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Real structure and classical XRD line profile
analysis

The term “real structure” is often used but not clearly de-
fined. We have discussed this in relation to a short course
on real structure of materials included in Struktura 2009 in
Hluboka nad VlItavou [1]. In XRD, real structure is related
mainly to lattice defects in atomistic scale, and in a larger
scale to size, shape and distribution (possibly preferred ori-
entation) of grains (or crystallites — coherently diffracting
domains) and also their interactions (residual stress). The
fields of texture analysis and residual stress analysis have
been developed and for the X-ray diffraction they consist in
measurement of integrated intensities of selected diffrac-
tion peaks 4kl in dependence on the angle of the corre-
sponding lattice plane with respect to the surface and
analysis of peak positions in the same dependence, respec-
tively. The analysis of lattice defects can be done for exam-
ple by careful study of diffuse scattering which is usually
possible only for single crystals or the so-called XRD line
profile analysis. The latter procedure was also described
briefly in [1].

XRD line profile analysis can be done directly on indi-
vidual well-separated diffraction peaks by determination of
some relevant parameters as for example FWHM
(full-width-at-half-of-maximum), integral breadth, mo-
ments — mainly the second moment variance and Fourier
coefficients (FC). These parameters can be subsequently
analyzed and some physical characteristics like crystallite
size and microstrain are determined. However, in this pro-
cedure, for laboratory data Ko, component must be sepa-
rated either before the determination of parameters or after
that which was done in the past. Then it must be considered
that the measured profile is convolution of physical profile
with the instrumental one containing the influence of ge-
ometry and optics of the instrument and broadening of
spectral lines. Therefore, some deconvolution or correction
must be performed, unless the difference between the in-
strumental and physical broadening is large like for exam-
ple in really nanocrystalline materials (with the crystallites
e.g. below 10 nm). Some of the methods were described for
example by Klug and Alexander [2]. For approximative
method using just line widths there are a few simple meth-
ods of correction of instrumental broadening. Famous
Warren-Averbach (WA) [3] analysis consists of several
steps. Typically, the FC of several diffraction profiles of

the standard sample are determined as coefficients
corresponding to the instrumental profile, then the FC for
diffraction peaks of several reflection orders of analyzed
sample are calculated and for example the Stokes method
[see 3] (with a benefit of not necessary Ko, elimination) is
applied and the finally obtained FC of the physical profile
are analyzed by the WA method. This is a several-steps
procedure with some critical points, mainly the deconvo-
lution of noisy and finite profiles.

Rietveld analysis

In practice, we must work quite often with heavily over-
lapped profiles, sometimes even for one phase. In this case,
peaks are usually fitted with some suitable pheno-
menological peak-shape functions, mainly the Pearson VII,
pseudo-Voigt or Voigt functions, describing quite well
profiles of individual components. Then, basically, we
could proceed as in the previous case. Of course, by such
fitting, some profile features can be masked. Principle dif-
ference between the so-called size and strain broadening is
its different behavior in reciprocal space, the former being
constant and the latter proportional to the diffraction vector
magnitude, respectively. Significant anisotropy (Akl de-
pendence) can be caused by anisotropic crystallite shape
for the former effect and for example dislocation type in the
latter case, respectively.

In sixties, the Rietveld method appeared [e.g. 4] which
later has become extremely popular. The idea of the
method is to describe whole powder diffraction pattern
with a suitable function containing everything relevant in
some, if possible analytical, function with free parameters
to be determined. Then, in principle, all required character-
istics could be get in a few iterations. Of course, it is often
not so simple. The first aim was to apply the analysis for
structure refinement since the integrated intensities are pri-
marily related to the structure factors, that means also
atomic positions. Peak positions are related to the lattice
parameters. Quite quickly the Rietveld method was also
used for the phase analysis. However, since all relevant ef-
fects must be included in the procedure also parameters re-
lated to real structure were considered, usually in some
more or less phenomenological way. They described tex-
ture, size and strain line broadening in some cases also re-
sidual stress and nowadays they are including also
anisotropic effects. Probably, the most popular classical
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Rietveld type programs are FULLPROF by Juan Rodri-
guez-Carvajal [5] and GSAS by Bob von Dreele [6]. There
are also others (see [7, not updated] for available Rietveld
software) like BGMN [8] by Joerg Bergmann, BRASS [9]
and, of course, there is also powder pattern fitting in fa-
mous Jana2006 [10]. There are also commercial Rietveld
or multiple purpose programs like TOPAS (Bruker),
High-Score (Panalytical) and others.

Most of these programs use the so-called Cagliotti
polynomial

FWHM (rad)* =U tan” 0+V tan 0+ W )

for the description of angle-dependence of instrumental
XRD line broadening. In case, the corresponding profile
function used is the pseudo-Voigt (weighted sum of Gauss
and Cauchy functions), we can introduce also angle de-
pendence of Cauchy-Gauss mixing parameter 1 and possi-
bly asymmetry 4 as follows

n="n,+n,20 (rad),
A=A +A, /sin(20)+ 4, /sin’(20) 2)

The parameters U, V, W, no, N1, Ao, Ay, and A, are deter-
mined by the fitting of standard diffraction pattern mea-
sured on the same instrumental arrangement as the one
used for the measurement of the investigated samples.
These relations are often extended and used also for the
analysis of the physical broadening, in last versions of the
above programs in very flexible and more general way.

It seems that the most comprehensive description of in-
strumental effects it is the so-called fundamental parame-
ters approach consisting in calculation of all instrumental
and spectral components. This was introduced mainly by
R.W. Cheary and it is used in TOPAS and also in Jana now.

The use of the Voigt or more pseudo-Voigt functions is
preferred now to the Pearson VII. The Cauchy (Lorentz)
and Gauss functions can be expressed as follows

1 x
G(x)=——=exp —— |, H. =+v/8In2c
J2n o [ 26] ¢
2 1
Clx)= — 3)
T, 1+—2x2

¢

where H¢ and Hg are FWHMs of the Cauchy and Gauss
components, respectively.

Extension of polynomial (1) is made slightly differently
in FULLPROF, GSAS and Jana. In Jana, similarly to
GSAS the Gauss FWHM is written as [11]

H} =Utan’ 0+V tan 0+ W + +(1-&8)'T; 4

cos’ 0

where the fourth term is the Scherrer coefficient for Gauss
broadening.
The Cauchy FWM is composed of five terms

I :X+Xecos(p

c

+(Y+Y,cosp)tan0+S I, (5)
cos 0

The X terms accounts for Lorentzian Scherrer particle
broadening and stands for isotropic and anisotropic part,

respectively. @ is the angle between the diffraction vector
and the broadening direction. The Y terms describe strain
broadening. The last term stands for the Stephen’s strain
anisotropy, where the anisotropic strain is described by a
symmetrical 4th order tensor [12] and this contribution to
FWHM is:

I, =o(hkl)d’ tan®, o>(hkl)=D""hh h h  (6)

i m

GSAS [13, more recent 14] offers several functions for
time-of-flight and for XRD and constant wavelength neu-
tron diffraction and XRD. Basically, some of them are sim-
ilar as the above functions used in Jana. They can include
possible asymmetry, anisotropy and one of them also effect
of macroscopic strain.

FULLPROF uses equations quite similar as (4-5).

H} =U+(1-&)’ D}, (o, ))tan” 0+V tan 0+ W +

cos? 0

@)

H, :M+(Y+§D(asr ))tan © ®)
cos

where D and F functions have different expressions de-
pending on the particular model of size and strain broaden-
ing. The parameter & is mixing coefficient to mimic Cauchy
contribution to strains. The metric parameters a; are consid-
ered as stochastic variables with Gaussian distribution
characterized by the mean value and the variance-
covariance matrix [15]. The anisotropic strain broadening
is modelled using a quartic form in reciprocal space. The
Stephens approach can be used as well. FULLPROF offers
different models for size (e.g. needle-like domains) and
strain (with different symmetries of strain and lattice), and
also possibility to define some reflection families (for spe-
cific Akl broadened or unbroadened) which can simulate
the effect of stacking faults. The same is possible to intro-
duce in GSAS. The anisotropic crystallite shape is mod-
elled with a linear combination of spherical harmonic
functions y,, normalized according to M. Jirvinen [16].
The size contribution to integral breadth 3 is

Bh

A A
= - a e , 9
D, cos0 COSG% mp Yinp B1-04) ©)

The arguments are the polar angles of the vector h with
respect to the Cartesian crystallographic frame, D, is the
crystallite size.

Total powder diffraction pattern modelling and
fitting

Another way came from the groups primarily dealing with
the real structure. The first one was Charles Houska [17,
18]. As he realized the mentioned above problems of sev-
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eral-steps WA analysis, he tried to describe the whole indi-
vidual profile by physical function. The profile function
P(s =2 sin 0/)\) was expressed in terms of the Fourier coef-
ficients of individual components including instrumental
ones (replacing in such a way deconvolution with convolu-
tion, the way dominating nowadays). The physical FC in-
cluded two parameters related to the crystallite size effect
and two more or less phenomenological microstrain pa-
rameters as follows

I(s) % e
T _([AZ ABAS A A% cos(2mu,s)du,  (10)

where 4 and 4% correspond to the Cauchy and Gauss
component of the Voigt function used for approximation of
the instrumental profile, <> is mean crystallite size in the
measured direction u;, = L/<L>. Integration limit S, is de-
pendent on the variation coefficient of crystallite size dis-
tribution V., Sc = 1+Y3V,. The size coefficients 4° can be
expressed as the third-order polynomial of u, and there are
two types of strain coefficients

dg _ 272/ .2 2
A =exp(-2n°L <8U>/d ) (1
A =exp(-2n’L(e}, )/ d”)

with the so-called uniform (g;) and nonuniform strain (€p)
related to the mean-square strain as

(12)

The relation is empiric based on many observed cases.
The functions were simultaneously fitted to several reflec-
tion orders or neglecting anisotropy just to a few diffraction
profiles with different 4kl. The method was later extended
with stacking faults. Examples are also shown in [19].
There is no software currently available for the method.

Later, Rietveld-type programs focused on real structure
have been developed by Matteo Leoni and Paolo Scardi in
Trento, Pm2k [20-23] and Gébor Ribarik in Budapest,
CMWPFIT [24-25]. Separately, also quite well-known
system MAUD was developed by Luca Lutterotti [26-28].
Each of the programs has some features which are common
and also some which are unique. Since we have not been
fully satisfied with any of these, we have been developing
our own system MSTRUCT [29-32] written by Zdenék
Matéj as extended FOX system [33] based on Crystal Ob-
jects library. All the above programs are freely available,
some of them require registration.

CMWPFIT, Pm2k and MSTRUCT are basically work-
ing with similar algorithms for the description of size and
dislocation broadening

Total formula for peak profile is like this, similar as de-
scription by Houska (9)

Ly (As)= [T, Ay A, [ A, cos(2m LAs) - (13)

- B, sin(2n AL)}dL

with instrumental Fourier coefficients T, size, strain and
stacking fault FTs 4, A” and A", respectively.

Physical effects can be conveniently modelled in real
space (Fourier coefficients). The size broadening effect is
described by the model function for log-normally distrib-
uted spherical crystallites with two parameters to be re-
fined—median of crystallite size and variance of the
distribution or alternatively by the distribution histogram.

The expression for the size distribution can look as fol-
lows [e.g. 24]

3 2 | /
AZ”" _ expl(9/2)o ]erfc{ n(w m)—3\/§($:|—
3 26 2

_m’exp[26°] In(L|/ m) ~
— Qerfc{f V26 |+ (14)

26
iz’ o (L m)
+—Cric| ——
6 NG

Very popular and often also realistic is log-normal size
(D) distribution with two parameters p and ¢

(15)

1 ~(InD-p)*
g, (Dlp,o)= exp
‘ Dov2n 26°

The strain broadening can be described by the disloca-
tion model including three parameters—dislocation den-
sity, dislocation-correlation parameter, cut-off radius, and
dislocation types - fraction of edge dislocations. Assuming
probable dislocation types the contrast factors y can be cal-
culated in specific cases. The strain Fourier coefficients
can be written as

1 *
A:L(L>=exp[—an2<xhk,>pﬁd:“f (L/Re)} (16)

where b is the Burgers vector magnitude, p is the disloca-
tion density, d* the interplanar spacing of the first order re-
flection, R, cut-off radius (dislocation-correlation para me-
ter) and f* complicated but known van Berkum or Wilkens
function. For cubic materials, the orientaion factor can be
written as follows

Rk R+ Pk

2 2
()= A+BH®, H = (h*+k>+1%)

a7

with two parameters 4, B to be fitted or calculated.
CMWPFIT is focused on the analysis of some
microstructural parameters for cubic or hexagonal materi-
als. The whole measured powder diffraction pattern is fit-
ted by the sum of a background function and ab-initio
theoretical functions for size and strain broadening. In the
calculation of the theoretical functions it is assumed that
the crystallites have lognormal size distribution and the
strain is caused by dislocations. Strain and size anisotropies
are taken into account by the dislocation contrast factors
and the ellipticity of crystallites. The fitting procedure pro-
vides the median and the variance of the size distribution
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and the ellipticity of crystallites, and the density and ar-
rangement of dislocations. Instrumental correction is con-
voluted. There are no other effects included. The program
is working on-line.
Pm2k [23] has been designed with modularity and
expansibility in mind. Three main entities can be identified
in the program: kernel, plug-ins and user interface. The
kernel is performing nonlinear least squares minimisation.
Plug-ins are compiled independently as dynamic loading
libraries and linked to the kernel at runtime. Users can eas-
ily implement their own models into the kernel. There are
quite a lot of interesting features included (implemented as
plugins)
+ Instrumental broadening: Rietveld-Caglioti formula.
 Size broadening: histogram model for size distribu-
tion (sphere, cube, tetrahedron, octahedron, ellip-
soid, hexagonal prism, cylinder, harmonics),
analytical model for size distribution (delta,
lognormal, gamma, generalised gamma, York distri-
butions of sphere, cube, tetrahedron, octahedron, el-
lipsoid, hexagonal prism, cylinder, harmonics).
+ Strain broadening: dislocations (fcc,bec,hep) using
the simplified and full Wilkens models o dislocations
(all symmetries) using harmonics invariant or Green
function. Houska-like models (Houska, Adler-
Houska, modified Houska)

 Stacking faults for fcc, bec and hep o correlation
probability, antiphase boundaries. Grain surface re-
laxation effect

» Additional broadening models: grain-dependent lat-

tice parameter variation, broadening due to
stoichiometry fluctuations.

The programs runs via interface but basically runs on
the base of input and output file.

MAUD is probably the most complex program avail-
able for the analysis of real structure but it does not include
dislocation models. Regular schools on the software are or-
ganized in France. There is no manual but several tutorials
available. The program is written in Java and controlled by
a GUI with many optimization algorithms available and
can work with X-ray, synchrotron, neutron, TOF and elec-
tron diffraction data. It can simultaneously fit several dif-
ferent spectra, work with the data from 2D detectors, with
fluorescence data. It can fit reflectivity curves and it can
also make complete texture and residual stress analysis us-
ing part or full spectra. The program is well-adopted for the
analysis of thin film and multilayers and of course
microstructure analysis (size-strain, anisotropy, planar de-
fects, turbostratic disorder and distributions) is included.

MSTRUCT program is a subject of the course at this
meeting and during last years different features have been
included affecting different XRD line profile parameters as
described for example in [30].

Peak positions are determined by variable unit-cell pa-
rameters and zero-shift error. Specimen displacement error
is not considered for the parallel-beam geometry but in-
cluded for symmetrical 6-20 scans. For low angles of inci-
dence close to the angle of total reflection, which are
required for very thin films, mainly below 1°, refraction
correction must be included. Residual stress can influence
the peak positions. Peak shifts then can also be anisotropic.
The effect of residual stress in the current version of

MSTRUCT is included for simple symmetrical biaxial
stress in the plane of a sample surface and can be %kl de-
pendent. X-ray elastic constants s,(hkl), s,(hkl) are calcu-
lated in two extreme models of grain interactions—Reuss
and Voigt. In the case of lower symmetry, they can be con-
veniently calculated according to [33-35], and then two
refinable parameters i.e., residual stress and fraction of the
Voigt-Reuss models appear.

Peak intensities are calculated by the ObjCryst library
from a known crystal structure. The structural parameters
can be varied when necessary. However, they are used as
constraints for the peak positions and intensities. The ef-
fects of absorption and texture correction in a thin film can
be included. In general, the texture correction can be ob-
tained from a known model of the ODF after appropriate
integration over all crystallites with diffracting (hkl) planes
perpendicular to the direction of the measured diffraction
vectors both for asymmetric and symmetric scans. In prin-
ciple any type of the ODF function can be supplied to the
algorithm and used for texture correction, but only a simple
model using the Gaussian distribution of crystallites and
possible inclinations of texture with respect to the sample
normal is included.

Peak profiles are given by numerical convolution of a
known instrumental function and physical profiles includ-
ing several refinable parameters. Size and dislocation-in-
duced strain broadening are described above. For some
cases, phenomenological microstrain broadening can be
useful. For this case, the peak broadening is modeled by the
pV function and its FWHM angular dependence is given by
the Cagliotti polynomial containing only the quadratic term
U. This means that the FWHM in reciprocal space units is
linearly increasing with the diffraction vector magnitude.
The shape factor of the pV function common for all 247 dif-
fraction peaks can also be refined. Then relations for
microstrain e can be used.

B(20) = detan 0, de = (1_”+“}E (18)

P Pc

where ¢ = 2(In(2)/n)" and @c = 2/n are the Gauss and
Cauchy shape parameters, respectively.

Anisotropic size broadening model was introduced in
MSTRUCT. A model of rods and platelets like crystallites
were also complemented with quite common model of el-
lipsoidal shape.

If appropriate specific model is unknown a possibility
of arbitrary ikl dependent multiplication factors for peak
intensities and also peak shifts can be introduced.

New non-standard models in MSTRUCT were de-
scribed in a lecture at Struktura 2017. These are for exam-
ple: stacking faults on prismatic planes in WC, Warren-
Bodenstein model for turbostratic nanoparticles, configu-
ration model for description of bimodal microstructure, un-
conventional analysis of nanocrystalline and amorphous
like materials [36].
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FitExc - program for fitting of diffraction lines in MS Excel

FitExc - PROGRAM PRO FITOVANi DIFRAKCNICH LINIi V MS EXCEL

P. Veftat"?, J. Drahokoupil®, O. Heczko?

'Katedra inzenyrstvi pevnych latek, Fakulta jaderna a fyzikalné inzenyrska, CVUT v Praze
20ddéleni magnetickych méreni a materiélt, Fyzikalni ustav, Akademie véd Ceské republiky
30ddéleni materialové analyzy, Fyzikélni ustav, Akademie véd Ceské republiky
vertat@fzu.cz

Zakladnim krokem pfi studiu materiali metodami rent-
genoveé, neutronové Ci elektronové difrakce je pecliva a
korektni analyza jednotlivych namétfenych difrakénich
maxim, ziskanych Casto ve form¢ jednodimenzionalnich
zavislosti /(20). Pro mnohé aplikace, jako je napiiklad
presné urceni miizkovych parametrti, stanoveni koefici-
entll teplotni roztaznosti ¢i méteni zbytkovych napéti, je
pak analyza nékolika malo reflexi naprosto dostacujici. V
modernich komplexnich programech je vSak tato snadna
uloha pro nepiivétivost a piehnanou robustnost uzivatelsky
Casto v kratkém cCase a pfi veétsim mnozstvi dat obtizné pro-
veditelnd. Nemalou roli rovnéz mnohdy hraje nezaned-
batelna cena licenci specializovanych programu.

Z téchto divodi jsme vyvinuli vlastni vyhodnocovaci
program umoziujici pfesnou analyzu jednotlivych difrak-
¢nich profili. Tento je vytvoren v prostiedi MS Excel za
uziti maker v jazyce VBA. Je tedy spustitelny prakticky na
jakémkoliv pocitaci vybaveném standardnim balickem MS
Office a diky svému uzivatelsky pfivétivému rozhrani je
ihned pfipraveny k analyze difrak¢nich dat.

L3

V soucasné dobé umoznuje program nacteni nékolika
nejcasteji uzivanych typli soubort s naméfenymi difrak-
¢nimi /(20) zaznamy (.xrdml, .xy, .xye) a jejich rychlé fito-
vani bézné uzivanymi analytickymi funkcemi (Cauchy,
Gauss, Pearson VII, pseudo-Voigt) na zaklad¢ prednasta-
venych ¢i uzivatelsky definovanych charakteristickych
spekter uzitého zareni. Samoziejmosti pak je piehledné
grafické znazornéni namétenych dat i fitu, fitovani pozadi,
fixovani libovolnych parametrti, vykresleni rozdilové
ktivky €i vypocet krystalografickych faktorti shody. Pro-
gram umoziuje fitovani az tii profilt najednou, tudiz je
mozné jej s vyhodou pouzit k rozliSeni prekryvajicich se
reflexi a stanoveni poméru jejich intenzit.

V piipadé zajmu o kopii programu k vyuziti pro svij
vyzkum muze ¢tendf ziskat dalsi informace na http://peo-
ple.fjfi.cvut.cz/vertapet/ ¢i kontaktovat autora.

Tato prace byla podporena grantem Studentské grantové
souteze CVUT ¢. SGS16/245/OHK4/3T/14.

Universal system for administration of samples: Development of extended web application from the
developer's point of view

UNIVERSALNi SYSTEM PRO SPRAVU VZORKU: VYVOJ ROZSAHLE WEBOVE
APLIKACE Z HLEDISKA VYVOJARE

K. Poruba', M. Dusek?

1Vysoké uceni technické v Brné, 1 548 Antoninska Brno-stied Brno (:Deské republika, 601 90
2Fyzikéi/ni ustav AVCR, v.v.i., Na Slovance 2, 182 21 Praha, Ceska Republika

Tato prednaska bude predevs$im o systému pro spravu
vzorkd, ktery je vyuzivan Fyzikalnim tstavem Akademie
véd CR. A to vie o¢ima vyvojare, studenta VUT, kluka z
Valasska. Zacatek tohoto systému je datovan n¢kde v zari
roku 2014, kdy jsem jesté jako stfedoskolsky kluk sedél v
lavicich a sotva jsem zacinal s tvorbou webil. Nekdy v 1ét¢
2014 jsem na na dnes jiz upadajicim foru JakPsatWeb.cz
daval inzerat, ve kterém bylo, Zze jako student nabizim
tvorbu webovych stranek a jednodusSich webovych
systémil. Neékolik mésicti na inzerat moc lidi nereagovalo,
az v zaii se ozval pan Michal Dusek s otazkou, zda-li jesté
stale nabizim tvorbu webovych stranek. Hned na prvni
pohled mé hodné udivilo, ze na takovy inzerat uplné

neprovéteného kluka zareguje tak kompetentni osoba ve
svém oboru s prosbou o vytvoreni komplexniho webového
systému, ktery dnes celému oddéleni FZU usetii mnoho
prace.

“Dobry den, porad jesté nabizite tvorbu webu? Mam
takovy poné€kud specielni pozadavek tykajici se provozu
laboratore.*

Ptesn¢ touhle vétou vyvoj zacal. Behem nasledujicich
tydnt jsme formovali mySlenku celého systému, jak jej
udélat, co bude umét a hlavné, jak to celé zrealizovat.
Jelikoz jsem jednoduché weby s lehkou administraci jiz
ptredtim délal, utvrzovalo me to v tom, Ze tento job neni az
zas tak z mého pohledu Silena véc, jak se na prvni pohled
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zdalo. Z predchozich zkusSenosti jsem docela dobfe umél
jazyk PHP. Bylo tedy jasné, na ¢em zacnu stavét. Jenze
jazyk jsem ovladal na potieby ptihlaseni, paru URL adres a
néjaka ta jednoduchd sprava zprav a uzivateli. OvSem pro
prvni pozadavky ze strany pana Duska to stacilo, takze
jsme se pustili do prace.

Po nékolika mésicich jsme méli prvni verzi, kterou
jsem psal na vlastnim nabastleném kodu bez pouziti jaké-
hokoliv frameworku, které¢ bézi na PHP, coz byla asi
nejvetsi chyba a stalo mé to ve vysledku hodné prace.
Kdybych to mél priblizit, jak velky omyl to byl, tak bych to
prirovnal asi k motoru dvoutaktni ptilkubikové motorky.
Pokud bych si chtél takovy motor vyrobit, trvalo by to
zcela jisté hodné tydnd. Po téch tydnech usilovné prace
bych si fekl - “Ano, povedlo se mi to, ale tady to ma
mouchy, tady vlastné taky a nakonec to pfece jen neni tak
dobré, jak jsem ¢ekal”. A potom by pfiSel kamarad s tim, ze
si podobny motor lepsi funk¢nosti sehnal za par kacek u
Cifana za rohem v sousedni vesnici.

Systém jsme tedy méli, zakladni funkénost byla a vSe
odpovidalo zadani. Jako u vSech systémi se ale hlavni
nedostatky projevily az po praktickém pouziti. Néco bylo
$patné navrzeno, néco mélo byt zase jinak, néco naopak
viibec nemélo byt. V tu chvili se kod zacinal Smodrchat jak
Boloiiské Spagety pii pokusu o namotani na piibor. Jesté
néjakou dobu to takhle pokracovalo, az jsme se dopra-
covali ke stavu, kdy jsem usoudil, ze to tak dal nelze. Bylo
prede mnou tézké rozhodnuti - zkusit cely kod refaktorovat
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a nebo ho napsat uplné jinak. Tézka rozhodnuti byvaji
mnohdy na delsi casovy usek, ale v mém piipade to bylo po
pomysleni, jak jsem nékteré ¢asti “velice uhledné a Cisté”
napsal, zcela jasné.

Do hry s tedy dostal dalsi zcela neCekany faktor -
framework. Coz je laicky feSeno takova souprava
komponent, které se nemusi vymyslet od zacatku, ale jiz
jsou naprogramované a hodné sofistikovanym zptisobem
se skladaji do sebe a tim vytvaieji n¢jakou logickou Cast.
Samoziejmé to zni jednoduse, bohuzel tomu tak zcela neni.
Astra v tu chvili byla uz pomérné rozsahly systém, ktery
zahrnoval mnoho funkcionalit a nabalovani dalSich uz ho
potapélo jak ve strance vykonu, tak i prehlednosti a
chybovosti.

Nastala tedy asi nejdulezitéjsi faze - prepis na novy
framework Laravel. S vybérem jsem dlouho nevahal, tento
framework nabizel veskeré funkcionality, co byly tfeba.
Naprosto kazdé véc byla nové vétSinou i koncepéné zcela
jinak, nez ptivodné. Asinejvice to pomohlo Sablonovacimu
systému a systému piifazovani URL adres. Diky tomu jsme
a mnoho vykonu jsme pienesli na stranu klienta, coz
systému v mnohém pomohlo. Vyborna véc byl taky zptisob
emailingu a automatickych vychytavek, jako je tfeba
automaticka kontrola vzorkd, ptilno¢ni emaily a jiné.

O postupu a programovani systému se mnohdy Spatné
pise, tento ptipad bude ukazkovy. VE&iim, Ze v zivém pied-
nesu to dokazu i se Spetkou humoru shrnout jesté 1épe.

SUBSTITUTION LIMITS IN NEW MINERAL STAROCESKEITE
Ago.7Pb1¢(Bi1.355b1.35)2.7056

R. Pazout

Institute of Chemical Technology, Technicka 5, Praha 6,166 28, Czech Republic
richard.pazout@vscht.cz

A new mineral, staroCeskéite, a sulfide of Ag. Pb, Bi and
Sb, was found in Kutna Hora ore district, Czech Republic,
chemical composition established, structure solved, pro-
posal for a new mineral submitted to the Commission for
new Mineral of the International Mineralogical Associa-
tion and mineral approved. The simplified empirical for-
mula based on electron probe microanalysis is
Ag70Pb1 60(Bi;35Sb1 35)52.7056. The mineral belongs to the
family of lilllianite homologous series with N =4, with a
general formula Ag'x Pb*";,x Bi’'y S¢.The N value repre-
sents a number of octahedra in two neighbouring blocks in
the structure (sites M1 and M2, Fig 1), where two main sub-
stitutions take place: 1. Ag” + Bi*", Sb** «> 2 Pb*"and 2.
Bi’" <> Sb’".

Staroceskéite is orthorhombic, space group Cmcm,
with a = 4.2539(8), b = 13.3094(8), c = 19.625(1) A, V' =
1111.1(2) A%, Z = 4. The structure of staro¢eskéite con-
tains four sulfur sites and three metal sites: one pure Pb site
M3 in trigobal prismatic coordination and two mixed octa-
hedral sites - each with three atom species: M1 (0.52Bi +
0.356Ag + 0.124Sb) and M2 (0.601Sb + 0.259Pb + 0.14
Bi). The found mineral is characterized by Bi:Sb ratio 1:1

.b @ ® "
A
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Figure 1. Crystal structure of staroCeskéite

(Bi/(Bi + Sb) = 0.50) and the Ag" + Bi'", Sb*" <> 2 Pb*"
substitution (L%) equal to 70 %.

Because there are several minerals of a similar and very
close composition in the lillianite series of sulfosalts (Fig
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Figure 2. Diversity of mineral species from the series of lillianite homologues with N = 4: Star - staroceskéite, Gus - gustavite, UN -
undersubstituted gustavite, Ter - terrywallaceite, Fiz — fizelyite, Ram — ramdohrite, And IV — andorite IV, Nak — nakaseite (Cu-rich

andorite VI).

2), it is necessary to determine the ranges of substitution
(substitution limits) within which the mineral is defined.
Empirically it was determined that the name staroceskéite
would be valid for a lillianite structure with composition
Ag.Pbs,,Bi,Sby,,S¢ with the boundaries l<x< 0.8, and
1-3 x < y <2, where the parameter x = Ag content = L% and
y = total Bi content. Thus we concluded that for
staroCeskéite to exist, there must between 20 to 50 % occu-
pation of M2 site by Pb, apart from fully occupied M3 site.

Session II, Monday, June 19
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Other Pb concentrations in M2 site lead to different miner-
als.

1. R.Pazout, M. Dusek (2010) Crystal structure of natural
orthorhombic Ag0_71Pb1_52Bi1_3ZSb1_45S(,, a lillianite
homologue with N = 4; comparison with gustavite. Euro-
pean Journal of Mineralogy, 22,741-750.

2. R.Pazout, J. Sejkora J (2018) Staroceskéite,
Ag()j()Pb]460(Bi1.3SSb]435)22.7OS6, from Kutna Hora, Czech
Republic, a new member of lillianite homologous series.
Mineralogical Magazine, 1-26. doi:10.1180/minmag.2017.

COMPARISON OF RESIDUAL STRESSES DETERMINED USING DIFFERENT
METHODS

J. Capek, K. Trojan, J. Némeéek, N. Ganev

Department of Solid State Engineering, Faculty of Nuclear Sciences and Physical Engineering,
Czech Technical University in Prague
Jiri.capek@fjfi.cvut.cz

The majority of hitherto practically used diffraction mea-
surements methods and algorithms for residual stresses cal-
culation assume case of isotropic (non-textured) poly-cr
ystalline material. Due to the comparatively frequent exis-
tence of preferred orientation (texture), not only in metals,
it is more than desirable to have at disposal a method, pro-
cedure and even a computation algorithm for proper and
correct residual stresses determination. For this purpose, a
new method was used for determination of residual stresses
without neglecting the texture.

For determination of residual stresses, three methods
were used: standard sin®y method, method of harmonic
function [1] and new method based on a model by Délle [2,
3]. Contrary to Dolle method, the new method determines
anisotropic elastic constants as a weighted average be-
tween single-crystal and X-ray elastic constants with
weighting being done according to the relative intensities
in the measured directions.

The tested samples of plate shape were made of AISI
420 (ferritic), AISI 304 (austenitic) and AISI 318LN (du-
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