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Hexagonal LuFeO; (h-LuFeOs3) is a multiferroic material
that belongs to hexagonal ferrites. Magnetoelectric cou-
pling at room temperature was theoretically predicted in
this material. These properties make h-LuFeO; very inter-
esting for potential use in spintronics [1, 2].

We investigated the real structure of the thin epitaxial
layers of #-LuFeOs; by means of X-ray diffraction (recipro-
cal space mapping) and X-ray reflectivity. Three samples
of h-LuFeO; with (001) surface orientation were investi-
gated. The first epitaxial layer was deposited on a sapphire
substrate (001), the second layer was deposited on a plati-
num interlayer (111) on a sapphire substrate (001), and the
third layer was deposited on an yttria-stabilized zirconia
substrate (111). Despite the high mismatch between sub-
strates and layer (up to 6.8 % for the s-LuFeO;-platinum
interface), epitaxial growth was achieved in all samples.
The layer thickness determined from the X-ray reflectivity
was (339+1) A, (370+3) A, and (370+1) A, respectively.

Two symmetrical and two asymmetrical reciprocal
space maps were measured for each layer (including the
platinum interlayer). From the positions of the reciprocal
lattice points, we determined that all layers were relaxed.
All four reciprocal space maps belonging to one layer were
simultaneously fitted using a model of X-ray scattering on
mosaic layers [3]. This model assumes that the layer is
composed of mosaic blocks in the shape of a rotational el-
lipsoid. These blocks are mutually slightly rotated, i.e.,
there is a small random tilt of the (001) planes. The layer is
thus described by the following parameters: thickness, lat-
eral and vertical average size of blocks, distribution width
of block size, root mean square misorientation, vertical and
lateral microstrain.

The reciprocal space maps of #-LuFeOj; layer deposited
directly on the sapphire substrate show two overlapping
peaks. The more intense maxima correspond to almost

spherical blocks with horizontal semi axis Ry = (170+10) A
and vertical semi axis Ry = (170£10) A with misorientation
A = (1.5£0.1)° and the less intense maxima correspond to
blocks with Ry = (100+£20) A and Ry = (170£15) A with
misorientation A = (1.7+0.1)° and slightly smaller out of
plane lattice parameter.

The platinum interlayer helps to improve the crystalline
quality of the A-LuFeO; layer. The size of the mosaic
blocks in the layer deposited on the platinum interlayer is
Ry =(125+7) A and Ry=(115.8+0.1) A and misorientation
of mosaic bocks is A = (0.10+0.02)°. The platinum
interlayer is composed of a wetting layer with low
mosaicity and hills with mosaic blocks of size R =
(200+15) A and Ry = (200£15) A and misorientation A =
(0.25+0.03)° growing from this wetting layer.

In the last sample deposited on yttria-stabilized zirco-
nia, we detected medium sized mosaic blocks R;=
(183.6+6.6) A and Ry = (182.6+1.8) A with medium
misorientation A = (0.31+0.02)°. The microstrain was
highest in the sample deposited directly on a sapphire sub-
strate and lowest in the sample deposited on an yttria-stabi-
lized zirconia substrate.
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Cilem tohoto pfispévku je popsat prednostni orientaci
laserem navatené nastrojové ocele AISIH13. Byl vytvoren
navar z péti vrstev, na jeho ptvodnim povrchu byla
nasledn¢ charakterizovana pfednostni orientace a ta byla
porovnana s vysledky konvenéné zpracované ocele.

Nastrojova ocel AISI H13 pro praci za tepla je jednim
z béznych materiald pouzivanych v primyslu pro vyrobu
forem, zapustek nebo ozubenych kol. Formy béhem své
zivotnosti trpi silnym poskozenim v dusledku termo-
dynamického namahani [1]. Proto byly vyvinuty rizné
zpusoby jejich oprav, které jsou levnéjsi nez vyroba
novych forem. Velkou vyhodou laserového navafovani je
vysoka produktivita s minimalnim ovlivnénim zakladniho
materidlu diky nizkému vnesenému teplu. Vnesené teplo
zpusobuje deformace nebo zhorseni vlastnosti materialu v
disledku  popousténi. Laserové navafovani proto
umoznuje opravy forem bez dalsiho tepelného zpracovani
[2]. Pii navafovani dochazi k rychlému smérovému
tuhnuti, které ma za nasledek vyraznou piednostni
orientaci, coZz muize vyznamné ovlivnit mechanické
vlastnosti nové vytvofeného materialu. Proto je dualezité
sledovat a porozumét t€émto zménam, nasledné lze tyto
znalosti pouzit k navrhu postupu pro depozici vétSich
objemd.
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Laserové navafovani bylo provadéno pomoci
vlaknového laseru /PG 3kW Yt:YAG. Laserovym svazkem
o hustoté energie 90 J/mm® byl zhotoven navar s péti
vrstvami. Kazda vrstva byla vytvofena ze Sesti, nebo sedmi
ptekryvajicich se housenek na substratu z nastrojové oceli
AISI H11. Byl pouzit prasek s primérnou velikosti ¢astic
94 + 24 um.

Za Ucelem popsani pfednostni orientace byly ziskany
polové obrazce linii {200}, {211} a {220} faze o-Fe na
pristroji X’Pert PRO MPD v klasické Braggové—
Brentanové konfiguraci s kobaltovym zafenim a kiizovymi
clonami 0,5 x 1 mm’ Program MATLAB™ toolbox
MTEX [3] byl pouzit pro vypocet orientacné distribucni
funkce a vykresleni inverznich pélovych obrazcti (IPO).
Efektivni hloubka vnikdni odpovidajici tlous ce
povrchové vrstvy, kterd poskytuje piiblizné 63 %
difraktované intenzity, je v ptipadé pouzité vinové délky ca
5 pm.

Na zakladé TPO, viz obrazek 1 a 2, je mozné konsta-
tovat, ze obrazce jak navarené, tak konven¢né€ zpracované
oceli se pro jednotlivé sméry od sebe kvalitativné nelisi. Ve
sméru L, tedy ve sméru navafovani, pfevlada krystalo-
graficky smér [100]. Ve sméru T, kolmo na navafovani, lze
pozorovat dvé maxima a to ve sméru [100] a[110]. Naopak
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Obrazek 1. IPO laserem navafené ocele, kdy smér L je rovnobézny se smérem navarovani, smér T je kolmy a smér N je normalou

povrchu.
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Obrazek 2. [PO konvenéné zpracované ocele, kdy smér L je rovnobézny se smérem navatrovani, smér T je kolmy a smér N je

normalou povrchu.
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ve sméru normaly k povrchu jsou maxima ve sméru [100]
a [111]. Pro laserové navatenou ocel 1ze ve vSech smérech
pozorovat vyssi hodnoty nasobku nahodné distribuce. Tato
zavislost je velice zajimava, jelikoz texturni data
konvencné zpracované ocele byla ziskana na plose, kde
nasledn¢ probéhlo laserové navarovani. Na zakladé téchto
vysledkti by tedy bylo mozné vyslovit hypotézu, ze
pfednostni orientace substratu ovliviiluje prednostni
orientaci navafené vrstvy tim, ze dochdzi k nukleaci
novych zrn na hranici natavené zony substratu a jejich
dalsimu smérovému rustu. Tuto problematiku je potfeba
detailnéji prozkoumat a zhodnotit, zda se nejedna pouze o
nahodu.

Laserové navarovani nastrojové oceli H13 vykazuje
velky aplikacni potencial. Ukéazalo se, ze prednostni
orientace navaiené oceli vykazuje podobny typ jako
konvenéné zpracovana ocel. Zkoumana problematika,
a predevsim interpretace podobnych ziskanych vysledka

SL9

vSak dosud nebyly piesné popsany. K doplnéni poznani
v této oblasti bude nezbytny dalsi vyzkum.
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CHALLENGING MARTENSITES IN Ni-Mn-Ga-BASED ALLOYS: CAN MINOR
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The structure of martensites of Ni-Mn-Ga-based magnetic
shape memory (MSM) alloys represents a unique crystal-
lography challenge. Not only do these alloys possess com-
plex and practically inevitable twined microstructure (for
some compositions even close to merohedral twins), but
they also feature a structural modulation that evolves with
temperature. Some of our new single-crystal studies even
indicate that we might be dealing with twinned composite
crystals, i.e., there is more than one ordering. To make
things even more complicated, SEM and HRTEM indicate
the presence of nanotwinning (at least close to the a/c twin
boundaries) [1-3]. Despite the challenging nature of our
martensites, all the said phenomena seem to be precursors
for the extremely high mobility of the twin boundaries
(very unusual property itself) which are essential for the
magnetically induced reorientation of the martensite
(MIR).

Aiming to solve one of the most difficult topics in the
field — the commensurate or incommensurate question, we
focused on the evolution of the 10M modulated martensite
with temperature. We used a simple modulation approach
to describe the detected changes in modulation satellites.
We found a universal rule that seems to be valid for a wider
range of Ni-Mn-Ga-based alloys. Our studies indicate a
commensurate 10M modulated structure in the vicinity of
the austenite phase. Upon cooling, the modulation evolves
into incommensurate and continues to evolve until it at-

-—14M 10M A—

0.430 -

- 37

= = XRD
04251 | il

4 NDD10
0420 - ‘\"\\
oy . incgmme
0.415 S R _”S.Urare .
o ."A\.’\ --‘..,-“_‘.77.__7.
u ‘.

EEIR) l'll'ti INITIAL 4 l
04051 | _ _

4=48,, \ a :
0.400 32 B3—2/5

commensurate, | |

220 240 260 280 300 320 340
Temperature [K]

Figure 1. Evolution of the magnitude ¢ of the modulation vector
q with temperature within 10M modulated martensite of the
NisoMny;Gay,Fe, alloy. Data from the conventional XRD and two
ND experiments in ILL Grenoble (D9 and D10 instruments).
Transformation temperatures are represented by vertical lines and
phases are marked: A — austenite, 10M — five-layered modulated
martensite, 14M — seven-layered modulated martensite. The
commensurate metastable states are schematically marked by red
vertical lines. Adapted from [4].
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Figure 2. Deviation from linear dependency of electrical resistivity
with temperature within 10M modulated martensite of the
NisoMny;Gay,Fey alloy. Measured resistivity curve within the stud-

ied region of the 10M martensite phase is presented in the inset [4].

tains yet another commensurate metastable state followed
by the intermartensitic transformation to 14M modulated
martensite [4]. Observed changes in modulation exhibit a
thermal hysteresis, Fig. 1. Interestingly, these minor
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changes in modulation can be corelated with the changes of
physical properties, such as electrical resistivity, Fig. 2,
and elastic moduli.
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Xenobiotics in the environment include a wide variety of
compounds, e.g. pesticides, drugs, textile dyes, personal
care products, stabilisers, and many others. Among
xenobiotics, pharmaceuticals have recently acquired in-
creasing attention [1, 2]. Pharmacological products enter
natural waters mainly via wastewater either from manufac-
turing facilities or from municipal wastewater (excretion of
unmetabolised drugs, disposal of unused drugs). The con-
tamination of natural aquatic systems results in adverse
negative effects on aquatic organisms.

In surface waters, physical, chemical, and biological
processes contribute to the transformations of polluting
substances. Photoinitiated processes may represent impor-
tant degradation pathways in surface waters for com-
pounds resistant to both biological degradation and
chemical reactions such as hydrolysis [3]. Photochemical
degradation may lead to a decrease in contaminant concen-
tration, and, in some cases, generate photoproducts with
even higher harmful effects than that of the parent com-
pound [4].

Ecotoxicology represents a framework enabling to test
a given compound and to reveal or at least estimate its po-
tential harmful effect. This study is focused on aquatic or-
ganisms. In autotrophs, algae Chlorella sp. and
Desmodesmus sp. are often used due to their simple labora-
tory maintenance [5, 6]. The flagship of heterotrophs toxic-
ity testing in surface water is the planktonic
microcrustacean Daphnia magna [7]. It has several charac-
teristics that in toxicological tests, especially those targeted
at acute toxicity estimation — it can be relatively easily
maintained in the laboratory and, when under suitable con-
ditions, D. magna reproduces parthenogenetically. A com-
mon model of vertebrates in ecotoxicology is the zebrafish
Danio rerio. Although the extrapolation of the obtained re-
sults to higher vertebrates is not straightforward and should
be done with care, the response of fish to xenobiotics is a
significant indicator of how a particular compound (or
products of its photodegradation) affect fish assemblages
in surface waters.
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