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Thermal Stability of Cu-Nb Microcomposite Wires
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Introduction

Because of their high mechanical strength and electrical conductivity, Cu-Nb microcomposite wires are attractive candidates for winding pulsed high field magnets. Fabrication of these wires requires heat-treatment at elevated temperatures, and the use of these wires in magnets subjects them to Joule heating. Both heat-treatment and Joule heating induce obvious changes in the microstructure and properties of Cu-Nb, which then affect the service-life of the magnets. We report our studies on the thermal stability of accumulatively drawn and bundled Cu-Nb wires annealed at various temperatures. Our aim was to gain a deeper understanding of the principles responsible for property changes during heat treatment. 
Experimental


The Cu-Nb wires for this study had been fabricated by the accumulative drawing and bundling (ADB) process. Using Scanning Electron Microscopy cross-section images of these wires, we measured the distance between the Nb ribbons embedded in the Cu matrix. Micro-scale Cu (M-Cu) occurs between Nb ribbons that are separated by more than one micrometer, sub-micro scale Cu (S-Cu) occurs between Nb ribbons that are separated by less than one micrometer, and nano-scale Cu (N-Cu) occurs between Nb ribbons that are separated by less than 100 nanometers. 
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Results and Discussion
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The Cu/Nb interface density (Sv= 21.6 cm2/cm3) of our Cu-Nb wires was high, resulting in high hardness and strength1[]
. Annealing up to 500 °C caused no significant change in hardness value (Fig.1), interface density (Fig. 2) or grain size
 ADDIN EN.CITE 
[1, 2]
. At temperatures higher than that, however, hardness decreased rapidly. The higher the deformation strain, the more rapid the decrease in hardness. Differential scanning calorimetry showed a broad exothermal peak from about 200 to 350 °C, indicating stress relaxation and recovery in M-Cu. This was followed by a steady exothermal increase from 500 °C, indicating partial stress relaxation and recovery in S-Cu, N-Cu, and Nb phase. In wires annealed at 800 °C, grain growth began to occur and lattice distortion relaxation decreased sharply, indicating that the wire had become less stable. At no point did we detect either precipitation or solid solution in wires annealed at any temperature. Because of the high density of interfaces between Cu and Nb, stress relaxation and recovery in Cu matrix occur at higher temperature than pure Cu. We concluded that the most important properties of this Cu-Nb wire remain stable at temperatures below 500 °C.
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Fig.1 Effect of annealing on hardness.





Fig.2 Effect of annealing on interface area Sv.








