Author’s Accepted Manuscript

MATERIALS

i : SCIENCE &
Cryogenic temperature toughening and

strengthening due to gradient phase structure \ EG'N EERING

 Structural Materials: Properties,
Microstructure and Processing

A\
Zhiwei Ma, Yang Ren, Runguang Li, Yan-Dong
Wang, Lingling Zhou, Xiaolei Wu, Yujie Wei,
Huajian Gao

SciVerse ScienceDirect

www.elsevier.convlocate/msea

PIIL: S0921-5093(17)31568-X
DOI: http://dx.doi.org/10.1016/j.msea.2017.11.107
Reference: MSA35822

To appear in:  Materials Science & Engineering A

Received date: 9 September 2017
Revised date: 24 November 2017
Accepted date: 26 November 2017

Cite this article as: Zhiweir Ma, Yang Ren, Runguang Li, Yan-Dong Wang,
Lingling Zhou, Xiaolei Wu, Yujie Wei and Huajian Gao, Cryogenic temperature
toughening and strengthening due to gradient phase structure, Materials Scienc
& Engineering A, http://dx.doi.org/10.1016/j.msea.2017.11.107

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


http://www.elsevier.com/locate/msea
http://dx.doi.org/10.1016/j.msea.2017.11.107
http://dx.doi.org/10.1016/j.msea.2017.11.107

Cryogenic temperature toughening and strengthening due to

gradient phase structure

Zhiwei Ma'®, Yang Ren?, Runguang Li%, Yan-Dong Wang?, Lingling Zhou'?, Xiaolei

Wu'®, Yujie Wei**", Huajian Gao®

!State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, Chinese
Academy of Sciences, Beijing 100190, China
2Advanced Photon Source, Argonne National Laboratory, 9700 S. Cass Avenue,
Argonne, IL 60439, USA
3State Key Laboratory for Advanced Metals and Materials, University of Science and
Technology, Beijing 100083, China
*School of Engineering, Brown University, Providence, Rl 02912, USA
®School of Engineering Sciences, University of Chinese Academy of Sciences, Beijing
100049, China
Correspondence and requests for materials should be addressed to (Y. Wei)
yujie_wei@Inm.imech.ac.cnh or (H. Gao) huajian_gao@brown.edu.

Abstract

Cold embrittlement is one of the primary concerns challenging the usage of steels
in infrastructures like pipelines and ocean platforms. This challenge is also
compounded by the limited selection of materials for application in a cold and
corrosive environment. Inspired by recent progresses in developing gradient
structured materials with extraordinary properties, here we report a class of stainless
steels with gradient phase structures achieving a superb combination of strength
(1753MPa) and tensile ductility (>25%) at the cryogenic temperature of 77K. A set of
cylindrical steel samples acquire a graded mixture of hard martensitic and soft
austenitic phases through pre-torsion, which results in an optimal stress partition in
the material - the hard martensitic structures showing a positive density gradient from
core to edge carry higher stress near the edge, while the soft austenitic phase
showing a negative density gradient from core to edge serves to retain substantial
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