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3. TOPICS

Effect of Applied Stress on the Austenite to Ferrite Transformation in Low

Carbon Steel

Seoul National University, Joo-Hee Kang*, Hu-Chul Lee

Introduction

The nature of ferrite transformation during heavy
deformation of austenite is not clearly understood yet
but it is generally accepted that the transformation
occurs during deformation, i.e. dynamically. External
stress will be one of factors that affect this
transformation. In this study, small stress, that is, in the
range of elastic limit, was applied during ferrite
transformation and the effect of applied stress on the
transformation Kkinetics and orientation distribution of
ferrite grains was investigated.

Experimental

Low carbon steel was used for this experiment. A
deformation simulator equipped with micro-load
control was used for compression test. The micro-load
control unit can apply constant load during phase
transformation. Cylindrical specimens (12¢px15mm)
were heated to 1150°C for 5 minutes and cooled, then
held for 100s~ 3600s at 700°C before helium cooling.
The loads of 1kN, 2kN and 3kN were applied during
isothermal holding. The orientation distribution of
ferrite grains was measured using EBSD technique.

Microstructure and Orientation Characteristics
Fig. 1 shows the transformed ferrite fraction
according to the applied stress and holding time. The
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ferrite transformation was accelerated by the applied
stress and the transformed ferrite volume fraction was
increased with increased applied stress at the early
stage of transformation. The transformed ferrite
fraction saturated after prolonged holding and the
saturated fraction was matched well with the
equilibrium fraction of 0.783 at 700°C.

The deviation of the ferrite orientation from the K-S
orientation relationship was estimated from the
orientation of austenite grains evaluated from the
orientation of adjacent martensite packets. Fig. 2 shows
the distribution of the deviation angle of ferrite grains
from the K-S relationship. If the orientation of the
nucleated ferrite grains matches well to the K-S
relationship, the misorientation angle will be close to
zero. The maximum frequency also moves from 0~5
to 5~10° with the application of external stress in Fig. 2.
Moreover, the ferrite grains transformed under the
applied stress are more polygonal and smaller
compared to the ferrite grains transformed without
stress (Fig. 3). With the increased deviation from the
K-S orientation relationship, the coalescence of
neighboring ferrite grains will be suppressed and, as a
result, grains will be finer when ferrite transformed
under the applied stress.
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Fig. 1. Transformed ferrite fraction
according to the applied stress and
holding time at 700°C
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Fig. 2. Distribution of the deviation
angle of ferrite orientation from the
K-S relationship

after holding for 300s at 700°C
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