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The most important microstructural components of any polycrystalline materials affecting their bulk 
properties are grain boundaries (GBs) [1]. In a number of early works, it was suggested that GBs in ultrafine-
grained (UFG) materials processed by severe plastic deformation (SPD) are in a strongly “nonequilibrium” 
metastable state [2.3]. According to Valiev with co-authors, these “nonequilibrium” GBs are responsible for 
the improved mechanical properties of materials processed by SPD, which exceed the properties expected 
only based on the grain refinement [4,5].

In the present work, the state of grain boundaries in Ni, Nb and low-alloyed bronzes processed by 
dynamic channel-angular pressing (DCAP) and high pressure torsion (HPT) has been studied by electron 
microscopy, scanning tunneling microscopy and nuclear gamma-resonance spectroscopy. The studies have 
shown that in all the investigated materials, the grain boundaries after deformation are in the deformation-
modified (nonequilibrium) state. This, in particular, is evidenced by the increased relative energy of the 
grain boundaries in them compared to the relaxed boundaries in the original state. This is illustrated by Fig. 
1, which shows histograms of distribution of grain boundaries over their relative energies in hafnium bronze 
in the initial quenched state and after deformation by DCAP and HPT. 

Fig. 1. Distribution of grain boundaries by relative energies in hafnium bronze in the initial quenched state and after 
deformation by DCAP and HPT

The studies have shown that the nonequilibrium state of grain boundaries, characterized by their relative 
energies, increases with an increase in the strain degree. Various contributions to strengthening in the studied 
materials have been analyzed: the structure refinement, nonequilibrium grain boundaries, development of 
twinning and dispersion hardening.

The work was carried out within the framework of state assignment of Ministry of Science and Higher 
Education of Russian Federation for the IMP UB RAS.
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