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ABSTRACT Ultrafine-grained (UFG) and nanostructured (NS) materials have attracted considerable interest
due to their special microstructure and mechanical properties. Severe plastic deformation is one of the optimum ap-
proaches to fabricate bulk, dense and contamination-free UFG and NS metallic materials. However, high density of
dislocations and unstable microstructure were usually induced in these UFG and NS metallic materials, resulting in
poor tensile plasticity and fatigue properties. In this study, bulk UFG and NS Cu-Al alloys were successfully pre-
pared via friction stir processing (FSP) with additional forced water cooling. FSP Cu-Al alloys exhibited uniform
recrystallized microstructure with equiaxed ultrafine grains, and the grain sizes reduced gradually as the stacking
fault energy (SFE) decreased. Abundant nano-twin layers formed in the ultrafine grains of FSP Cu-Al alloys with
low SFEs, which further refined the ultrafine grains and NS microstructure was achieved. The strength of the FSP
Cu-Al alloys increased clearly with decreasing the SFEs due to the gradually refined microstructure, but the uni-
form elongation increased initially and then decreased in the Cu-Al alloy with the lowest SFE.
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Fig.1 EBSD microstructures of friction stir processed
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for FSP Cu-Al alloys
(a) Cu-0Al  (b) Cu-10Al  (c) Cu-15Al
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Fig.4 TEM microstructures of FSP Cu-Al alloys
(a) Cu-0Al  (b) Cu-10Al (Inset shows the SAED
pattern of nano-twin)  (c, d) Cu-15Al
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i AH L, FSP Cu-Al 4 4 1 5 B (2 4 iy, BT
G245 BE I FSP Cu-15Al £ 4 11 it AR 5 5 8 ikl
TRAS I AL A A

LR LA AR B, FSP Cu-Al A 4 1 7 i %
W 5 F&AIC, FSP Cu-0Al, Cu-10Al 1 Cu-15Al [#1344]

1200

() f a: CG Cu-0Al  d: FSP Cu-0Al
b: CG Cu-10Al e: FSP Cu-10Al

1000 - ¢: CG Cu-15Al  f: FSP Cu-15Al
g
2 gool
0
0
2
B 600 |
j=2
£
[
2 400t
=)
f=4
w

200
O L L a\ L
0.00 0.04 0.08 0.12 0.16 0.20
Engineering strain

1200

1000 |-
& 800}
s
P
8 6001
3
]
E 400t

200 |
0

i . . . .
0.00 0.04 0.08 0.12 0.16 0.20
True strain

B 5 #15(CG) M FSP Cu-Al 4 4 FIRL A g i 25
Fig.5 Tensile curves of coarse grained (CG) and FSP
Cu-Al alloys
(a) engineering stress-strain curves
(b) true stress-strain curves
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