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Mechanical properties of single crystal copper and
polycrystalline copper during super plastic and cyclic deformation

GUO Ting-biao, DING Yu-tian, XU Guang-ji, HU Yong

(State Key Laboratory of Gansu Advanced Non-ferrous Metal Materials, Lanzhou University of Technology,
Lanzhou 730050, China)

Abstract: The mechanical properties of single crystal copper and polycrystalline copper were investigated by equal
channel angular pressing (ECAP) through two die channels with small angles (Die ) and larger angles (Die ), and on
route A and route Bc. The microstructures of extruded samples were observed with optical microscopy(OM) and scanning
electron microscopy(SEM), and the microstructures of single crystal copper during extrusion were analyzed by X-ray
diffractometry(XRD). The deformation behaviors of single crystal copper and polycrystalline copper during extrusion
were studied. The results show that the tensile strengths of single crystal copper extruded samples on route A increase
faster than those on route Bc, and the difference between them first increases and then decreases. The mechanical
properties of single crystal copper change quickly during extrusion with die . The microstructure of single crystal
copper has obvious orientational characteristics along the forcing spindle after several extruding passes. During extrusion,
the tensile strength of polycrystalline copper on route A increases more significantly than that on route Bc. With
increasing the extrusion passes, the uniformity of the two kinds of materials improves and the hardness increases, and the
mode of fracture changes gradually from ductile fracture to brittle fracture.
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Fig.1 Schematic diagram of tensile sample
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Fig.2 Schematic diagram of die structure: 1—Installation
board; 2—Location pole; 3—Location sheathing; 4—Outside
1 sheathing; 5—Inside sheathing; 6—Mandril location board;
7—Crest slab; 8—Upper moulding board; 9, 10—Bolt; 11—
1.1 Mandril; 12—Installation board; 13—Pin
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strength with different dies
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Fig.8 Schematic illustration of shearing of cubic element in
second pass through ECAP on routes A and Bc (The inserts
show distortions of the grains and the operative slip systems

when viewed on X, Y and Z planes): (a) Route A; (b) Route Be
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Fig.9 Microstructures of single crystal copper after ECAP:
(a) After 2 passes by route A; (b) After 6 passes by route Be
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Fig.10 XRD patterns of single crystal copper after ECAP:

(a) 0; (b) 1 pass; (c) 2 passes; (d) 4 passes
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Fig.11 Tensile fracture characteristics of polycrystalline copper after ECAP by route Be: (a) After 1 pass, fracture appearance;

(b) After 1 pass, dimple characteristics; (c) After 4 passes, fracture appearance; (d) After 4 passes, dimple characteristics
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