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R A 2022-12-17 EEHE: 2024-02-06 Abstract: As a safe and sustainable clean energy,
EETE. B 5T kPR 002 o % 5 A8 T k% 99 (2022 YFEO3 controllable thermonuclear fusion energy is an ideal energy
140000, 2022 YFEO3 140004, 2019YFE03120002) 5 [1 5 to meet the needs of human beings in the future. At pres-
FAARE A 2E G PR (MUK 205 A fEE A T H (5202010
S014) 5 [ 5% F AR BE A Sk G2 1T 1 BB 0T H (51474083, them, the design and manufacture of the divertor target
51672065 ) 5 [H 5 i it RE VBT M B S HR " %2 BHIH 51 plate, an important component in the nuclear fusion device
B HE M H (B18018) is one of the key problems that need to be solved urgently to

E—1EE. REM, B, 196244, #%, L4 S0 realize the stable operation of the nuclear fusion reactor.
The divertor target plate is the most intense area of plasma

ent, the engineering and commercial application of nuclear
fusion energy still faces many technical problems. Among
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BIAEE . WESE. 4. 1981 4F4 . HHF. WAk S bombardment. It is subjected to huge particle irradiation
' C ' ' ' with high flux and high thermal load impact. Besides, the
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divertor undertakes the main heat removal function of the to-
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Therefore, the research and development of divertor target materials with excellent performance is a key step to promote nuclear

fusion research to practicality. At present, metal beryllium, carbon-based materials and tungsten-based materials are the main

three divertor target materials. This paper discusses the selection and research progress of these materials, comparing and ana-

lyzing the advantages and disadvantages of various materials used in the divertor target plate as well as the existing technical

problems. The aim is to provide a reference for promoting the design and manufacture of the divertor target plate.

Key words : nuclear fusion energy; metal beryllium; carbon-based material; tungsten-based material; divertor target

plate material
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Table 2 Basic properties of several divertor target materials (600 C) [19]

Property Graphite CFC Be w
Atomicity 6 6 4 74
Melting point/°C — — 1284 3420
Density/ (g cem™) 1.8~2.1 1.8 1.85 19.25
Thermal conductivity
oo 90~300 100~400 96 176
/(W-m— -K)
Thermal expansion
. 4 4.5 1.5 18.4 4.5
coefficient/K
Elastic modulus/GPa 8.2~28.0 11.3 200 370
Operating temperature/ C RT~2000 RT~2000 RT~ 1000 RT~1000
Self sputtering rate/( 1000 °C ) >1 >1 <1 >1(>100 eV)
Hydrogen retention capacity/%  >1(irradiation) >1(irradiation) <1 —

Good ability to withstand high tem-

peratures; low quality and radiation

Advantages .
g loss; mature technology and rich op-
erational experience
Reduced lifespan, severe T reten-
L tion; serious wall pollution; radiation
Inferiority

induced changes in thermal conduc-

tivity

Strong O, inspiratory ability; low
quality and radiation damage ; mature
technology and operational experi-
ence; T retention phenomenon is

lower than carbon

Low melting point and high vapor
pressure; high sputtering rate and
toxic; characteristics of beo coating
are unknown; radiation embrittle-

ment

Strong radiation damage and melting
caused by thermal overload; the
hazards of the melting layer are un-
known; high temperature recrystalli-
zation embrittlement; high activity

and strong radioactivity

Low sputtering rate and high threshold
energy; chemical etching is small;
good application prospects; tritium re-
tention is small; the integration tech-

nology is relatively mature

Notes; CFC represents carbon fiber-reinforced composite, T represents tritium, RT represents room temperature
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Fig. 7 Sectional view of the vacuum chamber of thermonuclear experimental reactor showing the beryllium first wall and the tungsten divertor (a) (9] ;

schematic diagram of a module units made from a first plasma facing wall and a shielding block, and the modules are numbered from 1

(inside) to 18 (outside) (b) ™7, high performance tungsten copper part for experimental and advanced superconducting Tokamak’s upper

divertor target plate (c) [14], schematic of the temperature dependence of W properties, the grain structure of worked W, and the temperature

distribution of a mono block divertor of fusion reactor (d) [60]
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Fig. 8 Cross-sectional TEM images of irradiated tungsten with a helium ion flux of 1. 1x10* m™(a) (e8] , schematic diagram of the formation

process of fibromorphic nanostructure tungsten under helium ion irradiation (b) (9] the microstructural evolution of W under irradiation at

constant temperatures of 293, 773, 1073, 1273 K (c¢) (70]
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Fig. 14  Stress-strain curves of tungsten based materials at 600 °C [106]
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