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Table 1 Main parameters of Plasma Sprayed tungsten

coating

Plasma parameters Value
Plasma gas Ar/L min 35~45
Plasma gas H/L min™ 10~20
Spraying power/kW 40~50
Spraying distance/mm 200~300
Chamber atmosphere Ar
Chamber pressure/kPa 20

TEH BN Fvk s, B, 1977 454, -1, mISE%, M TR, 1075 #J1 221000, HiE: 0516-83201551, E-mail: flchong2008@163.com



+ 1766 -

WA & RMRS TR

i 45 %

RLN T.4%, HALBE S AiBAs, EEELPLE 0.1~1 um,
WK 1R o TSR TR e T 890 ORISR A
AT SH P % 1) 236 A 5 M 3% 2% AL RS B 340 A 1) =
Bl o Ho fE NS BT ARI8, A5 1 K/ BB 5 kL
IEWFERE, Hy MM/ DR FER RS, &
e SERRE R AL, B HBLR Gk T H B
EREH . Ar JLE R T K AT, 2 5 m kT
DURRE X b 23 2 B 77, BRI Ar i 2 A FL A
AR, [EI Ar R IR R SRR A S IR =TT
BUBARE 2= A BOLHF OO E =ik N iR E
TR L 80 Wim K 78RR I Bl e iRk 2 5 2
e G omE )y 45 MPa, H WL b T8/ 4E i = 5
A He AR FLRAL s VR IR ) IR B 7 e kAT A PR I
AT 100 N, FE8:10 s, F—EEHRE 5 45,
SR JE SRAZ B RS o th T3 B S AL A A S,
DA BR AR B S S5 R R e, U 2 1 R A B B 7 1) R
HARUEEYE, OK{E A 315 MPa, f/MiE N 240 MPa.

I FH H 7 R A A A S0 ST 5 AT R T X A A
MR S26, 4 40 WICU B S 3 G Wit sk 2 B
TNo HLTOREEIET AN 20 cmX 20 cm, Sz i R o iR
A Ak I 20 AR AR R B . B3R (direct
cooling )W/Cu # it #0530 mm X 30 mm X 24 mm,
M oA — N EAA 10 mm KAEE, 3FHEKIEE
20 C, /KU E 10 m/s, Wik 2 s . (8] 7K ¥ Cindirect

°
o
=
5

0.010¢t

/
/i

Log Differential Intrusion/mL-g'1

0.005}
°®
o® .
0.000 - Al -
001 0.1 1 10 100

Pore Size Diameter/um
1 WREALRSm

Fig.1 Pore size distribution of VPS-W coating
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Table 2 W coating samples and condition of heat

flux tests
Thickness/ Heat flux Pulse/ Cooling
Sample 2 . .
mm /MW m™ interval/s condition

Wo 1.0 10 200/300 100 Direct
w1 0.6 7.5 30 1 Indirect
w2 0.8 7.5 20/600 3 Indirect
W3 1 5 300 1 Indirect
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Fig.3 Surface damage evolution SEM images of W coating (WO0) with the direct cooling: (a) 0 cycle, (b) 5 cycles,

(c) 20 cycles, (d) 50 cycles, (e) 100 cycles, and (f) local magnification of Fig.3e
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Fig.4 Cross section damage evolution SEM images of W coating (WO0) with the direct cooling: (a) the surface,

(b) the original cross section, (c) 5 cycles, (d) 20 cycles, (e) 50 cycles, and (f) 100 cycles
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Fig.5 Temperature distribution of W coating (WO0) under the

fatigue tests
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Fig.6 Damage evolution SEM images of VPS-W coatings with the indirect cooling: (a) W1 surface, (b) W2 surface,
(c) W2 interface, and (d) W2 edge
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Fig.7 Temperature evolution of W/Cu module with the heat

load time increasing
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Fig.8 Thermal stress analysis of W/Cu module: (a) under the direct cooling and (b) under the in-direct cooling
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Damage Evolution of Tungsten as Plasma Facing Material for Fusion Device
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Abstract: Tungsten (W) coating plasma facing material (PFM) was fabricated on the copper (Cu) substrate by a plasma spraying technique,
and the properties of the coating were characterized, including the coating porosity, the theoretical density, the bonding strength between
tungsten coating and copper substrate, the thermal conductivity, and the Vickers micro-hardness distribution. And the damage evolution of
the tungsten coatings with both of the direct and in-direct cooling condition was also investigated. The results indicate that the failure of W
PFM with the direct cooling is attributed to the delamination between the lamellar layers, not the surface damage. The damage evolution of
W PFM is as follows: the columnar crystals grow up, micro-cracks appear between the lamellar layers, then the lamellar layer delaminates
and finally W PFM fails. But under the indirect cooling, the heat flux performance of W PFM is limited to 7.5 MW/m?, while that of the
direct cooling W coating is 10 MW/m?. The main failure behavior is W coating detachment from Cu substrate, which is induced by Cu
melting.

Key words: tungsten coating; plasma spraying technique; fusion
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