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1: sample; 2: quartz tube; 3: heating unit; 4: quadrupole mass 

spectrometer; 5, 6, 7 and 9: valves; 8: molecular pump;10: dry 

mechanical pump 
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Fig.1  Schematic diagram of the apparatus for thermal desorption 

experiment 
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Fig.2  Morphologies (a, c, e) and size distribution (b, d, f) of helium bubbles in ZrCo alloys changing with storage time: 

(a, b) 30 d, (c, d) 70 d, and (e, f) 175 d 
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Fig.3  Morphologies (a, c, e) and size distribution (b, d, f) of helium bubbles in Zr
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Fig.4  Helium thermal desorption spectra of implanted ZrCo and 

Zr

0.7

Hf

0.3

Co alloys after storage for 1 d and 175 d 

 

P?<��n��O�!À��8»ÌºxlW?�

8°±· 580~610 �·�N»a;���ÊUx

Zr

0.7

Hf

0.3

Co ����UwxC;��¼=Qµ¶�

He

m

V

n

��7no¬�_�6�|����÷-�s

½������P?�d1?|������U>��

C;��U´¾¦¬���£¤»�¬�U´��U

V���¼=Qµ¶�´ê��P?bW¿���·

700~800 ����ÊUx Hf vw Zr O���À¶�

lÁno���
H34�noÂO����� He

m

V

n

��7�_���oÌ½Íd���°±·��ob

WÃ�°±=Qf� 800 ����tN�����Ê

Ux ZrCo ��UwxC¬�´��U´�� He

m

V

n

��7no_��=Qµ¶��o��P?�d

Zr

0.7

Hf

0.3

Co��UwxC;�m°±=Qf� 800 �

no�U�¸7��6���{��U���P?b

�" 3 rst Zr

0.7

Hf

0.3

Co ������ ZrCo ���

´Ä@b 

Ñ�§ 1, 30, 70, 105 d�	 175 dO��2P?H

óÅ�x 500~650 �DIE.650~800 �DIIE	f�

800 �DIIIE3 è°±=Qc�ST8�[\©G=

Qc�P?��Ñ¼P?����°±Æ�Ç[\¼

=Qc��P?��b©G=Q¥
��P?���

�§6
���Âs 1b$%º»È'�Ê�2P?

<�C*=QRP?���<=¦�§6´�P?�

{�m���§?c6
O����*=c��P?

��aê�1?�)��§����U��¨¦¬�

��*=c�P?����bÍs 1��y\�ZrCo

� 500~650 ��P?��É�ÊË���� 105 da

ê� 56.1%�G6¹��\Æ°±��aê�É� 

� ��������	
��
�������	
���

Table 1  Change of thermal helium release fraction with 

storage time at different temperature ranges 

Thermal helium release fraction/% 

Material 

Storage 

time/d 

500~650 � 650~800 � 800~1000 � 

1 82.3 10.4 7.2 

30 83.5 6.1 5.5 

70 86.0 6.2 5.2 

105 56.1 25.6 16.9 

ZrCo 

175 57.4 26.6 15.0 

1 14.5 36.2 47.8 

30 21.7 37.6 39.4 

70 25.3 38.9 34.2 

105 41.6 33.1 24.5 

Zr

0.7

Hf

0.3

Co 

175 49.0 33.9 14.5 

 

*=c�P?��ÊË��ÊUx�U�¨¦¬��

¨¬�<=�Û9P?��dO�ÌÍaê���Ê

Ux�§?c6
O ZrCo����<=R� P?�

P? QÎÎ¬��U�¨¦¬� Q�&É*=c

�P?���Æ°±��z*bÏ[aÐ�Êqrs

t

[12,13]

����
����<=R��?è� P?

Ñ�¼� P?Ñ5� 1.5 a�Î¬� 105 d�{ÊU

x��a� He �������?@�Ì½���a

�����m�oC�
H�
H���m����

P?��bÒÓ��a� He ������?@�Ì

½�¢��?@��Ô)��£Õ§�� P?Ñb 

å����§ 1 d � ZrCo � Zr

0.7

Hf

0.3

Co ���

��©G=Qc��P?�����n�O��*=

c�P?��*[��df=c�P?��»f[�b

Ís 1¹�y\�Zr

0.7

Hf

0.3

Co����§6
z¦�

*=c�P?��ýÖ��.f=R�P?��ýÖ

aê�{��Ê�U�¨¦¬&É��G6¹��\

��Æ°±���§ÑD175 dE�+tN���{s

t<=�§�����Û9P?�êb 

�����
������	���
����

�LMÝP��]�P?O��s)�3R��

�£²U.×Ø��ZrCo 	 Zr

0.7

Hf

0.3

Co ��s)²

U3R	wx�ïÂ3 5bÍ3 5a � 5d ��y\Ð

�a�O��Ùs)+²U�¢�2� 1080 �no

�P?O�s)�oC�²U�£3 5b � 5e y4�

¨��oC�×Ø�£3 6a � 6b y4bG6¹�y

\�Zr

0.7

Hf

0.3

Co ��s)�o�²U�×Øwx�

ZrCo ;��£ ZrCo s)�o�²U@ð÷øx    

1.5 µm�d Zr

0.7

Hf

0.3

Cox 3 µmb²U�×Ø��;�

��ÊUx Zr

0.7

Hf

0.3

Co ���7¡)��´f��

�����ÊUxu�&��?@�Q"µ¶]�U

��¨!¦¬y&É�

[21]

b 

400      600     800     1000    1200 

Temperature, T/� 

12

8

4

0

H
e
 
I
o
n
 
I
n
t
e
n
s
i
t
y
,
 
i
�
/
1
0

-
1
1

 
A
 

I 

II 

III 

ZrCo-1 d 

ZrCo-175 d 

Zr

0.7

Hf

0.3

Co-1 d 

Zr

0.7

Hf

0.3

Co-175 d 



� 9�                             ����.ZrCop Zr

0.7

Hf

0.3

Co2
<>EN"p>bcdfg                    �2753� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  ZrCo; Zr

0.7

Hf

0.3

Co2
��c>��FG;�EUVv� 

Fig.5  Morphologies (a~d) and size distribution (e, f) of blisters on the surface of ZrCo (a, c, e) and 

Zr

0.7

Hf

0.3

Co (b, d, f) alloys before (a, b) and after (c, d) helium release 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  >cd� ZrCop Zr

0.7

Hf

0.3

Co2
����FG 

Fig.6  Morphologies of pores on the surface of ZrCo (a) and 

Zr

0.7

Hf

0.3

Co (b) alloys after helium release 

 

��������

1) ò�������a�D10 � 60 keVEk�

Zr

0.7

Hf

0.3

Co� ZrCo���a���x 2×10

17 

ion/cm

2

���� ZrCo ���Zr

0.7

Hf

0.3

Co ��U@ðwx´

;���§6
�z¦�Ð�ð��\�U��¨!

¦¬�Úb 

2) �� ZrCod²���§�ÑD1 dE�Zr

0.7

Hf

0.3

Co

�*=cDÛ650 �)�P?��´*�df=cD> 800 

�E�P?��´f�{st Zr

0.7

Hf

0.3

Co�����

� ZrCo���´Ä@�´¾�<=�§{|RP?�

�~�§6
�z¦�ZrCoC*=Q  (Û650 �)R�

P?��É�ÊË����§� 105 d 6ÌÍaê�

G6��\�°±Æ�aê�{��! ZrCo ���

�<=�§���� P?�`�d Zr

0.7

Hf

0.3

Co��

��§Ñ(175 d)��C*=Q(Û650 )� R�P?��

ýÖ��¢�°±Æ�ÜÝ©��{íÈ]

Zr

0.7

Hf

0.3

Co��D�´¼½�¾�)�b 

3) ��2P?��� Zr

0.7

Hf

0.3

Co� ZrCo��s

)ð&És)²U�×Ø���Cd²�À��wx

´;b 

 

����    References 

[1] Konishi S, Nagasaki T, Yokokawa N et al. Fusion Engineering 

and Design[J], 1989, 10: 355 

[2] Devillers M, Sirch M, Bredendiek-Kamper S et al. Chemistry 

of Materials[J], 1990, 2: 255 

a 

b 

3       4       5       6 

30

20

10

0

N
u
m
b
e
r
 
F
r
a
c
t
i
o
n
,
 
N
/
%
 

a 

c 

e 

b 

d 

f 

0.8      1.2     1.6     2.0 

Diameter, D/µm 

30

20

10

0

N
u
m
b
e
r
 
F
r
a
c
t
i
o
n
,
 
N
/
%
 



�2754�                                         ��
���!��                                            � 47� 

[3] Shmayda W T, Heics A G, Kherani N P. Journal of the Less- 

Common Metals[J], 1990, 162: 117 

[4] Penzhorn R D, Devillers M, Sirch M. Journal of Nuclear 

Materials[J], 1990, 170: 217 

[5] Devillers M, Sirch M, Penzhorn R D. Chemistry of Materials 

[J], 1992, 4: 631 

[6] Hara M, Kanesaka I, Watanabe K et al. Ann Rep Hydrog Isot 

Res Center Toyama Univ[J], 1994, 14: 85 

[7] Watanabe K, Hara M, Matsuyama M et al. Fusion Technology 

[J], 1995, 28: 1437 

[8] Lu Guangda(� n), Li Gan(¡ ¢), Jiang Guoqiang(£�

¤). Journal of Atomic and Molecular Physics(¥6!v6�

 �¦)[J], 2000, 17: 22 

[9] Guo Xiaomei, Wang Shumao, Liu Xiaopeng et al. Interna- 

tional Journal of Minerals, Metallurgy and Materials[J], 2012, 

19: 1010 

[10] Tan Gongli(§¨ ), Liu Xiaopeng(©ª«), Jiang Lijun(£

?¬) et al. Journal of Xi’an Jiao Tong University(­®¯°

a��¦)[J], 2007, 41(11): 1380 

[11] Peng Lixia, Jiang Chunli, Xu Qinying et al. Fusion 

Engineering and Design[J], 2013, 88: 299 

[12] Hayashi T, Amano J, Okuno K et a1. Fusion Technology[J], 

1992, 21: 845 

[13] Hayashi T, Suzuki T, Okuno K. Journal of Nuclear Materials 

[J], 1994, 2l2-215: l43l 

[14] Fan Ying, Tan Yun. Fusion Science and Technology[J], 2005, 

41: 71 

[15] Zhang Hongliang, Su Ranran, Chen Demin et al. Vacuum[J], 

2016, 130: 174  

[16] Peng Lixia, Rao Yongchu, Luo Lizhu et al. Journal of Alloys 

and Compounds[J], 2009, 486: 74 

[17] Stevens K J, Johnson P B. Journal of Nuclear Materials[J], 

1997, 246(1): 17 

[18] Wang Peixuan(±²³),Song Jiashu(´�µ). Helium and 

Tritium Permeation in Materials(��<M>;¶·@)[M]. 

Beijing: National Defense Industry Press, 2002: 16 

[19] Shang S L, Saengdeejing A, Mei Z G et al. Computational 

Materials Science[J], 2010, 48: 813 

[20] Zhang Jinchao, Wu Erdong, Liu Shi. Journal of Nuclear 

Materials[J], 2014, 454: 119 

[21] Xiang Xin(¸ ¹), Liu Kezhao (©º»), Chen Changan(¼

[®) et al. Rare Metal Materials and Engineering(��
�

��!��)[J], 2011, 40(2): 352 

 

 

 

Helium Bubble Evolution and Thermal Helium Release Behavior in ZrCo and 

Zr

0.7

Hf

0.3

Co Alloys 

 

Peng Lixia, Lai Xinchun, Jiang Chunli 

(Science and Technology on Surface Physics and Chemistry Laboratory, Jiangyou 621908, China) 

 

Abstract: Helium was introduced into ZrCo and Zr

0.7

Hf

0.3

Co alloys by mixed energy ion implantation. The evolution of helium bubble 

morphology with storage time was observed by transmission electron microscope (TEM). Results show that the average size of helium 

bubbles in Zr

0.7

Hf

0.3

Co alloy is smaller than that of ZrCo. The coalescence and growth of helium bubbles are observed in both of them 

with storage time increasing. The effect of storage time on the thermal helium desorption behavior was investigated by thermal desorption 

spectroscopy (TDS). Results show that in ZrCo alloy the helium release fraction in lower temperature range decreases sharply and the total 

helium desorption capacity decreases with the storage time reaching 105 d. While in the case of Zr

0.7

Hf

0.3

Co, the helium release fraction in 

a lower temperature range gradually increases and the total desorption capacity of helium is almost constant during the storage period of 

175 d. It indicates that Zr

0.7

Hf

0.3

Co alloy has more superior ability to contain helium than ZrCo alloy. 
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