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Submicrocrystalline Ferrite by Severe Plastic Deformation
Andrey Belyakov and Yuuji Kimura, Physical Metallurgy Group

1. Deformation Microstructures under Large
Strain Processing

Several processing techniques, such as mechanical
milling, torsion under high pressure, equal channel
angular pressing, etc., providing large strain plastic
working have aroused a great interest among materials
scientists and metallurgical engineers as specific methods
for development of ultra-fine grained structural metals
and alloys with a grain size of submicron scale. Since the
most of processing methods mentioned above were
multiple techniques based on changing (or reversing) the
strain path for each cycle, they were rather difficult for
practical applications. The present study was focused on
the deformation microstructures, which could be obtained
by conventional processing methods providing large
strains, namely bar rolling and swaging. Two steels, i.e.
an Fe-22%Cr-3%Ni with a coarse-grained ferritic
microstructure (transverse grain size of about 700 um)
and an Fe-18%Cr-7%Ni with a fine-grained martensitic
microstructure (subgrain size of 0.23 um and a fraction of
high-angle boundaries of 50%), were selected as starting
materials. Deformation to moderate strains about 3
resulted in the evolution of ribbon-like substructures (Fig.
1), which were typical of conventional cold-worked ones.
Then, the severe plastic deformation led to a break down
of the ribbon-like (sub)grains by transverse
(sub)boundaries, resulting in the evolution of many ultra-
fine (sub)grains. Therefore, microstructure evolution in
the both steels could be characterized by the development
of somewhat elongated (sub)grains with a final transverse
(sub)grain size about 0.1 um. However, a refinement of
initial microstructure significantly accelerated kinetics of
the change of almost all microstructural parameters
during the processing.
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Fig. 1. Deformation microstructures in ferritic stainless steels
after bar rolling/swaging to different strains (g)
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2. Effect of Initial Microstructure
Upon cold working, the steel with initial martensitic
structure demonstrated much faster deformation response,
i.e. the strain hardening, Hv, decrease in the transverse
(sub)grain size, d, and increase in the number fraction of
high-angle (sub)boundaries, HAB, (Fig. 2). After fast
work hardening at an early deformation of the Fe —
22%Cr — 3%Ni steel, the hardening rate decreased,
leading to gradual increase in the Hv with further
deformation to strains as large as 7.1. On the other hand,
the cold deformation of the Fe — 18%Cr — 7%Ni steel
was characterised by continuous work hardening until
strains around 3, where the Hv approached saturation and
did not change remarkably at larger strains. The strain
dependence of the d and the HAB clearly correlated with
the strain hardening. The d smoothly reduced down to
about 100 nm and the HAB increased to 75% in the Fe —
22%Cr — 3%Ni steel with deformation within the studied
strain range, while those in the Fe — 18%Cr — 7%Ni steel
reached the same critical saturation values at strains
around 3. In other words, using the initial fine-grained
martensitic microstructure, it was possible to attain the
steady-state-like deformation behaviour during cold
working to relatively small strains above 3.

5000 —T
© |
Q. 4000
= ]
£ 3000
2000 —— O Fe-18%Cr-7%Ni
400 - @ Fe-22%Cr-3%Ni

Total Strain
Fig. 2. The strain effect on the hardness (Hv), the transverse
(sub)grain size (d) and the fraction of high-angle
boundaries (HAB).
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