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GAea i 12 ey 2022 Additive manufacturing (AM) techniques including laser powder bed fusion

Published online: have been widely used to produce metallic components with microstructures
4 March 2022 and mechanical properties distinctly different from the conventionally manu-

factured counterparts. Understanding how AM parameters affect the evolution
© The Author(s) 2022 of microstructure, including texture, of these AM metallic components is critical

for appropriate manipulation of their processing and therefore their mechanical
properties. Here we conducted a systematic investigation of texture evolution of
a face-centred cubic CrMnFeCoNi high-entropy alloy cuboid fabricated using
laser powder bed fusion. Our results showed that the texture evolutions along
the build direction were different between the corner and central parts of the
sample. Detailed analysis suggested that the texture evolution is closely related
to local thermal gradient, which is a property that can be manipulated through
changing AM parameters. The different textures lead to the significant varia-
tions of mechanical properties within the sample.

Introduction dimensioned bulk piece, AM is an incremental pro-
cess based on layer-by-layer deposition of materials
from a feedstock of wires or powders that is often

Additive manufacturing (AM) is an advanced tech- selectively melted by a high power focused laser or

nology for rapid production of components with electron beam [1-4]. As a near-net or net shape fab-

complex geometries. Opposed to the conventional  rication technology, AM significantly reduces the
subtractive  manufacturing approaches ~where  materials cost by only consuming the required
unwanted materials are removed from an over- amount of feedstock materials and therefore is ideal
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for producing components made from expensive
materials like many high-entropy alloys (HEAs) [5].
Structural components fabricated by AM can achieve
superior properties [6-10], and this is related to the
unique microstructures produced by AM [11, 12]. For
example, a previous research suggested that AM
CrMnFeCoNi samples exhibit improved yield
strength and ultimate tensile strength compared with
as-cast and recrystallized samples fabricated using
conventional methods, while maintaining reasonable
ductility good enough for most applications [13].

Laser powder bed fusion (LPBF) is one of the most
widely used AM techniques with significant indus-
trial applications [1, 3, 4]. During the LPBF process,
metallic powders are melted by a high power focused
laser beam to fabricate net-shaped or near-net-shaped
products [4]. The processing parameters such as
scanning speed and laser power are controlled by
computer programs [3]. Successive layers of materials
are formed by solidification of metal melt [1]. The
layer-by-layer materials deposition and traverse
scanning path during the LPBF process significantly
influence the solidification texture owing to the local
thermal gradients and preferred grain growth direc-
tion [14-18], which is < 001 > for face-centred cubic
(FCQO) alloys [19-22].

Crystallographic  texture is an important
microstructural characteristic that impacts signifi-
cantly on mechanical properties and corrosion beha-
viour of metallic materials [20, 21, 23]. Therefore, the
control of crystallographic texture and understanding
its evolution are critical for producing AM compo-
nents with desired mechanical and corrosion prop-
erties. While texture control or alternation can be
achieved by adopting different scanning strategies
[19-21, 24-26], different parts of a complex AM
component could still present different textures.
Therefore, an in-depth study of the texture evolution
at different locations within individual components
manufactured by identical processing parameters is
necessary. This allows the understanding of the
mechanism of texture development, which will guide
processing parameters setting and procedure design
to produce materials with desired crystallographic
textures.

The crystallographic texture of an AM component
is strongly affected by local temperature gradient at
the growth interface [27] and solidification growth
rate [16, 17, 28], which can be tailored via controlling
processing parameters including hatch distance,

9715

power, scanning speed, and scanning strategy
[14, 16, 28, 29]. There have been several reports on the
texture formation and evolution during laser assisted
AM in alloys with FCC [19-21], body-centred cubic
[24], hexagonal close-packed [25], and tetragonal [26]
structures. However, the mechanism for texture
evolution within a single product manufactured by
identical processing parameters is not yet well
understood. Here, we used a CrMnFeCoNi HEA with
an FCC structure, also known as the Cantor alloy,
manufactured by LPBF as a sample material to
explore the mechanisms of texture evolution deter-
mined by local thermal gradients. The Cantor alloy
has exceptional mechanical properties at both ambi-
ent and cryogenic temperatures [12, 30]. A combina-
tion of high strength and excellent ductility can be
achieved by LPBF [13]. We analysed the crystallo-
graphic texture evolution using the scanning electron
microscopy electron backscatter diffraction (SEM-
EBSD) technique. Distinct texture evolutions were
revealed at the centre and corners of an as-fabricated
cubic component. The crystallographic texture is
consistent in the central part of the sample. However,
gradual transition of texture orientation along the
build (z) direction was observed in the corner parts.
These texture differences lead to significant varia-
tions of mechanical properties within the sample. The
mechanism behind this texture development and
how the texture impacts the mechanical properties
are discussed.

Methodology

A CrMnFeCoNi HEA was fabricated using LPBF in
the shape of a cube with an edge length of 10 mm.
The alloying powder used for AM was produced by
gas atomisation [13]. The LPBF process was per-
formed by a ProX 300 laser assisted (500 W per fibre)
powder bed fusion system (3D) with the following
processing parameters: 60 Jmm™> energy density,
2000 mm s~ ' scanning speed, 240 W laser power,
50 pm hatching space, 40 pm layer thickness, and
75 um laser beam diameter [8]. Bi-directional linear
scans in each layer with the scanning angle variation
between successive layers of 90° was adopted [13].
The scan directions were approximately 45° deviated
from the x- and y-axes of the sample around the build
direction [13]. The composition of the as-built
CrMnFeCoNi cubic sample, which was measured
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using instrumental gas analysis and inductively
coupled plasma mass spectroscopy for non-metallic
light elements and metallic elements, respectively, is
19.3Cr-19.6Mn-20.0Fe-20.6Co-20.3Ni-0.0500-0.017 N-
0.0011H in atomic percentage [13].

For microstructure observation in the x-z plane
(see Fig. 1a for the definition of x, y, and z axes), the
as-built HEA was sliced into cuboids with dimen-
sions of 3 x 3 x 10 mm® along the z-axis (build
direction) using an Accutom-50 diamond saw and
was then polished by 0.05 pm oxide dispersion sus-
pension [11]. To reveal the boundaries of melt pools,
the samples were etched for 30 s in the solution
where the ratio of solute and solvents was HNOs:
HCIL: H,O = 1: 3: 2. The melt pool morphology was
examined using a Leica DMi8M optical microscope
(OM) under the polarised mode. The microstructure
observation was performed using Zeiss Ultra SEM-
EBSD at an accelerating voltage of 20 kV and a step
size of 50 pm. The obtained data were processed
using the AZtecHKL software.

Vickers micro-indentation tests were performed
using a LECO Vickers harness tester (LV700AT).
Hardness was measured at a load of 0.3 kgf and
dwell time of 15 s. A spacing of at least 200 pm was
applied between neighbouring indentations to elim-
inate cross-interactions between indented volumes.

Results
The near-fully dense (> 99.2% as measured by the

Archimedes method) product with an FCC structure
was obtained. The as-built sample was divided into
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corner (grey) and centre (blue) parts perpendicular to
the x-y plane with nearly identical geometries as
illustrated in Fig. 1a. The build direction is denoted
as the z direction in Fig. la. Figure 1b presents a
schematic diagram marking regions of top, middle,
and bottom in each sample. The OM image in Fig. 1c
taken on the x—z plane revealed the trace of melt
pools (tracked by yellow dash lines) and the mor-
phology of columnar grains. The melt pool geometry
on the x—z plane was in a shape of a flattened half
ellipse elongated along the horizontal direction with
the major axis around 100 pm compared to the layer
thickness of 40 pum. The columnar grains tended to
develop along the build (z) direction and extended
across several melt pool boundaries (an example is
presented in Fig. 1d), indicating the epitaxial growth
nature of these grains. These columnar grains aligned
along the build direction facilitated the establishment
of strong textures, which will be further elaborated
when presenting EBSD observations later.

Figure 2 presents EBSD inverse pole figure (IPF)
maps along the z-axis (IPF-z) and the y-axis (IPF-y)
showing crystallographic textures of the central part
of the sample in the bottom, middle and top regions.
The IPF-z maps in Fig. 2a—c, mostly red, revealed the
intense alignment of < 001 > texture with the build
(z) direction in the bottom, middle, and top regions.
While the IPF-y maps in Fig. 2d-e, predominantly
green, indicated the close alignment of < 101 > tex-
ture with the x- and y-axes in the bottom, middle,
and top regions. It is noticed that the grains are
highly elongated towards the build direction in
Fig. 2. Slightly radical extensions are also noticed for
the elongated grains, which is attributed to the local

Figure 1 a Schematic of the fabricated cubic product and the
locations of corner and centre samples. The build direction is
denoted by BD. The centre and corner locations are indicated by
blue and grey colours, respectively. b Schematic diagram showing
positions of top, middle, and bottom regions in each sample. The
arrow represents the build direction. ¢ A typical OM image taken

@ Springer

on the x—z plane showing surface morphology, including columnar
grains and melt pools. The yellow dash lines indicate melt pool
boundaries. d An enlarged OM image at the rectangular local
region in (c), displaying epitaxial grain growth across the melt pool
boundary.
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Figure 2 EBSD IPF maps

(2) Bottom |
from the central part of the 5 &_ TR
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sample. a—c IPF-z maps from
the bottom, middle, and top
regions, respectively. d—f IPF-
y maps from the bottom,

A\

middle, and top regions,
respectively. All maps were
generated on the x—z plane.
Grain boundaries are marked
by the black lines.

heat flows normal to the melt pool boundaries
[15, 26, 31] affecting the near-vertical development of
epitaxial grains.

The corresponding < 001 > and < 101 > pole fig-
ures for the central part of the sample measured in x—
z plane are shown in Fig. 3. One < 001 > pole
remained in line with the build (z) direction as
illustrated in Fig. 3a-c, while the
ing < 001 > poles persisted a misalignment of 45°
with respect to the x- and y-axes throughout all the
regions. Figures 3d—f suggest strong alignment
between poles of < 101 > and the x- and y-axes in all
the regions. These implied that a single-crystalline-
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like texture was established in the central part of the
sample.

Figure 4 presents EBSD IPF maps of a corner part
of the sample showing the crystallographic texture in
the bottom, middle, and top regions. The IPF-z maps
in Fig. 4a—c, largely red, revealed the close match
of < 001 > texture with the build (z) direction in the
bottom, middle, and top regions. The IPF-y maps in
Fig. 4d, predominantly green, indicated strong
alignment of < 101 > texture with the y-axis in the
bottom region. Figure 4e illustrates a combination
of <001 > and < 101 > crystallographic orientation
along the y-axis in the middle part with a mix of
green and red colours. Figure 4f, mostly red, shows

Middle Top

—
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Figure 4 EBSD IPF maps
from the corner part of the
sample. a—c IPF-z maps from
the bottom, middle, and top
regions, respectively. d—f IPF-
y maps from the bottom,
middle, and top regions,
respectively. All maps were
generated on the x—z plane.
Grain boundaries are marked
by the black lines.

intense alignment of < 001 > texture with the y-axis
in the top region.

The corresponding < 001 > and < 101 > pole fig-
ures for the corner part of the sample are shown in
Fig. 5. One of the < 001 > poles was in line with the
build (z) direction as illustrated in Fig. 5a, while the
remaining poles of < 001 > persisted a misalignment
of 45° with respect to the x- and y-axes in the bottom
region. The < 001 > poles began to rotate clockwise
around the z-axis in the middle region as demon-
strated in Fig. 5b, where one of the < 001 > poles
remained in alignment with the build direction. In
Fig. 5¢c, the < 001 > poles appeared to have displaced
approximately 45° clockwise around the z-axis in the
top region compared to that in the bottom region,

Figure 5 EBSD pole
figures from the corner parts of (a)
the sample. a—c < 001 > pole
figures from the bottom,

Bottom

middle, and top regions, g
respectively. d— S
f < 101 > pole figures from
the bottom, middle, and top
regions, respectively.
A
)
v
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where all the < 001 > poles aligned with the three
principal axes in the top region. While Fig. 5d sug-
gests strong alignment between poles of < 101 > and
the x- and y-axes in the bottom region, Fig. 5e—f
illustrates no sharp concentration of < 101 > poles
along any of the axis in the middle and top regions. It
was also noticed that the rotational displacement of
the < 101 > poles was consistent with what was
observed in the < 001 > pole figures. The < 101 >
poles began to rotate clockwise around the z-axis in
the middle region as demonstrated in Fig. 5e.
The < 101 > poles appeared to have moved approx-
imately 45°clockwise around the z-axis in the top
region (Fig. 5f) compared to that in the bottom region
(Fig. 5d).
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Different mechanisms of texture evolution were in
place throughout the as-built sample at different
locations. At the central part of the sample,
strong < 101 > alignment along the x- and y-axes
was observed, while the preferred growth direction
along the build (z) direction was < 001 > . The tex-
ture remained the same along the build direction
from the bottom to the top of the sample. On the
other hand, while a sharp intensity of < 001 > in the
build direction was noticed in all three regions, the
corner part of the sample exhibited gradual trans-
formation in texture orientations. A transition from
striking < 101 > to intense < 001 > texture parallel
to the x- and y-axes was observed across each region.

Different texture evolutions at the central and
corner parts of the sample contribute to distinct local
mechanical properties. Figure 6 visualizes the
microhardness for the top, middle, and bottom
regions (x—z cross section) at the central (the left
column) and corner (the right column) parts of the as-
built sample. While the hardness at the central part of
the sample is relatively homogeneous at around 220
HV, the hardness at the corner part of the sample
presents considerable increase ranging from 240 HV
at the bottom to 320 HV at the top. The local hardness
at the corners is more inhomogeneous and much
higher than that at the centre.

Discussion

It is generally recognised that the development of
crystallographic texture in AM components is a
consequence of the cooperated effects of the direction
of thermal gradient[14, 15, 17, 18, 22, 27, 31] and the

Centre Corner Hardness (HV)
320
Q
= 300
280
Q2
3 ) 260
g
240
£
2 220
o
m z

Mo

200 pm

Figure 6 Two-dimensional hardness maps from top, middle, and
bottom regions of the central and corner parts of the sample. The
outer end of the corner is at the right.
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decreased nucleation energy enabled by epitaxial
growth [15, 32, 33], the cooling rate [16, 17, 28], and
the scan strategy [19-21, 24-26]. In particular, the
crystallographic growth in < 001 > directions should
occur along the directions with large thermal gradi-
ents [15, 22, 34] and the crystallization growth rate of
the crystals increases monotonically with the mag-
nitude of thermal gradient [15, 17]. Previous studies
suggest that texture control is deemed to be suc-
cessful upon the initial selection of preferentially
growth of columnar grains. The control at the initial
stages is dependent on the scan strategy and the
consistent texture development is assisted by epi-
taxial growth [19, 24, 34]. However, this is obviously
different from the observation in Figs. 4 and 5, where
the texture can still experience changes in the middle
and top regions after being initially determined by
the scan strategy in the bottom region. Therefore, the
proposed factors affecting texture evolution and a
more detailed mechanism within a single sample
need to be evaluated.

In both centre and corner sample locations, a ver-
tical < 001 > texture forms parallel to the build
direction as similar to other body-centred cubic and
FCC metals fabricated by xy-scan [19, 21, 24, 26]. This
growth behaviour is stimulated by the propensity to
minimize the nucleation energy by preserving the
crystallographic orientation between melt pools in
the subsequent layers where the scan direction is
switched by 90° [24]. The principal resolution to
reduce the angle between the direction of epitaxial
growth of the underlying columnar grains and the
thermal gradient direction in the newly deposited
layer is acquired by the grain growth parallel to the
build direction [24]. This is also consistent with the
previous observation that < (001 >is the easiest
growth direction that usually aligns with the maxi-
mal heat flow direction for FCC metals [19-21, 34].
Here, a more in-depth clarification is required to
address the detailed mechanism for texture (along
the x- and y-axes) transition across different locations
within the product.

To better explain the contributing factors to the
texture evolution, schematics of the distribution of
thermal gradients on the x—y plane in the bottom,
middle, and top regions are presented in Fig. 7. A
schematic for the scan strategy is also illustrated in
Fig. 7d, which corresponds to the thermal gradient
directions at the bottom region. In the central part of
the sample, the crystallographic orientations remain
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the same along the build direction from the bottom to
the top. The < 101 > texture is favourably aligned
with the x- and y-axes, resulting in a misalignment of
45°  between the preferred growth direc-
tions < 001 > and the x- and y-axes throughout all
regions. This misalignment is closely associated with
the scan strategy. This is because the cooling rate is
the product of the scan speed and thermal gradient
[14, 15, 17], and the cooling rate is extremely high
near the substrate at the bottom part of the sample
[1, 14, 31]. The largest thermal gradients on the x-y
plane are always aligned with the scan directions
which are approximately 45° deviated from the x-
and y-axes of the sample around the build direction
as illustrated in Fig. 7a. The angle between the
directions of < 001 > and < 101 > on the horizontal
plane is also 45°, which is consistent with the pre-
diction that the < 001 > texture is favourably devel-
oped parallel to the scan directions in bi-directional
scanning [19, 24, 34]. This texture arrangement con-
serves the crystallographic orientation for epitaxial
growth between two neighbouring scan paths on the
horizontal plane [34]. In the middle and top regions
of the central part of the sample, the cooling rate
decreases due to heat accumulation along the build
direction [1, 14]. Here, the maximal thermal gradients
that determine the < 001 > growth directions on the
x—y plane remain being governed by the scan direc-
tions as demonstrated in Fig. 7b and c. There is no
other contribution that could possibly deviate the
direction of the thermal gradients exerted by the scan
strategy. Therefore, identical crystallographic tex-
tures form along the build direction from the bottom
to the top in the central part of the sample.

The texture development appears to be assisted by
inter-layer epitaxial growth as shown in the results.

(a) Bottom (b) Middle

(¢) Top
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Here, the previously deposited underlying materials
are partially remelted by generating the melt pool
and the crystallographic orientations of the newly
solidified materials developed in accordance with the
underlying orientations [14-16, 28]. However, the
texture transition across the bottom, middle and top
regions occurred in the corner parts of the sample
seems to be contradictory to the typical behaviour of
epitaxy. Focusing on this feature, the detailed evo-
lution mechanism of the texture is discussed below.

For the corner parts of the sample, the thermal
gradients established within melt pools are disturbed
by the ambient temperature field adjacent to them.
Initially at the bottom, the crystallographic texture
shown in Fig. 4a and d is analogous to those observed
for the central part of the sample in Fig. 2. This is
determined by the combined effects of the initial
preferential growth directions being governed by
scan strategy [19, 24] and the rapid solidification rate
near the substrate [1, 14]. Similar to what has been
discussed for the central part of the sample, in
Fig. 7a, the extremely high cooling rate near the
substrate results in higher thermal gradients along
the scan directions on the horizontal plane in the
bottom region of the corner areas of the sample. With
further fabrication, the corner parts of the sample
have direct contact or are adjacent to the ambient
chamber environment, where the temperatures are
dramatically lower than that within the fabricated
product. On the other hand, the central part of the
sample is surrounded by the internal environment of
the laser heated deposition where the temperatures
are supposed to be much higher than the ambient
chamber temperature [1]. Since the temperature gra-
dient field surrounding the central part of the sample
is reasonably symmetric on the x-y plane, the
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Figure 7 Schematics of thermal gradients on the x—y plane in the
a bottom, b middle, and c top regions of the sample. The colour
pale yellow marks corner parts and the colour grey marks the
central part of the sample. Blue arrows represent the largest
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thermal gradients caused by scan directions and green arrows
indicate the largest thermal gradients effected by the ambient
temperature. d Schematic of the scan strategy. Build direction is
along the z-axis.



J Mater Sci (2022) 57:9714-9725

solidification texture is predominantly controlled by
the track-by-track scan paths, the < 001 > texture lies
parallel to the scan directions [19, 24, 34]. The
asymmetric temperature field on the x-y plane
encompassing the corner parts of the sample pro-
motes the highly directional temperature gradients
pointing inwards. Further, they are parallel to the x-
and y-axes as illustrated in Fig. 7b and c, because the
shortest route for the fastest heat dissipation out from
the sample on the x—y plane is along the x- and y-axes
where the material thickness is minimal. The dis-
parity of thermal gradients between these two types
of location is created. The cooling rate decreases from
the bottom to the top due to thermal accumulation
[1, 14]. Therefore, the thermal gradients along the
scan direction are also decreased, and the thermal
gradients affected by the ambient temperature start
to govern the texture development at the corners. As
a result, in the middle and top regions of the corner
parts of the sample, the maximal thermal gradients
along the x- and y-axes far exceed those along the
scan paths on the horizontal plane.

Figure 8 illustrates schematically the crucial epi-
taxial growth process behind the gradual texture
evolution in the corner parts of the sample, where
similar processes are experienced by all four corners of
the sample. These increased temperature gradients
towards the x- and y-axes coincided with a slower
cooling rate in the middle and top regions. This lead to
the epitaxial growth of grains with < 001 > (viewed
along the y-axis) orientation being favoured, and
subsequent growth of grains with < 101 > (viewed
along the y-axis) orientation being suppressed as
illustrated in Fig. 8. The influence from the ambient
temperature appears to surpass the impact of scan
direction on determination of the preferen-
tial < 001 > growth direction parallel to the horizon-
tal x-y plane as the region of interest approaches the

(a) Bottom (b) Middle

Figure 8 Schematics of epitaxial growth of
the < 001 > and < 101 > (viewed along the y-axis) columnar
grains across the melt pool boundary for the corner parts of the
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top surface. Being closer to the substrate, the highest
cooling rates occur in the bottom region. Therefore, a
progressive decline of cooling rate is expected from
the bottom to the top regions due to thermal accu-
mulation along the build direction during the layer-
by-layer manufacturing process [1, 14]. Therefore, the
directions of the highest thermal gradients alter, which
affects preferential grain growth and hence texture
development. Figure 8a demonstrates the domi-
nant < 101 > columnar grain viewed along the y-axis
together with initial nucleation of small < 001 > grain
occurred in the bottom region of the corner part of the
sample. This is facilitated by the highest thermal gra-
dients along the scan paths. In the middle region as
demonstrated in Fig. 8b, the combined effects of
slower cooling rate and enhanced thermal gradient
along the x- and y-axes assist the competitive epitaxial
growth of < 001 > (viewed along the y-axis) colum-
nar grains. While the growth velocity of < 101 > (
viewed along the y-axis) grains decreases since
the < 001 > directions of these grains no longer align
with the maximal thermal gradients on the x-y plane
as shown in Fig. 7b. Consequently, substantial vol-
umes of both crystallographic orientations are devel-
oped in the middle region. As cooling rates further
decline in the top region, the temperature gradients
along the scan directions are further weakened while
the thermal gradients along the x- and y-axes remain
the most significant on the horizontal plane as shown
in Fig. 7c. Therefore, the epitaxial growth of the <
001 > (viewed along the y-axis) columnar grains is
favoured and develops due to its preferred growth
direction < 001 > being aligned with the intensified
temperature gradient along the x- and y-axes. On the
contrary, the growth of <101 > (viewed along the
y-axis) grains is severely supressed, as illustrated in
Fig. 8c. Here, the impacts from the escalated thermal
gradients induced by low ambient temperature and

(c) Top

I 001>
L | <101>

z — Melt pool

I boundary
X y

sample at the a bottom, b middle, and ¢ top regions. All four

corners of the sample experience similar epitaxial growth
processes. Areas depicted are not in proportion.
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the alleviated cooling rate are deemed to surpass the
domination of the thermal gradients along scan paths
on determination of the preferential < 001 > growth
directions parallel to the horizontal x—y plane.

Epitaxial growth is one of the most significant
factors in texture evolution [17, 19, 21, 24, 32]. The
change in the texture across regions in the corner
parts of the sample is not thought to be associated
with epitaxy initially due to the alternation of crys-
tallographic texture from bottom to top and its
inconsistency across different parts. An in-depth
microstructural analysis reveals that the competitive
epitaxial growth between < 001 > and < 101 > (
viewed along the y-axis) columnar grains is crucial to
the texture evolution in both the corner and central
parts of the sample. On the contrary, an apparent
crystallographic texture would not be formed if the
ordered arrangement of temperature gradients in the
AM process was interrupted by randomly distributed
microstructural features such as spherical pores [35].
In this case, the thermal conditions are complicated
with temperature gradients pointing towards various
directions and hence epitaxial growth is hindered.

Different grain orientations and local microstruc-
tures provoke different mechanical properties [36].
The consistent texture from the bottom to the top and
the expected similar other microstructural features,
which were caused by similar thermal gradients
during the 3D printing process, lead to the relatively
homogeneous hardness distribution throughout the
central part from the bottom to the top. On the other
hand, the change of texture from the bottom to the
top promotes the considerable hardness variation
throughout the corner parts. Many other factors,
including the more significant thermal gradients
imposed by the adjacent ambient temperature field as
discussed above, result in much higher densities of
crystalline defects [11] and consequently the much
higher hardness and hardness variation from the
bottom to the top throughout the corners.

Materials properties are highly dependent on their
microstructures. Different types of textures are pre-
ferred dependent on the applications. For example,
epitaxial growth is important when highly textured or
even single crystalline structures are preferred for high
temperature engine applications because this would
significantly improve the creep properties of materials
[37, 38]. On the other hand, small-sized equiaxed grains
with random orientations are usually beneficial for
strength and ductility at the ambient temperature.
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Therefore, many researches have been carried out to
achieve these kind of structures (e.g., Ref. [39] and [40]).
Our study here provides guidance for achieving dif-
ferent types of texture for AM components.

Conclusions

In conclusion, the crystallographic texture at different
parts of an LPBF CrMnFeCoNi HEA cube was char-
acterized using EBSD. The texture evolution exhib-
ited dissimilar behaviours at different locations
within a single as-fabricated product. Such different
texture developments produced by identical AM
processing parameters are attributed to the disparity
of local thermal histories between the central and
corner parts. Through the comparison between the
central and corner parts of the sample, it is found that
the determination of favourable grain growth direc-
tions controlled by scan strategy at the initial stage
may not persist congruously from the bottom to the
top of the product. Subsequent interference to local
thermal gradients originated from ambient tempera-
ture field could possibly surpass the supremacy of
scan paths on determination of the < 001 > texture
horizontal growth directions. Epitaxial growth of
the < 001 > directions vertically between subsequent
layers and horizontally between adjacent scan paths
was an indispensable feature that facilitated the tex-
ture evolution. Hence, the texture difference con-
tributes to the significant variations of mechanical
properties within the as-built AM component.
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