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C¤³t�´L�Lu�?45µ¶·¸¹º»

�¼KLu�?45(W-Cu: 90:10)½¾¿À| 100 

mm×100 mm×0.5 mm#Á�&ÂgYÃ¨Ä�?v½

¾¿À| 100 mm×100 mm×1 mm#ÁK¶Å�#Á¿

À�ÆÇÈ�ÇÉ�12 mm�ÊÁ�´L�ËÌ¶Å

��12 mm×0.5 mmÊÁ�¿À�a�ÍÎ±ÏÐÑ 1

³ÒK 
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ÜØ+¿À��ÝÞPßàPáâãäPåæãäP

ç12èéêK¿À��ÝÞßàØ�ëìíîïÔ

ð�×�C¤��¿ÀM3±ÏÐÑ 2³ÒK 
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Table 1  Partial original parameters of the sample 

W:Cu (mass ratio) Density/g·cm

-3

 

Conductivity at 25±

/W·(m·K)

-1

 

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

2

 absorption Gas-driven permeation 

Pure W 

�12 mm×0.5 mm 

D

2

: 500  kPa, 773 K 

0.310 mm, 773~973 K 

D

2

: 100  kPa 

50:50 

�12 mm×0.876 mm 

D

2

: 500  kPa, 773 K 

0.483 mm, 773~973 K 

D

2

: 100  kPa 

70:30 

�12 mm×0.888 mm 

D

2

: 500  kPa, 773 K 

0.934 mm, 773~973 K 

D

2

: 100  kPa 

80:20 

�12 mm×0.832 mm 

D

2

: 500  kPa, 773 K 

0.887 mm, 773~973 K 

D

2

: 100  kPa 

85:15 

�12×0.846 mm 

D

2

: 500  kPa, 773 K 

0.928 mm, 773~973 K 

D

2

: 100  kPa 

90:10 

�12 mm×0.408 mm 

D

2

: 500  kPa, 773 K 

0.409 mm, 773~973 K 

D

2

: 100  kPa 

 

ñò�|�Óóôõßàöï�
÷øçùÕÃ�

3�ú¿Àûü^ü 10

-5

 Pa�;ýþ­�� 10 �/min

������R��� 2 hØ·��	

[9]

Kl<
��

���üLu�?45ru��m�|
�um;�­

N×�úLu�?45����R§| 973 K�´L�

���Rf�|&�n��R�­� 1273 KK 

|Ñ�¿ÀmC¤�`������st� Siron

��îU���2���(SEM, ��V: 2 nm�i��

�: 15 kV�
 ��V: 126 eV) �!�¿ÀmC¤�

`�Ñ,W"#��K 

|��$C¤`¿À�%&'(�st� XUÆ

)U*+à | Cu, XUÆ-�./0R| 20°~90°1�

+��Ø�¿À��� XUÆ)U�$K 

1.2  
������� 

´LWLu�?45�¢£C¤m�& ¡¢£

C¤23�45KC¤��Rf�mLu�?45��

�R67�8�ø�
9��.�¢£:;+573~ 973 

K1�¢£C¤��3�yf� 100 kPaK¢£23Ò�

<W¢£C¤M3�Bm=±>�`�A{?@

[10]

K 

1.3  
��������� 

|�©ªLu�?45r.�\]¨�����

&�AC¤WBØ��¥¦ (TDS)C¤K�&�AC

¤�m;��A23����úCDE�¿Àûü	


dr�Fýþ^ü 10 Pa��Øm	
drAG 500 

kPa.��øm 723 K�R­�H 4 h

[11]

KI¢£C¤

�nJKF�.�mLu�?45r�¢£m 30 min

��L�M?�N�O(¢£�Pñ 4 h ���=�

Q�.�RS¢£�¿À8aK�&�AC¤nTØ�

U��		
dØ�VWú¿ÀXÍ����¥¦C

¤K�¥¦C¤�m;ýþ-�Y	
23���

[12]

K

mýþ^ü 10

-5 

Pa �'(­�� 20 �/min ����

V�ú¿À��� 1273 K�&Z¥¦:;�[:Ã 

*C�\]K 

2  ����	 

2.1  SEM�� 

< 1��� SEM�!��Lu�?45W´L�

Ñ,W^,K��ÝÞPßàP��Ø�´LÑ,j

|_`�E�!�abPcdwÑ,ÕÃKI"#�

�=�KÍ�´L"#�ef�g8^,KILu�

?45�Ñ,��=��!��BuÃ¨Ä�hi�

¿ÀÑ,jFjkl�u��mno9pqhi�L

Wu�Z�9��&rKBsu�Ã¨Ähi�Lu

�?45�"#�g8pq�|t8�u´Lv^,

&Ä�Lu�?45qqÍDt8"a�twK 

2.2  XRD�� 

< 2�¿À��Ø XRDC¤nJKm 41°P58°P

74°W 87°�)U0¦x��!�´L�+1101P+2001P

+2111P+2201�,)UyKm 44°P51°W 75°�)

U0¦x��!�u�+1101P+2001W+2201�,

�)UyKLu�?45rz��ÉLu�ò�&x

&�{ËÌ	|�LWumLu�?45rRSg}K 

2.3  �� !��"#$��%& 

< 3 |gYÃ¨Ä�Lu�?45W´Lr.¢

£V(P)u�R~Ï��×�2<K< 3a=�KÍ� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ 1  =>?@67H{= SEM ¶Aw�H·¸¹º 

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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µ 2  =>?@67H{=A XRD µZ 

Fig.2  XRD patterns of W-Cu composites and  

pure W 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ 3  =>?@67H{=2_FGb�§jA
nlf 

Fig.3  Variation of the deuterium permeability of W-Cu composites (a) 

and pure W (b) 

 

gYu�¨?v�¢£V�m9�k�KBsu�¨

�hi�45�¢£VhiK+ü´L��üm 500 �

��L�¢£Vjó�¢£:;���$�³�L�

�¾¢£�RÄLu�?45; 100 �K< 3br��

����u&x���./�´L¢£V�m&Y�

�R678�´L�¢£VÄLu�?45S 2~3 �

Ï¨�KI´L�C¤nJFK����u&x��

����Ï��j|�?

[13-15]

�{����C���

³t./#$�=�8K 

< 4 |gYÃ¨Ä�Lu�?45W´Lr.�

�2Ï(D)u�R��×�2<

[13-15]

K.mLu�?4

5r���2ÏÑ9�ù�Lu�?45 W-Cu(50:50)

���2Ï9�ji�ò�uÄ�óü 50%�Lu�

?45���2Ïz�9���×��Ku´L��

�2Ï&Ä�Lu�?45���2ÏÄ´L; 5~6

�Ï¨��{Ñ9.mLu�?45r������

�P�i�{uLu�É�?45��������

��$�eK{9�9�Lu�Ì(���úÉ|.

�U������l �H¡K 

< 5 �¢�}�RP¢£VW��2Ï�Z��

2q£���}�R+S1KI<r=��Í�m&Y

�R­Lu�?45�}�RÄ´LS 4 �Ï¨�

(³q£Í´L�}�R¤| 6¥10

-4 

mol·m

-3

·Pa

-0.5

)K

��
����}�RøgBu�Ã¨Ä�hi¦h

iK¦��Bs�R§S�Lu�?45�}�Rí

¨¨Ìx���K{�9�Bs�R§S�Lu�?

45���V§S�Lu�?45rY}�.P��

¦©ª«É�k¬­óK 

Ñ 3 ®n�LPuWLu�?45�¢£¯×


+E

p

1P��¯×
+E

d

1W}�
+E

s

1�&ru�¢£

±Ï+P1°· Haishan Zhou0����nJ

[16]

KI¢£

¯×
FK�3 ±45�Ï�&kgi�m 28.9 kJ/mol 
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Fig.4  Variation of the deuterium diffusivity of W-Cu composites 

(a) and pure W (b)  
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Fig.5  Variation of the deuterium solubility of W-Cu compound 

material 
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Table 3  Permeability parameters of W-Cu compound material and pure W 

Sample Temperature/K P

0

/mol·m

-1

·s

-1

·Pa

-0.5

 E

p

/kJ·mol

-1

 D

0

/m

2

·s

-1

 E

d

/kJ·mol

-1

 S

0

/mol·m

-3

·Pa

-0.5

 E

s

/kJ·mol

-1

 

Pure-W 873~1073 2.00×10

-7

 124.4 6.80×10

-5

 111.9 2.90×10

-3

 12.5 

W-Cu (50:50) 773~973 1.63×10

-6

 102.2 1.25×10

-2

 34.7 1.34×10

-4

 67.5 

W-Cu (70:50) 773~973 4.80×10

-7

 98.4 3.59×10

-3

 35.7 1.34×10

-4

 61.7 

W-Cu (80:50) 773~973 1.11×10

-7

 90.7 9.5×10

-3

 42.4 1.17×10

-5

 48.2 

W-Cu (85:50) 773~973 9.37×10

-6

 129.2 1.55×10

-2

 51.1 6.05×10

-4

 78.1 

W-Cu (90:50) 773~973 1.38×10

-6

 116.7 2.22×10

-2

 53.0 6.22×10

-5

 63.7 

Cu 873~1073 8.70×10

-7

 81.0 1.70×10

-6

 46.3 5.12×10

-1

 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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Fig.7  Deuterium retention in W-Cu composites 
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Permeation and Retention Behavior of Deuterium in Tungsten-Copper Composites 
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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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