
�������� ��	
�����

Microstructure and mechanical properties of reactive sputtered nanocrystalline
Ti-Al-Ni-N thin films

Chunlin He, Leipeng Xie, Jinlin Zhang, Guofeng Ma, Zhaofu Du, Jian-
ming Wang, Dongliang Zhao

PII: S0257-8972(16)31211-7
DOI: doi: 10.1016/j.surfcoat.2016.11.079
Reference: SCT 21825

To appear in: Surface & Coatings Technology

Received date: 31 August 2016
Revised date: 15 November 2016
Accepted date: 22 November 2016

Please cite this article as: Chunlin He, Leipeng Xie, Jinlin Zhang, Guofeng Ma, Zhaofu
Du, Jianming Wang, Dongliang Zhao, Microstructure and mechanical properties of re-
active sputtered nanocrystalline Ti-Al-Ni-N thin films, Surface & Coatings Technology
(2016), doi: 10.1016/j.surfcoat.2016.11.079

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.surfcoat.2016.11.079
http://dx.doi.org/10.1016/j.surfcoat.2016.11.079


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

 1 

Microstructure and mechanical properties of reactive sputtered 

nanocrystalline Ti-Al-Ni-N thin films 

Chunlin He
,1

, Leipeng Xie
1
, Jinlin Zhang

1
, Guofeng Ma

1
, Zhaofu Du

2
, Jianming Wang

1
, 

Dongliang Zhao
2
 

1
Liaoning Provincial Key Laboratory of Advanced Materials, Shenyang University, Shenyang 

110044, China 

2
Research Institute of Functional Materials, Central Iron & Steel Research Institute, Beijing 

100081, China 

Abstract: Nanocrystalline Ti-Al-Ni-N thin films with different Ni content were prepared by 

sputtering Ti, Al and Ni targets one after the other in N2 gas atmosphere at 600 ºC and by 

interdiffusion among Ti, Al and Ni atoms during film deposition. The microstructure and 

mechanical properties of the deposited films were investigated by field emission scanning 

electron microscopy, atomic force microscopy, X-ray diffraction, X-ray photoelectron 

spectroscopy and nanoindenter. The deposited films belonged to B1-NaCl structure, their 

preferential orientation was (200) plane independent of the Ni content, and the lattice constant 

reduced with Ni content, showing that solid solution Ti-Al-Ni-N films were formed due to Ti 

or/and Al atom substitution by smaller Ni atoms during deposition, and crystallite Ni also 

formed due to the high Ni content. The Ti-Al-Ni-N nanocomposite films were smooth, and 

their average grain size was about 8 nm, smaller than that of the Ti-Al-N film. The 

nanohardness and elastic modulus of the Ti-Al-Ni-N films decreased from 33.0 to 12.2 GPa 
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