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While laser powder-bed fusion has overcome some of the design constraints of conventional manufacturing meth-
ods, it requires careful selection of process parameters and scan strategies to obtain favorable properties. Here
we show that even simple scan strategies, complex ones being inevitable when printing intricate designs, can
inadvertently produce local alterations of the microstructure and preferential grain orientation over small areas
— which easily remain unnoticed across the macroscale. We describe how a combined usage of neutron imaging
and electron backscatter diffraction can reveal these localized variations and explain their origin within cm-sized
parts. We explain the observed contrast variations by linking the neutron images to simulated data, pole figures

and EBSD, providing an invaluable reference for future studies and showing that presumably minor changes of the
scan strategy can have detrimental effects on the mechanical properties. In-situ tensile tests reveal that fracture
occurs in a region that was re-melted during the building process.

1. Introduction

In the manufacturing industry, a common experience for designers
and engineers, is that the complex geometries and designs that they con-
ceive cannot be realized in practice due to limitations in the manufac-
turing techniques at their disposal. Additive manufacturing (AM) or 3D
printing is a group of novel techniques that can overcome the design con-
straints of conventional methods [1-3]. Among metal AM techniques,
laser powder-bed fusion (LPBF) is the most widely used method [4-6].
In LPBF, a laser is used to selectively melt areas of a powder-bed accord-
ing to a digital model. New layers of powder are subsequently added and
the process is repeated until the component is completed [7,8].

Besides the advantages of LPBF for the creation of complex designs,
its distinctive solidification conditions (high cooling rates and thermal
gradients) [9-11] offer unique possibilities for the development of mate-
rials with tailored microstructures and properties. This can be exploited
for instance to produce non-equilibrium phases, such as amorphous met-
als, [12-15] to tailor the preferential orientation of grains [16] (also
known as texture) and even to produce complex microstructures that re-
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semble ancient Damascus steel [17]. Texture and microstructure control
are especially relevant, as they can be used as additional design tools,
capable of tuning and enhancing material properties and performance
in ferromagnetic materials [18], as well as in structural parts [19].

In recent years tremendous progress has been made in understanding
the microstructure and texture formation mechanism that takes place in
LPBF [9,16,20]. Although the laser path and heat transfer have been
shown to play a central role, [21,22] the local microstructural varia-
tions that could be produced by some commonly used laser scan strate-
gies, such as chess, stripes with shift, and islands with shift, have not
been properly investigated across cm-length scales. Even though local
microstructural variations could affect the mechanical and functional
properties of a material, the topic has been largely overlooked. Under-
standing the effect of the scan strategy on the local microstructure and
texture development is especially relevant to produce intricate compo-
nents, which often require complex scan strategies. In this study, texture
differences between 316L stainless steel components that were produced
with different — relatively simple — scan strategies are visualized and
characterized. More importantly, we reveal localized microstructure and
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Fig. 1. a) Basic setup and components of the laser powder-bed fusion (LPBF) process. b) The three laser scan strategies used for the production of the 316L stainless
steel samples and their mechanical properties. Mechanical properties are from previous work by Marattukalam et al.!®. The path of the laser beam is indicated
with red arrows and black arrows are used to show the scanning order. Note that subsequent layers are ‘shifted’ compared to the previous layer. ¢) The principle
of diffraction contrast neutron imaging. Transmission spectra are shown for face centered cubic iron, where preferred grain orientation (texture) leads to distinct
spectral differences as a function of sample orientation . The imaging geometry, with the relevant scattering vector corresponding to a Bragg edge is illustrated. A
red circle indicates the resultant pole figure coverage when rotating a sample by »=360°.

texture alterations within the same samples and establish a connection
to the scanning strategy. This was only possible by employing diffraction
contrast neutron imaging and we herein provide a comprehensive inter-
pretation of the imaging data, which elucidates the relation between the
laser movement and the local texture and microstructure evolution dur-
ing the LPBF process. Moreover, we show, by in-situ tensile testing, that
the local alterations have a notable effect on the failure mechanism.

2. Materials and methods
2.1. Laser powder-bed fusion

The samples used in this study were produced using an EOSM100
printer (Yb fiber laser, spot size of 40 ym) with gas atomized 316L stain-
less steel powders provided by EOS GmbH. The D10, D50 and D90 (i.e.,
particle diameter that corresponds to each cumulative percentage in the
particle size distribution) values of the powder are 20 um, 40 pm, and
60 um, respectively. The LPBF parameters were previously optimized
[16] to obtain dense, crack-free samples and the final samples were man-
ufactured using a laser power of 107 W, scan speed of 827 mm/s, 70 um
hatch distance, stripe width of 5 mm, 100 pm in the overlap between the
stripes and 20 pm layer thickness. More details are provided elsewhere
[16]. Three different bi-directional scan strategies, namely, 67° rotation
scans, Y-scan and Z-scan were implemented, as illustrated in Fig. 1.

The motivation to use these three scan strategies in this work are
multifold: (i) they have been previously shown to produce different
type of crystallographic texture, which in turn leads to significant dif-
ferences of the mechanical properties [16]. (ii) The possibility to locally
tailor crystallographic anisotropic texture and microstructure with these
types of scan strategies provides a tool to influence and enhance mate-
rial properties in additive manufacturing. Eventually this may allow for
“anisotropic property development” in a three-dimensional body. And
while the latter may require more complex scan strategies than the ones
chosen, one needs to first establish a thorough understanding of the mi-
crostructure development which can only be obtained by (iii) relatively

simple scan strategies. In this case, a similar scan pattern with only slight
variations repeats throughout the build direction, which enables the in-
vestigation of their effect on the local texture variations, mechanical
properties, and failure of the evaluated specimens by means of neutron
radiography and EBSD. The three scan strategies were employed to man-
ufacture rectangular samples of 60 x 10 x 10 mm, as shown in Fig. S1
of the SL.

2.2. Diffraction contrast neutron imaging

The diffraction contrast neutron imaging measurements were con-
ducted at the CONRAD-2 beamline in Helmholtz-Zentrum Berlin (HZB).
Radiographic images were taken at distinct wavelengths between 2.2
and 4.6 A in constant steps of 0.02 A (121 in total), using a tunable
double crystal monochromator (A4/4 ~ 3%) [23].

This wavelength range was chosen as it covers the most prominent
Bragg edges and extends beyond the Bragg cut-off, i.e. the wavelengths
where no more Bragg scattering takes place (compare Fig. 2c). The im-
ages (each with 180 s exposure) were normalized by removing the de-
tector offset with the subtraction of the dark field image (without neu-
tron beam) and dividing by an open beam scan (with neutron beam and
without sample). For the main line of investigation, three distinct wave-
lengths were selected (namely A = 2.58, 3.34 and 3.8 10\) in order to
investigate the lattice plane families corresponding to (220), (200) and
(111), respectively. The calibration of the neutron wavelength from the
double-crystal monochromator was determined by fitting Bragg edge
data from standard iron powder.

2.3. In-situ tensile testing during neutron imaging

Tensile testing was carried out during in-situ neutron imaging by us-
ing a custom built loading system [24] that allows for sample rotation
under the applied load. Cylindrical tensile samples were machined from
the as-printed (rectangular) samples with a diameter of d = 5 mm and
a gauge length of L = 15 mm. While as manufactured AM parts often
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Fig. 2. a) Neutron transmission images with A = 2.58 A of the 316L stainless steel samples produced with 67° rotation scan, Y-scan and Z-scan strategies. The build
direction in all cases is along the x-direction (corresponding to a sample rotation of w = 0°). b) Neutron transmission image with 4 = 3.34 A of the sample produced
with a Z-scan strategy. ¢) Transmission spectra for different areas of the Z-scan sample. The expected positions of the Bragg-edges are shown with vertical lines. d)
The two different orientations of the sample with respect to the neutron beam (rotation around the z-axis), are also illustrated in a model pole figure.

possess rough surfaces that can dominate the mechanical testing proper-
ties, care was taken to produce smooth surfaces by machining. Continu-
ous loading experiments were performed with a deformation rate of 10
um/min using a fixed neutron wavelength of 3.8 A and 60 s exposure.

2.4. Neutron pole figures

Average pole figures of the as-printed samples were measured us-
ing neutron diffraction. The measurements were conducted on the
MEREDIT instrument at the Nuclear Physics Institute, Czech Republic,
with a neutron wavelength of 1.46 A. The texture was evaluated as an
average from the sample volume of 10 x 10 x 10 mm?3. An Euler go-
niometer allowed the rotation of the samples around the ¢ (0 - 360°) and
x (0 - 90°) angles, with a step size of 5°. The variation of the diffracted
intensities as a function of different orientations was obtained for four
reflections, namely (311), (220), (200) and (111). From this data, the
orientation distribution function (ODF) was determined for each sample
and the pole figures were calculated using the A-Tex software [25].

2.5. Simulation

Neutron transmission simulations were performed to characterize
the texture components in the additive manufactured 316L stainless
steel samples, using the Sinpol [26] application. Sinpol is a collection
of sub-routines for calculation of the total cross section that determines
the attenuation of the neutron beam by a crystalline specimen. The total
cross section is calculated as a function of neutron wavelength, crystal
structure, temperature, and crystal orientation distribution. The contri-
bution of the coherent elastic scattering to the total cross section is eval-
uated within secondary extinction theory using both the crystal’s mo-
saic spread value and its orientation with respect to the neutron beam
direction. The simulation of the 316L stainless steel sample is repre-
sented with an iron plate of 10 mm, and a set of 10000 grain orien-
tations were generated from the measured neutron pole figures, using
the MTEX software [27]. The main physical parameters required for the
neutron transmission simulations, namely atomic mass, unit cell param-
eter, Debye temperature (®p), the neutron coherent scattering length
(b), the total bound scattering cross section (o},) and the neutron ab-
sorption cross section (o) are obtained from literature [28-31] and

the neutron diffraction measurements that are listed in table S1 of the
SI.

2.6. Electron backscatter diffraction

The electron backscatter diffraction experiments were conducted us-
ing a Zeiss Merlin FEG scanning electron microscope (SEM), equipped
with a Nordlys Max detector for acquiring EBSD patterns. The SEM was
operating at an acceleration voltage of 20 kV and a beam current of 10
nA at a working distance of 14 mm. Large maps were constructed by
acquiring multiple maps at 500 x magnification and stitching them to-
gether using the AZtec HKL software by Oxford instruments. The pole
figures were constructed from selected regions using the HKL Channel
5 software. Prior to the EBSD measurements the samples were sequen-
tially polished using diamond suspensions with particle sizes of 9 um, 3
um and 1 um. The final surface finish was obtained by a 40 nm colloidal
silica polishing step.

3. Results
3.1. Effect of the laser scan strategy on the local microstructure and texture

We recently showed [16] that three distinct laser scan strategies (see
Fig. 1a-b) for the manufacture of 316L stainless steel samples resulted
in different types of preferential orientation of the grains, which in turn
leads to significant differences of the mechanical properties. The three
scan strategies are referred to as 67° rotation-, Y- and Z-scan and are
illustrated in Fig. 1b. The samples produced with these scan strategies
were characterized in the present work, using primarily diffraction con-
trast neutron imaging. The method exploits the fact that Bragg scatter-
ing is a strong contributor to the attenuation of the neutron beam for
many polycrystalline materials, resulting in a transmission pattern that
is characteristic for their crystalline structure.

The principle behind diffraction contrast in neutron imaging is illus-
trated in Fig. 1c for a specific hkl plane family. As depicted, the scattering
angle increases with increasing wavelengths until a maximum value is
obtained at the wavelength A; = 2dy,, where dy, is the hkl interplanar
spacing. At this wavelength, the diffraction angle 20 is 180° (backscat-
tering); and for any larger wavelengths, Bragg’s law cannot be satisfied
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any longer for the corresponding plane family. The sharp increases in
the transmission spectra are refereed to as Bragg-edges. Two simulated
transmission spectra for a textured polycrystalline face center cubic (fcc)
iron are also illustrated in Fig. 1c, to highlight the dependency on sam-
ple orientation. A strongly pronounced Bragg-edge corresponds to many
grains being aligned for backscattering condition, i.e. the plane normals
are parallel to the incident beam direction. Accordingly, by recording
neutron transmission as a function of wavelength and sample orienta-
tion, it is possible to obtain information about grain orientations in poly-
crystalline samples. Fig. S2 depicts a simulated transmission map for
the textured polycrystalline fcc iron, showing the variations with wave-
length (1) and sample rotation around the vertical axis (w). The imag-
ing geometry, with the corresponding scattering vector for Bragg-edge
analysis, is also illustrated in Fig. 1c. This experimental set-up allows to
probe the outer circumference of the pole figure (the most common tool
used to describe texture) by rotating the sample around w.

The diffraction contrast neutron imaging experiments resulted in se-
ries of transmission images at different neutron wavelengths. Images
obtained with a wavelength of 2.58 A are shown in Fig. 2a. The exper-
imental set-up and arrangement of the samples is shown in Fig. S1 of
the SI. An animated sequence of the images collected with the different
wavelengths used in this study (2.2 to 4.6 A with 0.02 A steps) can be
found in the SI.

As illustrated in Fig. 2a, the sample fabricated with the 67° rota-
tion scan, does not show any significant contrast variations, whereas
some sections of samples Y and Z do. In the case of sample Z, a peri-
odic change of contrast is revealed along the z-axis, with alternating
dark and bright bands appearing. The length of these bands is approx-
imately 2.5 mm, which corresponds to half of the stripe length used to
produce the samples (see Fig. 1b). A similar pattern, with bands of 2.5
mm in length, can be seen in sample Y, with the variations along the
y-axis. The presence of the bands that are visible in Fig. 2a was unfore-
seen, as the laser parameters and scan strategies employed for sample Y
and Z were expected to produce textured samples without significant lo-
cal variations. Samples produced with the Y- and Z-scan strategies were
found to have a texture component that resembles a single crystal — with
<110> parallel to the build direction and <100> oriented in the direc-
tion of the laser movement — by neutron pole figures and EBSD in our
previous study [14]. On the other hand, a fiber texture was observed in
samples produced with 67° rotation of the scan vectors [14]. Local vari-
ations of texture or microstructure were not identified, as neutron pole
figures only provided an average description of the texture component,
without spatially resolved information and EBSD probed the material
at length scales that were too small to reveal the differences seen in
Fig. 2a. These images already highlight the importance of such addi-
tional full-field characterization to evaluate manufactured components
across the mm- and cm-length scales with spatially resolved informa-
tion. Here is it also relevant to mention that recently, some variations
of crystallographic texture have been observed in 316L parts produced
by LPBF with the use of diffraction contrast neutron imaging [32]. The
variations seen in that study were mostly confined to the edges of the
samples and do not resemble the results seen in Fig. 2a. The origin of
those variations was not clearly elucidated, but the processing parame-
ters, scan strategies and/or defects were pointed out as possible causes
for the changes near the surface.

The interpretation of contrast variations in diffraction contrast neu-
tron imaging can be complex, as many factors can contribute to the
observed differences [32,33]. We will show and discuss in the following
sections that the contrast variations between the bands can be attributed
to changes in the preferential orientation of the grains. For instance, the
images in Fig. 2a were recorded at a wavelength of 2.58 A and a Bragg-
edge originating from the (220) family of planes is expected around 2.6
A for fec iron. Hence, a stronger attenuation (darker gray value) indi-
cates that more grains are aligned with the (220) plane normals parallel
to the direction of the incident neutron beam, i.e. causing more neutrons
to be diffracted out of the incident path, at an angle close to 20 = 180°.
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The images collected with a neutron wavelength of 3.34 A do not
show the same bright and dark bands, but they reveal additional inho-
mogeneities in sample Y and Z, while the sample produced using 67°
rotation does not show any significant contrast variations. These inho-
mogeneities can be seen in Fig. 2b for sample Z and although the under-
lying mechanism for their formation is not clear at the moment, their
periodic appearance along the Z-axis (repeating at every fourth visible
horizontal ‘band’) suggest that they are related to flaws generated dur-
ing the manufacturing process. The images of the samples fabricated
with the 67° rotation and Y-scan strategies can be found in Fig. S3 of
the SI. The periodic bright lines seen every 2.5 mm, correspond to the
0.1 mm overlaps used in the manufacturing of the specimens (stripe
overlaps, see Fig. 1b). The strength of wavelength selective neutron ra-
diography is apparent here as it reveals otherwise hidden or overlooked
inhomogeneities.

The hkl plane family that is particularly probed with a wavelength
of 3.34 A corresponds to (200), where a Bragg-edge is expected at 3.65
A for fec iron - note that (111) still contributes to Bragg scattering at
this wavelength. From Fig. 2b, it can be seen that the overlaps have a
different average distribution of the <100> directions in comparison to
other sections of the sample, thereby causing more transmission at this
wavelength (and corresponding diffraction angle). These lines could not
be observed after a 90° rotation of the sample, which indicates a strong
degree of anisotropy in these areas.

To gain a better understanding of the variations seen in Fig. 2a and
2b, the transmission spectra of different sections of sample Z were ob-
tained, as shown in Fig. 2c. For the (220) planes, the lowest transmis-
sion is obtained in the dark band regions (red line), while the region
corresponding to the stripe overlap (yellow line) displays a transmis-
sion between the bright and dark bands. The exact mechanism causing
the contrast differences between the observed bands will be discussed
in combination with the EBSD results.

To explain the presence of the distinct bands observed in Fig. 2a,
their origin was investigated through inspection of the laser movement
(scan vectors and scanning order). During the manufacturing process, a
2.5 mm shift of the stripes was used between each layer, as illustrated
in Fig. 3. This shift produces an effective alternation of laser movement
and laser scanning order along the build direction inside each observed
band, resulting in four distinct combinations.

The laser movement (laser scan vectors) was alternating in what is
observed as bright bands (every second layer), while the same path was
taken in what is observed as dark bands (across all the layers). The scan-
ning order also alternates, resulting in the bright bands being built us-
ing the same scanning order and the dark bands being built by opposed
scanning orders at every second layer.

3.2. Transmission spectra (experiment and simulations)

The transmission spectra obtained at different orientations can pro-
vide a description of the type of texture present in a component and its
strength (as previously shown in Fig. 1c). Consequently, the transmis-
sion spectra were evaluated for the three types of samples used in this
study, at two orthogonal orientations (w = 0° and 90°), as can be seen
in Fig. 4. The transmission spectra were obtained from relatively large
areas (as shown in Fig. S4 of the SI), so as to obtain an average descrip-
tion of the samples, corresponding to a volume that was probed neutron
diffraction to obtain the pole figures. In order to further demonstrate
that the transmission plots provide a good description of the texture
characteristics of the parts, transmission spectra were simulated for each
sample, based on the experimental neutron pole figures measured in our
previous work [16]. The neutron transmission simulation spectra of each
sample was calculated in two steps: first, each associated experimental
pole figure is converted into an ODF using MTEX [27] (the ODF con-
sist a three dimensional array of Euler angles), second, the transmission
spectra is calculated by inserting the ODF into the SINPOL [26] simula-
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tion tools, this approach is consistent with previous texture calculations
[29] employing SINPOL.

These experimental pole figures are shown in Fig. 4a. The experi-
mental spectra (black lines) show a good agreement with the simulated
ones (red lines), as observed in Fig. 4b and 4d.

In Fig. 4d it can be seen that for an orientation of w = 0° (build
direction parallel to the neutron beam), all three types of samples exhibit
pronounced Bragg-edges for the (220) plane, indicating a strong parallel
alignment of the (110) directions to the build direction. Therefore, the
spectra confirm the parallel alignment of the (110) directions to the
build direction seen in the pole figures of Fig. 4a. For comparison, the
(220) Bragg-edge is much less pronounced at w = 90° for the Y-scan, as
seen in Fig. 4b, which agrees with no visible intensity in the (110) pole
figure depicted in Fig. 4a.

Fig. 4c shows the simulated transmission maps, which summarize the
variation of transmitted intensity with sample rotation and wavelength,
while experimentally only two orthogonal orientations were evaluated.
An important implication of the results summarized in Fig. 4 is that
a good picture of the type of texture in a component can often be ob-
tained from the neutron Bragg-edge imaging measurements, without be-
ing necessary to record complete pole figures directly. The bright and
dark bands are not considered in this simulation, as these differences
can later be explained by pole figures obtained by EBSD (from a smaller
area).

3.3. Origin of the local microstructure and texture variations

The contrast variations observed between the different samples could
be explained well with the help of the neutron pole figures and simu-
lations. Meanwhile, the origin of the local contrast variation within the
same sample(s) can be linked to the laser scan strategy, but the exact
mechanism could not yet be explained. The neutron transmission spectra
themselves are not conclusive but indicate that the type of texture is not
significantly different in the identified sections (see Fig. 2c). Therefore,
we have employed EBSD to further investigate the two main sections
that can be observed in sample Z, namely the bright and dark bands.
Fig. 5 shows the grain orientation map and the corresponding pole fig-
ures for the different regions discovered by neutron imaging.

In Fig. 5, it can be observed that the preferred grain orientation
within the bright bands is slightly rotated in comparison to the dark
bands. This is most obvious for the (110) pole figures, where a rotation
around the z-axis is seen between bright band 1 and bright band 2. This
misorientation in relation to the build direction/x-axis (~ 15°) indicates
a tilting of the grains away from the build direction. Therefore, the pre-
viously identified bright and dark band contrast that is revealed at 2.58
A (Fig. 2 and 3) can be attributed to tilting of the grains in the bright
sections. An additional observation that is noteworthy is the variations
of sharpness in the poles, with the bright bands displaying concentrated
and sharp intensities, while the dark bands show a spread intensity over
larger areas.

The tilting of the grains seems to be correlated with the direction
of the scanning order, as the effect is only seen along the y-axis (ro-
tation around the z-axis). One possible explanation is that part of the
heat transfer occurs through a band heat transfer mechanism across the
stripes, as has been previously proposed by Carter et al. [34]. This type
of heat transfer mode, in combination with the uni-directional scanning
order seen in the bright bands, could produce tilted crystals (towards the
direction of the scanning order) and ultimately produce the observed
contrast.

The tilting of the grains away from the build direction has been pre-
viously reported to depend on laser scan strategies [35-41]. For exam-
ple, Thijs et al. [36] found that the elongated grains can be tilted 19°
away from the build direction (towards the direction of the laser scan
vector) when a uni-directional scan strategy is used for Ti-6Al-4V. An-
other observation from previous studies that it is relevant to highlight
is the skewing of the crystallographic orientation away from the build
direction observed by Carter et al. [34]. In that work, performed on
a nickel superalloy produced with bi-directional scanning (analogous
to the present study), some initial indications of displacement of the
poles towards the direction of the scanning order were observed, al-
though the effect was not fully characterized. In the two studies previ-
ously mentioned, the lack of a full-field imaging method - only EBSD
was employed — made it impossible to characterize the extension of the
areas displaying skewed grains with respect to the build direction. As
it might be challenging to easily understand the contrast mechanisms
form Figure 5 alone, we have included a step-by-step example in SI.

3.4. In-situ tensile test

Having established a good understanding about the diffraction con-
trast imaging signal and its interpretation in regard to the preferred
grain orientation, we performed in-situ uni-axial tensile testing on a
sample manufactured with the Z-scan strategy.

The texture evolution along the build direction (v = 0°) was studied
with A = 3.8 f\, through a tensile test with continuous deformation (10
um/min), as illustrated in Fig. 6. An animated sequence can be found
in the SI and the stress — deformation curve can be found in Fig. S5.
The wavelength 4 = 3.8 A is used to probe the (111) family of planes.
Small black lines can be seen running perpendicular to the z-axis, which
correspond to the stripe overlaps seen in Fig. 2b (as white lines). The
difference in transmission between these lines and the rest of the sample
suggest a different average orientation of the (111) planes in the over-
laps. Indeed, pole figures obtained with EBSD indicate a more ‘random
texture’ in the overlap regions.

In Fig. 6, decreasing transmission is obtained at higher deformations
around the necking region, suggesting grain rotation during the ten-
sile test, with a reorientation of the <111> directions. Previous stud-
ies have reported that the deformation of steel and other fcc materials
takes place through an increase of local intra-granular misorientation,
which is promoted by deformation twinning [42]. For example, Sinha
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et al. [43] evaluated rolled 316L stainless steel with in-situ EBSD during
tensile testing. They studied a cross-section that initially showed strong
preferred orientation, with many grains having the normals of the (110)
planes pointing out of observed cross-section (green in the EBSD color
scheme). After fracture, a reduction of (110) grains was observed, with
the simultaneous appearance of more grains oriented with the normals

Fig. 6. a) Continuous deformation tensile test
of a sample produced with the Z-scan strategy.
Images taken at 4 = 3.8 A. The image (pix-
els) were normalized to an image collected at
4 = 4.3 A to highlight the contrast arising from
neutron diffraction. The deformation (um) at
each step is indicated. Deformation rate = 10
pum/min. Neutron beam aligned with the x-axis,
i.e. w = 0°. b) Visualizing the deformation of the
cross section in one image by ‘re-slicing’ the im-
age stack, allowing to follow the failure evolu-
tion.

of the (111) planes pointing out of the cross-section (blue in the EBSD
color scheme). These observations are in good agreement with our in-
terpretation.

The location of the failure region during the continuous loading ex-
periment can also be examined in Fig. 6. Notably, failure occurs by neck-
ing around one of the overlap regions, indicating that these areas of mi-
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crostructural inhomogeneity could be sites where stresses concentrate.
This suggests that the presence of the overlaps might be the limiting
factor when it comes to the mechanical performance of parts manufac-
tured with the stripe scan strategy, as these areas could represent weaker
sections in the component.

The in-situ results are under further analysis and we intend to gain a
better understanding of the grain rotation mechanism during deforma-
tion, by comparing the mechanical behaviour of the samples produced
with the different laser scan strategies (Y, Z and rotation). Nonetheless,
from this preliminary evaluation of the data, one can already draw valu-
able insights about the textural evolution and the nucleation sites for
it. In particular, the time resolved in-situ imaging allows (by re-slicing
of an image stack) to plot a cross section of the sample vs deforma-
tion stages (Fig. 6b), where the evolution can be followed even more
clearly.

4. Conclusions

The preferential orientation that can be induced by different scan
strategies in laser powder-bed fusion has been investigated through
diffraction-based neutron imaging and large area EBSD mapping. The
present study shows that even simple scan strategies, such as stripes with
a displacement between the layers, can generate localized microstruc-
tural variations via the skewing of crystallographic orientations (ob-
served in the bright bands). Furthermore, the movement of the laser
controls the type, strength and sharpness of the texture at the local scale.
Through in-situ experiments, it was found that grain rotation occurs dur-
ing deformation of 316L, as evidenced by the observed reorientation of
the <111> directions. We also demonstrated that failure of the Z-scan
sample occurred by necking around one of the stripe overlaps, indicat-
ing that stresses concentrate in these areas. Therefore, it is suggested
that the overlaps act as weakening spots to the detriment of the com-
ponent’s mechanical properties. This is a relevant factor that should be
considered during the selection of scanning strategies (e.g. chess, stripes,
islands, etc.) for enhanced mechanical performance. The fact that these
observations can be revealed non-destructively by diffraction contrast
neutron imaging, renders the technique very attractive for evaluating
the microstructure and texture variations (across cm-length scales) that
may arise due to the selection of different scan strategies in AM. We
foresee the technique, when coupled with additional characterization
and/or simulation tools as we demonstrated herein, to becoming a fun-
damental tool for understanding and evaluating texture evolution in AM
and other novel fabrication techniques, thus enabling the development
of functionalized anisotropic materials.
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