Fracture morphologies of SPS-WK before((a), (b))
and after(c) high heat load at power density of 0.37GW/m?(c)

Yk, JEBER/N A 4 mm X 4 mm.

TG S Aol I e J5 R TR A OGS 2
%3 Fin. R 3 ATEH, W-5V.W-10V HIXFF W-1V
SKULTT B . A, W-5V F1 W-10V F=E 13
GUTEFE AR, (H W-5V RSB H B ET N, X
R W-5V AT W-10V SR FFRMHTRE o
e R B B T AV AR T, BEE L
TR, BNEENRGE BTG, e
H P BRI IR E AT, 433 W-10V 1)
RIS R &, SEORUGE™E, AR TR
SEARMAEESFE S IR L SESS, B IS I E S H
i TSR BT R

8 AR TR R HECR A A R 1) 455 TP I 5 A kL
T EAE IR, SR A AT FUAE
BELASH il SR BRI B, 0TI b PR R RS A )



528 5 4 W)

RERE S BORASHEIT 8 SRR BT A BRI Sk 727

R3 WG SRMZRPES TSRO KEMECE R

Table 3 Average values for crack width, length and number density on surface of W-V alloys exposed to high transient loads

Sample Power density/(MW-m?) Average crack width/um Average distance/um Crack number density/mm >
155 0.6 90.9 127
W-1v 207 1.0 89.3 131
311 2.7 101.5 110
159 Without crack Without crack Without crack
W-5V 212 1.3 571.4 18
317 2.9 589.2 8
162 Without crack Without crack Without crack
W-10V 216 1.0 112.7 59
324 2.5 197.1 23
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Fig. 13 SEM images of surface after heat loading test:
(a) Pure W; (b) W-TaC alloy; (c) W-TiC alloy
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Fig. 14 Surface micrographs((a), (c)) and maximum crack width((b), (d)) of pure tungsten((a), (b)) and W-3%Lu,0O3 ((c), (d))

samples after thermal shock test
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Research progress in heat load damage behavior of
tungsten and tungsten base materials for nuclear fusion reactor

WU Yu-cheng" >, YAO Gang', LUO Lai-ma" % ZAN Xiang" % ZHU Xiao-yong™?, LI Ping"?, CHENG Ji-gui">

(1. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China;
2. Laboratories of Nonferrous Metal Material and Processing Engineering of Anhui Province,
Hefei University of Technology, Hefei 230009, China;

3. National-Local Joint Engineering Research Centre of Nonferrous Metals and Processing Technology,

Hefei University of Technology, Hefei 230009, China)

Abstract: In the operation of a fusion reactor, the tungsten-based material needs to withstand a certain number of
steady-state and transient-state heat load impact without cranking, melting and other damage. The damage behavior of
commercial tungsten under different test conditions was analyzed. The effects of modification methods, such as superfine
grain tungsten, alloying, doping carbide and rare earth oxides, on the heat load performance of tungsten-based materials
were discussed. The research on heat load damage of plasma tungsten-based materials was summarized and forecast.

Key words: tungsten based materials; plasma facing material; heat load; second phase doping; superfine grain tungsten
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