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This work compares two metal additive manufacturing processes, selective laser melting (SLM) and elec-
tron beam melting (EBM), based on microstructural and mechanical property evaluation of Ti6Al4V parts
produced by these two processes. Tensile and fatigue bars conforming to ASTM standards were fabricated
using Ti6Al4V ELI grade material. Microstructural evolution was studied using optical and scanning
electron microscopy. Tensile and fatigue tests were carried out to understand mechanical properties and to
correlate them with the corresponding microstructure. The results show differences in microstructural
evolution between SLM and EBM processed Ti6Al4V and their influence on mechanical properties. The
microstructure of SLM processed parts were composed of an a¢ martensitic phase, whereas the EBM
processed parts contain primarily a and a small amount of b phase. Consequently, there are differences in
tensile and fatigue properties between SLM- and EBM-produced Ti6Al4V parts. The differences are related
to the cooling rates experienced as a consequence of the processing conditions associated with SLM and
EBM processes.

Keywords EBM, fatigue testing, microstructure, SLM, tensile
testing

1. Introduction

Selective laser melting (SLM) and electron beam melting
(EBM) are two powder-bed fusion-based additive manufactur-
ing processes used to fabricate metallic parts (Ref 1, 2). These
processes are of interest due to several advantages over
conventional manufacturing methods. Freedom to fabricate
intricate geometries, optimum material usage, elimination of
expensive tooling etc. are some of the notable advantages of
additive manufacturing processes. In these processes the CAD
model of the part is fed to the machine where pre-processing
software slices the model into layers of finite thickness. A
powder layer is deposited on to a base plate above the build
platform. A focused laser/electron beam scans the powder-bed-
based on the sliced CAD data. The scanning results in localized
melting and solidification of the powder to form a layer of the
part. Subsequent layers are built one over the other by lowering
the build platform equivalent to the layer thickness until the
part is completed.

Selective laser melting utilizes a fiber laser heat source. The
four main parameters in SLM are laser power, scan speed,
hatch spacing, and layer thickness. Generally, the process is

characterized by high scanning speeds and high thermal gradi-
ents, leading to high cooling rates. High cooling rates result in
non-equilibrium microstructures which may require heat treat-
ment for certain applications. The SLM build chamber is
continuously flushed with inert gas to reduce oxygen level.
Typical layer thickness lies in the range of 20-100 lm. SLM is
capable of processing standard materials like Ti6Al4V, 316L,
17-4PH, 15-5PH, hot work steels, cobalt-based and nickel-based
alloys (Ref 3) andmore.Adescription of SLMprocesses has been
detailed elsewhere (Ref 4).

ArcamEBM technology uses an electron beam to melt powder
layer. Electron beam-powder interactions are substantially differ-
ent than laser-powder interactions. The penetration depth of an
electron beam into the irradiated material is multiple times greater
than it is with a laser beam (Ref 5). When the high speed electron
beam interacts with the powder layer, kinetic energy is converted
into thermal energy, causing the powder to melt. The build
chamber is kept at an elevated temperature (approx. 700 �C) in a
vacuum environment. Elevated temperatures help minimize
thermally induced residual stresses and the formation of non-
equilibriummicrostructures. The high intensity electron beam first
preheats the powder at a very high scan speed, large focal spot, and
low beam current. Preheating of the powder can help lower
moisture content and thus reduce the possibility of oxygen pickup.
More importantly preheating can reduce residual stress buildup by
bringingdown the temperature-gradient between successive layers
during processing. The preheating stage is followed by a melting
stage where the electron beam scans the powder at a lower scan
speed, smaller spot size, and higher beam current. Once the build is
completed the part is allowed to cool slowly from 700 �C to room
temperature. Due to the higher beam intensities and scan available
with electron beams, theEBMprocess ismuch faster than theSLM
process. A description of EBM processes has been detailed
elsewhere (Ref 6).
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Previous studies carried out by different researchers showed
typical microstructures and related properties for SLM- and
EBM-produced materials. Thijs et al. (Ref 7) studied the
influence of process parameters and the scanning strategy on
the microstructural evolution during SLM processing of Ti64.
They observed the resulting microstructure as acicular mar-
tensite as a consequence of very high cooling rates. The
microstructure was significantly affected by factors such as
high localized heat inputs, very short interaction times, local
heat transfer conditions, and processing conditions like scan-
ning velocity, hatch spacing (the distance between two adjacent
scan vectors), and scanning strategy. Facchini et al. also found
SLM-produced Ti64 microstructures to be as completely
martensitic. Song et al. (Ref 8) studied the effect of process
parameters in terms of microstructure, densification, surface
roughness, and microhardness for Ti64. They suggested a laser
power of 110 W and scan speed of 0.4 m/s in a continuous
melting mode to obtain a Ti64 part with maximum density.
Other than the microstructural aspects, previous studies per-
formed by Yadroitsev et al. (Ref 9), Morgan et al. (Ref 10), and
Yasa et al. (Ref 11) have provided the details on the influence of
substrate, energy input, laser pulsing, and laser irradiation
parameters on process stability and dimensional accuracy of the
final product.

Murr et al. (Ref 6) carried out characterization and
comparison of Ti64 produced by EBM processing with
wrought products. Microstructural characterization revealed
acicular a and associated b microstructure. Prior b grains form

epitaxially and extend through many layers which is a direct
consequence of the thermal gradient in the build direction
(Ref 12). Facchini et al. (Ref 13) also showed a very fine and
acicular morphology when Ti64 parts were produced using
EBM.

Although the microstructural aspects of SLM-produced and
EBM-produced samples have been studied, little attention has
been paid to a comparison and contrast between these processes
with respect to a given material. Therefore, this work is aimed
at comparing SLM and EBM processes in terms of micro-
structure, tensile properties, and fatigue properties of Ti64.

2. Experimental Methods

Ti64 parts were produced using an EOS M270 SLM
machine and an Arcam S400 EBM machine. Ti64 powder was
procured from each respective machine manufacturer. Powder
particle size was measured using a ‘‘Microtarc 3000’’ particle
analyzer. The average particle size of the powder supplied by
EOS was 36 lm and the powder supplied by Arcam was
60 lm. The particle size distribution and corresponding SEM-
SE images of Arcam Ti64 powder and EOS Ti64 powder are
shown in Fig. 1. Cylindrical specimens and specimens con-
forming to ASTM standards (ASTM: E8) for tensile testing and
for fatigue testing (ASTM: E466) were fabricated. The as-built
cylindrical specimens were analyzed for surface finish and

Fig. 1 (a) Powder size distribution of EOS supplied Ti64 powder (avg. particle size: 36 lm). (b) Powder size distribution of Arcam supplied
Ti64 powder (avg. particle size: 60 lm). (c) SEM-SE image of EOS supplied Ti64 powder. (d) SEM-SE image of Arcam supplied Ti64 powder
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sectioned for metallographic characterization. Metallographic
specimens were prepared following standard specimen prepa-
ration methods. Optical microscopy (OM) and scanning
electron microscopy (SEM) were used for microstructural
characterization. SEM-EDS (energy dispersive spectroscopy)

was carried out to compare any compositional differences
which may have occurred due to differences in processes
characteristics. OM was carried out on an Olympus optical
microscope and SEM was carried out in FEI FEG-SEM. X-ray
diffraction (XRD) was carried out to analyze the differences in

Fig. 2 (a) As-built tensile samples produced in SLM. (b) As-built tensile samples produced in EBM

Fig. 3 (a) External surface of a vertically built SLM sample (arrow shows the build direction). (b) External surface of a horizontally built SLM
sample (build direction is perpendicular to the image plane). (c) External surface of a vertically built EBM sample (arrow shows the build direc-
tion). (d) External surface of a horizontally built EBM sample (build direction is perpendicular to the image plane)
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phase composition. Tensile tests at room temperature were
performed for samples built in both vertical and horizontal
orientations using an Instron 50 kN tensile testing machine.
Rockwell hardness testing was carried out using a Wilson
Rockwell Hardness 3JR tester. High cycle fatigue tests at room
temperature were performed on a 10 kN Instron Electropulse

10000 fatigue testing machine. Fatigue tests were performed at
a stress ratio of R = 0.1 and a sinusoidal frequency of 50 Hz.
Fatigue tests were stopped when specimens broke or the fatigue
cycles reached 107 cycles.

3. Results and Discussions

3.1 Surface Characteristics

The external surfaces of the parts fabricated by SLM and
EBM processes have different surface roughness because of the
difference in scan speed, powder particle size, and layer
thickness. Figure 2(a) and (b) shows as-built tensile samples
produced by SLM and EBM, respectively. From the external
appearance it is clear that there is a difference in the surface
condition. Figure 2 shows magnified SEM images of the
external surfaces of solid cylindrical specimens fabricated by
SLM and EBM. The surfaces of parts fabricated by SLM are
relatively smooth when compared to EBM fabricated parts.
Figure 3(a) and (b) shows the external surfaces of vertical and
horizontal SLM samples, respectively. The surfaces of verti-
cally built samples are characterized by a wavy appearance
without any discontinuity. For horizontally built cylindrical
samples the curved surfaces are formed by consecutive steps.
Figure 3(c) and (d) shows the external surface of EBM-
produced samples in vertical and horizontal orientations,

Fig. 4 Optical micrographs of SLM-produced Ti64 samples. (a) Longitudinal cross-section showing columnar grains. (b) High magnification
longitudinal cross-section image showing fine �a martensitic laths (from the boxed region in �a�). (c) Transverse cross-section showing bundles of
columnar grains. (d) High magnification transverse cross-section image showing fine �a martensitic laths in a columnar grain (from the boxed
region in �c�)

Fig. 5 SEM-SE image of SLM-produced Ti64 sample
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respectively. Partly melted powders sticking to the surface and
gaps showing distinct layers are visible at the external surface
of vertically built samples. Similar to SLM samples, the
horizontally built EBM sample surfaces also showed overlap-
ping layers forming steps on the curved external surface.

The smooth surfaces for SLM fabricated parts are present
due to the thinner layers, slower scan speeds, and finer powder
particle sizes. The scan speed in EBM is an order of magnitude
higher when compared to the scan speed in SLM. This makes
the EBM process faster at the expense of poor surface finish.
Formation of relatively thicker layers (70 lm as compared to
30 lm in SLM process) in the EBM process cause a more
pronounced ‘‘stairstep effect’’ which results in a greater surface
roughness. Surface conditions can have a significant effect on
mechanical properties, particularly for fatigue. For many
applications the parts must be subjected to machining to obtain
a desired surface finish.

3.2 Microstructure

Microstructural evolution is primarily a function of cooling
rate. The materials processed in SLM and EBM undergo very

high cooling rates. Figure 4 shows the optical microstructure of
SLM processed Ti64. SLM processing of Ti64 resulted in a
complete martensitic (�a) microstructure as expected (Ref 7).
Martensitic laths originated from the prior b grain boundaries
and fill the columnar grains. The morphology of lath martensite
can be observed from the SEM-SE image shown in Fig. 5. The
martensitic lath width is about 1-2 lm and the length is close to
the width of the columnar grains.

The optical micrographs of EBM-produced Ti64 given in
Fig. 6 show a completely different microstructure. The micro-
structure is mainly composed of an a phase and a small amount
of b within the prior b columnar grains oriented along the build
direction. The a phase posses a lamellar morphology with b
surrounding the a lamellae boundary. The a lamellae are
arranged in a Widmanstatten/basket weave structure with
different sizes and orientations, and forms alpha platelet
colonies within the columnar grains as can be seen in Fig. 7.
This means that the SLM and EBM processes produce different
microstructures at least for Ti64. However, in both cases prior b
columnar grain boundaries are clearly visible. This implies that
the primary mode of solidification still remains b, which is
characteristic of Ti64 alloys irrespective of the process.
Therefore the difference in microstructure is because of the
differences in cooling rate when the b transforms to a as it
cools through the transus temperature. Since the SLM process
has cooling rates on the order of 106 K/s, this results in the
transformation of a to �a.

For EBM the build chamber is maintained at a temperature
of 650-700 �C which is well above the Ms temperature for
Ti64. Therefore, even though the cooling rates are higher at
elevated temperatures, the material cools down to an isothermal
temperature of 650-700 �C. This does not allow the transfor-
mation of a to �a. After completion of the build, the slow
cooling rates from 700 �C to room temperature within the build
chamber result in the formation of a platelets. This means
that there would be a corresponding difference in mechanical
properties between SLM-processed and EBM-processed
samples.

The microstructures of SLM- and EBM-produced Ti64 also
differ from the microstructure of conventional wrought mate-
rials as shown in Fig. 8. The wrought Ti64 microstructure is
composed of both a and b grains oriented in the rolling
direction. The suitability of the microstructure obtained from
SLM and EBM processes for different applications are still a
matter of debate. Since Ti64 and many other alloys respond

Fig. 6 Optical micrograph of EBM-produced Ti64 samples. (a) Transverse cross-section. (b) Longitudinal cross-section

Fig. 7 SEM-SE image showing Widmanstatten structure in EBM-
produced Ti64 sample
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well to different heat treatments, selecting an appropriate post-
heat treatment method can likely give the desired properties
(Ref 14).

3.3 Composition and Phase Analysis

The chemical composition of SLM- and EBM-produced
samples was compared using SEM-EDS. Though SEM-EDS is a
semi quantitative method which lacks accuracy for obtaining the
exact chemical composition, it is quite good for comparative
purpose. Figure 9(a) and (b) shows the EDS spectrum and the
composition in wt.% for SLM Ti64 and EBM Ti64, respectively.
No significant difference is observed in the chemical composi-
tion, indicating that the formation of martensite in SLM Ti64 is
not influenced by a variation in alloying element composition.

Figure 10(a) and (b) shows the XRD spectrum of SLM-
processed Ti64 and EBM-processed Ti64, respectively. Anal-
ysis of XRD patterns from the SLM- and EBM-processed Ti64
show similar diffraction patterns. All the peaks can be identified
as a/�a. As a and �a have the same crystal structure, hcp, it is
difficult to differentiate the peaks though they are two different
phases. However, the peak intensities in SLM-processed Ti64
are slightly lower compared to the spectra of EBM-processed
Ti64. This is because of the finer structure in SLM-processed
Ti64.

3.4 Tensile Properties

Tensile results of EBM- and SLM-produced Ti64 samples
are summarized in Table 1. Corresponding stress-strain curves
are shown in Fig. 11. The results are the mean values based on
five duplicate tests. The yield strength, ultimate tensile strength,
and percentage strain were obtained as direct output from the
tensile testing machine. The percentage strain-to-failure was
measured using a clip-on extensometer that was attached to the
gage section of the test specimen. Substantial difference in
tensile properties can be seen between the EBM-produced Ti64
and the SLM-produced Ti64 samples. However, the tensile
strength values are comparable with or even better than the
standard Ti64 material data given in the ASM Handbook
(Ref 15). The tensile results are due to the differences observed
in the microstructures. The higher tensile strength observed in
SLM-produced Ti64 can be attributed to the martensitic
microstructure as compared to the a lamellar structure in
EBM-produced Ti64 samples. Vilaro et al. (Ref 16) and
Facchini et al. (Ref 17) also reported higher yield and ultimate
strengths for as-fabricated SLM Ti64 specimens. Though the
yield strength and tensile strength of EBM-produced Ti64
samples are low when compared to the SLM-produced Ti64
samples, the strain at break is higher indicating good ductility.
The tensile strength values reported by Facchini et al. (Ref 13),
Al-Bermani (Ref 12), and Chahine et al. (Ref 18) for EBM-
produced Ti64 samples are similar to the results obtained in the
current study. However, the tensile strength values reported by
Murr et al. are slightly higher than the values reported in this
study (Ref 6). The ultimate tensile strengths for both SLM- and
EBM-produced Ti64 samples are only marginally higher than
their yield strengths indicating the work hardening rate beyond
the yield point is low.

Fig. 8 Optical micrograph of wrought Ti64 (annealed and rolled). (a) Transverse cross-section. (b) Longitudinal cross-section

Fig. 9 EDS spectrum and the composition in wt% of Ti64 samples
produced by (a) SLM and (b) EBM
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The tensile test results are in conformation with the bulk
hardness tests. The Rockwell hardness test resulted in higher
hardness for SLM-processed Ti64 (HRC: 41) compared to the
hardness of EBM-processed Ti64 (HRC: 33).

Martensitic microstructure in Ti64 results in high strength
and low ductility. Because of the low ductility, the SLM Ti64
samples failed at lower strain values. Ductility of SLM-
produced Ti64 samples can be improved by proper post-heat
treatment which decomposes the harder martensitic phase to

softer a phase (Ref 14). The tensile properties of EBM-
produced Ti64 sample are greatly influenced by the alpha lath
width and alpha colony size in the microstructure. Coarsened a
phase and larger a colony size results in the reduction of tensile
strength (Ref 12). In EBM processes the morphology of the a
phase is primarily determined by the temperature maintained in
the build chamber. A slight increase in build chamber
temperature can cause coarsening of the a phase and thereby
causes a reduction in tensile strength. Another factor which

Fig. 10 XRD spectrum of Ti64 samples produced by (a) SLM and (b) EBM

Table 1 Tensile results for SLM-produced and EBM-produced Ti64 alloy samples

Stress at yield
(Offset 0.2%), MPa

Ultimate tensile
stress, MPa

Strain at
break, %

EBM (vertically built and Machined) 869 (SD: 7.2) 928 (SD: 9.8) 9.9 (SD: 1.7)
SLM (vertically built and Machined) 1143 (SD: 30) 1219 (SD: 20) 4.89 (SD: 0.6)
% Increase 31 31 �50
EBM (horizontally built and Machined) 899 (SD: 4.7) 978 (SD: 3.2) 9.5 (SD: 1.2)
SLM (horizontally built and Machined) 1195 (SD: 19) 1269 (SD: 9) 5 (SD: 0.5)
% increase 33 30 �47
ASM Handbook (Ref 15) (cast and annealed) 885 930

SD: standard deviation
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affects the tensile properties is a chemical difference. This
becomes a major concern when the Ti64 powder is recycled
many times. Though there would not be any change in the

composition of major alloying elements like V and Al, over
time the Ti64 powder picks up oxygen due to the high affinity
of Ti for oxygen (Ref 12).

Fig. 11 Stress-Strain plots of Ti64 samples (a) EBM specimen built in vertical orientation, (b) SLM specimen built in vertical orientation,
(c) EBM specimen built in horizontal orientation and (d) SLM specimen built in horizontal orientation

Fig. 12 S-N curve showing fatigue behavior of Ti64 samples (a) SLM and (b) EBM
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3.5 Fatigue Properties

S-N curves illustrating the fatigue behavior of SLM-
produced Ti64 and EBM-produced Ti64 are shown in
Fig. 12. For SLM-produced Ti64 samples a fatigue limit of
550 MPa was observed (Fig. 12a). A comparison with
MMPDS (Metallic Materials Properties Development and
Standardization Handbook, Battelle Memorial Institute, Colum-
bus, Ohio, April 2010) fatigue data shows better fatigue
performance for Ti64 specimens built using SLM compared to
Ti64 that is cast and annealed (430 MPa). However, the fatigue
performance of EBM-produced Ti64 samples was inferior
(Fig. 12b, fatigue limit: 340 MPa) as compared to the SLM-
produced Ti64 and the MMPDS data. The better fatigue
strength properties of SLM-produced Ti64 can be attributed to
the martensitic phase. Martensite impedes dislocation motion
and thus leads to a strengthening effect. Because of this
strengthening effect, the total strain amplitude introduced
during fatigue testing causes smaller plastic strain.

3.6 Fracture Behavior

3.6.1 Tensile Fracture. Representative fractographs of
the tensile fracture surface of SLM- and EBM-produced Ti64
samples are shown in Fig. 13. SLM-produced Ti64 sample

fracture surfaces exhibited a mixed mode of brittle and ductile
fracture (Fig. 13a, b) showing predominantly cleavage facets.
Cleavage fracture is a low energy brittle fracture which
propagates along low index crystallographic planes (Ref 19).
This fracture is characterized by flat, cleavage facets. River
markings separating the facets result from the propagation of
the crack on a number of planes of different levels (Ref 20).
The fracture surface of EBM-produced Ti64 sample is charac-
terized by transgranular ductile dimple tearing resulting from
the coalescence of microvoids (Fig. 13c, d). A healthy
population of fine dimples at the tensile fracture surface
indicates the extent of plastic deformation.

3.6.2 Fatigue Fracture. Figure 14 shows the fatigue
fracture surfaces of SLM-produced Ti64 and EBM-produced
Ti64. In SLM-produced Ti64 samples (Fig. 14a, b) the crack
initiated from an internal defect and propagated radially
outwards. Three distinct regions show crack initiation, steady
crack growth, and overload regions typical for fatigue fracture.
The crack propagation looks more tortuous as it propagated
through multiple crystallographic planes. The fracture surface
of EBM-produced Ti64 samples appear normal, with a
characteristic fatigue fracture surface (Fig. 14c). The crack
initiation site is characterized by microscopically smooth facets
away from the surface as evident from Fig. 14(d). It can also be

Fig. 13 SEM-SE images of tensile fracture surfaces. (a) Overall view of SLM-produced Ti64 tensile fracture surface. (b) Enlarged view from
the boxed region in ‘‘a.’’ (c) Overall view of EBM-produced Ti64 tensile fracture surface. (d) Enlarged view from the boxed region in ‘‘c’’
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noted that the crack initiation site has multiple facets which
could possibly be due to crack initiation occurring at the a
colony boundaries and shear across neighboring a colonies.
This indicates that crack initiation is not caused by the classical
slip-band intrusion/extrusion mechanism. Therefore, one com-
mon feature that can be seen between the fatigue fracture
surfaces of SLM- and EBM-produced Ti64 samples is that the
crack initiation occurred from the interior or the sub surface and
not from the external surface. In general, for metallic materials
fatigue crack initiation occurs at the surface if the sample is free
from large internal defects. Previous studies show that this may
not be true in the case of Ti64 with dual phase microstructures.
In a/b titanium alloys, cracks tend to initiate either at the
surface or at the subsurface or at the impingement of slip bands
within the alpha lamellae of a fully lamellar microstructure.
They can also initiate at the boundaries separating the a and b
phase (Ref 21).

Fatigue behavior of Ti64 is greatly influenced by its
microstructure. Depending on the process conditions the
morphology and volume fraction of a and b constituents in
Ti64 changes. The microstructure of Ti64 can exist in forms
such as bi-modal, equiaxed, lamellar a and b, and martensitic �a
structures. All these microstructures can result in different
fatigue properties. As observed earlier, Ti64 processed by SLM
resulted in martensitic �a and EBM resulted in lamellar a with

smaller amount of b. Ivanova et al. observed that in the high
cycle fatigue regime the preferred crack initiation sites are
within the alpha grains in an equiaxed grain structure. The
crack nucleates along the slip bands within the alpha grain and
results in cleavage fracture (Ref 22). For a bimodal micro-
structure the crack initiates by the cracking of suitably oriented
a grains and subsequent growth along the planar slip bands
within interconnected a grains. Crack initiation occurs by
cross-colony slip-band fracture for the lamellar microstructure
(Ref 23). Oh et al. showed that fatigue crack initiation occurs
mainly at the prior b grain boundary for an electron beam
welded and then annealed Ti64 sample. They also observed that
the large micropores present in the weld act as fatigue crack
initiation sites. However, the micropores did not have any effect
on crack propagation (Ref 24). In titanium alloys, an increase in
oxygen content can also lead to the embrittlement of the alpha
phase. Among the different characteristic microstructures
exhibited by Ti64, lamellar structures are more prone to crack
initiation as compared to equiaxed or bi-modal structures. But
for crack propagation, lamellar structures offer greater resis-
tance to crack growth than equiaxed structures. In high cycle
fatigue, crack initiation forms the major part of the fatigue life.
To increase the resistance to fatigue crack nucleation, the
maximum dislocation slip length in the microstructure should
be reduced. Generally, a fatigue crack nucleates due to

Fig. 14 SEM-SE images of fatigue fracture surfaces. (a) Overall view of SLM-produced Ti64 fracture surface. (b) Enlarged view from the
boxed region in ‘‘a.’’ (c) Overall view of EBM-produced Ti64 fracture surface. (d) Enlarged view from the arrow pointed region in ‘‘c’’

Journal of Materials Engineering and Performance Volume 22(12) December 2013—3881



irreversible slip bands within the longest crystallographic
planes available in the microstructure. Consequently, coarse
lamellar microstructures with colonies of aligned a and
extended planar- slips running across these colonies often have
less resistance to crack nucleation when compared to fine-
grained equiaxed and acicular martensitic microstructures
(Ref 23). Therefore, the inferior fatigue strength of EBM
samples could be attributed to its lamellar microstructure rather
than due to the presence of micropores or voids.

4. Summary

In this study an attempt was made to highlight the differences
between SLM and EBM processes concerning Ti64. A clear
difference in surface conditions, microstructure, tensile proper-
ties, and fatigue properties are evident. The primary difference
between the processes boils down to the cooling rate. The same
material processed using SLM and EBM can have different
properties. Irrespective of the processes, what matters is the
suitability of a final part for a specific application. Ti64 is
considered for very wide range of applications from biomedical
to aerospace. The property requirements for a part produced for
biomedical applications may differ from a part produced for
aerospace applications. As discussed earlier, processing of Ti64
with SLM and EBM results in microstructures containing �a, a,
and b phases. With respect to the volume fraction of these phases
and their morphology the resulting properties will vary to a
certain extent. For instance, the higher hardness possessed by �a
phases may be beneficial for certain applications and on the
other hand it may be detrimental for some other applications.
Therefore, selection of a particular process, whether SLM or
EBM, primarily depends on the requirements for end-use. For
that, one should have a proper understanding of the structure-
property relationship of the material chosen.

5. Conclusions

This comparative study on SLM and EBM processes when
using Ti64 as the build material has resulted in the following
conclusions:

1. The surface finish of SLM-produced samples is better
than EBM-processed samples. Relatively thick layers in
EBM cause more pronounced ‘‘stairstep effects’’ and lar-
ger particle size powders adhering to the surface result in
rougher surfaces.

2. The SLM-produced and EBM-produced samples resulted
in two different microstructures for Ti64. SLM-produced
Ti64 resulted in martensitic �a microstructures and EBM-
produced Ti64 resulted in an a phase with b separating
the a lamellae.

3. SLM-produced Ti64 samples have higher tensile strength
than EBM-produced samples. But EBM-produced sam-
ples have higher ductility. Higher tensile strength of SLM
samples is attributed to the martensitic �a microstructure
and the higher ductility in EBM-produced samples is
attributed to the lamellar a phase.

4. The SLM-produced samples showed a fatigue limit
of 550 MPa, whereas EBM-produced samples showed

a fatigue limit of 340 MPa. The inferior fatigue limit
observed for EBM is because of the lamellar phase
microstructure.

5. Selecting between SLM and EBM for fabrication of a
specific Ti64 part depends on the application require-
ments as both result in mechanical properties suitable for
many applications.
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