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PREDSLOV

Tento zbornik abstraktov je kratkym zhrnutim prispevkov, ktoré odzneli na
konferencii ,,Funkéné kompozitné materialy“. Konferencia bola organizovani na Ustave
materidlového vyskumu SAV v Kosiciach v rdmeci rieSenia prioritnej témy ,,Priprava a
charakterizacia magneticky mikkych zliatin s vysokou entropiou v ramci medziakademickej
dohody s Ustavom fyziky materidlov AVCR Brno, v rdmci medziakademickej dohody s
Ustavom makromolekularni chemie AVCR Praha a s podporou projektu ,,Progresivna
technologia pripravy mikrokompozitnych materiadlov pre elektrotechniku
ITMS:26220220105, rieSeného v ramci Operacného programu Vyskum a vyvoj
financovaného z Eurdpskeho fondu regionalneho rozvoja a projektu APVV-0108-12 "Vyvoj
vodivej keramiky na baze SiC ".

Ciel'om konferencie bolo vytvorit platformu pre multidisciplinarnu diskusiu na tému
modelovania, pripravy a charakterizacie vlastnosti progresivnych mikro- a nano-kompozitov a
funkénych materialov so Specifickymi fyzikdlnymi vlastnostami. Program konferencie bol
naplneny 18 prednaSkami s dostato¢nou Casovou rezervou pre SirSiu diskusiu prezentovanych
tém. Zakladna linia prispevkov ako aj diskusii bola tvorena multidisciplinarnou spolupracou
odbornikov z rozdielnych oblasti prirodnych vied zcastiujucich sa na spolocnom
materidlovom vyskume.

Vyjadrujem uprimné pod’akovanie prednaSajucim a vsSetkym tcastnikom za
vytvorenie prijemnej priatel'skej atmosféry ako aj za otvorenti neformalnu diskusiu, ktora
prispela k potvrdeniu zmysluplnosti organizovania stretnuti podobného druhu ako bola tato
konferencia.

Ing. Radovan Bures, CSc.
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PRIPRAVA PRASKOVYCH MATERIALOV Z BIODEGRADOVATELNYCH
ZLIATIN.

Karol SAKSL
Ustav materialového vyskumu SAV, Watsonova 47, Kosice

ABSTRAKT

Biodegradovatel'né kovy/zliatiny st také, ktoré sa postupne rozpustaji v tele hostitel'a
(in-vivo), maju priaznivy ucinok na proces hojenia a ich pritomnost’ v tele pacienta kon¢i bez
rezidudlnych zvySkov. Zamerom Laboratéria progresivnych zliatin projektu Promatech je
priprava praskovych materidlov nanokrystalickej az amorfnej Struktary zo zliatin typu Ca-Mg,
Ca-Zn a Ca-Mg-Zn a to kombinaciou metdd rychleho ochladzovania tavenin a mechanického
mletia. Z praskov tychto zliatin (pripadne vhodne volenych praskovych zmesi) mame v plane
vytvarat suciastky pre medicinske aplikdcie metoédami kompaktizacie, obrabania
polovyrobkov, alebo cestou 3D tlace.
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BIQAKTIVNE KOMPOZITNE SYSTEMY BIOPOLYMER-KALCIUM FOSFATOVY
CEMENT

Lubomir MEDVECKY, Méaria GIRETOVA, Radoslava STULAJTEROVA
Ustav materidalového vyskumu SAV, Watsonova 47, KosSice

ABSTRAKT

Bioaktivne kompozitné systémy zlozené z biopolymérnej zmesi chitosan -
polyhydroxybutyradt a bioaktivnej kalcium fosfatovej fazy boli pripravené vyzrdzanim
suspenzie rozpustenych polymérov a praskovej zlozky. Ako bioaktivne kalcium fosfaty boli
porovnavané nanokrystalicky hydroxyapatit, tetrakalcium fosfdt—monetitovd cementova
zmes a o-trikalcium fosfat, priCom obsah tychto zloziek v kompozitoch bol 50 a 75 hm.%.
Podrobnejsie bol analyzovany vplyv jednotlivych faz na molekulovii hmotnost’ chitosanu,
charakterizované fazové zlozenie a schopnost’ transformacie zloziek cementovych fosfatovych
zmesi. Cytotoxicita a bioaktivita kompozitov bola charakterizovand in vitro testom po
nasadeni osteoblastov na substraty a kultivacii v aMEM médiu s 10% fetdlnym tel'acim sérom
a osteogénnymi suplementami v inkubatore pri teplote 37 °C a 5% CO,.
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HYDROLYTIC STUDIES IN PHYSIOLOGICALLY SIMULATED CONDITIONS I.
STABLE ALIPHATIC POLYURETHANES

Milena SPIRKQVA, Rafat POREBA, Magdalena SERKIS, Jifi HODAN, Jana
KREDATUSOVA 5

Ustav makromolekularnej chémie Akademie vied Ceskej republiky, Heyrovského nam. 2,
Praha

ABSTRACT

Polyurethanes (PUs) are extensively used, mainly as foams but also as plastics,
elastomers, coatings and adhesives. Nowadays, PUs are also very popular in medicine and
biochemistry. They are used either as vascular implants, grafts, catheters and biomedical
devices featuring long-time stability or as temporary scaffolds, in tissue engineering, as drug
delivery systems, as bioresorbable material, i.e. materials with defined (bio)degradability.

This contribution is aimed at the results of the hydrolytic stability tests of all aliphatic
polycarbonate-based polyurethanes. They were prepared from commercially available
polycarbonate-based macrodiols, hexamethylene-1,6-diisocyanate and butane-1,4-diol in the
form of free-standing films.

Physiologically simulated conditions were used for hydrolytic stability tests, i.e., PU
samples were immersed into phosphate-buffered saline (PBS) and conditioned at 37 °C for a
period of up to 12 months.

The set of analytical methods (e.g., FTIR, DSC, AFM, SEM, tensile characteristics)
covering the sample description on multiscale levels was used. The efficiency of the
hydrolytic process is very well detectable by tensile tests. Fig. 1 shows tensile stress-strain
curves for original sample and sample being immersed for 12 months in PBS (green curve).
None significant differences were found. Also other methods confirmed that these three-
component PU systems are hydrolytically stable elastomers with outstanding functional
properties.
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Fig. 1. Tensile curves of original PU sample (black) and PU sample immersed to
PBD for a period of 12 months (green).
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Acknowledgement: The Authors wish to thank the financial support of the Grant
Agency of the Czech Republic (Czech Science Foundation, project No. 13-06700S).
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HYDROLYTIC STUDIES IN PHYSIOLOGICALLY SIMULATED CONDITIONS II.
DEGRADABLE ALIPHATIC POLYURETHANES

Rafat POREBA, Ludka VMACHOV’A, Magdalena SERKIS, Jifi HODAN, Jana
KREDATUSOVA, Milena SPIRKOVA 5

Ustav makromolekularnej chémie Akademie vied Ceskej republiky, Heyrovskeho nam. 2,
Praha

ABSTRACT

Recent studies on all-aliphatic polycarbonate-based three-component polyurethane
elastomers revealed their oustanding functional properties [1,2]. Very good hydrolytic stability
in model physiological conditions is presented on this conference in the other contribution
(presented by M. Spirkova).

This contribution is an extension of the study of all-aliphatic polyurethane (PU)
elastomers. If short oligomeric D,L-lactide-based diol is built into the polyurethane backbone
[3], the system dramatically changes functional properties. It was found that tensile properties
are the most sensitive characteristics reflecting changes in PU structure [4]. The best
functional properties are achieved at equimolar concentration of hydroxyl groups of
macrodiol, butane-1,4-diol and degradable oligomeric diol used in the PU formulation. This
composition was used for further studies, including degradability tests.

Hydrolytic stability of PU elastomers was followed by changes of the properties
during the specimen immersion in phosphate-buffered saline (PBS) at 37 °C for a period of
time up to 12 months. The multiscale characterization of PU elastomers using DSC, SEM,
AFM, FTIR, together with tensile and swelling analyses was realized. Fig. 1 shows tensile
characteristics of degradable PU before (black) and after 12 months of inmmersion (green) in
PBS. Film surfaces analyzed by SEM before (left) and after hydrolytic tests (right) are shown
in Fig. 2.
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Comparison of analogue samples without and with degradable diol, confirmed that
D,L-lactide-based diol is an efficient site for the hydrolysis, even at relatively low contents
(ca. 8 wt %).

[1] M. Spirkové, R. Porgba, J. Pavlicevi¢, L. Kobera, J. Baldrian, M. Pekarek, Journal
of Applied Polymer Science, 2012, 126(3), 1016-1030

[2] R. Porgba, M. Spirkové, L. Brozova, N. Lazi¢, J. Pavlicevi¢, A. Strachota, Journal
of Applied Polymer Science, 2013, 127(1), 329-341

[3] M. Spirkové, L. Machova, L. Kobera, J. Brus, R. Poreba, M. Serkis, A. Zhigunov,
Journal of Applied Polymer Science, 2015, 132 (10), 41590

[4] R. Poreba, J. Kredatusova, J. Hodan, M. Serkis, M. Spirkové, Journal of Applied
Polymer Science, 2015, 132 (16), 41872

Acknowledgement: The Authors wish to thank the financial support of the Grant
Agency of the Czech Republic (Czech Science Foundation, project No. 13-06700S).
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POWDER NMR CRYSTALLOGRAPHY OF NEW POLYANHYDRIDE
INJECTABLE MICROBEAD FORMULATIONS OF DECITABINE

JiFi BRUS!, JiFi CZERNEK!, Michal HUSAK®, Martin HRUBY?, Pavel SVEC!

! Institute of Macromolecular Chemistry AS CR, v.v.i., Heyrovského nam. 2, Prague
? University of Chemistry and Technology, Department of Solid State Chemistry, Prague 6

ABSTRACT

The archetypal DNA methyltransferase inhibitor, decitabine (DAC), has been
established as the efficient therapeutics for the epigenetic cancer therapy. However, the
therapeutic administration of DAC is limited by its hydrolytic lability, decreasing plasma
circulation time. To circumvent this problem, the new biodegradable, polyanhydride injectable
microbead formulation of a crystalline drug immersed in the monolithic crystalline matrix of a
polymer carrier was developed. In this contribution we demonstrate our attempt to utilize the
concept of NMR crystallography to describe structure of the proposed formulation. In this
respect, a set of ca 600 crystal structures of DAC were predicted using the Polymorph
Predictor. The selected ca 60 candidates featuring low crystal-lattice energies were optimized
using the PBE DFT method as implemented in the CASTEP program package. Subsequently
the 'H and C NMR shielding parameters were calculated employing the GIPAW-PBE
approach. The calculated NMR parameters were compared with 'H and "C isotropic chemical
shifts experimentally determined using a set of standard and T)-filtered 'H-"C FSLG
HETCOR and 'H-"H SPC5 and PC7 DQ/SQ NMR correlation experiments. The root-mean-
square deviations between experimentally determined and calculated chemical shifts were
calculated. First, the experimental protocol was verified using the prepared neat anhydrous
form of DAC for which the crystal structure was refined from synchrotron powder diffraction
data (Form I). In the subsequent step, the isotropic chemical shifts were determined for the
unknown crystal modification of DAC (Form X) embedded in the polycrystalline polymer
matrix. Proton T)-filtering was applied to suppress unwanted resonances of polymer fractions.
In this way, accurate values of 'H and "*C isotropic shifts were determined and on the basis of
comparing the experimental and calculated NMR parameters the most probable crystal
structure of DAC Form X was identified.

Applying the domain-selective 2D ss-NMR experiments the concept of powder NMR
crystallography was successfully extended to nanostructured polycrystalline systems
synthesized by a single-step process.

Acknowledgement: The authors thank to the Grant Agency of the Czech Republic (Grant
GA13-24155S) for financial support.
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SOLID STATE NMR STUDY OF INORGANO-ORGANIC NANOSTRUCTURED
MATERIALS

Libor KOBERA!, Magdaléna STRECKOVA?, Sabina ABBRENT", Jifi BRUS"
! Institute of Macromolecular Chemistry AS CR, v.v.i., Heyrovského nam. 2, Prague
*Institute of Materials Research SAS, Watsonova 47, Kosice

ABSTRACT

The insulating soft magnetic composites (SMCs) are traditionally designed from
magnetic metal powders, which are covered ideally by a very thin insulating layer. The aim is
to achieve SMCs with a high enough density and sufficiently stable mechanical properties,
whereas an insulation layer between magnetic powder particles should ensure a high electrical
resistivity minimizing the overall magnetic losses. The inorgano-organic composite as a
dielectric material can be used. The precise structural characterization of composite material
helps to suitable using of prepared system in industry. From this reason our attention was
focused on preparation and structural characterization of inorgano-organic nanostructured
material by solid state NMR spectroscopy. In this respect we applied the traditional
experiments under magic angle spinning, CP’/MAS NMR experiments and advanced two-
dimensional 3Q/MAS NMR experiments with z-filter, the recently developed advanced
double-quantum (DQ) magic-angle-spinning (MAS) NMR technique. The origin of inorgano-
organic interpenetrating networks was confirmed and individual phases described.
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Figure 1. Comparison of MAS NMR a) and DQ/SQ MAS NMR b) spectra of cured inorgano-
organic nanostructured material
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Acknowledgement: The authors thank to the Grant Agency of the Czech Republic (Grant
GA13-24155S) for financial support.
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DEMAGNETIZACNE MAGNETICKE POLE V MAGNETICKY MAKKYCH
KOMPQOZITOCH

Peter KOLLAR )
Ustav fyzikalnych vied PF UPJS, Park Angelinum 9, 04154 Kosice

ABSTRAKT

Vnutorné demagnetizacné magnetické pole v magneticky makkych feromagnetikach
vo vicsine pripadov negativne prispieva k magnetickym vlastnostiam, a preto je snaha
technolégov eliminovat v ¢o najvacSej miere. V kompozitnych magneticky mékkych
materidloch pozostavajucich z feromagnetickych castic, ktoré st navzajom oddelené
izolacnym materidlom je nevyhnutna pritomnost vnutorného demagnetizacného pola
pochadzajuceho od povrchovych magnetickych ndbojov na povrchoch castic kompozitu.
Poznanie velkosti demagnetizatnych poli je potrebné pre vyvoj kompozitov
s optimalizovanymi vlastnostami. Prispevok pojedndva o moznosti experimentalneho
skimania demagnetizacnych poli kompozitov a opisuje vplyv technologickych parametrov
pripravy na vysledné magnetické vlastnosti magneticky mikkych kompozitov na baze zeleza.
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MAGNETICKE VLASTNOSTI A RELAXACNE PROCESY V MAGNETICKYCH
NANOKOMPOZITOCH

Adriana ZELENAKOVA', Vladimir ZELENAK?
! Ustay fyzikalnych vied PF UPJS, Park Angelinum 9, 04154 KoSice
?Ustav chemickych vied PF UPJS, Park Angelinum 9, 04154 Kosice

ABSTRAKT

Mono-doménové nanocastice kovov na baze Zeleza s v su¢asnom obdobi v popredi
vedeckého zaujmu v dosledku ich zaujimaych fyzikadlnych vlastnosti ako napriklad
makroskopické kvantovanie magnetizacie, jav superparamagnetizmu, kvantovy efekt velkosti
Castic a zaujimavé povrchové javy vyplyvajice zo spinovej frustracie medzi povrchovymi a
objemovymi spinmi. Ak si medzi Casticami pritomné magnetické interakcie, tieto mézu mat
vyznamny vplyv na magnetické vlastnosti kompozitnych materidlov ako aj na
superparamagneticku relaxaciu. Potlacenie vlyvu dipdl — dipdélovych interakcii, pripadne
pritomnost  velmi slabych interakcii, sa prejavuje v  existencii  “Cistého”
superparamagnetického (SPM) spravania, ktoré moéze byt doprevadzané blokovanim
magnetickych momentov nanocastic pri nizkych teplotach. Naopak, pritomnost silnych
magnetickych interakcii, predovSetkych dipol-dipolovych, vedie ku kolektivnemu
magnetickému spravaniu oznacovanému ako superspinové sklo (SSG), ktoré sa prejavuje
zamfzanim do stavu superspinového skla pri nizkych teplotach.

Utinnym nastrojom na $tidium relaxaénych procesov prebiehajucich v magnetickych

kompozitnych systémoch je stadium komplexnej striedavej magnetickej susceptibility , ktora
umozinuje kvantifikovat’ mieru pritomnych magnetickych interakcii v systémoch.
V naSej praci sme experimentalne skumali komplexnu striedava susceptibilitu (jej redlnu a
imaginarnu zlozku) v teplotnej zavislosti (2-300K) od meniacej sa frekvencie v intervale 0.1-
1000 Hz v réznych typoch praskovych kompozitnych materidlov. Na zaklade tohto
experimentalneho $tudia sme nasledne realizovali teoreticki analyzu relaxacnych procesov
prebiehajucich v Studovanych kompozitnych vzorkach.

Podakovanie: Tato praca vznikla s podporou projekiu APVV 0222-10 ako aj grantu ¢. ITMS
26220220105 z financnych prostriedkov ERDF EU (Eurdpsky fond regiondlneho rozvoja
Europskej Unie).
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NANOCASTICO\!E VRSTVY S ELEKTROKATALYTICKOU AKTIVITOU V
REAKCII VYLUCOVANIA VODIKA

Renata ORINAKOVA! Maria SABALOVA™, Andrej ORINAK?, Jana HOVANCOVA!

' Katedra fyzikdlnej chémie, Ustav chemickych vied, Prirodovedeckd fakulta UPJS v
Kosiciach, Moyzesova 11, Kosice

? Katedra fyzikilnej a teoretickej chémie, Univerzita Komenského v Bratislave,
Prirodovedecka fakulta, Mlynska Dolina, Bratislava

ABSTRAKT

Vodik, ako najcistejSi, obnovitelny a udrzatelny zdroj energie s minimalnym
Skodlivym dopadom na Zivotné prostredie je v sGcasnosti predmetom zaujmu mnohych
vedcov a odbornikov. Je pravdepodobné, ze vodikové energetické systémy v buducnosti
progresivne nahradia existujuce fosilne paliva a preto je Coraz CastejSie oznacovany ako palivo
budiicnosti.

Avsak, je niekol'ko problémov, ktoré brania Sirokému vyuzivaniu vodika a brzdia
vyvoj vodikovych technologii. Jednym z nich je vysoka cena a z toho vyplyvajuca potreba
vyrazného zniZenia nakladov na vyrobu vodika. Preto je vyskum v si¢asnosti zamerany na
znizenie ohmického odporu a nadpitia. Pozadované znizenie nadpédtia je mozné dosiahnut’
vhodnym vyberom elektrodového materidlu s vysokou elektrokatalytickou aktivitou v HER
a/alebo zvicsenim plochy aktivneho povrchu elektrody, preto st nanostruktirované materialy
predmetom intenzivneho vyskumu. V porovnani s tradicnymi objemovymi materidlmi
poskytuji nové alebo vylepSené vlastnosti a funkcie. Pouzitie nanocasticovych vrstiev
umozituje pripravit' aktivnejsie a selektivnejsie katalyzatory, predizit ich Zivotnost' a zniZit
naklady.

Podakovanie: Prispevok vznikol s podporou vedeckej grantovej agentiiry MS SR vo forme
grantu VEGA ¢. 1/0211/12.
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MECHANICKE LEGOVANI Ni-Fe SLITINY TYPU PERMALLOY

Hynek HADRABA', Magdaléna STRECKOVA?, Roman HUSAK", Pavia ROUPCOVA'
! Ustay fyziky materialit AVCR, Zizkova 22, 616 62 Brno , Ceska republika
?Ustav materidlového vyskumu SAV, Watsonova 47, Kosice, Slovenskd republika

ABSTRAKT

Ni-Fe slitina typu Permalloy o nominalnim slozeni 80Ni-14,7Fe-4,4Mo-0,5Mn-0,3Si
byla pfipravena metodou mechanického legovani z komerc¢né dostupnych praska Ni
(GTW,SRN), Fe (GTW,SRN a Hoganas,Svédsko), Mo (Sigma-Aldrich,USA), Mn (Sigma-
Aldrich,USA) a Fe-Si (Praskové kovy,CR). Mechanické legovani bylo provedeno ve
vysokoenergetickém planetovém mlynu Pulverisette6 (Fritsch,SRN) ve vzdusné atmosféie po
dobu 24 az 120 hodin. Po 24 hodinach mechanického legovani byly vstupni komponenty z
hlediska chemické homogenity dostate¢né promiseny. Mfizkovy parametr tuhého roztoku byl
3,56 A a v priibéhu dalsiho mleti nedochazelo k jeho zvétsovani. Také fazové slozeni tuhého
roztoku se v prubéhu dalsiho mleti neménilo. Velikost ¢astic kompozitniho prasku byla po 24
hodinach mleti kolem 200 pm a v prabéhu dal$iho mleti klesla az na hodnotu kolem 100 um.
Velikost krystalitt tvoficich Castice piipraveného prasku byla kolem 100 nm. Hutna télesa
byla z kompozitnich praski pripraveny jednoosym lisovanim a slinovanim a také valcovanim
za tepla. Velikost zrna hutného materidlu zavisela predevsim na teploté zhutnovani prasku a
pohybovala se vrozmezi cca 200 nm az 1 um. Koercivita Hc kompozitniho prasku po 24

hodinach mleti byla kolem 40 A'm~! a's dobou mleti rostla az na hodnotu kolem 120 A'm!

pro mleti po dobu 120 hodin

Podékovani: Prace byla financné podporena projektem zdakladniho vyzkumu 14-25246S
Grantove agentury Ceské republiky.
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PRIPRAVA VYSOCE-CHROMOVE ODS OCEL| Z PRED-LEGOVANE PRASKOVE
OCELI A Z ATOMARNE CISTYCH PRASKU

Roman HUSAK, Hynek HADRABA, Ivan KUBENA
Ustav fyziky materialit AVCR, Zizkova 22, 616 62 Brno , Ceska republika

ABSTRAKT

Préce se zabyva pripravou feritické oceli zpevnéné oxidickou disperzi (ODS) pomoci
metody mechanického legovani. Byly pfipraveny dva typy oceli lisicich se chemickym
slozenim: konven¢ni ODS ocel s chemickym sloZenim 17Cr-1Mo-Y,O3 a nizko-aktivacni

ODS ocel se sloZzenim 14Cr-2W-Y03. Pro pripravu oceli 17Cr-1Mo-Y,O3 byl jako vychozi

material pouzita komeréné dostupna praskova ocel AISI 434LHC produkovand firmou
Hoganas, do které bylo ptidano 0,25 hm.% ytria, nebo 0,25 hm.% Y;,O3. Ocel typu 14Cr-2W-
Y,O3 byla vyrobena z atomarné Cistych praska Cr, W, Ti a Y,03. Kompozitni prasky byly
pfipraveny mechanickym legovanim v planetovém mlynu za pouziti vzdusné atmosféry, resp.
ochranné Ar atmosféry. V pribéhu mechanického legovani dochézi vlivem razu kouli
k opakovanému spojovani praskovych castic a jejich nasledného rozrusovani. Homogenizace
chemického slozeni kompozitnich praskt v pribéhu mechanického legovani byla sledovana
pomoci EDS analyzy a RTG difrakce. Po 12 hodindch mechanického legovani byl ziskan
chemicky homogenni prasek s jednotnou velikosti ¢astic. Mechanické legovani po delsi dobu
vede k vyraznégjsi plastické deformaci, ktera zajistuje vznik jemnéjsi Castic a diky tomu vznika
jemnozrnngjsi feritickd struktur zhutnéné ODS oceli. Bylo zjisténo, ze v pribéhu
mechanického legovani ve vzdusSné atmosféfe prevladalo rozruSovani castic nad jejich
spojovanim a byl ziskan velmi jemny kompozitni prasek. ZvySena oxidace povrchu castic
navic brani uspésnému zhutnéni prasku pfipraveného ve vzdusné atmosfére. Praskové
kompozity byly pomoci valcovani za tepla zkompaktizovany do hutného stavu. Pomoci
metody SEM a TEM bylo pozorovano Gspésné vytvoreni disperze jemnych oxidickych ¢astic
o velikosti mezi 5-10 nm. Velikost zrn feritické matrice se pohybovala kolem hodnoty 500
nm.

Podékovani: Prace byla financné podporena projektem zdakladniho vyzkumu 14-25246S
Grantove agentury Ceské republiky.
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ABSTRACT

High temperature X-ray powder diffraction was applied to follow changes in a phase
composition of the mechanically alloyed Fe — 29 at.% Al — 1.5 at.% Mo samples prepared by
high-energy ball milling. The powder samples after 960, 1920, and 3840 min of milling were
initially studied by room temperature X-ray diffraction supported by Mdssbauer spectroscopy.
A structural refinement of X-ray powder data according to the Rietveld method has detailed
the finest structure of homogeneously distributed elements after 1920 min of treatment
contrary to the next milling step leading to a partial decomposition. This was subsequently
confirmed by Mdssbauer phase analysis. To obtain more detail information concerning the
structure and phase stability a series of X-ray measurements at the step-wise increasing
temperature were performed. The Rietveld analysis of obtained data has confirmed the best
alloyed powder sample after 1920 min of milling the composition of which was stable during
increasing temperature up to 1000 °C.
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Central European Institute of Technology under CEITEC - open access project, ID number
LM2011020, funded by the Ministry of Education, Youth and Sports of the Czech Republic
under the activity ,,Projects of major infrastructures for research, development and
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CHARACTERIZATION OF FRACTURE BEHAVIOUR OF ADVANCED STEEL
USING MINIATURIZED TEST SPECIMENS
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LUPTAKOVA, Hynek HADRABA

Institute of Physics of Materials, Academy of Sciences of Czech Republic v.v.i., Zizkova 22,
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ABSTRACT

Development of new materials is connected with the limited amount of test material
available. In those cases characterization of mechanical properties or fracture behaviour of the
materials requires an application of miniaturized test specimens. It can be a miniaturized
variant of commonly used test specimen or an optimised geometry for the requited need. Such
specimens usually have their dimensions in the order of millimetres. Testing, evaluation and
interpretation of the obtained data from miniaturized specimens require suitable force range
and strain measurement. Moreover an optimised procedure of interpretation of the obtained
results is needed especially when the measured characteristics is beyond the limits specified in
the standard. The contribution describes the experience with testing and fracture behaviour
description both miniature tensile and fracture toughness specimens obtained on advanced
steels (Eurofer97 steel, JRQ steel, ODS steels) at [PM.

Acknowledgement: The authors acknowledge and appreciate support of the grants No. 15-
21292Y and No. 14-25246S of the Czech Science Foundation.
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ABSTRAKT

Ciel'om prace bolo optimalizovat’ podmienky pripravy tenkych povlakov na baze W
— C nandSanych technologiou HiPIMS reaktivnym napraSovanim z WC terca s pridavkom
reakéného plynu — acetylénu zhladiska zvySenia tvrdosti. Povlaky boli pripravené
v niekol’kych sériach pre urcenie vplyvu depozicnych podmienok (vykon na magnetrone,
frekvencia, dizka pulzu a koeficient o = f [s™'].1[s], kde f je frekvencia a t dizka pulzu), pri
kongtantnom tlaku v komore (0,5 Pa s 2% acetylénu). Struktira povlakov bola pozorovana
pomocou SEM a TEM v priecnom reze. TEM pozorovanie ukazalo amorfnt Struktiru W-C
povlakov, ktora rastie na krystalickej podvrstve Ti. GDOES merania ukazuju, ze frekvencia
100 — 400 Hz nemé vyrazny vplyv na obsah uhlika a volframu v povlaku aich pomer je
priblizne 1:1 snarastom frekvencie nad 400 Hz doslo k miernemu poklesu obsahu uhlika
a narastu volframu. Pomer C : W narastal z 1:0,9 az na 1:1 pokial’ bol vykon zvySovany z 300
na 500 W, s d’als$im zvySovanim vykonu bol pomer uhlika a volframu konstantny. Pri 0=3%
bola tvrdost” W-C povlakov na urovni 20 GPa bez vyrazného vplyvu vykonu a frekvencie.
Znizenim o na 0,5% doslo k poklesu indentacnej tvrdosti na~15 GPa. Koeficient trenia bol
v intervale 0,15 — 0,25.

Podakovanie za financnu podporu pri realizacii vyskumnych prac patri projektom: APVV-
0520-10, VEGA 2/0098/14,APVV-0682-11 a VEGA 02/187/15.
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ABSTRACT

This paper deal with the results obtained using novel generation of sputter deposition

technology, names High Target Utilisation sputtering System. This technology is based on
generating an intense plasma (> 10"cm™) remotely from the sputter target and then
magnetically steering the plasma to the target to enable sputter deposition processes to be run.
Resent development has revealed potential new application and benefits, including very low
deposition rate for thin films and excelent wave guiding properties. Today, the ever -
increasing demands of modern products for processing and manufacturing accuracy and
efficiency have pushed standard magnetron sputtering technology to its limits.
This work includes some results regarding the properties of hard metal coatings, especially
Tungsten — carbide coatings, prepared by HITUS technology. 15 different WC/C coatings
deposited at different conditions has been evaluated with respect to their structural and
mechanical properties. For all coating a titanium sublayer was deposited first to enhance
coating hardness. The carbide phase (WC) and the carbon (C) phase were deposited
simultaneously by sputterng of a WC target and chemical vapour deposition using
hydrocarbon gas, respectively. The coatings have been characterised with respect to their
chemical composition (glow discharge optical emmision spectroscopy, Raman spectroscopy),
morphology, SEM, hardness and roughness (profilometry). All WC/C coatings displaeyd at
thickness between 500 — 1500nm. The hardness varied between 20 and 30 Gpa, very good
hardness of WC/C coatings. In summary, a WC/C coatings with good mechanical properties
was obtained, provided relatively low acetylene gas flow. During deposition was deposited
relatively thin WC/C coating.

Acknowledgement: The finantial support by the projects VEGA 2/0187/15 and
NANOCEXMAT 1, ITMS: 26220120019 is acknowledged.
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ABSTRAKT

Clanok sa zaobera vplyvom laserového Ziarenia na vyvoj mikrostruktiry nastrojovej
ocele AISI H11 v tepelne spracovanom stave (kaleny a popusteny) a jej dopadom na odolnost’
proti opotrebeniu. Mikrostruktura laserom ovplyvnenej oblasti pozostavala z jemnozrnnych a
hrubozrnnych karbidov (M»;Cs, M;C5, MC alebo M,C) rozptylenych v martenzite. AvSak na
druhej strane oblast kde doSlo k nataveniu, mikroStruktira pozostavala z martenzitu,
zvyskového austenitu a jemnych karbidov precipitujucich v medzi-dendrtitickych oblastiach.
Mikrotvrdost’ laserom ovplyvnenej oblasti vykazovala zvySent tvrdost od 857 do 775 HV
v porovnani s kalenym a popustenym stavom 720-655 HV a klesala v smere od povrchu do
stredu materidlu az po oblast’ zmékcenia kde mikrotvrdost’ dosiahla 530 HV. Odolnost’ proti
opotrebeniu laserom ovplyvnenej vzorky metodou ,,ball of disc* ukazuje vyznamné zlepSenie
v porovnani s kalenou a popustenou vzorkou.

Podakovanie: Tato prdca bola vykonand v ramci projektu “Vysokopevné elektrotechnické
kompozitné ocele”, APVV — 0147 - 11, projekt je spolufinancovany zo zdrojov Agentury na
Podporu Vyskumu a Vyvoja. Okrem toho praca bola realizovana aj v ramci rieSenia projektov
VEGA 2/0083/13, VEGA 2/0120/15 a projektu ITMS 26220220037.
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ABSTRAKT

Elektrostatické zvlaknovanie (electrospinning) sa stalo v poslednych rokoch jednou
z perspektivnych ~ metéod  pripravy  polymérnych,  kompozitnych  a keramickych
mikro/nanovlakien aj na priemyselnej urovni. Tymto pomerne jednoduchym a variabilnym
sposobom je mozné vyrobit’ vlakna syntetickych a prirodnych polymérov, ale aj kompozitnych
mikro/nanovlakien. Ich nasledné tepelné spracovanie umoznuje tieZ vyrobu keramickych
nanovlakennych vrstiev. VyuZzivaju sa ako rozne filtre a filtracné keramické membrany,
zlepSuju akusticku izolaciu, aplikuju sa v textilnom priemysle pri vyrobe ochrannych odevov,
v kozmetike. Ich Siroké uplatnenie je v biomedicine v ramci rozvoja tkanivového inzinierstva
a kontrolovaného uvolnovania lieCiv. Zaujimavé su aj ako elektronické a optické
nanozariadenia, senzory pre fyzikalne, chemické a biologické aplikacie, v oblasti vyroby a
uloZenia energie, aj ako Casti batérii, palivové ¢i fotovoltaické ¢lanky, vodikové zasobniky,
nanozariadenia pre piezoelektricky pohon. Vyuzitelné su tiez ako katalyzatory a nosice
enzymov a ako rozne plniva kompozitov.

Metodou elektrostatického zvlaknovania PVA (polyvinyl alkohol) boli pripravené
keramické mikro/nanovldkna na baze oxidov lantanu a tantalu. Pouzité boli 7 a 10% - vodné
roztoky PVA s pridavkom prekurzorov La, Ta ziskaného sol-gel metddou. Vyrobené
mikro/nanovlakenné vrstvy boli tepelne spracované na teploty 80, 280, 400, 900°C, pri¢om
dochadzalo k degradacii polyméru a postupnému vytvaraniu ¢isto keramickych nanovlakien
zlozenych z jemnych zfn. Pri nizSej koncentracii roztoku PVA dochadzalo k vytvoreniu
pravidelnych jemnozrnnejsich Struktir oxidov La a Ta so znanym mernym povrchom.

Bolo preukazané, ze tato metdda je pri vhodne zvolenej koncentracii zvlakinovacieho
polyméru vhodna na pripravu homogénnych keramickych vlakien na urovni nanomaterialov
vhodnych pre aplikacie v mikroelektromechanickych systémoch a ako tuhé oxidické palivové
clanky.

Podakovanie: Uvedena publikacia bola vytvorena realizaciou projektu ,, Vyskumné centrum
progresivnych materialov a technologii pre sucasné a budice aplikacie ,, PROMATECH", na
zaklade podpory Operacného programu Vyskum a vyvoj financovaného z Europskeho fondu
regionalneho rozvoja.
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ABSTRACT

Usefulness of microwaves in the heating of materials was first recognized in 1946
year. First microwave oven was in the marketplace in 1952 year. In 1992 year the microwave
oven has become a ubiquitous technology, present in more than 60 million homes. Despite this
long history and widespread use, there still remains a great deal that is not fully understood
about microwaves and their use. Microwave frequencies 915 MHz, 2.45 GHz, 5.8 GHz, and
24.124 GHz are allocated for industrial use. Microwave processing is interesting due to some
characteristics that are not available in conventional processing of materials: penetrating
radiation, controllable electric field distributions, rapid heating, selective heating of materials
through differential absorption, self-limiting reactions. Application of microwave processing
bring some new problems and challenges:

- bulk materials with significant ionic or metallic conductivity cannot be effectively processed
due to inadequate penetration of the microwave energy

- insulators with low dielectric loss factors are difficult to heat due to their minimal absorption
of the energy

- materials with permittivity or loss factors that change rapidly with temperature during
processing can be susceptible to uneven heating and thermal runaway.

There is evidence of enhancements of processes due to the effects of microwaves
alone as enhanced sintering, grain growth, diffusion rates, faster kinetics in polymers and
synthetic chemistry. This “non thermal effects” are not fully quantified and it is subject of
continuous research.

Mechanism of microwave heating of materials differ in many ways.

In heating the ferromagnetic metal particles are significant magnetic and eddy current losses.
Both mechanisms are active only within the skin depth. Magnetic loss mechanism disappears
above the Curie temperature. The skin depth of Fe is about 1 mm above the Curie point (in a
paramagnetic state) and it is about 0.1 mm below the Curie point (in a ferro-magnetic state).
Skin depth is depending on the magnetic permeability and magnetic permeability of iron
particles has the grain size dependence.

The principal mechanism of microwave absorption in a polymer is the reorientation
of dipoles in the electric field. Many polymers contain groups that form strong dipoles (e.g.,
epoxy, hydroxyl, amino, cyanate...). Microwave processing can be used over a broad range of
polymers and products, including thermoplastic and thermosetting resins, rubber, and
composites. In open vessels, most polar solvents have an inherent ability to be heated above
their conventional boiling points.
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Industrial application of microwave processing can be found in the field of glass and ceramics
production.

Principally, there are two setups of microwave cavity: a) single-mode and b) multi-mode.
Single-mode cavity is characteristic by:

- one resonant mode is excited

- accurate control of microwave energy distribution, better process control

- limitation in the sample size for a good field uniformity

Multi-mode cavity characteristics:

- numerous modes are excited simultaneously

- turbulent interference pattern — hot and cold zones

- large samples - lower level of control over the field distribution and energy balance

- adaptability to batch or continuous product flow

Microwave sintering laboratory was built in the end of year 2014 at the Institute of Materials
Research of SAS in Kosice. The laboratory is equipped by multi-mode and single-mode oven
with microwave impedance analyzer. Relatively wide range of powder materials were
processed by this technology in the short lifetime of the Laboratory with the focus on
compaction of functional composites.
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