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Abstract. An interstitial free ferritic stainless steel was cold worked to a total strain of 4.6. The
largely strained steel is characterized by a submicrocrystalline structure consisting of elongated
grains/subgrains with the transverse size of about 210 nm; and the fraction of high-angle grain
boundaries is about 0.6. Following a rapid rise at an early processing stage, the dislocation
density in (sub)grain interiors unusually decreased after total strains of above 2. Nevertheless,
the samples are characterized by high residual stresses that result in complex elastic distortions
of the crystal lattice within the clongated crystallites. Such internal stresses are shown to be
originated from deformation grain boundaries including low-angle subboundaries.

1. Introduction

An interest in nano- and submicrocrystalline structural materials is motivated by a beneficial
combination of their mechanical properties. Metallic materials with grain size of tens to hundreds
microns were shown offering a lot of superior properties like a high strength with sufficient ductility,
enhanced impact toughness, superplasticity at relatively low temperatures and high strain rates, etc. [1-
3]. One of the most promising methods for production of submicrocrystalline metals and alloys is
based on large strain deformation [4, 5]. Commonly, largely deformed materials are characterized by
high residual stresses that affect deformation behavior and mechanical properties. The development of
high internal stresses was discussed as a result of non-equilibrium grain boundaries in largely strained
materials [5, 6]. However, the sources of high internal stresses in submicrocrystalline metals and
alloys have not been studied in sufficient detail. The effect of crystallographic parameters of grain
boundaries on the values of internal stresses and their relaxation is still unclear. The aim of the present
work is to clarify the origin of high residual stresses and their relationship with dislocation densities
and strain-induced grain/subgrain boundaries in a submicrocrystalline ferritic stainless steel processed
by large strain plastic working.

2. Experimental

A ferritic stainless steel (Fe — 0.003C — 0.01Mn — 0.001P — 0.001S — 15.0Cr — 0.003N, all in weight%)
was used as the starting material. The steel was homogenized and hot forged at 1200°C followed by a
hot rolling at 700°C. The large strain deformation was carried out at an ambient temperature by calibre
rolling/swaging to a total strain of 4.6. Structural investigations were carried out on longitudinal and
transverse sections using a JEM-2100 transmission electron microscope (TEM). Grain/subgrain sizes












