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ABSTRACT The application of additive manufacturing technologies for titanium alloys is expanding in both
research and industrial sectors. In this study, selective laser melting was employed to fabricate and investigate the
effects of adding 1 wt.% silicon to the Ti-6Al-4V alloy. The microstructure of the fabricated selective laser melting
samples consisted of fish-type melted regions normal to the build direction. Columnar B-Ti grains grew in the
opposite direction of heat flow, namely along the build direction. The results indicated that the addition of 1 wt.%
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Scl{ctivc Laser Melting silicon led to grain refinement and a reduction in the width of the primary columnar B-Ti grains from approximately
Ti6Al4V Alloy, 70 to approximately 40 um. This grain refinement, resulting from the presence of silicon, also contributed to an
Silicon, increase in the average microhardness of the alloy, such that the microhardness value increased from approximately

Microstructure,
Microhardness
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417 to approximately 481 HV in the build direction plane.

URL: https://www.jamt.ir/article 243773 .html

1. INTRODUCTION

In recent decades, additive manufacturing (AM)
technologies have gained significant attention in both
industry and academia due to their numerous
advantages, including reduced material waste, shorter
processing times, high flexibility, suitability for
producing complex components, and a shortened
product development cycle (Meng et al., 2021).

Grain refinement is an effective approach for
enhancing mechanical properties, as it simultaneously
improves both the strength and ductility of the
component. The addition of a solute element enhances
the strength of components produced by additive
manufacturing through three main strengthening
mechanisms: solid solution strengthening, second-phase
precipitation, and grain refinement strengthening
(Leuders et al., 2013). In this study, the effect of adding
1 wt. % silicon on the microstructure of Ti-6Al-4V alloy
fabricated by selective laser melting (SLM) was
investigated. The results revealed that the addition of
silicon led to a reduction in the size of the primary 8
grains during the 3D printing process, resulting in grain
refinement.

2. MATERIALS AND METHODS

Spherical Ti-6Al-4V ELI alloy powder (Suoyi
Company, Guangzhou, China) with a particle size range
of 15-45 pm, as well as elemental silicon powder with
particle sizes below 45 um, were used in this study
(Figure 1). The selective laser melting process

parameters used for sample fabrication included a laser
power of 200 W, a scanning speed of 1200 mm/s, a hatch

Figure 1. Scanning Electron Microscopy images of the used
powders: (a) Ti6Al4V-ELI and (b) Silicon.

Crystal structure and microstructure were studied
using X-ray diffractometry and optical & scanning
electron  microscopy, respectively.  Mechanical
assessment was done by microhardness testing using a
Vickers indenter.

3. RESULTS AND DISCUSSION
3.1. Microstructure of the Ti6Al4V alloy

The microstructure of the Ti-6Al-4V sample in the
build direction consists of elongated primary f columnar
grains, with an average width of approximately 68 um,
which grew opposite to the heat flow direction, at an
angle of approximately 20 degrees relative to the build
direction. These textured grains were formed epitaxially
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from the remelted grains of the underlying solidified
layers due to directional solidification.

3.2. Microstructure of the Ti6Al4V-1Si alloy

Similar to the microstructural features of the Ti-6Al-
4V alloy, fine needle-like o' martensite is observed in
planes both along and normal to the build direction. The
o’ martensite primarily nucleated at the boundaries of
the primary B grains and grew within the [ grains;
however, some o’ martensite also extended into adjacent
B grains. In the microstructure of the printed samples
along the build direction, primary B columnar grains are
clearly visible, growing along the build direction
(opposite to the heat flow direction), which is a typical
feature of the SLM process.

A comparison of the microstructures and measured
grain sizes for the Ti-6Al-4V and Ti-6Al-4V-1Si alloys
reveals that silicon has a significant effect on the
morphology and size of the primary [ grains in samples
produced via SLM (Simonelli et al., 2014).

The addition of silicon as a soluble element notably
reduces the grain size, including the width of the
columnar grains. Based on the linear intercept method,
the average width of the columnar grains decreased from
approximately 70 um in the Ti-6Al-4V alloy to
approximately 38 um in the Ti-6Al-4V-1Si alloy.

3.3. Effect of Silicon Addition on the Hardness of
Ti-6Al-4V

To investigate the effect of silicon addition on the
hardness of the Ti-6Al-4V-1Si alloy processed via
selective laser melting (SLM), microhardness testing
was performed using the Vickers hardness method. The
average microhardness was measured both in the build
plane and along the build direction. A comparison of the
average microhardness values for the Ti-6Al-4V and Ti-
6Al1-4V-1Si samples in the two directions is presented in
Table 1. The results indicate that the average

microhardness increased in both directions following
the addition of 1 wt.% silicon.

Tablel. Average microhardness values for the SLM-fabricated
samples in two different directions

Vickers microhardness(HV-200)
Sample Plane of Plane normal to the build
direction direction
Ti6Al4V 12+417.2 +18414.2
Ti6Al4V-1Si +17 481.7 22 461.7+
4. CONCLUSIONS

The microstructure of the Ti-6Al-4V-1Si alloy
sample fabricated using the SLM process consisted of
columnar grains grown opposite to the heat flow
direction, namely along the build direction. A
comparison with the reference sample (Ti-6Al-4V)
shows that the average width of the primary § columnar
grains was reduced from approximately 70 pm to
approximately 40 um in the Ti-6Al1-4V-1Si alloy. The
average microhardness of the samples slightly increased
in both the build plane and the build direction due to
grain refinement, demonstrating an enhancement
resulting from the addition of 1 wt.% silicon to the Ti-
6Al-4V alloy.
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