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Fig.2  Pore morphologies of bronze foams: (a) macro pore, (b) cell structure, and (c) microstructure in cell-wall 
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Fig.3  XRD patterns of bronze foams 
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Fig.4  Relation curve of pore former volume fraction and 

porosity of bronze foams 
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Fig.5  Microstructures of deformation bronze foams during compression at different strains: (a) 0%, (b) 5%, (c) 10%, (d) 15%, (e) 20%,  

(f) 25%, (g) 30%, (h) 35%, (i) 40%, and (j) 45% 
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Fig.6  Stress-strain curves of bronze foams with  different porosities (a) 

and different pore sizes (b) 

�}~������
{�½¾~ß& â~�

�
Á!ëìGibson-Ashby.`

[16]

b 

( )

pl ys

1

n

Cσ σ θ= −

                        (2) 

`H�σ

pl

|{�½¾~ß& �C�n|� �Ñ��

oí±�]C[îäÒ|0.53~0.75�n[î|1.5�σ

ys

|ïðÎ�
½¾Í��[îäÒÃ130~170 MPa#

����
~ß& í±�oa$7? # 

2.4  ���� 

n«�~��Ãôõ�DH?c�¹K
�³Ú

e�@ý�w�����AD¢� #�AD¢� 

�cñ§ò�i
����ôõ°�r&¬Aú?D

¢
�A�n«�~��Ãôõ�DH�AD¢� 

[¼(ôõ& -&¬�o�~ß½¾º
�i# 

m

0

( )dW

ε

σ ε ε=

∫

                        (3) 

`H�Wóc§ò�i�AD¢î�ε

m

|ôõ&¬�σ

óc& ���&¬ε
ö # 

$8H�o�iã÷¹bÃ°¯&¬;Ìº�b�

§ò�i����AD¢îX&¬øo��Ó
Á

!#®&¬|50%ú�§ò�i����AD¢îX

~��
�ÓùB_��|~��¤����
~ß

& ¤T�¤¥~ßºù��õú���~��O~

ß& 
÷ø�iT(~ßºù��wO&
& - 

0 10 20 30 40 50 60 70 80

0

10

20

30

40

 

 

S
t
r
e
s
s
,
σ
 
/
M
P
a

θ

A

=76.96%

θ

B

=82.28%

θ

C

=85.06%

θ

D

=88.66%

A

B

C

D

a

0 20 40 60 80

0

10

20

30

40

Φ

Α

=1.5 mm

Φ

Β

=2.0 mm

Φ

C

=2.5 mm

 

 

S
t
r
e
s
s
,
 
σ

/
M

P
a

Strain, ε /%

A

B

C

 b

0% 

5% 

10% 

15% 

20% 

25% 

30% 

35% 

40% 

45% 

a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

1 

2 

3 

1 cm 



� 1�                               �  ���CaCl

2

��	
��
������������                      �283� 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  ��
������� !"�#$%& 

Fig.7  Fitting curve of the plateau stress of bronze foams with 

different porosities 
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Fig.8  Energy absorption-strain curves of bronze foams with 

different porosities 
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Fig.9  Energy absorption efficiency-stress curves of bronze  

foams with different porosities 
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Fig.10  Ideal energy absorption efficiency-stress curves of bronze 

foams with different porosities   
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Microstructure and Mechanical Properties of Bronze Foams Prepared Using CaCl

2

 as 

Space Holder 

 

Xie Bo, Zhou Yun, Guo Kunshan, Zhong Hao, Zuo Xiaoqing 

(Kunming University of Science and Technology, Kunming 650093, China) 

 

Abstract: Open cell bronze foams were fabricated by sintering and dissolution process (SDP), with bronze powder as the starting material 

and calcium chloride as the space holder. The bronze foams with porosity ranging from 70% to 90%, and cell size from 1 to 3 mm were 

produced by varying the volume fraction and the size of the space holder. The relation between the volume fraction of the space holder and 

the porosity of bronze foams was investigated, and the effects of porosity and pore size on the mechanical properties of bronze foams were 

also studied. The pore structure, phase composition and microstructure of bronze foams were analyzed. The results show that plateau stress 

of bronze foams increases with the decrease of porosity, and it is in the range from 12.6 to 2.6 MPa with the porosity between 77% and 

89%. The energy absorption per unit volume (W) of bronze foams with the porosity between 77% and 89% is in the range of 6.21~0.91 

MJ/m

3

 when the strain is 50%. The maximum ideality energy absorption efficiency is about 0.82. All the results indicate that the bronze 

foam is a kind of energy absorption material. 

Key words: bronze foam; CaCl

2

; powder metallurgy; mechanical properties 
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