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Table 1 Partial original parameters of the sample
W:Cu (mass ratio) Density/g-cm™ Cond/u\:[t.i(\;lilt.);{?EZS“C

Pure W 19.2

(50:50) 12.2 310~340
(70:30) 14.9 220~230
(80:20) 15.6 200~210
(85:15) 16.4 190~200
(90:10) 17.0 180~190
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Table 2 Parameters of W-Cu compound material and pure W

W:Cu (mass . . .
ratio) D, absorption Gas-driven permeation
Pure W ¢ 12mmx0.5mm 0.310mm, 773~973K
D»: 500 kPa, 773K D>: 100 kPa
50:50 ¢12mmx0.876mm  0.483mm, 773~973K
' Dy: 500 kPa, 773K D,: 100 kPa
70:30 ¢12mmx0.888mm  0.934mm, 773~973K
' D»: 500 kPa, 773K D»: 100 kPa
80:20 ¢12mmx0.832mm  0.887mm, 773~973K
' Dy: 500 kPa, 773K D>: 100 kPa
85:15 ¢12%0.846 mm 0.928mm, 773~973 K
' D»: 500 kPa, 773K D,: 100 kPa
90:10 ¢12mmx0.408mm  0.409mm, 773~973K
) D5: 500 kPa, 773K D>: 100 kPa
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Fig.1 SEM surface and fracture morphologies of pure W (a) and
W-Cu composites: (b) W-Cu(90:10), (c¢) W-Cu(85:15),
(d) W-Cu(80:20), (e) W-Cu(70:30), and (f) W-Cu(50:50)
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AT RGNS IE RN B . A HT &
FIHE I, MRS E ARG . X T 2085, thT4E 500 C
FEAENEIE RN, BB S AL, e
EARVB IR L S SRR 100 °Co B 3b %
T AW HADBT I H MK 20425 F, A E 1
HEEVEE N, 208983 AR LA 2 A ARG 2~3 A
g NABI S SR RE , AT S AT
A B B Wy ), B S T AT

JIT FH AR 5 ¥ 1) ml Sk

B 4 S AN v o & B 9 45 4 52 2 A BRI 2l 2 vh g
HURBU(D) 5 A0 6 R D) G 0 5 45 4
BRI SRR, B T2 A5 R W-Cu(50:50)
M B R B R K2 Ak, i LA N T 50% 10 8 4 5
BT BUR B A W R AR A . Al
HCRBOH L, S8 S5 MBI R E a8 & 5~6
ARG, X R BT S AR S AR R B O T
Z. WA, REMHEERESME, GHE 2y HusiE
P BT — 8o X UL, 8 0 % 1 B2 B Ak A
Py HOmE, 759 E AL

Bl SRR AR . VB AP B R B ) 1) 0%
R EER WML (S WNEP RIS H, £
T SE T R A ST G AR IR A S L AR 4 MR
TS i s 20 6X 107 mol-m™-Pa™’),
EAFTE RS, AR A ol 0] ) 0T 2 L P 8 K
Ko 1 B, BEAE R SEFEAC, BT A PR A B 2
@M —ME. XU, BEERERK, BEs
AR B R PR A, B 0 52 AR v [ 3 1 T IR 1
T 6 3R 3 ol P 22 ) /1

® O3B THE. MU A MRS IE T LG
(E) ¥Humthie (Eo) Miae (B, HpainisiE
ZH (P) § H Haishan Zhou %5 NRF5E 45 R0, iBi%
ILRERE, 3 R RHEERAHZEA KR, 7E 28.9 kl/mol

SE-4r = W-Cu(50:50)
Y=-4.2204+4.384 e W-Cu(70:30)
~ 2E-4 R=0.9774 A W-Cu(80:20)
o v W-Cu(85:15)
E ¥=-8.558X-1.056 -Cu(90:10)
a 6E—5 r R*=0.9519 .
Zh‘ Y=-4.345-5.630
B L R=0.9746
2 2E-5
é Y=-6.128X-4.170
= R=0.9973
A 6E-6T ¥=-6.362X-3.809
R=0.9539 A

1.00 1.05 1.10 1.15 1.20 1.25 1.30

b —e— Zakharov'"!
1E-7 —a— Benamatil'!
- —v— YuKi"?
qu 1E-8} —a&— This work
£ .
£ \ \\.
= 1E9¢ R
B e
= .
Z1E-10} ~ -~
£ v .
= T A
A —
1E-11f B
1E-12

0.8 0.9 1.0 1.1 1.2 1.3
Temperature,Tl/X 10° K

K4 8805 G M RN A0S T HOR BCS EE IARA R AR
Fig.4 Variation of the deuterium diffusivity of W-Cu composites

(a) and pure W (b)



« 226+ M EmMRS TR %50 %
LW 8940 52 G0 R I B 8 B0E 40 g B 2 b e 24

" Ca05T) /N OTURR S AR AL RE ) B S 3K, SRR R b R A
2 6E-8[ ¥=-1.806E-7X+2.38E-7 -Cu :
o < L Wecusono) /D, AR A AT B R AR R
M‘l' SE-8F 7=-1.308E-7X+1.68E-7 W-Cu(85:15)
E | £=0.9936 . W-Cu(‘)O;lO) 2.4 _\,*H Ha \?ﬁ’: E’] ,-‘\HR Bﬁ
E oo h Tk VAR RS AR S R ST R i&
= 3E_8_ ),;:ﬂ,.:;;ﬁl -8X+1.22E-7 L
el 7 7T S A 40 52 0 B I S e, A
£ 2E-8f
E ¥=-2.766E-8X+3.95E-8 (TDS)ﬁDE 6 F)?j—\‘o y\lg 6b 6f EF‘EAH:II E\n »*E’él-”-l E]/\J%I%
3 1E-8F #=09s570
° i J5 i LU AN [E], ARG i B X S 700 K F1] 800 K
100 105 110 115 120 125 1.30 2 TR, B U A A T A 0 T R 3
Temperature, 77 /X 10~ K SUNIINN e - — L
P RrA T, e b m] WA A5 4 52 5 ) vh 9 G A 3R A
Bl S S A MR A 5 T T A A 6 R FEACE AR E BU7 F R (90: 10) 14 it R 2 5t B L I Al
Fig.5 Variation of the deuterium solubility of W-Cu compound FERBEAL, Xolfe S5 MM EEA I, [, BT854
material (90:10) 4 7% - Je K, BT LA it vh R sy B o e fIG, JIE
W0 e KA 2Tk 1X 10" atom/(m*s™) . BEE 4 1) )7 &
#z3 i, BESESMRMENEZESH
Table 3 Permeability parameters of W-Cu compound material and pure W
Sample Temperature/K Po/mol-m™-s71-Pa®? Ep/kJ~mol'] Do/m>s!  EgkJmol!  Sy/mol-m?>-Pa®? EJ/kJ-mol™
Pure-W 873~1073 2.00x107 124.4 6.80x10° 111.9 2.90x107 12.5
W-Cu (50:50) 773~973 1.63x10° 102.2 1.25%1072 34.7 1.34x10™ 67.5
W-Cu (70:50) 773~973 4.80x107 98.4 3.59x107 35.7 1.34x10™* 61.7
W-Cu (80:50) 773~973 1.11x107 90.7 9.5x107 42.4 1.17x10° 48.2
W-Cu (85:50) 773~973 9.37x10° 129.2 1.55%107 51.1 6.05x10™ 78.1
W-Cu (90:50) 773~973 1.38x107° 116.7 2.22x107 53.0 6.22x107 63.7
Cu 873~1073 8.70x107 81.0 1.70x10° 46.3 5.12x10™ 34.7
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Fig.6 TDS patterns of pure W (a) and W-Cu composites: (b) W-Cu(90:10), (c) W-Cu(85:15), (d) W-Cu(80:20), (e) W-Cu(70:30), and
(f) W-Cu(50:50)
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Permeation and Retention Behavior of Deuterium in Tungsten-Copper Composites

Yan Jun'?, Ye Xiaoqiu®, Jiang Chunli®, Li Qaing’, Rao Yongchu®, Wu Jiliang”, Wang Xuefeng'?,
Chen Changan®, Chen Xiaohong'
(1. School of Science, Xihua University, Chengdu 610039, China)
(2. Institute of Materials, China Academy of Engineering Physics, Mianyang 621908, China)

Abstract: The permeation and retention of hydrogen isotopes in tungsten-copper composites were studied. The permeability, diffusion
coefficient, solubility and activation energy of deuterium in tungsten and tungsten-copper composites were obtained by gas driven
permeation and thermal desorption spectroscopy, and the permeation and retention properties of deuterium in tungsten-copper composites
were also analyzed. The results show that the permeability of deuterium in tungsten-copper composite material is 2~3 orders of magnitude
larger than that of pure tungsten, and the diffusion coefficient of deuterium in tungsten-copper composite material is 5~6 orders of
magnitude larger than that of pure tungsten. With the increase of copper content in the composite, the permeability and diffusion
coefficient of deuterium increase. The phase interface between tungsten-copper composites acts as a deuterium fast diffusion channel. The
solubility of deuterium in tungsten-copper composites is much smaller than that of pure tungsten, and the dissolution activation energy is
also larger, indicating that copper may have a weakened effect on the solid solution of deuterium in tungsten, which is consistent with the
conclusion that deuterium diffuses rapidly in tungsten-copper composites. The apparent retention of deuterium in tungsten-copper
composites is approximately 1 order of magnitude higher than that in pure tungsten because the deuterium trapped in the tungsten-copper
composites cannot be released in time due to rapid cooling in the gas absorption experiment.

Key words: W-Cu composites; deuterium; hydrogen isotope permeation; hydrogen isotope retention
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