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A B S T R A C T

The present study investigated for the first time the feasibility of producing by Selective Laser Melting (SLM) a
NiCrAlY bond coat material directly onto an IN625 substrate itself produced by SLM. A typical parameters
optimization was conducted by varying laser power (P) and scanning speed (v). Single-line scanning tracks and
two-layer coatings were carried out and analyzed for 15 different P/v conditions. Several criteria were defined
for the selection of appropriate SLM parameters. The results showed significant remelting of the underlying
substrate, which is a typical feature of SLM manufacturing. This led to the formation of an intermediate dilution
zone characterized by substantial mixing between IN625 superalloy substrate and NiCrAlY bond coat suggesting
excellent metallurgical bonding. Optimum processing conditions were found for P=250 W and v=800mm/s.
It produced a dense 242 μm thick bond coat including a 36% dilution zone. The SLMed < NiCrAlY-
IN625> system exhibited a smooth microhardness profile slightly increasing from 275 Hv in the bond coat to
305 Hv in the substrate. A progressive Al concentration distribution between the phases and low residual stress
levels were found in the system. This suggested that SLM might be a valuable alternative manufacturing process
for bond coat systems promoting excellent adhesion for high temperature applications.

1. Introduction

Additive Manufacturing (AM) has become an outstanding alter-
native to conventional manufacturing, part of what is now commonly
referred to as the 4th industrial revolution. AM presents many ad-
vantages such as versatility, complex and near-net-shape manu-
facturing, elimination of tooling, waste reduction, shorter lead time,
etc. [1–3]. AM technologies have been classified into seven categories
according to raw materials type, power source and processing tech-
nique [4]. For the production of metallic materials, Directed Energy
Deposition (DED) and Powder Bed Fusion (PBF) are the most attractive
and the most popular methods [1–6]. DED consists of direct deposition
of material, usually spraying a powder simultaneously melted by a fo-
cused energy source through coaxial nozzles. Although the resolution is
limited, these methods are particularly adapted to direct fabrication of
rather simple shapes, cladding and remanufacturing/repair. By con-
trast, PBF consists in selective melting of powder layers by a focused
power source, usually a laser or an electron beam. This allows the
production of both internal and external complex geometries with
much greater resolution therefore particularly suitable for direct man-
ufacturing. There has been extensive research on these PBF

technologies in particular for the fabrication of CoCr-Mo alloys, alu-
minum alloys and superalloys by Selective Laser Melting (SLM) for
applications in aerospace, medical, automotive and power generation.

Ni-based superalloy Inconel 625 (IN625) is a popular material for
gas turbine applications characterized by good high temperature
strength, creep resistance, corrosion resistance and excellent weld-
ability [7–10]. Due to this excellent weldability, fabrication of IN625 by
SLM is particularly appropriate and has been properly optimized
[11–14]. In order to enhance properties and increase operating tem-
peratures of superalloys, Thermal Barrier Coating (TBC) have been
developed to protect the substrates at high temperature so that they
could retain their superior properties for longer time during operation
[15–18]. Typically, TBCs provide insulation to enable superalloys to
operate at about 150 °C above their usual upper limit [19–23]. These
TBCs commonly consist in an external ceramic top coat (TC) for thermal
insulation and an intermediate MCrAlY metallic bond coat (BC, where
typically M=Ni, Co, Fe or a combination of those) to accommodate the
difference in coefficient of thermal expansion between TC and super-
alloy substrate, and to grow a thin, compact and adherent protective
oxide scale promoting optimized hot corrosion resistance [19–24].

As opposed to conventional casting and forging for substrate metals,
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these protective layers are generally coated onto the substrate by dif-
ferent conventional methods such as air or vacuum plasma spray (APS/
VPS), electron beam-physical vapor deposition (EB-PVD) and arc ion
plating (AIP) [20,21]. These separated processes require much man-
power, cost and time. In addition, when coatings are conventionally
applied, especially by plasma spraying, substantial residual stresses
may be induced in the deposits, notably at the substrate-coating in-
terface. This can generate delamination which is also a critical concern
[25,26]. For these considerations, SLM of NiCrAlY bond coat onto
IN625 substrate, itself produced by SLM, is considered in the present
study. We believe that due to the nature of the SLM process, and in
particular the typical remelting of underlying layers, excellent bonding
between substrate and BC could be achieved. Although the ultimate
production of complex coated geometries, such as blades, is challenged
by the nature of PBF technologies requiring deposition of an entire layer
of powder, therefore presently limiting the deposition onto flat surfaces,
this issue could very well be addressed for example by selective de-
position of different powders within a single layer by multiple powder
containing tanks. There have been several studies regarding multi-
material processing by SLM, as for instance with stainless steel and
copper alloys [27–29], composite material mixing two different pow-
ders [30,31], NiCrAlY cladding [32–34], developed methodology ac-
cepting SLM concept [35] and innovative additive manufacturing of a
steel-ceramic multi-material [36]. However, this is the first time to the
best of our knowledge that SLM is used to produce both the superalloy
substrate and the MCrAlY bond coat.

In the present paper, we study the optimization of SLM fabrication
of a NiCrAlY bond coat onto an IN625 superalloy substrate, itself pro-
duced by SLM. The optimization of the process parameters is described
on the basis of several criteria and the as-produced materials are
thoroughly analyzed. We conclude with a set of processing conditions
which shows very promising results. This suggests the feasibility of
selective laser melting as an alternative method for the deposition of
coatings in TBC systems.

2. Experimental procedure

2.1. Raw materials: pre-alloyed powders

The IN625 powder used in this study was a commercial gas-ato-
mized pre-alloyed powder supplied by the SLM manufacturer SLM
Solutions. The element composition of the powder, determined by in-
ductively coupled plasma optical emission spectrometry (ICP-OES), is
given in Table 1. The SEM micrograph in Fig. 1(a) shows the powder
morphology: most powder particles were spherical with a small amount
of irregular particles and aggregates. The powder size distribution was
measured with a laser diffraction particle size analyzer (Malvern Mas-
tersizer 3000). The particles had a size distribution between 20 μm
(D10) and 44 μm (D90) with an average diameter of 29 μm (Fig. 1(c)).
The powder flow rate was conveniently measured with a Hall flow-
meter according to ASTM B213 standard and was 12.6 s. Such a powder
with these characteristics is appropriate for SLM.

The main metallic element M for an MCrAlY bond coat generally
depends on the substrate composition and is commonly Ni, Co or NiCo.
To match the Ni-rich IN625 substrate, NiCrAlY was therefore selected in
the present study (Table 1). Unconventional gas atomized NiCrAlY pre-
alloyed powder with characteristics appropriate for SLM processing was

specially ordered to Ducal International. The powder morphology was
similar to that of IN625 with mostly spherical shape particles
(Fig. 1(b)). The powder size distribution was measured between 24 μm
(D10) and 51 μm (D90) with an average diameter of approximately
35 μm (Fig. 1(c)). The flowability was measured at 17.4 s. Although the
particle size and flow time of the NiCrAlY powder were slightly higher
than those of IN625, it is believed to have no significant influence on its
processability by SLM since they remain in the processability window
recommended by the manufacturer of the machine.

2.2. SLM processing

The equipment used for additive manufacturing was an SLM 125 H L
commercialized by SLM Solutions equipped with a 400W Yb laser with
a Gaussian beam focus diameter of 70−100 μm (constant in the present
study for all processing conditions). The volume of fabrication allowed
by the machine is 125×125×125 mm3. The process was carried out
under a protective argon atmosphere and the building platform was

Table 1
Chemical composition in wt. % measured by ICP-OES of IN625 and NiCrAlY
pre-alloyed powders used for SLM manufacturing.

Ni Cr Mo Fe Co C Nb Al Y

Inconel 625 Bal. 20.08 8.27 3.49 0.6 0.08 3.12 0.35 –
NiCrAlY Bal. 22.01 – – – – – 9.34 1.165

Fig. 1. SEMmicrographs showing the (a) Inconel 625 and (b) NiCrAlY powders.
(c) Particle size distribution showing the similarity of both powders.
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held at 150 °C to reduce stress. Fabrication of IN625 by SLM has been
studied and optimized extensively [11–14]. Due to its excellent weld-
ability, this superalloy has been an interesting candidate for the early
development of this technology. The processing conditions used for the
fabrication of IN625 samples were: power P=275W, scanning speed
v=760mm/s, hatch spacing h= 120 μm, layer thickness t= 50 μm.
The scanning strategy includes contours and uses a stripes fill pattern
type with stripes of length 10mm and a rotation angle of the scanning
directions of 33° between consecutive layers. These conditions, which
could be further optimized, resulted in a residual porosity measured
here below 0.5% considered more than acceptable for the purpose of
the present study.

Two millimeters thick IN625 plates were built vertically to serve as
substrate for subsequent NiCrAlY coatings (Fig. 2(a)). A
30mm×20mm × 2mm plate was polished down to grit 1200 SiC
abrasive papers (Ra ≤ 20 nm) to remove the typical roughness resulting
from SLM manufacturing measured at Rz= 37 ± 3 μm. This plate was
used as the IN625 substrate for single-line NiCrAlY depositions
(Fig. 2(b)) in order to evaluate track stability and bead geometry
without artifacts due to roughness of the substrate base-plate otherwise
substantial as well as to provide a clear contrast for optical analyses.
Another as-built 30mm×30mm×2mm plate, was used as-is as
substrate for multi-layers NiCrAlY coating (Fig. 2(c)). After processing,
plate’s removal and thorough cleaning of the SLM machine, the IN625
superalloy substrate plates were fixed horizontally on the steel building
platform using an OMEGABOND® OB-600 ceramic cement and a ther-
mally conductive paste. The platform was then levelled so that the zero
position would match the substrate plate surface for processing of the
NiCrAlY coatings directly onto the IN625 substrates.

To the best of the aurthor’s knowledge, there is not any reference in
the literature about SLM processing of NiCrAlY. For this reason, the
Granta CES EduPack™ 2017 database was used to identify typical SLM
materials with physical and thermal properties close to that of NiCrAlY
(melting point, thermal conductivity etc.), so as to use the set of
parameters available in the literature for those materials as starting
points for the parametric study. A process parameters optimization
matrix was accordingly designed with 15 different values set of power P
(W) and scanning speed v (mm/s) in reference to IN625 and CoCr-Mo
alloys (Fig. 2(d)). The SLM process was conventionally carried out using
a layer thickness of t=50 μm, a hatch spacing of h=120 μm, and
scanning strategy similar to that of the IN625 substrate, though rotation
between layers were not included. Single-line scanning NiCrAlY tracks,
as in Fig. 2(b), were performed to analyze the track stability and bead
or melt pool geometry. Furthermore, 8mm×4mm NiCrAlY coatings
consisting of two 50 μm layers were built, as in Fig. 2(c). Given the
apparent density of the powder (approximately 60%) this theoretically
corresponds to a coating thickness of about 70 μm, which is close to the
typical thickness of MCrAlY bond coats in TBC systems [20].

2.3. Materials characterization

The single-line scanning tracks were cut perpendicular to the
scanning direction to observe the bead or melt pool geometry in cross-
section by optical microscopy. Top-views of the single-line scanning
tracks were also taken by optical microscopy to measure more accu-
rately the bead width and evaluate track stability. The two-layer coat-
ings were cut perpendicular to the longitudinal direction, i.e. along the
scanning direction. All specimens were then mounted and carefully

Fig. 2. (a) Schematics of the fabrication and experimental results of (b) single-line scanning tracks and (c) two-layer NiCrAlY coatings onto IN625 plate all produced
by SLM according to P/v parameters conditions shown in (d).
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subjected to conventional metallographic preparation of grinding with
abrasive SiC papers and fine polishing with diamond pastes down to
1 μm for observation by microscopy. The residual porosity of the SLMed
NiCrAlY coatings was measured by microscopy according the ASTM
standard E2109-01. Due to the small area of the BC, the porosity was
measured systematically within the bond coat alone in five consecutive
planes by grinding a few tens of micrometers, and averaged for each
coating for statistical purpose. The microstructure was revealed by
chemical etching with aqua regia solution and observed by optical mi-
croscopy (OM, Nikon EPIPHOT 200) and scanning electron microscopy
(SEM, JEOL JSM-5800) equipped with energy dispersive X-ray spec-
troscopy (EDS). Kernel average misorientation (KAM) data acquired
from electron backscattering diffraction (EBSD) with a field-emission
scanning electron microscope (FE-SEM, MIRA-II) were used to measure
local misorientation [37–41] and thereby assess qualitatively residual
stress. To avoid artifacts from metallographic preparation, the final
1 μm polishing step was carried out using a colloidal silica suspension.
Electron probe micro-analysis (EPMA, JEOL JXA-8100) was performed
on unetched specimens to accurately determine the elemental dis-
tribution from the NiCrAlY bond coat surface to 300 μm in depth.
Vickers microhardness (Mitutoyo HM-122) was measured every 40 μm
from the top surface of the bond coat to 400 μm deep into the substrate
for all conditions using a test load of 500 g.

3. Results and discussion

3.1. Single-line scanning analysis

Single-line scanning were processed, Fig. 2(b), in order to study the
stability and geometry of the weld tracks for each condition. Although
it was difficult to obtain conclusive results due to the instability of the
weld track expected in SLM manufacturing and questioned re-
presentativity with respect to bulk processing due to the influence of
processing adjacent tracks, these single-line scanning tracks were
nevertheless found informative for preselection of the most appropriate
processing conditions. Fig. 3 shows optical micrographs of the cross-
section and the top-view of each single-line scanning track according to
the different sets of power and scanning speed P/v. The bead or melt
pool aspect was significantly different among all conditions.

As first consideration in Fig. 3, it was clear that remelting of the
underlying IN625 substrate was substantial. This was evidenced by the
measured values of geometrical dilution, as defined in Fig. 3, between
70 and as high as 90%. In cladding, the geometrical dilution should be
as low as possible so as to have the composition of the bead close to the
filler material. In conventional welding, gas metal arc welding (GMAW)
for example, the geometrical dilution is often close to 50–60% [42].
Although SLM or PBF for that matter can arguably be assimilated to
micro-welding, high geometrical dilution is typical due to remelting of
underlying layers, leading to epitaxial columnar structures with grains
elongated along the direction of the heat flux, that is perpendicular to
the melt pools boundary [43]. Since bonding between superalloy sub-
strate and MCrAlY bond coat is critical in TBC systems, this specificity is
most certainly desirable.

The bead or melt pool shape was unclear due to this high amount of
dilution and therefore very similar chemical composition and micro-
structure with the substrate. While for some conditions melt pools
clearly exhibited the typical “fish scale” elliptical geometry often ob-
served in SLM as-built materials (for example when P=100 W), for
others the melt pool resembled the typical “keyhole” shape character-
istic of conventional welding (for example when P=250 W). This
keyhole shape is formed by the displacement of the melt induced by
evaporation recoil pressure, while surface tension and hydrostatic
pressure oppose cavity formation [44]. An advantage of the keyhole
shape is to limit the heat affected zone (HAZ) [44,45]. This HAZ, which
is generally characterized by locally heat affected grains and pre-
cipitates, is a weak part in welded material due to inhomogeneous

microstructure and coarsened precipitates and grains. While subsequent
laser melting of adjacent tracks significantly affects microstructure due
to overlapping and remelting, limited HAZ is certainly more favorable.
In Fig. 3, several melt pools seem to exhibit voids within the melt pool
or at interface. These were artifacts from chemical etching, as con-
firmed by unetched conditions, and therefore not relevant. The bead or
melt pool widths, indicated in Fig. 3, were also significantly affected by
the processing conditions. A hatch spacing of 120 μm was selected for
manufacturing the two-layer plates, and an overlapping between ad-
jacent tracks of about 20–30% is usually desired for SLM [46]. For these
reasons, a bead width between 150 and 180 μm was considered ap-
propriate. As a result, with regards to melt pool geometry and width,
laser powers of P= 100 W and P=350 W incidentally corresponding
to the lowest and highest energy density as defined in Fig. 3, respec-
tively, were discarded.

3.2. NiCrAlY bond coat onto IN625 substrate

3.2.1. Morphology and hardness
Two-layer NiCrAlY 8mm×4mm bond coats were successfully

produced by SLM directly onto IN625 substrates using different para-
meters sets, as shown in Fig. 2(c). Macroscopically, the general aspect
of the coatings is appropriate in most cases, except for laser powers of
100 and 350W which were therefore not selected and will not be
shown. This was consistent with the results of single-line scanning
discussed in the previous section. Cross-section of the bond coats were
evaluated and the corresponding optical micrographs are reported in
Fig. 4 for all conditions. The thickness and porosity associated with
different processing conditions were measured and reported in Fig. 4.
The interface between substrate and bond coat could be comfortably
identified thanks to the different building directions for substrate and
bond coat. As first consideration, the micrographs in Fig. 4 highlight
large voids or cavities at the edge of the coatings. This was caused by
the considerable thermal contraction or shrinking during cooling, even
causing the coatings to slightly bend upward at higher energy density.
This is known as distortion caused by large thermal gradients in the
workpiece [47]. Apart from that, bonding seemed excellent in all cases.
Another surprising observation was that specimens produced with P/
v=200/600 and P/v=200/650, which actually did not correspond to
the lowest theoretical energy densities, exhibited the thinnest coatings
with a thickness ≤ 75 μm. For the other conditions, all NiCrAlY bond
coats appeared appropriate with a thickness between approximately
180 and 350 μm and low residual porosity ≤ 0.5%. The actual thick-
ness of the coatings was significantly higher than the 100 μm thickness
of the two NiCrAlY powder layers. Consistently with single-line scan-
ning tracks observations in the previous section, this indicates that
substantial remelting occurred. In fact, the micrographs in Fig. 4 sug-
gest that rather than being deposited onto the IN625 substrate, the
bond coat material is diluted into the superalloy substrate. This is most
certainly valuable to ensure excellent bonding between bond coat and
substrate.

Fig. 5 shows in more details the interface between bond coat and
substrate. As mentioned above, this interface was clear due to the dif-
ferent building directions. The micrographs in Fig. 5 indicate that the
bond coat was actually divided into two regions, clearly evidenced as a
result of chemical etching. The brighter inner region was a dilution
zone resulting from SLM of the first layer accompanied by significant
remelting of the underlying IN625 substrate. The resulting material is a
highly NiCrAlY/IN625 mixed zone. The darker outer region corre-
sponded to the selective melting of the second NiCrAlY layer. There was
as well significant remelting of the underlying layer, as evidenced by
the effective thickness significantly larger than 50 μm. The presence of
these dilution zones strongly suggests that SLM is highly appropriate.
As opposed to conventional bond coat deposition methods such as PS
and EB-PVD which typically exhibited a clear interface between bond
coat and substrate often requiring a long diffusion heat treatment, the

J. Lee, et al. Additive Manufacturing 31 (2020) 100998

4



adhesion as a result of SLM processing appears to be excellent.
This was further evidenced by microhardness measurements from

the top surface of the bond coat into the substrate, as reported in Fig. 5
for all conditions. Because of the similar chemical composition between
NiCrAlY and IN625, the values of microhardness were similar as can be
seen in Fig. 5. It was however found that the hardness was slightly
higher in the substrate. This may result from the presence of Nb and Mo

in solid solution in the as-built IN625 substrate. In the NiCrAlY bond
coat, a gradual increase of hardness from the surface to the interface is
observed, associated with the progressive chemical composition gra-
dient. Hardness was often non-negligibly higher in the vicinity of the
interface between substrate and bond coat corresponding to the heat
affected zone. The hardness profile of the specimen produced with P/
v=300/750, corresponding to the highest energy density of 66.7 J/

Fig. 3. Etched optical micrographs of the single-line scanning tracks showing the cross-section of the bead or melt pool and below the top view of the welding track
for each processing condition. The corresponding values of energy density are reported as well as the measured values of geometrical dilution and bead width.

Fig. 4. Etched optical micrographs showing the cross section of the two-layer NiCrAlY coatings deposited onto IN625 substrate for each condition. The corresponding
values of energy density are reported as well as the measured coating thickness and residual porosity.

J. Lee, et al. Additive Manufacturing 31 (2020) 100998

5



mm3, indicated that hardness was significantly higher at the surface of
the NiCrAlY bond coat. This suggests inhomogeneous phase distribution
within the bond coat which may be detrimental to its performance. One
of the critical function of MCrAlY bond coats in TBC systems is the
accommodation of the significantly different coefficient of thermal ex-
pansion shown between the superalloy metallic substrate and insulating
ceramic top-coat. To ensure appropriate bonding between substrate and
bond coat, similar hardness between the two is preferred, particularly
at the interface.

With considerations of thickness, residual porosity, dilution zone
and hardness profile, the results exhibited in Figs. 4 and 5 allowed to
proceed to a finer selection of the most appropriate processing condi-
tions. Additionally, higher scanning speed is usually preferred in SLM
manufacturing to promote faster solidification which prevents pre-
judicial segregation. In such light, NiCrAlY coatings produced with P/
v=200/600 and P/v=200/650 were considered too thin. These
conditions could therefore be eliminated. NiCrAlY coatings produced
with P/v=200/700 and P/v=250/700 could also be discarded as
there were no evident benefit in using lower scanning speed of
700mm/s and the dilution zone was large above 45%. We therefore
considered the most appropriate SLM processing to be P/v=200–300/
750–800 and selected these six conditions for further analyses. Under
these conditions, NiCrAlY coatings had an appropriate thickness of
approximately 180∼350 μm including the dilution zone, a low residual
porosity of 0.1∼0.5% and a dilution of 20∼40%.

3.2.2. Element distribution
One apparent advantage of considering SLM for coating NiCrAlY

onto an IN625 substrate is the inherent remelting occurring during
processing which generated what we called a dilution zone, as indicated
and discussed in the previous section, suggesting excellent bonding
between bond coat and substrate. Further evidence of this excellent
combination was given by EPMA element distribution analyses, in
particular the distribution of Al (Fig. 6). As indicated in Table 1, Ni-
CrAlY shows a higher content of Al (9.34 wt.%) than IN625 (0.35 wt.%)
to allow the growth of a stable protective Al2O3 layer at high tem-
perature. The concentration profile of Al is therefore a key indicator of
the interface position and the extent of the dilution zone between the
substrate and the bond coat. In Fig. 6, the various regions of the Ni-
CrAlY/IN625 system are clearly highlighted. The outer NiCrAlY was
distinctly enriched with Al while the substrate exhibited low Al content.
The dilution zones defined above were also clear with apparent mixing
between bond coat and substrate. There was a clearly high Al con-
centration at the top of the NiCrAlY coating in all the cases, approxi-
mately 5 μm thick, likely due to the formation of a thin Al2O3 oxide
layer. The micrographs in Fig. 6 most interestingly highlighted notable
differences between processing conditions. With a laser power P=200
W, the concentration of Al was significantly different between the re-
gions showing clearly delimited layers. With a laser power P=250 W,
although the concentration profile of Al was certainly uneven, there
was a more gradual variation and the interfaces were less pronounced.

This was clearer with P=300 W though the actual interface with the
substrate was out of range (NiCrAlY thickness approximately ≥300 μm
in Fig. 4).

EPMA results, although not decidedly conclusive, contribute to the
appropriate selection of the optimum processing parameters. Excellent
bonding is assumed by SLM due to appropriate mixing between the
bond coat and the substrate to avoid clear interface between the two
chemically different materials as observed in conventional APS/VPS or
EB-PVD depositions. Most defects in these systems are evidenced by
significant cracking at the interface during thermal cycles which often
cause delamination and failure of the TBC. This is generally avoided to
some extent by a long and costly diffusion heat treatment. The standard
diffusion treatment for APS bond coat is 6 h at 1080 °C followed by 20 h
at 870 °C [48]. Because the NiCrAlY coating processed by SLM ad-
vantageously exhibited the so-called dilution zone, such a diffusion
treatment becomes unnecessary, at least for the purpose of inter-dif-
fusion and adhesion. In such conditions, it appears that the NiCrAlY
coating produced with P/v=250/800 exhibiting a thickness of

Fig. 5. Etched optical micrographs showing the details of the cross section of the two-layer NiCrAlY coatings deposited onto IN625 substrate for each condition. The
dilution zones were highlighted and their values in % were reported. The micro hardness profile was included for each condition.

Fig. 6. EPMA results of aluminum content and corresponding backscattered
electron imaging (BEI) micrographs showing the gradient of Al concentration
(all scales are consistent). (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)
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approximately 250 μm including a roughly 35% dilution zone and low
residual porosity about 0.1% seems most appropriate.

3.2.3. Residual stress
Kernel average misorientation (KAM) maps were generated from

EBSD analyses. KAM is generally used for characterizing local mis-
orientation. It calculates the average misorientation of a given point
with all of its neighbors. This is a good qualitative indicator of de-
formed grain or strain induced grain, and therefore stress in crystalline
materials at the microscale level. There are several reported methods
for quantifying residual stresses in materials, which is particularly cri-
tical for SLM, such as the destructive hole-drilling method and the X-ray
diffraction method [49]. Due to very fast solidification and cooling
rates as well as multiple thermal cycles experienced during SLM pro-
cessing, residual stress is often very high in the as-built materials as
evidenced in particular by a high density of dislocations [11,50]. It is
reasonable to assume that strain as measured by KAM maps in EBSD is
due to residual stress built up during SLM processing, and therefore
allows to qualitatively assess residual stress levels visually on a mi-
croscale at the expense of appropriately quantified values. Fig. 7 shows
KAM maps for NiCrAlY coating produced with P/v=200/800, P/
v=250/800 and P/v=300/800. The evaluated interface corre-
sponding to the interface between IN625 substrate and dilution zone as
measured in Fig. 4 were included as dashed red lines in Fig. 7. Although
the residual stress, amount of average misorientation, were qualita-
tively similar, as expected due to the very high solidification rate esti-
mated around 105∼106 ºC/s regardless of slightly different processing
conditions [11], there were noticeable differences highlighted in Fig. 7.

For the NiCrAlY coating produced with P/v=300/800, higher le-
vels of misorientation were concentrated in the substrate in the vicinity
of the interface with the bond coat. Further analyses need to be carried
out to explain this behavior. However, it is reasonable to assume that
higher energy density due to higher laser power generates more heat
and therefore a larger heat affected zone within the unmelted substrate.
Coatings produced with P/v=200/800 and P/v=250/800 exhibited
relatively low levels of misorientation. Although more analysis is
needed to assure the consistency of residual stress profile, the P/
v=250/800 condition showed the lowest stress levels and therefore
the lowest risks of failure. For this reason, it was considered the most
appropriate SLM condition for the production of NiCrAlY coating onto
the IN625 substrate itself produced by SLM.

4. Conclusions

The present study investigated for the first time the feasibility of
producing by SLM a NiCrAlY bond coat material onto an IN625 su-
peralloy substrate, itself produced by SLM. Key contents are summar-
ized as follows:

1 15 processing conditions were tested by varying the laser power
between 100 and 350W and the scanning speed between 600 and
800mm/s. The results showed that in all cases, substantial dilution
of the NiCrAlY layer into the IN625 substrate occurred due to the
typical remelting characteristic of SLM manufacturing.

2 Several criteria were defined to determine the most appropriate
processing conditions. An approximately 250 μm thick NiCrAlY
coating is obtained with a very low residual porosity ≤0.1% in-
cluding a ∼35% dilution zone, smooth hardness profile between
275 and 305 Hv, low residual stress levels and progressive Al con-
centration distribution for the following SLM processing conditions:
layer thickness t=50 μm, hatch spacing h=120 μm, laser power
P=250 W and laser scanning speed v=800mm/s.

3 Future work will focus on a thorough characterization of
this < NiCrAlY-IN625> system produced by SLM in terms of
composition, phase formation, mechanical properties and durability
which will be appropriately compared to conventional systems
produced by APS/VPS.
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