
 

Conditions for low-wear friction under ageing of novel high strength Al-Cu-Mg-Si alloy by selective laser melting  

 

Qingzheng WANGa,b,c, Mohamed EL MANSORIa, d*, Mourad EL Hadrouza, Nan KANG a*, Xin LINb,c 

 

a: Arts et Metiers Institute of Technology, MSMP, HESAM Université, F-51006 Châlons-en-Champagne, France 

b: State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an Shaanxi 710072, 
PR China 

c: Key Laboratory of Metal High Performance Additive Manufacturing and Innovative Design, MIIT China, 

Northwestern Polytechnical University, Xi’an, Shaanxi 710072, P. R. China 

d: Texas A&M Engineering Experiment Station, College Station, TX 77843, USA 

Abstract 

Severe solidification cracking during selective laser melting (SLM) and poor wear resistance of the conventional 

high-strength aluminum alloys (7xxxAl and 2xxxAl) hinder their further developments and applications in aerospace and 

automotive fields. In this research paper, a novel defect-free Ti-modified Al-Cu-Mg-Si based alloy has been manufactured 

by SLM. The SLMed sample shows a heterogeneous grains microstructure, consisting of ultrafine equiaxed grains with 

size of 1 μm and columnar grains with width of 5 μm. Thus, high microhardness of 157 HV is achieved due to the large 

amount of S and Q precipitated phases in SLMed sample. After ageing treatment, the S and Q precipitated phases with 

increasing density grow from 38 nm and 6.2 nm to 55 nm and 7.1 nm, respectively. As a result, the microhardness 

increases to 177 HV. Then, the wear behavior before and after heat treatment (HT) were characterized to explore the 

effect of HT on wear resistance and wear mechanism. The dry sliding tests were conducted on a pin-on-disk tribometer. 

The wear rate and average coefficient of friction (COF) for as-SLM deposited sample are 1.01×10-6 cm3/m and 0.48, 

respectively. However, low plasticity of the sample after aging treatment accelerates the wear process. Because the surface 

of the sample is more likely to be crushed during wear process, sample shows higher wear rate of 1.78×10-6 cm3/m and 

COF of 0.51. The conditions of low-wear sliding are hence discussed to formulate functional microstructure to deal with 

it. 
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Fig. 1 EBSD inverse pole figure maps, TEM characterization and wear behavior of novel Al-Cu-Mg 

based alloy. (a-c) for as-deposited samples; (d-f) for heat treated samples. 

Table 1 Microhardness, friction coefficient andwear rate of SLM processed samples. 

Sample Microhardness (HV) Coefficient of friction Wear rate (×106mm3/m) 

As 157±4.1 0.48±0.11 1.01±0.07 

HT 177±1.3 0.51±0.09 1.78±0.07 
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