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Abstract. Chromium carbonitride coatings were deposited by cathodic arc physical vapor deposition
technology at a temperature of 300 °C, as were used the reactive gasses CH4 and N2. The structural
analysis of the CrN coating showed a polycrystalline structure with mixed CrN and Cr2N phases. All
studied coatings, including the CrC exhibits fcc structure. The phases were confirmed by X-ray
photoelectron spectroscopy measurements where a surface oxidation was also detected. The increase
of the CH4 gas flow during the deposition process leads to a parabolic trend with the highest hardness
of 33.5 GPa for the coating deposited at CH4 / N2 = 0.53. At the same time the lowest coefficient of
friction for both counterparts Al203 and ZrO2 (0.28 and 0.26, respectively) were measured at CH4 / N2
= 1.86. The tribological tests reveal that the wear of the coatings increases with an increasing CH4 flow
rate, whereas the coefficient of friction decreases. This observed contradiction is explained by a
phenomenon described as the effect of Rebinder.

Pe3tome. Xpom KapbOHUTPUAHM NOKPUTUA BAXa OTNOMKEHWU Ype3 KAaTOLHO AbroBO OT/araHe OT MapoBa
¢dasza npu Temnepatypa ot 300 °C, KaTo 6sxa M3non3BaHU peakTnBHUTe razose CH, 1 N,. CTPYKTYpHUAT
aHann3 Ha CrN moKkpuTMA MoKasa NoJMKPUCTasnHa CTPYKTypa ¢ Hanmume Ha CrN u Cr,N ¢dasn. Bcmuku
uscnenBaHn MNoKpuTtua, BrAtouMTenHo CrC nokaseat fcc cTpykTypa. ®Pasute bAxa NOTBBPAEHW uypes
peHTreHoBa GOTOENEKTPOHHA CMEKTPOCKONMUSA, KbAETO Cblo Oelle OTKPUTO NMOBBPXHOCTHO OKUCAEHME.
YBenmMyaBaHeTO Ha razoBua NoTok Ha CH4; No Bpeme Ha npoueca Ha oTnaraHe, BOAM A0 napabosnyHa
TEHAEHUMA Ha WU3MEeHEeHMEeTO Ha TBbPAOCTTa, C Hal-BMCOKa TBbpAOCT OT 33,5 GPa 3a nmokputueTo,
oTnoxeHo npu CH, / N, = 0,53. B CbLLOTO Bpeme HaW-HUCKUAT KoedWUMEHT Ha TpueHe 3a ABeTe
KoHTpaTtena Al,O; u ZrO, (cvoTtsetHo 0,28 1 0,26) e uamepeH npu CH, / N, = 1,86. TpubonornyHmTe
TECTOBE MOKA3BaT, Ye M3HOCBAHETO Ha MOKPUTUATA Ce yBe/n4YaBa C yBenM4yaBaHe Ha NoToKa Ha CHy, oT
Apyra cTpaHa KoeduUMEHTHbT Ha TpUMeHe Hamansaea. ToBa HabntogaBaHO NPOTMBOpPeYMe ce 0bsACHABA C
deHomeH, onncaH KaTto edekTa Ha Rebinder.
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Abstract. The study presents an influence of Al/Ti and Al/Cr ratios on the structural, mechanical and
tribological properties of AITiSiN and AICrSiN coatings, deposited by the cathodic arc physical vapour
deposition method at a temperature of 400°C. The remains of the original AISiN hexagonal phase were
observed in the obtained coatings as well as the crystallites of cubic TiN and CrN, respectively. X-ray
photoelectron spectroscopy analysis assumes the presence of a substoichiometric SiN. The addition of
11 at.% Ti or 13 at.% Cr in AISiN led to an increase in both the coating’s resistance to plastic deformation
and the plasticity index. The addition of 13 at.% and 24 at.% Cr to the AISiN coating structure resulted in
a decrease in the average coefficient of friction with 18% and 36% against a counterpart of Al,O;,
respectively, and with 36% for both concentrations against the steel ball counterpart. The addition of Ti
has no influence on the values of the coefficient of friction when using ceramic counterpart, while the
steel counterpart decreased it up to 30%. Both elements change the abrasion effect of the coating.



Pestome. VM3cnenBaHeTo npeAacTaBa BAMAHMETO Ha CboTHoweHusATa Al/Ti n Al/Cr BbpXy CTPYKTypHUTE,
MEeXaHUYHUTEe U TPUbONOrMYHUTE cBOMCTBA Ha nokputua AITISIN mn AICrSiN, HaHeceHM upes
KaToAHOA4BbrOBO HaHacAHe OT napoBa ¢dasa npu Temnepatypa 400°C. Mpu nscneaBaHUTE NOKPUTUS ce
Habntopasa octaHana oT opurmHanHma AISIN xekcaroHasnHa ¢asa, KakTo U KpUCTanuTn Ha KybuueH TiN u
CrN. AHanmM3bT 4pe3 peHTreHoBa (GOTOENEKTPOHHA CMNEKTPOCKONWA Mpeanosara HajauyMeTo Ha
cybctexmomeTpuueH SiN. [lobasaHeTo Ha 11 at.% Ti uam 13 a1.% Cr B AISiN aoBeae 40 NoBULIaBaHe Ha
YCTOMYMBOCTTA HA MNOKPUTMETO HA MNAacTMyYHA gedopmaumsa M Ha MHAEKCA MYy Ha NAaCTUYHOCT.
[Job6asaHeTo Ha 13 at.% un 24 at.% Cr KbM CTPYKTypaTa Ha AISIN nokputue gosese A0 HamansBaHe Ha
cpeaHua KoedMUMEHT Ha TpueHe cboTBeTHO ¢ 18% u 36% cnpamo Al,O; KoHTpaTtano n ¢ 36% 3a gsete
KOHLLEHTPALMN CAPAMO KOHTPATAZI0O CTOMaHeHa Tonka. [lobaBaHeTo Ha Ti He OKasBa BAMAHWE BbPXY
CTOMHOCTMTE Ha KoeduUMEHTa HA TPUEHE MPWU U3NON3BAHE HA KEPAMMYEHO KOHTPATANO, AOKATO Npu
CTOMaHEHOTO KOHTPaTANO ro HamansAea ¢ Ao 30%. N aBaTa enemeHTa NPOMEHAT abpa3mBHUA edeKT Ha
NOKpPUTUETO.

B3

N. Petkov, E. Kashkarov, A. Obrosov, T. Bakalova, P. Kejzlar, Hr. Bahchedzhiev, "Influence of bias
voltage and CHy/N, gas ratio on the structure and mechanical properties of TiCN coatings
deposited by Cathodic Arc Deposition method", Journal of Materials Engineering and
Performance, Vol. 28 (1), pp. 343 - 354 (2019), IF (2019) = 1.652

Abstract. This article presents a study of the influence of the bias voltage and CH4/N2 gas ratio on the
structure and mechanical properties of TiCN coatings. The coatings are deposited by cathodic arc
deposition technology from Ti cathodes under an atmosphere of a mixture of CH4 and N2 gasses. XRD
analysis shows that an increase in the methane flow changes the preferential orientation of the coating
from (111) to (200) and results in a refinement of the structure (grain size reduction from 23 to 7 nm).
SEM analysis shows that the coatings are stoichiometric. It was demonstrated that the bias voltage has
an influence on the grain size, hardness and elasticity module. The highest hardness value of 52.5 GPa
was measured at the coatings lacking a clear preferential orientation. The adhesion of the coatings
showed a critical load in the range of 29-64 N.

Pestome. Tasm cTaTuA npeactaBA u3cnenBaHe HA BAVAHWETO HA MONAPUIMPALLOTO HAMpeXeHue u
rasosoto cbotHolleHune CHy/N,, BbpXy CTPyKTypaTa M mMexaHW4YHuTe csoicTBa Ha TiCN nokputusaTa.
MOKPUTUATA Ca OTNOXKEHMU Ype3 eNeKTPOLbroBo nsnapeHune Ha Ti KaToguM B cpesa OT razoBa cmec Ha CHy
n N,. XRD aHanu3bT NOKasBa, Ye yBe/iM4aBaHETO Ha MOTOKA Ha MEeTaH NpomeHs npedepeHumnanHaTta
opueHTauMa Ha noKputneto ot (111) Ha (200) u BOoAM [0 YCbBBPLIEHCTBAHE Ha CTPYKTypaTa
(HamanaBaHe Ha pasmepa Ha 3bpHaTa oT 23 Ha 7 nm). SEM aHanu3bT Nokas3Ba, Ye MOKpUTUATa ca
CTEXMOMETPUYHU. YCTaHOBEHO Be, Ye NoaapM3MpPaLLOTO HanpeXXeHne Mma BAUAHME BbPXY Pasmepa Ha
3bpHaTa, TBBPAOCTTA U MOAYNA Ha enacTUyHocT. Hal-BMCOKATa CTOMHOCT Ha TBbPJOCT 52,5 GPa b6e
n3mepeHa npu nokputusaTa 6e3 acHa npedepeHLManHa oprMeHTaumns. AaxesmnaTa Ha NOKPUTUATA NOKA3Ba
KPUTUYHO HaTOBapBaHe B AnanasoHa oT 29-64 N.
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Abstract: TiCN thin coatings with various different carbon contents were deposited using cathode arc
evaporation of pure titanium in a mixture of N2 and C2H2 gasses at a constant pressure of 1.5 Pa. The
analyses show a transition from a stoichiometric to a non-stoichiometric coating structure with an
increasing C2H2 content. Moreover, the increase in the acetylene in the gas mixture leads to a decrease
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in the crystal phase from pure polycrystalline to pure amorphous. Nanohardness changes from 30.4 to
4.4 GPa and the cohesive failure of the coatings is in the range of 61 - 72 N. The tribology is estimated by
the Ball-on-Disc method and an Si3N4 ball as the counterpart. The measured coefficient of friction is in
the range of 0.2 - 0.56.

Pe3tome. ToHKM nokpuTtuaA oT TiCN ¢ pasinyHO CbabprKaHWe Ha Bbriepos 6axa HaHEeCEeHW Ypes3 KaToAHO
ObroBO M3NapeHme Ha YMCT TUTaH, B cmec ot rasose N, n C,H,, npu NOCTOAHHO HanAraHe ot 1, 5 Pa.
AHanNM3bT NOKA3BAT NPeEXos OT CTEXMOMETPUYHA KbM HECTEXMOMETPUYHA CTPYKTYpPaA HA NOKPUTUETO NpwU
yBenn4yaBaHe cbabprKaHmeTo Ha C,H,. OcseH TOBa, yBe/IMYaBaHETO Ha aueTUAeHa B ra3oBaTa cMec BOAMU
00 HaMansBaHe Ha KpucTasaHaTa ¢asa OT YMUCTa NOAMKPUCTaNHA A0 YncTta amopdHa. HaHoTBbpAOCTTA
gapupa ot 30,4 no 4,4 GPa, a KOXe3MOHHOTO paspyllaBaHe HAa MNOKPUTUATA € B AManasoHa 61 - 72 N.
Tpubonornata ce oueHsaBa no metoga Ball-on-Disc ¢ KoHTpatano Tonye oT SizNg. W3mepeHuar
KoedULMEHT Ha TpueHe e B rpaHunumte 0,2 - 0,56.
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Abstract. This paper is a continuation of our previous work. The article presents an investigation of the
influence of coating deposition parameters, in particular a variation with 50% of both cathodic arc
current and bias voltage, on the mechanical and tribological properties of TiCN coatings deposited by
the cathodic arc evaporation of metals at a constant gas ratio.

The thicknesses of the coatings are measured by the Calotest method using a 30-mm hard steel
ball. The determined values are in the range of 734 — 1534 nm. Surface morphology and chemical
composition are estimated by a Scanning Electron Microscope (SEM) and an Energy Dispersive
Spectrometer (EDS) of SEM. The determined values of nanohardness are in the range of 10 - 23 GPa and
adhesion values are in the range of 28 - 70 N. Tribology of the TiCN coatings is investigated with three
different load forces (3N, 5N and 8N) by the CETR UMI Multi-Specimen Test System from Bruker with an
Si3N4 ball counter-body. The friction coefficient is measured in the range of 0.19 - 0.23. Coating wear
and wear of the counter-body are calculated, according to the standard EN1071-13:2010, wherein the
values of the latter are in the range of (2.5 - 30) x 10° mm?>.

Pe3tome. Tasu cTaTva e NPOADB/IKEHME HA Halla NpeamwHa paboTa. CTaTuATa NpeacTaBsa U3caeBaHe Ha
B/IMAAHNETO Ha NAapaMeTpUTE Ha OT/araHe Ha NOKPUTUETO, B YaCTHOCT npomMsaHa ¢ 50% Ha ToKa Ha KaTtoaa
M Ha MOAAPU3NPALLOTO HaNpeXXeHWeTo, BbPXYy MeXaHW4YHuUTe U TpubonornyHute csonctBa Ha TiCN
NMOKPUTUA, OTJIOXKEHU Upe3 eNeKTPOAbIOBO M3NapeHue Ha MeTasn, Npu  MNOCTOAHHO ra3oBO
CbOTHOLLEHWe.

[ebennHute Ha NOKpPUTUATA ca M3MepeHWn 4ype3 KanoTecTep, KaTo e M3nosa3BaHa CTOMaHeHa
cauma c gnameTtbp 30 mm. MamepeHunTe CTOMHOCTHM ca B AnanasoHa 734 — 1534 nm. MopdonormuaTa Ha
MOBBPXHOCTTA U XMMWYHUAT CbCTAB Ca OLLEHEHM Ype3 CKaHMpaLl, efNeKTPOHeH MMKpockon (SEM) u
eHepruiiHo amMcnepcrMoHeH cnekTpomeTsbp (EDS) Ha SEM. M3mepeHuTe CTOMHOCTM Ha HaHOTBbLPAOCT Ca B
AnanasoHa 10 - 23 GPa, a CTOMHOCTMTE Ha agxesusTa ca B AnanasoHa 28 - 70 N. TpubonoruaTta Ha TiCN
NOKPUTUA ce uscnensa C TPU Pas3inYHU cuaum Ha HatoBapsaHe (3N, 5N n 8N) uypes CETR UMI Multi-
Specimen TectoBa cuctema Ha Bruker c¢ SisN; Tonye 3a KoHTpaTAano. KoepuumeHTLT Ha TpueHe e
nsmepeH B amanasoHa 0,19 - 0,23. M3HOCBaHETO Ha MOKPUTMETO U M3HOCBAHETO HA KOHTPATANIOTO Ce
M34mncnnaBat, cbriacHo ctaHgapTta EN1071-13:2010, KaTo CTOMHOCTUTE Ha NOC/AEAHOTO Ca B AMana3oHa
(2,5-30) x 10° mm”.
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Abstract. The paper presents a calculation model to quantitatively predict the mass loss of a cathode
material as a function of discharge current in the electric arc plasma deposition process. The purpose of
the model is to calculate the quantity of the evaporated material depending on the applied arc current.
The model is illustrated by an example of metal evaporation from massive conical and cylindrical
cathodes in a vacuum environment. The model includes a correction factor, representing differences in
technical terms of the metal evaporation process in a vacuum environment by electric arc. The
correction factor is experimentally determined once for each of the different shapes of cathodes. This
model is suitable for physical vapor deposition (PVD) processes with DC arc evaporation of material from
massive metal cathodes.

Pestome. CTaTuaTa npeacTaBsa MOAEN 3@ M3UNC/IEHNE Ha KOJIMYECTBOTO NpejcKasaHa 3aryba Ha maca Ha
MaTepuana Ha Katofa KaTo PYHKLUMA Ha TOKa Ha AbraTta, NPy Npoueca Ha eNeKTPO4broBo NaasMeHo
oTnaraHe. Llenta Ha mogena e Aa M34MCAM KOAMYECTBOTO Ha M3NapeHua matepuan B 3aBUCMMOCT OT
MPUAOXKEHNA TOK Ha Abrata. MogensT e UNCTPUpaH ¢ NPUMeP 3a M3NapABaHe Ha MeTan OT MacUBHM
KOHWUYHU U UMANHOPUYHWN KaTOAM BbB BaKyymMHa cpega. MoaenbT BKAOUBA KOPEKLMOHEH KOeDULIUEHT,
OTUMTALL, Pa3AVKUTE B TEXHUUYECKUTE YCI0BMA Ha NPOLLEca Ha M3NapABaHe Ha MeTan BbB BaKyyMHa cpeaa
upes enekTpuuecka avra. Kopurmpalmar Gaktop ce onpegens eKCnepumeHTanHo BeAHbXK 3a BCAKa OT
pasnnyHuTe dopmu Ha KaToaute. To3nm moaen e noaxoaall 3a NPoLecu Ha GU3nYecKko oTaaraHe Ha napu
(PVD) ¢ M3napeHue ¢ NoCTOAHHO TOKOBA €1IeKTPUYECKa Abra Ha MaTepuan oT MeTasHM MacuBHU KaToau.
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Abstract. Predicting the erosion of the cathode material in cathodic arc evaporation of metal in a
vacuum environment is an interesting task with a variety of applications. In this paper, a method for
calculating of the evaporated cathode material as a function of the arc current by which it was
evaporated is presented. The method is suitable for the processes of the cathodic arc evaporation of
metals in a vacuum environment from massive cathodes by DC arc. In the model has introduced a
correction factor that represents the differences in technical terms of the metal evaporation process in
vacuum environment by electric arc. The correction factor is determined experimentally once-through
for each different type of the cathode shape. The method is illustrated by an example of arc evaporation
of massive titanium cylindrical shape cathode

Pe3tome. MporHo3MpaHeTo Ha epo3nsATa Ha KaTOAHMA MaTepuan Npu KaToaHO-AbrOBO M3napsBaHe Ha
MeTa/l BbB BaKyyMHa Cpefa € MHTepecHa 3afaya C PasHoobpasHW NpuioXKeHus. B Tasm ctatua e
npeacTaBeH METOZ 33 M3YMCAABAHE Ha M3MapeHua KaToAaeHuAa maTepuan Kato QyHKUMA Ha TOKa Ha
Abrata, upes Konto e 6un nsnapeH. MetToabT € NOAX04ALL 33 NPOLLECH Ha KaTOAHO-AbroBO U3napABaHe
Ha MeTa/iM BbB BaKyyMHa cpea OT MacuBHM KaTtoam Ypes DC gbra. B mogena e BbBeAeH KOPeKLMOHEH
KoedUUMEHT, OTUMTALL, PA3NINKUTE B TEXHMYECKMTE YCI0BMA Ha Mpoleca Ha M3napaBaHe Ha MeTa/ BbB
BaKyyMHa cpega u4pe3 enNeKkTpuyecka Abra. KopeKUMOHHMAT KoedMuMeHT ce onpegens
€KCNepMMEHTaIHO eAHOKPATHO 3a BCEKM pPas/ivyeH TMN ¢popma Ha KaToga. MeToabT e MACTpUpaH C
npMmep 3a AbroBO M3MNapABaHe Ha MacMBEH TUTAHOB KaTo4 C LMANHAPUYHA dopma.
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Abstract. The article presents the investigation of the effect of the modulation period of the
nanomultilayer CrN/TiN coatings, deposited by arc-PVD technology, on the coatings' mechanical and
tribological properties. The studied modulation period was in the range from 6 to 16.5 nm. The
measured coatings hardness was in the range of 26 - 29 GPa, and the plasticity index was 0.07. The
tribological properties were measured against Al,O; and ZrO, counterparts. The lowest value of wear
rate was measured at the CrN/TiN nanomultilayer costing with modulation period of 8.4 nm.

Peslome. CrtaTmaTa npeacrtaBa U3cneABaHeTO Ha edekTa Ha nepuvoga Ha Mogynauua Ha
HaHoMHorocnonHuTe CrN/TiN NoKpUTHA, HAHECEHW Ype3 TEXHO/IOTUATA Ha KaTOAHO-AbroBO OT/1araHe oT
napoBsa ¢asa, BbpXxy MexaHU4YHUTE U TPMBONOrMYHMTE CBOMCTBA HA NOKPUTUATA. M3cneaBaHUAT nepuog,
Ha moaynauma e B AnanasoHa ot 6 4o 16,5 nm. N3mepeHaTa TBbPAOCT Ha NOKPUTUATA € B Ananas3oHa 26
- 29 GPa, a nHaekcbT Ha nnactuyHocT e 0,07. TpubonormyHuTe cBolicTBa 6Axa namepeHu cnpsamo Al,Os n
ZrO, KoHTpaTano. Halli-HMCKaTa CTOMHOCT Ha cTeneHTa Ha M3HOCBaHe e u3mepeHa npu CrN/TiN
HAHOMY/ITUCNOMHO NOKPUTME C Nepuog Ha moaynauma ot 8,4 nm.
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M. Krafka, L. Lembrek, N. Petkov, L. Svobodova, T. Bakalova, "Comparison of Mechanical and
Tribological Properties of TiN and ZrN Coatings Deposited by Arc-PVD", Manufacturing
Technology, Vol. 23, Issue 2, pp. 194 - 203 (2023), SIR (2022) = 0.27

Abstract. The continuous development of thin coatings for different applications and using various
coating methods require the characterization of these newly formed surfaces to evaluate their utility
properties. Binary thin coatings of titanium (TiN) and zirconium (ZrN) nitrides were prepared using the
Arc-PVD (Cathodic Arc Deposition) method. Differences were observed in the structure and morphology
of the thin coatings and the change in tribological properties at room and elevated temperatures (150 °C
and 300 °C).

The research is focused on evaluating the frictional properties of the coating using the Ball-on-
Disc method in the dry friction mode. The emphasis is placed on the resistance of the thin coating to
wear. The nanohardness was measured to be 26.2 GPa for TiN and 24.8 GPa for ZrN. Index of resistivity
against plastic deformation H3/E? (plastic deformation resistance) for ZrN coating — 0.087 and TiN
coating — 0.095, H/E (plasticity index) for ZrN — 0.059 and TiN — 0.060. Better friction properties and
wear resistance (at 150 °C) were found for the TiN coating compared to the ZrN coating.

Peslome. HenpekbCHATOTO pa3paboTBaHe Ha TbHKM MOKPUTMA 33 Pa3IUYHU  MPUIONKEHUA WU
M3MNO0/I3BAHETO HA PA3/IMYHU METOAM 33 HAHACAHE Ha MOKPUTME U3MUCKBA XapaKTepusupaHe Ha Tesu
HoBOOGpa3yBaHM NOBBPXHOCTU, 33 A3 CE OLLEHAT TEXHUTE NOoJIe3HWN CBOMCTBA. BMHAPHUM TbHKM NOKPUTUS
oT TutaHoB (TiN) u umpkoHuesm (ZrN) HUTpMAM Bsaxa nonydyeHu ypes metoaa Arc-PVD (KaTogHO AbroBo
oTnaraHe). HabntoaasaT ce pa3/iMKM B CTPYKTypaTa U MopdONoruaTa Ha TbHKUTE NOKPUTUA M NpOMSAHaTa
B TpMbHONOrMYHMUTE CBOMCTBA NpU CTaliHa 1 NoBuLLEeHa TemnepaTypa (150 °C u 300 °C).

MN3cneaBaHeTo € HaCOYEHO KbM OLEHKA Ha PPUKLUMOHHUTE CBOMCTBA Ha NOKPUTMETO MO MeToAda
Ball-on-Disc B pexkrm Ha cyxo TpueHe. AKLLEHTBT e NOCTaBEeH BbpXy YCTOMUYMBOCTTA HAa TbHKOTO MNOKpUTHE
Ha M3HOCBaHe. MN3mepeHaTa HaHoTBbpAOCT e 26,2 GPa 3a TiN u 24,8 GPa 3a ZrN. MHAeKc Ha
CbrnpoTMBAEHMe cpelly nnaactuuHa gedopmauma H3/E? (ycToiumsocT Ha nnactuuHa gedopmauma) 3a ZrN
nokputue e 0,087, a 3a TiN nokputue — 0,095, H/E (MHAeKc Ha nnacTuyHoct) 3a ZrN — 0,059 u TiN —
0,060. YcTaHOoBeHM ca No-006pu CBOMCTBA Ha TPUEHE U YCTOMUYMBOCT Ha M3HoceaHe (npu 150 °C) 3a TiN
NOKPUTUETO B CpaBHeHMe ¢ ZrN nokpuTueTo.
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and TiCN thin layers prepared by cathodic arc deposition on tool steel ", Journal of
Manufacturing Processes, Vol. 93, pp. 90 - 100 (2023), IF (2021) = 5.684

Abstract. The presented research introduces the possibilities of setting the parameters of the deposition
of thin coatings so that the desired surface properties are achieved. For the examined TiCN and TiC thin
coatings, applied by the cathodic arc method (Arc-PVD), the dependence was revealed between the
hardness of the coatings, the residual stress, and the wear resistance, which significantly affect the
service life of the coated parts. The statistical analysis of the results shows the optimal ratio between
nano-hardness and internal stress, at which the least wear of the layer occurs (the ratio of hardness and
magnitude of compressive stress must be approximately equal to 10). The research is focused on
predicting the utility properties of thin TiCN coatings to reduce the wear of modified surfaces.

Peslome. M3cnenBaHeTo npeacTtaBa Bb3MOXHOCTMTE 3a nmoabop Ha napameTpuTe Ha OT/aaraHeTo Ha
TbHKW MOKPWUTUSA, TaKa Ye Aa Ce MOCTUrHaT XenaHuTe CBOMCTBa Ha MOBBLPXHOCTTA. 3a M3cnedBaHuUTe
TbHKM TiCN u TiC NOKpPUTUA, HaHEeCeHM 4pe3 eneTpoabroBo msnapeHue (Arc-PVD), ce ycTaHoBsBa
33aBMCMMOCTTa MEIY TBbPAOCTTAa Ha MOKPUTMATE, OCTaTbYHOTO HaNpeskeHWe M YyCTOMYMBOCTTa Ha
M3HOCBaHE, KOWUTO 3HAUYUTE/IHO BJUAAT BbPXY EKCMNI0aTaUMOHHUA KMUBOT Ha MOKPUTUTE 4YaCTU.
CTaTUCTUYECKUAT aHaNM3 Ha pe3yaTaTUTe NoKas3sa ONTUMa/IHOTO CbOTHOLIEHWE MEXKAY HaHOTBbPAOCT U
BbTPELWHO Hanpe)KeHue, NP1 KOeTo ce Mojy4vaBa Hail-masko M3HOCBaHe Ha CNos (CbOTHOLIEHMETO Ha
TBbPAOCTTa KbM rOIEMUHATa Ha HamnpesKeHNeTo Ha HaTUCK TpsabBa Aa 6bae NPUBAM3IUTENHO PaBHO Ha
10). UscnepBaHeTo e POKYCMpPaHO BbPXY MPOrHO3MpPaHeTo Ha nosesHuTe csoictBa Ha TiICN TbHKM
MOKPUTUA 3a HamansABaHe Ha M3HOCBAHETO Ha MoAN(ULMPAHN MOBBPXHOCTY.
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P. Kejzlar, T. Bakalova, N. Petkov, Hr. Bahchedzhiev, "The Influence of CH,/N, gas ratio on the
structure and chemical composition of Cr(C, N) coatings deposited by CAD technology",
Manufacturing Technology, Vol. 18, No. 6, pp. 917 — 922 (2018), SJR (2018) = 0.306

Abstract. This article presents the study of the influence of the bias voltage and CH4/N2 gas ratio on the
structure and chemical composition of Cr(C,N) coatings. The coatings were deposited by cathodic arc
evaporation of pure Cr (99.99 %) cathode under an atmosphere of a mixture of CH4 and N2 gasses at
the low deposition temperature of 300 °C. The ratio of reactive gasses was changed from 0 to 100 %.
Energy-dispersive spectroscopy showed a linear dependence of resulting C/N ratio on the process gas
ratio. The roughness of layers prepared from a mixture of process gasses is higher compared to pure
gasses.

Pe3slome. Ta3u cTaTma npeacrasa usciedBaHeTO Ha BAMAHMETO Ha MONAPU3NPALLOTO HaMpeXeHNeTo U
rasosoto cboTHoweHne CH,/N, Bbpxy CTpyKTypaTa M XumudHua cbetas Ha Cr(C,N) nokputus.
MOKPUTMATA Cce HaHEeCeHW 4Ype3 eNleKTPOAbroBo M3napsBaHe Ha uyucT Cr (99,99%) kaTton B cpefa oOT
rasosa cmec Ha CH; M N, nNpu HUCKa TemnepaTypa Ha HaHacaHe oT 300°C. CbOTHOLIEHWETO Ha
peakTnBHute rasose ce npomeHsa ot 0 go 100 %. EHeprogucnepcMOHHaTa CNEeKTPOCKONWA MOKasa
NIMHeHa 3aBUCMMOCT Ha MoAy4eHOTO cboTHoweHne C/N OT CbOTHOWEHMETO Ha TeXHOAOTMYHUA ras.
[panaBoCTTa Ha CNOeBeTe, HAHECEHU MPU CMEC OT TEXHO/IOTMYHUTE ra30Be, € NO-BMCOKA B CPaBHEHME C
YMCTUTE rasose.



r7-5

T. Bakalova, N. Petkov, Hr. Bahchedzhiev, P. Kejzlar, L. Volensky, "Monitoring Changes in the
Tribological Behaviour of CrCN Thin Layers with Different CH4/N2 Gas Ratios at Room and
Elevated Temperatures", Manufacturing Technology, Vol. 18, No. 4, pp. 533 — 537 (2018), SIR
(2018) =0.306

Abstract. This research is engaged in monitoring changes in the tribological behaviour of CrCN thin films
at room and elevated (300°C) temperatures. The monitored thin films are deposited by cathodic arc
deposition of a pure Cr (99.99 %) cathode under an atmosphere of a mixture of CH4 and N2 gasses.
Tribological measurements were performed at a load of 10N, a rotational speed of 60 rpm, and a
counterpart of ceramic material (Al,O3). The article also describes the evaluation of wear on the studied
thin films due to tribological measurement and temperature.

Pe3stome. ToBa u3cneaBaHe npeactaBs NpPomMeHUTe B TpubosiormyHoto nosegeHue Ha CrCN TbHKM
cnoese, Npu cTanHa 1 nosuweHa (300°C) Temnepatypa. M3cneaBaHUTe TbHKM C0eBe ca HaHeCeHU ypes
eNeKTpoAbroBo M3napeHune Ha umuct Cr (99,99%) Katon B cpefa Ha rasosa cmec Ha CH, un N,
TpubonornyHnTe n3mepBaHua H6saxa M3BBPLIEHM Npu HaToBapBaHe oT 10N, ckopocT Ha BbpTeHe oT 60
rpm W KOHTPATA/NO OT KepamumyeH matepuan (Al,Os). CTaTvATa CblLO Taka OMNUCBA OLEHKAaTa Ha
W3HOCBAHETO Ha W3c/eABaHUTE TbHKU C/NOEBE Ab/XKAWO ce Ha TpubOoJOrMyHOTO WM3MepBaHE M
Temnepartypa.

r7-6

P. Kejzlar, T. Bakalova, N. Petkov, Hr. Bahchedzhiev, "The Effect of Gas Flow Ratio on
Tribological Properties of TiCN Layers on Aluminium Substrate", NANOCON 2017, 9t
International Conference on Nanomaterials - Research & Application, Oct. 18-20 2017, Brno,
Czech Republic, CONFERENCE PROCCEDING, Vol. 2017-October, 2018, pp. 854 - 859 (2018), SIR
(2018) =0.118

Abstract. TiCN layers are widely used for their high hardness and abrasion resistance. Their structure,
chemical composition and mechanical properties are affected by deposition parameters. In the present
work, there were studied four TiCN layer deposited on Al substrate under variating C2H2/N2 process gas
flow ratio.

Pestome. TiCN cnoeBe WKWPOKO ce M3MNON3BaT MOpaaM TAXHATa BUCOKA TBbPAOCT M abpasuBHa
yCTOMYMBOCT. TAXHATa CTPYKTYPa, XMMUYEH CbCTaB U MEXAaHUYHWN CBOMCTBA Ce BAUAAT OT NapaMeTpuTe Ha
oTnaraHeTo. B HacToawara pabota 6axa nscnegsaHm yetmpu TiCN cnos, HaHeceHM Bbpxy Al NoANOXKKK
npv NPoMeHAnBO cboTHowweHue C,H,/N, Ha ra3oBuMsA NOTOK.

r7-7

A. Coufalova, T. Bakalova, L. Svobodova, T. Lederer, N. Petkov, Hr. Bahchedzhiev, "Influence of
the surface properties of TiCN thin layers on colonization by bacterial cells", NANOCON 2017, gth
International Conference on Nanomaterials - Research & Application, Oct. 18-20 2017, Brno,
Czech Republic, CONFERENCE PROCCEDING, Vol. 2017-October, 2018, pp. 633 - 638 (2018), SIR
(2018) =0.118

Abstract. Body implants are a necessary part of contemporary medicine. Biocompatibility and life-span
are some of the most frequently controlled parameters of materials. One of the possible ways of
ensuring these requirements is to modify the surface of the implant with a thin layer. TiCN thin films
with differing compositions were deposited on AlSI 316 surgical steel by the cathodic arc evaporation of
pure Ti with various different gas ratios of N2 and C2H2. During the deposition process, the pressure in



the vacuum chamber was 1.5 Pa and the deposition temperature was 400 °C. The thickness of the layer
and the adhesion of the layer to the substrate were studied from the point of view of the possible use of
the samples in medical applications. The deposition parameters affect the physicochemical properties
(the chemical composition, roughness and surface energy), which have a subsequent impact on the
attachment of cells. Escherichia coli was used as the model bacterial strain. Importance was given to the
observation of the willingness of the microorganisms to colonize the individual samples. This work
presents the physicochemical properties of the individual TiCN thin layers and also evaluates the
relationship between the surface properties and colonization of the surface by bacterial cells.

Pe3tome. TesiecHUTE MMNIAHTU Ca HEOOXOAMMA YacT OT CbBPEMEHHaTa meanumHa. buocbBmecTtumocTtTa
N NPOABKUTENHOCTTA Ha KMBOTA Ca €4HM OT HAaN-4eCTO KOHTPOAMPAHUTE NAPaMeTpM Ha MaTepuanuTe.
EOWH OT Bb3MOXKHUTE HAaYMHM 332 OCUTYpABAHE Ha Te3n U3MCKBAHMA e Aa ce moanduLmMpa NOBbPXHOCTTA
Ha MMMNAAHTA C TbHBK CI0M. TICN TbHKM C/I0EBE C Pa3iNyeH CbCTaB 6AXa HaHECEHW BbPXY XMpypruyecka
cTomaHa AlSI 316 ype3 enekTpoabroBo nanapAasaHe Ha YUCT Ti NPU PA3ANYHM FA30BM CbOTHOLIEHUA HA
N, un CH,. Mo Bpeme Ha npoueca Ha HaHacsiHe HaNAraHeTo BbB BaKyyMHaTa Kamepa bewe 1,5 Pa, a
Temnepatypata - 400 °C. lebennHaTa Ha CNOA U aAXe3MATa HA C/10A KbM NOAJI0XKKaATa bAXa U3cnenBaHu
OT rnegHa TO4YKa Ha Bb3MOMHOTO M3MNO/A3BaHE Ha nNpobute nNpu MeSULMHCKU MPUNONKEHUS.
MapameTpute Ha oTNaraHe BAUAAT BbPXYy PU3UKOXMMUYHUTE CBOMCTBA (XMMWMYEH CbCTas, rpanaBoCT U
NMOBbPXHOCTHA €HEeprua), KOUTO MMAT NOC/NeABalLO Bb3LENCTBME BbPXY MPUKPENBAHETO HA KNETKUTE.
Escherichia coli ce mnsnonsea Kato moaen Ha 6akTepuaneH wam. bewe o06bpHATO BHMMaHWE Ha
HabNlOAEHMETO Ha KelaHWMEeTO Ha MUKPOOPTraHNU3IMMUTE A KONOHU3MPAT OTAeHUTE Npobun. Tasm paboTa
npeacrtasa GUIMKOXMMUYHUTE CBOMCTBA Ha oTaenHuTe TiCN TbHKM CnoeBe W CbLLO TaKa OUEHABA
Bpb3KaTa MeXay MNOBbPXHOCTHUTE CBOWCTBA WM KOJIOHM3aLMATa Ha MOBBPXHOCTTA OT GakTepuasHu
KNeTKu.

r7-8

N. Petkov, T. Bakalova, T. Cholakova, Hr. Bahchedzhiev, P. Louda, P. RySanek, M. Kormunda, P.
Capkova, P. Kejzlar, "Study of Surface Morphology, Structure, Mechanical and Tribological
Properties of an AlISiN coating obtained by the Cathodic arc deposition method", Superlattices
and Microstructures, Vol. 109, pp. 402 - 413 (2017), IF (2017) = 2.099

Abstract. AISiN coatings were prepared by the cathodic arc deposition method at a temperature of 400
°C and pressure of 2.6 Pa. The chemical composition, determined by SEM/EDS analysis, shows that the
AISiN coating presented here has a stoichiometry structure (Al4SisNs1). XPS and XRD analyses indicated
AIN in both cubic and hexagonal modifications in the coating, and that the coating has a not fully
completed nanocomposite structure. Nanoindentation measurements indicate nanohardness and
elastic modulus of 39 GPa and 389 GPa, respectively. The coating has a very good adhesion strength
with an average critical load of 28.3N (first cohesive failure) and 62.3N (first adhesion failure). The
estimated wear rate and coefficient of friction of the coating are 27.2 x10® mm?/Nm and 0.7,
respectively (using the friction pair AISiN/Al,O5).

Pestome. AISiN noKpuTua ca nosy4yeHn No MeTona Ha eNeKTPOAbroBO OT/AraHe, NpU TemnepaTypa oT
400°C n HanAraHe oT 2,6 Pa. XvMMWYHMAT cbeTas, onpedeneH ype3 SEM/EDS aHanus, nokassa, ue
npeacrtaBeHo Tyk AISIN nokpuTne mma crtexmomeTpuyHa cTpykTypa (AlySisNsi). XPS 1 XRD aHanusuTe
nokasBaT Hannumeto Ha AIN KaKkTo B KyBUYHM, TaKa U B XeKCaroHanHU moanduKaLmm B NOKPUTUETO U e
MOKPUTMETO MMa HEHamb/JIHO 3aBbplleHa HaHOKOMMO3WUTHA CTPYKTypa. HaHouHaeHTupawmTe
M3MepBaHMATA MOKAa3BaT HAaHOTBBLPAOCT MU MOAYN HA €1aCTUYHOCT cboTBeTHO OoT 39 GPa u 389 GPa.
MoKpPUTMETO MMa MHOTro A0b6pa aaAXxe3noHHa AKOCT CbC CPeAHO KPUTMYHO HaToBapBeaHe oT 28,3N (nbpBo
KOXe3MOHHO paspyleHne) n 62,3N (NbpBO aaxe3MOHHO paspyweHue). M3uncneHaTa CKOPOCT Ha
M3HOCBaHE U KoepULMEHT Ha TPUEHe Ha MOKPUTUETO ca CbOTBETHO 27,2 x10°® mm?*/Nm wn 0,7 (npwu
M3nos3BaHe Ha TpuewaTa ce Asoika AlSiN/AlLLO;).



r7-9
T. Bakalova, N. Petkov, Hr. Bahchedzhiev, P. Kejzlar, P. Louda, M. Durak, "Improving the
Tribological and Mechanical Properties of an Aluminium Alloy by Deposition of AISiN and
AICrSiN Coatings", Manufacturing Technology, Vol. 17, No. 6, pp. 824 — 830 (2017), SIR (2017) =
0.369

Abstract. This paper presents an improvement to the mechanical and tribological properties of
aluminium alloys. AISiN and AICrSiN coatings (with different Cr content) were deposited on substrates of
Al-Cu-Mg alloy by the cathodic arc evaporation method at 400°C. Surface morphology and chemical
composition were estimated by a scanning electron microscope equipped with an energy dispersive
spectrometer and mechanical profilometer. The increasing chromium content in the coating led to an
increase in the coating hardness. The tribological behaviour of the coated and uncoated Al-Cu-Mg alloy
samples was examined using the “Ball-on-Disk” method (ASTM G99-95) at a load of 10N using Al,O3 ball
as a counterpart.

Pestome. Tasum ctatvMAa npeacrtasa nofobpsasaHe HAa MexaHWUYHWUTE M TPUOONOrMYHM CBOMCTBA Ha
anymuHuesu cnnasu. AISiN u AICrSiN nokputus (c pasiMyHoO cbabprkaHue Ha Cr) 6Axa OTNOKEHU BbpPXY
noanoxkm ot Al-Cu-Mg cnnaB ypes metoa Ha enekTpoabroso mnsnapexHune npu 400 °C. MopdonorusTa
Ha NOBBPXHOCTTa M XMMUYHUA CbCTAB Ca OLLEHEHW Ype3 CKaHMpaLL, eNeKTPOHEH MUKpPOcKon obopyaBaH ¢
€HeprumHoO AMCNepcuoeH CNeKTPOMETbP N MexaHnyYeH npoduaomep. YBean4yaBaHeTO Ha CbAbprKaHMETO
Ha XpOM B MOKPUTUATA BOAW [0 YBENMYABAHE HA TAXHATA TBBPAOCT. TpMOONAOrMYHOTO NoBeAeHUE Ha
NMOKPUTU M HENOKPUTU NoanoxKKu oT Al-Cu-Mg cnnas 6e oueHeHo no metoga "Ball-on-Disc" (ASTM G99-
95), KaTo 3a KoHTpaTAno e usnonseaHo Al,O, Tonye 1 10 N HaToBapBaHe.

r7-10

T. Bakalova, N. Petkov, Hr. Bahchedzhiev, P. Kejzlar, P. Louda, M. Durak, "Improving the
Tribological and Mechanical Properties of an Aluminium Substrate by Deposition of TiCN
Coatings", Manufacturing Technology, Vol. 17, No. 5, pp. 652 — 658 (2017), SJIR (2017) = 0.369

Abstract. The article presents an investigation of the influence of coating deposition parameters, in
particular a variation with 50% of both cathodic arc current and bias voltage, on the mechanical and
tribological properties of TiCN coatings on an aluminium substrate deposited by the cathodic arc
evaporation of metals at a constant gas flow ratio between C,H, and N, of 17.65 % / 82.35 %. The
determined nanohardness values for the samples examined are in the range of 10 to 23 GPa. Surface
morphology and chemical composition were estimated by a scanning electron microscope (SEM) and an
energy dispersive spectrometer (EDS) of SEM. The tribological behaviour of the TiCN layers was
examined using the “Ball-on-Disk” method (ASTM G99-95) and using a ball made of Al,O3 as a counter-
part and a load of 10N. The friction coefficient was measured in the range of 0.182 to 0.116.

Pe3tome. Ta3u cTaTuA NpeacTaBa n3cneBaHe Ha BAMAHMETO Ha NapameTpuTe Ha OTAaraHe Ha NOKPUTHA,
B YacTHOCT npomeHuM c 50 % Ha TOKa Ha Agbrata M Ha MNOJAPU3MPALLOTO HaMpe)KeHue, BbpXy
MexaHW4HUTe 1 TpnbonornyHu ceonctea Ha TiICN MOKPUTMA HaHECEHW BbPXY aJyMUHUEBU MOAJOMKKM
upes enekTPoABLroBO M3MNapeHne Ha MeTanu NpPu NOCTOAHHO CbOTHOLEHME Ha ra3oBusa Notok CH, /N, -
17,85% / 82,35 %. OnpepeneHata CTOMHOCT Ha HaHOTBbPAOCTTA 3a M3cC/ieaBaHMTe obpasum e B
uHTepsana ot 10 po 23 GPa. Mopdosornata Ha NOBBPXHOCTTA U XMMUYHMA CbCTAB Ca OLEHEHMU Ype3
CKaHupall, enekTpoHeH MuKpockon (SEM) u eHepruiiHo amucnepcuoHeH cnektpomeTtbp (EDS) Ha SEM.
TpubonornyHoTto noseaeHune Ha TiCN cnoese 6e oueHeHo Ype3 metoaa "Ball-on-Disc" (ASTM G99-95),
KaTo 3a KOHTpPaTANo e nsnonssaHo Al,0, Tonye u HaToBapeaHe oT 10 N. KoedununeHTta Ha TpueHe bewe
n3mepeH B MHTepsana ot 0,182 oo 0,116.



r7-11

T. Bakalova, N. Petkov, Hr. Bahchedzhiev, P. Kejzlar, P. Zdobinska, "Tribologycal Properties of
TiN/AITIN and AITiN/TiN nanomultilayer coatings", Manufacturing Technology, Vol. 16, No. 6,
pp. 1234 — 1240 (2016), SIR (2016) = 0.399

Abstract. The paper presents the research results of the various coatings deposited using the cathodic
arc evaporation Physical Vapour Deposition (PVD) method at 300°C, suitable for application on
temperature-sensitive steels and alloys. Three main groups of coatings are deposited, denoted as E1, E2
and E3. The deposited bi-layer numbers for E2, E3 and E4 are 103, 207 and 107, respectively. Each group
consists of two subgroups, S1 and S2, TiN/AITIN and AITiN/TiN nanomultilayer (NML) coatings,
respectively. The coating deposition time for E1 and E2 is 60 min, and the carousel rotation speed is 35s
and 17.5s, respectively. The coating thicknesses for these two coatings groups are 2.4 pm and 2.3 um,
and the calculated bi-layers thicknesses are 23.3 nm and 11.6 nm, respectively. TiN/AITiN and AITiN/TiN
as NML or superlattice coatings are deposited onto high-speed steel substrates using pure titanium and
aluminium-titanium (70/30 at. %) cathodes. Tribological testing is conducted using an Al,O; ball and a
ball made from steel ISO 683/13, and the applied load and path length at the used speed of 60 RPM are
10N and 25m, respectively. Measurements are performed at room temperature and a humidity of 44 +
2%.

Pe3some. CrtatnATa npeacraBa pesyntatute OT M3C/eABaHe Ha Pas/IMYHM NOKPUTUA OTNIONKEHW 4pes
KaTo4HOA4BbroBO HaHacsaHe oT naposa ¢asza npu 300°C, noaxoaAll 3a NPUNOKEHNE BbPXY TEMNEPATYPHO-
YYBCTBUTE/IHU CTOMaHU U cniaBu. OT/IOKEHM ca TPU OCHOBHM rpynu NoKpuTuA, obosHayeHn Kato E1, E2
n E3. OTnoxKeHuAT 6poit Ha 6u-cnoese 3a E1, E2 n E3 ca cbotBeTHo 103, 207 n 107. BcAka rpyna
cbabpka ase noarpynu, S1 n S2, cbotsetHo TiN/AITIN n AITIN/TIN HaHOMHOrOCNOMHU MOKPUTUA.
BpemeTo 3a otnaraHe Ha E1 1 E2 e 60 MMH. 1 CKOPOCT Ha 3aBbpTaHe HA Kapycena CbOTBETHO 3a 35 cek.
n 17,5 cek. [lebennHarta Ha NOKpPUTMATA 3a Te3un age rpynu e 2,4 um un 2,3 Um, a usumcneHaTa gebennHa
Ha 6u-cnoeseTe e cboTBeTHO 23,3 nm u 11,6 nm. TiN/AITIN n AITiN/TIN KaTo HaHOMHOroC/JIOMHU
NOKPUTUA WM CbC CBPDBXPELUETKM Ca OT/IONKEHM BbpPXY MOANO0XKKM OT BUCOKOCKOPOCTHA CTOMAHaQ,
M3MNOM3BalKM YMCT TUTAHOB M anyMmHWA-TMTaHoB (70/30 aT. %) Katoaun. TpubBONOrMUYHMAT TecT e
n3BbpLIEeH U3non3sainkun tonye ot Al,O; 1 cauma ot ctomaHa I1SO 683/13, npuaoxKeHOTo HaToBapBaHe U
M3MWHATUAT NBT NPU CKopocT oT 60 min™ ca 10 N u 25 m. N3mepBaHMATa ca HanpaBeHM NpU CTalHa
Temnepartypa v BAaXHoOCT 44 + 2 %.

r7-12

T. Bakalova, N. Petkov, Hr. Bahchedzhiev, P. Kejzlar, P. Louda, "Comparison of mechanical and
tribologycal properties of TiCN and CrCN coatings deposited by CAD", Manufacturing
Technology, Vol. 16, No. 5, pp. 854 — 858 (2016), SJR (2016) = 0.399

Abstract. The aim of this paper is to compare the mechanical and tribological properties of TiCN and
CrCN coatings. These coatings are widely used in industrial applications to improve both friction and
wear. They are deposited at the same deposition parameters using anindustrial Physical Vapour
Deposition (PVD) system. Estimation of the tribology properties is made in a “ball-on-disc” mode, and
the wear and wear rates of the coatings and counter-bodies are compared. The test study is conducted
using a ball made from Al,0; with a diameter of 6.350 mm and a load of 10 N, at room temperature and
a humidity of 44 + 2 %. The mechanical properties are estimated by nanoindentation, a scanning
electron microscope and a mechanical profilometer, and the hardness, elastic module, chemical
composition, and surface coating morphology are estimated. The scratch test is performed on the
coatings using a CETR UMI Multi-Specimen Test System scratch tester device with a progressive load
from 2 to 100 N and speed of 10 mm/min, according to the ISO EN 1071-3:2005 standard.

Pe3slome. Llenta Ha Tasu cTaTua e Aa Ce CPABHAT MeXaHUYHUTEe U TpnbonormyHmute ceonctea Ha TiCN u
CrCN noKkputmna. Te3M NOKPUTUS Ca LWMPOKO M3MNOA3BAHM NPU WUHAYCTPUANHU MPUIOKEHUS 3a
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nogobpasaHe Ha TPUEHETO M M3HOCBAHeTO. HaHeceHW ca NpW efHaKBWU YCI0BMA HA HaHacaHe 4ypes3
MHAYCTPMaNHa cucTema 3a ¢u3MYecko oTnaraHe oT napoBa ¢asa (PVD). OueHsBaHeTo Ha
TpnbonornyHMTe CBOMCTBA € HanpaseHo npu "ball-on-disc" pexuMm u ca cpaBHEHM WM3HOCBAHETO U
CKOPOCTTAa Ha M3HOCBaHE Ha MOKpPUTMATA W KOHTpaTenaTta. TecToBOTO u3CnenBaHe € npoBeseHo
n3nonseankm tonye ot Al,O3; ¢ anameTtbp 6,350 mm 1 10 N HaToBapBaHe, Npu CTaMHa TemnepaTtypa u 44
+ 2 % BnaxHOCT. MexaHU4YHUTE CBOMCTBA Ca OLEHEHM Ype3 HAaHOMHAEHTOP, CKaHMpPALl, eNeKTPOHEH
MUWKPOCKON M MexaHuveH npodunomep. M3mepeHn ca TBbPAOCTTA, MOAYABLT Ha €1aCTUYHOCT,
XMMUYHUAT CbCTaB U MOPPONOrMATa Ha MOBBLPXHOCTTA Ha MOKPUTMATA. TecTa ype3 HaZpacCKBHe e
M3BbPLUEH BbPXY Nokputmata ypes CETRUMI Multi-Speciment TectoBa cuctema ¢ npucnocobneHune 3a
HagpacKBaHe Npu nNporpecnsHo HatosapsaHe oT 2 Ao 100 N u ckopoct oT 10 mm/min, B cboTBeTCTBUE C
ISO EN 1071-3:2005 ctaHgaprT.

r7-13

T. Bakalova, N. Petkov, Hr. Bahchedzhiev, P. Louda, “Tribology of Titanium-Aluminium base
nanomultilayer coatings”, Manufacturing Technology, Vol. 16, No. 5, pp. 859 — 864 (2016), SIR
(2016) = 0.399

Abstract. The article presents investigation of the trybological properties, particularly dry friction and
friction using a process fluid, of friction pairs of steel ball against titanium-aluminium base
nanomultilayer (NML) coatings. The coatings are deposited by cathodic arc evaporation of both pure
titanium and aluminium with eighteen percent silicon cathodes. Each multilayer structure consists of 49
bi-layers. The external deposited layeris with five times longer growing period. The coatings are
deposited at the temperature of 400°C and the work pressure of 2 Pa. Polished steel discs (@ 20 mm x 5
mm thick) are used as the substrate material. The measured dry friction coeficients are in the range of
0.216 — 0.356 and the coefficients friction using process fluid is in the range of 0.085 — 0.151. The
calculated wear of the counter-body is in the range of (0.66+ 4.21)x10° mm?, asit depends on the
friction conditions and the used multilayer coating.

Pe3tome. CTaTmaTa npeacrass m3cnenBaHe Ha TPMOONOrMYHUTE CBOWMCTBA, B YACTHOCT CyXO TPUEHE M
TPpMEeHe W3NOA3BAaMKM TEXHOJIOTMYHA TEYHOCT, Ha Tpuewa ce [ABOMKA CTOMaHeHa cayma KbM
HaHOMVHTMCﬂOVIHM NOKPUTMA Ha OCHOBATa Ha TUTAH - aﬂyMMHMVI. |-|OKpVITVIFITa Ca OT/NOXeHU 4pes
€/1eKTPOABIOBO M3NapPeHNE Ha TUTAHOB U aIYyMUHUEB C OCEMHALECET NPOLEHTA CUANUMI KaToam. Beska
efHa MHOTOC/I0MHA CTPYKTypa ce cbCTol oT 49 bucnoda. Hal-BbHLWHUAT OT/IOXKEH CNOM € C NeT NbTu no-
ObAro Bpeme Ha u3pacTBaHe. lMokputuATa ca oTioxeHu npu 400°C Temnepatypa u 2 Pa paboTHO
HanaraHe. 3a NOAJ/I0XKM Ca U3MON3BaHM NOANPaHM CTOMaHeHu auckose (@ 20 mm x 5 mm). U3mepeHuaT
KoedMLMEHT Ha CyXxo TpueHe e B MHTepBana 0,216 - 0,356, a KoepuumeHTa Ha TpMEHe NPU TEXHONOTMYHA
TeyHocT e B uHTepsana 0,085 - 0,151. M3uncneHoTo M3HOCBAHE Ha KOHTPATANOTO € B MHTepBana (0,66 -
4,21) x 10 mm>, KaTo TO 3aBUCK OT YCNOBUATA Ha TPUEHE U M3MON3BAHOTO NOKPUTHE.

r7-14

T. Bakalova, N. Petkov, T. Cholakova, Fr. Kavan, Hr. Bahchedzhiev, “Mechanical Properties of
Titanium-Aluminium base nanomultilayer coatings”, Manufacturing Technology, Vol. 16, No. 4,
pp. 657 — 662 (2016), SIR (2016) = 0.399

Abstract. Titanium-aluminium base nanomultilayer (NML) coatings are deposited by cathodic arc
evaporation using pure titanium and aluminium with eighteen percent silicon cathodes. Each multilayer
Ti-Al-Si-N structure consists of 49 bi-layers with different thickness. The external deposited layer is with
five times longer growing period. The coatings are deposited at the pressure of 2 Pa and the substrate
temperature of 400 °C. Polished steel discs (@ 20 mm x 5 mm thick) are used as the substrate material.
This article presents an investigation of the surface morphology and mechanical properties of the
coatings, particularly the adhesion and nanohardness. The AFM analysis indicates that the coatings are
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dense, with an average surface roughness in the range of 33 + 58 nm. The coating with the smaller value
of average surface roughness exhibited a maximum hardness of 43 GPa. High calculated value of
plasticity index (H/E) is 0.104. The scratch test results revealed that all the investigated coatings have
very good adhesion in the normal loading interval from 1N to 40 N.

Peslome. HaHOMHOrocnoiHM NOKPUTMA Ha OCHOBAaTa Ha TUTAH - AJYMUHWUI Ca OT/IOXKEHW upe3
€/1eKTPOABIOBO M3NAPEHNE HA YACTU TUTAHOB M aNlYMUHUEB C OCEMHALECET NPOLEHTa CUANLMIA KaToau.
Bcaka mHorocnoiHa Ti-Al-Si-N cTpyKTypa ce cbctolh oT 49 6ucnon ¢ pasnmyHa gebennHa. Hal-BbHIWHUAT
OT/IOXKEH CNOM € C MeT MbTM MO-AbAr0 BPeMe Ha m3pacTBaHe. MMOKpUTUATA ca OTNOXKeHW npu 2 Pa
paboTHO HansraHe u Temnepatypa oT 400°C. 3a NOAJIOMKKM Ca M3MO/3BAHM MOJAMPAHM CTOMAHEHU
avckose (@ 20 mm x 5 mm).

CraTunaTa npeacTtasa nscnegBaHe Ha MopdONOrMATa Ha MOBBPXHOCTTA U MEXAaHUYHUTE CBOMCTBA Ha
NOKPUTUATA, B YAaCTHOCT aaxe3na U HAHOTBBPAOCT. AFM aHann3bT NOKasa, Ye NOKPUTUATA Ca NABTHU CbC
CpefiHa CTOMHOCT CTOMHOCT Ha rpanaBocTTa B MHTepBana 33 - 58 nm. MNoKpUTUeTo ¢ Hal-HUCKa cpedHa
rpanaBoCT NOKa3a MaKcMmasiHa TpBbpaocT oT 43 GPa. Hali-BUCOKa M34yncaeHa CTOMHOCT Ha MHAEKCa Ha
nnactuuHoct (H/E) e 0,104. Pe3ynTtaTa OT TecTa C HafpacKBaHe NMoKasa, Ye BCUUYKKN U3cneaBaHu NoKpUTUA
MMaT MHOTo Ao6pa aaxe3ns npu HatoBapBaHe B MHTepBasia oT 1N o 40 N.

r7-15

T. Bakalova, N. Petkov, T. Blazek, P. Kejzlar, P. Louda, L. Volesky, "Influence of coating process
parameters on the mechanical and tribological properties of the thin films", Defect and
Diffusion Forum, Vol. 368, pp. 59-63 (2016), SIR (2016) = 0.144

Abstract. Titanium carbonitride (TiCN) thin films with differing C content were deposited by cathodic arc
evaporation of pure Ti in a gas composite environment of N2 and C2H2. Scanning electron microscopy
(SEM), scratch test, mechanical profilometer and “ball-on-disc” tribometer methods were used to
characterize the surface, the coefficient of friction (CoF) of the TiCN thin films and the evaluated wear.
An increase of the C2H2 fraction in the gas environment leads to a continuous increase in the deposition
rate of the TiCN thin films, as well as an increase in the adhesion of the films to the substrate and the
values of the CoF. Tribological test results (when tested against Si3N4 balls) show an increase in the
friction coefficient of the TiCN from 0.08 to 0.32, with increasing carbon concentration in the film. The
CoF decreases rapidly to 0.06 at a C content of 20.6 at.%, N 38.4 at.% and Ti 41.0 at.%.

Pestome. TbHKM cnoeBe OT TUTaHoB KapboHutpug, (TiICN) ¢ pasnnyHo cbabpkaHue Ha C 6AXa OTNOMXKEHU
ypes eNeKkTPoAbroBo ulnapeHme ynct Ti B cpeaa Ha razosa cmec oT N, n C,H,. 3non3eaHu ca ckaHuMpaly,
e/IeKTPoHeH MUKpocKkon (SEM), TecT 3a HaagpacKkBaHe, MexaHU4YeH NpoduIomMeTbp U TpubomeTbp "Tonye
- BbPXY - AMCK" 33 XapaKTepusnpaHe Ha NOBBLPXHOCTTA, KoepuumeHTa Ha TpueHe (CoF) v oueHABaHe Ha
n3HocsaHeTo Ha TiCN TbHKKTe cnoese. YBesinyaBaHeTo Ha ¢pakumaTa Ha C,H, B rasoBaTa cpesa Boaun oo
HenpeKbCHATO YyBe/JMYaBaHe Ha CKOPOCTTa Ha oTtnaraHe Ha TbHKuTe TiCN cnoese, Kakto U Ao
yBe/MYaBaHe Ha afXxe3uATa Ha C/0eBeTe KbM MOAJI0XKKATA U Ha cToHocTuTe Ha CoF. Pesyntatute oT
TpubonornyHmuTe TectoBe (c KoHTpaTtena SisN, TonyeTa) MOKasBaT yBe/MYeHME Ha KoepUUMEHTa Ha
TpueHe Ha TiCN ot 0,08 po 0,32, npu yBennyaBaHe Ha KOHLLEHTpauuATa Ha Bbraepog B cnoda. CoF
Hamanasa 6bp30 Ao 0,06 npu cbabprkaHMe Ha C oT 20,6 at.%, N 38,4 at.% 1 Ti 41,0 at.%.

r7-16
T. Bakalova, L. Svobodov3a, A. Coufalova, N. Petkov, P. Louda, L. Volesky, "Biocompatibility of
surfaces of thin films TiCN", Defect and Diffusion Forum, Vol. 368, pp. 64-68 (2016), SIR (2016) =
0.144
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Abstract. A series of titanium carbonitride (TiCN) films with differing C content were deposited by
cathodic arc evaporation of pure Ti in a gas composite environment of N2 and C2H2. The increase of the
C2H2 fraction in the gas environment leads to a continuous increase in the deposition rate of the TiCN
thin films, as well as an increase in the adhesion of the films to the substrate. To evaluate the interaction
of the material with the bacteria Escherichia coli CCM 3954 a method was used based on the CSN EN I1SO
56 0100 standard. The bacteria were inoculated in a liquid culture medium. It was observed that the
monitored surfaces support the development of bacterial populations of E. coli depending on the type
of TiCN thin films.

Peslome. Cepua oT cnoesBe OT TUTaHOB KapboHuuTpua (TiICN) c pasnnyHo cbabpskaHue Ha C b6sxa
OT/IOXKEHM 4pe3 eNeKTPOoAbroBo M3napABaHe Ha yucT Ti B rasoBa cmeceHa cpega ot N, u CyH,.
YBenuuyaBaHeTo Ha ¢ppakumata Ha C,H, B rasoBata cpega BOAW A0 HEMNPEKbCHATO yBE/AMYaBAHE Ha
CKopocTTa Ha oTnaraHe Ha TiCN TbHKM cnoeBe, KaKTO WM yBe/NMYABaHE HA aaxe3uATa Ha MM KbMm
noanoXKata. 3a Ja ce OUueHM B3aMMOOeNCTBMETO Ha maTepuana ¢ b6aktepuaTta Escherichia coli CCM
3954, 6elwe n3non3saH meTos, 6asupaH Ha ctaHgapta CSN EN ISO 56 0100. bakTepunte ce MHOKyAMpaT
B TeYHa XpaHuTenHa cpepa. bewe HabnwopgaBaHo, ye HabnwogaBaHUTE MNOBBLPXHOCTU MNOAAbPKAT
pa3BUTMETO Ha BaKTepmanHu nonynaumm Ha E. coli B 3aBUCMMOCT OT BUAa Ha TbHKKUTe cioeBe oT TiCN.

r7-17

L. Bedikyan, St. Zakhariev, P. Kejzlar, L. Volesky, M. Zakharieva, N. Petkov, P. Louda,
“Preparation and Characterization of TiO2 Thin Films for UV Sensor”. MM Science Journal, MM
Publishing s.r.o. Czech Republic, pp. 818 — 820 (2015), SIR (2015) = 0.168

Abstract. Nanosized TiO, thin films were deposited by conventional vacuum thermal evaporation and
triode-cathode sputtering of Ti on silicon and quartz substrates. To form TiO, a high temperature
annealing of the Ti films was carried out in the range of 450+800 2C. The optical properties of TiO, were
studied by measuring UV-VIS transmittance spectra and the indirect band gap was evaluated. Scanning
electron microscope (SEM), atomic force microscope (AFM) and energy-dispersive spectroscopy were
employed for surface and structure analysis. Structures for UV sensors were formed by thermal
evaporation of various combing contacts on the TiO,/Si substrates. The photoresponse of the structures
was detected in the wavelength range of 235+420 nm. An increase in photocurrent with an order of
magnitude was detected by exposing samples to UVA illumination and applying 6+10 V bias voltage. The
obtained results indicated that the studied structures are suitable for UV sensors.

Pestome. HaHopasmepHu TbHKM cnoese OT TiO, 6Axa OTNOMKEHW Ype3 KOHBEHLMOHANHO BaKyyMHO
TEPMWYHO WM3MapABaHe W TPUOAHO-KAaTOAHO pasnpawsaHe Ha Ti BbpXy CUAWLMEBM W KBAPLOBMU
noAa/0XKKW. 3a 0bpasysaHe Ha TiO, belle M3BBPLUEHO BUCOKOTEMMEPATYPHO OTrpsBaHe Ha Ti cnoese B
AunanasoHa 450+800 2C. OnTMyHKUTe cBoicTBa Ha TiO, 6axa u3cneaBaHn Ypes M3MepBaHe Ha CNeKkTpuTe
Ha nponyckameoct Ha UV-VIS n bGewe oueHeHa MHAMPEKTHaTa 3abpaHeHa 30Ha. 3a aHanu3 Ha
MOBBbPXHOCTTA M CTPYKTypaTa 6sxa M3MON3BAaHW CKAHMPALL, eNeKTPOHeH MuKpockon (SEM), aTomHo-
cunoB muKpockon (AFM) 1 eHepruimHo-aucnepcMoHHa cnektpockonua. CTpykTypuTe 3a UV ceHsopu ca
bopmMpaHM ype3 TePMUYHO U3NapABaHe Ha PasAUYHU rpebeHHM KOHTaKTK Bbpxy Ti02/Si noanoxKu.
@POTOOTrOBOPBLT Ha CTPYKTYpUTE € OTKPUT B AMana3oHa Ha Ab/IKMHATA Ha BbaHaTa 235+420 nm.
YBenvyaBaHe Ha GOTOTOKa C NOPSAbK HAa MarHUTyg belle OTKPUTO 4Ypes3 m3naraHe Ha npobu Ha UVA
OCBET/IEHME W MpunaraHe Ha HanpexeHwe oT 6+10 V. [MonyyeHuTe pesyntaTm MoOKasBaT, 4e
nscneBaHUTe CTPYKTypu ca noaxoaaiim 3a UV ceHsopwm.

r7-18
T. Cholakova, V. Chitanov, D. Chaliampalias, L. Kolaklieva, R. Kakanakov, Ch. Bahchedjiev, N.
Petkov, Ch. Pashinski, G. Vourlias, N. Vouroutzis, E. Polychroniadis, Y. Wang, E.I. Meletis, ,Study
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of the Structural and Mechanical Properties of Nanocrystalline TiAISiN Gradient Coatings”,
Journal of Nano Research Vol. 27, pp. 15 — 24 (2014), IF (2014) = 0.564

Abstract. A study of the structural and mechanical properties of nanocrystalline TiAISIiN gradient
coatings deposited by cathodic arc deposition techniques at 500 °C and post-annealed at 525 °C is
presented. Analysis of the coatings, chemical composition and microstructure revealed that the coatings
have a structure based on (Ti, Al)N nanocrystals with an average size of 10 nm embedded in an
amorphous Si3N4 phase. The study of the mechanical properties showed that post-annealing causes
improvement and increase of the coatings hardness. A maximum hardness of 48 GPa and elastic
modulus of 560 GPa were measured. Also, excellent adhesion to the WC-Co substrate was observed in
the post-annealed coatings.

Pe3tome. lNpeactaBeHO e M3c/aedBaHE Ha CTPYKTYPHUTE M MEXaHWYHU CBOMCTBA Ha HAHOKPUCTA/IHU
TiAISIN rpagneHTHM MNOKPUTMA, OTIOXEHU Ype3 esieKTpoabroBo u3napeHne npum 500 °C u cnep
oTrpsaBaHe npu 525 °C. AHANAN3DBT Ha NOKPUTUATA, XMMUYHNA CbCTaB N MUKPOCTPYKTYpaTa NoKasaxa, ye
nokpuTtuaTa ce cberon oT (Ti, Al)N HaHOKpucTanu cbe cpeaeH pasmep oT 10 nm, BrpageHu B amopdHa
¢dasa ot SizN,. MU3cnegsaHeTo Ha MmexaHUYHUTE CBOMCTBA MOKasa, Ye OTrpsABaHeTo BoAM A0 noaobpasaHe
M NoBMLLABaHE Ha TBbPAOCTTA Ha NOKPUTUATA. MI3mepeHn ca MaKcMmasiHa TBbpaocT ot 48 GPa u moayn
Ha enactuyHoct ot 560 GPa. AaxesuATa Ha NOKPUTMATA KbM noanoxka oT WC-Co e oTamyHa cnep
oTrpsABaHe.

r7-19

V. Chitanov, T. Cholakova, L. Kolaklieva, R. Kakanakov, Ch. Bahchedjiev, N. Petkov, “Influence of
thermal treatment on the mechanical properties of TiAiSiN-based coatings”, Journal of Chemical
Technology and Metallurgy, 48, 6, pp. 567 — 570 (2013), SJR (2013) = 0.17

Abstract. This work presents a study on the influence of the deposition and annealing temperatures on
the mechanical properties of quaternary TiAISiN-based thin films. The coatings are deposited by
cathodic arc evaporation onto substrates of cemented carbide at deposition temperatures of 470°C and
500°C. A part of them is post-deposition annealed at 550°C and 525°C.

The investigation of the mechanical propertied showed strong dependence on the thermal
treatment. Highest nanohardness of 45 GPa was obtained at deposition temperature of 500°C and post-
annealing at 525°C. The results from the scratch test revealed very good adhesion to the substrates as
no delamination was observed, and a relatively low friction coefficient of 0.05-0.07 was obtained.

Pestome. Tasu paboTta npeacTaBA M3cielBaHe Ha BAMAHWETO HA TemnepaTypuTe Ha OT/araHe U
OTrpABaHe BbpXy MeXaHMYHUTE CBOMCTBA Ha YeTBOPHM TiAISIN - 6a3npaHn TbHKM cnoese. MoKkpuTusaTa ce
OTNaraT Ypes eNeKTPoAbIoBO M3NapeHne Bbpxy NOANOXKKA OT BoadppamoBKapbua, npu TemnepaTypm Ha
0T 470°C 1 500°C. YacT oT TAX ca OTrpATM cneg oTnaraHe npu 550°C n 525°C.

N3cnenBaHeTo Ha MeXaHWMYHUTE CBOMCTBA MOKasa CM/IHA 3aBMCMMOCT OT TepMMYHaTa 0bpaboTka.
Hait-BucokaTta HaHoTBbpAocT oT 45 GPa 6e nosydyeHa npu TemnepaTypa Ha oTnaraHe ot 500°C u cnep
oTrpsBaHe npu 525°C. PesynTtaTuTe OT TecTa 3a HagpacKBaHe MOKasaxa MHOro gobpa aaxesus Kbm
NoA/I0XKKNUTE, Tbi KAaTO He ce Habnlogasa pascnonBaHe, a KoeduUMEHTA HA TPUEHE € OTHOCUTESTHM
Hucbk ot 0,05-0,07.

r7-20
L. Kolaklieva, R.Kakanakov, D.Chaliampalias, G.Vourlias, K.Chrissafis, T.Cholakova, V.Chitanov,
Ch.Pashinski, Hr. Bahchedjiev, N.Petkov, E.Polyhroniadis, “Mechanical, structural and thermal

properties of multilayered gradient nanocomposite coatings”, Journal of Nano Research, Vol.
17, pp 193 - 202 (2012), IF (2012) = 0.341
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Abstract. Multilayered, gradient TiAISiN-based nanocomposite coatings have been developed and
investigated with respect to their applicability in the machining industry. The main coating layer was
composed of 5-8 nm TiN and AIN nanograins. The coating possessed hardness as high as 40 GPA, which
allows it to be classified as superhard. During heating up to 9000C in air in steps of 1000C for 6 h at each
temperature, the coating showed good stability up to 7000C. Thermal treatment over this temperature
caused a decrease in the hardness to values characteristic for TIAIN multilayered coatings, while the
adhesion to the substrate remained steady.

Pe3tome. MHOrocnoHu rpagneHTHM HAHOKOMMO3UTHM NOKPUTUA Ha 6a3aTa Ha TiAISIN ca pa3paboTeHu
W U3cnesBaHN MO OTHOLEHWE Ha TAXHATa NPUAOKUMOCT B MHAYCTPUA. OCHOBHUAT C/IOM Ha MOKPUTMETO €
cbctaBeH oT 5-8 nm TiN n AIN HaHo3bpHa. MokputneTo Mma TBbpAocT Ao 40 GPa, npu Koeto ce
Knacuoduumpa Kato cBpbXxTBbPAO. [0 Bpeme Ha HarpssaHe o 900°C Ha Bb3A4yX, CbC CTbNKM oT 100°C 3a
6 yaca npu BcAKa TemnepaTtypa, MOKPUTMETO MOKasa f[obpa crabunHoct go 700°C. TepmwuyHata
06paboTKa Npu Tasm TemnepaTypa goBese A0 HaMaNABaHe Ha TBbPAOCTTa A0 CTOMHOCTU, XapaKTepHM 3a
MHorocnoiHu nokputusa TiAIN, foKaTo aaxesnsTa Kbm cybcTpaTa OCTaHa NOCTOAHHA.
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