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ABSTRACT: Ti-6Al-4V alloy is successfully used in selective laser melting (SLM) especially for 

production of metal dental and surgical prostheses. On the other hand Ti-6Al-4V alloy is widely 

used in aerospace industry including applications with temperatures up to 350°C (623 K). In this 

work, for investigation of high temperature tensile properties, Ti-6Al-4V alloy tensile specimens 

were fabricated by selective laser melting. Tensile tests were carried out at room and elevated 

temperatures (up to 350°C). For all considered temperatures, SLM fabricated Ti-6Al-4V shown 

more strength and less ductility in comparison with wrought material. 

 

KEYWORDS: selective laser melting, SLM, titanium alloy, Ti-6Al-4V, high temperature tensile 

properties. 

 

INTRODUCTION 

 

In recent years, increasing attention has been given to additive manufacturing (AM) technologies 

both by researches and producers. To date, there are many types of AM technologies that different 

in working principle and material feedstock. Most metal AM technologies, including powder bed 

fusion based technologies, use spherical metal powder as a feedstock. Selective laser melting 

(SLM) is one of the most commonly used metal powder bed fusion based AM technologies (Gong 

et al. 2014). 
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Titanium based alloys, particularly Ti-6Al-4V alloy, are one of the most successfully used 

materials in SLM especially for biomedical applications (Popovich et al. 2016). Ti-6Al-4V is the 

most widely used titanium alloy due to a combination of relatively low density, very high strength, 

good corrosion and fatigue resistance, high biocompatibility (Boyer et al. 1994). SLM of Ti-6Al-

4V alloy has been extensively investigated (Zhao et al. 2016). A significant part of the 

investigations has been devoted to studying of the influence of SLM processing parameters on 

porosity and defect generation (Gong et al. 2014). Another significant part of the investigations of 

SLM processing of Ti-6Al-4V alloy have been focused on studying of microstructure and 

mechanical properties of SLM fabricated Ti-6Al-4V specimens. The microstructure of as-

fabricated SLMed Ti-6Al-4V parts generally consists very fine predominantly ' martensite phase 

(Facchini et al. 2010, Murr et al. 2009) therefore tensile strength is higher and ductility is lower in 

comparison with wrought alloy that is most commonly used in the mill-annealed condition (Boyer 

et al., 1994). For improvement of ductility heat treatment is needed (Facchini et al. 2010, 

Vrancken et al. 2012). Also, SLM processing of Ti-6Al-4V alloy is generally accompanied by high 

tensile residual stress (Yadroitsava et al. 2015) that can lead to cracks formation, dimensions and 

shape distortion and even destruction of part during SLM processing and damage of powder 

spreading system of SLM machine. To reduce residual stress post-processing heat treatment is 

commonly used before removing of fabricated part from the substrate plate to avoid deformation. 

Another effective method of reduction of residual stress in SLM fabricated parts is powder bed 

preheating (Ali et al. 2017). SLM fabrication of Ti-6Al-4V alloy is of great interest for biomedical 

field. SLM technology allows to fabricate complex shape parts such as dental and surgical 

implants directly from CAD model (Lykov et al. 2017). In comparison with conventional 

manufacturing methods SLM technology is capable to produce bulk and porous parts from metals 

with bad machinability in very short times without expensive mold and tools (Song et al. 2012). 

Another perspective application of SLM fabricated Ti-6Al-4V parts is aerospace industry where 

Ti-6Al-4V is widely used since the 1950s including applications with working temperatures up to 

350°C (623 K) (Boyer et al., 1994). However, to the author’s knowledge, there is no study in the 

literature about of elevated temperature mechanical properties of selective laser melted Ti-6Al-4V 

excepting the work (Popovich et al. 2015) where elevated temperature tensile tests were carried 

out only at 350°C. Therefore, the aim of this work is to study the mechanical properties of SLM 

fabricated Ti-6Al-4V at ambient and elevated temperatures up to 350°C (623 K). 

 

EXPERIMENTAL SETUP 

 

SLM machine 

A Sinterstation® Pro DM125 SLM System (3D Systems Corporation, USA) was used in this 

study. This SLM machine is equipped by a 200 W laser, an automatic powder spreading system, 

an inert gas protection system, and a powder bed preheating system. Laser has a focal diameter at 

the powder bed about 35 m. 

 

Powder material 

Inert gas atomized Ti-6Al-4V powder was used in this study for the SLM experiments. Powder 

was supplied by MTT Technologies GmbH (Lübeck, Germany) and produced especially for SLM 

technology. Powder was characterized in terms of particle size distribution and morphology. The 

morphology of powder particles was examined using a JEOL JSM-7001F scanning electron 

microscope (SEM) (JEOL Ltd., Japan). The particle size distributions were measured using an 

Occio 500nano particle analyzer (Occhio SA, Belgium). Powder particles have a good spherical 

morphology with a certain amount of satellites on surface of some particles and with a small 
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low ductility (Leuders et al. 2013, Zhao et al., 2016, Cao et al. 2017). In the same time, some 

works shown excellent ductility (elongation at break about 10%) for as-build Ti-6Al-4V 

(Simonelli et al. 2014). That differences in results can be explained by a large number of reasons, 

such as different geometry of specimens, different porosity, differences in microstructure (primary 

 grains sizes and orientation), differences in powder chemical composition and size distribution, 

differences in fabrication processing (oxygen content in building chamber) and other. The 

decreasing of ductility is explained by combined effect of predominate martensite microstructure, 

microcracks, porosity and residual stress (Facchini et al. 2010). On the other hand, strength of 

SLM fabricated material is significantly higher than in wrought alloy due to very fine martensite 

microstructure. 

 
CONCLUSIONS 

 

The specimens for room and elevated temperature tensile tests with more than 99.5% relative 

density were fabricated by SLM technology from Ti-6Al-4V spherical powder. Obtained 

specimens have very fine microstructure that contains predominantly ' martensite needles. In 

comparison with wrought material, SLM fabricated Ti-6Al-4V shown more strength and less 

ductile behavior for all considered temperatures (up to 350 °C). As expected, strength increased 

and ductility decreased with temperature increasing. 
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