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Table 1 Different process treatment routes

Processing routes Abbreviation Processing parameters
Solution treatment SS 1000 °C x 0.5 h
Solution treatment + aging treatment SS + AT 1000 °C x 0.5 h+475°C x1 h
Solution treatment + aging treatment + cold 1000 °C x 0.5h+475°Cx 1 h+93.3%
SS + AT + CR
rolling CR
Solution treatment + aging treatment + cold 1000 °C x 0.5h+475°Cx 1 h+93.3%
SS + AT + CR + 450 °C x 15 min
rolling + annealing treatment CR + 450 °C x 15 min
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K1 ARLEAER Cu-Cr-Zr & 4 B0

Fig.1 Microhardness of Cu-Cr-Zr alloy treated by different manufacturing processes.
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Fig.2 Variation of tensile strength, elongation to failure and electrical conductivity of Cu-Cr-Zr alloy treated by different

manufacturing processes.
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Fig.3 Variation curves of hardness and hardness ratio of heterostructure Cu-Cr-Zr alloy with temperature. (a) Microhardness

variation curve, (b) Microhardness percentage variation curve.
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Fig.4 Variation curves of mechanical properties and electrical conductivity of heterostructure Cu-Cr-Zr alloy at the softening
temperature

(a) Stress-strain curves, (b) Electrical conductivity variation curve
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Fig.5 TEM micrographs of Cu-Cr-Zr alloy. (a) SS+AT+CR, (b) SS + AT + CR + 450 °C X 15 min



K6 SFisif Cu-Cr-Zr &4 (SS+AT+CR+450 °CX 15 min) 7EHALIEEE R TEM B
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Fig.6 TEM images of heterostructure Cu-Cr-Zr alloy after softening. (a) Microstructure, (b) Annealing twins, (c) Recrystallization,

(d) Precipitates
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Fig.7 (a) Bright field TEM micrographs of Cr precipitate, (b) Cu element, (c) Cr element, (d) Zr element
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Fig.8 EBSD images of heterostructure Cu-Cr-Zr alloy after softening. (a) IPF map, (b) Recrystallization map, (¢) Grain orientation

distribution map, (d) Frequency distribution map of Fig. (b)
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Fig.9 Schematic diagram of heterostructure Cu-Cr-Zr alloy softening performance regulation mechanism
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Effects of cold rolling and annealing processes on the softening

behavior of heterostructured Cu-1Cr-0.1Zr alloys
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Abstract: In recent years, heterostructure design has emerged as an effective approach for synergistically
optimizing the strength and electrical conductivity of copper alloys. However, the lack of systematic research
on their high-temperature softening behavior has restricted their application in high-temperature
environments. In this work, a heterostructured Cu-1Cr-0.1Zr alloy was fabricated via cold rolling and
annealing. Through combined microstructural characterization, mechanical property testing, electrical
conductivity measurement, and softening temperature determination, the effects of cold rolling and annealing
on the softening behavior and microstructure of the heterostructured Cu-1Cr-0.1Zr alloy were systematically
investigated, and its underlying high-temperature anti-softening mechanism was elucidated. The results
demonstrate that the heterostructured alloy achieves a synergistic enhancement in comprehensive properties,
with a tensile strength of 695 MPa, an electrical conductivity of 71.2% IACS, and an elongation to failure of
12.5%. Moreover, it exhibits excellent softening resistance, with a softening temperature reaching 535 °C.
This remarkable anti-softening capability originates from the synergistic effect of high-density hetero-
interfaces and nano-precipitates, which collectively suppress dislocation motion and recrystallization,
thereby effectively retarding the softening kinetics. This work provides a novel strategy for developing

copper alloys that integrate high strength, high electrical conductivity, and excellent thermal stability.
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