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ARTICLE INFO ABSTRACT

Keywords: Stabilizing lead-free antiferroelectrics at room temperature is key for advancing greener and more efficient

Antiferroele_m’ics energy storage devices. While NaNbOjs solid solutions hold great promise for high energy density applications, its

;h;;\:s(;ransmons pure form displays structural instabilities arising from irreversible electric-field induced phase transitions and/or
a 3

an undesired coexistence with its ferroelectric polymorph. To unravel how mechanical constraints imposed by
residual stresses, structural defects, and microstructure disrupt the stability of the NaNbOs antiferroelectric state,
we used in situ Dark-Field X-ray Microscopy to map local microstructural deformations in a single embedded
{100}, grain. By replicating typical heat treatment conditions, we show that the ferroelectric phase nucleates as
aresult of the coupled interplay between residual shear and compressive strain distributions that manifest during
cooling towards ambient temperature. In addition, the microstrain relaxation behavior indicates that long-range
defects preferentially nucleate at the expense of the antiferroelectric phase in regions at sub-micrometer distances
from the grain center. Our findings illustrate that adequate temperature control during low temperature sin-
tering, heat treatments, or in operando conditions may be vital in dictating the structure-property relationships of
NaNbOj3 ceramics, ensuring their suitability for efficient energy storage applications.

Shear-strain coupling
Dark-field X-ray microscopy

In the last decade, the development of NaNbOs-based materials has
sought to realize cost-effective and environmental-friendly antiferro-

1. Introduction

The electric-field induced transition from the antiferroelectric to the
ferroelectric state is fundamental for engineering new energy storage
materials. The fingerprint of this transition is typically the presence of a
double polarization hysteresis loop, accompanied by large electrostrain,
abrupt change of the dielectric constant, and low dielectric loss [1].
Manipulating and controlling these characteristics to yield high recov-
erable energy density and lower hysteresis is therefore attractive for the
development of capacitors with efficient energy storage performance. To
this end, specific compositions of (Pb,La)(Zr,Ti)Os-based (PLZT) anti-
ferroelectric capacitor materials have shown great promise [2,3].
However, one of the current key challenges in the field is to broaden the
range of available lead-free antiferroelectric compositions, while
simultaneously achieving comparable performance to PLZT solid
solutions.

* Corresponding authors.

electrics [4,5]. While many of these chemically-modified NaNbO3 ma-
terials exhibit close to zero remanent polarization and well-defined
double polarization hysteresis loops at ambient conditions [6-8], the
behavior of pure NaNbO3 remains puzzling. For example, while NaNbOg
single crystals show double hysteresis loops along the orthorhombic
c-axis (i.e., perpendicular to [001],) and the pseudocubic (pc) [111]pc
direction [9,10], their polycrystals behave differently [11]. In this case,
high-energy X-ray diffraction revealed that the quarter-order super-
structure reflections of the antiferroelectric P phase (Pbma) are limited
within the first quarter of the hysteresis loop, and then give way to
half-order reflections for the subsequent poling cycle [12]. Therefore, an
irreversible transformation into the ferroelectric Q phase (P2;ma) takes
place, limiting its recoverable energy density during discharge due to
the high remanent polarization associated with the ferroelectric state.
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From the atomistic viewpoint, it is known that the local structural
distortion between the P and Q phase is favored under applied
electric-fields due to the small relative energies between them [13].
This, in turn, indicates that phase coexistence is preferred, as experi-
mentally observed in a number of experiments [14-18]. However, such
calculations do not consider that polycrystals are composed of hierar-
chical structures of domains, grains, and boundaries that interact with
one another during the electric-field- and/or temperature-induced phase
transition. Therefore, exploring its microstructural dynamics may clarify
the reasons for the limited reversibility of the phase transition, failure
mechanisms, and identify new means to stabilize the P phase at room
temperature.

Another key consideration is that the NaNbO3 perovskite structure
possesses a non-trivial sequence of at least five temperature-induced
phase transitions, from the high temperature Pm-3m paraelectric
phase to the room temperature P or Q polymorphs [19-21], due to
dynamical phonon mode instabilities mediated by successive NbOg
octahedral distortions [13]. Furthermore, this complex phase equilibria
may influence the nucleation, stabilization, and the critical
electric-fields of the antiferroelectric phase, as the variation of the lattice
parameters, growth directions, and the number of ferroelastic twin
variants — i.e., symmetry reduction without change in Z (the number of
atoms of per unit cell) — and antiphase boundaries (symmetry reduction
followed by change in Z) plays a role in the relaxation of residual stresses
upon cooling. Therefore, probing the evolution of local microstructural
features is key to understanding heterogeneity [22], the influence of
grain sizes [23,24], the role of structural defects [25], and how phase
coexistence can be avoided [14] in the target applications of these
materials.

To address the open questions related to the temperature-dependent
microstructural evolution of NaNbOs, we investigate their structure-
property relationship using in situ Dark-field X-ray Microcopy (DFXM).
The use of DFXM is advantageous for probing deeply embedded hier-
archical structures within the material’s bulk. Moreover, this technique
offers high spatial and strain resolution, in a non-destructive manner,
while preserving the realistic electromechanical boundary conditions
representative of macroscopic devices [26,27]. Our results address the
interplay between crystal structure, lattice strain, lattice tilt, micro-
strain, and grain morphologies in a representative {100}, grain of
NaNbOs3 during in situ cooling from the high temperature cubic phase
towards the room temperature phases.

2. Experimental procedures
2.1. Sample preparation

NaNbOg3 ceramic samples were prepared by the conventional solid-
state reaction method using high-purity Na;COgs (99.95 %, Alfa Aesar,
Germany) and orthorhombic Nb2Os (99.50 %, Sinopharm, China) dried
at 200 °C for 8 h before being weighed at a stoichiometric ratio with 1
wt.% excess NapCOs to compensate for possible Na evaporation. After
ball milling, the powder mixtures were calcined at 850 °C for 4 h, then
again subjected to ball milling before sintering. The green pellets were
isostatically cold pressed at 200 MPa and sintered at 1355 °C for 3.5 h
with a packing powder of the same composition. Polished ceramic pel-
lets with a thickness of 250 ym were prepared for the in situ experiment.
Further experimental details are found in Ref. [11].

2.2. In situ Dark-field X-ray microscopy

In situ DFXM images were collected at the IDO6-HXM beamline of the
European Synchrotron Radiation Facility (ESRF), using a photon energy
of 16 keV (0.7749 A). The wavelength and sample size were selected to
ensure a safe distance from the Nb absorption edge (19 keV) and at least
20% of beam transmission (as optimized using to DF-XRM vis suite
[28]). DFXM images are obtained by positioning an X-ray objective lens
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along the scattered X-rays of a selected peak within the reciprocal space.
The resulting image is a magnified real-space region of a selected hkl
reflection, with a particular orientation, where the contrast arises from
local variations in symmetry and orientation. The X-ray objective con-
sisted of 88 2D Be lenslets and was positioned 234 mm downstream from
the sample, which yielded a magnification of 20.35x and effective pixel
size of 79 nm.

Herein, we mapped axial strain, lattice tilts, microstrain, and local
high resolution Reciprocal Space Maps (RSMs) centered around the

{100} reflection. The spatial variation of the d-spacings around 6100
was scanned by a coupled motion of the X-ray objective lens around 26
and translation of the far-field detector. Individual ¢, 20, and FWHM
maps were decoupled pixel-by-pixel using the Gaussian moments
approach employed in the darfix library [29].

To ensure homogeneous temperature control across the whole sam-
ple, the in situ isothermal heating measurements were carried out using a
bespoke non-contact radiation (optical) furnace for the ID06 beamline,
as described in [30]. Prior to the DFXM scans, the sample was heated (at
0.111 W/s ~ 20 K/s, increasing 10 W per step up to 180 W) until the
presence of a single peak (characteristic of the high temperature cubic
phase) was detected in the RSM. Then, isothermal DFXM scans were
taken by slowly cooling down the sample to room temperature (at
cooling rate of 0.005 W/s ~ 1 K/s down to 65 W, and then 0.055 W/s ~
10 K/s down to 0 W).

As further detailed in the RSM section, the impossibility of direct (i.
e., contact) temperature measurements at the sample meant that we
qualitatively assigned the furnace power to the NaNbOs phase transi-
tions by comparison of the limiting onset and offset d-spacings of pub-
lished crystallographic data in [20,31-33]. This approach is suitable for
a qualitative phase indexation at each applied furnace power (see
Table 1 for a detailed power-phase relationship), specifically to differ-
entiate the orthorhombic-to-orthorhombic transitions present in
NaNbO3.

3. Results and discussion

3.1. Qualitative indexing of in situ NaNbO3 phase transitions from local
RSMs

Fig. 1 shows the local RSMs measured from a single embedded
NaNbOg grain, at different power intervals upon cooling, and depicts
how the phases evolve from room temperature towards the high-
symmetry cubic phase. The successive peak splitting from 180 W to 0
W in both 26 and 5 (detector azimuthal angle) reveals that several phase
transitions take place, as well as a variation in the number of ferroelastic
twin variants, respectively. At 180 W, the RSM displays a single peak,
denoting that the last polymorphic phase (the paraelectric cubic state)
was reached.

Using the method described in Section 2.2 to qualitatively index the
phase transitions, Fig. 2a displays the evolution of the peak splitting
integrated over 26. The first phase transition is identified above 85 W,
where the previously well-defined Bragg peaks are merged, followed by
a change in the relative intensity between them. Despite the fact that
most of the phases below 592 °C exhibit orthorhombic symmetry, the
long sample-to-detector distance (~ 5 m) allows us to identify additional
splitting (in the order of 0.003°) that is not usually seen in regular
synchrotron XRD. This approach provides additional insight into the

Table 1
Simplified phase labelling used in this work, according to their indexed phase at
specific applied finance power prior to DFXM scans.

Power (W) 180 170 135 130 115 65 0
Label U180 T»170 S135 S130 R115 P65 Q0
Space group Pm-3m  P4/mbm Pbnm Pbnm  Pbma  P2yma
Z 1 2 24 12 8 4
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Fig. 1. High-resolution local RSMs on {100}, grain at selected applied furnace
powers upon cooling: from the high temperature (HT) phase at 180 W towards
the room temperature (RT) state at 0 W. Note that the final measurement (0 W)
likely exhibits strong splitting that was not captured by the limited angular
range of the final RSM measurement.

phase identification in individual grains, particularly in distinguishing
mixed phase regions and the sequence of orthorhombic phase transitions
in NaNbOs.

According to the expected d-spacings for each phase based on the
{100}, reflections selected in Fig. 2a, the horizontal lines in Fig. 2b
identifies seven NaNbOj3 phases in the range between 180 W and 0 W. A
possible phase coexistence is present at 145 W, considering that the
splitting into four peaks does not represent either the T; or S phase
individually (i.e., the T;-phase is expected to split into (0 2 2),, (2 0 2),,
and (2 2 0),, while the S-phase would split into the (1 1 12), and (2 0 0),
peaks, where the subscript “0” denotes orthorhombic notation). Rather,
the low angle reflections are likely due to the formation of T; domains
(this coexistence used to be called W phase after [34]). As previously
mentioned, it is important to stress that P and Q phase coexistence has
been widely reported at room temperature. However, considering that
both room temperature orthorhombic polymorphs obey almost the same
systematic absence rules, (ie, the fundamental reflections of both
phases match at the same Bragg angle) conclusive phase identification is
challenging when only indexing the splitting of the {100}, peak.

Therefore, here we substantiate our argument supported by DFXM
that the room temperature P and Q polymorphs exert distinct contri-
butions on lattice strain, lattice tilt, and microstrain maps. These maps
strongly suggest that the phase observed at 0 W is a Q phase or a mixture
where their volume is substantial enough to induce such alterations.
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Fig. 2. Furnace power-dependent (a) RSMs integrated over 26 for {100},
reflection. The insert in (a) highlights only the right-most intense peak at 0 W in
a smaller region in the reciprocal space. The position of circle markers at the
rightmost intense 26 peak in (a) is plotted in (b) and as a function of the d-
spacing vs. power to track the evolution of the phase transitions. The horizontal
lines in (b) represent the expected onset and offset of the {100}, d-spacing for
each of the NaNbO3 phases observed, as detailed in section 2.2. The transition
line between P to Q, which is often seen as driven by electric fields, is missing.

Subsequently, the sample for each applied furnace power is simply
labeled according to Table 1.

3.2. Evolution of residual lattice strain, lattice tilt, and microstrain in a
single embedded grain

A typical DFXM strain map resolves the residual stress-strain state
distribution within a microstructure, including their intergranular fea-
tures. In Egs. (1)-(3) we define the relative i) intrinsic lattice strain (ef),
ii) microstrain (sﬁ” ), and iii) lattice tilt (Tilt,) parameters used to quantify
the influence of strain and shear stresses. While the £ considers only
uniform changes in d-spacing of the coherent diffracting domains, the ¢
is affected by non-uniform structural distortions due to microstructural
inhomogeneities at sub-pixel length scales (< 100 nm) caused by the
presence of structural defects. Meanwhile, Tilt, is commonly associated
with the effect of shear stresses in the lattice.

€ = 100 x (Sfig—l) oH)
sinf
el =M — M (2)

Tilt, = Tilt — Tilt 3
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where 6, ¢™, and Tilt correspond to the average value at each furnace
power applied, being ¢¥ = FWHM,/4 x tand, and Tilt = ¢ — 6.

The relative lattice strain maps in Fig. 3a display a heterogenous
distribution across several phase transitions in an embedded grain. We
observed that positive (tensile) and negative (compressive) deviations
from the mean strain values tend to be redistributed along the periphery
of the grain boundaries as the sample cools down. This implies that the
stain states are highly dependent on the grain interactions with its sur-
roundings (i.e., an extrinsic phenomena), given that the bulk modulus (e.
g, 158 GPa [35]) is not expected to present significant variations among
polymorphs. Apart from the conditions close to the room temperature
phase, e.g., at P65 and QO, the effect of cooling down the sample shows a
preferred relaxation towards the grain centers, with ¢ close to zero.

The residual ¢f distribution between the R to P and P to Q ortho-
rhombic phases shows a distinct behavior not observed in the other high
temperature phases. From R115 towards room temperature, traces of
residual strains shift towards the grain centers. This change in strain
heterogeneity is a complex mechanical phenomena, most likely related
to i) the intrinsic anisotropic mechanical and thermal properties, ii)
extrinsic anisotropic local environment (i.e., meeting of grains with
different orientations, exacerbated by NaNbOj’s unusually strong
anisotropy in thermal expansion), and iii) stress-dependent phase tran-
sitions, which are strongly influenced by the first-order nature of the
structural phase transition between the AFE-to-AFE states (between R
and P phases), and the AFE-to-FE states (between P to Q phases). At the
same time, we also note an apparent reduction in the measured grain
diameter: from 6.19 ym in R115 to 5.96 ym in P65, and then to 3.69 ym
in QO. This is not a reduction in grain size, but a measurement artefact
due to increased structural disorder at the grain periphery (i.e., wider
scattering angles that fall beyond the numerical aperture and scanning
range of the X-ray objective lens).

At the same time, the Tilt. maps shown in Fig. 3b depict a very similar
behavior observed in the £ maps, especially in regions where the high
strains and tilt are locally accumulated. Again, the most significant
changes are observed across the R to P phase transition and between the
room temperature P and Q states. Fig. 4a,b reveals that, whereas the
spread in ¢£ remains almost constant above R115, in Tilt, it increases,
splits, and shows a local minimum centered in zero. This indicates that
shear stresses hold considerable importance and may play a significant
role in the phase transition and, consequently, in the relaxation of re-
sidual shear and strain in the room temperature antiferroelectric phase
after cooling. In this sense, the reconstructed maps shown in Fig. 3 for
QO are distinct from the high temperature phases and display a new
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relaxation mechanism that preserves ¢ close to zero at the grain center
of mass at the expense of negative Tilt, in this region.

In the same way, the distributions shown in Fig. 4a,b for Q0 are now
broader and delocalized. Interestingly, QO presents a new Tilt, mode
close to 0.25 %, which may be coupled to &£, displaying a new intense
compressive strain mode close to -0.5 %. This additional compressive
strain will then result in i) a distribution of uncompensated nano domain
structures with a high density of defects, and/or ii) shear-induced
nucleation of the ferroelectric Q phase. While the former can poten-
tially lead to lower breakdown strength and failure under applied
electric-field due to large volumetric change the structure must with-
stand (a value of ~ 0.60 % in the longitudinal direction), the latter may
promote an irreversible transition to a phase that compromises the
double hysteresis loop behavior of polarization and, consequently, the
energy storage density of the material.

Fig. 3c shows that the influence of the microstrain, ¥, is minimal for
each measured phase, with the most intense contribution found in U180
due to the more disordered structure at the grain boundaries. In addi-
tion, the structural heterogeneities display a systematic variation for
each temperature/power measured, with a continuous decay from the
high values located at the grain boundaries, to the lower ones at the
grain center of mass. This observation agrees with the expectations for
polycrystalline ceramics, including polycrystalline ferroelectrics
[36-38]. Therefore, the distortion field caused by crystalline defects is
concentrated in a submicron-sized region across the grain boundary.
Moreover, its distribution shown in Fig. 4c follows a logarithmic-like
decay, with the most significant variation observed at the Q0, along with
a slight shift towards negative relative values as the grain transforms its
shape.

3.3. Average spatial variation of the relaxation mechanisms across phase
transitions

In order to obtain a more quantitative description about the material
behavior associated with distinct regions of the grain, we introduce a
methodology consisting of obtaining the microstrain and elastic energy
distribution for pixels that are equidistant from the grain boundary using
Euclidean  distance transformation (implemented as  dis-
tance_transform_edt in Scipy [391]). From the contours shown in Fig. 5, we
obtain the average values of strain, microstrain, and elastic energy for
each position along the whole grain.

Following the elasticity theory, Krivoglaz [40] classified structural
defects according to the rate of displacements at large distances from
those defects according to Eq. (4). Herein, r is the distance from the grain

U180 T,170 S135 S130 R115 P65 Qo0
a.
- e . 0.41
4 V "\.‘ il 2 r -, . ’ n /£ i X q.:”‘ ;\?
e .y me u‘ k - ‘*/ 0.00 “E:*
ew o o ' -0.41
b. 0.05
. S
iddum$M
-0.05
c. s /‘___,._\ 0.002 _
. .,-/ - 4 o \.._, W
inaall —-0.002

Fig. 3. Reconstructed DFXM maps of relative (a) strain, (b) lattice tilt, and (c) microstrain for cooling down NaNbOj from the paraelectric cubic U180 phase towards

the room temperature ferroelectric Q0 phase.
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Fig. 4. Histograms of relative (a) lattice strain, (b) lattice tilt, and (c) microstrain for NaNbOs, covering all in situ DFXM measurements under different applied
furnace power conditions. The solid lines correspond to the probability density function fitting.

00 05 10 15 20 25 3.0 35
Distance from the grain boundary (um)

Fig. 5. Example of distance to grain boundary calculation. The unique values of
elastic strain and microstrain at a specific position are spatially averaged of all
equidistant distances (or layers) relative to the grain boundary.

boundary to the grain center, and B is the relaxation constant. In gen-
eral, short-range defects decay as r~2 (or at higher rates), while the
long-range ones decay as r—3/2 (or at slower rates) [41,42]. Fig. 6a (axis
inverted for clarity) shows that the defects are highly localized at the
grain boundaries, following a decay expected for long-range defects
according to fitted relaxations constants. Therefore, it means the
observed microstrain broadening is dominated by long-range defects,

and not by short-range defects, such as point defects.

Mo~ B 4

-

Although the microstrain maps show similar distribution across
several phase transitions, significant changes are present between the
P65 to QO transition. Specifically, P65 displays a faster relaxation decay
in contrast to Q0 and R115, most likely related to the additional for-
mation of twins (e.g, to release mechanical incompatibilities raised by
non-quasi-static cooling) and/or antiphase boundaries (common long-
range planar defects observed in NaNbOs [25]). At these stages,
anomalies from the expected decay are evident at 1.12 pm and 1.63 pm,
respectively. To consider these humps in the fitting model, we modified
the Eq. (4) to include a gaussian distribution in addition to the expo-
nential decay, as shown in Eq. (5)

+0 lzﬂexp{f%(;M)z} 5)

where u and ¢ are the gaussian peak center and width, respectively.
The unexpected appearance of a distinct anomalous hump in the
microstrain relaxation of QO is a significant deviation from the Krivoglaz
formalism for microstrain relaxation from defects. While it has been
established that the introduction of precipitates of a new phase does not
lead to significant broadening of the Bragg peaks, this may not be the
case given the complex morphologies regularly seen in pure NaNbOs.

M o~ B

r
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Fig. 6. (a) Relative microstrain and (b) elastic energy relaxation towards the grain center. The solid black lines in (a) correspond to the fitting from Eqs. (4) and (5),
whereas the light gray ones represent the residuals. All the fitted curves display R? greater than 0.97. Shaded areas highlight regions where the gaussian anomaly is
evident. The anomalous peak in QO is centered at 1.63 ym, with width of 126 nm. To facilitate comparison with the high temperature phases, the U at QO has

been halved.

Guo et al. have shown that individual grains of NaNbOs exhibits coex-
istence of AFE and FE phase, alongside hierarchical polydomain mor-
phologies with mixed diffused and well-defined phase boundaries [43].
Furthermore, in Refs. [44,45], there is clear evidence indicating that
regions where the Q phase is detected are enclosed by the P phase.
Although there is currently no clear theory of antiphase domain for-
mation and relaxation in NaNbOj3, the hump in QO suggests that, upon
cooling, long-range defects are preferentially nucleated close to — but not
at — the {100}, grain center. These defects appear to play a significant
role in the transformation from the antiferroelectric P phase to the
metastable ferroelectric Q phase.

In Fig. 6b, the complex behavior of the relative elastic energy,

U \ef\z, across several phase transitions indicates the elastic energy
experiences an exponential-like decay from the defect rich grain
boundaries towards the grain centers. Deviations from the expected
asymptotic behavior appear as multiple decay steps and are likely
related to relative strain-free regions separating ferroelastic twin
boundaries to minimize the energy associated to regions with distinct
misorientations and density of defects. Therefore, these boundaries
occur due to the inhomogeneous ¢ distribution, and the anisotropic
environment where the grain is clamped. At the same time, they also act
as a source of internal stress, helping the grain to keep its shape (as seen
from U180 to P65 in Fig. 3) [46].

It is important to stress that cooling rate may have a significant in-
fluence on the residual stress gradients, aiding the room temperature
nucleation of the non-ideal ferroelectric Q phase for energy storage
applications. Considering the tensorial properties of the phase transi-
tions, the nucleation of the antiferroelectric phase is favored when the
full ferroelastic transition between the cubic to the room temperature
orthorhombic m3m — MyyMmy,m, species (i.e., U to P phase transition)
takes place (six distinct non-degenerated orientational ferroelastic
domain states). This transformation seems to be the case when slow
cooling rates are applied during the sintering process, and/or when the
pure NaNbOs displays large grain sizes.

On the other hand, the nucleation of ferroelectric Q phase is
preferred when the transition from the cubic prototype to less

symmetrical orthorhombic m3m — m,,mz, 2, species takes place. In this
transformation, a coupling of polarization and strain gives place to six
double-degenerated ferroelastic and ferroelectric domains. At the same
time, it develops a non-zero polarization along the [0 0 1] axis, with the
thermal dilatation tensor revealing a spontaneous, symmetry-breaking
shear deformation along e, that favors the ferroelectric phase Q to
form [47]. Previous studies on strain-induced phase transition by
epitaxial growth of NaNbOj thin films have demonstrated that the for-
mation of ferroelectric phases is preferred under compressive strain at
room temperature [48,49]. However, the observation of the compres-
sive strain and shear strain coupling on inducing an antiferroelectric to
ferroelectric phase transition by cooling, to the best of our knowledge,
has not been discussed.

4. Conclusions

In summary, in situ Dark-field X-ray Microscopy in NaNbO3 ceramics
revealed, for the first time, that the adequate control of local shear
stresses is likely critical for the stabilization of the antiferroelectric P
phase at room temperature. We have shown that controlling the cooling
rates, and most likely its thermal gradient, is essential for preventing the
occurrence of heterogenous distribution of positive shear stresses peaks,
and the consequent distribution of compressive strained states that may
induce the nucleation of the ferroelectric Q polymorph at room tem-
perature. The observed shear-strain coupling, therefore, provides addi-
tional insight into thermal treatments, best practices of low temperature
sintering and the adequate temperature control under in operando con-
ditions to keep the antiferroelectric phase stable at room temperature.
Therefore, our finding presents a novel perspective on the structure-
property relationship of NaNbOs, which is expected to impact the
shear-strain engineering on the current ceramic processing methods and
benefit the development of future NaNbOs-based antiferroelectrics with
improved energy storage efficiency. This work expands the capabilities
of DFXM as a tool to probe phase transitions based on lattice tilt and
strain distributions analysis in polycrystals with similar crystallographic
systematic absence rules.
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