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Laboratory-based diffraction contrast tomography (DCT) was applied to heat-treated lean
duplex stainless steel (DSS) to observe microstructural changes by hydrogen infusion
treatment. The feasibility of the DCT technique for the in situ assessment of a dual-phase
material with exposure to aqueous solution was investigated, with DCT observations
carried out before and after cathodic hydrogen charging. The movement of diffraction
spots was observed after charging for 7 days, which cannot be explained by sample lateral
movements. An experimental method to apply the DCT techniques for investigating the
hydrogen—microstructure interaction is introduced here, but a more accurate experimental
methodology is required to verify that the movement of diffraction spot derives from lattice
parameter changes.

Keywords: lean duplex stainless steel, diffraction contrast tomography, hydrogen embrittlement, X-ray computed
tomography, cathodic charging

INTRODUCTION

In recent years, X-ray diffraction contrast tomography (DCT) techniques have been developed to
allow mapping of crystal orientation in three dimensions (3D) (Johnson et al., 2008; Ludwig et al.,
2009a; Ludwig et al., 2009b; Ludwig et al., 2010; Reischig et al., 2013; McDonald et al., 2015). The
technique is for most parts using monochromatic X-ray beams of very high flux, typically found at
synchrotron radiation sources. DCT uses a similar setup as the more conventional X-ray computed
tomography (CT), with the key difference of a larger detector screen for in parallel obtaining
diffraction data. These are then used to augment attenuation contrast information from X-ray CT.
The sample is placed between X-ray source and detector and rotated around the vertical axis during
the scan, with a series of diffraction spots gathered as a function of rotation angle. Three-dimensional
grain orientation information is then reconstructed from the diffraction data by various
methodologies (King et al., 2013; Ludwig et al., 2014; McDonald et al., 2015).

Because DCT enables to obtain non-destructive 3D grain information, most studies so far have
focused on the observation of grain growth (Zhang et al., 2018), characterization of fatigue damage
(King et al., 2011), and stress corrosion cracking (Ludwig et al., 2014). Grain growth of a 3D crystal
has been observed by a series of DCT scans as a function of time, confirming that the observed grain
growth in pure iron agreed well with a 3D grain growth model (MacPherson and Srolovitz, 2007). For
observing damage evolution, samples have been scanned with DCT before and after exposure to
environments or the application of stress/strain, with the development of damage observed, in situ.
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The observed damage was then correlated to 3D microstructure
information, providing novel insight into real material behavior;
especially, in operando or in situ testing equipment is typically
interfaced with X-ray CT/DCT instruments to conduct
these tests.

King et al. studied the interaction between intergranular stress
corrosion cracking and microstructure for a sensitized austenitic
stainless steel wire and heat-treated to produce a fully
recrystallized microstructure with a mean grain size of ~50 pm
(King et al, 2008). They found several sensitization-resistant
crack-bridging boundaries, and although the boundaries had
special geometric characters, they were not all related to twin
variant boundaries that are usually maximized during grain
boundary engineering.

First attempts of laboratory DCT (LabDCT) observation were
also made (King et al,, 2013), with the overarching idea to
improve accessibility to equipment. A large grained metastable
B-titanium alloy was used, comparing grain shape and grain
boundaries facilitated by phase contrast tomography. More
recently, McDonald et al. applied laboratory-based X-ray DCT
using a Laue focusing approach, enabling mapping of grains and
their crystallographic orientation in 3D within the bulk of
polycrystalline materials (McDonald et al, 2015). They
measured crystallographic orientation in 3D for a (-titanium
alloy and confirmed that this technique has the minimum
detectable grain size of approximately 40 pm, which was
validated by comparison with the electron backscatter

diffraction (EBSD) analysis of a cross section of grains in the
sample. The limitation of this technique is that the grain shape is
not accessible. McDonald et al. also reported a fundamental study
coupling the crystallographic imaging capability of LabDCT with
conventional CT in a time-lapse study for the sintering of a
copper powder sample at 1,050°C (Mcdonald et al, 2017).
Although LabDCT was applied for single-phase material as
mentioned above, there are no reports yet in the literature that
the technique is able to distinguish more than a single phase.
For studying hydrogen embrittlement (HE) phenomena,
X-ray diffraction techniques have generally been employed to
quantitatively evaluate the local hydrogen uptake behavior in
metals using collimated X-rays (Takakuwa et al., 2016; Ornek
et al., 2020a; Ornek et al., 2020b). Takakuwa et al. (2016)
presented that the shift of the diffraction angle in y-Fe (2 2 0)
is caused by a reactive stress against lattice expansion due to the
presence of hydrogen in the lattice. Although they reported one-
dimensional (1D) information about hydrogen concentration, if
this approach can be applied for LabDCT, then 3D information of
hydrogen distribution and the relationship with grain orientation
could be expected to be analyzed. In duplex stainless steel (DSS),
most studies revealed a distinct effect of hydrogen interacting
with the austenite phase, resulting in an order of magnitude larger
strain development compared to the ferrite phase (Ornek et al.,
2020a; Ornek et al., 2020b). Ornek et al. (2020a) observed local
strain change during cathodic charging by high-energy X-ray
diffraction measurement in operando. They revealed that
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FIGURE 1 | (A) Electrochemical cell for the in situ HE DCT study and (B) typical diffraction pattern of the Lean DSS wire sample.

electrochemical hydrogen charging resulted in the formation of
lattice tensile strain occurring more readily in austenite than
ferrite grains and the tensile strains in the austenite was about
double compared to the ferrite. The formation of a quasi-hydride
has also been reported during operando observations (Ornek
et al., 2020c).

The aim of this study is to explore and apply LabDCT
techniques to characterize DSS microstructure response after
hydrogen ingress. Application of the LabDCT system was first
explored for setting up 3D observation and microstructure
characterization of both phases present in DSS. Both phases
have different character against hydrogen diffusivity and
hydrogen solubility, and different response against hydrogen
ingress is expected. Ferrite shows higher hydrogen diffusion
coefficient and lower hydrogen storage capability, and
austenite shows lower hydrogen diffusion coefficient and
higher hydrogen storage capability. Here, we conducted
LabDCT scans of a dual-phase material in an electrochemical
cell, in situ.

EXPERIMENTAL METHOD

A grade 2202 lean DSS wire of 500 um diameter was used in this
study, with a composition of 22.5 wt% Cr, 0.12 wt% Mo, 2.7 wt%
Ni, 1.32 wt% Mn, 0.02 wt% C, and 0.182 wt% N. The wire was cut
into a length of 70 mm and heat-treated in a tube furnace at
1,200°C for 72 h to grow the grain size to achieve the minimum
detectable grain size for DCT. A continuous flow of argon gas into
the furnace was used to prevent formation of oxidization of the
wire during the heat treatment. After the annealing treatment, all
wires were cooled in air.

The surface of the wire was then ground from 240 to 1,200 grit
to remove the thin oxidized layer that unavoidably formed despite
the argon atmosphere. The material for DCT scan consists of 58%
ferrite, 12% austenite, and 30% transformed martensite.
Martensite was formed unintentionally, possibly due to the
surface grinding process. Cr oxide particles were also observed

throughout the sample. These microstructure changes derived
from the applied heat treatment and the strain introduced by
grinding the sample (Eguchi et al., 2021). The martensite phase
exists both at the sample surface and center of the sample (Eguchi
et al., 2021).

Cross-sectional EBSD observation was carried out to validate
the DCT reconstructed data. The wire was embedded in an epoxy
resin and then ground to 1,200 grit, followed by a colloidal silica
finish. EBSD mapping was carried out with an Aztec EBSD
system interfaced to a FEI Sirion scanning electron
microscopy (SEM) at 15kV. The step size was set at 0.39 um.
The surface of the wire was not ground before embedding in a
resin, so strain-induced martensitic transformation is not
expected for EBSD sample, unlike for the DCT sample
(Eguchi et al., 2021).

Heat-treated wires were also used to evaluate hydrogen
concentrations absorbed after cathodic hydrogen charging.
After heat treating and grinding, all wires were first
ultrasonically cleaned in acetone for 5min to remove any
contaminations on surface to avoid affecting the results.
Cathodic charging was conducted in a glass beaker at 1 mA/
cm? in 0.001 M NaOH solution for durations of 24-235 h. NaOH
was chosen to minimize damage to the sample surface, and
cathodic charging was carried out at room temperature to
simulate the experimental conditions for the DCT analysis.
The hydrogen concentration was measured approximately
5 min after termination of cathodic charging, with an inert gas
fusion method using an ELTRA OH 900 melt extraction analyzer
with thermal conductivity sensor.

Two DCT investigations were carried out with heat-treated lean
DSS wire. The first experiment (Experiment 1) was centered on
comparing DCT microstructure data to cross-sectional EBSD
assessment, with the aim to confirm that LabDCT can be applied
to dual-phase materials. The second part (Experiment 2) then focused
on in situ hydrogen charging experiments, with the wire cathodically
charged and the microstructural response observed by DCT.

For Experiment 1, the purpose was to confirm if ferrite and
austenite phase can be distinguished by DCT technique. The
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ferrite phase, and (D) top view of austenite phase.

FIGURE 2 | Three-dimensional grain orientation measured by laboratory DCT for (A) side view of ferrite phase, (B) side view of austenite phase, (C) top view of
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DCT measurements were conducted on a ZEISS Xradia 520
Versa instrument equipped with DCT detector combined with
GrainMapper3D™ analysis software (McDonald et al., 2015).
The sample was rotated and a two-dimensional (2D) diffraction
pattern recorded at discrete rotation angles of 2°. A square
aperture was placed to define the incident beam and avoid the
overlap of the diffraction spots by reducing the number of
diffraction spots. The direct X-ray beam was attenuated
behind the sample to be able to collect high accuracy
diffraction signals. The source-sample and sample-detector
distances were both set to 16 mm, using the 1:1 distance
ratio of the source and detector to benefit from the Laue
focusing effect. This geometric magnification provided an
effective pixel size of 1.69 um. Accelerating voltage was set at
150 kV. For LabDCT measurements, two consecutive scans
were performed. A total of 721 projections were acquired in
one binning mode at x4 optical magnifications, with an
exposure time of 2.5s for each projection for the absorption
contrast scan. Then, 180 diffraction pattern images were
acquired around a 360° rotation of the sample in steps of 2°
with an exposure time per image of 180 s for the wire.

After the acquisition, the Xradia system was used to reconstruct
the virtual slices by adjustment of center shift and beam hardening to
obtain the best signal-to-noise ratio. The diffraction images were

reconstructed and segmented by GrainMapper3D™ analysis
software. This software only allows to select one phase for one
reconstruction. Therefore, two separate phase reconstructions were
carried out for ferrite and austenite phase. Only the grains with
completeness (confident index for reconstruction;. Niverty et al,
2019) of a specific value or higher grains are displayed. A typical
value of completeness criteria is 0.5.

For the second investigation, to be able to carry out in situ
DCT experiment, a miniature electrochemical cell was first
constructed, as shown in Figure 1A. The cell had dimensions of
30 mm in length, 3 mm in inner diameter, 5 mm in outer diameter,
and holding a total volume of 0.2 ml and was made of plastic material.
A Pt electrode was mounted at the bottom to enable in situ cathodic
charging. The cell was first trialed to confirm that clear diffraction
spots can be obtained when the sample is surrounded by an aqueous
electrolyte (deionized water)]

To avoid errors introduced by sample position, a corrosion pit
was first introduced into the heat-treated DSS wire via anodic
polarization, to serve as a reference marker for in situ
observation. The condition of the anodic polarization derives
from our previous research (Eguchi et al, 2020). The anodic
polarization was carried out in a beaker filled with 0.1 M HCI
solution, using a scan rate of 1mV/s until a total charge of
20 mC was reached. This was done by measuring OCP and then
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FIGURE 3 | Cross-sectional EBSD image of (A) phase map (red, FCC; blue, BCC), (B) IPF map in longitudinal direction of wire, and (C) EBSD Euler color map.

potentiostatic polarization with IVIUM potentiostat. The sample  coefficient of the ferrite phase is high, most hydrogen may be
with pit was then removed from the beaker, dried in air, and then  effused after the DCT measurement. On the other hand, because
coated with stopping lacquer 45, leaving ca. 2.5 mm in length for  the diffusion coefficient of the austenite phase is low, it is considered
exposure area. The in situ HE experiment was carried out with a  that the change in the amount of hydrogen after the DCT
heat-treated wire containing a corrosion pit. The size of the  measurement for 12 h is small.
electrochemically introduced pit was 110 pm in height, 87 ym in
width, and 32 pym in depth.

An in situ DCT scan (Experiment 2) was carried out before RESULTS
cathodic charging, to index all grains present in the material volume.
Then, cathodic charging was conducted in the designed in situ cell ~DCT Microstructure Analysis of DSS
with 1 mA/cm?® in 0.001 M NaOH solution for 24 h. The second ~ DCT data of the heat-treated DSS wire are shown in Figure 1B.
DCT scan was then carried out, followed by another 144h of = The white spots correspond to diffraction spots, the dark
cathodic charging. The third in situ DCT scan was carried out  rectangle corresponds to the sample, and the square
immediately after the cathodic charging was terminated. surrounding the sample corresponds to beam stop. The size of

For the first scan (before cathodic charging) and the third scan ~ the diffraction spots is proportional to grain size, and the
(after 7 days of cathodic charging), full DCT scan was carried out,  brightness of the diffraction spots is proportional to grain
whereas only four sets of diffraction spots with every 90° were obtained ~ volume in DCT (McDonald et al, 2015). Because a Laue
for the second scan. The acquisition time was set at 2.5 s for absorption ~ focusing approach was employed, the information related to
contrast scan and 212 s for diffraction contrast scan to obtain the same ~ grain shape is not accessible in these scans. The signal-to-
X-ray intensity as Experiment 1. The setup providesa totalof 12h for ~ noise ratio of the diffraction image was quite low, and each
the full scan. The other scan parameters were set to the same as in ~ spot was elongated radially from the center of the image
Experiment 1. No cathodic charging was performed during the DCT ~ compared to the ones reported in literature (McDonald et al.,
scan. As will be described later, because the hydrogen diffusion  2015). This difference suggests that the material used in this study
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FIGURE 4 | IPF maps obtained from DCT and EBSD measurements.
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FIGURE 5 | Histogram of grain size in diameter measured by (A) DCT, (B) EBSD, and (C) EBSD (over 24.2 um of grain size only).
had residual strain (Niverty et al., 2019), which was probably Figure 2 provides the reconstructed 3D grain images showing
related to the sample grinding procedure during oxide scale  orientation, centroid position, and size of grain for each phase.
removal. Only the grains with completeness of 0.5 or higher are displayed.
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FIGURE 6 | 3D reconstructed grains of (A) austenite without cell (B) austenite inside cell, (C) ferrite without cell, and (D) ferrite inside cell for lean DSS.
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The grain orientation is shown by Inverse Pole Figure (IPF)
coloring of the cubes in longitudinal direction of the wire, and the
size of the cube represents the size of the grains. For ferrite phase,
the grain size is smaller than that of austenite phase, and it has
more random orientation, whereas the austenite phase has more
texture. The average grain size is 31 and 54 um, respectively. The
ferrite phases only exist at the center of the scanned area. This
result possibly derives from diffraction spots at the upper and
lower part the X-ray detector screen. Because the ferrite phase

shows lower completeness than austenite, the upper and lower
parts of the reconstructed ferrite phase were removed on the
basis of data lying outside completeness criteria. The centroid
positions of each grain were compared to each phase, and each
individual grain was confirmed to be represented by either the
ferrite or austenite structure, showing the first LabDCT analysis
of a two-phase material. Further work is certainly required to
understand the corrosion and embrittlement behavior of this
microstructure.

Frontiers in Materials | www.frontiersin.org

March 2022 | Volume 9 | Article 801198


https://www.frontiersin.org/journals/materials
www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles

Eguchi et al.

DCT for Duplex Stainless Steel

=
N

ntration >

o
oo =

e

o
o

—— After 1 day charging

Hydrogen conc
o
H

o
N

—— After 7 days charging

o

0 50 100 150 200 250

Distance from surface / um

FIGURE 8 | Calculated hydrogen concentration distribution (A) in ferrite phase and (B) in austenite phase.

B 12
) —— After 1 day charging
F:f 1 —— After 7 days charging
©
= 0.8
g
& 0.6
v
& 0.4
o
Z02
0
0 50 100 150 200 250
Distance from surface / um

Figure 3 compares cross-sectional EBSD images of the heat-
treated sample using different grain and phase representation modes.
The phase and IPF map reveal the dual-phase austenite and ferrite
microstructure, with the abundancy of the different colors pointing
toward the presence of textured grains. Most austenite grains are
shown in blue, having an orientation of (111) along the longitudinal
direction of the wire. Many ferrite grains are shown in green,
indicating an (101) orientation. The corresponding LabDCT
image is shown in Figure 2. Figure 4 gives IPF maps obtained
from DCT measurement and compared with the maps obtained by
EBSD. In the DCT measurement, each point corresponds to a grain
orientation, whereas, in the EBSD IPF map, each point corresponds
to a single pixel in 2D EBSD maps. These figures show that the
distribution of grain orientation measured by DCT correlates
reasonably well with the EBSD observations.

Figure 5 shows the distribution of grain size measured by DCT
and EBSD. The result of DCT shows a lager grain size compared to
the corresponding EBSD measurements. This difference most likely
derives from the minimum detectable DCT grain size, which is larger
than the by EBSD acquired grain size data. In Figure 5A, the
minimum grain size detected by DCT was 24 um; therefore, only the
grain size measured by EBSD larger than 24 ym was shown in
Figure 5C for comparison. The grain size shown in Figure 5C is still
smaller than that of DCT measurement. This is possibly due to the
difference of 3D volume and cross-sectioned 2D image. Assuming
that the grains are the perfect spheres and cross-sectioned in 2D
randomly, the grain size in 3D is going to be approximately 27%
larger than that in 2D. The observed grain size for bcc in DCT was
24% greater than that in EBSD and 48% greater than for fcc,
suggesting the difference in grain size can be mainly explained by
the difference of 2D versus 3D. This analysis clearly shows that DCT
can be applied for a dual-phase material to distinguish two phases.

Development of In Situ DCT

For carrying out reference measurement of the lean DSS sample
for subsequent hydrogen absorption studies, a wire sample was
mounted in the in situ cell to confirm if diffraction spots are
significantly affected by the cell filled with aqueous solution. The
small size of the in situ DCT cell resulted in high attenuation of
X-rays, with the X-ray source and the detector placed in close
proximity. DI water was poured into the cell to confirm the effect

of aqueous solution on the diffraction spot quality, with the
acquisition time determined on the basis of the X-ray intensity of
diffraction spots. Figure 6 shows the reconstructed 3D grains,
indicating that DCT carried out with and without in situ cell gives
similar results regarding the size and the orientation of grains.
The average grain size of the austenite was in both scans
31-32 um, with the ferrite giving an average of 29-31 um,
which is not the same sample with the ones shown in Figure 2.

Figure 7 shows histogram of completeness of the sample. The
frequency of both phases with lower completeness (0.60 or lower)
decreased when the wire was inside the in situ cell. The diffraction
spots were slightly affected by the cell attenuation, resulting in a
lower completeness. Because grains with lower than 0.50
completeness are removed, the frequency of lower
completeness grains decreased. This assessment shows that in
situ DCT tests can be carried out, even if the sample is surrounded
by a Perspex cell and water.

In Situ Hydrogen Embrittlement

Investigation

Three sets of DCT scan were carried out, including a scan before
cathodic charging, after 24h of cathodic charging, and after
7days of cathodic charging. Hydrogen concentration
measurements of cathodically charged wires were carried out
using an Eltra Hydrogen metal extraction analyzer. The hydrogen
concentration of the as-received wire was assumed to be close to 0
without cathodic charging, with 32 wt. ppm measured after 1 day
of cathodic charging, and with 66.3 wt. ppm after 9.8 days (235 h)
of charging. Seven days of cathodic charging for the DCT sample
resulted in 32-66 wt. ppm hydrogen.

It is well known that ferrite phase and austenite phase in DSS
have different character with respect to hydrogen solubility and
hydrogen diftusivity. Turnbull et al. reported hydrogen diffusion
coefficients at 293 K of both ferrite and austenite in DSS of 6.0 x
107 m? s7" and 3.3 x 107"*m?s™", respectively (Turnbull and
Hutchings, 1994). The hydrogen distribution after cathodic
charging in 1D was estimated by the following equation:

Cx:Cs(l—erf(\/%)) (1)
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FIGURE 9 | Reconstructed volume of absorption tomography (A) side view before charging, (B) side view after 7 days charging, (C) virtual cross section image
before charging, and (D) virtual cross section image after 7 days charging.

@)

FIGURE 10 | Comparison of diffraction spots with same rotation angle (A) before changing, (B) after 1 day charging, and (C) after 7 days charging.

111

FIGURE 11 | Reconstructed volume for austenite (A) before charging and (B) after 7 days charging. Threshold completeness >0.6.

where Cx is hydrogen concentration at the distance of x, Cs is ~ and D is effective hydrogen diffusion coefficient. Cs for ferrite
hydrogen concentration at the surface where hydrogen ingress,  phase and austenite phase were set as 1. More complicated
erf is error function, x is the distance from the surface, ¢ is time,  calculation with finite element method is proposed to obtain
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FIGURE 12 | Reconstructed volume for ferrite (A) before charging and (B) after 7 days charging. Threshold completeness >0.7.
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accurate hydrogen distribution in DSS in literatures (Mente and
Bollinghaus, 2012; Olden et al., 2014). However, in this study, a
simple equation was adopted to obtain a general idea if ferrite and
austenite phase are saturated with hydrogen.

The calculated hydrogen concentrations are shown in
Figure 8. In this estimation, hydrogen is assumed to diffuse
one direction, whereas hydrogen can penetrate from all the
surface of the wire in the real situation. This assumption will
provide underestimation of hydrogen concentration, especially at
the center of the wire. In this context, for ferrite phase, the
hydrogen is estimated to be saturated throughout the wire with
lower concentration, whereas hydrogen in austenite phase is
severely localized within 25 pm from the surface after 1 day
cathodic charging and to a maximum depth of 50 um after 7 days
charging. From the above calculation, the hydrogen distribution
during the DCT measurement in this study is estimated as
follows. Hydrogen in the ferrite phase is saturated by
hydrogen charging for 7days. Although the diffusion
coefficient of the austenite phase is small, hydrogen diffuses
through the ferrite phase, so it is considered that hydrogen is
also dissolved in both the austenite phase existing in the center of
the specimen and the surface of the grains.

On the other hand, during the DCT measurement (12 h), no
cathodic hydrogen charging was performed, and it is expected that
hydrogen effuses during this time. Because the ferrite has faster
hydrogen diffusion most hydrogen would have been effused here. In
contrast, the austenite phase has a lower diffusion coefficient, and
hydrogen is considered to largely remain in this phase during the
DCT measurement. Therefore, only the austenite phase is considered
to contain hydrogen here during DCT scan.

Figure 9 shows the reconstructed volume of absorption
tomography before and after 7 days charging. The pit reference
marker can be seen at the side view and the virtual cross-sectional
view. No difference was seen between before and after cathodic
charging in the appearance of the wire (no cracks). Figure 10
shows the diffraction spots obtained from the same rotation angle
before, after 1 day charging and after 7 days charging. Some spots are

identical in the different scans as indicated by the circles. The
relationship between the sample movement and the diffraction
spots displacement was estimated. Spot A and B moved outward,
whereas spot C moved inward after 7 days cathodic charging in
Figure 10. Spot D did not move. These movement cannot be
explained by sample movement alone.

Figures 11, 12 show the reconstructed grains for ferrite and
austenite phases, respectively. Some grains are identical before and
after cathodic charging as indicated by the blue arrows in both figures.
Recent observations during in situ hydrogen charging of super DSS
indicated the formation of a quasi-hydride and introduction of strain
predominantly into the austenite phase. This would, here in our DCT
scans, possibly result in a reduced number of reconstructed grains, due
to grains not passing the completeness criteria due to movement or
splitting of diffraction spots (Ornek et al., 2020a; Ornek et al., 2020c).
Some changes in the overall distribution of reconstructed the grain
distributions are apparent in both phases, with far larger changes
observed in the austenite, supporting observations reported in
literature (Ornek et al,, 2020a; Ornek et al., 2020b).

Limitations of DCT

In this study, the same diffraction spots were detected before and after
hydrogen charging, and multiple identical crystal grains were
confirmed after reconstruction. It has been reported that strain
induced by hydrogen ingress is lower than 0.003 (Takakuwa et al.,
2016). It will be difficult to detect such small change with the DCT
setup used in this study. For simplicity, assuming that the incident
X-rays are collimated monochromatic light, the strain introduced by
hydrogen ingress is expected to correspond to a 3-um displacement of
the diffraction spot on the detector. This would correspond to two
pixels in our setup.

In our study, we used pitting corrosion as a reference marker for the
alignment of the sample, with the sample removed from the scanner
during hydrogen charging. A more accurate sample alignment will be
required to detect the expected minor changes in lattice parameter due
to hydrogen ingress. For this purpose, for example, it will be necessary
to keep the sample in the instrument even during hydrogen charging.
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In addition, the advantage of DCT to observe a large number of 3D
grains at the same time will be lost, but the far-field method using
parallel X-rays will provide a more accurate observation. A study
reported in a literature indicates that a change of mismatch of 107>
orders in Ni-based alloy during creep test is detectable as a change of
several diffraction spots (Tréhorel et al,, 2018). To apply the far-field
method, a strong parallel X-ray source is required, and a synchrotron
will be suitable rather than a laboratory instrument. If DCT and the far-
field method can be combined with synchrotron X-ray instrument,
then it may be possible to observe small changes in the crystal structure
of multiple crystal grains in situ. Although there are some limitations,
our study revealed that LabDCT is applicable for a dual-phase material
in a plastic cell filled with electrolyte for the first time.

CONCLUSION

LabDCT was applied to obtain a better understanding of HE in heat-
treated lean DSS, resulting in the following key achievements:

e The grain orientation for a dual-phase lean DSS was
successfully obtained by LabDCT with the results cross-
correlated to EBSD analysis.

¢ An in situ electrochemical cell setup has been designed and
developed, enabling the DCT analysis of degradation and
corrosion events involving aqueous environments.

¢ The movement of DCT diffraction spots was observed after
hydrogen charging.
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