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pseudooctahedral coordination of the Co(III) atom is com-
pleted by one phenolato O and one amidic N atom of the
same arm of the bridging o-van-en ligand. In addition, the
asymmetric units of both polymorphs contain two
acetonitrile solvate molecules. In polymorph 2, consistent
with the symmetry of the space group, the dinuclear {Co,}
units are arranged in an alternating ABABAB fashion, in
contrast to the AAA arrangement of the dinuclear units in
polymorph 1. As a consequence, both polymorphs differ in
the positions of the acetonitrile solvate molecules and in
the pattern of intermolecular interactions. Differences of
some geometrical parameters, e.g., torsion angles were ob-
served, t0o.

1. M. Andruh, Dalton Trans., 44, (2015), 16633-16653.

2. E.Burzuri, J. Campo, L. R. Falvello, E. Forcén-Vazquez,
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Scheme 1. Structural diagram of H,(o-van-en).

3. L. Smolko, J. Cernék, J. Kuchar, J. Miklovig, R. Boca,
J. Mol. Structure, 1119, (2016), 437-441.
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ELECTRON BACKSCATTER DIFFRACTION - EBSD
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The electron backscatter diffraction (EBSD) is the method
widely used in materials science, nowadays. In past twenty
years the instrumentation underwent extensive progress
and the EBSD became standard laboratory technique. Sig-
nificant progress in the instrumentation, the development
of modern high resolution scanning electron microscopes
and dual beam microscopes, as well as the fast EBSD de-
tectors still offers the new possibilities of application of
EBSD method for studying of various types of modern and
perspective materials.

The Kikuchi pattern formation in Transmission Elec-
tron Microscope (TEM) was first observed and explained
in 1928 by S. Kikuchi [1]. It was immediately found that
the Kikuchi pattern is a powerful tool for the crystal orien-
tation determination because “The Kikuchi diffraction pat-
tern is a projection of the geometry of the crystal lattice
from a volume of specimen in which this geometry is con-
stant, or nearly so (Kikuchi [1]).” In 1932 Meibon and
Rupp observed high angle Kikuchi patterns from “re-
flected” electrons. Venables and Harland observed elec-
tron backscatter patterns in the Scanning Electron
Microscope equipped with 30 mm diameter fluorescent im-
aging screen and television camera. This method allowed
examination of specimens and the measurement of crystal
orientation at high spatial resolution, which was signifi-
cantly improved by the use of field emission gun scanning
electron microscopes. The first on-line working (auto-
mated) EBSD systems were developed in 1980. In 1993 the
Orientation Imaging Microscopy (OIM) or orientation
mapping was established. The on-line orientation determi-
nation from the EBSD patterns is computationally time-

consuming task, however within the last decades the EBSD
technique underwent a great boom as a consequence of the
computers hardware improvements and progresses in the
scanning electron microscopes technique, as well.

The EBSD is surface sensitive method. Measured in-
formation come from the depth of several tenths of nm, de-
pending on the measured material atomic number (the
penetration depth of electrons decreases with increasing
atomic number). The spatial resolution of the EBSD de-
pends on the used electron microscope type (used electron
source). In the case of scanning electron microscope
equipped with field emission cathode it is in order of ~10
nm.

Two types of information are essentially held by the
electron backscatter patterns. First is the Kikuchi pattern
quality measure and the second is the orientation of irradi-
ated volume. The Kikuchi pattern quality information, can
be used for determination of the crystal “perfection”, esti-
mation of the crystal defects types and its densities because
the presence of the lattice defects in irradiated volume has
in general in consequence decrease of the Kikuchi pattern
“sharpness” (blurring of the Kikuchi pattern). However,
the Kikuchi pattern quality is strongly influenced by the
specimen surface preparation. The surface area is in most
cases of samples highly defective (from production or sam-
ple processing). The Kikuchi pattern from poorly prepared
specimen is therefore not sharp and this effect correlates
with influence of the lattice defects and imperfections.
Therefore, the determination of the lattice defects and
densities can be done only quasi-quantitatively.
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More interesting information about the investigated
specimen are provided by the orientation of each infinitesi-
mal measured sample volume which can be calculated
from respective Kikuchi pattern. From the orientation map
we can obtain information on the specimen morphology,
grains and sub-grains shapes and grain and sub-grain size
distributions. Measured orientation information allows us
to calculate the misorientation [2] between different mea-
sured points and to describe the properties and the charac-
ter of grain boundaries (GBs), to quantify fractions of
high/low angle grain boundaries, observe and investigate
occurrence of special grain boundaries (for instance CSL
grain boundaries).

Orientation information yields the details on the pre-
ferred orientation of crystallites, where we are not re-
stricted to the measurements of distribution of one (or
several) lattice planes in different direction in sample,
which is the case of texture measurements using the X-ray
diffraction, but we simply determine the distribution of all
possible crystal orientations in given direction in sample.

Measured orientation data can be used for calculation
of the orientation distribution function (ODF) or
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misorientation distribution function (MODF). In specimen
containing more phases, quantitative (volume averaged)
phase analysis can be done, and above described details
can be constructed for each individual phase present in
sample. Moreover, we can investigate mutual orientation
dependences between different phases in the specimen.
The possibilities and advantages of several different
program packages for measurement, data processing and
evaluation will be discussed in the talk. The particular
EBSD results will be demonstrated for various type of in-
vestigated materials — severally plastically deformed
(SPD) materials, hardmetals, cermets, ceramics, thin coat-
ings, single crystalline samples and epitaxial thin films.

This work was supported by the Grant Agency of the Czech
Republic under Grant No. 14-18392S.
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The analysis of rolled steel plates is significant part of the
metallographic analyses. Since the 1971 up to 2006 the tex-
tures have been analyzed only by methods of X-ray diffrac-
tion (XRD) using XRD device with texture goniometer.
Important knowledge extension about the textures oc-
curred with application of the diffraction methods of
back-scattered electrons EBSD. This method offers possi-
bility to analyze the sample not only from the texture point
of view, but also from the microstructure point of view

(grain size, high and low angle grain boundaries, grain
misorientation, twins).

Database, which includes cold and hot rolled sheets,
continual and batch annealed samples, double reduced
samples, was created by analyzing many samples (ca.
2000) of steel plates. From the material point of view these
are mainly samples of tinplates, dynamo sheets, automo-
tive sheets, deep-drawn, IF plates. Except of these materi-
als also plates from austenitic steels, plates with residual
austenite in TRIP steels were also analyzed.

Figure 1. IPF map of hot rolled non-oriented steel sheet.
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New microscope with EBSD camera with the speed
of nearly 1000 frames per second for the perfectly prepared
sample was purchased last year. The older camera reached
only 40 frames per second at the same quality of the mea-
surement. The advantage of the new system is also a possi-
bility of continual sample scanning (large area mapping).
Thanks to this property it is possible to measure samples
with big grains, ca. 300 microns. Samples with such struc-
ture are unable to be measured via classic XRD device, as
there is insufficient amount of grains for orientation distri-
bution function (ODF) calculations on the measured area.
These samples are only possible to be measured by neutron
radiation, as the sample volume and penetration of neutron
radiation is dimensionally in cm.

Powerful software for the processing of the mea-
sured EBSD data allows processing of large files of mea-
sured data ca. 5 millions, the ODF calculation, texture
fibers, inverse pole figure map, grain size distribution,
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misorientation, grain boundaries, twins etc. The main prob-
lem of this method is sample preparation. For common fer-
ritic steels the standard metallographic procedure is enough
— grinding, polishing on diamond paste and final polishing
in vibration polisher in colloid solution with nano particles
of ca. 40 — 50 nm size. Such procedure is however insuffi-
cient for samples containing austenite. At our department
the procedure with finishing by electrolytical polishing
was approved as sufficient. The best results were obtained
for cooling the electrolyte to ca. 0 — 10°C, voltage of ca. 10
V in the perchloric acid and ethanol in the 1:10 ratio.

An example of dynamo sheet with coarse-grained
structure, which was measured by sequential scanning of
the pictures through the whole sample area, is given in Fig.
1. The dimensions of the sample are approximately 25 mm
of length and 2 mm of thickness. The results are compara-
ble to the results measured using the neutron radiation.

VYUZITi EBSD PRI STUDIU KOVU S TVAROVOU PAMETI

J. Kopeéek', L. Klimsa', J. Remiasova’, J. Dzuchor'11, P. S1edmék1, P. Sittner’, E. Kristianova’,
P. Novak”, O. Heczko
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Metoda ,,difrakce zpétné odrazenych elektrond®, letos
osmaosmdesatiletd, ukazala se byti vzorovou ukédzkou
bonmotu starnouciho Zapadu, ze zivot zacind po pade-
satce. Celkem bizarni ptiklad hlové zavislosti odrazenych
elektronti, povazovany jesté ve druhé poloviné devade-
satych let za rozmazanou sestru kanalovacich obrazcl
koopci $pionazni Houghovy transformace v roce 1992 a
malého interakéniho objemu elektronu s latkou zesilil v
univerzalni a neo¢ekavané robustni metodu, ktera se stala
béznou vybavou analytickych SEM a standardem pro
uréovani orientace miize a véci s tim souvisejicich.
Prezentované aplikace metody EBSD ve studiu kovii s
tvarovou paméti budou — doufejme — rozsitenim piehle-
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dovych pfednasek na dané téma. Vcelku komplikovana
3D-EBSD je vazana na kombinaci EBSD detektoru s foku-
sovanym iontovym svazkem. Poskytuje vSak komplexni
informaci o distribuci zrn v materidlu. Pouziti bude
prezentovano na nedavno publikovanych vysledcich ze
superelastickych NiTi drati.

Podstatné obecnéjsi je téma pripravy vzorku. Na sliting
Co-Ni-Al jsme provedli studii vlivu pouzitych lesticich
substanci na kvalitu vyslednych Kikuchiho obrazct, ktera
sice nepfinasi prilom do metalografické metodologie, ale
oziejmuje nekteré fraze z piirucek o piiprave vzorkd.

PRIPRAVA A CHARAKTERIZACE Ni;,MnGa DOPOVANEHO INDIEM
Petr Cejpek, Vaclav Holy, Milan Dopita, Michal Valiska

Matematicko-fyzikalni fakulta, Univerzita Karlova v Praze, Ke Karlovu 5, 121 16 Praha 2

Slitiny s tvarovou paméti patfi mezi Heuslerovy slitiny
vykazujici fadu zajimavych elektronickych a magne-
tickych vlastnosti, které podstatné zavisi na krystalové
struktufe. Magneticka tvarovda pamé a magneticky
indukovand reorientace (MIR) jsou vlastnosti, které
umoziuji snadné namahéani téchto materidli v magne-
tickych polich < 1 T. Kli¢ovym pojmem k pochopeni
téchto efektd je martenziticka transformace a jeji studie je
tedy nezbytna pro budouci aplikace téchto slitin.

Ni;MnGa je dobry modelovy systém, ve kterém lze
vySe zminéné efekty dobie pozorovat. Navic, odlisné
chovani materidlu muze byt dosazeno také diky neste-
chiometrické kompozici vzhledem k vychozi 2:1:1 a to vse
mize byt navic doprovdzeno vznikem modulované
struktury. Oproti tomu, dal$§i z Heuslerovych slitin,
Ni,Mnln, nemusi vykazovat martenzitickou transformaci.
Studie vzorkti dopovanych indiem namisto Ga bude tedy
klicovym pfinosem k pochopeni efekti spojenych
s martenzitickou transformaci.
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STRUCTURES OF Sr-PHOSPHONATE LAYERS INTERCALATED BY ALKANEDIOLES
SOLVED BY MOLECULAR SIMULATIONS
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Phosphonate layers represent group of compounds playing
an important role in the design of new two-dimensional in-
organic-organic hybrid materials. The usability of the lay-
ered phosphonates can be increased by intercalation of
various organic species. We will show influence of interca-
lated 1,2 alkanediols [1] and 1,n alkanediols [2] on struc-
tural changes of Sr-phenylphosphonate layers. Intercalates
are analysed by experimental techniques like X-ray diffrac-
tion, thermogravimetry, chemical analysis in combination
with molecular modelling methods. Synthesized strontium
phenylphosphonate intercalates with 1,2- and 1,n-diols
(from 1,2-ethanediol to 1,2-hexanediol/ 1,n octanediol)
show very good stability at ambient conditions. Calculated
and experimental basal spacing are in very good agreement
for both types of intercalates.

Models for 1,2 alkanediols suppose creation of cavities
surrounded by six benzene rings. Every cavity contains one
water molecule and one molecule of the diol for the
1,2-ethandiol to 1,2-butanediol intercalates. Two types of
cavities are calculated for 1,2-pentanediol one with water
molecule and another one with two water molecules. In the
case 1,2-hexanediol intercalate two types of cavities are
calculated containing one or two diol molecules. This vari-
ability causes more disordered structural models with lon-

ger alkyl chains with respect to models with shorter alkyl
chains.

Another presented structure models are strontium
phenylphosphonates intercalated with 1,n diols. Simula-
tions show how the molecule conformation can be influ-
enced by a shape of the host layer. On the base of
experimental and calculation results, diols can be divided
for two sets 1,2-to 1,4- diols and 1,6- to 1,8-diols. Diols
with shorter alkyl chains are immersed between benzene
groups and both OH groups are bonded to one host layer.
Longer alkyl chains allow connection between two neigh-
bouring layers to form nearly pillared structure in the
interlayer and they are bonded by hydrogen bonds through
water molecules. 1,5-diol was not prepared experimentally
and simulations showed that the reason of this instability is
the length of the alkyl chain.

1. J. Svoboda, K. Melanova, V. Zima, L. Bene$, M. PSenicka,
M. Pospisil, P. Kovak, J. Mol. Model., 22, (2016), 143.

2. K. Melanova, P. Kovar, L. Benes, J. Svoboda, M. Veteska,
M. Pospisil, V. Zima, J. Coll. Int. Science, 1460, (2015),
181.
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STUDY OF ORIENTED FILMS OF HEXAGONAL FERRITES GROWN BY CHEMICAL
SOLUTION DEPOSITION METHOD
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Hexagonal ferrites were discovered more than 60 years ago
but only quite recently two effects were found -
magnetoelectric (ME) effect and spin Seebeck effect.
There is a need for preparation of epitaxial or strongly ori-
ented thin films. This is possible even in the case the thin
film and substrate have different structures or large mis-
match in the lattice parameters. Then the strong orientation
can be achieved if a polycrystalline film is deposited first
and then heated to break up into isolated grains (seeds).
This is followed by deposition of thicker layer when the
isolated islands can act as nucleation centers for the growth
of a highly oriented film.

In this work, thin films of Ba,Zn,Fe;;0,, (Y) ferrite
were prepared through the chemical solution deposition
method using SrTiO5(111) (STO) substrates and the above
two-step process. As seeding layers two types of materials
were used - oriented films with hexagonal symmetry in
layer of O™: cubic 11l-oriented cobaltates, namely
CoFe,0, and hexagonal 00l-oriented M-ferrites. The for-
mer were prepared through the transformation of 00I-ori-
ented layered cobaltates Na(CoFe)O,[1] and for the choice
of the latter a set of M-ferrites with different lattice mis-
match with respect to the STO substrate and also to the
Y -ferrite top films, different chemical composition and dif-
ferent magnetic properties were tested. The best orientation

of this Y-ferrite film achieved for hexagonal M-seed layer
with composition (BaSr)(GaAl);,0,9, Ba(FeAl),019 [2].

The samples were studied by X-ray diffraction (XRD),
electron back-scatter diffraction (EBSD) and atomic force
microscopy. XRD analysis was performed in both conven-
tional Bragg-Brentano symmetric setup as well as in paral-
lel beam with the Eulerian cradle. In order to find
appropriate reference value of lattice parameters of differ-
ent used seed layers, some data analysis of PDF-4 database
had to be performed with respect to the statistics and/or
also to the stoichiometry. Structural studies were focused
to investigation of preferred orientation by symmetric and
asymmetric XRD scans and by EBSD and also to the
analysis of possible residual stresses.

This work was supported by the Grant Agency of the Czech
Republic under Grant No. 14-18392S.
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