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Abstract

In the present study, the properties of selective laser melted IN718 superalloy specimens, prepared by using different processing
parameters, were investigated. The scanning strategy (island strategy with and without 30° interlayer rotation and continuous bi-
directional scanning with and without 90° interlayer rotation) and scanning speeds of 500, 700, and 1000 mm/s were selected as
variables to prepare the superalloy samples. Then, the microstructure and mechanical properties (hardness and compressive
strength) were characterized. The results showed, in a given scanning strategy, the density decreases as the scanning speed
increases. Also, the island strategy with interlayer rotation during fabrication process leads to a higher level of density (near full
density, about 8.20 g/cm3). Interlayer rotation resulted in a more uniform structure by re-melting of deposit layers in different
directions during deposition of next layers in both scanning strategies. The higher values of hardness and compressive yield
strength were obtained from the samples produced using continuous scanning strategy. Among the investigated samples, the
sample produced with continuous scanning strategy with 90° interlayer rotation, 500 mm/s scanning speed has the highest value

of hardness, 330 Vickers, and compressive yield strength, 686 MPa.
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1 Introduction

The combination of excellent mechanical properties and cor-
rosion resistance of IN718 (Ni-Cr-Fe) austenitic superalloy
makes it a good candidate for a gas turbine, aerospace jet en-
gine and blades, and some other high-temperature applications
[1, 2]. There are several conventional methods for manufactur-
ing of IN718 parts such as casting and forging. Besides the
need for huge investment of these processes (equipment and
tools), there are geometry restrictions (i.e., hollow and complex
sections) which limit the manufacturing of very complex fea-
tures. Additive manufacturing processes are the techniques
which give the flexibility and materials freedom for production
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of the complex parts layer by layer [3, 4]. These techniques
create the parts directly without using tools. Selective laser
melting (SLM) of metals is an additive manufacturing powder
bed process in which a certain powder is applied layer by layer
on a platform and a laser beam selectively melts the powder
layer according to predefined layer design. There are several
processing parameters such as laser power and focus diameter
of the laser beam, layer thickness, and hatch spacing that affect
the final product quality and properties [3—5]. The production
of an intact part with good properties needs the appropriate
selection of processing parameters.

In recent years, some researchers have investigated the
manufacturing and characterization of IN718 superalloys pre-
pared by the SLM technique [1-10]. Trosch et al. [1], in their
research, studied and compared the IN718 superalloy part’s
properties, manufactured by casting, forging, and SLM pro-
cesses. The SLM samples were prepared in three different
orientations of horizontal, vertical, and 45°. They found that
the average tensile strength of SLM samples is higher than
conventionally manufactured ones. Also, the strength of sam-
ples in 45° direction is higher than other orientations. Jia and
Gu [2] have investigated the densification and properties of
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Table 1 Chemical composition of IN718 powder

Elements Cr  Fe Nb+Ta Mo Ti Al Si Ni
wt.% 19.3 16.84 4.66 457 059 055 006 5343

SLM prepared samples using different laser energies and
scanning speeds. The results showed that the laser energy
density is a key factor for densification. Valdez et al. [3] stud-
ied the effect of porosity levels on the mechanical properties of
IN718 SLM samples. They realized that the compression be-
havior of samples with lower density (higher porosity level) is
similar to open cell foam and as the density increased, the bulk
metallic behavior was observed. Xia et al. [4] have simulated
the porosity evolution and scanning speed effects on the po-
rosity levels during the SLM process. They found that, as the
scanning speed increases, the type of porosity changes from

Fig. 1 a morphology and size
distribution of particles
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Fig. 2 The schematic and
as-fabricated sample

@ Springer

4

SEM/HV: 0 kV

metallurgical one to open porosity on the top surface. This
phenomena leads to weak metallurgical bonding properties
of interlayer interfaces. In research done by Tucho et al. [5],
the microstructure and hardness of as-printed and heat-treated
IN718 SLM samples manufactured in vertical and horizontal
directions were investigated. They realized that despite other
reports, the as-printed samples have the non-columnar grain
microstructures. Also, the vertically manufactured samples
indicated 13% higher hardness values than horizontal ones.
In Deng et al. [6] research, the IN718 superalloy produced by
SLM was characterized by the microstructure and the depen-
dence of sample orientation on the mechanical properties.
They observed that there is a difference between the properties
of vertically and horizontally built samples due to crystallo-
graphic features, the amount of residual stress, and disloca-
tions. Caiazzo et al. [7] investigated the SLMed cylindrical
samples of IN718 prepared in three different orientations to
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Table 2 The specification of
prepared samples Sample designation Strategy Scanning speed (mmy/s)

Scanning strategy

Interlayer rotation (°)

1-S500-R30 Island 30 500
1-S700-R30 Island 30 700
1-S1000-R30 Island 30 1000
1-S1000-RO Island 0 1000
1-S500-RO Island 0 500
C-S500-R90 Continuous 90 500
C-S700-R90 Continuous 90 700
C-S1000-R90 Continuous 90 1000
C-S1000-RO Continuous 0 1000
C-S500-RO Continuous 0 500

build direction (0°, 45°, 90°) using raster strategy with 67°
interlayer rotation. A negligible anisotropy in mechanical
properties was found. A 3D finite element modeling was uti-
lized to investigate the effect of different scanning strategy on
the IN718 part temperature, deformation, and residual stress
by Cheng et al. [8]. The results showed that the 45° inclined
line scanning has a smaller build direction deformation and
reduced residual stress among the investigated samples. Wang
et al. [9] investigated the microstructure and mechanical prop-
erties of IN718 sample prepared by SLM technique using the
scanning strategy of bi-directional hatch of layers with 90°
interlayer rotation at the constant scanning speed of 25 m/
min. They understood the dependency of mechanical proper-
ties to microstructure and its relation to grain structure, the
type, and shape of precipitates in microstructure before and
after heat treatment. In a work by Choi et al. [10], the densi-
fication and microstructure of selective laser melting products
of IN718 superalloy prepared using a variation of laser scan-
ning speed with a constant continuous scanning strategy were
studied. The scanning speed showed a crucial role in the den-
sity and properties of samples so that it affects the melt pool
features, solidification, and, as a result, microstructure and
final properties.

As it can be seen from several researches, the scanning
speed, scanning strategy, laser power, hatch spacing/overlap-
ping, and interlayer rotations are the key factors in the
manufacturing process and final properties. The related re-
searches often have considered the heat treatment and final
properties of SLMed IN718 superalloy and there are a few
studies about the investigation of processing parameters such
as scanning strategy and speed on the as-fabricated micro-
structure and properties. Also, the interlayer rotation in scan-
ning strategy, which affects the interlayer bonding and micro-
structure evolutions, just has been reported for 90° or 45°.

As a systematic study, in the present research, the micro-
structure and mechanical properties (including hardness and
compressive yield strength) of as-printed SLMed IN718 sam-
ples were studied. The scanning strategy (island and continu-
ous strategy) and scanning speed were investigated as process-
ing variables. In order to examine the effect of the interlayer
rotation of scanning strategy on consolidation and microstruc-
ture, a higher level of rotation (i.e., 30°) was utilized for island
strategy besides the interlayer rotation of 90° for continuous
one. Laser spot diameter and power, also hatch spacing, were
kept constant in the processing of samples.

2 Experimental

Gas-atomized IN718 powder (D10 (17 wm), D50 (35 pum),
D90 (52 pwm)) with a chemical composition according to
Table 1 is used in the present work. Powder particles size
and morphology are shown in Fig. 1.

Table 3  Density and porosity values of as-printed samples
Sample Porosity (%) Density (g/cm3)
1-S500-R30 0.10 8.20
1-S700-R30 0.10 8.15
I-S1000-R30 0.25 7.95
I-S1000-RO 1.00 8.07
1-S500-R0O 0.21 8.11
C-S500-R90 0.30 8.10
C-S700-R90 1.70 8.05
C-S1000-R90 5.70 8.00
C-S1000-RO 4.40 7.95
C-S500-RO 1.62 7.98
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A laboratory scale SLM metal printing machine (Noura-
M100) equipped with a Yb-fiber laser source with the power
of 200 W power was used for fabricating samples along the z
direction. In order to investigate the scanning strategy and
speed on the microstructure and properties, the power of
170 W and 80-um laser spot diameter and layer thickness of
30 um was chosen as constant parameters for sample prepa-
ration. Considering 30% overlap between laser tracks, hatch
spacing was calculated to be 56 um. The samples (dimension
of 15 x 15 x 10 mm®) were prepared by 4 different scanning
strategies including the following:

Fig. 4 Array of porosity in
sample “I-S1000-R0” a yz plane,
b xy plane, ¢ SEM micrograph of
a lack of fusion pore in an array of
pores formed in the xz plane

Fig. 3 Optical micrograph of samples a “I-S500-R30,” b “I-S700-R30,” and ¢ “I-S1000-R30”
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—  Random island scanning with 5 x 5 mm? islands (zigzag

scanning of each island) with and without 30° interlayer
rotation, (for each subsequent layer, the island pattern
shifted by 1 mm in both x and y directions) and

—  Continuous bi-directional scanning with and without 90°

interlayer rotation

Note that it was considered two factors to choose island
dimension; first, same preparation procedure according to
sample dimension and more available island interfaces for
investigation and possibly finer microstructure. Also, three

500 prh
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Fig. 5 Porosity in samples produced by C strategy a “C-S500-R90”, b “C-S700-R90”, ¢ “C-S1000-R90”

different scanning speeds (500, 700, 1000 mm/s) were used as
variable parameters. The argon flow rate of about 3—4 1/min
was utilized inside the evacuated build chamber to avoid con-
tamination and oxygen content less than 0.4 ppm, during the
building process. The same processing parameters were used
to prepare the upper surface layers. To avoid undesirable

BD

porosity of the upper layers, the thickness of 0.5 mm was
removed from the samples’ surface. Figure 2 shows the sche-
matic and an as-fabricated sample. The specification of pre-
pared samples is listed in Table 2.

The density of as-printed samples was determined based on
the Archimedes principle, according to ASTM B962 standard

500 pm 5008 m

Fig. 6 Porosity in samples produced by “C” strategy, a “C-S1000-R90”, with interlayer rotation, b “C-S1000-R0” without interlayer rotation

Fig. 7 The OM microstructures
from xz direction for a “I-S500-
R30”, b “C-S500-R90”, ¢ “I-
S700-R30,” and d “C-S700-R90”
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BD

Fig. 8 The microstructure of “C-S700-R90” sample in the 3D section

[11]. Then, each sample was cut and prepared for microstruc-
ture and mechanical property investigations.

The grounded and polished samples were etched with aqua
regia (solution of HNO; and HCl in 1:3 M ratio) for micro-
structural investigations. To quantify and study the samples’
porosity, a polished xz section of each sample was captured
with an optical microscope (OM) equipped with a digital cam-
era before etching. Then, about 10—14 micrographs were used
to quantify the porosity level using Clemex image analysis
software. OM and field emission scanning electron microsco-
py equipped with energy dispersive spectroscopy (FESEM-
EDS) were used to study morphology and chemical composi-
tion of phases formed in the microstructure.

The hardness of the samples was measured using a univer-
sal testing machine according to the Vickers method, applying
30 kg for 20 s.

Compression test was done on a cylindrical sample with an
H/D ratio of 1:5 which was prepared from the sample block in
a way that its axis was perpendicular to the building direction
(BD). The strain rate of 0.005 mm/min was used in accor-
dance with ASTM-E9 standard [12].

3 Results and discussion

3.1 Effect of scanning strategy and speed
on density/porosity

The porosity of samples was quantified by calculating the
relative ratio of the pore area to the surface area of the sample
(average of different surfaces) as well as density measurement.
Calculated densities based on the Archimedes principle and
porosity percentage of the samples are listed in Table 3.

It could be suggested that in higher scanning speeds, the
heat input/energy are not sufficient to obtain the fully dense

@ Springer

sample. This issue observed for both applied scanning strate-
gies. Two types of porosity were detected in samples: spheri-
cal gas pores and irregular shape pores of lack of fusion, which
both of them were also reported by other researchers [13].

In island strategy, increasing the scanning speed up to
700 mm/s do not significantly affect porosity and density of
the samples and only a few small gas pores (smaller than
20 pm) formed in “I-S500-R30” and “I-S700-R30” samples,
which were uniformly distributed in the microstructure
(Fig. 3a, b). Therefore, their densities were near the full den-
sity of IN718 (8.18-8.22 g/cm® [10, 14]). Processing with a
speed of 1000 mm/s resulted in the formation of some larger
irregular pores (Fig. 3c). This lack of fusion pores formed
specifically near the surface of the sample.

Gas pores in the sample “I-S500-R30” are larger than “I-
S700-R30.” This could be reasonable because of more heat
input in the former which promoted evaporation of the powder
bed as a result of more peak temperature in the building pro-
cess [10]. On the other hand, with an increasing scan speed up
to 1000 mm/s (sample “I-S1000-R30”), reduction of heat in-
put resulted in lower peak temperature in the melt pool. At
high scanning speeds, the depth of the pool is not enough to
melt the precede layers. Therefore, more viscous melt would
be formed which has not enough flowability. This lack of melt
flow resulted in the formation of lack of fusion pores and weak
bonding of layers [2, 4, 15].

However, fabrication by island strategy without inter-
layer rotation (sample “I-S1000-R0”) produced a relative-
ly dense structure in each island, but arrays of lack of
fusion pores formed in inter-island boundaries, as can be
seen in Fig. 4 a, b, in both parallel and perpendicular
planes to BD. At these zones, there was not enough heat
input and melt flow as a result of next layer deposition.
Figure 4 ¢ confirmed that theses pores formed as a result
of lack of fusion and melt flow because un-melted powder
particles could be seen inside the pore.

Table 4 The dimensions (width and depth) of melt pools

Sample Mean width of Mean depth of
laser track (pm) laser track (pm)
1-S500-R30 80.8 + 6.75 41+13.3
1-S700-R30 70 + 5.60 -
1-S1000-R30 63.6 +5.50 33.8+11
1-S1000-RO 62.3 +3.35 31.8+8.1
1-S500-RO 86 + 5.82 43+£9.2
C-S500-R90 78 +4.30 91.6+34
C-S700-R90 67.6 + 4.62 53+19
C-S1000-R90 64.4 +4.23 46+8.1
C-S1000-R0O 64.2 +4.51 34+10.4
C-S500-R0O 80 +5.2 94 +£30
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Fig. 9 Illustrative 3D model of
samples a “I-S500-R30” and b
“C-S500-R90”

Fig. 10 The SEM micrographs of
“I-S700-R30” sample, along with
build direction (right) and
perpendicular to build direction
(left)

SEMHV: 500KV WD: 14.37 mm MIRANTESCAN  SEMHV: 15.00kV  WD: 14.90 mm Lotaaberga] MIRAN TESCAN
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Fig. 11 Continuous growth of
columnar grains passing the
boundaries of pools along build
direction for “I-S700-R30”
sample in yz plane, indicating the
layers’ interface and micro-
porosities/carbides (left), and
layers’ interface at higher
magnification (right)
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Fig. 12 The SEM micrographs of
yz plane of “I-S1000-R30”
sample, indicating micro-
porosities (black arrows) and
carbides (white arrows), SE
image (left) and BSE image
(right)

00KV WD: 14.20 mm

View field: 21.68 ym  Det: SE

SEMMAG: 10.00 kx  Date(m/dAy): 11/14/17

Fabrication with continuous strategy obtained the
samples with lower density than island strategy. In all
samples, it is obvious that the lack of fusion pores for
samples prepared with “C” strategy. Therefore, it seems
that the scanning speeds selected near or beyond the
suitable speed to produce a dense sample by this strat-
egy. Therefore, it could be suggested that scanning with
continuous pattern needs lower speeds than the island
strategy. On the other hand, increasing scanning speed
leads to density reduction of the printed samples in both
strategies. Continuous scanning without interlayer rota-
tion could worsen the situation as it could be seen in
Fig. 5. Indeed, interlayer rotation resulted in a more
uniform structure by re-melting of deposit layers in dif-
ferent directions during deposition of next layers. It was
reported that the more interval number between re-
matching directions of the melting line with an initial
layer increases the probability of defect removal and
anisotropy [15].

Among samples which were fabricated by continuous
strategy, “C-S500-R90” has a few gas pores and inter-
layer porosities which imply that the process parameters
are almost suitable; however, the formation of irregular
lack of fusion pores near the surface of the sample
implies that lower scanning speeds might improve the
integrity of the as-printed sample. The “C-S700-R90”
sample has more critical conditions and more irregular
shape pores formed in beneath the surface layers. The
“C-S1000-R90” sample has the lowest heat input among
the samples printed by continuous strategy. In this sam-
ple, interlayer pores could be seen also in the bottom
layers of the sample, but they become more and larger
along building direction. Porosities in layers near the
top surface of the sample elongated through many
layers up to a thickness more than 500 pum. The near
surface portion of continuously scanned samples with
interlayer rotation is shown in Fig. 6. Lack of interlayer

@ Springer
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rotation in continuous strategy worsened conditions to
achieve a dense structure and caused more porosity for-
mation in the samples illustrated in Fig. 6. These mi-
crographs have been prepared from the surface portions
of the yz plane of “C-S1000-R90” and “C-S1000-R0O”
samples.

Overall, using the selected processing parameters, island
strategy showed the samples with higher density. This issue
can be seen in the microstructures of Fig. 7 related to both
strategies in different scanning speeds. Also, the interlayer
rotation is a necessary requirement to achieve a dense struc-
ture free of aligned pores.

W EETE LW AP LS S 7 2o )

WD: 14.83 mm
Det: BSE 10 ym
Date(m/dA): 11714117

1 L5
SEM HV: 15.00 kV
View field: 43.30 ym
SEM MAG: 5.00 kx

IROST n

Fig. 13 Simultaneous cellular and dendritic growth and transition region
in a grain (“I-S700-R30” sample)
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Fig. 14 Coarse structure in pools’ overlapping regions (yz plane in
“C-S700-R90” sample)
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3.2 Effect of scanning strategy and speed
on the microstructure

A typical microstructure of the samples in the 3D section is
shown in Fig. 8. In the section parallel to BD (xz plane) melt
pools could clearly be seen and in xy plane which is perpendic-
ular to build direction, tracks of the laser movements are obvious.

Average width and depth of melt pools in all samples were
measured from etched microstructures and listed in Table 4.
Width and depth of melt pools were calculated from xy and yz
planes, respectively.

Fig. 15 Dendritic structure (left)
and the formation of secondary
phase (right) (black arrows: v’
precipitates) in inter-dendritic
spaces (xz plane “I-S500-R30
sample)

A WD: 14.79 mm
View field: 21.67 ym  Detl: BSE
SEM MAG: 10.00 kx  Date(m/dAy): 11/14/17

The depth of melt pools in the “C-S500-R90” sample is
more than 2 times higher than the thickness of the layers in the
“I-S500-R30” sample; however, they were fabricated by the
same process parameters. The average thicknesses of the
layers in island-scanned samples (~30-40 pum) are similar to
each other, and approximately equal to the thickness of the
powder bed layer (~ 30 um). However, the depth of melt pools
in continuously scanned samples dropped sharply with in-
creasing scanning speed from 500 to 700 mm/s, and its chang-
es became less beyond that. This trend is consistent with the
trend of mechanical property changes which would be
discussed in the next section. The average width of melt
pools which were measured from xz plane images of the
samples is nearly the same for corresponding scanning
speeds in both strategies.

It could be seen that yz plane of the samples which were
fabricated by island strategy is different from the ones made
by continuous strategy (Fig. 9). This difference is seemed to
be a result of interlayer rotation angle which caused the sam-
ples produced by island strategy (with an interval number of
12) to have layered microstructure in yz plane and melt pools
were not seen anymore. However, in a continuous strategy
whose interval number is 4, less uniform structure would be
obtained and melt pools could be also seen on yz planes.
Improvement in the uniformity of the microstructure and more
isotropy in mechanical properties by increasing interval num-
ber was also reported before [16]. Indeed, in samples which
were built with continuous strategy, xz and yz planes are sim-
ilar to each other, but in island scanned samples, xz and yz
planes have different microstructure.

In island scanned samples along BD, the microstructures
are the same and similar to Fig. 9, but in the continuously
scanned samples, microstructure could roughly be divided
into two distinct sub-structures as could be seen in Fig. 9. At
first one, melt pools are clear and in the other one, shallow

MIRA\ TESCAN SEMHV: 15.00kV  WD: 14.78 mm MIRA\ TESCAN
7 Viewfield: 7.223 um  Del: BSE 7
IROST SEMMAG: 30.00 kx  Dale(m/dsy): 11/14/117 |R03Tn
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Fig. 16 SEM micrographs of the xy plane of a “I-S500-R30”, b “I-S700-R307, ¢ “I-S1000-R30” samples

melt pools could be seen which elongated in a perpendicular
direction to BD and parallel to the laser movement direction.

The SEM micrographs of “I-S700-R30” sample in xz and
xy directions are illustrated in Fig. 10. The columnar grains
oriented across the build direction can be seen in xz direction.
Some grains pass the boundaries of several grains (Fig. 11).
This epitaxial growth along build direction leads to the im-
provement of interlayers’ bonds [17]. The slight deviation of
some grains from building direction is attributed to laser
movements [13, 18, 19].

There exists a row of spherical porosity smaller than 1 pm
along the layers’ interface which is indicated with arrows
(Fig. 11). Chlebus et al. [20] have reported that, in SLM sam-
ples, the spherical Nb, Ti-rich carbides can be formed in inter-
dendritic spaces. Their morphology indicates that these car-
bides were nucleated from the melt before eutectic reaction
and Laves-phase formation. So, they recognized these features
as the phase. Further observations of microstructure in this
study showed that there exists both porosity and carbide phase
in inter-dendritic spaces (Fig. 12). The arrows show the rec-
ognized porosities (black arrows) and carbide phases (white
arrows).

The SEM micrograph of “I-S700-R30” sample in Fig. 13
indicates the simultaneous cellular and dendritic growth and
the transition regions between them in a grain. The cell size in
cellular structure and inter-dendritic distances in the dendritic
structure was less than 1 um. The effective heat flux direction
determines the growth of dendrites and cells in a grain [19].
Effective heat flux derived from horizontal heat flux originates
from laser movement and vertical heat flux from heat transfer
to the substrate. It seems that the overlapping regions of laser
tracks have a coarser microstructure than adjacent ones.

Accordingly, the pool middle regions, generally, have the
finer structure than the edges of pools (Fig. 14). The fine and
overlapping regions, in Fig. 14, are illustrated as “1” and “2,”
respectively. The coarsening of microstructure in overlapping
regions is in agreement with other researches [21, 22]. It is
expressed that the re-passing of the laser from the overlapping

@ Springer

region is the reason for this phenomena. So, the cooling rate in
overlapping regions is lower than adjacent regions.

Generally, the scanning speed and laser power affect the
thermal gradient (G) and solidification rate (R). For predicting
the grain structure (cellular/dendritic), the solidification win-
dows can be utilized [13].

The solidification of IN718 superalloy, usually, is con-
trolled by Nb and C. In cooling rates over than 103 KJs, it is
expected that the formation of the supersaturated solid solu-
tion as matrix and some NbC carbides and Laves phases [19].
The SEM micrograph of “I-S500-R30” sample along the build
direction shows some phases in inter-dendritic spaces
(Fig. 15).

The Laves phases and NbC carbides are formed as a
result of a eutectic reaction in inter-dendritic regions when
the Nb, Mo, and C are as high as sufficient [19].
Therefore, it is observed in the last solidified region dur-
ing each laser scan. The nano-metric cubic precipitates in
inter-dendritic spaces of Fig. 15 (arrows) have the mor-
phology and features of vy’ phase.

Solidification rate
Cooling rate

Increase

Melt pool width
Thermal gradient

Decrease

Powder bed heat input

Melt pool peak temperature

Fig. 17 The variation of SLM process parameters with a scanning speed
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Fig. 18 Comparison of hardness and yield strength of samples were built
by the island and continuous strategy with interlayer rotation

Microstructural observations depicted that, by increasing
the scanning speed which resulted in a decrease in input ener-
gy to the powder bed, the size of cells decreased. This trend is
shown in Fig. 16 for xy plane of the samples which were built
by island scanning with interlayer rotation. The results of in-
creasing the scanning speed are illustrated in Fig. 17. These
effects cause the formation of finer structures.

3.3 Effect of scanning strategy and speed
on mechanical properties

Hardness and compressive yield strength of the samples are
illustrated in Fig. 18. According to the results, the higher
values of hardness and compressive yield strength of the sam-
ples belong to those which were built by continuous strategy.

Fig. 19 The comparative xz
plane microstructure of
samples, a “I-S1000-R30” and
b “C-S1000-R90”

It could have a number of reasons, including (1) finer micro-
structure (Fig. 16), (2) formation of a higher amount of
strengthening phases (y’ and y"”) in the microstructure
(Fig. 15), and (3) more residual stress and more dislocation
density. According to samples microstructure, it could be sug-
gested that in “C” (continuous) strategy, deposited layers were
less affected from next layer deposition in comparison to “I”
(island) strategy. Evidence of this suggestion is disappearing
of the Gaussian morphology of melt pools in “I” strategy
samples and formation of layered morphology in their yz
plane, which was reported to be indicative of multi-pass melt-
ing with significant overlapping [22]. Layered morphology on
the other hand is an evidence of slower cooling rate which
could result in coarser dendrite arm spacing [22]. In Fig. 19,
coarser microstructure of “I-S1000-R30” sample in compari-
son to “C-S1000-R90” sample is shown, as a representative
example for different size of epitaxial grains and arm spacing
in samples which were built by “I” and “C” strategy.

As mentioned before, different melt pool morphol-
ogies were formed in samples which were fabricated
by “I” and “C” strategy; however, their process param-
eters (e.g., laser power, scanning speed, hatching space,
powder layer thickness) were the same except the pat-
tern of laser scanning. Different scanning patterns result-
ed in a different re-heating and re-melting cycles which
make cooling rate, local melt flow, and local heat treat-
ment in the heat-affected zone near the melt pool dif-
ferent. More re-melting and local heat treatment which
occurred for depositing layers in “I” strategy would be
able to relieve more residual stress in the sample to
reduce its hardness and yield strength.

It seems that despite the continuous strategy, the se-
lection of process parameters in island strategy is such a
way that increasing scanning speed up to 1000 mm/s do
not significantly deteriorate the mechanical properties of
the sample. In continuous scanning strategy, by increas-
ing scanning speed, porosity increased rapidly and
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mechanical properties (hardness and compressive yield
strength) significantly decreased.

4 Conclusions

In the present study, the samples of IN718 superalloy were
prepared by selective laser melting powder bed technique
using 4 different scanning strategies (including island scan-
ning with 5 x 5 mm? islands with and without 30° interlayer
rotation, and continuous bi-directional scanning with and
without 90° interlayer rotation) and 3 different scanning
speeds (500, 700, 1000 mm/s). Then, the physical and me-
chanical properties were characterized. The results
showed the following:

— In a given processing parameters, the SLMed samples
produced by island strategy obtained a higher density
level. Also, the interlayer rotation is a necessary require-
ment to achieve a dense structure free of aligned pores.

—  Increasing the scanning speed leads to a decrease in melt
pool width, thermal gradient, powder bed heat input, and
an increase in solidification rate, as a result, the formation
of the finer cellular microstructure.

—  More re-melting and local heat treatment which occurred
for depositing layers in “island” strategy would be able to
relieve more residual stress of the sample and reduce its
hardness and yield strength.
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