Accepted Manuscript

e 8

materials

DESIGN

A high-performance TRIP steel enhanced by ultrafine grains and
hardening precipitates

P. Xie, M. Han, C.L. Wu, Y.Q. Yin, K. Zhu, R.H. Shen, J.H. Chen

PII: S0264-1275(17)30420-3

DOI: doi: 10.1016/j.matdes.2017.04.063
Reference: JMADE 2985

To appear in: Materials & Design

Received date: 6 February 2017

Revised date: 17 April 2017

Accepted date: 18 April 2017

Please cite this article as: P. Xie, M. Han, C.L. Wu, Y.Q. Yin, K. Zhu, R.H. Shen, J.H. Chen
, A high-performance TRIP steel enhanced by ultrafine grains and hardening precipitates.
The address for the corresponding author was captured as affiliation for all authors. Please
check if appropriate. Jmade(2017), doi: 10.1016/j.matdes.2017.04.063

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.


http://dx.doi.org/10.1016/j.matdes.2017.04.063
http://dx.doi.org/10.1016/j.matdes.2017.04.063

A high-performance TRIP steel enhanced by ultrafine grains and

hardening precipitates

P. Xie, M. Han, C.L. Wu*, Y.Q. Yin, K. Zhu, R.H. Shen, J.H. Chen
Center for High Resolution Electron Microscopy, College of Materials Science and

Engineering, Hunan University, Changsha 410082, China

*Contact information:
E-mail: cuilanwu@hnu.edu.cn, telephone: +86731-88664010

Abstract: Using thermo-mechanical processing, a heterogeneous microstructure with
ultrafine grains and efficient hardening nanoprecipitates was introduced into a transformation
induced plasticity (TRIP) steel with composition of Fe-12Mn-2Ni-Mo-Ti-(Al), such that the
fabricated steel has an excellent combination of yield strength, ductility and thermal stability.
It is shown that the Laves phase precipitates which hindered the ultrafine grains from
coarsening were formed at high temperature, whereas the most efficient hardening
nanoprecipitates inside these ultrafine grains were introduced at a lower temperature. The
former precipitates are hexagonal (Fe,Mn),(Mo,Ti) Laves phase containing Si and the later
nanoprecipitates belong to the B2 phase.
Keywords: TRIP steel; Ultrafine grains; Laves phase; Precipitation; Thermo-mechanical
processing

1. Introduction

Transformation-induced plasticity (TRIP) steels with the exceptional combination of
ultimate strength and ductility have become attractive in the development of new advanced
structural steels. However, TRIP steels with fully austenitic structures have a shortcoming, i.e.,
low yield strength [1-4]. There are several methods for improving the yield strength of TRIP
steels, such as grain refinement [5-7], introducing defects [8], introducing gradient
hierarchical nanotwins [9] and precipitation strengthening [10-12]. In particular, grain

refinement is a popular way to improve the yield strength of materials because it usually
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