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Strain strengthening of Cu-Ag alloy in situ filamentary composites

NING Yuan-tao, ZHANG Xiao-hui, WU Yue-jun

(Kunming Institute of Precious Metals, Kunming 650221, China)

Abstract: Cu-10Ag and Cu-10Ag-Ce alloys in situ filamentary composites were prepared. The relationships of the
ultimate tensile strengths (UTS) and microstructure evolution of the filamentary composites were studied. With
increasing true strain, the sizes of Ag filaments in the composites decrease according to a negative exponential function of
the true strain. The UTS of the composites increase also according to a exponential function of the true strain. The
two-stage strengthening mechanisms were discussed on the evolution of microstructure during deformation process: at
low true strain stage, the strengthening mechanism is mainly one caused by the working hardening controlled by
dislocation increasing; at high true strain stage, the strengthening mechanism is mainly one caused by the super-fine Ag
filaments and large coherent interfaces between Ag filaments and Cu matrix. The rapid solidification and trace Ce
addition in the alloys obviously refine the sizes of original Ag precipitate in cast alloys and Ag filaments in the in situ
composites, and therefore obviously increase the strain strengthening rate of the Cu-10Ag alloy in situ filamentary
composites. As the true strain is 10.4, the average size of Ag filaments are about 140, 90 and 80 nm, and the ultimate
tensile strengths are 1 250, 1 370 and 1 430 MPa in the Cu-10Ag alloys solidified slowly or rapidly, as well as in
Cu-10Ag-0.05Ce alloy, respectively.
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Fig.1 Microstructures of as cast CA1(a), CA2(b) and CA3((c), (d)) alloys
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Fig.2 SEM images of Ag filaments in Cu-10Ag alloys at different true strain stages: (a) CA1 alloy, £=2.95; (b) CA2 alloy, £=2.95;

(c) CA3 alloy, e=2.3; (d) CA2 alloy, e=7.1
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Fig.3 Relationships of Ag filament diameters vs true strain in

Cu-10Ag in situ filamentary composites

LR 59 BE £ BATHIRIA AR Cu AR W SE 5 £ 5
XN, KWK Cu-10Ag JRLLLF4E S Ak
Ag P4 Cu BEAARA W E ML IFI (111, /
(111) 5y (220)cu’/ (220)ag, [110]cy// [110]a, %5 3H5 51
[T AH G FR

22 Cu-10Ag A& RAHESMRIBN TR

5 7K Cu-10Ag & & 57 R 452 A AR )
BRBUHLHRE(UTS) H LN AR ()08 R AT FLIL AR
R, S B S ARER EUE K, JF H CA1 HiT CA3
Gt CA2 &R T B E i N AR SR R o RGN
B, CA2 G4 s & T CAL I CA3 54 1Em
MNAFRYBE, CA1 FI CA3 A4 T CA2 &
o KT 5 A R Al 2 AR AR AR B BORI e AR B B AR
DIk, PIDIZEMIAE miaT MR BB i 4 BRI R epe 1]
LA € CA1 1 CA3 5421 &,=8.5, CA2 H 4211 £,=9.0.

4 Cu-Ag &R AT EMRHIE ST B BHR

Fig.4 TEM images and Kikuchi line in Cu-10Ag in situ filamentary composites: (a) Dislocation cells at e=4.25); (b) Ag filament (4)

and Cu matrix (B) at €=9.8; (c) Kikuchi line in Cu matrix at ¢=9.8; (d) Electronic diffraction pattern between Ag filament (4) and Cu

matrix (B) at &=9.8
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