Accepted Manuscript

e 8

materials

DESIGN

Size-dependent deformation mechanism transition in titanium
nanowires under high strain rate tension

Le Chang, Chang-Yu Zhou, Xiang-Ming Pan, Xiao-Hua He

PII: S0264-1275(17)30816-X

DOI: doi: 10.1016/j.matdes.2017.08.058
Reference: JMADE 3317

To appear in: Materials & Design

Received date: 28 April 2017

Revised date: 11 July 2017

Accepted date: 28 August 2017

Please cite this article as: Le Chang, Chang-Yu Zhou, Xiang-Ming Pan, Xiao-Hua He ,
Size-dependent deformation mechanism transition in titanium nanowires under high strain
rate tension, Materials & Design (2017), doi: 10.1016/j.matdes.2017.08.058

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.2017.08.058
http://dx.doi.org/10.1016/j.matdes.2017.08.058

Size-dependent deformation mechanism transition in titanium nanowires under high
strain rate tension

Le Chang, Chang-Yu Zhou®, Xiang-Ming Pan, Xiao-Hua He

School of Mechanical and Power Engineering, Nanjing Tech University, Nanjing 211816, China
* Corresponding author. Prof., Ph.D.; Tel.: +86-25-58139951; Fax: +86-25-58139951.
E-mail address: changyu_zhou@163.com (C.Y. Zhou).

Abstract

Tensile deformation of single crystal titanium nanowires (NWs) with size ranging from 3nm
to 20nm along [0001] orientation is investigated by molecular dynamics (MD) simulations. For all
NWs, the initial yielding at different strain rates is induced by the nucleation of {1012} twinning.
Following the saturation of twin volume fraction, the size dependent transition of deformation
mechanisms in twinned regions is observed. At the strain rate from 108 to 10%, following the
deformation twinning, the phase transformation from HCP to FCC dominates the plastic
deformation of Ti NWSs. By increasing sample size to 20nm, phase transformation can be replaced
by prismatic dislocation slip. At the strain rate from 10°™ to 10, the critical size for the
transition from phase transformation to full dislocation slip decreases with the applied strain rate.
With further increasing sample size, after the saturation of {1012} twins, the initial single crystal
NW transforms to nanocrystalline NW. Subsequent plastic deformation mechanism in the
nanocrystalline Ti NW with large size is transferred from grain boundary dominate deformation to
the cooperation of grain boundary deformation and dislocation activity. Furthermore, deformation
mechanism map is proposed to provide a deep understanding of the plastic deformation of Ti
NWs.
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1. Introduction

One-dimensional metal NWs have garnered much attention in recent years due to their
unique properties, structures and the potential as the fundamental building blocks of the
nanotechnological applications [1-2]. The mechanical behavior and properties of NWs are not well
established due to the complex mechanical testing at the nanoscale level. Thus, molecular
dynamics (MD) simulations have been performed extensively to obtain material properties at the
nanoscale. The atoms on NWs surfaces have fewer neighbors than atoms in the interior. The
surface effects have a great effect on the properties of NWs, as the high surface to volume ratio.
With the increase of the structure dimensions of NWs, the surface effects become negligible. The
surface stress induced phase transformation and pseudo-elastic and shape memory effect have
been studied extensively [3-6]. For example, MD simulations have shown that the phase
transformation from FCC structure to a BCT structure can be driven by surface stress in FCC
NWs [3-4]. MD simulations on BCC NWSs show that the strain induced solid-solid phase
transitions in iron NWs and the transition temperature was dependent on the wire diameter [7].
Also, plastic deformation mechanism is strongly dependent on the size of NWs [8-13]. MD
simulations in [8] demonstrate the size-dependent transition, from super-plastic deformation
mediated by twin propagation to the rupture by localized slips in deformed region as the Au
nanowire diameter decreases. lron NWs up to 11.42nm size can undergo twinning mediated
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