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a b s t r a c t

We use a 3D elastoplastic phase-field model to study the simultaneous occurrence of martensitic
transformation as well as the reversion of martensite in steels under uni-axial tension. Our results show
that although martensite nucleates and grows as a single lath (variant), it reverts and splits into two
independent martensite laths, due to “unfavorable” local stresses.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

Phase transformations and phase reversion play an important
role in enhancing the materials properties. The martensitic trans-
formation, a solid state phase transformation of parent austenite
to product martensite, gives rise to excellent mechanical proper-
ties of steels. Reverse phase transformations, i.e. the reversion of
the product phase (martensite) back to the parent phase (auste-
nite), through annealing (heat treatment) have been reported to
improve both strength and ductility of steels [1–3]. The high
dislocation density of reversed austenite, retained from marten-
site, is also considered to be an important factor in improving the
strength of steels [4,5]. Moreover, the shape memory effect is
based on the reversion of martensite to austenite through heating
and has lead to widespread usage of shape memory alloys [6].

Traditionally, phase transformations and phase reversion have
been considered to occur independently under different proces-
sing conditions, i.e. martensitic transformation during cooling and
reversion of martensite during heating. However, it is interesting
to study whether the martensitic transformation and reversion
can occur together and at the same time. An understanding of the
mechanisms underlying the simultaneous occurrence of phase
transformation and reversion can lead to new thermo-mechanical
processes to improve mechanical properties of steels.

The phase-field approach [7,8] has been successfully used to
study martensitic transformation under different thermo-
mechanical conditions [6,9–21]. In the present work, we study

the simultaneous occurrence of both martensitic transformation
and reversion of martensite in steels under uni-axial tension, by
using a 3D elastoplastic phase-field model [20].

2. Phase-field model

The microstructure evolution is governed by the phase-field
equation:

∂ηp
∂t

¼ � ∑
q ¼ v

q ¼ 1
Lpq

δG
δηq

ð1Þ

where ηq is the phase field variable that tracks the evolution of
martensite, v is the total number of martensite variants and Lpq is a
matrix of kinetic parameters. As the 24 different martensite
variants can be grouped together into three Bain groups [22,23],
three phase-field variables (η1;η2;η3) are considered in the pre-
sent work [20].

From a physical point of view, the Gibbs energy of a system
undergoing stress-assisted martensitic transformation can be
expressed as

G¼
Z
V

Gchem
v þGgrad

v þGel
v þGappl

v

� �
dV ð2Þ

where Gchem
V corresponds to the chemical part of the Gibbs energy

density, Ggrad
V is the gradient energy term, Gel

V is the elastic strain
energy density and Gappl

v is the extra Gibbs energy density due to
the externally applied stress.

Gchem
v is expressed as a Landau-type polynomial and Ggrad

V is
expressed in terms of the gradients of ηp [10,14].

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/msea

Materials Science & Engineering A

0921-5093/$ - see front matter & 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.msea.2013.11.036

n Corresponding author. Tel.: þ1 505 665 7371; fax: þ1 505 665 4063.
E-mail addresses: hemy@lanl.gov, hemu23@gmail.com (H.K. Yeddu).

Materials Science & Engineering A 594 (2014) 48–51

www.sciencedirect.com/science/journal/09215093
www.elsevier.com/locate/msea
http://dx.doi.org/10.1016/j.msea.2013.11.036
http://dx.doi.org/10.1016/j.msea.2013.11.036
http://dx.doi.org/10.1016/j.msea.2013.11.036
http://crossmark.crossref.org/dialog/?doi=10.1016/j.msea.2013.11.036&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.msea.2013.11.036&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.msea.2013.11.036&domain=pdf
mailto:hemy@lanl.gov
mailto:hemu23@gmail.com
http://dx.doi.org/10.1016/j.msea.2013.11.036
http://dx.doi.org/10.1016/j.msea.2013.11.036


Gel
V can be expressed as

Gel
V ¼

Z εijðrÞ

ε0ijðrÞ
cijklεelklðrÞ dεijðrÞ ð3Þ

where cijkl is the tensor of elastic constants, εijðrÞ is the total strain and
ε0ijðrÞ is the stress–free transformation strain expressed in terms of ηq

and Bain strains (εij00). εelklðrÞ is the elastic strain, given by

εelklðrÞ ¼ εklðrÞ�ε0klðrÞ�εplklðrÞ ð4Þ

where εplklðrÞ is the plastic strain.
The evolution of plastic strain εplij ðrÞ, which comes into exis-

tence when the elastic stress exceeds the yield limit and the

Fig. 1. Simultaneous occurrence of martensitic transformation and martensite reversion to austenite in carbon steels under uni-axial tension. Microstructure evolution at (a) tn¼20,
(b) tn¼25, (c) tn¼31, (d) tn¼32, (e) tn¼300, (f) top view of (e). Austenite is shown in black color. Martensite variants - 1, 2 and 3 are shown in red, blue and green, respectively.
Reversion of martensite (arrow) causes a single martensite lath to split into two independent laths, separated by austenite. (For interpretation of the references to color in this figure
caption, the reader is referred to the web version of this paper.)

H.K. Yeddu et al. / Materials Science & Engineering A 594 (2014) 48–51 49



Download English Version:

https://daneshyari.com/en/article/1575480

Download Persian Version:

https://daneshyari.com/article/1575480

Daneshyari.com

https://daneshyari.com/en/article/1575480
https://daneshyari.com/article/1575480
https://daneshyari.com

