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Abstract

The evolution of characteristic features of interphase precipitation in steels with progressive of austenite-to-ferrite transformation is
analyzed from both experimental and modeling approaches. The model developed describing the time and temperature evolution of sheet
spacing and particle spacing shows good agreement with the experimental data. The interactions between the transformation and
interphase-precipitated carbides are discussed, and particular attention is paid to the occurrence of fibrous carbides. It is suggested that
the ease of interface motion is the main factor controlling its appearance. Finally, the local strengthening in a single ferrite grain
containing different precipitation states is analyzed by nanoindentation and compared with the theoretical calculations. The evolution
of strengthening induced by interphase precipitation with the microstructural parameters is then discussed.
� 2013 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The development of modern steels depends on the
increased understanding of both precipitation and phase
transformation. That is why it was an active field of
research all through the 20th century [1–3]. In the case of
steels micro-alloyed with Ti, Nb and V, it has been found
that the decomposition of austenite (c) is often accompa-
nied by carbide precipitation. In addition to the carbides
commonly precipitating from supersaturated ferrite (a),
two distinctive carbide aggregates, interphase precipitation
(IP) and carbide fiber (CF), are found to originate from the
a/c interface under particular conditions [4–6]. The case of
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IP has received considerable attention [4,7–10] because
such a carbide aggregate is beneficial for developing
advanced high-strength steels while keeping considerable
formability [8,11]. Owing to these remarkable features,
numerous experimental studies have been carried out to
propose possible mechanisms [12,13] and to develop mod-
els [14–18] based on microstructural analysis. Beyond the
qualitative observation of IP, it is observed that the sheet
spacing, precipitate size and morphologies of precipitates
change during progressive c! a transformation [19]. This
variability is one of the main focuses of this paper.

Systematic research concerning IP was initiated by
Honeycombe et al. [4,9,10,20], and the ledge mechanism
of c! a transformation was proposed to explain the
banded structure of carbides in the a matrix. It has been
reported that IP carbide is associated with a semi-coherent
f 1 1 0 gajjf 1 1 1 gc interface and exhibits a single
variant of Baker–Nutting orientation relationships [21],
rights reserved.
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