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Cu-Ag Composite Solidified Under High Magnetic Field

Followed by Cold Drawing
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Introduction

Ag precipitates in Cu matrix strengthen Cu-Ag alloy if the spacing between the precipitates are sufficiently small. In order to refine the spacing between Ag precipitates, we applied 12-T External high magnetic field (HMF) during the solidification processing of Cu-28 wt%Ag alloy. HMF applied during solidification modifies the microstructure of the alloy by suppressing natural convection of the melt and producing a thermoelectromagnetic convection. The microstructural evolution was investigated in both as-cast and as-drawn Cu-Ag samples. The strengthening mechanisms were established to explain the enhancement in strength under HMF in terms of solid solution strengthening, precipitation strengthening, and texture strengthening. 
Experimental 

Sealed Cu-Ag samples were placed in the center of a vacuum resistance furnace under a high-field superconducting magnet, which can generate a magnetic field up to 12 T at the center of a Φ100 mm cold bore. The samples were heated to 1323 K with a heating rate of 5K/min, held for 40 mins for homogeneity, then cooled to room temperature with the average rate of 15 K/min. During the solidification process, we used magnetic field of 0-T and 12-T to investigate the influence of high magnetic field on the solidification structure.
Results and Discussion


HMF during solidification of Cu-28 wt%Ag alloy increased the dendrite arm spacing, and trapped additional Ag in proeutectic Cu, but it reduced the eutectic lamellar spacing and the spacing between Ag precipitate particles. The Cu dendrite spacing of as-drawn Cu-28 wt%Ag composite after solidifying with 12-T HMF was larger than that without HMF, which was inherited from the as-cast microstructure. The additional Ag trapped in Cu matrix with the application of 12-T HMF increased the nucleation rate of Ag precipitation, consequently decreasing the Ag precipitation spacing. The strength was increased in Cu-Ag composite that was solidified under a 12-T magnetic field followed by cold drawing because of the refined Ag precipitation spacing (Fig. 1). The strength of Cu-Ag alloy consists of five portions (Fig. 2). Among those portions, precipitation strengthening and the strength of eutectic component increase with increasing deformation strain. The precipitation strengthening accounts for 70%-79% of the total strength in later deformation stage.
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	Fig. 1  Measured (solid lines) and calculated (dashed lines) values of the strength at various deformation strain.

	Fig.2 Schematic illustration of strengthening effect from

individual strengthening parts in Cu-Ag alloys. σ0Ag and σ0Cu are the strength levels of pure Ag and Cu, respectively.
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