Cryogenic severe deformation influence on the structure of copper.

The metallurgical phenomena that occur during severe plastic deformation (SPD) are a current research topic which gains much interest in the international scientific community. There is an opportunity to perform SPD at liquid nitrogen temperature. Such deformation will allow to achieve smaller grain size, which in turn may impact on strength. The goal of this work was the study the microstructure development in 99.9% copper during severe plastic deformation at liquid nitrogen temperature. Initial submicrocrystalline structure was prepared by two methods: i) by warm isothermal deformation with gradually reduced temperature from 500 till 300 0C (condition 1); ii) by cryogenic multiple forging (condition 2). The dimensions of specimens were 45х25х5mm. Additionally, samples were subjected to cryogenic rolling for achieving higher strains thus to further refine the microstructure. Microstructural investigations were conducted using transmission electron microscopy. The microstructure in condition 1 is macroscopically homogeneous with a mean grain size of 650 nm. Visually, there is a high dislocation density, dislocations form networks, but sometimes single dislocations can be revealed. Significant grain size inhomogeneity is observed as shown by the asymmetric appearance of grain size distribution histogram.  In contrast to that, the mean grain size in condition 2 is much lower at 220 nm. Dislocation density is higher than that in condition 1. There are grains with average size from 100 nm till 450 nm. The microstructure is rather uniform as the histogram of grain size distribution is symmetric. A subsequent cryogenic rolling leads to grain size reduction down to 180 nm and 160 nm in conditions 1 and 2, respectively.  Microstructure in both conditions is not homogeneous, because some amount of larger grains with the size around 400 nm are present. Twins were not revealed even using high magnifications. Deformation processes occurring in copper at cryogenic straining are discussed. 
