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WHAT IS HIDDEN IN THE BACKGROUND OF BRAGG DIFFRACTION.
DIFFUSE SCATTERING AND PDF ANALYSIS NOT ONLY WITH NEUTRONS

J. Kulda

Institut Laue-Langevin, BP 156, 380042 Grenoble Cedex, France
kulda@ill.eu

Many modern materials exhibit a considerable portion of
structural disorder, playing a key role in their func-
tionalities. Routine crystallographic structure solutions
based on positions and integrated intensities of Bragg
peaks only reveal their average structure. In order to access
the details of local atomic arrangements and their short-
range correlations one has to study the shape of the Bragg
lines and the diffuse scattering below and between them.

In the past decade(s) increasing popularity has gained
the pair distribution function (PDF) technique. Originally
employed to investigation of amorphous structures and lig-
uids, it has been extended to treat also crystalline systems.
Its application consists in calculating the Fourier transform
of a complete powder diffraction pattern, including the
slowly varying part of the signal underneath the Bragg
peaks and taking into account instrumental contributions to
the line widths [1,2]. The resulting real-space atomic dis-
tance distribution by itself often permits qualitative discus-
sions of changes in nearest neighbor distances as a function
of chemical composition or of thermodynamic parameter
variations (eg. [3]).

More involved and more quantitative interpretations of
the PDF necessarily call for (much) more computing effort
following one of the two possible approaches. In the first
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approach, a model-free technique of reverse Monte-Carlo
(RMC) is used to build up a model structure providing a
diffraction pattern coinciding with the observed one within
statistical limits [4]. In an ideal case progress in computing
power may permit to treat data obtained by various experi-
mental probes (X-ray, neutron and electron scattering,
EXAFS, NMR etc.) simultaneously to remove ambiguities
inherent in each single technique [5]. In the second ap-
proach molecular dynamics and/or ab-initio computational
techniques are employed to build up a dynamical model of
the studied system, which is then successively refined to
match the observed pattern. At the present state of the art
DFT molecular dynamics can deal with disorder in quite
complicated structures [6].
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How much is in there? Or, the difficulties and issues surrounding
the quantitative phase analysis

KOLIK TAM TOHO JE? ANEB TEzZKOSTI KVANTITATIVNi FAZOVE ANALYZY
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Velmi ¢asto dostavame nasledujici otazku: ,,Mam zde vzo-
rek a rad bych védél, co to je a kolik tam toho je?*. Navic to
Casto byva jesté spojeno i tim, Ze vzorku je velmi malé
mnozstvi a je tfeba jej vratit, po provedené analyze,
v nezménéné podobé.

Ucebnice nas ¢asto vedou k tomu, ze kvalitativni a
kvantitativni fazova analyza jsou dnes jiz dobfe zvladnuté
techniky. S vyuzitim modernich programi navic pomérné
jednoduse proveditelné. To miize byt v mnoha piipadech
pravda, pracujeme-li s jednoduchymi smésmi dobte krys-

talickych fazi. Mnohdy ale tyto poucky nemaji obecnou
platnost [1].

Nas piispévek si klade za cil poukazat na néktera tskali
hlavné v piipadé kvantitativni fazové analyzy, ktera se
mohou vyskytnout pfi praci se slozit€j$imi viceslozkovymi
vzorky, predevsim pfirodniho charakteru. Budeme disku-
tovat volbu vhodnych experimentalnich podminek vzhle-
dem k charakteru vzorku a ocekavani zadavatele. Je-li
nutné stanovit absolutni mnozstvi jednotlivych fazi, jinymi
slovy - obsahuje-li vzorek navic amorfni podil, je tfeba
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zvolit vhodnou metodu urc¢eni mnozstvi tohoto amorfniho
podilu. K tomu se velmi ¢asto vyuziva vhodny vnitini stan-
dard. Jeho volbu a praci s nim také popiSeme na ptikladech.

Praktické vyuziti vySe uvedenych skutecnosti budeme
v posledni ¢asti naseho prispévku demonstrovat na analy-
zach vzorkt hydratovanych cementovych past a geopoly-
mert na bazi cihelného prachu [2]. Ukazeme zde vyhodné
propojeni kvantitativni analyzy pomoci rentgenové pras-
kové difrakce s metodami termické analyzy, predevsim ter-
mogravimetrie. Spojenim téchto dvou metod a jejich
vzajemnym ,naladénim“ lze zvysit pravdépodobnost
spravného uréeni nékterych fazi, vznikajicich pti proce-
sech zrani a tuhnuti cementovych past [3, 4].

Prdce byla podporovina projektem GACR cislo 17-
116358
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UTILIZATION OF HIGH TEMPERATURE X-RAY POWDER DIFFRACTION FOR STUDY
OF PREPARATION OF NANOMATERIALS FOR ENVIRONMENTAL APPLICATIONS
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Nanoscale zero-valent iron (nZVI) based technologies are
widely used in environmental applications for water treat-
ment. Knowledge of preparation conditions and their influ-
ence on final product is crucial for successful reduction/
modification of iron bearing precursors. For direct investi-
gation of these issues, the high-temperature X-ray powder
diffraction (HT-XRD) is powerful tool which allows moni-
toring of the transformation mechanisms as well as kinet-
ics. While the mechanism of transformation is influenced
mostly by composition of the precursor itself, reaction at-
mosphere and temperature, the kinetics is affected by
amount of the precursor and particle size and morphology.
Several examples of these issues covering reduction of var-
ious iron oxides to nZVI and their subsequent modification

with inorganic (oxidic and carbon/carbidic) shell will be
demonstrated. The creation of the shell is necessary for air
stability and controlled reactivity of nZVI towards selected
pollutants. While the oxidic shell on iron cores is primarily
passivating, grows equally around whole particles and can
be properly controlled its thickness, the carbon/carbidic
shell grows with considerable different thickness around
the cores, and additionally, the various carbon structures
which are simultaneously formed (e.g. nanotubes) enhance
the sorption capacity of the material. The in-sifu investi-
gated examples are enriched with a few other ex-situ pre-
pared iron based nanomaterials which demonstrate the
possibility of nZVI modification for improvement of their
application potential.
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Crystallization of polymer nanofibers in nanospider

KRYSTALIZACE POLYMERNICH NANOVLAKEN V NANOSPIDERU

Petr Rysanek, Pavla Capkova, Oldrich Benada, Jonas Tokarsky, Michal Syrovy,
Jakub Hoskovec
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Krystalizace polymernich nanovlaken pfi elektrostatickém
zvlaknéni probiha v silném elektrickém poli (napéti mezi
elektrodami desitky kV). Na krystalovou strukturu a mor-
fologii polymernich nanovldken ma silny vliv nejen
intenzita elektrického pole, ale i cela fada dalSich faktora.
Kromé vlastnosti zvlaknujicich roztokt jako je viskozita a
elektricka vodivost je pro krystalizaci dulezity i charakter
zvlaknujici aparatury (jehlové zvlaknéni, resp. nanospider
se strunovou nebo valcovou elektrodou) a usporadani
zvlaknujici aparatury (vzdalenost a tvar elektrod). Tato
technologie vede pfirozené k prednostni orientaci krysta-
litt, kdy krystalovy smér pfednostni orientace lezi v ose
vlakna. O typu textury tzn. o jeji symetrii rozhoduje cha-
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rakter polymernich fetézct dany jejich molekuldrni struk-
turou. Polymerni fetézce bez postrannich funkénich skupin
tvori krystalové struktury s pseudohexagonalnim uspora-
danim polymernich fetézci ptiblizné valcového tvaru.
Polymerni fetézce s vyrazné asymetrickou strukturou
s postrannimi funk¢énimi skupinami tvofi slozit&jsi vrstev-
naté struktury s texturou, jejiz distribuc¢ni funkce nema
valcovou symetrii. To se projevi samoziejmé vyrazné na
morfologii nanovldken a nasledné na uzitnych vlastnos-
tech nanovldkenné membrany pokud jde o vzduSnou a
kapalinovou propustnost.

SPARK PLASMA SINTERED ALLOYS FeAl;Si;o WITH TERNARY ADDITIONS -
MICROSTRUCTURE AND PHASE COMPOSITION
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Ordered aluminides and silicides of transient metal have
been known for decades as complicated materials, which
interesting high-temperature properties are counterbal-
anced by their brittleness at room temperature and by tricky
thermomechanical processing. Nevertheless, the growing
demand for new materials with limited usage of “strategic
elements” (as chromium) brings back old ideas and hints.
For this purpose, significant support is given by spark
plasma sintering — the powder metallurgy compaction
method, which provides compact samples using low pres-
sure (couple tens of MPa) and high electric current (tens of
kA) passing through the green body. Thus, the sample is
compacted by Joule heat within a few minutes suppressing
the undesirable microstructural coarsening.

The FeAlySiy (in wt. %) was selected as a basic alloy
for our study. We vary stoichiometry of alloy with respect
of'silicon and aluminum and we add ternary and quaternary

additions, usually as substitutes of iron. The wide set of
materials was created within the project [1, 2]. The com-
pacts were found homogeneous, isotropic and having small
void density. The grain size observed by SEM was in the
order of hundreds of nanometers, but XRD showed real
nanocrystalline material with crystallite size varying be-
tween 10 to 30 nm depending on the phase. Such parame-
ters are expected in SPS processing.

The attempts to characterize phase composition of the
samples become a problem. The basic estimation from
EDS and phase diagram knowledge was not sufficient, as
tabulated structure types for EBSD did not give reasonable
results. It was necessary to prepare model alloys by con-
ventional arc-melting. Such samples were ground and dif-
fraction patterns of model alloys were evaluated to prove
phases presented in SPS samples. We use model samples to
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