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Strong, tough materials are always in demand to reduce weight in transportation and improve
performance in heavy machinery. Structural metallic materials are usually used for key components
with the highest requirements for reliability, durability and safety. However, strength and
toughness in materials are strongly correlated, and toughness decreases with increasing strength.
Therefore, the property of toughness is far more important than that of strength. Refinement of
crystal grains is an effective method for developing strength in metallic materials; hence,
ultrafine—grained (UFG) materials are very attractive in material science. Although there is a
great deal of literature on UFG materials, there have been few studies on their static toughness
and no reports on the improvement of toughness by grain refinement.

In the present study, a high-strength low alloy steel with ultrafine elongated grain (UFEG)
structures was fabricated by multi—pass caliber rolling at 773 K, and the strength - toughness
balance of the developed steel was remarkably improved compared with conventionally quenched and
tempered steel with amartensitic structure. Inparticular, the fracture toughness of the developed
steel was about 40 times higher than that of the conventional steel, and the steel was not broken
in two pieces. Furthermore, even at 77 K, the fracture toughness of the UFEG steel was about 8 times
higher than that of the conventional and UFG steels, despite the highest strength of 2.26 GPa. This
enhanced toughness is attributed to fracture mechanisms of the crack-arrester type, which arrests
the propagation of amain crack associated with the unique hierarchical anisotropic nanostructures
induced by the caliber rolling. For tougher high-strength steel, it is important to design a
heterogeneous microstructure with anisotropic properties such as biological materials rather than
homogeneous microstructure with isotropic ones. Such amicrostructure can be created by controlling
not only the size of the grains but also their shape and orientation through a plastic deformation
process.




