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Demand for new Ti alloys for AM is immense. Ti-5Al-5Mo-5V-3Cr (wt%), a § type Ti alloy is chosen for this
study as it possesses excellent properties. Samples are manufactured using SLM technique. Relative density,
surface morphologies and hardness of samples produced by varying laser processing parameters, e.g., laser
scan speed and laser power, are thoroughly investigated. Top surface of the as-built samples shows adhered
powder particles and discontinuous ripple patterns. A change in scan speed from 1200 to 1400 mm.s™!
. drastically deteriorates top surface quality in terms of ripples patterns and adhered powders. Surface
Keywords: N N
Ti alloy roughness (S,/R,) of the side surface of the produced samples shows a value of below 20 pm. Side surfaces
SLM show adhered powder particles, open surface pores, microcrack and interlayer crack. Substantial increase in
Surface morphology adhered powder particles is evident when both laser power and laser scan speed are increased distinctively.
Surface roughness These results are discussed with the help of the thermodynamic and metallurgical phenomena involved in
Laser processing parameter the SLM processing. Hardness of the as-built samples is measured, the value is in agreement with con-
Hardness ventional processing. This fundamental study will be useful for producing Ti-5553 alloy AM parts with

optimum surface.

© 2022 The Author(s). Published by Elsevier B.V.
CC_BY_4.0

1. Introduction

Ti-5A1-5Mo-5V-3Cr (wt%) (Ti-5553) is a near p Ti alloy that has
a nominal density of 4.67 gm/cm®. It offers a very high strength,
good ductility, excellent corrosion resistance properties and proved
weldability [1-4]. The high strength and good ductility together
positively affect fatigue behaviour of Ti-5553 [5]. Due to excellent
hardenability, a second phase called hcp Ti phase (a-phase) pre-
cipitates from metastable bcc Ti phase (B-phase) during heat treat-
ment. As a result, a two-phase microstructure is achieved which can
displays very high ultimate tensile strength of 1.4 GPa. Because of
these properties, this alloy has been using in many engineering
applications especially aerospace (landing gear and airframe in
Boeing 787) and automotive industries [6]. In addition, a recent
study shows that it can be a potential candidate for biomedical ap-
plication especially in bone implantation [7].
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Additive manufacturing (AM) technique has already shown a
great potential producing near net-shape components. As proven,
AM saves both material and machining cost. Selective laser melting
(SLM) is one of the popular AM processes that are extensively used
in metal applications [8,9]. It is a layer-by-layer technique where a
laser system consisting of high laser power is used for melting the
powder, and produces parts using the input CAD drawing. To date,
two Ti materials (CP Ti and Ti-6Al4V) have attracted significant re-
search interest. Besides, there are Ti alloys that are being used in
engineering applications. These motivate us to find new Ti alloys for
AM process. Due to the above mentioned excellent properties of Ti-
5553, this alloy is chosen for this study. A few studies has been re-
ported on this material focusing build up relationship between
processing, microstructure and mechanical properties [10-13].

Regardless of the application, surface of the SLM produced parts
is crucial for determining its properties, useability and feasibility.
Since this is a new in AM field, the surface morphologies of as-built
Ti-5553 alloy need to be thoroughly understood. The present study
aims to evolute the surface morphologies of as-built SLM Ti-5553
alloy with respect to laser processing parameters, such as laser
power and scanning speed. Surface quality and characteristics of AM
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parts made of metallic materials are available in the literature
[14-21]. Defects and irregularities such as, powder adhered to the
surface, surface pores, formation of balling, crack etc are reported
[22-24] and they generally impair the mechanical and biomedical
performance [25-33]. In most cases, extra effort i.e., surface finish is
therefore needed to remove such defects which incurs cost and time
[34,35] except osteointegration in bone implants. Such extra time
and relating cost is against one of the basic principles of AM. During
SLM, several thermodynamic and metallurgical phenomena e.g.,
viscosity and surface tension of the melt, solidification character-
istics etc. [36-40] occur that are responsible for producing defects.
Understanding these AM process definitely assists reducing such
defects. In this study, we reveals the surface morphologies produced
in SLM produced Ti-5553 alloy and their dependence of laser pro-
cessing parameters.

2. Materials and experimental details
2.1. Material

Sphere-shaped, fully dense, (argon) gas atomised powder parti-
cles of Ti-5553 alloy were purchased from TLS Technik, Germany.
The range of the diameter of the powder was 20-60 um. Fig. 1 shows
the powder particles distribution analysis. Particle size distribution
was analysed using ISO 13320. The value of Dy, Dso, and Dgg are
calculated to be 28.21, 42.86 and 62.21 pm. The chemical composi-
tion of the powder is given in Table 1.

2.2. Experimental details

A SLM system EOS 290, GmbH-Germany is employed to produce
the alloy sample. The system contains Yb-fibre laser with a beam
focus diameter of 100 um and a maximum power of 400 W. A pro-
tective argon environment enabling high performance is used during
sample production. A telecentric f-theta lens attached to the system
ensures the laser beam to be perpendicular to the working plane. A
wide range of processing parameters are initially used for getting
dense samples. Of these, samples with 98% and above relative
density are selected for this study. Table 2 shows the laser processing
parameters that are used to produce samples for analysing surface
morphologies. The volumetric energy density (VED) of each pro-
cessing parameter is calculated using the following equation.
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Fig. 1. Powder particle distribution of Ti-5553 alloy powder used in this study.
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Table 1
Chemical composition of the Ti-5553 alloy powder used in the study.

Element Al Mo \ Cr Fe (¢} Ti

wt% 5.09 492 4.82 3.05 0.44 0.13 Balance
Table 2

Laser processing parameters used in this study.

Laser power Scan speed (v), Volumetric Energy density (V.E.D.),

(P), W mm.s™! J/mm3
270 1200 75.0
270 1400 64.3
300 1200 833
300 1400 714
330 1200 91.7
330 1400 78.6

Here, laser power (P), and scan speed (v) are used as variables. A
layer thickness (t) of 30 pm and hatch spacing (h) of 100 pm are used
for all samples. Commercially pure Ti as substrate at a temperature
of 200 °C is used. The scanning strategy follows stripes pattern with
67° rotation for the subsequent layer. Three cubic samples with a
dimension of 10 mm x 10 mm x 10 mm each, are fabricated using
each testing condition. Fig. 2 shows the photos of the as-built
samples. Top and side surfaces of a cube is shown as inset in Fig. 2b.
Top surface clearly shows the equally spaced scanning tracks of the
laser. Side surface displays accumulation of the powders.

2.3. Surface characterisation

Surface profile is characterised by mean of a 3D optical micro-
scope from Bruker Contour GT. Three different locations with an area
of 1.5 mm x 1.5 mm each from each sample are analysed to obtain
the surface profile. From the 3D maps acquired, the surface rough-
ness analysis is performed. Both linear roughness (R,, Rsk, R;) and
area roughness (S,, Ssk, S;) parameters are measured. Values ob-
tained are then statistically averaged.

The surfaces of the as-built samples are characterised using
scanning electron microscope (SEM). A field emission SEM (FE-SEM)
(Zeiss ULTRA plus GmbH, Germany) equipped with both InLens and
SE2 detectors at an acceleration voltage of 5kV is used for imaging.
Both InLens and Secondary electron modes are used for imaging. The
adhered powders on the surface are measured using Image J (NIH,
USA) using SEM micrograph. A representative area of 3.5 mm x 2.5
mm is used for this purpose.

2.4. Density, Vickers hardness and X-ray diffraction

Density of the as-built samples was measured employing
Archimedes method. Following Eq. (2) is applied to calculate the
density of the part, (p,):

Mg

p":ma—mﬂ

X

g )
where p; is the density of the fluid, which is dependent on tem-
perature. m, is the mass of the part in air and my  is the mass of the
part in the fluid. In the present study, deionised water and a cus-
tomised solution provided by the supplier were used as the fluid.
Temperature dependencies of the fluid-density are taken into ac-
count. Three samples from each condition and four times from each
sample were independently measured. Then, average of the twelve
readings is taken.

A ZwickRoell Indentec Vickers hardness tester was employed to
measure Vickers hardness of the samples. 5 kg load for a dwell time
of 10 s was applied on the surface of samples. At least, ten readings
from each sample was taken for statistical significance. The distance
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Fig. 2. (a) Photos of as-printed samples investigated in this study. (b) Higher magnification images of top surface and side surface of a sample.

between two indentation was carefully maintained to avoid im-
pression of each other.

A PANalytical X'Pert PRO Multipurpose diffractometer (MPD)
with Cu Ka radiation (A =0.154 nm) filtered with Ni-monochromator
X-ray diffraction investigations were employed at 45 mA and 40 kV.
Continuous scanning mode over the 20 range of 30-100°, with 0.01°
step size and 490 s resulting acquisition time was used for scanning.
A standard polycrystalline silicon sample was used to characterise
the instrumental broadening. Both top and side surfaces were used
for XRD scanning.

3. Results and discussion
3.1. Density and surface roughness parameters

Density becomes one of the priority parameters to understand
the build quality. As mentioned, all studied conditions display a re-
lative density of over 99% implying that the chosen processing
parameter settings are effective for producing fully dense parts
(Fig. 3). The change in laser power and scanning speed has negligible
impact on density. It means Ti-5553 alloy has a wide processing
range (VED) from 64.3 to 91.7 ]/mm? for producing a dense parts that
is a one of keys in AM. Fig. 4 displays a surface topography map of
one of the side surfaces of a sample manufactured using 270 W,
1200 mm.s'. Based on the 3D surface topography image, surface
roughness parameters have been computed. As the S, and R, are the
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Fig. 3. Relative density of Ti-5553 alloy sample produced in this study.

Fig. 4. A representative surface topography map of a side surface of as-built Ti-5553
alloy.

most typical parameters to describe a surface quality, the evolution
of S, and R, as functions of laser power and scanning speed is shown
in Fig. 5. It is noted that highest values of S, and R, obtained for side
surface of the as-built Ti-5553 alloy are below 20 pm. Similar results
of S, and R, have been reported in [7]. Lowest S, (16.7) and R, (16)
are found for 300/1400 and 300/1200 samples, respectively. How-
ever, the variation of S, and R, with respect to laser power and
scanning speed cannot be formulated. The results of S, and R, also
imply that the VEDs do not impact surface roughness much. Other
roughness parameters such as Sgy, Rqk, S, and R, are summarised in
Table 3. Negative Ry, values are seen for higher scanning speed
(1400 mm.s™!) for all investigated laser powers. It means the peaks of
the surfaces are not symmetrical from valleys. On the other hand,
maximum total height of the peak obtained by areal method (S,)
ranges from 156 to 183 uym whereas linear method (R;) returns a
value between 91 and 107 pm. It is evident that 300 W,1200 mm.s™}
sample gives lowest total height (S, and R,).

During SLM processing, following three factors can be considered
to affect surface quality of a metallic as-built sample.

(1) Formation of balling and its effect
(2) Stair-step effect
(3) Powder particle size distribution

Formation of balling is observed on the surface of the as-built
sample. It is known that such balling contributes to the surface
roughness. As shown in later section, the balling formation in this
study is not pronounced and hence, its effect toward surface
roughness can be regarded less contributing. Given the simple cubic
shape and building strategy, the stair-step effect has negligible
contribution to surface roughness produced in this study. On the
other hand, particle size distribution of the Ti-5553 powder used
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Fig. 5. Surface roughness parameters: (a) surface roughness (S, and R,) and (b) maximum peak height (S,, and R,) with respect to laser processing parameters.

270-1200 270-1400 300-1200 300-1400 330-1200 330-1400

Table 3 significantly contributes to the surface quality. The formation of
Surface roughness parameters of as-built Ti-5553 alloy. peaks and valleys of various heights is occurred through poor
Sample (W]  Skewness (Sq)  Max. Skewness (Ry) Max. height powder settling on the build substrate when a vastly scattered
mm.s™) height (R,), pm powder particle size distribution is used. Zopp et al. [41] illustrated
(Sz), pm that the surface quality in terms of heights (R;) is dependent on
270/1200 021 183 001 +07 107 + 28 powder particle size distribution. For instance, finer powder dis-
270/1400 0.08 179 -0.18 + 0.4 99 + 17 tribution (25-32um) leads to better surface quality (R, = 69 pm)
300/1200 015 156 012205 9118 compared to R, =109 um for coarser size powders (53-63 um). In
300/1400 -0.16 174 -0.12 £ 05 100 + 22 . .
330/1200 0.52 182 032 + 07 104 + 24 this study, we have used a wide range of powder feedstoc'k
330/1400 017 163 2002 + 0.4 95 + 14 (20-60 pm) and therefore, a value of R, between 69 and 109 pm is

expected. Further, for a particular powder range, different surface

[ Increasing smoothness at top surface >
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Fig. 6. Top surface: Micrograph of samples produced at (a) 270 W/1200 mm.s™", (b) 300 W/1200 mm.s™", (c) 330 W/1200 mm.s™", (d) 270 W/1400 mm.s"', (e) 300 W/1400 mm.s"'
and (f) 330 W/1400 mm.s™". Red circles indicate partially melted powder particles. Yellow rectangles show the white contrast produced due to the elevation between two nearby
scanning tracks i.e., ripple pattern.
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Fig. 7. Powder size distribution of the adhered powders present on the top surfaces of samples produced using (a) 270 W/1400 mm.s™!, (b) 300 W/1400 mm.s?, (c) 330 W/

1400 mm.s™".

quality is achievable by employing various laser parameters i.e.,
VEDs. The obtained R, (91-107 pm) in this study clearly indicates the
dependence of powder size range of surface quality in association to
SLM processing parameters.

3.2. Surface morphologies using various process parameters

3.2.1. Characterisation of top surfaces

Fig. 6 shows the top surfaces of the samples manufactured using
different laser processing parameters. It is evident that the
smoothness of the top surface drastically deteriorates when the scan
speed increases from 1200 to 1400 mm.s™' for all laser power con-
ditions (Fig. 6a vs. d, b vs. e and c vs. e). Here, smoothness is termed
as the presence of adhered powder particles and ripples. Very few
powder particles are seen on the top surface of samples manu-
factured at 1200 mm.s™!. In contrast, substantial powder particles
are clearly visible on the samples produced at 1400 mm.s"'. These
include droplet spatter, splash spatter and melted particles. Number
of particles adhered to the top surfaces of samples produced at
1400 mm.s™! is counted, and found to be approximately equal in
number. Powder particles distribution for the samples manufactured
at 1400 mm.s™! is given in Fig. 7. Various size powder particles are
obtained. There are powder particles with size greater than that of
the raw power size used. This phenomenon indicates balling for-
mation through droplet spatter. The elevation difference between
two adjacent scanning tracks represents ripple, shown as yellow
boxes. Ripples are seen for all samples at 1400 mm.s™". It is pertinent
mentioning that ripples are discontinuous in these samples.

On the other hand, smoothness is marginally increased with in-
creased laser power from 270 to 300-330 W for both speed condi-
tions (Fig. 6a vs. bvs. ¢, and d vs. e vs. f). In terms of adhered powder
and ripples, the change is not substantial with respect to laser
powers for both scan speeds. Possibly, the change in VEDs with laser
power is not adequate to have a notable change in top surface
morphology. Further study with higher laser power difference is
required to find such a relation.

In this circumstance, the variation in top surface morphology
with respect to laser scan speed is discussed. Interrelation between
processing parameters, i.e.,, VED, and viscosity can be used to ex-
plain. As known, melt pool viscosity is inversely proportional to VED,
i.e.,, the viscosity of the melt pool decreases with an increase in VED
[40]. Additionally, the increased scanning speed hinders dispersion
of the melt properly as lesser time is given against viscous drags
[39]. Due to lower VEDs with increased scan speed, the viscosity of
the molten materials of the samples manufactured at 1400 mm.s! is

higher than that of the samples made at the scanning speed of
1200mm.s™!. As a result, the surface tension becomes higher at
samples produced at 1400 mm.s™'. To decrease such surface tension,
the materials forms balls resulting in balling formation. Small dro-
plets and big splash spatters also produce, which adhere to the top
surface of the sample [42]. At higher scanning speed, a higher rate of
raw powder particles spatters, which also adds to the adhered
powder on the top of the samples. The results obtained in this study
supports the above description, and shows a higher amount of ad-
hered powder on the top surfaces of samples manufactured at
1400 mm.s™! than that of samples made at 1200 mm.s™.

A variation in surface temperature between the solidifying zone
and the action zone occurs during laser beam movement. This
phenomenon also induces surface tension. A rippling influence is
found on the top of the melt pool through the shear force resulting
from such surface tension [35,43]. At higher scan speed of
1400 mm.s!, the laser moves faster than the scan speed of
1200mm.s!, and hence, generates higher surface tension which
gives more shear force. Thus, observed ripples at 1400 mm.s™!
samples are fully justified. As a result of the higher amount of ad-
hered powder and ripples, the smoothness of the samples at
1400 mm.s! becomes worse.

3.2.2. Characterisation of side surfaces

Fig. 8 shows the overview of side surfaces of the samples printed
in this study. The characteristics of these surfaces include adhered
powders, stacked powder, surface gap and formation of balling, and
open surface pores. Partially-melted, fully-melted, and unmelted
powders are visible in the surfaces. It is evident that the number of
adhered powder increases with increased laser power (Fig. 8a vs. b
and c vs. d) (Table 4). This is observed for both scanning speeds. At a
constant scanning speed, with increasing laser power, the energy
due to the laser heat per unit time increases. Higher energy pro-
duced at higher laser power drags more powder particles due to the
capillary force and then melts on the side surface [22,44]. In addi-
tion, cyclone-like environment is created in the melt pool. Such
rigorous environment assists in adherence of powder particle to the
melt pool surface through attraction and progression of powder
particles to the surface [45,46]. Hence, more powders are visible on
side surface of sample produced at 330 W, 1200 mms™! than that of
270W, 1200 mms™', and of 330 W, 1400 mms™" than that of 270 W,
1400 mms. Further, the VED increases with increased laser power.
At higher VED, more powders attached to the surface near the
scanning track do liquefy. In addition, surface tension slope and the
Marangoni effect are evolved due to the sharp thermal gradient at
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Fig. 8. Side surfaces of the samples manufactured using various laser powers and scanning speeds (a) 270 W/1200 mm.s™* and (b) 330 W/1200 mm.s™, (c) 270 W/1400 mm.s' and

(d) 330 W/1400 mm.s™.

Table 4
Powder particles on the sides surfaces.

Sample (W/mm.s™) Total powder particles (number/mm?)

270/1200 100 = 7
270/1400 167 £ 12
300/1200 124+ 6
300/1400 198 + 13
330/1200 156 + 10
330/1400 328 £ 14

higher VED. These events together detach the melt pool, and ap-
prove the balling effect [27]. As a result, we have seen higher balling
formation in the sample manufactured at 330W, 1400 mm.s™!
(Fig. 9a).

The number of adhered powder particles also increases with
increased scanning speed when the laser power remains unchanged
(Fig. 8avs.cand bvs. d) (Table 4). At a constant laser power, the VED
decreases with increased scan speed. Lower VED makes melt pool
more viscous that attracts powder particles to the side surface. Of
the powders, a large amount of the powders do not dissolve due to
rapid cooling at higher scanning speed. Therefore, the presence of
higher adhered powders on the side surface of at higher scanning
speed is justified. Additionally, high viscous melt shows character-
istics of reduced wettability and fluidity. These make the liquid
difficult from penetrating the powders [28]. A poor bonding between
the side surface of the sample and the adhered powder particles is
reported to occur [29].

In addition to the adhered powders, other defects can be also
seen on the side surfaces that are of particular interest ( Fig. 9). Small
gaps/pores on the surface is also seen. The size of these pores ranges
between 15 and 35pum and the depth of the pore are about 10 pm

(Inset of Fig. 8a). These pores may act as crack initiation point and
hence deteriorate surface sensitive mechanical properties like fa-
tigue. Powder stacking is found on the surface. Equally spaced rip-
ples (a size of about 5m) can be seen on the surface.

In SLM technique, it is generally known, more energy is produced
in the centre of the melt pool than that of the adjacent heating zone.
This creates a variation in viscosity between the centre and the
circumference side. Thus, a steep thermal slope is occurred that
creates a high Marangoni effect. As a result of such Marangoni effect,
the melt radially moves inside the melt pool [47]. Some adhered and
partially melted powders move inside of the melt pool and stay
there as partially melted powders. In such a condition, at higher
scanning speed, the trapped partially melted powders cool slower
compared to the melt pool. Then, during solidification, the melt pool
shrinks quicker than that of the partially melted powder particles
inside the melt pool. This is because of the discrepancy in thermal
coefficient of the two states. Consequently, microcracks evolves at
the interfaces of powder particle and molten material. In the present
study, microcracks marked by blue arrows are seen on the side
surfaces in Fig. 10. Microcracks are pronouncedly noticed in samples
manufactured at higher power (330 W) with higher scanning speed
(1400 mm.s™!). Possible powder particles responsible for the cracks
are shown as circles. The diameter of these powder particles is
around 30 um or larger, and more than half of each particle involves
in the cracking are located in the melt pool. It implies that these
powders did solidify inside of the melt pool, which creates a great
variation in shrinking tension between the powder and the melt
pool. Hence, microcrack evolves. The horizontal appearance of the
cracks is another important feature of the observed crack char-
acteristics. This phenomenon is attributed to the melt pool cooling
and solidification characteristics. For instance, a melt pool cools and
solidifies from bottom to top [36] due to the difference in rate of heat
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Fig. 9. Some defects (a) formation of balling, (b) open surface pores (c) crack originating from the open pore (d) ripples observed in the samples.

transfer between the powder particles and the melt pool. As known,
solid material has faster thermal coefficient than the liquid, i.e.,
powder particles conducts heat faster than the melt pool using
convection process and hence, the shrinking of melt pool occurs
from bottom to top. During the shrinking process, the cracks evolves
horizontally at the interface when the melt located below the
powder particle starts solidification and shrinking given the powder
stays stagnant. It is worth mentioning that majority of the adhered
powder particles did not participate in crack formation. The high
affinity of Ti toward oxygen is well known especially at high tem-
perature and could be used as possible explanation in crack forma-
tion. During SLM processing, at high temperature, Ti can attract
oxygen and form oxidation although inert atmosphere is ensured
within the chamber to resist such incidence [48]. Such oxidation
might impact in crack formation [49].

Fig. 11 shows another type of crack called inter-layer crack. This
crack is seen in samples produced at the scanning speed of
1400 mm.s™'. At 1400 mm.s™!, both the VED of the melt pool and
cooling time reduce. Simultaneously, the input energy also reduces,
and, thus, the melt pool viscosity becomes higher. Thus, a higher
amount of powder particles is supposed to be adhered to the melt
pool. However, reduced laser input cannot melt the adhered

powders adequately. In such circumstance, the rapid cooling due to
higher scanning speed causes crack at the interface between layers.
The observed interlayer cracks ranges from 40 to 100 pm. It can be
classified as middle size crack, which gives an indication that further
increase in scanning speed would produce larger crack.

3.3. Hardness of the as-built Ti-5553

Vickers hardness number (VHN) of the top surfaces of the Ti-
5553 alloy samples is measured to be in the range from
270 + 20-288 + 11 (Fig. 12). The processing parameters shows
very little influence on the VHN that can be ignored. It can be at-
tributed to insignificant changes in the VED due to laser power and
scanning speed variation to alter the internal microstructure.
Further, a very high relative density of the samples acquired is a
contributing factor. VHN of the Ti-5553 alloy produced via con-
ventional processing varies from 290 to 470 depending on the
presence of constituent phases [50]. Single B phase after solution
treatment gives lower hardness value of about 300 VHN whereas
the presence of o phase and o phase increases hardness to a value
of 470 VHN. Our hardness value of SLM Ti-5553 alloy is in good
agreement with the conventionally processed material and also
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Fig. 10. Microcracks in the samples manufactured at (a) 270 W/1200 mm.s™! (b) 300 W/1200 mm.s™! (c) 300 W/1400 mm.s™! (d) 330 W/1400 mm.s"". Circles indicate the melted
powder particles those in association with laser processing parameters are responsible for crack formation.

indicates that microstructure of the as-built Ti-5553 consists of
single p phase parts. To further confirm, XRD patterns of the
samples are obtained (Fig. 13). It is evident that single p phase is
found in the samples for all studied conditions. This supports the
finding of epitaxial/elongated B grains in microstructure of SLM Ti-

5553 alloy by Schwab et al. [12]. However, it does not support the
claim that microstructure of SLM Ti-5553 alloy consists of nano-
scale o in association epitaxial/elongated B grains [51]. Similar to
top surfaces, side surfaces also display similar VHN level. A higher
VHN of about 350 is obtained when the indenter places

Fig. 11. Interlayer crack on side surface of samples manufactured at scanning speed of 1400 mm.s™' and (a) 300 W and (b and c) 330 W.
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Fig. 13. XRD patterns of the samples investigated in this study.

surrounding on an adhered powder because the indenter slips
away from the powder and make the rhombus bigger.

4. Conclusions

Ti-5553 alloy is manufactured using different laser processing
parameters employing SLM technique, and the surfaces of the
samples are characterised using multiscale techniques. Following
outcomes can be summarised below:

. Surface roughness of side surfaces is measured to be below
20 um. It is found that in association with laser parameters, raw
powder size distribution impact surface quality. Samples pro-
duced at 300W/1200mm.s™' and 330W/1200 mm.s™! display
least rough surfaces.

. The adhered powder particles and ripples are observed on the
top surfaces of Ti-5553 alloy. Scanning speed significantly im-
pacts these features, for instance, an increase in scanning speed
from 1200 to 1400 mm.s™! results in increase in adhered powder
particles and ripples appearance. All samples manufactured at
1200 mm.s™' show a good top surface.

Journal of Alloys and Compounds 910 (2022) 164760

3. Side surface is characterised as the presence of adhered powder
particles, balling formation, open pore and microcrack. It is found
that both scanning speed and laser power affect number of ad-
hered powder particles. At a constant laser power/scanning
speed, the number of adhered powder particles increases with
increased scanning speed/laser power.

4, Microcrack, an important feature, is found in all conditions.
However, more pronouncedly on samples at higher scanning
speed and higher powers. Interrelation between laser processing,
melt pool viscosity, solidification rate etc determines the cracking
in the samples.

5. Vickers hardness value of the SLM processed Ti-5553 alloy shows
arange of 270-290 which is in good agreement with traditionally
processed materials. The value of VHN also implies that the mi-
crostructure of the samples contain single p phase.

6. Overall, samples manufactured using scanning speed of
1200 mm.s! display better surface quality irrespective of laser
power used in this investigation.
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