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In-situ neutron diffraction _analysis on carbon partitioning behavior during
dynamic ferrite transformation
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Thermomechanical processing that involves precisely controlled deformation
and heat treatment at elevated temperature has been practically used to obtain fine-grained ferrite
structures. Nowadays, a new concept of process utilizing dynamic ferrite transformation has been
received much attention because ultrafine-grained structure with a mean grain size of approximately
1 um can be achieved. The present study investigated partitioning behavior, transformation
kinetics, and change in lattice defects during dynamic ferrite transformation by in-situ neutron
diffraction analysis. The results suggest that partitioning behavior of alloying elements changes
from para- to ortho-equilibrium with the progress of dynamic ferrite transformation.
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Figure 1 (a) The thermomechanical processing
simulator installed at the BL 19 “TAKUMI” in
MLF / J-PARC, (b) schematic illustration and
snap shots during compression experiment of
the testing part of the simulator, (c) the
geometry of the compression experiment with
respect to the incident and diffracted neutron
beams.
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Figure 2 Neutron diffraction profile obtained
during thermomechanical process in the
Fe-2Mn-0.1C alloy (deformation temperature:
700 °C, strain rate: 107 s7").
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Figure 3 Changes in volume fractions of ferrite
during static ferrite transformation (without
compression) and dynamic ferrite
transformation (with compression at a strain
rate of 102 s') in the Fe-2Mn-0.1C alloy.
Triangle and square plots represent statically
transformed ferrite and dynamically
transformed ferrite, respectively.
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Figure 4 Changes in lattice constant of
austenite during static ferrite transformation
(without compression) and dynamic ferrite
transformation (with compression at a strain
rate of 102 s!). Triangle and square plots
represent static ferrite transformation and
dynamic ferrite transformation, respectively.
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Figure 5 Changes in lattice constant of ferrite
during static ferrite transformation (without
compression) and dynamic ferrite
transformation (with compression at a strain
rate of 102 s!). Triangle and square plots
represent static ferrite transformation and
dynamic ferrite transformation, respectively.
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Table 1 Changes in lattice constant of ferrite
estimated by thermocalc software assuming
that partitioning behavior changes from para
equilibrium to ortho equilibrium, and those
obtained from the in-situ neutron diffraction
analysis (Fe-2Mn-0.1C).

para — ortho

Mn: Aa, =4.445x 104 A
650°C C: Aa,=2852x104A |strainrate =102 Aa,=3.03x104A

strain rate = 10%: Aa, =2.68%104A
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Figure 6 Changes in dislocation density of
austenite during dynamic ferrite transformation
in the Fe-10Ni-0.1C (strain rate: 10 s).
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