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see pages 89 - 101
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TEXTURE ANALYSIS OF ROLLED STEEL SHEETS BY X-RAY AND ELECTRON
DIFFRACTION (EBSD)

M. Cernik, L. Hrab&akova, A. Lesko
U. S. Steel Kosice, s.r.o., Slovak Republic

The rolled IF and TRIP steel sheets were evaluated by
X-ray and electron diffraction methods. Textures were
measured by X-ray diffraction using texture goniometer
with Mo X-ray tube, employing (110), (200) (112) and
(103) crystallography planes. EBSD camera was used for
texture measurements by electron diffraction. ODF — ori-
entation distribution functions were calculated from tex-
ture-measured data by use of shf — spherical harmonic
function, WIMV and ADC methods. Both, X-ray and
EBSD data obtained very good agreements on texture char-
acterizations of non-grain oriented (NGO) steels in relation
to their magnetic properties. The EBSD methods allow ob-
taining more structural information: IPF maps, grain shape,
size, crystal orientation of selected grains and others.

The partially annealed IF steel sheet sample EBSD
analysis shows directly the texture of individual grains,
X - ray diffraction method gives the material complex tex-
ture. EBSD method allows categorizing grains according
to proper criteria. The criteria ”Grain average disorienta-
tion” was used for grains categorizing into two groups;
re-crystallized and deformed grains.

The rolled IF steel sample texture was formed by alpha
and gamma fibers. The final texture was the superposition

of the deformation and recrystallization texture. The defor-
mation texture was formed by uncompleted alpha fiber
with (001)<011>, (113)<011>, (223)<011> texture ele-
ments. The recrystallization texture was formed by gamma
fiber with (111)<011>to (111)<112> texture components.

The EBSD method allows analyzing samples with com-
plex phase composition. Comparing the X — ray diffraction
method, which is limited by material texture, the retained
austenite content in rolled steel sheets can be directly and
exactly determinate by EBSD method. At the same time the
texture is obtained for particular phases too, in this case the
texture of ferrite and residual austenite. The EBSD method
provides data about grain size and shape, boundaries char-
acteristics for all present phases.

The rolled TRIP steel sample ferritic phase was formed
by strong gamma fiber (111)<011> to (111)<112> and by
small amount of (100)<011> and (110)<001> texture com-
ponents. The retained austenite content was estimated for
5,2 %. The residual austenite texture was formed by Goss -
(110)<001>, Brass - (110)<112> texture components and
a small amount of Copper - (112)<111> component.
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PHASE TRANSFORMATIONS, PHASE DIAGRAMS, DIFFERENTIAL SCANNING
CALORIMETRY

Vladimir Sima

Dept. of Physics of Materials, Charles University, Ke Karlovu 5, 121 16 Prague 2, Czech Republic
sima@met.mff.cuni.cz

Thermodynamical basis of phase transformations. Anoma-
lies of thermophysical quantities. Classification of phase
transformations. Equilibrium in heterogeneous systems.
Gibbs phase rule. Common tangent construction. Lever
rule. Tangential plane construction. Binary and ternary
phase diagrams. Basic types of binary phase diagrams.

L7

Thermal analysis — differential thermal analysis (DTA),
differential scanning calorimetry (DSC).

Work is supported by a grant from Czech Grant Agency
(GACR 106/06/0019).

DATABASES OF CRYSTALS WITH STRUCTURAL PHASE TRANSITIONS

Vaclav Janovec', Pawel E. Tomaszewski’, Milan Cmelik!, Lubor Machonsky',
Zdenék Kluiber®

"Technical University of Liberec, Halkova 6, 461 17 Liberec
2Institute of Low Temperature and Structural Research, PAN, 50-950 Wroclav, Poland
3University of Hradec Kralové, Faculty of Education, Rokitanského 62, 500 03 Hradec Kralové
janovec@fzu.cz

Crystals with structural phase transitions (SPT’s) exhibit
unusual physical properties that are utilized in many tech-
nical applications (e.g. anisotropic ceramics, memories,
sensors, transducers) and in other fields (e.g. earth sci-
ences). Though basic structural data on SPT’s can be found
in existing structural databases (ICSD, CSD) special fea-
tures and advanced theoretical background of SPT's call
for a specialized database.

The most comprehensive listing of non-metallic crys-

tals with SPT’s is available in Tomaszewski’s database of

structural phase transitions [1,2]. This is a printed table in
which each row (record) is related to one chemical formula
of a crystal and columns (fields) give transition tempera-
tures as well as the main available structural data of corre-
sponding phases in between two neighbouring transitions.
In updated version [2] about 4 300 crystals are recorded
with more than 6 300 phase transitions and about 10 000
crystal phases observed at normal pressure. This presenta-
tion provides useful information about the appearance of
SPT’s in crystals but does not allow an efficient search.
This drawback can be partially removed if the records
are arranged according to the symmetry changes at the
SPT. Such tables have been created from the updated
Tomaszewski’s database [2]. In the first step only crystals
which exhibit just a single SPT associated with a
dissymetrization (reduction of the space group symmetry)
have been included. To increase the reliability of data only
those SPT’s have been taken into account for which struc-
tures of both phases are commensurate and are recorded in

the Inorganic Crystal Structure Database (ICSD). These re-
strictions drastically reduce the number of considered crys-
tals (only 20% of crystal phases that appear in [2] have a
structure solved and recorded in ICSD!). A table formed
from these selected data constitutes a simple Ferroic Phase
Transition Database which can provide answers to useful
simple queries and from which some statistical conclusions
can already be deduced [3].

Present effort concentrates on creation of computerized
relational databases of SPT’s. This approach makes use of
recent advances in database techniques and can utilize the
extensive theoretical knowledge on SPT's (see, e.g. [4]).
1. P. Tomaszewski, Structural phase transitions in crystals. I.

Database. I1. Statistical analysis. Phase Transitions, 38,
(1992), 127.

2. P. Tomaszewski, Golden Book of Phase Transitions, Phase
transitions database PTDB, manuscript, 2002.

3. V.lJanovec, P. Tomaszewski, L. Richterova, Z. Kluiber, In-
verse database of phase transitions in crystals with a single
phase transition. Ferroelectrics, 301, (2004), 169.

4. International Tables for Crystallography, vol. D, edited by
A. Authier (Dordrecht: Kluwer Academic Publishers),
2003, Part 3: Structural phase transitions.
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MEASUREMENT WITH VT-RH CHAMBER

H. Petfickova

Zentiva a.s., U kabelovny 130, 102 37 Praha 10 — Dolni Mécholupy, Ceské Republika
Email: hana.petrickova@zentiva.cz

Powder diffraction patterns are the most fundamental, yet
crucially important; application of XRPD is in identifica-
tion or “fingerprinting” of crystalline phases in pharmaceu-
tical industry [1]. Function of temperature and/or relative
humidity can provide a direct means of characterizing the
stability of a pharmaceutical material at defined tempera-
ture and relative humidity and the occurrence of
hydration/dehydration processes [2]. Such a non-ambient
diffraction experiments can be performed at any stage of
the drug development process (API production, stability
testing, formulation, storage...) to avoid further complica-
tions.

The object of presented study is to demonstrate the pos-
sible utilization of variable temperature and relative hu-
midity XRPD to investigate hydration/dehydration process
of the pharmaceutical material.

The behaviour of pharmaceutical hydrates has become
the object of increasing interest over last two decades, pri-
marily due to the potential impact of hydrates on develop-
ment process and dosage form performance. Hydration of

L9

the material also plays a role in bioavailability, influences
dissolution, hardness of tablets or even processability.
Interconversion between polymorphs and hydrates may oc-
cur as a function of temperature or of relative humidity or
of both. During and after manufacturing even air moisture
from the environment may change the hydration state of
API in dosage form.

X-ray diffraction system with variable temperature and
relative humidity was used. Instrumentation as well as ob-
tained results will be discussed. The potential for
interconversion during development was studied. Just dif-
ferent powder diffraction patterns can be used as an evi-
denced of change in the structure. Anyway, DSC and IR
were used as complementary techniques to XRPD.

1. J.Bernstein: Polymorphism in molecular crystals, [UCr
Monographs on Crystallography — 14, Oxford University
Press, 2002.

2. H.G.Brittain: Polymorphism in Pharmaceutical Solids,
Marcel Dekker, Inc. 1999.

THERMAL EXPANSION OF TIS: ASSESSMENT OF MISCIBILITY WITH TROILITE
(FES)

R. Skala', M. Drabek?, T. Boffa-Ballaran®

'Institute of Geology, ASCR, Rozvojova 269, 165 00 Praha 6
2Czech Geological Survey, Geologicka 6, 152 00 Praha 5
3Bayerisches Geoinstitut, Universitit Bayreuth, D-95440 Bayreuth, Germany
skala@gli.cas.cz

From meteorites - aubrites, in which otherwise litho-
phile elements behave as siderophiles due to strongly re-
ducing conditions, titanium-rich iron monosulfides were
reported in literature. For example, in the Bustee aubrite,
the titanium-bearing troilite, associated with osbornite
(TiN), heideite (FeTi,S4) and oldhamite (CaS), was found
to contain 17.2 to 25.2 wt % Ti. In the Bishopville aubrite,
the content of titanium in troilite is reported to be up to 5.7
wt % [1]. The crystal structures of troilite and TiS are not
identical under ambient conditions. While troilite is hexag-
onal with space group is P2¢ and unit-cell dimensions a ~
597A,c~11.76 A, V ~ 362 A*[2], TiS adopts NiAs-type
structure with space group P6;/mmc and the unit cell pa-
rametersa~3.31 A, c~6.34 A, V~60.2 A*[3]. Atelevated
temperatures, however, the troilite structure transforms to
NiAs-type structure as well [4]. Consequently, a relatively
significant mutual solubility can be expected between FeS
and TiS at temperatures above this phase transition. To
evaluate the crystallographic limits for the TiS miscibility

in FeS we carried out a series of high-temperature unit-cell
refinements for the former phase.

To collect the diffraction data we used an X’Pert PRO
MPD Alpha-1 multi-purpose X-ray diffraction system
equipped with an incident beam monochromator, Co tube,
and X’Celerator detector. The material was a synthetic TiS
prepared under controlled condition in an evacuated silica
tube. The sample was heated in an HTK 1200 high-temper-
ature chamber in an alumina sample holder. The holder
spun. The NIST silicon internal standard was used for cali-
bration. To prevent oxidation of the sample helium protect-
ing atmosphere was utilized.

In Figure 1 we present results of high-temperature dif-
fraction study of TiS for temperature range from 20 to
400 °C. Within the interval the parameter a and the cell
volume increase monotonically whereas cell edge ¢ has the
opposite trend. This behavior is identical to that observed
for (close-)stoichiometric FeS above the temperature of
transition between 2H and 1C polytypes [4]. This observa-
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tion substantiates a broad field of mutual solubility along
FeS - TiS join at elevated temperatures. On the contrary,
these results do not corroborate that phases described from
aubrites posses the troilite type 2H structure; most proba-
bly the transformation which troilite undergoes at ca
100 °C causes the change in symmetry in Ti-containing
minerals.

1. D.W. Mittlefehldt, T.J. McCoy, C.A.Goodrich, A. Kracher,
in Planetary Materials, edited by J.J. Papike (Washington:
Mineralogical Society of America), 1998, 195.

2. H.T.Evans Science, 167, (1970), 621.

3. H. Hahn & B. Harde Zeit. Anorg. Allgem. Chemie
288,(1956), 241.

4. E.N. Selivanov, A.D. Vershinin, R.I. Gulyaeva Inorg. Ma-
terials, 39, (2003),1097.
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Figure 1. Relative changes of unit-cell dimensions in TiS at ele-
vated temperature.

THE STRUCTURE ANALYSIS USING PROGRAM MAUD

Martin Kusy

Ustav Materiélov, J. Bottu 23, 917 23 Trnava, Slovenské Republika,
e-mail: martin.kusy@stuba.sk

The structure determination from powder diffraction data
using the Rietveld approach is in most cases tedious work.
However, due to suitable software available long lasting
calculations can be significantly shortened. Currently, vari-
ety of computer programs for this purpose is available ei-
ther as freeware or on a commercial base. Nevertheless, the
degree these programs help user in extracting the structural
data may vary significantly. The shared computer pro-
grams based on the Rietveld method can be divided into
two general categories from the point of processing basic
Rietveld refinable parameters. First category contains
number of examples of programs which provide user with a
value of refined parameters, for example GSAS, DBWS or
FullProf. On the other hand only few programs are avail-
able which directly list values of structural parameters de-
termined after each refinement cycle. One of them is a
Rietveld method based computer program MAUD.

Both approaches have advantages as well as draw-
backs. The first group of programs necessarily needs to em-
ploy further processing of extracted parameters. On the
other hand it means also opportunity for operator to treat
and manipulate the raw parameters in order to extract spe-
cific structural information. Second group offers instant in-
formation about structural parameters which are
considered as refined values. However, these are provided
without possibility to interact with basic parameters known
from the Rietveld approach. Certainly, number of support-
ers can be found for both categories of programs. This con-
tribution is not aimed at finding the best group of programs.
It would rather concentrate and highlight some of valuable
functions and properties the computer program MAUD of-
fers to an operator.

Maud — stands for Materials Analysis Using Diffraction
is diffraction/reflectivity analysis program developed on

the basis of Rietveld method by Luca Lutterotti from Uni-
versity of Trento in Italy. This program is available since
1997. Maud is written in Java and can be executable in
Windows, Mac OSX, Linux or Unix with pre-installed
Java VM 1.4.
Author summarized the main features of the Maud pro-
gram as follows:
 Easy to use, every action is controlled by a GUI
» Works with X-ray, synchrotron, Neutron, TOF
+ Developed for Rietveld analysis, simultaneous multi
spectra and different instruments/techniques sup-
ported
+ Ab-initio structure solution integration, from peak
finding, indexing to solving
 Different optimization algorithms available (LS,
Evolutionary, Simulated Annealing, Metadynamics)

+ Le Bail fitting

 Quantitative phase analysis

+ Microstructure analysis (size-strain, anisotropy and
distributions included)

+ Texture and residual stress analysis using part or full
spectra

« MEM algorithm for Electron Density Maps and fit-
ting

 Thin film and multilayer aware; film thickness and
absorption models

+ Reflectivity fitting by different models, from Parratt
(Matrix) to Discrete Born Approximation

+ Several data files input formats

* Works and input images from 2D detectors (image
plates, CCD)
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» CIF compliance for input/output; import structures

from databases

Our experience with the structure analysis of bulk steels
or steel powders usually leads to application of quantitative
phase analysis, microstructure analysis, texture analysis. In
case of coated steel sheets, film thickness was determined
successfully.

Due to simple user interface and available wizard the
quantitative phase analysis can be performed using Maud
in an intuitive way via releasing set of refinable parameters
in five easy steps. Advanced users have opportunity to con-
trol each parameter separately.

For the purpose of microstructure analysis, Maud al-
lows to use isotropic Delf model, anisotropic models with
no rules and anisotropic model with Popa rules. Warren
models for antiphase boundary and planar defects are also
implemented in the code.

User can find also effective tools for compensation the
texture of material. For this purpose, models such as
March-Dollase, Harmonic functions, E-WIMV, WIMV
are available. Experience shows that in most cases har-
monic functions tends to be effective only when fiber sym-
metry as simplest one is engaged. The lower the symmetry
the more of unstable parameters usually appears. E-WIMV
and WIMV modules, allows the texture to be determined
using Beartex from texture measurements and imported af-
terwards. Bearing in mind the drawback of harmonic func-

Lectures - Wednesday, June 20
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tions to import data from Beartex appears to be a safest way
of texture compensation.

The Maud program provides user effective tool to char-
acterize layers or multilayers deposited on single or
multiphase substrate with possibility of thickness determi-
nation. For this purpose, the expected structure, phase con-
stitution, ordering of layers and thickness is designed via
available program interface. All mentioned layer properties
can be during program execution handled as refinalbe pa-
rameters.

The Maud program is effective tool for structure analy-
sis using diffraction. In general, it offers user friendly inter-
face with the real-time pattern refinement monitor. Wider
application of this program in scientific community is
probably hindered with fact that there is no user guide
available at the moment. Existing tutorials, Maud forum
and Download section can be found at
http://www.ing.unitn.it/~maud/index.html.

L. Lutterotti, S. Matthies and H. -R. Wenk, “MAUD (Ma-
terial Analysis Using Diffraction): a user friendly Java pro-
gram for Rietveld Texture Analysis and more”, Proceeding
of the Twelfth International Conference on Textures of
Materials (ICOTOM-12), Vol. 1, 1599, (1999)
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SCANNING PROBE MICROSCOPY TECHNIQUES WITH ATOMIC RESOLUTION

Ilvan OS adal

Department of Surface and Plasma Science, Faculty of Mathematics and Physics, Charles University in
Prague, V HoleSovi¢kach 2, 182 00 Praha 8, Czech Republic

Scanning tunneling microscopy (STM), atomic force mi-
croscopy (AFM) and related scanning probe microscopy
(SPM) techniques developed during the last two decades
are widely used for studying material surfaces. Information
on surface structure with atomic resolution provided by im-
aging in real space considerably helped to elucidate a num-
ber of open questions and introduced new concepts into
studying surface processes and crystal growth. STM tech-
nique (limited on conductive materials) can be modified for
tunneling electron spectroscopy and used for investigation
of local electron structure at surface. Dynamical measure-
ments — imaging the surface at changing sample tempera-
ture or even during deposition of growing material — allow
direct studying of phase transitions, behavior of individual
atoms at surface diffusion, nucleation and growth. STM in-
stalled into ultrahigh vacuum chamber with various deposi-

tion and other techniques for surface analysis represents a
powerful tool for complex experiments in surface science.
AFM is the most used SPM technique especially due to
variability of measuring modes, possibility of using vari-
ous interactions for imaging sample surface and measure-
ment at ambient conditions. Well defined atomically
resolved measurements require ultrahigh vacuum condi-
tions. AFM images obtained in this way can be interpreted
with the help of theoretical models and chemical resolution
is possible.

The contribution is focused on STM and AFM meth-
ods with respect of imaging surfaces with atomic resolu-
tion. It provides information on conditions and limitations
of imaging, a comparison with other techniques and new
prospects.
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MICROSTRUCTURE ANALYSIS OF NANOCRYSTALLINE MATERIALS AND
NANOCOMPOSITES USING THE COMBINATION OF X-RAY DIFFRACTION AND
TRANSMISSION ELECTRON MICROSCOPY

D. Rafaja’, V. Klemm', C. Wiistefeld', M. Motylenko', M. Dopita'?

'Institute of Materials Science, TU Bergakademie Freiberg, Gustav-Zeuner-Str. 5, D-09599 Freiberg, Ger-
many
2Depan‘ment of Condensed Matter Physics, Charles University Prague, Ke Karlovu 5, CZ-121 16 Prague 2,
Czech Republic
Corresponding author: rafaja@ww.tu-freiberg.de

The capability of the combination of the X-ray diffraction
and the transmission electron microscopy for the
microstructure investigations on thin film and bulk
nanocomposites are illustrated on three experimental ex-
amples: two Cr-Al-Si-N coatings with different chemical
compositions and one BN bulk nanocomposite. Using a
modified kinematical diffraction theory that describes and
explains the phenomenon of the partial crystallographic

L14

coherence of crystallites, we could show that the analysis
of the X-ray diffraction line broadening is able to reveal
nanocrystalline domains organised in semi-coherent clus-
ters, to determine the size of the nanocrystalline domains
and the clusters, and to quantify the mutual orientation of
the partially coherent crystallites within these clusters.
(see page 67 for more).

INTERDIFFUSION IN SIGE ALLOYS STUDIED BY X-RAYS

M. Meduiia', J. Novak', G. Bauer?, V. Holy?, C.V. Falub*, S. Tsujino®, D. Griitzmacher*

'Institute of Condensed Matter Physics, Masaryk University, Kotlai'ska 2, 611 37 Brno, Czech Republic
%Institut fiir Halbleiterphysik, J Kepler Universitat, Altenbergerstrasse 69, A-4040 Linz, Austria
3Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, 121 16 Prague,

Czech Republic
*Laboratory for Micro- and Nanotechnology, Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland
mjme@physics.muni.cz

A growing importance of SiGe-based electronic and of op-
toelectronic devices in recent past is evident due to a signif-
icant progress in Si/SiGe band gap and strain engineering
[1]. Devices such as MOSFETs are one of these, which at-
tract their attention very intensively due to their application
in CMOS circuits. Quantum cascade lasers and light emit-
ters gain their interest for its current threshold and low
power consumption. The production of light emitters have
been already mastered to a certain extent in [1[-V materials,
but making of optoelectronic devices on the basis of [V-IV
materials is more challenging because of their compatibil-
ity to a standard Si technology [2].

A typical obstacle that has to be overcome in design,
processing and operation of all electronic devices is the
thermal load during fabrication and during operation. Due
to heat dissipation in the circuits and operation of devices at
high temperatures, the diffusion processes of the materials
has to be taken into account. Thus a detailed knowledge of
the diffusion in SiGe alloys is highly desirable. Unfortu-
nately the interdiffusion process in SiGe is unlinear and
strongly depends on Ge concentration [3]. The parameters
describing precisely the SiGe intermixing are still under in-
vestigation.

The interdiffusion coefficient of mixtures can be de-
scribed by Arheniuss equation D = Dy, exp(E +/kT) given by

activation energy £, and diffusion pre-exponential factor
Dy. The non-linearity of the diffusion process in SiGe al-
loys consists in the strong dependence of £, and Dy on the
Ge concentration X, in Si; 4Ge, [3,4]. Up to now only acti-
vation energies £, and diffusion prefactors D, for X, up to
Ge contents of 50% were reported with comparatively
large error bars [4]. Recently the authors Aubertine et al.
have performed a systematic measurement of
interdiffusion in SiGe multilayers with estimation of £,
and D, for 0 < Xg, < 0.20 with relatively small experimen-
tal error [5]. To our knowledge the parameters £, and D,
for Si;_,Ge, in the range of Xg, from 0.5 to 1 are not well re-
ported.

The aim of our investigation was to extend the knowl-
edge about SiGe interdiffusion process also for the range of
Ge content from 25 % to 50 % and to determine new values
of £, and Dy. We have annealed simple Si;, (Ge, multilayers
grown by molecular beam epitaxy on relaxed SiGe
pseudosubstrate with graded Ge content from pure Si up to
constant composition top layer. The multilayer itself con-
sisted nominally from 30 periods of SiGe/Si bilayers
sandwiched in between a 20 nm thick step graded layer sys-
tem and covered by an additional SiGe cap layer due to
strain symmetrization. More about the sample structure and
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Figure 1. Evolution of x-ray reflectivity during annealing of
Siy7Geo 3/Si multilayer at 747 °C.

about the experiment can be found in our recent publication
[6].

In order to study the diffusion properties of SiGe alloys in
multilayer structures, we have used in-situ x-ray reflec-
tivity and diffraction techniques performed at ESRF at
beamline BM20. The critical temperature, where the
interdiffusion started to be observable in our multilayers,
was around 700 °C and thus we have performed several
isothermal annealing measurements above this temperature
in order to obtain activation energy E, and diffusion
pre-exponential factor D,. Reciprocal space maps were re-
corded at several stages of annealing and for several tem-
peratures mostly around 800 °C. The diffusion coefficients
were obtained from the Ge content profile and from the
profile of electron density, which were determined from
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simulations of specular reflectivity and diffraction data, see
Fig. 1.

The results were compared with data recently published
by Aubertine et al. [5], who report diffusion coefficients
showing linear decrease of activation energy and exponen-
tial decrease with Ge concentration. Our experiments show
good agreement with extrapolation of these data [6] for Ge
contents 50 % and 25 %. This statement suggests further
generalization whether the dependency of £, or Dy is linear
or exponential for the whole range of Ge content.

1. D. Paul, Physics World, 13, 27 (2000).

2. S. Tsujino, A. Borak, E. Miiller, M. Scheinert, C.V. Falub,
H. Sigg, D. Griitzmacher, M. Giovannini, J. Faist, Appl.
Phys. Lett., 86, (20006), 62113.

3. N.R. Zangenberg, J. Lundsgaard Hansen, J. Fage-Pedersen
& A. Nylandsted Larsen, Phys. Rev. Lett., 87, (2001),
125901.

4. D.B. Aubertine, M.A. Mander, N. Ozguven, A.F. Marshall,
P.C. Mclntyre, J. O. Chu, P. M. Mooney, J.Appl. Phys., 92,
(2002), 5027.

5. D.B. Aubertine & P.C. Mclntyre, J.Appl. Phys., 97,
(2005), 13531.

6. M. Medunia, J. Novak, G. Bauer, V. Holy, C.V. Falub, S.
Tsujino & D. Griitzmacher, Semicond.Sci.Techn., 22,
(2007), 447.
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ANALYZA VPLYVU PARAMETROV NAPRASOVANIA NA KVALITATIVNE ZLOZENIE
TVRDYCH POVLAKOV

L. Caplovi¢', J. Sondor?, J. Simko®

"Ustav materialov, Materialovotechnologicka fakulta STU, Trnava, Slovenska republika
21 1SS, a.s., Roznov pod Radhostem, Ceska republika
3PSA, a.s., Trnava, Slovenska republika
lubomir.caplovic@stuba.sk

V odbornej literature sme nenasli prispevky, ktoré by boli
zamerané na sledovanie parametrov PVD naprasovania na
tvorbu vrstvy. Viacsina autorov sa venuje kvalitativnemu
a kvantitativnemu hodnoteniu PVD vrstiev vytvorenych za
predom definovanych podmienok [1-4]. V prispevku sa
preto hodnotil vplyv predpidtia a pracovného tlaku na
kvalitativne ~ zmeny  tvrdych  vrstiev  TiN/TiAIN
vytvorenych metodou PVD (konvencny katodovy oblik)
v zariadeni PLATIT 1000. Rozsah pouzitych tlakov bol od
0,5 Pa do 5 Pa a hodnoty predpétia sa menili od 5 V do 500
V. Ziskané povlaky vytvorené na substrate spekan¢ho
karbidu (WC/Co) sa analyzovali pomocou rtg. difrakcie
a to kvalitativnou analyzou urCujucou fazové zlozenie
vytvorenych vrstiev ako aj kvantitativnym hodnotenim
difrakénych profilov, z ktorych sa analyzovala textura
povlakov a hodnota strukturnych napiti vo vrstvach.

Ukézalo sa, Ze zmena parametrov naprasovania
nemenila fazové zloZenie vzniknutych vrstiev. Vo
vsetkych pripadoch sme detekovali pritomnose nitridu
titinu TiNgo a nitridu hlinika AIN, (AITi)N. Substrat
tvorila zmes karbidu volframu WC a Co. Difrakény obraz
pre parametre napraSovania (BIAS 500 V, p=1,3 Pa) jena
obr.1.

Zasadny vplyv zmeny predpdtia sa prejavil
v kvantitativnom zloZeni vrstiev, stupni textury a hodnote
vnutornych Struktirnych napdti vo vrstve. Kym nizke
predpitia (5 a 25 V) vytvarali tenké vrstvy z relativne
nizkymi Struktarnymi napdtiami, pri dosiahnuti 75 V
(100 V) bola vrstva optimalna z hl'adiska hrubky, ale mala

nesE

Counts

najvyssie hodnoty §truktarnych napiti. Dalsie zvySovanie
predpitia sposobilo pokles hribky vrstvy v dosledku
vyssej kinetickej energie dopadajucich i6nov posobiacich
odprasujicim ucinkom. Sucasne mierne klesala hodnota
Struktarnych napéti a textlry.

Zmena pracovného tlaku v napraSovacej komore sa
vyrazne neprejavila na nameranych difrakénych obrazoch
vytvorenych vrstiev.

1. J.L. Endrino, G.S. Fox-Rabinovich, C. Gey.: Hard AITiN,
AICrN PVD coatings for machining of austenitic stainless
steel, Surface & Coatings Technology 200 (2006)
6840-6845.

2. M. Arndt, T. Kacsich.: Performance of new AITiN coatings
in dry and high speed cutting, Surface and Coatings Tech-
nology 163 —164 (2003) 674—680.

3. C. Ducros, C. Cayron, F. Sanchette.: Multilayered and
nanolayered hard nitride thin films deposited by cathodic
arc evaporation. Part 1: Deposition, morphology and
microstructure, Surface & Coatings Technology 201 (2006)
136-142.

4. C.V.Falub, A. Karimi, M. Ante, W. Kalss.: Interdepen-
dence between stress and texture in arc evaporated
Ti—Al-N thin films, Surface & Coatings Technology 201
(2007) 5891-5898.Tato praca vznikla v ramci realizacie
projektu EUREKA EURB-0005-06.
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Obr. 1 Difrakény obraz vytvorenej vrstvy na substrate spekané¢ho karbidu
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KVANTITATIVNi RENTGENOVA DIFRAKCNi ANALYZA DVOUFAZOVYCH
TEXTUROVANYCH VZORKU

J. Marek, Z. Pala, K. Kolarik

Department of Solid State Engineering, Faculty of Nuclear Sciences and Physical Engineering, Czech Tech-
nical University in Prague, Trojanova 13, 120 00 Prague 2

Zakladnim problémem metodiky kvantitativni rentge-
nové difrakéni fAzové analyzy je texturovanost méfenych
vzork, ktera méni intenzity difra¢nich pikd.

Pro fazovou analyzu byla pouzita bezstandardova
metoda [1] pro dvoufazové netexturované vzorky. Textu-
rovanost integralnich intenzit pikti (hkl) obou fazi je
korigovana pomoci faktortt P(hkl) vypoctenych Harri-
sovou metodou [2, 3]. Pro tuto metodiku jsou uvedeny
matematické vztahy, vypocetni programy a jejich vysled-
ky. Jsou uvedeny analyzy praskovych vzorkti a vzorkl

L19

s vysokym a nizkym stupném texturovanosti a diskuse
vysledki.

1. FialaJ. Absolutni stanoveni objemového podilu alfa a
gama faze zeleza rentgenografickou metodou. 1967.

2. Harris, G. B.: Phil. Mag. 43 (1952) S.113-125.

3.  Wasserman G., Grewen J.:Texturen metallischer
Werkstoffe, Springer-Verlag 1962, S.94.

SEMIQUANTITATIVE METHOD FOR THE MONITORING OF THE GEOPOLYMER
TRANSFORMATION PRODUCTS

J. Had

Institute of Chemical Technology, Central laboratories, Prague

Synthetic geopolymers appear to be promising material ap-
plicable to a wide range of industrial branches, namely in
building industry. Nevertheless products of geopolymer
transformation can deteriorate properties of production.
X-Ray phase analysis of geopolymers originating from
thermal treated kaoline /metakaoline/ by alkaline treatment
/NaOH and water glass/ has been carried out. Following
products of the transformation have been identified: zeolite
P, zeolite X, zeolite A, sodalite H and analcim T. A method
for relative determination of the sum of the referred-to

phases has been worked out for the synthetic geopolymers,
with respect to required quick determination and adequate
accuracy. Data obtained in such way were collated with
mechanical properties of the geopolymers arising from
metakaolines at various temperatures of calcination and
different ageing period, both at laboratory and 100°C tem-
perature. Compression strength results correlated to the
sums of the scaled intensities are presented proving appli-
cability of the worked-out method.
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CTVRTE MOMENTY V PROFILOVE ANALYZE

M. Ceriiansky

Fyzikélni ustav AV CR, v.v.i., Na Slovance 2, 182 21 Praha 8, Ceska republika
cernan@fzu.cz

K popisu difrakénich profilt byly z matematické statistiky
formalné prevzaty nékteré veliCiny charakterizujici hustotu
(rozlozeni) pravdépodobnosti f(x) nahodné veli¢iny x.
Motivem byla vnéjsi podobnost tvarti hustot. Jednalo se
zejména o momenty hustoty pravdépodobnosti, které
jistym zhu$eujicim zptisobem charakterizuji prub¢h, resp.
tvar hustoty pravdépodobnosti:

M, = j £ (x)dx
integralni intenzita, @)
kterou je rozumné normovat k 1, podobné jako je
normovana hustota pravdépodobnosti v matematické
statistice. To umoziuje dale pouzivat mén¢ komplikované

vztahy pro normované resp. redukované momenty (kolem
pocatku), které jsou definovany rovnicemi [1]

m, = j F)dx=1

m, = j Xf(x)dx =T - t8Zi%te

m, :Ixzf(x)dx 2)
m, :Ix3f(x)dx

m, :J.x“f(x)dx

Hy =1

My =0

[V =I(x—m1 ) f(x)dx=m, —(m, )’ =W - variance
m
m

3 = 3mym, +(m, )32 .
, —4m m, +6(m, )" m, —3(m,)

My =
sy =

Dtlezitou vlastnosti momentt je, ze pokud funkce % je

v

(2]
T, =Ty +T, 4)

W, = VVf‘i‘ Wg (5)

Podobny jednoduchy vztah aditivity plati jesté pro treti
centralni momenty p;, zatimco pro ¢tvrté momenty plati [2]

Hyp =Ha, +6“2,f”2,g+“4,g (6)

V analyze difrakénich profild se velmi casto uziva
druhy centralni moment — variance, nejen diky rovnici (5),
ale taky diky své pfimé fyzikalni interpretaci [3]. Na
uzite¢nost Ctvrtych momentti v profilové analyze bylo
upozornéno v [4]. Vice pozornosti vénovali ¢tvrtym
momentim autofi [5], zejména k uréovani velikosti Castic,
mikrodeformaci a obsahu uhliku v martenzitu z jedné
difrakéni linie. Jejich postup byl pouzity k urceni velikosti
¢astic a mikrodeformaci z jedné linie pfi studiu plastické
deformace kovii [6]. V pfispévku bude pozornost zamétena
zejména na tuto problematiku.

1. H. Cramér, Mathematical Methods of Statistics. Princeton:
Princeton University Press. 1946.
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4. G.B.Mitra, Brit. J. Appl. Phys., 15, (1964), 917.

5. A.S.Kagan & V.M. Snovidov, Fizika metallov i
metallovedenije, 19, (1965), 191.
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Tato prace vznikla v ramci realizace projektu Grantove
agentury Ceské republiky, cislo 106/07/0805.
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