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Fig.2  Microstructures (a, b) and element distribution (c) of diffusion welding joint of B

4

C/Al neutron absorbing material heated 

by pulse current 

50 µm 

BM 

HAZ 

TMAZ 

Retreating side 

Advancing side 

Nugget 

5.0µm 

2.5µm 

2.5 µm 

a 

B

4

C/Al 

0.8~1.0 µm 

Ti 

Map 

TiAl alloy 

10 µm 

Map 

Al 

Ti 

Si B 

b 

c 

5.0 µm 

Macroscopic 

morphology 

of weld 



4362                                          SG®=>2.5                                           � 49� 

������������

�����/012�

��[n~�����=����k%JK�

�� 8+=�æ»=>=����ã·!���

©���JKlÆ�¬º#ÉÊ��ij���

§�����JK! 

éêëÕÖ	� Gaohui Wu&'()

[40,41]

�í©

�%\��h�cd!��� GdÍ�) B

4

C/Alk%

JKøù� B

4

C uvw9����) B

4

C/Al ���

�2��=k%JK�å2! 

 �«l�í���\�¸ij´���/

#��+���/γ1åA�± 8�¥¦k%JK�

jk�"
 3°#�
 3a��/#���(B

4

C- 

C

f

)/Al k%JKjk��
 3b ����/γ 1å

(B

4

C-W)/Al�k%JKjk�! 

�����3412�

�� B

4

C/Al ���JKøù B

4

C uvw9� 

 

 

 

 

 

 

 

 

¯ 3  À?ÁÂ`a=> 

Fig.3  Dual function shielding material: (a) (B

4

C-C

f

)/Al and 

(b) (B

4

C-W)/Al 

]=��JK����28�=���JK�å

228�)��í$-���JK�UË��Y�

=k%JK�C�28!
 4� B

4

C/Al���JK

©
·ü»giíî�34�%R<Ã! 

�´�= B

4

C/Al���JK�å2C�28�

ijC¨çk%JK�&"'y(UË�©=w9

B

4

C/Al���JK��ôõ�¨��Y�=��

�ìJ�å2C�28�ijíîZUË"
 5°#!

���UËk%JK©ijYá�8¬·ü-�! 

�M'y(¨çUË�Â`� �«lÉÊ:i

j´U)*çXUË�"
 6°#

[42]

!�UË���

�JK©
üTUá��¬á��·ü+gi-

��·ü+gi-�á�B

4

C uvÆdbc2»W�

28�=�B

4

C uvw9Lë ø���d!�UË

R�FGMijëøS�uvw9Lë+ø���

)�k%JK�&"ij<,JK+~�-JKA! 

 

 

 

 

 

 

 

 

 

 

¯ 4  B

4

C/Al�Z[\=>ÃÄÅÆ�5�Ç'ÈÉ 

Fig.4  Edge cracks of B
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Fig.5  Preparation process of sandwich structured B

4

C/Al neutron absorbing material 

10 µm 

a 

20 µm 

W particles 

b 

B

4

C particles 

a 

b 

400 �, 10

-2

 Pa 

Welding 

Aluminum box 

Mixed powder 

Vacuum 

pump 

Pressure 

500 �/60 min 

Lower punch 

Roll 

Pressure 

600 �/60 min 

Plate 

460 � hot rolled 

Al 

B

4

C/Al 

Al 

Upper punch 



� 12�                               "#$ª9F`ag�Z[\=>��«¬2�©                            4363 

 

 

 

 

 

 

 

 

 

 

 

¯ 6  �Í¬ B

4

C/Al�Z[\=>¡¢ÎÏ¯ 

Fig.6  Schematic diagram of ring-shaped B
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Fig.7  Schematic diagram of laminated B
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Abstract: Cadmium (Cd), boron (B) and some rare elements possess a large thermal neutron absorption cross section, which have a wide 

application prospect in the field of nuclear shielding neutron absorption. In the present paper, the types of neutron-absorbing materials 

currently used for wet storage of spent fuel in nuclear power plants were summarized and the advantages and disadvantages of these 

materials were discussed. The research progress of B

4

C/Al neutron absorbing material, and the merits and demerits of different preparation 

methods were presented. Besides, the connecting methods of neutron absorbing material were introduced, especially the advantages of 

friction stir welding and diffusion welding in fabricating metal matrix composites with high particle contents. Composition and structure 

design of neutron absorbing materials were analyzed, and future nuclear shielding neutron absorption material was prospected. 

Key words: neutron absorption; B

4

C aluminium matrix composite; shielding material; joining methods 
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