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ABSTRACT

This preliminary investigation forms part of a continuing study into the in-situ alloying of 
blended elemental powders of titanium (Ti), aluminium (Al) and vanadium (V) to produce 
the Ti6Al4V alloy. The Ti6Al4V alloy is by far the most common and widely used titanium 
alloy mainly due to its unique and attractive combination of characteristics and properties 
such as corrosion resistance, light weight and high strength. However, the conventional 
production routes of this alloy involve additional processes that result in an expensive alloy, 
which then limits its ability to be used to manufacture components for less critical 
engineering applications. For this reason, new alloying approaches for the production of the 
Ti6Al4V components need to be investigated. In this paper, the feasibility of in-situ alloying 
blended powders of CP Ti and a 60Al-40V master alloy in the Direct Metal Laser Sintering
process to produce Ti6Al4V single tracks was investigated. The objectives of this study are
to determine the optimum blending requirements and process parameters that can be used 
to manufacture Ti6Al4V single tracks from a Ti-10(60Al:40V) powder blend through the Direct 
Metal Laser Sintering process. The powder was characterised to ensure the blend was 
suitable for use in this process. Single tracks were produced with the EOS M280 machine and 
the blended powder using a range of process parameters. The produced single tracks were 
then analysed to determine the optimum process parameters suitable for this manufacturing 
approach. The optimum process parameters were obtained at laser powers of 100W and 
200W at corresponding scanning speeds of 0.6m/s and 1.2 m/s respectively. These single 
tracks with optimum geometric characteristics were then analysed using a Scanning Electron 
Microscope (SEM) to determine their chemical composition.

1 The author is enrolled for a Master of Engineering in Mechanical Engineering degree in the 
Department of Mechanical and Mechatronics Engineering, Central University of Technology, 
Free State.
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1. INTRODUCTION

Many Titanium (Ti) alloys have been explored since the discovery of the metal, however none 
of them have seen any significant use as compared to the Ti6Al4V alloy due to its unique 
combination of properties. For this reason, Ti6Al4V is known as the workhorse of the Ti 
industry. Ti6Al4V is unique because it combines attractive properties such as high strength, 
lightweight, formability and corrosion resistance which make it a desirable material for 
applications in many industries [1]. However, the conventional methods used for the 
manufacturing of this alloy, involve multi-step and energy-intensive thermomechanical 
processing routes which increase the cost of production thus making it expensive and 
unjustifiable for use in common engineering applications [2,3]. The inherently high cost of 
the conventional Ti6Al4V production process warrants the development of potential 
alternative and cost-effective methods to be employed.

The Direct Metal Laser Sintering (DMLS) process is an Additive Manufacturing (AM) process 
that forms part of the Laser Powder Bed Fusion (L-PBF) category. DMLS has been used to 
manufacture Ti6Al4V components with characteristics and mechanical properties 
comparable to the wrought counterpart [4–6]. The feedstock that has been traditionally 
used in this AM process to produce Ti6Al4V components is of a pre-alloyed (PA) nature. In a
PA powder feedstock, each individual powder particle has the target alloy composition that 
is required in the final part therefore producing a component with a homogeneous 
distribution of alloying elements [1]. Research into the feasibility of employing blended 
elemental (BE) powders as feedstock in the DMLS process to produce Ti alloys, such as 
Ti6Al4V through in-situ alloying is still in its infancy stage, therefore the potential of this 
manufacturing approach remains unknown. However, a recent study by Zenani et al [7] on 
Ti6Al has explored the feasibility and manufacturing suitability of this approach. This
technique of blending elemental powders will lay the foundation for BE powders to be used 
in the DMLS process. It is vital that the chemical and physical properties of the powders used 
are fully understood to ensure their repeatability and suitability for use in the DMLS process.

In this paper, a mixture of spherical CP Ti and a 60Al-40V master-alloy has been used to 
produce a Ti6Al4V alloy through the DMLS process, which differs from the traditional use of 
PA Ti6Al4V powder in the DMLS process. The production of the PA powders involves a chain 
of processes including conventional manufacturing and atomisation processes [3]. On the 
contrary, CP Ti powder can be blended with either elemental powders or a master-alloy (MA) 
of Al and V. Using a MA of Al and V is considered as a variant of the BE route, even though it 
would still require the use of conventional wrought and atomisation processes to produce 
the MA powders [8]. However, this would be justified for the production of the Ti6Al4V alloy 
as this MA eliminates problems that could arise with the evaporation of the Al powder by 
increasing its low melting point through alloying it with the V powder to achieve a higher 
melting point of the alloy. The melting point of elemental Al powder is 660°C, while that of 
elemental Ti and V are 1667°and 1890°C, respectively [8]. It can already be predicted that 
the Al powder will melt first and eventually evaporate as the sintering temperature increases 
towards the melting point of the Ti and V powders. Pre-alloying Al  with V leads to a MA
powder with a melting temperature ranging between 1650-1725°C [8], therefore ensuring 
that the chemical composition of the resulting alloy will be more homogenous because
evaporation of Al is prevented. Blending elemental CP Ti together with a 60Al-40V MA powder 
to produce a Ti6Al4V alloy would reduce the cost to manufacture this alloy and thus making 
it economically viable for additional applications. Most of the high-quality metal powder 
used in AM in South Africa is sourced from overseas at an exorbitant price. If local sources 
of high-quality Ti powder become available, the aforementioned BE or elemental-MA powder 
mixing strategies can be employed to create various Ti alloys for use in DMLS, which would 
then translate to a reduction in feedstock material cost. Savings in cost between 20 and 50%
have indeed been reported when producing the Ti6Al4V alloy through powder metallurgy 
(PM) processes using BE powders [1,2,9].
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2. MATERIALS AND METHODS

2.1. Powder mixing
Two powders, commercially pure (CP) grade 1 Ti and a 60Al:40V master alloy (MA) with a 
chemical composition range of 13-60 wt% Al, 36-86 wt% V, were mixed together in a 
Ti:10(60Al40V) ratio to form a Ti6Al4V powder blend, referred to as the blend throughout 
this paper. The powders were mixed at Stellenbosch University (SU) using a 3D Turbula®-like 
mixer, driven by a SEW-Eurodrive motor and Movitrac controller. A total of 400g of powder 
was mixed for 40 minutes at 250 rpm.

2.2. Powder characterisation
The gas-atomised CP Ti, supplied by AP&C, Canada, has a specified size of 20- 45 µm. The 
60Al:40V MA powder is produced by aluminothermic smelting and then ball milled; it is 
supplied by Reading Alloys, PA, USA, and has a specified size of 20-80 µm. The individual CP
Ti and MA powders, as well as the blend were characterized in terms of both chemical and 
physical properties. A summary of powder characteristics, testing methods, and apparatus 
has been tabulated below.

Table 1: Powder characterisation details.

Powder 
Characteristic

Equipment Test Details

Chemical 
Properties Bruker D2 Phaser 

XRD pattern data collection. MAUD 
software was used to fit patterns.

Particle 
Morphology

Zeiss Merlin FESEM with an 
EDS detector

SEM imaging

Particle Size 
Distribution

1. Saturn DigiSizer 5200 
V1.12 (light scattering)
2. Minor sieve shaker M200 
with Endecott Sieves (sieving 
analysis)

1. ASTM B822 [10]
2. ASTM B214 [11]

Apparent 
Density

1. Hall flowmeter
2. Carney flowmeter

1. Free-flowing powders: ASTM 
B212 [12]
2. Non-free-flowing powders: ASTM 
B417 [13]

Flowability

1. Hall flowmeter
2. Carney flowmeter
3. Camera, Tripod, and MS 
Paint

1. Free-flowing powders: ASTM 
B213 [14]
2. Non-free-flowing powders: ASTM 
B964 [15]
3. Angle of Repose measurement

2.2.1. Chemical analysis
The chemical composition of the powders was obtained from the supplier specifications. The 
crystal structure and molecular formula of the powders were obtained using x-ray diffraction 
(XRD). MAUD software [16] was used to fit XRD patterns gathered from the Materials Project 
Database [17].

2.2.2. Powder morphology
The morphology of the individual powders and powder blend was obtained using a Zeiss 
Merlin FESEM with an EDS detector. The powders were mounted on double sided carbon tape 
and placed inside the scanning electron microscope (SEM). The shape and surface topography 
of the individual powders as well as the blend were obtained. Powder was sampled from the 
top, middle and bottom of the blend using a modified powder sampler.
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2.2.3. Particle size distribution (PSD)
The PSD was determined using light scattering and sieving analysis. The light scattering was 
conducted with a Saturn DigiSizer 5200 V1.12. This method is used to determine the volume 
frequency and surface area of the powder. It assumes the powder particles to be spherical 
and may lead to an inaccurate PSD of irregular shaped powders. The powders were suspended 
in distilled water with a flow rate of 12 l/min and sonicated for 60 s before measurement. A 
refractive index of 2.22 was use for CP Ti and the blend, and 1.741 was used for the MA. The 
Mie theory model was applied to process the data.

The sieving analysis was conducted using a Minor sieve shaker M200 with 100, 75, 63, and 45 
µm Endecott sieves. This method formulates a weight distribution versus size. This PSD is 
skewed towards the larger and heavier particles when compared to the volume distribution 
analysis [17]. 

2.2.4. Density
The apparent density of the powders was measured using ASTM B212 [12] standard for free-
flowing powders and ASTM B417 [13] standard for non-free-flowing powders. The tests were 
conducted on the raw powder as well as powder that had been oven dried at 120 °C for four 
hours. The specified density was obtained from the respective material safety data sheets 
(MSDS).

2.2.5. Flowability
The flow rate (FR) and angle of repose (AoR) were measured. The Hall flow rate (FRH) was 
used for free-flowing powders (ASTM B213 [14]), and the Carney flow rate (FRC) was used for 
non-free-flowing powders (ASTM B964 [15]). The flowability of the powder is a key 
characteristic in DMLS printing to allow for complete and uniform deposition of powder on 
the substrate.

Figure 1:

The AoR is the angle that a powder rests prior to slip motion, due to inter-particle friction. 
The powder was allowed

to freely flow through an appropriate funnel (either Hall or Carney, which has a larger orifice 
diameter) onto a flat surface. The AoR of the powder heap can be determined using a 
suitable image analysis tool, such as MS Paint, and equation (1). The powder is termed very 
free-flowing, free-flowing, fair to passable flow, and cohesive if the AoR is <25°, 30-38°, 38-
45°, and 45-55°, respectively [18].
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2.3.Direct metal laser sintering
In the DMLS process, a three-dimensional component is built by first depositing single tracks 
parallel to each other at a certain distance (hatch distance) from each other to form a layer. 
The single track deposition then continues on top of the previously deposited layer to form 
a new layer and this process is repeated until the component has been built. It can therefore 
be said that the quality of DMLS produced components depends on the quality of each 
produced single track [19]. It is therefore imperative that the process parameters that affect 
the quality of each individual single track are determined and documented in order to build 
a defect-free component with process repeatability.

In order to determine the most suitable process parameters for the Ti-10(60Al40V) powder
bend, single tracks were produced with the EOSINT M280 machine in an argon atmosphere in
the Centre for Rapid Prototyping and Manufacturing (CRPM) at the CUT. A layer thickness of 
60µm was deposited on a 3mm thick Ti6Al4V substrate and selected process parameters 
(laser power, scanning speed) were used to produce the single tracks on the Ti6Al4V 
substrate. The results were analysed according to procedures found in literature[7,20,21].
For each scanning speed and corresponding laser power, three single tracks 20 mm in length 
were produced. Each of these produced tracks were observed for continuity on the top 
surface using an optical microscope and Zeiss software. The continuous tracks were analysed
to observe the track width, track height and penetration depth. This analysis lead to the 
determination of a set of process parameters suitable for the production of single tracks,
layers and the subsequent production of 3D objects. The chemical composition of the single 
tracks produced at the chosen process parameters was determined through Energy-dispersive 
X-ray spectroscopy (EDS) analysis to validate the condition of the produced alloy.

3. RESULTS AND DISCUSSION

3.1. Chemical composition
The chemical composition of the powders from the supplier are represented in Table 2.

Table 2: Chemical composition of powders

Chemical Composition (%)

Base 
Element Ti Al V Fe O C N H

Trace 
Elements 
(each)

Trace 
Elements 
(total)

Ti Bal - -
0.05-
0.2

0.1-
0.18 0.1 0.02 0.01 0.1 0.4

60Al:40V 
MA - 54-

60
40-
45 0.5 0.1 0.1 0.05 0.015 0.5 max -

The crystallographic structure of the individual powders was obtained using XRD and MAUD 
software. Online databases were used to gather phase information. To confirm the presence 
of these phases in the samples, the phase peaks were matched with the XRD data, seen in 
Figure 2. The CP Ti, Figure 2(a), is purely comprised of hexagonal close packed (HCP) -
phase, and the MA, Figure 2(b), consists of monoclinic Al8V5 and tetragonal Al3V.

3.2. Morphology
The CP Ti powder particles Figure 3(a-b) had a mostly spherical shape with small sub-grains 
present. Very few subsurface irregularities were observed. The MA powder particles shown 
in Figure 3(c-d) had an irregular angular structure. There was a significant presence of sub-
micron particles which were likely to have flaked off during the ball-milling process. The 
blend in Figure 3(e) shows a well homogenised distribution of the MA in the CP Ti. It was 
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observed that finer MA and CP Ti particles agglomerated on the larger CP Ti particles as 
shown in Figure 3(f). This was attributed to the electrostatic forces and weak Van der Waals 
forces present during the powder mixing process [22].

Figure 2: The XRD patterns of the powders: a) CP Ti b) MA

3.3. Particle size distribution 
The PSD of the CP Ti, MA, and the powder blend can be seen in Figure 4. The volume 
frequency percent versus particle diameter (Figure 4(a)) of the CP Ti and the powder blend 
follow a typical Gaussian distribution [23] with the MA having a broader distribution with an 
abnormally high number of finer particles. The cumulative volume percent versus particle 
diameter of the light scattering and sieving analysis of the three powders, respectively, is 
presented in Figure 4(b) on separate axes. A sieving analysis is typically restricted to 
measuring a minimum particle size of 45 µm as smaller particles stick to and clog finer sieve 
sizes. Given that light scattering results indicated that 90 % of both the CP Ti powder and 
the powder blend were below 45 µm Table 3. Comparison between the two PSD methods is 
limited. As expected, the light scattering PSD of the blend is seen to be a combination of 
the PSD of both the CP Ti and the MA as the line of the blend falls in-between the two lines 
regardless of the particle diameter (Figure 4(a-b). This is not the case with the sieving 
analysis. This difference is highlighted in Figure 4(b) of the powder blend at 45 µm in the 
sieving analysis. It was discovered that fine agglomerates formed on the outside of the 
spherical CP Ti particles Figure 3(f), which would have prevented the powder particles from 
passing through the finer 45 µm  sieve and hence the sieving analysis indicated around 58 %
of the particles being less than 45 µm. During the light scattering analysis, the powders are 
sonicated in distilled water prior to size measurement which would have dislodged the finer 
agglomerates from the larger particles, and therefore indicates that 92 % of the powders are 
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below 45 µm. The D10, D50, D90 and average particle size obtained via light scattering is
presented in Table 3.

Figure 3: SEM images of raw powder: a-b) CP Ti powder, c-d) MA powder, e-f) powder blend. All 
scale bars represent 10µm.

Table 3: PSD of CP Ti, MA and blend via light scattering

Powder D10 (µm) D50 (µm) D90 (µm)
Average 

Particle Size 
(µm)

CP Ti 20.32 32.81 43.72 32.31 ± 0.03
MA 10.02 31.53 52.40 31.38 ± 0.09

Blend 18.49 32.47 44.79 31.91 ± 0.10
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Figure 4: PSD of CP Ti, MA, and blend a) Volume frequency percent via light scattering b) 
Cumulative volume frequency via light scattering and sieving analysis

3.4. Density
The apparent density of the spherical CP Ti powder is higher than the MA powder due to its 
small size and its spherical shape, which is favourable to packing [24].  It was seen that the 
apparent density increased slightly when the powders were dried in an oven prior to testing. 
Drying the powders reduced the inter-particle friction and allowed for tighter packing and 
better flow. 
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The relative and apparent densities of the powders are reported in Table 4.

Table 4: Powder density

Powder Reative Density
Apparent Density 
(g/cm3)
Raw powders

Apparent Density 
(g/cm3)
Dried powders

CP Ti 4.5 2.55 ± 0.00 2.56 ± 0.00
MA 3.94 - 5.61 1.22 ± 0.01 1.26 ± 0.01
Blend 4.44 – 4.61 2.24 ± 0.01 2.27 ± 0.02

1Specified density is presented as reported in the supplier specifications.

3.5. Flowability
The FR and AoR are given in Table 5. The powders were first tested with the Hall flowmeter 
to obtain the Hall flow rate (FRH). If the powders did not flow, the Carney flowmeter with a 
larger orifice was then used to determine the Carney flow rate (FRC).

Table 5: Flow characteristics of raw and dried powders.

Powder FRH (s/50g) FRC (s/200g) AoR (°)
CP Ti 42.84 ± 0.79 N/A 29

Master-alloy No flow No flow 45
Blend No flow No flow 38

CP Ti (Dried) 34.00 ± 0.46 N/A 26
Master-alloy (Dried) No flow No flow 44

Blend (Dried) No flow 110.38 ± 2.90 35

The spherical CP Ti had a good flowability and very low AoR which both improved after 
drying. The CP Ti can therefore be classified as very free-flowing [18]. The MA had a high 
AoR and was no-flow with both flowability tests regardless of nature. The highly irregular 
morphology of MA coupled with the aforementioned flow characteristics classifies it as 
cohesive. The blend was able to flow after drying and additionally improved AoR. The blend 
can be classified as free-flowing. Moisture inhibits the flowability of powders due to the 
capillary forces between the powder particles [22,25]. Powders are typically oven dried prior 
to DMLS and it is therefore of value to conduct these tests on dried powder.

3.6. Single track analysis
Laser powers of 100,150,170 and 200 W were used in this experiment. For the 100 W laser 
power, scanning speeds ranging from 0.4 to 1 m/s with an increment of 0.1 m/s were used. 
For 150, 170 and 200 W laser powers, scanning speeds of 0.6 to 1.8 m/s were used with an 
increment of 0.2 m/s. The criteria used to determine the optimum process parameters was 
to identify single tracks with optimum geometrical characteristics by first identifying
continuous tracks (top view analysis) and then performing a cross-sectional (side view) 
analysis to determine the track height, track width and the penetration depth of those 
continuous tracks. These continuous tracks will then be analysed through scanning electron 
microscopy to determine the chemical composition of the tracks after in-situ alloying. An 
example of both continuous and non-continuous tracks are shown in Figure 5.The single 
tracks produced at 100 W laser power (Figure 5(a)) were continuous, however with unstable 
geometric characteristics, at the corresponding speeds of 0.4-0.6 m/s. For scanning speeds 
above 0.6 m/s the tracks had an irregular track width and pre-balling started to occur. At 
150 W, the single tracks produced (Figure 5(b)) were continuous at a scanning speed range 
of 0.6 to 1.2 m/s. Scanning speeds above 1.2 m/s produced tracks with irregular track width 
and the effect of surface tension started to be evident. The continuity of the tracks produced 
at 170 W (Figure 5(c)) ranged from 0.6 to 1 m/s, before the track irregularities shown in 
(Figure 5(e)) took place. At the highest power of 200 W, the single tracks (Figure 5(d)) are 
continuous for scanning speeds of 0.6 to 1.2 m/s. Scanning speeds above 1.2 m/s resulted in 
irregular tracks that exhibited pre-balling (Figure 5(f)).
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Figure 5: Continuous single tracks produced at (a) 100 W, 0.6 m/s. (b) 150 W, 0.8 m/s. (c) 170 W,
0.8 m/s. (d) 200 W, 1.2 m/s and (e, f) non-continuous tracks produced at 170 & 200 W at 1.8 m/s,

respectively.

The linear energy density (power per selected speed) is higher at a lower scanning speed for 
any given laser power [7]. Therefore, the powder is exposed to the laser irradiation for a 
longer period at a lower scanning speed than at a higher scanning speed. The melt pool 
temperature will thus be higher at lower scanning speeds resulting in a low melt pool 
viscosity and surface tension between the melt pool and the substrate, therefore, thick, 
deep penetrated continuous tracks are produced [21]. As the scanning speed increases for 
the same laser power, the melt pool temperature decreases and the surface tension and 
melt pool viscosity increases. The increased melt pool viscosity and surface tension tend to 
promote the production of thin and irregular single tracks that appear to be broken into 
different sections (pre-balling) as shown in Figure 5 [20].
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Figure 6 illustrates the relationship between the linear energy density and the track width.
As the linear energy density decreased, the track width decreased.

Figure 6: Plot of linear energy density vs track width

The relationship between the scanning speed and the track width can be seen in Figure 7.
At low scanning speeds, the track widths are at their maximum and they decrease with an 
increase in scanning speed. An increase in scanning speed results in a decrease in linear 
energy density and melt pool temperature, with a consequent increase in surface tension 
and melt pool viscosity, therefore decreasing the widths of the tracks.

Figure 7: Plot of Scanning Speed vs Track Width
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The cross-sectional views of the single tracks produced at maximum energy density for each 
laser power are shown in Figure 8.

Figure 8: Cross-sectional views of single tracks produced at (a) 100 W, 0.4 m/s. (b) 150 W, 0.6
m/s. (c) 170 W, 0.6 m/s and (d) 200 W, 0.6 m/s.

The penetration depth of the melt pool into the substrate can be observed by the formation 
of a semi-keyhole shape [7,26]. The depth of this keyhole shape penetration is greater at a
laser power of 200 W (Figure 8(d)) when compared to that of 100 W (Figure 8(a)), therefore 
it can be said that the penetration depth increases as the laser power increases, at a constant 
scanning speed. This keyhole shape penetration is a direct result of the excessive laser 
irradiation that the powder was exposed to when producing these particular tracks; a greater 
volume of powder was melted thus resulting in a deeper penetration into the substrate. This 
keyhole effect is undesired in DMLS produced components, because it leads to the formation 
of pores and irregular single tracks [20]. The effect of the excessive laser irradiation can also 
be seen in Figure 8(b) where a heat affected zone has formed around the keyhole shape. 
This heat affected zone is a direct result of the combination of a high laser power and a low 
scanning speed, a combination that results in the excess heat being transferred to the 
surrounding area, thus forming the heat affected zone[7,20].

The relationship between the penetration depth and scanning speed is shown graphically in 
Figure 9. For any given laser power, the penetration depth is greater at a low scanning 
speed and it decreases with an increase in scanning speed. The penetration depth is also 
dependent on the laser power - a higher laser power at a slow scanning speed will result in 
a much deeper penetration depth. 
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Figure 9: The relationship between scanning speed, penetration depth and the laser power.

Careful consideration has to be taken when selecting the optimum process parameters for 
the DMLS process. The chosen parameters need to be optimum to ensure the production of 
defect free components. Through analysis of the results obtained, the combinations of laser 
power and scanning speed that produced the optimum process parameters were found to be
100 W with corresponding scanning speed of 0.6 m/s (Figure 10(a)) and 200 W at a
corresponding scanning speed of 1.2 m/s (Figure 10(b)). At these process parameters, the 
single tracks that were produced were continuous with a stable track width. The penetration 
depth of these tracks into the substrate resembled a semi-secular U-shape which is 
mandatory in the DMLS process for defect free components with good bonding into the 
substrate [7,20,26].

Figure 10: Single tracks produced at (a) 100 W & 0.6 m/s and at (b) 200 W & 1.2 m/s.

The preferred process parameter set suitable for the production of single tracks with 
optimum track characteristics from CP Ti and a 60Al-40V master alloy powder blend is 200
W and 1.2 m/s. Using these process parameters, the track width is more stable and the track 
height is slightly greater than at 100 W and 0.6 m/s, which means that components will be 
built faster with these parameters. The higher power of this process parameter set is 
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expected to result in more homogeneous mixing of the alloying elements in the melt pool. 
The secondary process parameter set of 100 W and 0.6 m/s can still be used for the 
production of components. However, dimensional accuracy may be a problem due to the 
unstable track width and the production time will increase due to the height of the tracks 
producible at these parameters. The difference in height of the tracks produced at different 
process parameters is shown in Figure 11. It can be seen from this graph that there is no 
obvious relationship between the track height, scanning speed and laser power. 

Figure 11: Plot of scanning speed vs track height at various laser powers

At 150 and 170 W, the cross-sectional analysis of the continuous single tracks revealed 
undesired geometric characteristics, such as an unsuitable substrate penetration 
accompanied by a heat affected zone and the humping effect [26,27], therefore they were 
not considered as feasible although they were continuous from the top view analysis.

ASTM standard F3001-14 specifies the acceptable chemical composition that the produced 
alloy should possess after processing in order for it to be considered to be Ti6Al4V [28].
According to this standard, the alloy should contain aluminium in the composition ranging 
from 5.50 to 6.5 wt% with a permissible variation of ±0.4 and vanadium in the composition 
range of 3.5 to 4.5 wt% with a permissible variation of ±0.15. The chosen single tracks that 
displayed the optimum geometric characteristics were analysed through Energy-dispersive 
X-ray spectroscopy (EDS) and the obtained results are shown in Table 6.

Table 6: Comparison between ASTM standard F3001-14 acceptable Ti6Al4V composition and the 
results obtained from EDS analysis of the produced alloy.

Parameter Set Acceptable Ti6Al4V 
composition (wt%)

Produced Alloy 
Composition (wt%)

Deviation

100W & 0.6 m/s Al: 5.5-6.5 (±0.4) Al: 5.07 -0.03 below permissible 
composition range.

V: 3.5 – 4.5 (±0.15) V: 4.76 +0.11 above permissible 
composition range.

Ti: Remainder Ti: 90.17 Remainder
200W & 1.2 m/s Al: 5.5-6.5 (±0.4) Al: 5.10 Within permissible 

composition range.
V: 3.5 – 4.5 (±0.15) V: 4.12 Within range
Ti: Remainder 90.78 Remainder
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As expected, the higher laser power of 200W resulted in a more homogeneous mixing of the 
alloying elements. According to the ASTM F3001-14 standard, the single track produced at 
the process parameter set of 200W and 1.2m/s contained the correct chemical composition 
required for Ti6Al4V as it can be seen in Table 6. The single track produced at the 
corresponding parameter set of 100W and 0.6m/s had an aluminium content below and a 
vanadium content above the permissible composition range. However, due to the favorable 
geometric characteristics of the tracks produced at this process parameter set, it can still 
be considered as optimum.
In AM processes, the substrate, including the initial layer of single tracks deposited into the 
substrate, is usually removed during post processing [29]. Therefore, the chemical 
composition of the single tracks obtained from the two optimum process parameters sets 
will be further analysed and confirmed in a subsequent study where they will be used to 
produce single and double layers. The analysis on the layers will allow us to obtain a true 
reflection of the chemical composition of the produced alloy without the possible 
interference of the substrate material. 

4. Conclusion
The feasibility of producing the Ti6Al4V alloy from blended powders of elemental Ti and a 
60Al-40V MA was investigated. The results suggested that single tracks can be produced at 
100 W, 0.6 m/s and 200 W, 1.2 m/s. The chemical composition of the produced single tracks 
was determined and they suggested the possibility of producing the Ti6Al4V alloy from this 
approach. Single tracks lay the foundation for the selection of the optimum process 
parameters for the production of components in the DMLS process. The successful 
determination of the combination of process parameters that can produce good quality 
defect-free single tracks will ensure the production of single layers and fully functional 3D 
components. This paper has illustrated the potential of producing the Ti6Al4V alloy through 
the DMLS process using a powder blend of Ti and a 60Al-40V MA powder however, further 
research into the production of single layers and 3D components is required in order to 
validate this manufacturing approach.
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