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techniques, Ceramica, 65 (2019) 58-69.
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coatings, 7th Int. Int. Conf. Advanced Plasma Technologies - ICAPT 7, February, 24 —March
1. 2019, Hue, Vietnam.

Vyzvané prednasky
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Japan, 30.6.-8.7.2018.

2. F. Lofaj, M. Kabatova, M. Klich, D. Medved, J. Dobrovodsky, P. Noga, The effect of
hydrogen on structure and tribological properties of W-C/a-C:H coatings, 2nd Polish-Slovak-
China Seminar on Ceramics. Krakow, Poland, 10.-12.9.2018.

Vyzvané prednasky na zahrani¢nych instituciach

1. F. Lofaj, D. Németh, Some problems of nanohardness measurement in thin hard
coatings, MU Leoben, Rakusko, 23.-25.9.2018

2. F. Lofaj, FEM of cracking during nanoindentation and scratch testing in the coated
systems, FSI VST Brno, Ceska republika, 13.-16.2.2018

Uplatnenie vysledkov projektu

Zakladny vyskum:

1. Popis vzniku viacnasobnych kohéznych trhlin Chevronovho typu pocas vrypovych
skusok kombinaciou modelovania pomocou klasickych vypo&tov pomocou metddy
konec¢nych prvkov (FEM) a rozSirenej metédy FEM (XFEM)

2. Aplikacia precesnej difrakcie v STEM pre identifikaciu kryStalografickych orientacii
kryStalitov pri raste vrstvy a tvorbe medzifazového rozhrania

3. Overenie vplyvu La na zvySenie adhézie povlakov systému TiAIN

4. Vyvratenie hypotézy o tzv. “lost memory” efekte v pripade hybridného PVD-PECVD
napraSovania

5. Stanovenie optimalnej hribky DLC povlaku s CrN medzivrstvou

Praktické aplikacie:

1. Vyvoj nového typu zdroja HIPIMS

2. Vyvoj meracieho zariadenia pre sledovanie adhézie povlakov pomocou akustickej emisie
pri zataZzovani metédou Rockwell

Uvedené vysledky su aplikovatelné aj v priemyselnych podmienkach pri vyvoji novych typov
vykonnych povlakov na nastroje.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v slovenskom jazyku
(max. 20 riadkov)
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Realizacia projektu sa uskutocnila podfa planovaného programu s vyuZitim ré6znych metod
pripravy funkénych vrstiev. Z tohto dévodu boli optimalizované technologické parametre pre
pouzité technolégie HiITUS, HiPIMS, PVD/PECVD, DCMS a LARC na rieSitelskych
pracoviskach. Zarover sa vyvinul novy typ zdroja pre HiPIMS s regulovanymi parametrami
pulzu. Ako substraty pre povlaky sa pouzili rézne typy materialov (bezna uhlikova ocel 12
050, HSS 19 852 a spekany karbid). Povlaky boli navrhnuté tak, aby sa vyuzili doterajSie
skusenosti rieSitefov. Na pracovisku UMV SAV sa vyskum orientoval na povlaky W-C/a-C:H
a W-C:H priCom sa porovnaval vplyv typu uhlovodikového prekurzora na stuper
hydrogenizacie a hybridizacie na ich vysledné mechanické a tribologické vlastnosti.
Vysledkom bolo, Ze hydrogenizacia v plazme sa uskutoCiiuje prostrednictvom adsorbcie a
zabudovavania vodika z CHx skupin prostrednictvom extrakcie uz adsorbovaného vodika
ako aj transformaciou trojitych a dvojitych vazieb medzi uhlikovymi atdbmami. Najlepsia
kombinacia mechanickych (tvrdost’ okolo 20 GPa) a tribologickych viastnosti koeficient
trenia < 0.1) bola zistena v pripade HiIPIMS W-C:H povlakov. Na pracovisku hlavného
rieSitela sa pre zvySenie adhéznych vlastnosti povlakov orientovali na vyuzitie optimalizacie
predpatia na substrate, legovania povlakov prvkami skupiny lanthanoidov, tepelnym
ovplyvnenim substratu pred a po jeho vytvoreni, ako aj pridavkami striebra. Zakladnymi
povlakmi boli CrN, TiSiCN, AICrSiN a TiAISiN. Pre objasnenie vyslednych Strukturnych a
mechanickych vlastnosti sa pouZili metddy vysokorozliSovacej transmisnej elektronove;j
mikroskopie s atomarnym rozliSenim, rastrovacej elektrénovej mikroskopie, Augerove;j
spektroskopie, rtg. difrakénej analyzy a Specialne metddy vyuzivajuce interakciu
vysokoenergetického idnového zvazku s hmotou (RBS a ERDA). Specificka metdda
vyvinuta na rieSitelskom pracovisku bola pouzitd na analyzu procesov porusovania poviakov
v procese makroindentacnej skudky (HRC) pomocou kontinualneho snimania signalov
akustickej emisie. Boli detegované a analyzované signaly z pripravenych povlakov a tieto
priradené k jednotlivym mechanizmom porusovania zahrriujucim ich adhézne vlastnosti.
Vysledky mozno zhrnat do nasledovnych experimentalne potvrdenych vedeckych
poznatkov. Pridavky striebra vytvarali klznu vrstvu tvorenu prevazne oxidmi striebra s
nizkym koeficentom trenia, ktory redukoval zatazenie na rozhrani povlak podlozka. Analyza
vplyvu La na systém TiSiN ukazala, Ze pri malych obsahoch do 0.36 at.% La sa zvySuje
adhézia povlaku. Pri vysokych obsahoch nad 13 at.% je uz vrstva amorfna s vyrazne
negativnymi charakteristikami. Podobne tepelné ovplyvnenie substratu koncentrovanym
laserovym zvazkom prinieslo zaujimavé vysledky. V kombinacii vykonu lasera a predpatia
na takto spracovanom substrate sa podarilo dosiahnut zvySenie adhézie v dosledku
znizenia zvySkovych napati v povlaku. Vyznamny vplyv na adhéziu mal v systéme AITIN
pridavok kremika. Vytvorenim amorfnej sietovej Struktury s nanoc€asticovymi nitridmi hlinika
a titdnu sa opat znizila celkova hodnota napati vo vrstve, ktora pozitivne vplyvala na
medzifazové rozhranie povlak podlozka. Stanovené ciele projektu boli v pinej miere splnené.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The implementation of the project was carried out according to the planned program using
various methods of preparation of functional layers. For this reason, the technological
parameters have been optimized for the HITUS, HiIPIMS, PVD / PECVD, DCMS and LARC®
technologies used on the research workplaces. At the same time, a new type of HIPIMS
source with controlled pulse parameters has been developed. Various types of materials
(conventional carbon steel 12 050, HSS 19 852 and sintered carbide) were used as coatings
substrates. The coatings were designed to use experience of the investigators up to now. At
the Institute of Materials Research of Slovak Academy of Sciences (IMR SAS), the research
was focused on W-C/a-C:H and W-C:H coatings, comparing the effect of the hydrocarbon
precursor type on the degree of hydrogenation and hybridization on their resulting
mechanical and tribological properties. As a result, the hydrogenation in plasma is carried
out by adsorption and incorporation of hydrogen from CHx groups through extraction of
adsorbed hydrogen as well as by transformation of the triple and double bonds between
carbon atoms. The best combination of mechanical (hardness around 20 GPa) and
tribological properties (friction coefficient < 0.1) was found for W-C: H coatings deposited by
HiPIMS technology. The principal investigator's workplace focused on the use of bias
optimizing of the substrate, alloying the coatings with lanthanide group elements, heat
affecting of the substrate before and after the coatings deposition and alloying of coatings

Formular ZK, strana 3/4



with silver to increase the adhesion properties of the coatings. CrN, TiSiCN, AICrSiN and
TiAISIN coatings were chosen as basic reference coatings. High-resolution atomic-scale
transmission electron microscopy, scanning electron microscopy, Auger spectroscopy, X-ray
diffraction and special methods using high energy ion beam interaction with matter (RBS
and ERDA) were used for evaluation of the resulting structural and mechanical properties.
The specific method developed at the investigator's workplace was utilized to study coatings
failure processes during the macroindentation test (HRC) by continuous detection of
acoustic emission signals. The acoustic emission signals from the prepared coatings were
detected and analyzed and then assigned to individual failure mechanisms including their
adhesion properties. The results can be summarized in the following experimentally
confirmed scientific knowledge. The silver additions formed a sliding layer consisting
predominantly of silver oxides with a low coefficient of friction, which reduced the loading at
the coating-substrate interface. Analysis of the La alloying effect on the TiSiN system
showed that, at low contents, up to 0.36 at. % of La, the adhesion of the coatings increased.
Vice versa, at high contents of La, above 13 at. %, the TiSiLaN coatings are already
amorphous with considerably deteriorated properties. Similarly, thermal treatment of the
substrates with a concentrated laser beam resulted in interesting results as well. Combining
the laser power and the bias on the substrate thus treated, an increase in adhesion was
achieved due to a reduction in residual stresses in the coating. The addition of silicon in the
AITiN system had a significant effect on adhesion. The formation of an amorphous network
structure with the aluminum and titanium nitrides nanoparticles caused another reduction of
the overall value of the stress in the coating, which had a positive effect on the coating-
substrate interface. The project objectives set have been fully met.
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