
Accepted Manuscript

Microstructural evolution, nanoprecipitation behavior and
mechanical properties of selective laser melted high-performance
grade 300 maraging steel

Chaolin Tan, Kesong Zhou, Wenyou Ma, Panpan Zhang, Min Liu,
Tongchun Kuang

PII: S0264-1275(17)30772-4
DOI: doi: 10.1016/j.matdes.2017.08.026
Reference: JMADE 3285

To appear in: Materials & Design

Received date: 24 May 2017
Revised date: 8 August 2017
Accepted date: 10 August 2017

Please cite this article as: Chaolin Tan, Kesong Zhou, Wenyou Ma, Panpan Zhang,
Min Liu, Tongchun Kuang , Microstructural evolution, nanoprecipitation behavior and
mechanical properties of selective laser melted high-performance grade 300 maraging
steel, Materials & Design (2017), doi: 10.1016/j.matdes.2017.08.026

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.2017.08.026
http://dx.doi.org/10.1016/j.matdes.2017.08.026


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 1 / 27 

Microstructural evolution, nanoprecipitation behavior and mechanical properties 

of selective laser melted high-performance grade 300 maraging steel 

 

Chaolin Tan1,2, Kesong Zhou1,2*, Wenyou Ma2, Panpan Zhang2, Min Liu2, Tongchun Kuang1 

(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou, 510640, 

China; 

2. Guangdong Institute of New Materials, National Engineering Laboratory for Modern Materials Surface 

Engineering Technology, Key Lab of Guangdong for Modern Surface Engineering Technology, Guangzhou 

510651, China) 

 

Abstract: High-performance grade 300 maraging steels were fabricated by selective laser melting 

(SLM) and different heat treatments were applied for improving their mechanical properties. The 

microstructural evolutions, nanoprecipitation behavior and mechanical properties of the 

as-fabricated and heat-treated SLM parts were carefully characterized and analyzed. The evolutions 

of the massive submicron sized cellular and elongated acicular microstructures are illustrated and 

theoretically explained. Nanoprecipitates triggered by intrinsic heat treatment and amorphous 

phases in as-fabricated specimens are observed by TEM. High-resolution TEM (HRTEM) images 

of the age hardened specimens clearly exhibit massive nanosized needle-shaped nanoprecipitates 

Ni3X (X=Ti, Al, Mo) and 50~60 nm sized spherical core-shell structural nanoparticles embeded in 

amorphous matrix. XRD analyses reveal austenite reversion and probable phase transformations 

during heat treatments. The hardness and tensile strength of the as-fabricated and age-treated SLM 

specimens absolutely meet the standard wrought requirements. Furthermore, the lost ductility after 

aging can be compensated by preposed solution treatments. Relationships between massive 

nanoprecipitates and dramatically improved mechanical performances of age hardened specimens 

are elaborately analysed and perfectly explained by Orowan mechanism. This study demonstrates 

that high-performance grade 300 maraging steels, which is comparable to the standard wrought 

levels, can be produced by SLM additive manufacturing. 
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