
ther a peu tic tem per a tures for tu mour ab la tion can be
achieved with a less con cen trated MNP dis per sion, thereby 
re duc ing the dose needed. Nev er the less, due to the

nano-sized crys tals, the e-Fe3N is air sen si tive, which re -
sults in mas sive ox i da tion. Thus, a ro bust sur face pro tec -
tion must be real ised. While con sid er ing the po ten tial
bio med i cal ap pli ca tions, we pro pose a sil ica en cap su la tion

pro ce dure to hin der e-Fe3N ox i da tion and to es tab lish
biocompatibility, to gether with pos si bil ity to form aque ous 
dis per sions. To suc cess fully grow a sil ica layer, we have

cho sen a route of e-Fe3N sur face passivation, which we
pres ent in this con tri bu tion, to gether with in sight into mag -
netic be hav iour of com plex core@shell MNPs. The
bright-field trans mis sion elec tron mi cro scope mi cro graphs 
(Fig ure 1: A) and small-an gle X-ray scat ter ing (Fig ure 1:
B) show well-de fined core@shell MNP mor phol ogy of the
pas si vat ed nanoparticles with a mean par ti cle di am e ter of
17.2(2) nm. Nev er the less, the mac ro scopic mag ne ti za tion
mea sure ments re vealed un ex pected be hav iour lead ing to a
de crease in sat u ra tion mag ne ti za tion and the pres ence of
ex change bias at 5 K. To fur ther ex plore, the com plex mag -

netic na ture of this ma te rial was dis en tan gled by prob ing
mag netic scat ter ing fluc tu a tions us ing the mag netic
small-an gle neu tron scat ter ing with in ci dent beam po lar -
iza tion at the D33 in stru ment at ILL [2]. Fi nally, we will
dis en tan gle the mag netic mor phol ogy con tri bu tions from

the mag netic core and shell part of pas si vat ed  e-Fe3N MNPs
and dis cuss the re sult ing mag netic re sponse of the pre -
sented MNPs in de tail.

1. I. Dirba et al., J. Phys. D: Appl. Phys, 56, 025001 (2023).
doi: 10.1088/1361-6463/aca0a9.

2. Š. Hricov et al., Un mask ing the Com plex Core-Multishell
Mor phol ogy of Mag netic Nanoparticles. Institut
Laue-Langevin, pro posal No. DIR-297 (2023). doi:
10.5291/ILL-DATA.DIR-297

This work was sup ported by the Czech Sci ence Foun da tion
(22-10035K) and the AMULET pro ject, co-funded by
MŠMT and the EU (CZ. 02.01.01/00/22_008/0004558).
We also ac knowl edge the Institut Laue-Langevin for
beamtime and fi nan cial sup port.
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LAUEDB: A DATASET FOR LAUE PATTERNS

Štìpán Venclík, Tomáš Èerveò, Jan Køíž, Da vid Sviták, Petr Èermák

Charles Uni ver sity, Prague, Czech Re pub lic

Laue dif frac tion is a widely used tech nique for ori ent ing
sin gle crys tals and a rou tine pro ce dure dur ing sam ple prep -
a ra tion for many sci en tists. Over the years, a va ri ety
ofsoftware tools have been de vel oped to as sist in in ter pret -
ing Laue pat terns [1, 2]. De spite sig nif i cant prog ress in im -
age pro cess ing and pat tern rec og ni tion, a ro bust and fully
au to mated so lu tion for in dex ing Laue pat terns has yet to be
achieved.

In re cent years, ma chine learn ing has emerged as a
prom is ing ap proach to tackle this chal lenge [3]. How ever,
the de vel op ment and val i da tion of more ad vanced al go -
rithms are cur rently hin dered by the lack of an no tated ex -
per i men tal datasets. As a re sult, all train ing and test ing are
still con ducted ex clu sively on syn thetic data.

LaueDB aims to bridge this gap by cre at ing a dataset
of ori ented X-ray and neu tron Laue pat terns that could

serve as a train ing and eval u a tion dataset for both clas si cal
and ma chine learn ing ap proaches.

We plan to uti lise the Au to matic Laue Sam ple Align er
(ALSA) [4] to cre ate the ini tial dataset, cap tur ing a large
num ber of pat terns for each sam ple crys tal, as well as col -
lab o rate with re search in fra struc tures to de velop a sub mis -
sion pipe line for pat terns cre ated dur ing rou tine sam ple
ori en ta tion. In ad di tion, ex ist ing tools and al go rithms for
peak find ing and Laue in dex ing will be com pared.

1. Esmeralda Laue Suite (https://code.ill.fr/sci en tific-soft -
ware/esmeralda).

2. Clip4 (https://clip4.sourceforge.net/)

3. Purushottam Raj Purohit, R. R. P., Tardif, S., Castelnau,
O., Eymery, J., Guinebretiere, R., Robach, O., Ors, T. &
Micha, J.-S. (2022). J. Appl. Cryst. 55, 737-750.

4. ALSA (https://charlesautomata.cz/alsa).
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PSB_GUI – MATLAB ROUTINE FOR THE REFINEMENT OF RESIDUAL STRESSES,
MICROSTRAIN AND CRYSTALLITE SHAPE IN CUBIC MATERIALS

Petr Cejpek
1,2

, Da vid Rafaja
2

1In sti tute of Phys ics, Czech Acad emy of Sci ences, Na Slovance 1999/2, 182 00 Praha 8, Czech Re pub lic
2In sti tute of Ma te ri als Sci ence, TU Bergakademie Freiberg, Gustav-Zeuner-Str. 5, 09599 Freiberg, Ger many

Re sid ual stress is com monly de ter mined from the shift of

X-ray dif frac tion (XRD) lines us ing the of sin2y method.
Microstrain and grain sizes are typ i cally eval u ated from the 
line broad en ing and Wil liam son-Hall plot. This stan dard
pro ce dure is mainly ap plied to polycrystalline ma te ri als or
thin films. Re gard ing grain or crys tal lite shapes, the spher i -
cal shape is usu ally suf fi cient enough.

How ever, in many cases, more com plex the o ret i cal
mod els are re quired to achieve a rea son able fit of the ex per -
i men tal data. More over, such sit u a tions can oc cur even in
rel a tively sim ple sys tems like thin Mo film de pos ited on
sin gle-crys tal line MgO(100) sub strate [1]. As the re sult of
the mini mi sa tion of de for ma tion en ergy, Mo forms a het -
ero-epitaxially grown ma trix along with the twins that are
spe cif i cally ori ented with re spect the Mo ma trix. There -
fore, the ap proach re lated to the fam ily of crys tal lites
method [2] needs to be ap plied dur ing the re fine ment. This
re quires the ex per i men tal data cor rectly sep a rated into
groups and the dif frac tion peaks need to be pre cisely in -
dexed. Each group is then as signed to dif fer ent the o ret i cal
mod els for XRD line shift and broad en ing re fine ment,
since the dif fer ent fam i lies of crys tal lites can ex hibit dif fer -
ent prop er ties. For ex am ple, dif fer ent com po nents of the
re sid ual stress or asym met ric shapes of crys tal lites grown
in the spe cific crys tal lo graphic di rec tions.

For this pur pose, the Matlab rou tine PSB_GUI (with
a graph i cal user in ter face) has been de vel oped. It en ables a
com plex re fine ment of XRD line shift and broad en ing for
cu bic ma te ri als. The rou tine al lows the sep a ra tion of the
datapoints into groups and each of these groups can be as -

so ci ated with its own unique com bi na tion of the o ret i cal
mod els for re sid ual stress, microstrain and grain sizes. For
XRD line shift re fine ment, the fol low ing mod els are sup -
ported:  Voigt, Reuss, Vook-Witt, stress fac tors for tex -
tured polycrystals or the pos si bil ity to re fine in di vid ual
stress com po nents. [3] For the line broad en ing, mod els in -
clude spher i cal crys tal lites, cy lin dri cal and el lip soi dal crys -
tal lites grown in spe cific crys tal lo graphic di rec tions,
stack ing faults, iso tro pic microstrain, and anisotropic
microstrain con nected to dis lo ca tions [4] or spe cific di rec -
tions of Bur gers vec tors.

To run PSB_GUI prop erly, Matlab along with the
Optimalisation tool box is re quired. The en tire rou tine is
cur rently avail able on GitHub at the fol low ing link:
https://github.com/PetrCejpek/PSB_GUI.

1. Cejpek, P., et al. Lat tice strain re lax ation in thin Mo films
grown heteroepitaxially on MgO sin gle crys tals, Jour nal of
Ap plied Crys tal log ra phy, un der re view.

2. Kužel, R., et al. Com plex XRD microstructural stud ies of
hard coat ings ap plied to PVD-de pos ited TiN films. Part I:
Prob lems and meth ods, Thin Solid Films 247 (1994),
64–78, https://doi.org/10.1016/0040-6090(94)90477-4.

3. Welzel, U., et al. Stress anal y sis of polycrystalline thin
films and sur face re gions by X-ray dif frac tion, Jour nal of
Ap plied Crys tal log ra phy 38 (2005), 1–29,
https://doi.org/10.1107/S0021889804029516.

4. Ungár, T., et al. The con trast fac tors of dis lo ca tions in cu -
bic crys tals: the dis lo ca tion model of strain ani so tropy in
prac tice, Jour nal of Ap plied Crys tal log ra phy 32(5) (1999),
992–1002, https://doi.org/10.1107/S0021889899009334.

Fig ure 1. Over view of the PSB_GUI main win dow.
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EFFECTS OF HEAT TREATMENT ON MICROSTRUCTURE, PORE MORPHOLOGY,
AND MICROMECHANICAL PROPERTIES OF AM-PRODUCED TI6AL4V ALLOY
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Ti6Al4V, a grade 5 ti ta nium al loy, is widely uti lized in
aero space, bio med i cal, ma rine, and en ergy sec tors due to
its high strength-to-weight ra tio, su pe rior cor ro sion re sis -
tance, and ex cel lent biocompatibility. With the ad vent of
ad vanced man u fac tur ing tech niques such as Ad di tive
Man u fac tur ing (AM), the pro duc tion of in tri cate ge om e -
tries has be come more ef fi cient com pared to tra di tional
meth ods. How ever, the lo cal ized ther mal gra di ents gen er -
ated dur ing AM pro cesses sig nif i cantly in flu ence the
microstructure, pore mor phol ogy, and me chan i cal prop er -
ties of the ma te rial. This study in ves ti gates the ef fects of
heat treat ment on the microstructure, pore mor phol ogy,
and micromechanical  prop er ties  of AM-pro duced
Ti6Al4V spec i mens.

Us ing Mi cro-Com puted To mog ra phy (Mi cro CT) and
X-ray Dif frac tion (XRD), pore de fect vol umes,  dis tri bu -
tions,  equiv a lent  spher i cal  di am e ters,  and  sphe ric ity  co -
ef fi cients  were ana lysed un der three heat treat ment

con di tions (550 °C, 750 °C, and 1150 °C). The av er age
pore vol umes were found to be 1.975 × 10-4 mm3, 1.2838 ×
10-4 mm3, and 4.347 × 10-5 mm3 for the as-cast and
heat-treated sam ples at 550 °C, 750 °C, re spec tively. The
mean sphe ric ity val ues were 0.747, 0.749, and 0.921, in di -
cat ing im proved pore uniformity and shape at 750°C.

Hard ness mea sure ments re vealed val ues up to 7.17
GPa, while the re duced modulus val ues up to 139.57 GPa.
The re sults dem on strate that an neal ing at 750 °C achieved
the most fa vour able bal ance be tween re duced pore vol ume
and uni for mity, at trib uted to sta bi li za tion of the al pha
phase and atomic dif fu sion  min i miz ing  sur face  en ergy.
Ad di tion ally,  at  this  tem per a ture,  the  me chan i cal prop er -
ties were im proved, pro vid ing a bal ance be tween strength
and elas tic ity. These find ings high light the po ten tial of heat 
treat ment op ti mi za tion to en hance the per for mance of AM- 
produced Ti6Al4V for demanding applications.
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Microstructure of rotary swaged copper bars with carbon admission

MIKROSTRUKTURA MÌDÌNÝCH, ROTAÈNÌ KOVANÝCH TYÈÍ S PØÍMÌSÍ
UHLÍKATÉ FRAKCE

J. Kopeèek1*, L. Kunèická2, T. Kmjeè1, J. Walek2, D. Šimek1, U. Ahmed1, J. Duchoò1, 
A. Bhardwaj1 and R. Kocich2

1FZU – In sti tute of Phys ics of the Czech Acad emy of Sci ences, Praha, Czech Re pub lic,
2Fac ulty of Ma te ri als Sci ence and Tech nol ogy, VŠB–Tech ni cal Uni ver sity of Ostrava, Ostrava-Poruba,

Czech Re pub lic

Jednou z hlavních aplikaèních oblastí mìdi jsou elektrické
vodièe, což je odrazem jejích výborných vodivostních
vlastností [1]. Náležitì èistá a vyžíhaná mìï má excelentní
vodivost, která však klesá vlivem pøímìsových atomù,
stejnì jako vlivem plastické deformace. Pøesto byla
pozorována výborná vodivost materiálù pøipravených
nìkterými metodami znaèné plastické deformace, které
vedou k tvorbì nanodvojèat [2]. Jednou z metod, kterou je
možné pøipravit takovou mikrostrukturu je rotaèní kování
[3].

V prezentované práci se vìnujeme  materiálùm pøipra -
veným kompaktizací prášku se sférickými zrníèky a
pøímìsí uhlíkaté fáze deponované na povrch práškù.
Koncept vychází z pøedchozích experimentù s kováním
kompaktní èisté mìdi [4,5] a materiálù pøipravených
kompaktizací práškù s pøímìsí oxidù [6]. Elektrické
vodivost takto pøipravených materiálù v ose kování

pøesahuje vodivost konvenènì žíhané mìdi IACS (In ter na -
tional An nealed Cop per Stan dard).

Vykované tyèe pøipravené na VŠB – TU Ostrava byly
použity pro pøípravu metalografických vzorkù, pøípadnì
dále žíhány a všechny stavy byly standardnì zkoumány
pomocí SEM (Tescan FERA 3), EDS a EBSD (EDAX Oc -
tane super 60 mm2 a Digiview IV), TEM (Jeol JEOL 2000
FX) a XRD (Panalytical X´Pert). Pro vyhodnocení
mikrostruktury pomocí EBSD byl použit soft ware OIM 9
využívající sférických harmonických funkcí pro urèení
orientace krystalové møíže.

Potvrdili jsme, že rotaèní kování práškù s obsahem

uhlíkaté fáze vede ke vzniku textury s komponentami á100ñ

a á111ñ v ose kování, což je podobné chování jaké bylo
pozorováno u kování  pøi teplotì kapalného dusíku, které

vytváøí silnou texturu ve smìru á111ñ v ose kování, složka
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