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Work-softening mechanism of Cu-Cr-Ti-Si alloy
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Abstract: The Cu-Cr-Ti and Cu-Cr-Ti-Si alloy ingots were melted in the atmosphere, and then treated
with hot rolling-solid solution-aging-cold rolling process. Microstructure and properties of alloy after
cold rolling with different deformation were studied. The microstructure of the alloy after cold rolling
was analyzed by using OM, electron backscatter diffraction, X-ray diffraction and transmission
electron microscopy. The results show that when the deformation ¢ is greater than 80% , the hardness
of Cu-Cr-Ti-Si alloy is decreased. Such phenomenon does not occur in Cu-Cr-Ti alloy. With the
increase of deformation, the proportion of low angle grain boundaries in Cu-Cr-Ti-Si alloy is
decreased, and the increase of dislocation cells and sub-grains leads to slight decrease of dislocation density.
Since no re-crystallization was observed, recovery is responsible for work softening. By analyzing the
microstructure before cold rolling, it is found that Si can refine the alloy grains, resulting in smaller
grains of Cu-Cr-Ti-Si alloy than Cu-Cr-Ti before deformation. More grain boundaries per unit area
provide more energy storage at nucleation sites for recovery during deformation of the alloy.
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Table 1  Actual chemical compositions of
alloy (mass fraction/ %)
Alloy Cr Ti Si Cu
Cu-0. 35Cr-0. 055Ti 0. 35 0. 055 Bal

Cu-0. 32Cr-0. 059Ti-0. 017Si 0.32 0.059  0.017 Bal
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Fig. 1 Hardness of Cu-0.35Cr-0. 055Ti and Cu-0. 32Cr-
0. 059Ti-0. 017Si alloy subjected to different

degrees of cold-rolling reduction
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Fig. 2 Microstructures of alloys before cold rolling

(a)Cu-0. 35Cr-0. 055Ti; (b) Cu-0. 32Cr-0. 059Ti-0. 017Si
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Fig. 3 Metallographic structures of Cu-0. 35Cr-0. 055Ti alloy (1) and Cu-0. 32Cr-0. 059Ti-0. 017Si alloy (2) with different
(a)30% 5 (1)60%;(c)80% ; (d)90%

degrees of cold-rolling reduction
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Fig.4 Grain boundary diagrams of Cu-0. 35Cr-0. 055Ti alloy (1) and Cu-0. 32Cr-0. 059Ti-0. 017Si alloy (2) with different
(2)30% 5 (b)60%; ()80 % ;(d)90%

degrees of cold-rolling reduction
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Distributions of grain boundary orientation difference with different degrees of cold-rolling reduction

(a)Cu-0. 35Cr-0. 055Ti; (b) Cu-0. 32Cr-0. 059Ti-0. 017Si
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Fig. 6 TEM images of Cu-0. 35Cr-0. 055Ti alloy (1) and Cu-0. 32Cr-0. 059Ti-0. 017Si alloy (2) with different degrees of cold-rolling reduction
()0%;(b)60%; ()80 % ; ()90 %
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Table 2 Dislocation density of alloys after cold

rolling with different deformations

Dislocation density/10"m™2

¢/ % Cu-0.35Cr-0.055Ti  Cu-0. 32Cr-0. 059Ti-0. 017Si
30 1. 8383 5.1379
60 4. 8602 6. 2547
80 4. 8917 5. 8442
90 5. 0680 4. 8631
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