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Polymer nanocomposites are modern materials, formed
usually by a matrix of synthetic polymer (such as polyeth-
ylene, PE, polypropylene, PP, polyoxymethylene
POM...), which is filled with inorganic nanoparticles (such
as oxides, metallic nanoparticles...). The inorganic fillers
may influence mechanical, rheological, barrier and other
properties of the final nanocomposite. In this study, we fo-
cus our attention on nucleation of polymer matrix crystalli-
zation: some nanoparticles act as nucleating agents, which
means that the polymer spherulites start to grow on their
surface. The nucleation effect impacts on the super-
molecular structure of polymer matrix (spherulite size,
overall crystalinity...) and on the crystallinity-related me-
chanical properties (modulus, yield strength...).

In this work, we introduce the improvements in our re-
cently developed sandwich method [1, 2]. We also summa-
rize the results achieved for PE, PP and POM sandwich
nanocomposites. The sandwich nanocomposites consist of
thin (ca 100 micrometers) polymer plates, between which a
thin homogeneous layer of nanoparticles is deposited (Fig.
la). The nucleating activity of the nanoparticles can be
studied by a number of methods, such as polarized-light
microscopy (PLM; Fig. 1b), differential scanning calorim-
etry (DSC) and two-dimensional wide angle X-ray scatter-
ing (2D-WAXS; Fig. 1c¢). By means of model sandwich
nanocomposites PP/Au and PP/TiX, where Au stands for
several types of gold nanoparticles with different
morphologies and TiX stands for various TiO,-based
nanoparticles we proved that the nucleation activity is con-
nected not only with the size, but also with the morphology

and the agglomeration of the filler. The impact of filler
morphology on its nucleation activity was observed also in
PE/Au, PE/TiX, POM/Au and POM/TiX nanocomposites.

The sandwich method exhibits several advantages as
far as the study of nucleating activity of micro- and/or
nanoparticles in polymer nanocomposites is concerned: (i)
The sandwich nanocomposites are small microscopic sam-
ples and, consequently, they are suitable for testing of
small amounts of special nanocucleants. (ii) The prepara-
tion of sandwich nanocoposites, if performed carefully, is
highly reproducible. (iii) The nanoparticles in sandwich
nanocomposites do not suffer from agglomeration, which
usually leads to not-very-well reproducible results in case
of bulk-prepared nanocomposites. (iv) The combination of
microscopic (PLM), thermal (DSC) and scattering
(2D-WAXS) methods for characterization of crystal struc-
ture of polymer matrix in sandwich nanocomposites yields
detailed insight into the nucleation activity of the studied
nanoparticles.
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Figure 1. Principle of sandwich method: (a) Scheme of the sandwich nanocomposite. (b) PLM micrograph of the cross-section of
PP/TiNT (where TiNT = titanium nanotubes) sandwich nanocoposite showing the PP spherulites growing from the central TiNT layer.
(c) 2D-WAXS diffraction pattern of a sandwich nanocomposite, recorded with the beam going through the sandwich along the
nanoparticle layer; the anisotropy in polymer crystallization due to nucleated crystallization demonstrates itself in the anisotropy of dif-

fraction intensities.
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Within the research of phase relations of the Pd-Hg-Se and
Ag-Pd-Se systems, two new ternary phases PdsHgSe and
(Ag,Pd)nSes were discovered. Several phases from these
systems are known as minerals or as poorly characterized
naturally occurring phases. PdsHgSe and (Ag,Pd)»Ses
phases have not yet been described as minerals. However
they can be expected to be found in nature, probable in as-
sociation with palladium selenides or another plati-
num-group minerals.

Both phases were synthesized from elements by con-
ventional solid-state reactions. Stoichiometric amounts of
individual elements were sealed in silica glass tubes and re-
sultant mixtures were heated at selected temperatures.
Samples with PdsHgSe and (Ag,Pd),,Ses were heated at
400 °C. After long-term annealing, the samples were
quenched in a cold-water bath. All attempts to prepare sin-
gle crystals suitable for single-crystal examinations failed;
consequently the crystal structures of PdsHgSe and
(Ag,Pd)nSes were determined from powder X-ray diffrac-
tion data. The Rietveld refinements were performed width
the FullProf program.

PdsHgSe: Space group P4/mmm, a=4.01 A, ¢ =7.04
A, V=113 A’ and Z = 1. The crystal structure of this com-
pound is composed of alternating layers of the AuCu;-type
[HgPd,,] cuboctahedra and the PtHg,-type [SePdg] rectan-
gular prism. These rectangular prisms share the four Pd-Pd

(a)

Figure 1. (a) Polyhedral representation of PdsHgSe structure emphasizing the [HgPd,,] cuboctahedra and [SePdg] rectangular prisms.
Unit cell edges are highlighted. (b) Schematical view of the (Ag,Pd),,Se¢ crystal structure showing the [Pd/Ag];, cuboctahedra and
[Pd/Ag]s cubes.

edges running parallel to ¢ direction, with four adjacent
rectangular prisms forming a layer parallel to (001) plane.
The layers of [SePdg] rectangular prism and [HgPd,]
cuboctahedra are connected by the common edges formed
by the Pd atoms. This phase represents the structural
antitype to the HoCoGas structure type [1].

(Ag,Pd),;Seq: Space group Fm3m, a = 12.31 A, V =
1868 A* and Z = 4. This structure can be viewed as a
3a.3a.3a superstructure of cubic Pd (a = 3.89 A), where
only 4 from 108 octahedral holes are occupied. The Ag and
Pd atoms are expected to substitute each other and form
mixed sites. The main structural building unit are the
[Pd/Ag];» cuboctahedra and [Pd/Ag]s cubes, which alter-
nate in the NaCl fashion. Both polyhedra are centred by
(Pd/Ag) atoms. The (Ag,Pd),,Seq crystal structure shows
close structural relation to the Cry;;Cy and Mny;Thg type
structures, nevertheless it represents a distinct structural

type.
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Abstract

Single crystals of stoichiometric Ni;,MnGa were studied
using the X-ray powder diffractometer. The crystal at room
temperature is in cubic state called austenite. Diffraction
spectra of quenched and annealed states of the austenite
were compared. The extinction of 200 lines of the diffrac-
tion spectrum was observed in the quenched sample. The
extinction is likely caused by a disordered structure.

Uvod

Nedavno bylo objeveno, ze nékteré slitiny typu Ni-Mn-Ga
vykazuji obii deformaci v magnetickém poli [1]. Tento
novy jev, fundamentalné odlisny od magnetostrikce, se
nazyva jev magnetické tvarové pameéti. Obii deformace je
vysledkem reorientace nekubické atomové miizky, ke
které dochazi pohybem hranic dvojcaténi v magnetickém
poli [1-2]. Slitiny Ni-Mn-Ga vykazuji i dalsi zajimavé
fyzikalni jevy jako je magnetokaloricky a elastokaloricky
jev a tvarova pam¢ [3]. Proto jsou tyto slitiny v souc¢asné
dobé intensivné studovany. Ni-Mn-Ga patfi do rodiny
Heuslerovych slitin, které vykazuji atomové usporadani na
dlouhou vzdalenost. Oéekava se, ze usporadani ma vliv na
martensitickou transformaci z vysokoteplotni kubické faze
zvané austenit na fazi s niz$i symetrii zvanou martensit.
V praci jsme studovali vliv zihani a rychlosti chlazeni na
atomové usporadani v austenitu.

Krystalograficka struktura

Predmétem studia byl monokrystal NispMnys Ga,s (at.%)
od firmy AdaptMat Ltd. Pfi daném slozeni ma NiMnGa za
pokojové teploty kubickou miiz s prostorovou grupou
Fm3m a miizkovymi parametry a = 5,832 nma o = 90°. P¥i
teplotdich nad 1100 K jsou atomy Mn a Ga ndhodné
usporadany v zakladni buiice (usporadani B2 "), zatimco pfi
pokojové teploté se usazuji na pozicich s frakénimi
soufadnicemi Ga: 0 0 0; Mn: 0,5 0,5 0,5; Ni: 0,25 0,25 0,25
a 0,75 0,75 0,75 [4-5]. Zakladni bunika je znazornéna na
obrazku 1.

Experimentalni ¢ast

RTG méfteni probéhlo na horizontalnim praskovém difrak-
tometru X’Pert PRO PANalytical. Zdrojem zafeni byla
kobaltova anoda (A = 1.78901 A) s bodovym ohniskem.
Ozafeny objem byl vymezen monokapilarou s vnitinim
polomérem 0,1 mm. Vzorek byl upevnén na texturni
nastavec ATC-3, ktery umoziuje rotaci, naklon a posuv
vzorku ve sméru osy x. Sou¢asny pohyb zdroje a detektoru
umoziuje jemnou a presnou zménu thlu (®) dopadajiciho
zateni. Nejdiive byl vzorek zorientovan ve sméru labora-
torniho systému. Provedli jsme n€kolik m-skenti pro rizné

Obrazek 1. Zakladni bunka uspofadaného kubického austenitu
Ni,MnGa.

uhly vy, dokud jsme nenalezli orientaci maximum silné
difrakce (400). Linie (400) je fundamentalni a proto
nezavisi na stupni usporadani. Poté bylo proméieno celé
spektrum.

Vysledky a diskuse

Byly méfeny dva monokrystalické vzorky: jeden po zihani
a chlazeni v peci a druhy v zakaleném stavu. Na obrazku 2
vidime jejich difrakéni zdznam (6-6 sken) pro orientaci
vzorkl vzorku ve sméru [100].

Z obrazku je patrné Gplné vyhasinani linie (200) kale-
ného vzorku. Linie (200) je superstrukturni linie pfislusna
usporadani L2,. Vyhasindni je proto mozné interpretovat
jako neuspotadanost kalené struktury. Dale jsme hledali
pritomnost dalsi superstrukturni linie (111). V presentace
budeme diskutovat i jiné mozné interpretace vyhasinani
reflexi.
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Obrazek 2. Zihany vzorek (tmava &ara) a vzorek v zakaleném stavu (svétla ara).
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Quasicrystals are studied for their possibilities of practical
applications. The most interesting are properties such as
low friction coefficient, high hardness, wear resistance,
and oxidation; and low electrical and thermal conductivity
[1]. This efficiency is limited by high brittleness and low
deformability at the room temperature. These drawbacks
are decreased in applications using quasicrystaline materi-
als like composite or coating material. Quasicrystaline ma-
terials based on Al-Cu-Fe are becoming the most
researched materials in this field.

This study determined the structure of quasicrystaline
powder based on Al-Cr-Fe. The same material will be ap-

plied on the coating of Al-alloy surface by means cold
plasma spray coating or thermal spraying [2].

The X-ray difraction phase analysis of the powder ex-
hibited the presence of majority of hexagonal
Aly74Cry1 41Fes5 35, and rest of a-Fe and AlsFe, phases.
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