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Iron oxide nanomaterials became one of the most studied
materials up to date due to their significantly different
properties comparing to their bulk counterparts. Generally,
four crystalline form of iron(III) oxide exist exhibiting dif-
ferent crystallographic and magnetic properties. We pres-
ent thermally induced solid state transformations of one of
the rare iron(III) oxide polymorph, i.e., B-Fe,O;, by view of
high temperature X-ray powder diffraction. All transfor-
mation experiments were performed in very similar condi-
tions (i.e., temperature increment, gas pressure) with only
difference in exchange of reaction gases. Gases were cho-
sen to represent oxidative, inert, and reductive atmospheres
(i.e., synthetic air, CO,, N,, H,). Transformation in the oxi-
dative atmosphere of synthetic air led directly to creation of
the most stable iron(I11) oxide polymorph, i.e., hematite, in
temperature range 680 — 760 °C. Transformation per-
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formed in carbon dioxide atmosphere led to creation of
magnetite via hematite at temperature range 475 — 700 °C.
Transformation scheme of experiment performed in nitro-
gen atmosphere, which is considered as inert, was more
complicated and transformation via two intermediates (i.e.,
hematite and magnetite) led to final product identified as
wustite, which was created between 800 and 900 °C. In
these experiments, all intermediates and final products
were investigated at room temperature by view of X-ray
powder diffraction and Mdssbauer spectroscopy to con-
firm the phase composition and iron ions state. Reductive
atmosphere of hydrogen led to creation of metallic iron as
expected due to the nature of reducing gas.
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Heuslerovy slitiny jsou v posledni dob¢ studovany pro
svou $kalu zajimavych vlastnosti —a uz magnetickych ¢i
elektronickych. Tyto vlastnosti podstatné zavisi na
krystalové struktute. Jako zastupci pro studium struktury
byly zvoleny série vzorki Mn,Co;Rh,Sn a slitina
Ni,MnGa.

Prvni jmenovana sloucenina byla studovana pomoci
praskové difrakce na ¢arach CoKo and CuKa a metodou
EXAFS. Z praskové difrakce vyplyva, ze struktura
prochézi tetragondlni distorzi pfiblizn¢ okolo x = 0.3
obsahu Rh. V Heuslerovych slitinach se mize vyskytovat
nékolik typt okupaéniho nepotadku (popsané naptiklad v
[1]). Neékteré z nich se daji vyloucit diky absenci speci-
fickych difrakei v praskovém zaznamu. Nepotadek byl
studovan fitovanim integralnich intenzit z praskovych
zaznamu a fitovani EXAFSovych dat zméfenych na
absorp¢ni hran¢ CoK a MnK. EXAFS ukazuje, Ze uvazo-
vani okupacniho nepotfadku je nezbytné ke spravnému
zpracovani dat. Fit bez neporadku totiz vede k velké
kontrakci miizovych parametr, coz neni fyzikalné mozné

(praskova difrakce byla znovu zméfena po EXAFSovém
méfeni a miizové parametry se neméni).

Druhy vzorek, Ni,MnGa, je ¢lenem slitin s tvarovou
paméti a jeho struktura mize byt dobie modifikovana
drobnymi zménami v kompozici. Doposud byla struktura
Ni,MnGa studovana vétsinou praSkovou difrakci [2], nase
studie naproti tomu probihaly na monokrystalickém
vzorku. Slozeni naseho vzorku bylo uré¢eno pomoci EDX
jako Ni5041M1’128.4G321'5. Z, m¢éfeni Vypl}”Vé ze zakladni
struktura naseho vzorku je monoklinni, kterd se vsak
neptili$ 1isi od tetragonalni. Vi se [3], Ze Ni;MnGa muze
vytvafet dvojcatovou strukturu. Pfitomnost dvojcatovych
domén byla potvrzena monokrystalickou difrakci.
Z vysledkd vyplyva, ze ve vzorku existuje modulovana
10M struktura, protoze se v zaznamu objevila satelitni
maxima, kterym jsme pfifadili neceloCiselné indexy. Tato
modulace mize byt popsana harmonickou vlnou, jejiz
koeficienty jsme ziskali fitovanim integralnich intenzit. Na
vzorku byla rovnéz zméfena difrakce za vysokych teplot.
Prechod do vysokoteplotni austenitické faze vykazuje
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hysterezi — k piechodu doslo pii 62 °C pfii o hievu a pii
50 °C pfti chlazeni.
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The development and improvement of nanomaterials re-
quire the accurate structure analysis of single nanocrystals.
Electron diffraction (ED) allows the structure analysis of
single nanocrystals as small as tens of nanometers thanks to
the strong interaction between electrons and matter, com-
pared to X-rays, and has already been used for some time
for this purpose [1-4]. The three-dimensional information
of the reciprocal space may be obtained by using electron
diffraction tomography (EDT) [5,6], which consists of tilt-
ing the crystal in small steps around the axis of the
goniometer and collecting a diffraction pattern at each po-
sition. Because the angular position between the patterns is
known, the three-dimensional information of the reciprocal
space can be reconstructed. However, multiple scattering
of the beam cannot be neglected for ED. One remedy to
these dynamical interactions is to use precession electron
diffraction (PED) [7, 8], where the beam is precessed
around the optical axis of the microscope, making a cone
surface with the vertex at the sample. The beam is deflected
back to the optical axis after passing through the sample,
resulting in reflection spots in the pattern (Fig. 1). PED data
sets have the intensities integrated over all the positions of
the beam during the precession, resulting in intensities less
sensitive to multiple scattering effects and crystal defects
and more sensitive to structure parameters. Several struc-
tures of nanocrystalline materials of diverse complexity
have been determined using precession electron diffraction
tomography (PEDT) [9-11]. Despite of giving reliable
structure solution, the use of kinematical approximation is
not suitable for the least-squares structure refinement
against ED data. Such refinement results in higher figures
of merit and lower accuracy of structure parameters. To
properly account for the dynamical character of electron
diffraction, the dynamical theory of diffraction should be
used. The usefulness of the dynamical refinement for
PEDT data was recently demonstrated [12, 13] and it was
shown to give more accurate structure parameters and
lower figures of merit when compared to refinements using
the kinematical approximation. In this work, the compari-
son of the kinematical and the dynamical refinements with
the reference structure obtained by single crystal X-ray dif-
fraction is presented for 5 samples. The comparison is per-
formed between the standard crystallographic residue
parameters R1(obs), wR(all), average distance from the
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Figure 1. During the precession electron diffraction, the beam is
deflected from the optical axis of the microscope, making a cone
surface with the vertex at the sample. The post-specimen coils
deflect the beam back, resulting in a diffraction pattern with
spots instead of circles.

reference atomic position (ADRA) and maximal distance
from the reference atomic position (MDRA). It is shown
that the PEDT model refined using the dynamical theory of
diffraction matches very well with the reference structure,
with lower figures of merit and an average distance from
the reference atom (ADRA) lower than 0.021 A (Tab. 1).
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Table 1. Samples used in the comparison of the dynamical refinement against the reference structure and the kinematical refinement.

Sample Ni;Si1, Ni,Si1 Orthopyroxene Kaolinite PrvoO;
Tilt -56 56 -25 48 -45 45 -50 50 -56 59
angle (%)
PED 2.0 L5 2.0 1.0 S
angle (%)
Space Cmem Pnma Pbhca Cl Pbnm
group
Indepen. 10 3 10 13 4
atoms
Ref Kin Dyn Kin Dyn Kin Dyn Kin Dyn Kin Dyn
R1(obs) 17.95 8.99 11.07 7.14 24.22 8.33 19.16 | 6.23 24.04 6.95
wR(all) 21.34 10.78 11.53 7.56 29.44 9.48 20.11 | 6.54 26.19 6.80
GOF(all) 12.82 2.63 4.38 1.42 17.45 3.38 9.29 2.36 9.86 8.23
Refl/Par 549/28 8034/ 88/10 849/84 876/42 | 10452/ | 1057/ | 2377/ | 369/11 | 2741,
140 133 52 154 128
ADRA 0.01634 | 0.00819 | 0.02035 | 0.00826 0.031 0.016 0.097 | 0.021 | 0.141 0.016
MDRA | 0.04820 | 0.01935 | 0.02843 | 0.01351 0.066 0.033 0.270 | 0.042 | 0.239 0.020
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Study of temperature stability of titanate nanotubes
(Ti-NT) is important because some of possible applications
of Ti-NT require heating [1]. By heating of Ti-NT at low
temperature range (from room temperature till approxi-
mately 200°C) the releasing of the adsorbed and interlayer
water were observed [2-5]. These releasing of water were
observed by X-ray diffraction [2, 4] and DSC analysis [3,
5]. At higher temperature the anatase structure of TiO,
started grow [4, 5]. Finely at the temperature higher than
700°C the nanotubes transform to nanorods with structure:

Na,TigO3 [2-5] and nanoparticles with rutile structure of
TiO, [4-5].

In this contribution, the structure changes of titanate
nanotubes will be studied by combination of powder X-ray
diffraction, differential scanning calorimetry, thermal
gravimetric analysis and mass spectroscopy. The study was
done in two atmosphere - air and inert atmosphere (vac-
uum, helium). In air and inert atmosphere, the releasing of
water was observed by X-ray diffraction, DSC and confirm
with mass spectroscopy at low temperature. The transfor-
mation to anatase structure of TiO, was observed by pow-
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der X-ray diffraction and DSC in air and inert atmosphere.
However other transformation at high temperature to
Na,TigO,; and rutile structure of TiO, was observed only in
air atmosphere. In vacuum atmosphere the anatase was
only stable phase. In He the black rutile was found on DSC
curve.
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Metastable B titanium alloys exhibit unique mechanical
and functional properties, such as high specific strength,
excellent corrosion resistance and good biocompatibility
[1]. Therefore, metastable [ titanium alloys are prospective
materials for a number of application fields, including au-
tomobile and aircraft industry or biomedical devices.
Metastable [ titanium alloys contain a sufficient amount of
[B-stabilizing elements to retain the high temperature 3
phase (body-centred cubic) in a metastable state upon rapid
cooling to room temperature. However, the thermodynami-
cally stable composition consists of a mixture of the 3
phase and particles of the low temperature o phase (hexag-
onal close-packed) [2]. Phase transformations occurring in
these alloys are very complex, as several additional
metastable phases can form. One of the most intriguing of
these phases is the ® phase which occurs as nanoparticles
of hexagonal structure homogeneously distributed
throughout the B matrix. These particles display an ellip-
soidal morphology and are coherent with the 3 matrix. The
o particles form by a diffusionless displacive transforma-
tion from the parent 3 phase [3] and upon ageing at ele-
vated temperatures further evolve by a diffusion-driven
process [4]. The exact mechanisms of ® particle formation
and growth are still neither satisfactorily described, nor
fully understood.

This research was conducted on TIMETAL LCB
(Ti-6.8Mo-4.5Fe-1.5Al in wt.%) metastable [ titanium al-
loy. For the purpose of this study, single-crystals of this al-
loy were grown in an optical floating zone furnace [5]. The
resulting single-crystals were solution treated above the
B-transus temperature and quenched to water. Subse-
quently, different conditions were prepared from this mate-
rial by ageing at 300 °C for 8 h, 16 h, 32 h, 64 h, 128 h and
256 h. Then we measured coplanar reciprocal space maps
around the {1122} maximum of the ® phase and around the

{112} maximum of the  matrix in all the samples, see
Fig. 1 and Fig. 2, respectively. The

o maxima exhibited an ellipsoidal shape which was fit-
ted using a model of diffusely scattered intensity. The
shape of {112} peaks substantially differ from the & max-
ima, as it is affected by diffuse scattering from o particles
and other defects in the structure. From the fit of the shape
of o peaks, the mean o particle sizes along its c-axis (de-
noted by R.) as well as along its a-axis (R,) were calculated,
see Fig. 3. It was found out that the size of the aged m parti-
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Figure 1. Coplanar reciprocal space maps measured in the maxi-
mum {1 152}(D of the o phase particles. Solution treated sample (a)
and samples after ageing for 8 —256 h (b — g). The red lines in the
left panel represent simulated intensity distributions.
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Figure 2. Coplanar reciprocal space maps measured in the
{112} maximum of the B matrix. Solution treated sample (a)
and samples after ageing for 8 — 256 h (b - g).

cles is almost spherical and that the radius obeys a depend-
ence ', where ¢ is the ageing time. This dependence was
observed also for a number of other systems and is known
as the Lifshitz, Slyozov and Wagner model [6]. This law
holds for diffusion-controlled growth of particles under the
influence of precipitate-matrix interface energy. The com-
ponents of the misfit of the o lattice with respect to the lat-
tice of the B matrix were also determined, see Fig. 4. The
largest misfit is observed in the solution treated sample.
With increasing ageing time, the misfit is decreasing. This
effect is most likely caused by an outward diffusion of al-
loying elements from the volume of the o particles which
accompanies the growth of the ® phase particles.
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Figure 4. The dependence of the misfit components along the
two main axes of the hexagonal  lattice on the ageing time.
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