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Abstract: Controllable fusion energy, with its advantages of safety, cleanness and abundant fuel source, is

considered one of the main alternatives for humans to solve the energy problem in the future. In a
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magnetic confinement fusion device, the high heat and particle flux released from high temperature plasma
would strongly interact with the plasma-facing components (PFCs). The interaction would damage the
PFCs and produce impurities that degrade plasma confinement. Meanwhile, the increased recycling of the
fuel particles trapped on the walls would affect the control of plasma density. The control of the
interaction between the plasma and walls is of vital importance to the achievement of long pulse plasmas
with high parameters. The research efforts in this area have mainly focused on the choice of suitable
plasma facing materials, effective treatment of PFCs surface, reduction of particle and heat flux released
from plasma, and increasing heat exhaust with the help of developing efficient cooling structures of PFCs.
After decades of research, especially in EAST superconducting tokamak in China, a series of great
advances have been made. The various wall materials, such as graphite, tungsten, beryllium and
molybdenum, have been studied; a few effective methods for wall surface cleaning and coating have been
developed; a variety of advanced methods to reduce the heat flux released from plasma have been
successfully explored; various structures of PFCs to increase heat exhaust have been designed and tested.
The results of these investigations have been successfully explored in EAST, effectively promoting the
achievement of the world record of high confinement mode plasma with long durations, more than 100 s.
The control of the interaction between plasma and walls is still facing big challenges for the future fusion
reactors with a high energy neutron irradiation, a much higher heat load and much longer plasma pulse
than that in the present tokamaks.

Key words: magnetic controlled fusion; interaction between plasma and walls; EAST superconducting tokamak
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Fig.1 Main load of high temperature plasma deposited on the

first wall materials in magnetically confined fusion device
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Tab.1 The main physical properties of typical solid first

wall materials and their advantages and disadvantages

B (Be) B (O) £ (Mo) A5 (W)
i P 4L 4 6 42 74
JFEE (amw  9.01 12.11 95.95 183. 84
190 200~500 138 140
(W/m + K)
155 (KD 1500 >>2500 (subl.) 2896 3605
) 1.5 0~4 1.8 1.5
(10" K1)
[H
1825 709 251 134
(J/kg *+ K)
g MR, R i — VAR TN
AT N Jib i & kiR 1k A A

MBS AE 1%: 899.5 1%: 1086.5 1°: 684.3 1% 770
(kJ/mol) 2", 1757.1 2™, 2352.6 2™, 1560 2", 1700

RRFIPE, MifAebdrE  E R
FEMR SHETER B.5%8T KK Rkt
Westehy (RS MR WE
JRORL A B
T ﬁ F#F/» b M
B K o I i & s ALK 4 o i

B (Be) 19 3= ZE A0 SRR 7P 50 3 R
W 8L BE 1 b AR B RE B R O IR0 T R A Ml A
Be 10 26 — BEAF B9 26 B A ISX-B'", UNITOR



% 9

HARGRELEFBE TR ZMAFRATLE L 1197

LR JET L JET $¢ & it 617 Be W B, K LA
LU 18] 49 93 A1 380 P 220 () 7K SF-. B S o 4 55 — BE b R}k
A% Be B, C 2% 0 4 FEAIG 5 i, 76 5 D R K bk o BR
G W W A N ) R - S NP S S T
Z.<<1.5, UL Be 55 8 7 1 %5 A% BR i 42 7. #E 2001
AEF 2004 4E K ATHY ITER B4R 4w B 951 A
ITER W55 —BEM B, Rl FHAM 2Z(5 5B T
PR PE L) R e 0 W SRR P SR T BT Be
A AR M AL TR B (1 560 K) W TE YA #4441
XoF T G S 2%, — i U T AR R A T
TR — e Bl e i LR BB (ELMs) F1%5 85 7 A
T 4 15| 2 19 3 W A 07 o7 T 1 JE8 U 0 i 5 — RE 1)
AL A AR TR BT S5 R AR Y 4 R AR AR A
WA R (HL, D, T, He) 1 51 8% 59 i ik (53 #1
PEBE (9 742 b, fif F0AE R AR HE oy N A2 B —
B -

& & (W) B BHELAT S 05 0 i VR IR ik
FREC AR S R, DL B AR AR R iy B S I
il BT A S A of ZR AR 2 v B A T S Y DX A B
TR B (PFM) L ITER B 28 5 2002575 9 It 1k %
PRL B 2 R T 45 K B 5 — RE Y 25 4 B A
AE. HAEG.EAST €3 of A ek i&, e | ITER-
like 254 (1 I £9 fR D8 75 U T E W00 A0 S 36 il 2R, 4
8 1 5 20 SR 9 R R 29 R (H-mode) 55 8§ 14
B RS B REN SR SR TIRERAR
FERABEE SO QIR B LT i 8 45t K 3 4F T 91

A7 $R 3R U S ) B S FF. A8 [ ) ASDEX-Upgrade
(AUG) " VRIER SR i JETUS 25 8, S B 1 4 48
o A R U A 032 AT, JET SE56 3 W, S2 00 )5 455 I 1
i FARB R B BB . 7E ITER B AT,
BB I IR AR T 2 o, [R) A, B9 BE R K2R Y
A B R BE TR AR A G, MR ORERLF SRR B BRI
20 5. 2016 4, DIII-D %& & 7E T i 51§ 75 19 A [F] 4% 7]
7B T A [ 42 2 3 [R] 5 3R A 40 A [R]85 3, LA
TF 5% 89 2% T 1) 4 35 R % 1 A DG i )L ik R Y
WEST 3 %8 HajC &5 1 ITER-like T 44 i U8 2%
T 0 A5 B ARSI I R 5 S T — A e
W/Cu monoblock 4544 F} 2%, F Z X H A ITER
AL Y P AR AR R ok o A B TR B SRR B W/
Cu monoblock TAEARNL , LA 32 HF ITTER #3 BE {4 i i
HAR AR, 4 b Bt 47 76 BH 0 e o5 B R R
PFM A i e 32 31 ok 5 45 55 5 14 5 R0 i A AR
VLS T 5 RSO R AR R L A R
FE 1 ARG B A o o 6B T B AR A D5 40, BV e
Z &8 55 B AR A 2 B = ARK (<S50 ppm) |
PR 2R ) AR R T ARSI R AR MU S R B
B RN iU U A DV R YA S e o
EXE NS E W Rk e e el
778k (Re) VBH (Ta) VB (Os) S A5 o6 &K L [F] B
AR R K 0 e AR TR (DBTT) F 6 L 4 IR
SR (RIS) 55 24 07 . 3 6 #B 7™ 5 52 Wi 24 b B 7E K
o SR AZ HE by

ITER-like
/4R IS AR

FEEAST

[F FRITER

2 HARBEERETHBE —EHMZNLITREH

Fig.2 Tungsten wall structures or model in various magnetically confined fusion devices
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Tab.2 The main physical properties of typical liquid first

wall materials and their advantages and disadvantages
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Fig.3 Photos of plasma discharge during flowing liquid lithium

limiter (FLiLi) operation,and structure drawings of FLiLi
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Fig. 4 The principle diagram of plasma

performance improvement by lithium
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Fig. 6 ICRF discharge cleaning plasmas under

vertical magnetic field in EAST
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Fig.7 Helical wave plasmas for discharge cleaning in EAST,
the helical antenna is shown in the top right corner
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Fig. 9 Effective control of tungsten and molybdenum impurities by real-time lithium injection,

and photos of plasma discharges w/o lithium injection
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