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Grain boundary diffusion as the controlling factor of Ferrite grain size
during large strain-high Z deformation of 0.15C Steel

S.V.S. Narayana MURTY and Shiro TORIZUKA,

Metallurgical Processing Group

Grain refinement is the only strengthening method
to improve both strength and toughness of steels
simultaneously. Large strain high Z deformation of
steels is a promising methods of reducing the grain
size to sub micrometer scale. While there are many
studies on the large strain deformation of materials
with the intention of reducing the grain size to
nanometer level, the reasons for saturation of grain
size with strain at any given temperature is not
clarified. This is essential for understanding the
mechanism controlling the grain size of materials
processed by large strain deformation.

During large strain deformation of materials, the
high angle grain boundary spacing tends to
approach the order of mean thermal diffusion
distances for given deformation conditions. Here,
we propose large strain deformation as the strain at

which the high angle grain boundary (HAGB)

spacing approaches thermal diffusion distance at
the specified deformation temperature and time.
Fig. 1 shows the comparison between the
measured ferrite grain size (d) and the diffusion
distance \/m considering volume diffusion
data (Fig.1 (a)) and diffusion distance m
using the grain boundary diffusion data (Fig.1(b)).
The comparison of ferrite grain size with the
characteristic diffusion distance assuming grain
boundary diffusion (Fig.1(b)) is found to be in far
better agreement than that using the volume
diffusion data (Fig.1(a)). Therefore, it may be
considered that the deformed ferrite grain structure
is fully recrystallized when HAGB spacing (TH,)
is smaller than the characteristic diffusion distance
by grain boundary diffusion ( ngt ) ; otherwise,
atoms diffuse only to a short distance leaving a

mixture of elongated and newly generated grains
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Fig.1 Comparison of the observed ferrite grain size (at e=4)and the
characteristic diffusion distance during large strain deformation of 0.15C
steel assuming (a) the prevalence of volume diffusion and (b) the
prevalence of grain boundary diffusion
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