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Analysis of Prior Nucleation Sites for Austenite in the Deformed Ferrite-pearlite Microstructure

by Experimental and Computational Approaches
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Abstract

In order to examine the prior nucleation sites of austenite, the microstructure evolution during
a continuous heating was experimentally studied using an Fe-0.1 mass% C-2.0 mass% Mn alloy
with the deformed ferrite-pearlite microstructure. 97 percentages of austenite grains were nucleated
on high angle grain boundaries of ferrite at 98 K. However, the nucleation of austenite in the
interior of ferrite was depressed at the temperature. On the other hand, such austenite was observed
at 1028 K. According to the thermodynamic calculation, the nucleation of austenite requires
cementite below 1032 K. Therefore, it is concluded that the prior nucleation sites of austenite are
cementite particles on high angle grain boundaries in the deformed ferrite-pearlite microstructure.
Moreover, the calculation of the nucleation theory is in good agreement with the experimental

results mentioned above.
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Cross-sectional microstructures of (a) hot rolled and (b)
cold rolled specimens in a Fe-0.1 mass%C-2.0mass% Mn
alloy (F: Ferrite, P: Pearlite, ND: Normal direction, RD:

Rolling direction)
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Analyzed dilatation plots as a function of temperature
during heating at a rate of 28K/s in the cold rolled speci-
mens of Fe-0.1 mass%C-2.0mass% Mn alloy
(a) Dilatometry curve and (b) the temperature derivative of
dilatation
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(a) 985K, (b) 998K, (c) 1028K
Cross-sectional microstructures of the specimens heated
at various temperatures in a Fe-0.1mass%C-2.0mass%
Mn alloy (F: Ferrite, P: Pearlite, C: Cementite, M: Marten-
site, y: Austenite, ND: Normal direction, RD: Rolling
direction)
(a) 985K, (b) 998K and (c) 1028K
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EBSD measurements
(a) Image quality map and (b) Grain boundary map
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C distribution of the specimen heated at 993K using FE-
EPMA measurements (C: Cementite, M: Martensite)
(a) C concentration map, (b) SEM micrograph in the region
surrounded by red dot lines, (c) Martensite microstructures
and high angle grain boundaries expressed on C concen-
tration map

RFUC T AW OO VT VA MItk AV A b
%W L;:o

23 E=R
231 EBRICL DA —XT7FH1 MEEZERYT T D
E%
INFTCOEMBRICEDSE, F—AFF 1 bOFAR
BT DRFIIOVWTEET Do 998K (Ac, HIE L) 12
e L 7248k BV CiE, 97% D+ — A7) A1 ML 7 =

#roH & M o4& #4105 (2018)

6 998K (Zhn#Et L - FHC BB EA —IXFTF 1
A%

Typical austenite microstructures in the specimen heated

at 998K (M: Martensite)
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Schematic draws of the nucleation of austenite
Case |: Austenite nucleus at the ferrite grain boundary on
the cementite particle, Case Il: Austenite nucleus at the
ferrite interior on the cementite particle, Case Ill: Austenite
nucleus at the corner of ferrite grain boundaries
(F: Ferrite, C: Cementite, : Austenite, o, : Grain boundary
of ferrite, 0, : Interface between ferrite and austenite, o,
Interface between ferrite and cementite, o,,: Interface
between austenite- and cementite)
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Schematic draw of the driving force for an austenite
nucleus from the ferrite matrix
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9 Fe-0.1mass%C-2.0mass%Mn&&ICHEITH 4 —X
TF 1 NDOIGERDEREY S & BE DR

Driving force for the nucleation of austenite versus the

temperature in the Fe-0.1 mass%C-2.0mass% Mn alloy
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Activation energy for the nucleation of austenite versus
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