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Abstract: Nuclear fusion can generate electricity by using enormous energy released by hydrogen isotopes, deuterium and
tritium fusion reactions. Nuclear fusion energy is not only the Chinese dream but also is the dream of mankind. And one of
the key problems is the development of plasma facing materials( PFMs) . Because the plasma facing components ( PFCs) face
extreme conditions, such as high levels of neutron irradiation, a high heat flux of energetic particles, sputtering erosion, and
transient events like plasma disruptions, the comprehensive servicing performance of PFMs is closely related to the safety
operation of fusion devices. The serving condition of PFMs in CFTER is much more harsh than that in current fusion device,
so it is a big challenge for future PFMs. Tungsten is selected as the prime candidate for PFCs due to its melting temperature ,
high thermal conductivity, high neutron load capacity, low tritium retention and low sputtering yield. However, pure W
exhibits serious embrittlement in several regimes, i. e. , low-temperature embrittlement (relatively high ductile-brittle transi-
tion temperature DBTT ), recrystallization embrittlement and radiation embrittlement, as well as the surface crack and
melting under high thermal load, which will be not suitable for the future advanced fusion devices. Therefore, it is very

important to reveal the irradiation damage mechanism,
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hydrogen/helium effect and boundary strengthening by

HSWE, FH50 4% HESLT( No. 2015GB112000) ; simulation, as well as to develop new W based PFMs.
B 5 T B (2017YFA0402800) s % Focusing on the above issues, in recent decades, many ef-
FOREL S 3 4 Ve BT I (11575241, 51771184) forts have been devoted to improving the strength and ductility of
Sk, Wk W, W 197744, M. IQJ;’EEE'F'W W alloys by developing new W alloys such as oxide dispersion
BIRAEE . XA, B, 1966 4EE, o, 11 LE500, strengthening and carbide dispersion strengthening W alloy,

Email; csliu@ issp. ac. cn whose some properties were improved compared with pure W. In

. 10. 7502/j. issn. 1674—-3962. 2018. 05. 01 which , bulk W-0. 5wt% ZrC alloy developed by Institute of Solid
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State Physics, Chinese Academy of Sciences, has better performance, which is a very promising candidate PFCs for the

future fusion devices. Therefore, this paper reviews the R&D experience, including simulation for designing, microstructure

and servicing performance of W-0. Swt% ZrC alloy. The further research direction of this material as well as the strategies for

R&D of other PFCs with high performance are proposed by comprehensive analysis and summary.

Key words: nuclear fusion plasma facing materials; W-ZrC alloy; mechanical properties ; thermal shock resistance ; plas-

ma irradiation resistance; outlook
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Fig. 1 Tllustration of the annihilation paths induced by the thermally-activated interstitial emission(IE) near >5(210)/[001] in W (a), the anni-

hilation energy barrier is marked on the path, the annihilation path is given by connecting the initial positions to the final positions of the atoms
involved, the atoms with displacements less than 0.5 A are considered to be immobile during the annihilation, the large green sphere represents
a self-interstitial atom(SIA) trapped at the GB; Energy landscapes for V-SIA annihilation (b), the energy of the system prior to annihilation

acts as reference; Snapshots for the annihilation process near the GB (c¢~j)
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Fig. 2 Representative snapshots of the single SIA and SIAn near the GB from MD simulations at 300 K within one nano-second: For the single SIA,

SIA, and SIAg, three frames of the animation are presented, e. g. the snapshots at t1, t2 and t3 for the SIA, the results near the pure and a

SIAn-loaded X5(3 1 0) GB, respectively (a) and (b), the motion snapshots of the STA, SIA, and SIA¢ near the pure and SIAn-loaded ¥ 113

(870), respectively (¢) and (d), the results near the intrinsic dense region of > 113 (8 70) (e); In (a~e), the GB position is indicated

by the pink colored dashed line, atoms are colored according to their potential energy, atoms with the energy deviation from the bulk energy value

less than 0. 1 eV are not shown, the green circle marks the SIA after it is absorbed by the GB or the surface, in (a) and (c), the pink colored

arrow directed towards the vacant site at the GB illustrates the trapping of the SIA by the GB, in (b), (d) and (e), the pink colored arrow that

is along the main axis of the SIA and directed towards the surface indicates the reflection of the SIA by the GB in the subsequent evolution, in

(a) and (b), axes X and Y are along directions [ 1 50] and [3 10], respectively for £5(3 10) GB, while in (c~e), are respectively along

directions [ 7 gO] and [8 70] for X 113(87 0) GB
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Fig. 3 Fraction of the survived vacancies (Vs), V-clusters (Vn) and
self-interstitial atom clusters ( SIAn) in pure W (a) and in a
nano-W system (b) as a function of temperature, the system
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