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Abstract: The effects of laser power and scanning speed on the forming characteristic of scanning tracks, densification
behaviours and surface roughness of pure nickel fabricated with selective laser melting (SLM) were studied. The results
indicate that the scanning tracks showed continuous, regular and flat surface with increasing laser power and decreasing
scanning speed in a specific range, which could avoid the defects (like holes and balling structures) forming in SLM
processing. The optimal process window was identified as the scanning speed of 900 mm/s and the laser power of
255-275 W by comparing the surface qualities and densification behaviours. With the suitable processing parameters,
the relative density could achieve 99.16%, the tensile strength was (359.49+2.74) MPa, and the roughnesses of the top

and side surfaces were (12.88+2.23) and (14.984+0.69) um, respectively.
Key words: selective laser melting; pure nickel; scanning track; densification; surface roughness

1 Introduction

Pure nickel has been widely applied in
aerospace, chlor-alkali, navigation, and military
industries, due to excellent corrosion and oxidation
resistance, high thermal conductivity, and good
magnetism and high-temperature stability [1,2].
With further development in the complexity of
structural features of components, conventional
methods cannot fully meet the high requirements
for industrial components [3—6]. In recent years,
additive manufacturing (AM) provides an economic
approach to overcoming these limitations, since it
enables the fabrication of three-dimensional
complex-shaped components with high geometrical

accuracy at reduced duration and cost [7]. As one of
these promising additive manufacturing approaches,
selective laser melting (SLM) technology uses
high-intensity lasers as an energy source to melt and
fuse selective regions layer by layer in a metal
powder bed, which facilitates manufacturing bulk
structures with novel and complex designs [8]. The
flexibility in producing parts has made the SLM
technology successful for application in fabricating
dozens of metal materials such as steel, nickel-
based alloys, titanium-based alloys, aluminium-
based alloys, and metal matrix composites [9—11].
Despite the advantages of the SLM technology,
there are always challenges, including the need
for improving relative density, lowering surface
roughness, and avoiding distortion of SLM-ed
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parts [12,13]. These forming qualities are highly
dependent on laser energy input, which depends on
the process parameters including laser power,
scanning speed, and so on [14,15]. Obviously,
optimizing the processing parameters is a direct and
effective method to improve the density and surface
quality of pure nickel parts fabricated by SLM. YAP
et al [16] proposed a brief analytical SLM model by
investigating the energy requirement in the pure
nickel and titanium experiment. In their following
work, near dense pure nickel blocks with a relative
density of 98.9% were obtained by optimizing
process parameters, and the mechanical properties
were better than those of the traditionally processed
pure nickel [17]. ZHAO et al [18] studied the
electrochemical performance of the pure nickel
blocks prepared by SLM under different laser
energy densities, aiming to develop a new-type
porous nickel electrode fabricated by SLM.
ZHANG et al [19] used a novel method to prepare
pure nickel powder with high laser absorption,
which has been proven to be beneficial to
fabricating more dense pure nickel blocks than
using the commercial pure nickel powder. These
studies evaluated the feasibility and practicality of
the pure nickel parts processed by SLM, proving
the application potential of the SLM-ed pure nickel
parts. Nevertheless, previous studies have not
delved into the tendency of the
densification behaviours and surface quality of pure
nickel during the SLM process. The densification
behaviours and surface quality were highly affected
by defects, including the different kinds of pores,
the humps or edge distortion, and the unmelted
powders. Discovering the variation trend of the
defects with different process parameters was
crucial to obtaining a more suitable process window
for SLM-ed pure nickel parts. Hence, a further and
more detailed process optimization to discover the
variation tendency of the forming quality, including
the densification and surface morphologies, of the
SLM-ed pure nickel parts is still needed.

In addition, since SLM consisted of a
track-by-track and a layer-by-layer process, the
performance of the built block was largely
dependent on the forming quality of the scanning
tracks, which were mainly determined by the laser
power and scanning speed [20,21]. The defects that
appear on the scanning tracks could directly map to

variation

the blocks [22]. Therefore, discovering the forming
regularities of scanning tracks and establishing the
relationship between the scanning tracks and the
forming quality of blocks are effective methods for
optimizing the process window of the SLM-ed pure
nickel part.

In this study, the scanning tracks and blocks of
pure nickel were fabricated by SLM with different
laser powers and scanning speeds. The variation of
the formation and geometric characteristics of
scanning tracks were investigated to discover the
defects formation mechanism during SLM
processing. The blocks were produced for the
characterization of surface quality and densification
to obtain an optimized process window. Hopefully,
these results will provide a basic guide for the
fabrication of high-quality SLM-ed pure nickel
parts.

2 Experimental

2.1 Materials and SLM process

In this work, gas-atomized pure nickel
powders were used as raw materials to produce
SLM specimens (as shown in Fig. 1). The powders
present an almost spherical shape (Fig. 1(a)), with
the particle size Ds=49.80 um (Fig. 1(b)). Table 1
lists the chemical composition of the pure nickel
powder.

The specimens were fabricated using SLM
equipment (EOSINT M280, Germany) with a
Yb-fibre laser source under 400 W power and
100 pm laser spot. The SLM process was controlled
by PSW 3.6 software and operated in an inert
protection system. Before fabrication, a steel
substrate was fixed on the building platform and
levelled. Here, the substrate of 316L steel materials
was chosen due to its high content of Fe element
with a good wettability for pure nickel. Then, pure
nickel powders were laid layer by layer; the laser
selectively scanned the powders according to
computer-aided design (CAD) data after every
layer was completely laid. A range of process
parameters was used to build cube specimens and
scanning tracks. Finally, the specimens with a
dimension of 6 mm % 6 mm x § mm were fabricated
to characterize the morphology and densification.
Based on the commonly applied process parameters
of SLM-ed Ni-based materials in previous
studies [23], the process parameters were designed
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Volume fraction/%

Table 1 Chemical composition of pure nickel powders
(wt.%)

Ni Co C Si P
Bal. 0.012 0.0014 0.0012 0.001
S Fe Cu Zn
0.001 0.002 0.003 0.001

in this experiment via the orthogonal experiment.
As shown in Fig. 2, the scanning speed was from
700 to 1300 mm/s with the interval of 200 mm/s,
the laser power was from 235 to 295 W with the
interval of 10 W, and the layer thickness and
hatching spacing were fixed at 40 um and 90 pm,
respectively. According to Eq. (1), the process
window (D) was defined:

P

vt

)

where P is the laser power, v is the scanning
speed, % is the hatching space, and ¢ is the layer
thickness [22]. This process window corresponds to
a laser energy density from 50.21 to 117.06 J/mm®
with an average interval less than 2.5 J/mm’, which
helps to avoid missing the optimal processing
parameter. To reduce the residual stress, scanning
strategy of a zigzag pattern with a 67° rotation
between every two layers was adopted. The
substrate is preheated to 80 °C during processing.

2.2 Characterizations

The surface morphologies of the samples were
imaged by a scanning electron microscope (SEM,
Phenom Prox, Netherlands) and a laser scanning
confocal microscope (Olympus 4000, Japan). The
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surface roughness (R,) of the specimens was
measured by a rough meter (Surftest SJ-210,
China). The measure direction on the top surface
was perpendicular to the laser scanning direction to
obtain the maximum R,, and the measure direction
on the side surface was parallel to the building
direction. The relative density of the specimens was
calculated based on the Archimedes principle
employing Eq. (2):

PsLm Pwater * MSLM(air)

(2)

Pstandard  Pstandard (mSLM(air) - mSLM(water) )

where psim is the density of SLM-ed pure nickel
samples, pswndard 1S the theoretical density of pure
nickel (8.9 g/mm?®), msimin is the mass of the SLM
sample in air, msimwaer) 18 the mass of the SLM
sample in deionized water, and pwaeer i the density
of the deionized water. The horizontal and vertical
cross-sections of the samples were mirror-finished
and etched for about 10s in corrosive reagent
(2 mL H,O + 10 mL HNO; + 10 mL C2H402) at
room temperature for microstructural observation.
The tensile conducted at room
temperature on a testing machine (CMT5105, China)
at a cross-head velocity of 1 mm/min.

tests were

3 Results and discussion

3.1 Geometric characteristics of scanning tracks
Figure 3 shows the surface morphologies of
scanning tracks at different laser powers and
scanning speeds. In Fig. 3, the processing window
was divided into three regions from the geometric
characteristics of morphologies and continuity of
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Fig. 2 Illustration of SLM processing pure nickel powders
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Fig. 3 Surface topographies of scanning tracks with different process parameters

scanning tracks. These regions constituted the
discontinuous region (the red-dashed rectangle in
Fig. 3), the irregular region (the green-dashed
rectangle in Fig.3), and the regular region
(the blue-dashed rectangle in Fig. 3). This clearly
illustrated that the surface morphologies were

significantly dependent on the laser power and
scanning speed. At the high scanning speed and low
laser power, narrow scanning tracks with undulate
and typical balling phenomena were formed in the
discontinuous region. The serious balling effect
broke the continuity of the scanning tracks and
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caused the irregular shape of the scanning tracks,
indicated by purple-dashed rectangles. Besides,
some powder particles distributed around or stuck
to the side of the scanning tracks (indicated by
black-dashed rectangles), which were defined as
side-satellites [24,25]. The side-satellites showed
poor solidification characters and were primarily
caused by the partially melted particles. This
phenomenon would promote unqualified bonding
between adjacent tracks during the following SLM
processing [24]. Increasing the laser power or
decreasing the scanning speed would retrain the
balling and side-satellites, as shown in the irregular
and regular regions. Particularly in the regular
region, the scanning tracks presented a regular
shape with a smooth edge. However, in the irregular
region, the scanning tracks with irregular shapes
were also formed at the high laser power of 295 W
and the low scanning speeds of 700 and 900 mm/s,
meaning that laser energy input was excessively
high. In addition, there were some powders on the
scanning tracks in the regular and irregular regions,
indicated by the mazarine-dashed rectangles. These
powders, defined as top-satellites, were mainly
induced by the spattering of molten pools, which
could not be avoided completely [25].

The serious balling phenomena not only
disrupted the continuity of the tracks, but also
greatly increased the height of the scanning tracks.
Three-dimensional surface topographies of the
scanning tracks are illustrated in Fig. 4, where
the scanning tracks are mainly represented by the
green zone. More irregular and uneven surface
morphologies were formed at 1300 mm/s, as shown
in Figs. 4(d—f), and the height of the laser track
surfaces at 1300 mm/s ranged from 70 to 110 pum,
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larger than 50—80 um at 700 mm/s, as shown in
Figs. 4(a—c). The results also demonstrated that the
scanning tracks were narrow under high scanning
speed conditions. Figure 5 exhibits the width of the
scanning tracks. It could be seen that the width
sharply decreased with the increase of scanning
speed. At 700 mm/s, the widths of the scanning
tracks exceeded 150 um, while these widths stayed
below 110 um at 1300 mm/s.

Based on the above experimental phenomena,
it could be found that the forming characteristics of
the scanning tracks were inferior under high
scanning speed and low laser power. This could be
caused by the poor flowability of the molten pool
which was induced by the insufficient laser energy
input. At the scanning speed of 1100—-1300 mm/s
and the laser power of 235-265 W, the laser energy
density was below 70 J/mm?®. The low laser energy
density would decrease the operative temperature
significantly [26,27]. In this situation, a small
number of powders was completely melted into the
liquid phase, thus forming a narrow molten pool. In
addition, the operative temperature of the molten
pool determined the dynamic viscosity (7, ) of the
liquid phase in the molten pool [28]:

16 | m
=15\ C 3)
where m is the atomic mass, £ is the Boltzmann
constant, 7 is the molten pool temperature, and o is
the surface tension which is inversely proportional
to 7. According to this equation, high dynamic
viscosity of the pure nickel liquid was obtained
when the insufficient laser energy density induced a
low operative temperature. As a result, the metal
liquid would not adequately spread and wet the

295 W

1280°

Fig. 4 Three-dimensional morphologies of scanning tracks with different laser powers and different scanning speeds
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unmelted powders around the molten pools. This
would also limit the contact area between the
molten pool and the substrate. Under high surface
tension o, the direction of liquid flow was prone to
be inward, thus resulting in the liquid to spheroidize
towards the contact area and the formation of
balling [29].

In addition, as shown in Fig. 3, distorted and
uneven scanning tracks were formed at 295 W,
1100 mm/s (74.49 J/mm®) while smooth, regular
scanning tracks were formed at 235 W, 900 mm/s
(72.53 J/mm?*). The scanning tracks formed at high
scanning speed would deteriorate compared to
those at low scanning speed under the similar laser
energy density conditions. This could be explained
as the result of the liquid phase within the molten
pool having not enough time to flow and spread at
high scanning speed [21].

700 900 1100
mm/s mm/s mrnls

1300
mm/s

(b)

Power/W
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3.2 Top surface morphologies of SLM blocks

Figure 6(a) shows the optical images of the top
surface of pure nickel blocks and Fig. 6(b) shows
the corresponding surface roughness. According to
Fig. 6(a), specimens were successfully fabricated
without defects such as burning loss or surface
corrugation, which would destroy the forming
quality and hinder the following recoating of
powder. The result proved that the selected process
window was suitable for acquiring a structurally
sound specimen. This also clearly illustrated that
the sintering formability of specimens was closely
connected to the process parameters. The smooth
and bright surface topographies were achieved
when the scanning speeds were 700 and 900 mm/s
(blue and green regions). As shown in the blue
region, the surface roughness (R.) of all specimens
was below 14 um and the average value was
10.99 um. Particularly, the lowest value of 7.87 um
was obtained 265 W, 700mm/s. Further
increasing the scanning speed contributed to the
worsening of the surface quality of the specimens,
which presented coarse and uneven surface
morphologies as shown in the yellow and red
regions. The R, of all specimens in the red region
was over 20 um and the average value reached
22.76 ym. Besides, the low laser power also
induced a poor surface quality. Specimens
fabricated at 235-255 W were found to exhibit
higher surface roughness than those with higher
laser power. In addition, it was also found the edge
distortion on the top surface at the scanning speed
of 700 mm/s, meaning the low scanning speed
could also induce other defects.

at

R,/um

25.45
- 23.25
- 21.05
- 18.85
16.65
- 14.45

. 12.25
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7.85

1100 1300

900
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Fig. 6 Optical images of pure nickel blocks fabricated by SLM (a) and corresponding surface roughness (b)
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Fig. 7 SEM images showing typical top surface morphologies of specimens prepared at different scanning speeds and
laser power of 265 W: (a) 700 mm/s; (b) 900 mm/s; (c) 1100 mm/s; (d) 1300 mm/s

Figure 7 illustrates the SEM images of surface
topographies of blocks formed at 265 W with
various scanning speeds. The white lines indicate
adjacent tracks on the top surface. It could be
concluded that the surface quality was primarily
dependent on the solidification characters of
scanning tracks. At low scanning speeds (700 and
900 mmy/s), the surface consisted of smooth and
regular scanning tracks without balling defects,
corresponding to good surface morphologies of
scanning tracks formed at a high laser energy
density. Besides, the overlap between adjacent
scanning tracks was sufficient in this condition.
According to Fig. 8 and Eq. (4) [30], there was

a L-h
LT L @
where z is the overlap ratio of the scanning tracks, a
is the length of the overlap region between adjacent

scanning tracks, and L is the width of the laser track.

The overlap ratio is proportional to the width of the
scanning track. When high laser energy input was
absorbed by the molten pool, the good flowability
and spreadability easily solidified the molten pool

« L
Scanning tracks
La Substrate
h »

Fig. 8 Schematic diagram of overlap ratio of scanning
tracks

into regular scanning tracks with a large width, as
proven in Fig.3 and 5, thereby achieving a high
overlap ratio. The high overlap ratio would increase
the quantity of re-melting for materials, thus
lengthening the solidification time [21]. The liquid
phase had enough time to spread, leading to
optimum bonding between adjacent tracks, and
hence smooth surface morphologies were formed.
At large scanning speeds (1100 and 1300 mm/s),
laser energy input was insufficient and the
spreading properties of the liquid phase within the
molten pool deteriorated. The size of the scanning
tracks was small, making the overlapping
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conditions of the adjacent scanning tracks
insufficient. Moreover, the laser track was irregular
and even separated by balling initiation. As a result,
the surface formation was so poor that it induced
holes, irregular bonding of adjacent scanning tracks,
and distinct humps on the surface.

From the results of surface roughness, the top
surface of the block formed at 295 W, 1100 mm/s
was coarser than that formed at 295 W, 900 mm/s.
Figures 9(a, b) show the SEM images of the surface
topographies of the two blocks, respectively. The
obviously distorted bonding of scanning tracks, and
serious balling formed on the surface of the

specimens prepared at 295 W, 1100 mm/s could be
observed. This experiment corresponded to the
result of the scanning tracks, which proved that a
high scanning speed would lead to a worse surface
quality than that formed at a low scanning speed
when the laser energy density is approximate.
Besides, a slightly warped distortion existed on
the edge of the specimens in a process window of
235-295 W, 700 mm/s by direct visual observation.
Figure 10 shows the optical image of the samples
formed at 700 and 900 mm/s. Figure 11 shows the
corresponding three-dimensional morphologies of
the edge region and the accurate height of the edge

Fig. 9 SEM images showing typical surface morphology of specimens at similar laser energy density: (a) 72.53 J/mm?,

235 W, 900 mm/s; (b) 74.49 J/mm?, 295 W, 1100 mm/s

235 W

700 mm/s

900 mm/s

265 W

295 W

Fig. 10 Optical images of samples at different laser powers and different scanning speeds
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region obtained from the three-dimensional
morphologies. Comparing the three-dimensional
morphologies and the height exhibited a more
obvious distorted edge at the scanning speed of
700 mm/s, which not only made the geometric
dimension of the specimens inaccurate but also
affected the following motion of the coater blade
and even prematurely terminated the SLM process
if it became serious [31—33]. This mainly resulted
from the tensile stress near the top surface. The
larger the laser energy input was, the higher the
temperature gradients were in the SLM process,
thus producing higher thermal stress in the
blocks [32]. When the laser energy was enlarged,
the warp distortion would be induced by the high
thermal stress [33].

3.3 Side surface morphologies of SLM blocks
The side surface quality is also a pivotal factor
for the SLM-ed specimens, because it not only
influences the size accuracy but also determines the
complexity of the post surface finishing for the
specimens. Figure 12 illustrates the roughness
variation on the side surface of blocks. The side
surface roughness presented a similar variable

Height/pum

0 500 1000 1500 2000 2500
Width/um

265 W

tendency to the result of the top surface roughness.
The lower R, was also obtained at high laser energy
density with the scanning speeds of 700 and
900 mm/s, and the R, was in the range from 13.49
to 15.68 um; all the values were close. When
decreasing the laser energy density, the R, was in
the range of 15.90—19.30 um. Figure 13 shows the
side-surface topographies of the blocks prepared at
265 W. Compared to the top surface topographies,
side surface exhibited a different influencing
mechanism on the surface roughness. There was a
large quantity of powders randomly sticking to the
side surface of all specimens. This was the primary
reason for the deterioration of surface roughness,
and a similar phenomenon was found in other
previous studies [24]. At 700 and 900 mm/s, it
could easily be observed that the molten pools
overlap regularly (marked by yellow-dashed
curves), which meant that the surface would be flat
if no powders stick to it. At 1100 and 1300 mm/s,
the molten pools could not be observed easily and
some unsolidified humps induced by an insufficient
laser energy density appeared on the surface
(marked by yellow-dashed circles), making the
surface uneven; the R, would be enlarged.

295 W

Height/pm

1000 1500 2000 2500
Width/um

0 500

Fig. 11 Morphologies and height distribution of edge region on top surface: (a—f) Corresponding three-dimensional

morphologies; (g, h) Height distribution at 700 mm/s and 900 mm/s, respectively
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3.4 Densification behaviour

Figure 14 illustrates densification behaviours
of the specimens. As shown in Fig. 14(a), the
densities of the specimens evaluated by the
Archimedes method were in the range of 8.49—
8.83 g/cm®, which corresponded to the relative
densities of 95.38%—-99.22% shown in Fig. 14(b).
The results revealed that the densifications of the
specimens increased initially and then reduced with
increasing laser energy density. It could be
concluded that the high dense blocks formed in the
suitable range of 71.97—-101.19 J/mm?, particularly
75.62—84.88 J/mm® (corresponding to 245285 W

Fig. 13 SEM images of side surface morphologies of specimens prepared at laser power of 265 W and different
scanning speeds: (a) 700 mm/s; (b) 900 mm/s; (c) 1100 mm/s; (d) 1300 mm/s
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Fig. 14 Densification behaviours of specimens at different laser powers and scanning speeds (a) and corresponding
relative density at different laser energy densities (b)
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and 900 mm/s), had an excellent densification
behaviour where all the densities of the blocks were
above 8.82 g/cm’ (relative density of 99.10%).

Figure 15 shows the polished surfaces of
the specimens prepared with different process
parameters. This distinctly exhibited that plenty of
pores mainly concentrated at the surface of the
specimens prepared with high scanning speed and
low power. Besides, the morphologies, including
the shape and size of these pores, varied as the
process parameters were changed. At 235 W,
1300 mm/s, the largest numbers of pores covered
the surface of the specimens. These pores were long
and in polygynous shape, and some of them had a
size larger than 100 um (indicated by red-dashed
rectangles). Therefore, the poor densification
performance of the as-built blocks was induced.
Increasing the laser power or reducing the scanning
speed would weaken the forming of the pores; not
only the number of pores decreased but also the
size of the pores reduced. At the same time, the
proportion of the irregular pores gradually
decreased and the pores in the quasi-circular shape
(indicated by black-dashed circles) started to form
on the surface. At 900 mm/s, 235295 W, there
were almost no obvious pores on the surface, and
high dense blocks were achieved. However, the
number of circular pores presented an incremental
tendency at 700 mm/s, 265 W, and 295 W, which
meant that the densification behaviours were also
poor in excessive laser energy input conditions.

The irregular pores are commonly referred to

the lack of fusion [28], which was ascribed to the
insufficient laser energy input. From the results of
the scanning tracks in Fig. 3, when the laser energy
input was too low to melt sufficient powders,
narrow and unstable scanning tracks with the
balling phenomena were formed. Accordingly, the
bonding of adjacent tracks became poor and
irregular, and the deposited layer was considerably
uneven. Therefore, the following powder deposition
would have poor uniformity. As the laser scanned a
rugged powder layer, the molten pools were
unstable with various defects, including balling and
discontinuity, thereby inducing the formation of
irregular pores. In addition, the low laser energy
density also led to the small penetration depth of
molten pools. As shown in Fig. 16, the outlines of
the molten pools are marked by black-dashed
curves. It could be seen that the molten pools
formed at 69.44 J/mm® had a smaller penetration
depth than those formed at 81.79 and 117.06 J/mm’.
This was caused by the insufficient remelt on the
pre-deposited layers. Once the pores were formed,
it would be difficult to eliminate these pores in the
following deposition process because the liquid
phase was not enough to fill it. The quasi-circular
pores mainly formed at high laser energy density
were defined as gas pores [34,35]. Two main
reasons accounted for the formation of gas
pores. One was the trapping of protective gas (here
Ar); high laser energy input led to an excellent
flowability of the molten pool which rolled the
Ar easily in the liquid materials. The second reason
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Fig. 15 Optical images of polished surface with different process parameters
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k] Molten pools

Lo
L

Fig. 16 Molten pools on s1de surface of blocks at dlfferent laser energy densmes (a) 117.06 J/mm?; (b) 81.79 J/mm?>;

(c) 69.44 J/mm?

was the metal vapor produced during the melting
process; the temperature of the molten pool went up
with increasing energy input, inducing the
evaporation of the metal powder [34].

3.5 Tensile properties

The tensile test has been conducted at the
dense specimens fabricated at the laser power of
265 W and the scanning speed of 900 mm/s. The
cylinders were horizontally fabricated and
machined into standard tensile samples with the
size of d5 mm x 60 mm according to Chinese
National Standard GB/T 228.1—2010. The yield
strength (092), tensile strength (om) and elongation
(4s) were (359.49+2.74) MPa, (286.16+4.07) MPa
and (53.67+1.53)%, respectively. Compared with
the tensile performance of N4 materials in the
Chinese National Standard GB/T 4435 — 2010
(om=>380 MPa, A5>34%), the ductility of SLM-ed
pure nickel was satisfactory and the tensile strength
was a little lower. This is because the pure nickel
powder used in this experiment belongs to the N2
pure nickel which has a high purity of nickel
element with little reinforcement element. Figure 17
shows the fracture samples. The apparent necking
characteristic showed the high ductility achieved,

Fig. 17 Optical image of fracture samples (a), and SEM
images of fracture surface (b, c)

and a large quality of dimples on the fracture
surface indicated a typical ductile fracture model.
In addition, no obvious defects were observed on
the fracture surface, indicating good densification
behaviours.

3.6 Demonstrative parts of as-fabricated pure

nickel

Based on the optimized processing parameters,
in particular, at the scanning speed of 900 mm/s, a
pure nickel blade was successfully fabricated by
SLM (as exhibited in Fig. 18). The as-fabricated
pure nickel turbine has a size of 48.63 mm x
48.63 mm x 19.98 mm and some external flow
channels on its surface, proving that the SLM
technique has the unique capability to process
complex pure nickel products with good surface
finishing and geometrical precision. The results
provide the possibility of commercialized prospects
for SLM-ed pure nickel parts in the near future.

Fig. 18 Demonstrative part of SLM-ed pure nickel blade
4 Conclusions

(1) The scanning tracks presented a good
geometrical characteristic when the laser scanning
speed was varied from 700 to 900 mm/s and laser
power was varied from 235 to 265 W, and at this
time, the balling structures, irregular shape, and
side-satellites were eliminated.

(2) Due to the low overlap ratio between
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scanning tracks, the lack of fusion pores mainly
took place at the scanning speed of 1100—
1300 mm/s and laser power of 235—265 W, whereas
the gas pores were mainly formed at the scanning
speed of 700 mm/s and laser power of 265—295 W,
owing to the metal evaporation and the gas into
molten pools.

(3) SLM was used to produce pure Ni blocks
with high density (>99%) and high geometrical
precision. The optimum processing window
identified in this work was the scanning speed of
700 mm/s and laser power of 255-275W by
comparing the surface qualities and densification
behaviours.
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