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ABSTRACT

Electron beam melting (EBM) is among the modern additive manufacturing processes whereby metal powders are
selectively melted to produce very complicated components with superior mechanical properties. In this study,
microstructure, hardness, and surface roughness of EBM fabricated Ti6Al4V samples were characterized. The results
showed that the microstructure consisted of epitaxially-grown primary columnar B phase transformed to basketweave
and Widmanstatten-type o phase during the subsequent rapid cooling. Martensitic needle-type a phase was also
observed on the surfaces of the specimens. It was shown that higher parts of the sample had finer microstructures than
the lower parts reaching to less than 340 nm in average thickness of the a layers due to distancing from the hot build
platform rendering less opportunity for diffusional p — a+f transformation. The porosity content of the samples was
lower than that of some other additive manufacturing processes. Vickers micro-hardness of the samples was measured
to be around 337 HV which was higher than those reported for other additive manufacturing processes of the alloy.

Keywords: Additive manufacturing, Electron Beam Melting, Ti6 Al4V, Microstructure, Microhardness, Roughness.

1. INTRODUCTION
Additive manufacturing (AM) is a set of novel
near-net-shape fabrication techniques used to
produce solid components by layer-wise selective
consolidation of different materials [1]. Electron
beam melting (EBM) is an AM process that
employs a focused electron beam to selectively
melt metal powders such as titanium and cobalt
alloys for three-dimensional fabrication [2]. EBM
is able to produce high-value components in small
quantities and in short times. It has other
advantages, such as low waste and easy
production of complex shapes. Ti6Al4V alloy is
one of the most important alloys used in the EBM
process. When the alloy cools from the molten
state, first B-phase with BCC crystal structure is
formed. With decreasing the temperature and
reaching the phase transition temperature, lamellar
a phase with HCP crystal structure is formed in
the grain boundaries of 8 [3].

Microstructure of Ti6Al4V alloy is controlled
by the cooling rate [4]. Microstructure in the
samples produced by the EBM process consisted

*: behzn@iut.ac.ir

mainly of the o phase within the B-columnar
grains formed at the beginning of the
manufacturing process. a phase is seen as layers
where the B phase has grown along its boundaries.
These o layers are formed in the form of
Widmanstétten structure and Basketweave in
different sizes and directions.

In this research, microstructure, hardness, and
surface roughness of EBM fabricated Ti6Al4V
alloy were investigated. Also, the effect of the
height from the build platform on the
microstructure of the sample was investigated.

2. MATERIALS AND METHODS

Spherical Ti6Al4V alloy powder (45-150 pm) was
used. The EBM system used was an ARCAM
A2X (ARCAM AB, Sweden) operating under
vacuum with the process chamber at 630 °C.
Cylindrical specimens with a height of 1.5 and
radius of 0.5 cm were manufactured. A cylindrical
sample was divided into two halves, and one of
the halves was sectioned into three pieces in the
direction perpendicular to the build direction.
Microstructure of the samples was studied by
optical and scanning electron microscopy (SEM).
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Figure 1. XRD pattern of Ti6Al4V sample produced by EBM method

Philips X’Pert-MPD X-ray diffraction (XRD)
device was used to detect different phases.
Hardness was evaluated by the Vickers method at
three section heights of the sample.

3. RESULTS AND DISCUSSION
3.1. Microstructural examination
By examining and comparing XRD patterns of the
sample (Figure 1) with those of previous
researches [4], it can be seen that the
microstructure consists of o phase with HCP
crystal structure and P phase with BCC crystal
structure. Comparing the intensity of the peaks, it
can be said that the a phase is formed as a result
of a transformation and is the predominant phase
in the structure. The microstructure formed in the
build direction (Z axis) (Figure 2) consists of the
a-phase inside the B-columnar grains formed at
the beginning of the fabrication process and
parallel to the fabrication direction. The light-
phase corresponds to the B-phase and the dark
phase to the a-phase .The a-phase grows in a
lamellar fashion in different directions and sizes
and takes the form of Widmanstatten and
Basketweave structures The Basketweave
structure and the o+f layers, which are inside the
initial B-phase layers, can be seen in the figure. By
examining the microstructure on the surface of the
sample, the o'-phase can be observed. It
decomposes to o+ phases at the temperature of
the fabrication chamber.

SEM images of the sample in the build

20pm 1

Figure 2. Optical micrographs of the sample parallel
to the built direction at two different magnifications

ooty B

20pm

Figure 3. SEM micrograph of the sample parallel to
the built direction

direction are shown in Figure 3. The presence of
the remaining B-phase formed at the beginning of
the fabrication process and the structure of the
basketweave and a+f layers that are within the
initial B-phase layers are evident from the figure.
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Figure 4. Optical micrographs at three different heights of a) 5, b) 10, and c) 15 mm from the built platform

Figure 4. shows the optical micrographs related to
three different heights of the sample. It is clear
that by increasing the distance from the build
platform, the cooling rate increases significantly
and thinner a-layers are formed corresponding to
higher cooling rates. This is mainly due to the
heating effect of the fabrication platform, which is
in the temperature range of 650 to 700 °C [5].

3.2. Hardness

No significant change in the Vickers
microhardness of Ti6Al4V alloy sample produced
by EBM process at different heights from the
build platform was observed. This might be due to
the small amount and uniform dispersion of
porosity in the samples developed during this
process [6]. At the same time, the average
hardness of the sample (337 HV) is higher than
that of the parts produced from the same alloy by
some other manufacturing processes (308 HV).
This can be one of the advantages of the EBM
process.

3.3. Roughness
Roughness was studied on the top and sidewalls of

the samples. The average top surface roughness
(Rs) was about 3 pm and that of the lateral surface
was about 28 pum. The surface roughness of the
samples can be due to insufficient melting,
irregular morphology, the open breach in the
surface, and pores inside the components.
Roughness on the side has higher values due to
the layer-wise nature of this manufacturing
process [7].

4. CONCLUSION

In this study, microstructure, hardness and surface
roughness of samples of Ti6Al4V alloy produced
by EBM were investigated and characterized. The
results showed that:

1- Microstructure consisted of epitaxially-grown
primary columnar f-phase transformed to
basketweave and Widmanstétten type o-phase
during the subsequent rapid cooling.

2- Upper parts of the sample had finer
microstructures where the average thickness of the
o-layers reached to less than 340 nm. This might
be due to distancing from the hot construction
platform rendering less opportunity for diffusional
B — o+p transformation.
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3- Vickers micro-hardness of the samples was
estimated about 337 HV, which was higher than
those reported for some other additive
manufacturing process of the alloy.

4- The surface roughness of the EBM fabricated
specimens was rather high. Therefore, they could
be considered as good candidates for the implant
and biomedical applications.
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