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Fig. 1 Interface morphology and EDS chemical composition
analysis of gold cladding copper wire after diffusion-annealing:
(a) Interface morphology; (b) EDS chemical composition

analysis
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Fig. 2 Surface SEM images of drawn gold cladding copper micro-wires: (a) True strain 0.4 for d 0.90 mm; (b) True strain 1.6 for
d 0.50 mm; (c) True strain 4.8 for d 0.10 mm; (d) True strain 5.8 for d 0.06 mm
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Fig. 3 SEM images of cross and longitudinal sections of drawn gold cladding copper micro-wires: (a), (b) True strain 0.4, d 0.90
mm; (¢), (d) True strain 1.6, d 0.50 mm; (e), (f) True strain 4.8, d 0.10 mm; (g), (h) True strain 5.8, d 0.06 mm
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Table 1 Average thickness of gold layer and cladding ratio of

drawn gold cladding copper wires

Diameter/ True Average thickness of  Cladding
mm strain gold layer/um ratio/%
0.90 0.4 19.2 10.8
0.50 1.6 13.5 11.1
0.10 4.8 2.4 10.7
0.06 5.8 2.0 10.5
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Fig. 4 Longitudinal metallographs of copper core in
annealed and drawn gold cladding copper micro-wires: (a)
Annealed wire, d1.10 mm; (b) True strain 0.4 for d0.90
mm; (c) True strain 2.5, d0.32 mm; (d) True strain 3.5,

d0.19 mm; (e) True strain 4.8, d0.10 mm
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| and drawn gold cladding copper micro-wires: (a) Annealed

wire, d1.10 mm; (b) True strain 0.4, d0.90 mm; (c) True

strain 1.6, d0.50 mm; (d) True strain 3.5, d0.19 mm,; (e¢) True
strain 4.8, d0.10 mm
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Fig. 6 Misorientation angle distribution of copper core in annealed and drawn gold cladding copper micro-wires: (a) Annealed wire;

(b) True strain 0.4; (c) True strain 1.6; (d) True strain 3.5; (e) True strain 4.8; (f) Numbers of high-angle grain boundary and

low-angle grain boundary
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Fig. 7 Microstructure evolution of gold layer in annealed and
drawn gold cladding copper micro-wires: (a) Annealed wire for
d1.10 mm; (b) True strain 0.4 for d0.90 mm; (c) True strain 1.6
for d0.50 mm
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Fig. 8 Misorientation angle distribution of gold layer in annealed and drawn gold cladding copper micro-wires: (a) Annealed wire;

(b) True strain 0.4; (c) True strain 1.6; (f) Numbers of high-angle grain boundary and low-angle grain boundary
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Fig. 9 Mechanical property changes of gold cladding copper
micro-wire with the true strain: (a) Tensile strength and

elongation to failure; (b) Nano-hardness
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Fig. 10 Changing curves of electrical conductivity of gold

cladding copper micro-wire with true strain
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Evolution of microstructure and mechanical properties of
gold cladding copper micro-wire during drawing

JIANG Yan-bin"2, GUO Si-jin', XIE Jian-xin"2

(1. Key Laboratory for Advanced Materials Processing, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Laboratory of Metallic Materials and Processing for Modern Transportation,

University of Science and Technology Beijing, Beijing 100083, China)

Abstract: A method of rotary forging-drawing-diffusion annealing-drawing was proposed to produce d0.06 mm gold
cladding copper micro-wire. The evolutions of the microstructure, mechanical properties and electrical conductivity of
the micro-wire during drawing were studied. The results show that the prepared gold cladding copper micro-wire exhibits
the smooth surface, good Au/Cu bonding interface, gold layer with an average thickness of 2.0 um and cladding ratio of
about 10.5%. During drawing, when the true strain increases to 2.5, the microstructure of the copper core changes from
equiaxed grains of the annealed wire to fiber grains, and the number of low angle grain boundary increases significantly.
The tensile strength of the composite wire increases from 235 MPa of the annealed wire to the maximum of 451 MPa,
while the elongation to failure decreases from 49.5% of the annealed wire to 1.2%, and the electrical conductivity
decreases from 100.00%(IACS) of the annealed wire to 98.3%(IACS). When the true strain increases to 3.5 and 4.8, the
dynamic recovery and dynamic recrystallization occurs in the copper core due to deformation heat generated during
drawing, the number of low angle grain boundary reduces while the number of high angle grain boundary increases. At
the true strain of 4.8, the tensile strength of the composite wire is 439 MPa, the elongation increases to 3.0% and the
electrical conductivity decreases to 94.5%(IACS).

Key words: gold cladding copper micro-wire; drawing; interface; microstructure; property
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