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According to these results, the optimal high resolu-
tion diffraction limit was determined as 1.80A resolution.
It does not look like a large difference in comparison with
the previous choice (1.85 A). However, the resolution shell
1.85-1.80 A contains 9,929 unique reflections (8 % of
whole dataset) which is not a negligible number, given the
number of refined parameters (45,388).
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AISI H13 hot working tool steel is one of the most common
die material used in metal and casting industries. Dies suf-
fer damage due to wear and thermo-dynamic stresses dur-
ing their lifetime [1]. Therefore, various methods have
been developed for their repair, which is cheaper than man-
ufacturing new ones. A great benefit of laser cladding in
this field is a high productivity with minimal influence due
to a low heat input on surrounding material by thermal
stresses [2]. Therefore, the aim of the contribution is to de-
scribe the effects of laser processing on the microstructure
of laser cladded H13 tool steel using orientation imaging
microscopy (OIM) based on electron backscatter diffrac-
tion (EBSD) and other techniques.

Laser cladding was carried using an IPG 3 kW Yt:YAG
fibre laser. The laser power density of 114 J/mm® was ap-
plied to form a volume consisting of five overlapping lay-
ers, see Fig. 1. The martensitic structure was observed on

the cross-section of the clad using electron backscattering
diffraction, see inverse pole figures (IPF) of ferritic phase
in Fig. 2. The original austenite grains with a characteristic
size of 20-50 um, which were formed during the transition
of the melt into a solid phase and whose were subsequently
transformed into martensitic or bainitic laths, are clearly
seen in the figure. It has to be noted that the EBSD tech-
nique is not able directly distinguish ferrite and martensite.

Further, the clads were subjected to X-ray diffraction
measurement, tensile testing, wear resistance and hardness
measurement for comprehensive utilization evaluation of
laser cladding.

Measurements were supported by the project TH02010664
of the Technology Agency of the Czech Republic and by
University of Groningen. This work was supported by the
Grant Agency of the Czech Technical University in Prague,
grant No. SGS19/190/0OHK4/3T/14.
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Figure 1: Metallographic cross-section of the clad AISI H13 tool steel with marked directions and area which was observed

using OIM.
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Figure 2: IPF maps of ferritic phase for different directions in the selected area, where N, T, and L denote the directions.
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The observation of magnetic shape memory (MSM) effect
in Heusler alloy Ni,MnGa by Kari Ullakko [1] stimulated
tremendous scientific interest in this class of materials. The
MSM alloys possess many practical applications in sensors
[2], actuators [3, 4], micropumps [5] and energy-conver-
sion devices [6]. From the fundamental point of view, the
MSM effect includes the magnetically induced thermo-
elastic martensitic transformation and magnetically in-
duced structural reorientation of martensite, where the
extremely mobile twin boundaries of martensite play and
essential role.

The structure of martensite of the Ni-Mn-Ga-based al-
loys is often modulated, depending on composition and
temperature. Although the modulated structure is decisive
in the aforementioned extremely mobile twin boundaries of
Ni-Mn-Ga alloys, the character of modulation is still under
discussion — especially for the 10M modulated martensite,
for which the highest twin boundary mobility is found. For
different compositions, the “10M martensite” was reported
to have commensurate or incommensurate modulation
[7-10] or to be nanotwinned [11, 12]. Both incommensu-
rate and nanotwinned structure can result in similar appar-
ent changes in modulation vector. Considering the
incommensurality approach, it has been shown that the
modulation vector changes gradually with temperature [7,
9].

Using neutron and X-ray diffraction on single crystal of
NisoMn,;GayFe; alloy, we discovered transition between
commensurate and incommensurate modulated structure
with changing temperature (Fig. 1) and followed its evolu-
tion in 10M martensite. We observed that doping of the
Ni-Mn-Ga alloy with Fe leads to accentuation of the modu-
lation satellites and it also leads to shifting of the tempera-
ture ranges of occurrence of different martensites, which is
likely favourable for the applications.

We found that the discovered transition exhibits ther-
mal hysteresis around the room temperature. Owing to the
hysteresis, sample can be prepared in commensurate or in-
commensurate state at the same temperature using appro-
priate heating/cooling procedure. Observed transition was
confirmed by resistivity measurements and by scanning
electron microscopy. The investigation whether the
incommensurality is proper or only apparent caused by
nanotwinning is the subject of ongoing research.
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Figure 1. Measured g-scans in the [110] direction of the reciprocal space. At 298 K, the measurement indicates in-
commensurate 10M modulated martensite. Upon heating to 328 K, the structure transforms to commensurate 10M.
Modulation satellites belonging to 400 and 620 reflections are marked red and blue. The slight splitting of the peaks
is caused by the mosaicity of the crystal and a/b twinning. Reflections from the sample holder are marked grey.
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Duplex steels are dual-phase steels with 50/50 proportion
of ferrite (a-Fe) and austenite (y-Fe) phases. Because of the
combination of properties of both the phases in dual-phase
microstructure, duplex steels are distinguished by good
properties in many environments, where the standard
austenitic and ferritic steels are usually used [1]. Due to
very often presence of preferred orientation (texture) in
these materials, analysis and consequent interpretation of
the texture is crucial, especially in material engineering.
The importance of study the texture resides in the aniso-
tropy of most material properties induced by its presence.
Because of different mechanical properties of ferrite and
austenite phases, their behaviour during deformation, gen-
erally spoken, is different in dual-phase steel in comparison
with single-phase steels [2].

The plate shape samples of size 19x120 mm?* and dif-
ferent thicknesses were made of AISI 420 (ferritic), AISI
304 (austenitic) and AISI 318LN (duplex) type of stainless
steels. The samples were cold-rolled with 0, 10, 20, 30, 40,
and 50% reduction of thickness, so the final thickness of all
samples was 1.5 mm. Samples made of ferritic, austenitic
and duplex steel were marked as FO-F50, A0O-A50 and
D0-D50, respectively.

The X’Pert PRO MPD diffractometer with cobalt radia-
tion was used to the RD-TD plane samples analyses by
X-ray diffraction, where rolling (RD), transversal (TD) and
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normal (ND) directions create a coordination system of the
sample. Texture analysis was performed based on orienta-
tion distribution function (ODF) calculated from experi-
mental pole figures obtained by analysis of three
diffraction lines {110}/{220}, {200}, {211} of ferrite
phaseand {111}/{311}, {200}, {220} of austenite phases.

The rolling texture of ferrite may be described by sev-
eral texture fibres [3], for example, the limited o, €, and v,
see Fig. 1. Ferritic steel exhibits the typical texture compo-
nents: {001}n, {112}n, and {111}n. For austenitic steel,
the rolling texture is usually composed of a, T, and 1 tex-
ture fibres. The typical texture components of these materi-
als are Brass, Goss, and Copper [3]. Nevertheless, it is
necessary to expect that dual-phase steel should have dif-
ferent behaviour of the constituent phases in comparison
with single-phase steel. It has been found that ODFs of fer-
rite phase of the duplex steel do not consist of texture
fibres, but only of the particular texture components. For
austenite phase of the duplex steel, fewer texture compo-
nents and fibres are generated compared to the austenitic
steel.

The presence of two phases results in a decrease of
strain hardening speed. The reason for that behaviour is the
partition of plastic deformation occurring within both the
phases, during cold rolling. The strain hardening of austen-
ite is very high at low deformations, but at about 15%
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Figure 1. Selected orientation distribution functions in the ¢, = 0° (left) and ¢, =45° (right) sections for o phases, and ¢, = 0° (left) and

(y = 45° (right) sections for y phases.
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thickness reduction it gets increasingly concentrated within
the ferrite phase, which has a larger number of active slip
systems and a considerably higher stacking-fault energy
[4]. Therefore, the typical texture fibres of the phases in the
dual-phase steel are not generated but only strong sepa-
rated texture components are presented. However, the typi-
cal texture component and fibres are generated in the
sample with higher deformation.
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The SrTi; Mn,O; ceramics were experimentally studied
by X-ray diffraction and resonant ultrasound spectroscopy
and the results were compared with the theoretical calcula-
tion from DFT. Firstly, it was confirmed that our samples
were crystallized as cubic and the dependence of lattice pa-
rameter @ on Mn concentration was determined. The linear
decrease of @ with increasing Mn can be seen in Fig. 1 - left.
Therefore, it can be expected that it follows Vegard’s law.
Subsequently the comparison between those lattice param-
eters obtained by X-ray diffraction measurements and the
values calculated by DFT method in CASTEP module of
Materials Studio was performed.

Secondly, the calculation of the free energy of
SrTi; Mn,O; as a function of the volume of the unit cell
was calculated from the first-principles and the obtained
dependence was fitted by Birch-Murnaghan equation of
state [1], which allowed the estimation of the bulk modulus
and equilibrium volume of the unit cell. Furthermore, the
change of the calculated bulk modulus caused by the differ-

3.92

ent fitted volume range was tested and the resulting de-
pendence is emphasized for the pure SrTiO; in Fig.l1 —
right, with the experimental value [2]. The calculated data
are in very good agreement with the corresponding experi-
ment: in all studied perovskites the relative deviations from
the experimental values are in the case of the lattice param-
eter only up to two percent and in the case of the bulk
modulus up to four percent.
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Figure 1. Left: experimentally observed linear decrease of the lattice parameter a with increasing Mn concentration at SrTi; (Mn,O3
cubical perovskites (squares) and the lattice parameters data from ab-initio simulations with GGA, resp. GGA+U functional (triangles,
resp. rhombuses). Right: dependence of the SrTiO; bulk modulus on the different fitted percentage range of the volume (lattice parame-
ter) of the unit cell at Birch-Murnaghan equation of state. The straight line indicates the experimental value [2].
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Perovskite oxides with chemical formula ABO; have many
unique applications in modern matter science such as su-
perconductivity, magnetoresistance or ferroelectricity.
Compounds studied in this research are LaFeO;/SrTiO;
(LFO/STO). LFO is an insulator and in bulk form has no
macroscopic magnetoelectric coupling or control of mag-
netism by electric field. In combination with semiconduct-
ing STO is created polar-nonpolar interface which makes it
possible to achieve the above mentioned properties [1, 2].

The aim of this research is measuring the thickness of
thin layers, roughness of interfaces and density of these
compounds with method X-ray structural analysis, namely
x-ray reflectivity and coplanar diffraction were used. The
samples were prepared using pulsed laser deposition
(PLD) technique in oxygen atmosphere at high temperature
of approximately 700 °C and using compound polycrystal-
line targets.

The layer thickness 7 can be determined from the angu-
lar position of the daughter’s maximum on the reflection
curve. These maxima are caused by the interference of
waves reflected from the upper and lower layers. The
roughness of the interface o is largely influenced by the
slope of the reflection curve. The density p is determined
by the critical angle 6, [3].

The goal of the experiment is to measure the reflected
intensity of the X-ray beam in dependence on the reflection
angle 6 and its comparison with numerical simulation. This
simulation allows to obtain all mentioned parameters of
sample. In Fig. 1 is reflection curve, where is easy to recog-
nise equidistant thickness oscillations. We have deter-
mined the thickness of the film as 11 nm and roughness of
0.6 nm.

Another part of this research is observation of reflected
X-ray radiation from multilayers STO/LFO/STO. Here are
discussed two different approaches. First of them is consid-
ering of each single atomic plane in stack. These samples
were prepared using pulsed laser deposition (PLD) method
by first depositing several atomic planes of the same mate-
rial on top of each other, and subsequently applying the
atomic planes of the other compound (complex model in
Fig. 2). This process was subsequently repeated. The sec-
ond approach neglect this manufacturing process and con-
sider only one layer of each material with appropriate
repetition. In Fig. 2 is superlattice with (3+3) x 4
monolayers. The data were fitted within the second ap-
proach with a model of 4 periods, each consisting of STO
layer with thickness of 1.2 nm and LFO layer with thick-
ness of 0.37 nm. The roughness of interface comes out as
0.46 nm for STO layer and 0.03 for LFO layer. If we sum
the layer thickness of the individual layers in the complex
model, we get similar results.
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Figure 1. Example of measured reflectivity curve fitted by the
simulation. The thickness can be determined from the frequency
of'the oscillations. This sample is a single layer of LaFeO3/SrTiO;
with thickness of 11 nm.
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Figure 2. Reflection curve of superlattice STO/LFO/STO with
(3+3) x 4 monolayers with two different simulations. In this case
occurs extinction of maxima.

A total of about 12 samples with different thicknesses
and number of periods were measured. All parameters
were also determined for all. Finally, we have used method
called reciprocal space mapping (RSM). This measurement
has confirmed that all these samples are pseudomorphic.
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Nanoparticles belong to modern, progressive materials
with wide application potential. Its interesting properties
come from the high surface to volume ratio and often differ
from the properties of bulk or coarse-grained materials
with the same chemical composition. Nanoparticles cata-
lytic, magnetic, electric or optical properties are just exam-
ples. In this study we investigated niobium nanoparticles
prepared by magnetron sputtering in combination with gas
aggregation cluster source operated in DC mode in argon
atmosphere.

Studied nanoparticles deposited on silicon substrates
were characterized by combination of X-ray scattering and
diffraction methods and transmission and scanning elec-
tron microscopies with energy-dispersive X-ray spectros-
copy. These analytical methods provide the information
about the nanoparticles sizes, shapes, their distributions,
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Figure 1. The SAXS patterns measured during annealing of
nanoparticles from 50 °C to 750 °C, at ambient air atmosphere.
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chemical composition and the real atomic structure. In or-
der to determine the thermal evolution of nanoparticles
microstructure, the in situ high temperature XRD measure-
ment was done in ambient air atmosphere up to 800 °C.
Measured SAXS data for temperatures in range between
50° C — 800 °C are shown in Figure 1. Two main transition
are observed and described.

Thin oxygen layer is present on the surface of as pre-
pared niobium nanoparticles, which acts as a protection
barrier against further corrosion. The thickness of this
amorphous oxide layer, as determined by fitting the SAXS
patterns, is about 0.9 nm. The nanoparticle core is formed
by pure niobium bcc phase and its mean radius is 11 nm.
With increasing temperature, the growth of the oxide shell
layer at the expense of the size of nanoparticle metallic core
occurs. Slightly above 200 °C the nanoparticles are fully
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Figure 2. Temperature dependence of nanoparticle sizes, two dif-
ferent models were used to fit the measured data: core@shell
model up to 200 °C, above 200 °C spheres model.
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