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Fig. 1 True stress—cumulative strain curves of pure Cu and
Cu-30%Zn alloy deformed by multi-directional compression at

300 K
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Fig. 2 Optical microstructures of pure Cu (a) and Cu-30%Zn

alloy (b) after solid solution treatment
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Fig.3 Optical microstructures of pure Cu at different cumulative strains: (a) Xe=0.4; (b) Ze=1.2; (c) Ze=2.4; (d) Ze=6.0
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4 Cu-30%Zn & AEA A BN T )G ARZ N
Fig. 4 Optical microstructures of Cu-30%Zn alloy at different cumulative strains: (a) Ze=0.4; (b) Ze=1.2; (c) Ze=2.4; (d)
2e=6.0

5 20 Cu AN RN AL R A K] TEM BAIATIE
Fig. 5 TEM images and diffraction pattern of pure Cu at different cumulative strains: (a) Xe=0.4; (b) Xe=2.4; (c) Xe=6.0; (d)
Selected area diffraction pattern (SADP) of (c), (d) at crystal zone-axis of [110]
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Fig. 6 TEM images and diffraction pattern of Cu-30%Zn alloy at different cumulative strains: (a) Ze=0.4; (b) Ze=2.4; (c) Z&=6.0; (d)

Selected area diffraction pattern (SADP) of (c) at crystal zone-axis of [110]
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Fig. 7 Tensile curves and changing curves of
normalized hardening rate with true stress and of
pure Cu and Cu-30%Zn alloy after different
cumulative strains: (a) Tensile curves; (b) 6—¢
curves, Cu-30%Zn; (c) 0—0, Cu-30%Zn; (d) ¢,
pure Cu; (e) 6—o, pure Cu
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Fig. 8 EBSD and Kernal average misorientation maps of pure Cu annealed at 150 ‘C for different time after MDF deformation at

Ye=2.4: (a) EBSD map, 300 s; (b) KAM map, 300 s; (¢) EBSD map, 1000 s; (d) KAM map, 1000 s
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Fig. 9 EBSD and KAM maps of Cu-30%Zn alloy annealed at 300°C for different time after MDF deformation at £e=2.4: (a) EBSD

map, 100 s; (b) KAM map, 100 s; (c) EBSD map, 1000 s; (d) KAM map, 1000 s
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Table 1 Kernel average misorientation distribution, dislocation density and stored energy of pure Cu and Cu-30%Znalloy after

isothermal anneal
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Fig. 10 Distributions of misorientation angles of pure Cu
after annealing at 150 ‘C for 300s (a), 1000 s (b) and

Cu-30%Zn alloy after annealing at 300 C for 1000 s (c)
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Fig. 11 Distributions of rotation axis with rotation angle of
38.9° (a) and 60° (b) in Cu-30%Zn alloy after annealing at
300 ‘C for 1000 s and X&=2.4 (tolerance is +0.5°)
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Effect of stack fault energy on grain refinement of
Cu alloy during room temperature deformation and
subsequent annealing

L1Yi', ZHANG Xiang-kai', HE Ke-jian?, YANG Xu-yue'*

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Institute for Materials Microstructure, Central South University, Changsha 410083, China;
3. Nonferrous Metal Oriented Advanced Structural Materials and

Manufacturing Cooperative Innovation Center, Central South University, Changsha 410083, China)

Abstract: The high stack fault energy (SFE) pure Cu and low SFE Cu-30%Zn (mass fraction) alloy were deformed by
multi-direction forge (MDF) at room temperature and subsequent annealed. The grain refinement during MDF
deformation and subsequent annealing was observed by OM, SEM/EBSD and TEM techniques, and the tensile
mechanical properties after MDF deformation of different cumulative strains (Z¢) were measured by an Instron-type
mechanical testing machine. The results show that, in the process of MDF, with the decrease of SFE, the grain refinement
mechanism of Cu alloy changes from traditional continuous recrystallization (¢cDRX) refinement to twin segment
refinement. In the process of MDF, true stress-cumulative strain (o-X¢) curves of both materials present the characteristics
of steady flow. When X¢>2.4, Cu-30%Zn alloy with lower SFE is still hardening slowly, but pure Cu is only hardening
in the period of Z¢<<2.4. When X¢ is increasing, grain refinement of Cu-30%Zn alloy with lower SFE is more evident
than that of pure Cu: when Z¢=2.4, almost all grains in Cu-30%Zn alloy are ultra-fined grains (UFGs), this is formed by
the twins intersection and grain fragment of twins in it, while in pure Cu, UFGs are locally distributed. Moreover, the
degree of distortion and tensile strength after MDF deformation of Cu-30%Zn alloy are much larger than those of pure
Cu. After MDF deformation at Xe=2.4, the recrystallized grains in Cu-30%Zn alloy with lower SFE are much smaller
than those in pure Cu during annealing because of the big defect density, like stack fault, and more nuclear sites for
recrystallization in Cu-30%Zn alloy.

Key words: Cu alloy; stack fault energy; grain refinement; deformation twin; recrystallization
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