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Microstructure and properties of Cu-Mg alloys
processed by ECAP and subsequent annealing
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Abstract: The microstructures of Cu-Mg alloys used for high-speed railway contact wire were changed and controlled to
obtain excellent overall performance via equal channel angular pressing (ECAP) and subsequent annealing. The results
show that multi-pass ECAP at 200 ‘C makes the grain size of Cu-0.2%Mg (mass fraction) and Cu-0.4%Mg alloys
obviously refine, which significantly improves their micro-hardness and tensile strength while maintain their good
electrical conductivity and elongation. After annealing at different temperatures, the mechanical properties of the ECAP
Cu-Mg alloys are obviously declined but their electrical conductivity and elongation are increased. The Cu-0.4%Mg alloy
has better resistance of high temperature softening than the Cu-0.2%Mg alloy.
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Fig. 1 Schematic diagram of ECAP!”
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Fig. 2 OM micrographs of Cu-Mg alloy before and after ECAP processing
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Fig. 3 TEM images of 0.2Mg alloy processed by 16 passes of ECAP processing
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Fig. 4 OM micrographs of ECAP samples after annealing: (a) 0.2Mg-ECAP-16P-200 ‘C annealing; (b) 0.2Mg-ECAP-16P-300 ‘C

annealing; (c) 0.4Mg-ECAP-16P-200 C annealing; (d) 0.4Mg-ECAP-16P-300 “C annealing
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Fig. 5 Effect of passes of ECAP and annealing after ECAP on
microhardness: (a) Cu-0.2Mg alloy; (b) Cu-0.4Mg alloy
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Fig. 6 Stress—strain curves of Cu-Mg alloy subjected to
ECAP process

M7 ATLLE Y, 16 1 X ECAP 25 0.2Mg F10.4Mg
T2 200 F1300 CIRKJF, HAThrom i 18 ki
FEI T e i FRAEG, i AR e B A 1R (R T T i e
L ECAP % 0.2Mg 5 4:AHLL, ECAP %5 0.4Mg 544
IR K5 TR R AR T B AL s, BAT S AF ik
fhfg Sy, X455 5 ECAP FEZ B K5 (o fi i
(AR (b33
223 WIOJEH ST

2.3 =

8  AEMNTLAK Cu-0.2%Mg SFEHIH MK O SEM 4

BEH] Conform XA VEIR LS - K 8(b) T LA
20 4 TEUCECAP I, AR 1 R es RO W
N, S AR AT PITdss » X B R A AL )
4o MK 8(c)rTLLE Y, BRI L3 1 2 LU

600

(9

(=3

(=}
T

~
[
S
T
o

b

a—0.2Mg-16P-200 ‘C annealing
b—0.2Mg-16P-300 C annealing

Engineering stress/MPa
N W
S S
S 3
T T

100 ¢—0.4Mg-16P-200 C annealing
d—0.4Mg-16P-300 C annealing
1 1 1 1
0 10 20 30 40 50

Strain/%

7 ECAP 7 Cu-Mg 13 &R K IR N g — A% i 2%
Fig. 7 Stress—strain curves of Cu-Mg alloy subjected to

annealing after ECAP process

Fig. 8 SEM images of fracture surface of Cu-0.2%Mg samples after different processes: (a) Conform; (b) ECAP-4passes;

(c) ECAP-16passes; (d) ECAP-16passes-300 ‘C annealing
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Fig. 9 Relationship between conductivity of Cu-Mg alloy and

number of ECAP passes at different annealing temperatures
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