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Tensile properties and anisotropy of ordered porous copper

PENG Zhen, YANG Tian-wu, LI Zai-jiu, LI Zhen-hua, JIN Qing-lin, ZHOU Rong

(School of Materials Science and Engineering,

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

Abstract: The ordered porous copper with cylindrical pores aligned in one direction was fabricated by the solid-gas
eutectic solidification process. The anisotropy of tensile properties and the porosity of ordered porous copper at room
temperature were investigated. In order to discuss the effects of porosity and tensile direction on ultimate tensile strength,
the stress concentration models were established. The results show that the tensile properties of ordered porous copper
depend on the porosity and tensile direction. As the porosity increases, the tensile properties decrease dramatically. The
anisotropy of porous copper shows that the tensile properties of ordered porous copper with 0°, 45° and 90° tensile
directions are the best, better and the worst, respectively. The experimental data are well consistent with the data from the
model. Through fractographic analysis, it is indicated that the ductile fracture begins at the inside walls of pores, and the
eventual rupture is due to necking during the tensile process.
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Fig.2  Pores morphologies of ordered porous copper:

(a) Vertical section; (b) Cross section
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Fig.3 Sizes (a) and macrophotographs in directions of 0° (b),
45°(c) and 90°(d) of tensile specimens (mm)
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Fig.4 Stress—strain curves of samples in different tensile
directions
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Fig.6 Tensile cross-sections of ordered porous copper with

different tensile directions: (a) 0°; (b) 90°
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Fig.7 Photographs showing grain structure with variable

porosities: (a) p=0.32; (b) p=0.48
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Fig.8 Schematic diagrams of stress concentration of ordered

porous copper in different directions: (a) Parameters

description and pore axis; (b) 0° direction; (c) 45° direction; (d)

90° direction

0-90" = O-O(l_p)3
045° = GO(I_P)H\/E
O'¢ :O_O(l_p)(1+25in¢)
9
9 0° 45 90
(10) P
¢
0° 45° 90°
(7) 0°
®)
90°  45°

®)
©))
(10)



1050 2011 5

12
120 e gyun 0°
« —0°
&£ 100 10
2
f‘n 80
5
E (7]
2 60
w
5
o 40 0°
o
£ 20
D 00
0 1 1 1 1 1 1
020 025 030 035 040 045 0.50 0.55 10(@) ()~ (c2)
Porosity
9
Fig.9 Data from stress concentration model versus 0°
experimental data
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Fig.10 Tensile fractographs of ordered porous copper tested in different directions (Pictures at upper right show corresponding

lower magnification fractographs): (a,), (ay) 0°; (by), (by) 45°; (cy), (c3) 90°
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