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Table 1.  Heat treatment process parameters.

FHEHA /(K-min 1) R/ C LRI E] /h [ R /(K -min ')
ERi Rk > 400°%C, 15; < 400C, 20 1000 0.5 > 400°C, 20; < 400°C, FEYAH)
LR Kk > 400°C, 15; < 400°C, 20 1600 1.0 > 400°C, 20; < 400°C, KA
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Fig. 1. Laminated structure W-PFM scheme: (a) Schematic of laminated structure; (b) schematic of uniaxial stresses.
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Fig. 2. (a) Schematic diagram of the laminated structure

W-PFM sample; (b) physical diagram of laminated struc-
tured W-PFM sample.
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Fig. 3. The morphology of W foil and bulk W: (a;), (b;), (¢;) 0.05 mm, rolled, stress-free, and recrystallied W; (ay), (by), (c) 0.1 mm,
rolled, stress-free, and recrystallied W; (a3), (bs), (c3) 3 mm: rolled, stress-free, and recrystallied W.
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Fig. 4. Thermal damage morphology of laminated W and bulk W under different heat treatment processes: (a;), (by), (¢;) 0.05 mm,
rolled, stress-free, and recrystallied W; (ay), (by), (co) 0.10 mm, rolled, stress-free, and recrystallied W; (a3), (bs), (c3) 3.00 mm,

rolled, stress-free, and recrystallied W.
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(ag), (b), (cz) 0.10 mum, ALY, KN A FIFEE i W (ag), (bs), (c3) 3.00 mm, FLHI, L A FE28 i W

Fig. 5. Micromorphology of thermal damage area on the surface of W foil and bulk W under different heat treatment processes:
(a1), (by), (c1) 0.05 mm, rolled, stress-free, and recrystallied W; (ay), (bs), (cs) 0.10 mm, rolled, stress-free, and recrystallied W;
(a3), (bs), (c3) 3.00 mm, rolled, stress-free, and recrystallied W.
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Table 2. Surface roughness of the thermally loaded
region of the samples after experimentation.

0.05 mm/ 0.10 mm/ 3.00 mm/
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Fig. 6. Calibration of surface cracks of laminated W and bulk W under different heat treatment processes.
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Fig. 7. Evaluation parameters of surface crack damage of laminated W and bulk W under different heat treatment processes:

(a) Percentage of crack area; (b) average width of main crack; (c) surface damage factor.
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Abstract

The response of tungsten (W) to thermal shock loading, as the best candidate for plasma-facing material
(PFM), is an important issue in the research of future fusion devices. Under thermal loading, thermal
irradiation damage, including brittle cracking and fatigue cracking, occurs on the surface of tungsten based
plasma-facing material (W-PFM). In this work, a new scheme to suppress the thermal irradiation damage to W-
PFM, i.e. the laminated structure W-PFM scheme, is proposed. Thermal fatigue experiments of laminated
structure W composed of W foils with different thickness and heat treatment processes are carried out by using
an electron beam device. The samples are subjected to thermal pulses with a power density of 48 MW /m? for
5000 cycles. The results indicate that the crack damage to the surface of the laminated structure W decreases
with the decrease of the thickness of W foils under the same heat treatment conditions. The main cracks are
produced on the surface of laminated structure W after cyclic thermal loads have been all approximately
parallel to the foil thickness direction. Only the main cracks appear on the surfaces of W foils with a smaller
thickness, while crack networks develop on the surfaces of W foils with a larger thickness , in addition to the
main cracks with a larger width. In the rolled state, the laminated structure W has the lowest degree of surface
plastic deformation for the same thickness. The thermal fatigue crack damage to the surface is quantitatively
analyzed by using computer image processing software and analysis software, and scanning electron microscope
images of the thermal damage area are finally selected. It is found that the de-stressed state W has the smallest

crack area and the smallest number of cracks for the same thickness, indicating that the de-stressed state W has
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the strongest resistance to irradiation damage. The experimental results also show that in addition to the effect
of microstructure, both the uniaxial stress state and the crack-blocking mechanism of the laminated structured
W-PFM contribute to the improvement of its thermal fatigue performance.
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