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In the manufacturing industry, a common experience for
designers and engineers is that the complex geometries and
designs that they conceive cannot be realized in practice
due to limitations in the manufacturing techniques at their
disposal. Additive manufacturing (AM) or 3D printing is a
group of novel techniques that can overcome the design
constraints of conventional methods [1]. Among metal AM
techniques, laser powder-bed fusion (LPBF) is the most
widely used method [2]. In LPBF, a laser is used to selec-
tively melt areas of a powder-bed according to a digital
model.

Besides the advantages of LPBF for the creation of
complex designs, its distinctive solidification conditions
(high cooling rates and thermal gradients) [3] offer unique
possibilities for the development of materials with tailored

microstructures and properties. This can be exploited, for
instance, to produce non-equilibrium phases, such as amor-
phous metals [4], to tailor the preferential orientation of
grains [5] (also known as texture) and even to produce
complex microstructures that resemble ancient Damascus
steel [6]. Texture and microstructure control is especially
relevant, as they can be used as additional design tools, ca-
pable of tuning and enhancing material properties and per-
formance for various uses.

In recent years tremendous progress has been made in
understanding the microstructure and texture formation
mechanism that takes place in LPBF [7,6]. Although the la-
ser path and heat transfer have been shown to play a central
role, the local microstructural variations that could be pro-
duced by some commonly used laser-scan strategies, such
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Figure 1. a) Basic setup and components of the LPBF process. b) The three laser scan strategies used for the production of the 316L
stainless steel samples and their mechanical properties. ¢) The principle of diffraction contrast neutron imaging. Transmission spectra
are shown for face-centred 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.
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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 me-
chanical and functional properties of a material, the topic
has been largely overlooked. Understanding the effect of
the scan strategy on the local microstructure and texture de-
velopment is especially relevant to produce intricate com-
ponents, 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
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 the
analysis of the results provides a comprehensive interpreta-
tion of the imaging data, which elucidates the relation be-
tween the laser movement and the local texture and
microstructure evolution during the LPBF process.
Moreover, by in-situ tensile testing, the study revealed that
the local alterations have a notable effect on the failure
mechanism.

Neutron pole figures were measured on the MEREDIT
instrument at the Nuclear Physics Institute, Czech Repub-
lic. The texture was evaluated as an average from the sam-
ple volume of 10 x 10 x 10 mm’. An Euler goniometer
allowed the rotation of the samples around the ¢ (0 - 360°)
and y (0 - 90°) angles, with a step size of 5°. The variation
of the diffracted intensities as a function of different orien-
tations was obtained for four reflections, namely (311),
(220), (200) and (111).
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The diffraction contrast neutron imaging measurements
were conducted at the CONRAD-2 beamline in
Helmholtz-Zentrum Berlin (HZB). For the main line of in-
vestigation, three distinct wavelengths were selected
(namely A =2.58,3.34 and 3.8 A) in order to investigate the
lattice plane families corresponding to (220), (200) and
(111), respectively.
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ABNORMAL CRYSTALLITE GRAINS IN TWINED ScN/MgO THIN FILMS
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Rock-salt-structured scandium nitride thin films are of high
interest in material science due to their physical properties
such as high melting point and high electron mobility [1-3].
It has been demonstrated that the presence of defects and
impurities affects thermoelectric properties [4]. Planar de-
fects, such as twins, have been reported for ScN thin films
grown with different orientations. While the (111) oriented
films have been thoroughly studied [5,6], the (001) and
(001)+(111) bi-oriented cases still lack comprehensive re-
search. Furthermore, larger defects, such as abnormally
oriented grains (AOGs), were widely analyzed for the ter-
nary Sc,Al N fims [7-10], but their presence in pure ScN
films has not been fully studied yet.

In this work, we fill the gap and present the study of the
AOGs in (001) and (111)+(001) bi-oriented twinned ScN
films deposited on MgO (001) substrates by DC reactive
magnetron sputtering. Transmission electron microscopy
(TEM) measurements confirmed the presence of twin
lamellas of several nanometers (3-6 nm) thickness and also
revealed that some of the AOGs are growing from the twins
present in the films. In addition, energy-dispersive X-ray

spectroscopy (EDX) measurements indicated increased
concentration of oxygen around these AOGs, which is of
great importance since the presence of oxygen defects af-
fects the ScN films properties [11].
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Figure 1.: TEM measurements for the (001) oriented ScN film. a) Bright field image showing the abnormal oriented
grains (AOGs) and lamella twins; b) ASTAR-TEM orientation map; ¢) EDX performed around one AOG.
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CZ.02.1.01/0.0/0.0/16_019/0000760. Authors acknowl-
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UNORTHODOX DETERMINATION OF THE MODULATION FUNCTION IN
10M MODULATED MARTENSITE OF Ni-Mn-Ga(-Fe)

P. Vertat, L. Straka, O. Heczko
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The structure of low-symmetry phases (martensites) of
Ni-Mn-Ga-based magnetic shape memory (MSM) alloys
still represents a unique crystallography challenge. Not
only do these alloys possess complex and practically inevi-
table twined microstructure [1,2], but they also feature still
not fully understood structural modulation [3]. The modu-
lated nature of the Ni-Mn-Ga-based alloys is not only of ac-
ademic interest as the presence of modulation seems to be
strongly connected with extreme mobility of twin bound-
aries and thus magnetically induced reorientation of
martensite (resulting in giant magnetic field induced
strain).

We recently showed that the modulation within the
10M martensite phase continuously evolves from com-
mensurate to incommensurate [3]. Still, the not-very-com-
mon presence of high-intensity high-order satellites (up to
the 6™ order), Figure 1, remained puzzling.

We continued our previous studies by analysis of the
structural modulation based on the comparison of our
high-resolution XRD and ND data with simulations em-
ploying DISCUS [4]. Our results indicate a strongly anhar-
monic character of the modulation function and reveal its
direct interaction with the twinned microstructure, particu-
larly with the a/b twins.

(400)

log intensity [a.u.]

Figure 1. Representative g-scan in the (110)* direction. High-in-
tensity satellites of up to the 6™ order are marked s1..s6. For clar-
ity, satellites belonging to the (400), (620), (2-20), and (840)
reflections are marked red, blue, violet, and green, respectively.
Peaks marked with grey asterisks originate from the sample
holder. Adapted from [3].
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VYUZITi RTG TOMOGRAFIE A 3D ZOBRAZOVANI

J. Drahokoupil

Fyzikalni ustav, Akademie véd Ceské Republiky, Na Slovance 2, 182 21 Praha 8, Ceska Republika
draho@fzu.cz

Rentgenova tomografie umoziiuje nahlizet do vnitini
struktury objekti bez jejich poruseni. Prezentace bude
takovym prehledem zajimavych méfeni provedenych
v minulém roce na rentgenovém tomografu Xradia 610
Versa od firmy ZEISS.

Tento systém umoziuje studovat vzorky od absorpcné
slabych organickych materiald po vzorku kovl o
tlous kach nékolika mm. V piipadé€, ze jednotlivé faze
vzorku maji rozdilnou hustotu, jde provadét i obdobu

fazové analyzy znamé z rtg difrakce. Pres zfejmé
komplikace pfifazeni intenzity z€ernani jednotlivym fazim
je jasnou vyhodou moznost provadét analyzu i na
hrubozrnnych, texturovanych ¢i dokonce nekrystalickych
vzorcich. Experiment je vhodné doplnit o dal$i méfeni,
kterad pomohou s ptifazenim intenzity zCernani jednotlivym
fazim jako napf. rentgenova fluorescence ¢i piimo rtg
difrakce.

Obrazek. 1. Fotografie a segmentace fezu “kamene z vitavy” z 3D obrazu ziskané¢ho pomoci rtg tomografie, v levém vytezu je
rozlozeni kiemiku ziskaného mapovanim metdou XRF na povrchu prostiedniho kousku vzorku.
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Obrazek 2. Vysusena larva cizopasnika na kuli¢ce polystyrénu a jeji fez ziskany pomoci rtg tomografie.

Naobr. 1 je ,.kamen z Vitavy*, kde bylo méfeni pomoci
rtg tomografie doplnéno o méteni rentgenové fluorescence
(XRF) a rentgenové difrakce. Kromé kovovych materialt
jsme se zabyvali i studiem larev a cyst parazitti ovci. Na
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obr. 2 je fez a fotografie této larvy. AC je principidlné
mozné studovat tyto organizmy v kapalném prostiedi,
vyrazné vétsiho kontrastu bylo dosazeno po jejich
vysuseni.

MICROSTRUCTURE OF STRUCTURED GaN LAYERS STUDIED BY SYNCHROTRON
RADIATION

Petr Cejpek1, DavidzRafaja1, Christian Sch;mpf1, Awais Qadi4r1, Maik F6rste2, C.4R6der3,
OIf Patzold”, Alexandros Charitos”, Martin Tolkiehn”, Leila Noohinejad

'Institute of Materials Science, TU Bergakademie Freiberg, Gustav-Zeuner-Str. 5, 09599 Freiberg, Germany

?Institute of Nonferrous Metallurgy and Purest Materials, TU Bergakademie Freiberg, Leipziger Straf3e 34,
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3Institute of Applied Physics, TU Bergakademie Freiberg, 09599 Freiberg, Leipziger Strae 23, Germany
*PETRA llI: P24 beamline, DESY Synchrotron, Notkestrae 85, 22607 Hamburg, Germany

GaN is one of the most widely used I1I/V semiconductor in
optoelectronic applications. Single crystals of GaN are
usually grown as the thick layers on foreign substrates.
However, these substrates have typically different lattice
parameters and this lattice misfit leads to the creation of
microstructure defects, mostly threading dislocations
(TDs). For (001) sapphire substrate (Al,O;), the in-plane
misfit between GaN layer and substrate is almost 15 %.
High-temperature vapor phase epitaxy (HTVPE) is a
very suitable deposition technique for production of spe-
cific microstructure features, which interact with TDs and
can lead to their bunching and annihilation [1]. The most
promising way to reduce the TD density was to produce a
multilayer structure starting with GaN which was then cov-
ered by another structured GaN layer and overgrown by a
GaN top layer [2]. The microstructure and morphology of
individual layers is controlled mainly by the temperature of
the gallium melt, by the temperature of substrate and by
growth rate. By this procedure, the density of micro-
structure defects in the very top GaN layer should be low.
To probe the depth dependence of dislocation density,
residual stresses and lattice parameters, the synchrotron

X-ray diffraction reciprocal space mapping in reflection
mode was performed on various samples prepared by the
abovementioned procedure. The idea of the experiment
was to use three different wavelengths of the primary beam
to modify the absorption coefficient and thus to probe dif-
ferent depths of the samples. The change of the lattice pa-
rameters effects the position diffraction peaks in reciprocal
space and the dislocation density influences the line broad-
ening. Moreover, the influence of threading and screw dis-
location is distinguishable, since their effect on the line
broadening is different with respect to the corresponding
Burgers vector and position of the peak in reciprocal space.
The synchrotron experiment was performed at PETRA II1:
P24 beamline in Hamburg, Germany.

1. M. Barchuk, M. Motylenko, T. Schneider, M. Forste, C.
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RENTGENOVA DIFRAKCNI CHARAKTE’RVIZA(’:E MATERIALU PO NEUTRONOVEM
OZARENI
O. Nechypor, C. Aparicio, V. Rosnecky

Centrum vyzkumu ReZ, Hlavni 130, 250 68 Husinec Rez
oksana.nechypor@cvrez.cz

Intenzivni zafeni a vysoka teplota maji velky vliv na
normalni funkci a Zivotnost materiald pouzivanych v
jadernych zafizenich. K pochopeni vlivu zafeni na
vlastnosti materiali a k identifikaci jejich poskozeni Ize
pouzit metodu analyzy rentgenové difrakce (XRD). Pro
XRD analyzu radioaktivnich materialti se méfeni provadé;ji
v transmisnim rezimu s vyuZzitim automatického podavace
vzorkli a uzavienych jednorazovych plastovych drzaki.
Tento zpiisob méfeni je cenové dostupny a pomérné
rychly. Pro méfeni v transmisnim rezimu potiebujeme
malé mnozstvi analyzovaného materialu a tim se vyrazné
snizuje davka ozafeni personalt pii manipulaci s
radioaktivnimi materialy [1].

Priprava vzorkll pro XRD méfeni se provadi metodou
nakapavani lihové suspenze praskového materidlu do
uzavfenych jednorazovych plastovych drzaka [1], které
zabranuji nezadouci kontaminaci v disledku tniku prasku
[2, 3]. Veskeré manipulace s radioaktivnimi materialy a
nasledn¢ jejich mleti provadi se uvnitf hermeticky
uzavieného stinéného rukavicového boxu pod podtlakem
[4].

Prace je zaméfend na vyzkumu vlivu neutronového
ozafeni na piirodni materialy. Na obrazku jsou difrakto-
gramy granitu pied a po orazeni pii nizké davce
(neutronova fluence 8.22x10" n/cm?). Vliv radiace na
materialy neni stejny. Nejvic viditelna zména je ve fazi

kfemiku. Posun piku kiemiku smérem do nizSich uhlu
naznacuje o zvétSeni rozméru zakladni bunky.

Tato prace ukazuje ze po vlivu radiace na horniny
dochazi ke zménam miizkovych parametri zakladni bunky
a taky zpozorovana degradace krystalické struktury do
amorfni hlavné ve fazi kiemenu. Takové zmény by mohly
zpUsobit zménu mechanickych vlastnosti materidlu zej-
ména jeho kiehkosti a tvrdosti.

1. Sprouster, D. J., Weidner, R., Ghose, S. K., Dooryhee, E.,
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G. R. & Ecker, L. E. (2018). Nucl. Instrum. Methods Phys.
Res. A 880, 40.

Tato prace byla provedena se statni podporou Technolo-
gické agentury CR v ramci Programu TREND v ramci
projektu ¢. FW01010115.
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Obrizek 1. Difraktogramy granitu pied a po oraZeni pi nizké davce s neutronovou fluenci 8.22x10'® n/cm?.
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INKLUZE MINERALU V AUSTRALSKO-ASIJSKYCH TEKTITECH TYPU MUONG
NONG Z LAOSU

R. Skala', 8. Kfizova', M. Klementova?, L. Palatinus?®

"Geologicky ustav AVCR, v. v. i., Rozvojové 269, 16500 Praha 6 — Lysolaje
2Fyzikalni ustav AVCR, v. v., i., Na Slovance 2, 18200 Praha 8
skala@gli.cas.cz

Tektity (z feckého tnitoc = taveny) jsou piirodni skla
vyskytujici se v relativné plosné rozsahlych geograficky
vymezenych oblastech, tzv. padovych polich. Aktualné je
v literatufe [ 1] uvadéno 5 takovych padovych poli, pficemz
jejich stafi se pohybuje mezi 35 miliény a 780 tisici let.
Panuje obecnd shoda, Zze tato skla jsou produktem
hypervelocitnich dopadu extraterestrickych téles do
pozemskych sedimentarnich nebo zvétralinovych povr-
chovych sekvenci [2,3]. Podle vnéj$iho vzhledu a vnitini
stavby se tektity tradicné déli na tzv. tvarované (angl.
splashform), ablatované (angl. ablated/aecrodynamically
shaped) a tektity typu Muong Nong (n¢kdy oznacované
rovnéz jako vrstevnaté, nize zkraceno jako MNT). Nazev
posledniho typu je odvozen od jména méstecka Muong
Nong (n¢kdy uvadéno jako Muang Nong) v provincii
Savannakhet v jiznim Laosu, pfiblizné 15 km zap. od
hranice s Vietnamem, odkud byly tyto tektity poprvé
popsany [4]. Tektity s velikosti do cca 2 mm v priméru se
oznacuji jako mikrotektity a obyCejné jde o tektity
tvarované. Kromé jejich charakteristického vyskytu
v padovych polich jsou dal§imi vyraznymi znaky tektitl
napt. vysoky obsah SiO, (s vyjimkou nékterych
mikrotektitd obycejné nad 70 hm.%), absence nebo jen
extrémné nizky obsah krystalickych fazi, nizky obsah
meteoritové komponenty, obsah vody maximalné v nizsich
stovkach ppm, a pfitomnost Castic kiemenného skla —
lechatelieritu.

V prubéhu chemického a strukturné-texturniho studia
MNT pochazejicich z lokality cca 10 km sev. od mésta
Muong Nong provadéného pomoci optické mikroskopie,
SEM, EPMA a Ramanovy spektrometrie byly ve sklovitém
materialu nalezeny (1) drobné, do cca 10 um v priméru
velké, globularni utvary dominantné slozené ze sulfidu Fe,
Ni a Cu; (2) nepravidelné omezené do cca 500 x 300 um
velké, silné napénéné domény slozené z hmot SiO,:
nizkého kiemene, coesitu (vysokotlaky polymorf) a kiemi-
c¢iteho skla — lechatelieritu a (3) nepravidelna granularni
zrna budovana zirkonem a ZrO, (Obr. 1). Sulfidické
inkluze jsou pfitom dvou typt: (A) s doménami Fe- a
(Fe,Ni)-sulfidi a nepravidelnym okrajem lemovanym
silikatem Mg a Fe, stechiometrii odpovidajicim mineralu
ze skupiny pyroxenti a (B) s drobnymi ,,cerviky* sulfidu Fe
a Ni v zékladni hmot¢ tvofené FeS.

Z inkluzi byly nasledné technikou SEM-FIB pfipra-
veny tenké lamely, které byly studovany metodami trans-
misni elektronové mikroskopie (TEM: TEM s vysokym
rozlisenim (HRTEM), elektronovou difrakci (SAED a 3D
ED) pro urCeni struktury, mapovanim fazi a jejich
krystalografické orientace pomoci ED(ACOM) a

Obr. 1. Inkluze slozené pievazné ze sulfidi Fe a Ni (a,b), zirkonu
(c), a hmot SiO, (d) ve zpétn¢ odrazenych elektronech.

energiové disperzni spektroskopii (EDS) pro zjisténi
prvkového slozeni.

Sulfidické inkluze typu (A) maji komplexni
mineralogii. Jako hlavni konstituenty byly identifikovany
pentlandit a pyrrhotin. Pyrrhotin byl nalezen jako 4C
polytyp. Pro tento typ inkluzi je typicky lem minerdlu ze
skupiny pyroxenti o tlou§ ce 100-150 nm. Empiricky
vzorec faze odpovida Mz(Mgo,97Ca0,03Feo,01)

M1(F60‘93A10’05Ml’loq02)T(810‘96A10‘04)2O6. Strukturné se
podafilo v ruznych oblastech lemu wurcit fazi jak
monoklinickou (P2,/c) tak ortorombickou (Phca). Jde tak
o vysoce zeleznaty klinoenstatit resp. enstatit. Mezi lemem
a sulfidickou fazi inkluze byva pfitomna rovnéz vrstva
chalkopyritu do cca 100 nm silna a vzacn¢ domény hercy-
nitu (Obr. 2). DalSim ze spinelidli je magnetit v podobé
domén o velikosti do 500 nm uzavienych v pentlanditu.
Hercynit obsahuje navic nizké koncentrace Ti, Cr a Zn a
magnetit chromu.

Hlavni soucasti sulfidickych inkluzi typu (B) je
pyrrhotin. Dal$imi sulfidy zjiSténymi v téchto inkluzich
jsou pentlandit a chalkopyrit. Mimo sulfidickych minerala
je v inkluzich pfitomen rovnéz magnetit (Obr. 3). Ten je na
rozdil od inkluzi typu A Cisty a neobsahuje pifimési
zadnych dalsich prvku. Dale se v téchto inkluzich nachazi
také ryzi meéd.

Inkluze tvofené polymorfy SiO, a sklovitou fazi o
stejném slozeni jsou vyrazné vétsi nez inkluze sulfidické.
Byla v nich jednoznaéné potvrzena pritomnost kiemene,
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Obr. 2. Detail lemu sulfidické inkluze typu (A) budovany klinopyroxenem (Cen), chalkopyritem (Ccp) a hercynitem (Hc).
Sulfidicka faze odpovida pentlanditu (Pn). Fazova mapa (ACOM) a prvkové mapy (EDS).

Obr. 3. Koexistujici pyrrhotin (Pyh) a magnetit (Mag)
v sulfidické inkluzi typu (B).

coesitu a skelné faze. Krystalické faze se vyskytuji
v podobé¢ agregatu drobnéjsich zrn, kdy i v téchto jednotli-
vych zrnech existuji domény vykazujici vzajemné odliSnou
orientaci. V coesitu bylo zjisténo polysyntetické dvojcaténi
(Obr. 4).

V granularnich inkluzich zirkonu se vyskytuji domény
baddeleyitu o velikosti do cca 250 nm. Zatimco zirkon
v jednotlivych granulich se zd4 mit jednu krystalografic-
kou orientaci, domény m-ZrO, jsou slozeny z mensich
navzajem disorientovanych oblasti, z nichz n¢které dokon-
ce vykazuji polysyntetické dvojcaténi (Obr. 5). Jednotlivé
granule zirkonu bud navzijem pfiléhaji anebo jsou
oddéleny amorfni hmotou o sloZeni SiO,.

Obr. 4. Lamela zastihujici rozhrani mezi kiemenem a
oblasti obsahujici vedle kfemene (Qz) coesit (Coe) a
skelnou fazi. Fazovda mapa a mapy krystalografické
orientace v jednotlivych fazich (Qz a Coe).

Prezentovany vyzkum ptedstavuje viibec prvni detailni
strukturni studium sulfidickych inkluzi v tektitech #ypu
Muong Nong. V minulosti byly z australsko-asijskych
tvarovanych tektit z ostrova Luzon (Filipiny) a lokality
Dalat ve Vietnamu popsany tzv. ,.kovové sférule® [5,6].
Jednalo se o kulovité objekty fadove vétSich rozmérl nez
zde popisované inkluze (az 500 pm v pruméru). Jejich
slozeni bylo stanoveno pomoci EPMA a fazova
identifikace provedena praskovou rtg. difrakei. Fazové
slozeni zahrnovalo zelezo (a-Fe, ,.kamacit™), schreibersit a
troilit. S ohledem na tuto fazovou asociaci byly tyto sférule
jisty Cas povazovany za piime€s mimozemské hmoty
v tektitech a brany jako podpora pro jejich ptvod
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Obr. 5. Granularni inkluze slozena ze zrn zirkonu (Zrn) s drobnymi doménami bad-
deleyitu (Bdy), vykazujicimi lokalné polysyntetické dvojcaténi. FAzova mapa a mapy
krystalografické orientace v jednotlivych fazich (Bdy a Zrn).

v pribéhu impaktnich udalosti a nikoliv tfeba vulkanismu.
Nicméné identifikace troilitu je v tomto piipad¢ nejista
s ohledem na pouziti praSkové difrakce v kombinaci
s dostupnym celkovym mnozstvim vzorku a obsahem
sulfidu v ném, které ve vysledku vedlo k pozorovani pouze
4 difrak¢énich maxim odpovidajicich pfipadnému troilitu, a
mize se v podstaté jednat o jakykoliv polytyp Fe,.S.
Stejné tak ke zpochybnéni kosmického puvodu sféruli
popsanych v [5,6] vedl nizky obsah Ni v zeleze [7,8].
Pritomnost popisovanych sulfidickych inkluzi se také
nezda odpovidat pfimesi extraterestrické hmoty ve
studovanych tektitech, naopak poskytuje podporu pro
zahrnuti (ultra)bazickych magmatickych hornin nebo
jejich zvétralin do tektitové taveniny na zakladé jejich
podobnosti s inkluzemi sulfidii z pozemskych magmatic-
kych hornin [napf. 9,10].

Mikrostruktury pozorované zde v inkluzi zirkonu jsou
analogické materialu zdokumentovanému z trinititt (skel
vzniklych pii prvnim nukledarnim testu v Novém Mexiku
v r. 1945) [11]. Inkluze kifemene s coesitem a lechatelieri-
tem potom vykazuji zna¢nou podobnost s SiO,-bohatymi
vzorky z vrstvy podmoiskych sedimentll o stejném stafi
jako australsko-asijské tektity [12]. Na zakladé téchto
podobnosti je mozno odhadnout minimalni tlaky a teploty,
za nichz tektity vznikaly jako 30 GPa a 1500 °C.

Tento vyzkum byl realizovan v ramci projektu GACR
22-282498 a je soucasti vyzkumného planu RVO 67985831
Geologického tistavu AVCR. Priprava a charakterizace
vzorkit pomoci FIB-SEM a TEM byla podporena v ramci
projektu vyzkumné infrastruktury CzechNanoLab finan-
covanym MSMT CR (LM2023051).
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