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Gradient-grained heterostructured Cu-Ni-Si-Cr alloy fabricated by
explosive welding: miicrostructure and mechanical properties
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Abstract: To overcome’ the strength-ductility trade-off in the large-size copper alloy components, it was proposed here to
construct gradient-grained layered heterostructure composite with single alloy by explosive welding. Three plates made of one
model Cu-Ni-Si-Cralloy with\coarse, medium and fine grains (corresponding to average grain sizes of 305 um, 144 pm, and 22
um, respectively) fwere“prepared by controlling the solution treatment and stacked into a three-layered composite through two
successive explosive welding processes. The microstructure, deformation behaviors, and mechanical properties of the composite
were systematically studied using optical microscopy, scanning electron microscopy, electron backscatter diffraction, and tensile
tests equipped with digital image correlation. The composite showed typical wavy interfaces accompanied by localized melted
zones and adiabatic shear bands, where the hardness all gradually reduced with the distance to each interface. Digital image

correlation revealed pronounced strain gradient and partitioning between the three layers and interfaces during tensile loading.
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The composite achieved a yield strength of 402.5 MPa, an ultimate tensile strength of 425.0 MPa and an elongation to fracture of
16.8%, the strength-ductility synergy of which was better than the traditional bilayer laminates composed of the similar copper
alloys. Further loading-unloading-reloading tests measured a hetero-deformation induced strengthening of 230 MPa for the
composite upon yielding. Utilizing the root mean square superposition rather than the simple rule of mixture, quantitative
strengthening mechanism analysis predicted a theoretical yield strength of 401 MPa, in better agreement with the experimental
value, and confirmed that dislocation strengthening contributed most due to the high-density dislocations introduced by the
intense impact and deformation during explosive welding, but hetero-deformation induced hardening was still an indispensable
strengthening contribution. Fracture analysis combined with fractography observation and digital image correlation clarified that
the significant deformation incompatibility between the different layers and interfaces drove crack initiation and propagation first
at the medium-fine grained interface. The relevant results demonstrate the better processability of the gradient-grained composites
for subsequent treatment, and can also provide guidance for design and optimization of heterostpucturéd materials fabricated by
explosive welding.
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Table 1 Material property parameters of copper alloy
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Fig.1 Weldability window for explosive welding
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Fig.2 Schematic diagram of tensile specimen, the gauge section contains both interfaces, with the middle layer centered.
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(a) Interface 1 (b) Inte%ﬁ 2
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Fig.3 Microstructure of composite plate 6%&
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(b) Interface 1, hi%magniﬁcation
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(c) Interface 2, low magnification & (d) Interface 2, high magnification
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Fig.5 IPF o % and Interface 2
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(a) Interface 1, low magnification (b) Interface 1, high magnification



