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Abstract: A new quaternary hard coating based on Cr/CrN adhesion layers and a TiCrAIN
main coating layer was developed for low-temperature applications. It was deposited in a
closed-field unbalanced magnetron sputtering equipment. The nanohardness, adhesion and
thickness of the coating were characterized by Anton Paar’s nano-indenter tester, scratch tester
and calotester. The chemical composition and surface morphology were investigated by a
Hitachi SU 5000 scanning electron microscope equipped with an energy dispersion analyzer.
The coating showed a low coefficient of friction and a good adhesion strength between the
substrate and the Cr/CrN transition layer, as well as between the transition layer and the
TiCrAlN layer. The nanohardness achieved was 33 GPa. The research results showed that the
quaternary Cr/CrN/TiCrAIN hard coating deposited at 200 °C has mechanical properties
comparable to coatings with a similar composition deposited at standard deposition
temperatures.

Pe3rome: HoBo ueTBOpHO TBBpAO nmokputre 6a3upano Ha Cr/CrN anxe3uoneH cnoii u TiICrAIN
OCHOBEH CJIOH € pa3paboTeHO 3a HUCKOTEMIIepaTypHU NpuiokeHHs. To ce HaHacs upe3
obopynBane 3a PazbanmaHcupaHo MarHeTpOHHO paslpalllBaHe B 3aTBOPEHO MArHUTHO IOJIE.
HanotBwprnoctTa, anxe3usTa u AeOenrHaTa Ha MOKPUTHETO Ca XapaKTepU3NpaHu ¢ 000pyBaHe
Ha AHToH [laap 3a HAaHOMHAECHTHUPaHE, TECT HAa HaJ[pacKBaHe U KajmoTecTep. XMMUYHHUAT ChCTaB
U TOBBPXHOCTHaTa MOP(OIOTUS ca M3CIEIBAHU CHhC CKAHUPAI] EIEKTPOHEH MHUKPOCKOI



Xutaun Cy 5000 obopyznBaH ¢ €eHEpPrUiHO TUCIIEPCUOHEH aHanu3arop. [TokpuTueTo mokaspa
HUCHK KOe(hUIIMEHT Ha TpUeHEe U J100pa aaxesus Mexay noanoxkara u npexonnus Cr/CrN
CIIOM, KakTO W Mexay npexomuus ciod u ocHoBHus TiCrAIN cnoii. Ilocrurnarara
HaHoTBbpaocT € 33 GPa. H3scinemoBarenckure pe3yaTaTd IOKa3BaT, Y€ UYETBOPHOTO
Cr/CrN/TiCrAIN 1BBpHO MOKpUTHE HaHECEeHO npu Temmeparypa a0 200 °C uma MexaHUIHHU
CBOMCTBA CpaBHUMHU C TMOKPUTHATAa C NOAOOCH CbCTaB HAHECEHM MpPU CTaHIAApTHU
TeMIIepaTypHu.

B 2.

V. Chitanov, M. Krieger, P. Heinzlreiter, L. Kolaklieva, R. Kakanakov, A pilot applied
physics grid computing infrastructure for developing applications predicting the qualities
of industrial coatings, Journal of Grid Computing, Vol. 19, Issue 3, Published: 01 July
2021, Article number 26, Springer Science and Business Media B.V., Springer Nature, ISSN
1570-7873, DOI 10.1007/s10723-021-09566-y, Access Num. WOS:000668890600001, 2021,
https://link.springer.com/article/10.1007%2Fs10723-021-09566-y
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Abstract: A pilot Grid computing test infrastructure is creating between Central Laboratory of
Applied Physics (CLAP) part of Bulgarian Academy of Sciences and Risc Software GmbH
subsidiary research company of Johannes Kepler University. Austrian research organizations.
The infrastructure is used from the specialists in applied physics for education in the application
of Grid technologies. A concrete application for the prediction of the qualities of industrial
coatings researched in CLAP is developed. The SKlearn python library including six predicting
models is implemented. The nanohardness of different coatings is predicted and compared with
data from real measurements for validation of the modeling results. The results shown that
between all methods Gaussian Process Regressor (GPR) is given the nearest predictions in
most of the research coatings.

Pestome: Ilwnorna umzuncnurenna ['PUJI tectoBa mH(pacTpykTypa € cb3majgeHa Mexay
Hentpanna Jlaboparopus no [punoxua ®uszuka (LJIIID), yact ot bearapckara Axagemus
Ha Haykure um PUCK Codtyep I'mMO0X nabmiepHa wuscneoBarelicka KOMITAHHS KbM
yauBepcutera  Moxamec  Keriep,  aBCTpmiicka — M3CIIeJIOBATeNICKAa  OpTraHM3aIlds.
Nudpactpykrypara ce U3mon3Ba OT CHEIUATUCTUTE TI0 MPHIIOKHA (DU3HKA 32 O0YYECHHETO UM
B mpunoxkenuetro Ha ['PUJl Ttexnomorun. Pa3paboTeHO € KOHKPETHO MPHIIOKEHHE 3a
Mpe/ICKa3BaHe Ha KaueCcTBaTa Ha MHAYCTPUAIHU NOKpUuTus usciensanu B LIJIIID. Bueapena e
[Tuton 6ubnuoreka SKLearn BKiIrOUBaIa mecT mpeackaspamiy Mojaena. HaHoTBeprocTTa Ha
pa3iMyHU TOKPUTUS € NpelCcKa3aHa M CpaBHEHA C JIaHHM OT pealHu H3MEpBaHus 3a
BaJIUUpaHEe Ha pe3yiaTarTuTe OT MojaenupaHeTo. Pesynrarure mokas3Bar, ye MEXIy BCUUYKU
metoau ["aycoBus nporeceH perpecop (Gaussian Process Regressor GPR) naBa naii-6nu3kure
MpeACKa3BaHMs IPU MMOBEYETO U3CIIEABAHN TOKPUTHSI.



https://link.springer.com/article/10.1007%2Fs10723-021-09566-y
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V. Chitanov, L. Kolaklieva, T. Cholakova, R. Sharif, G. Hesser, A. Hinterreiter, R. Kakanakov,
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temperatures with Unbalanced magnetron sputtering”, Journal of Physics:
Conference Series, 10P Publishing, Institute of Physics Publishing, Volume 1492, Issue 1,
2 June 2020, Article number 012035, ISSN:1742-6588,
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Abstract: Ellipsometric characterization is presented of a CrTiAIN hard coating deposited by
unbalanced magnetron sputtering at low temperatures. Such coatings find applications where
the tool material cannot withstand temperatures exceeding 200 °C. The Cr/CrN/CrTiAIN
coatings deposited using the UDP-850 equipment is characterized by UV-VIS and IR
ellipsometry. A FIB cross-section is made and the thickness of the coating is measured using
SEM. The roughness of the coating surface is determined by AFM. The ellipsometric
measurements yielded data on the phase difference A, amplitude ratio y, the frequency
dependent real (¢l(®w)) and imaginary (g2(w)) part of the dielectric function and the
corresponding refractive and extinction indexes n(®w) and k(w). The optical parameters are
modelled by regression analysis implemented using the WVASEO© software. A very good fit is
achieved between the measured optical data and the corresponding models. The results show
that the ellipsometric characterization data can be used to determine the surface structure,
chemical composition and optical reflection characteristics of CrTiAIN hard coatings.

Pe3iome: IlpencraBeHa e xapakTepuzanusaTa ¢ exurncoMeTsp Ha TBbpAo nokputre CrTiAIN
HaHECEHO C pa30allaHCMpPaHO MarHETPOHHO Pa3lpallBaHE B 3aTBOPEHO MArHUTHO IOJIE MIPU
HUCKM Temreparypu. TaknBa TMOKPUTHS HAMHpAT TMPHIOKEHUS KBIETO MaTepHajnTe Ha
MHCTPYMEHTHUTE HE MoraT Ja u3abpxar temneparypu Hajasumasamu 200 °C. Ilokputus ot
Cr/CrN/CrTiAIN nanecenu c¢ obopyasane UDP850 ca xapakrepuszupaHu ¢ €IUIICOMETHD B
YATPAaBHOJIETOBUS, BUAMMHUS U MH(padepBeHus cneksp. Paspes ¢ ¢okycupain HOHEH by €
HalmpaBeH M je0elrHaTa Ha MOKPUTHUETO € u3MepeHa nocpenctBoM Ckanupain EnextpoHeH
Muxkpockor. ['panaBocTTa Ha MOBBPXHOCTTA HA MIOKPUTUETO € ONpeE/IeeHa ¢ aTOMHO CUJIOBa
MHUKpOCKonusi. Upe3 enurcoMeTpuyHMTE M3MEpBaHMs Ce MOoJydaBaT JaHHU 3a (ha3oBara
pasnuka A, aMIUTUTYJHOTO CBOTHOLIEHHE Y, YECTOTHO 3aBHcuMuTe peanHa (el(w)) w
uMmaruHepHa (€2(®)) 4acT Ha JUETUMKTpPUYHATA (QYHKIMSA M CHOTBETHUTE KOE(UIIMEHTH Ha
npeduynBaHe n(®) u 3aruxsaHe k(m). OnTUYHUTE apaMeTpu ca MOJCIUPAHU C PETPECUOHEH
aHaJu3 BKJItOYEH B n3non3Banus coptyep WVASEO. MHoro 106po cbBNajieHne € MOCTUTHATO
MEXJy H3MEpPEHUTE ONTHYHHU JaHHUM M CBOTBETHHUTE Mojenu. Pesynrarure mokasmar, de
MOJIyYEHUTE JIaHHM OT XapaKTepH3alMsTa C eIUICOMETBhP Morar Aa ObJaT M3IOJ3BaHH 3a
OIpesielIsiHe Ha CTPYKTypaTa Ha MOBbPXHOCTTA, XUMUYHHSI ChCTaB U ONTHUYHHUTE OTPAXKATEITHU
XapakTepucTUKU Ha TBbpAuTEe MokpuThs ot CrTiAlIN.



https://iopscience.iop.org/article/10.1088/1742-6596/1492/1/012035
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Abstract: The results from investigation of the relation between the structure of the transition
layers and nanohardness and adhesion of the triple Cr-Ti-based nitride coatings are presented
in this article. The coatings were deposited on tool steel substrates at temperature of 140 °C
and a nitrogen flow of 13 and 18 sccm. Two types of the coating composition, Ti/TiN/TiCrN
and Cr/CrN/CrTiN were studied. Nanohardness of 21 GPa to 27 GPa and 22 GPa to 24 GPa
was measured for Ti-based and Cr-based structures, respectively, The increase of the N2 flow
in the Cr-based samples has shown considerably improved adhesion to the substrates in
comparison with the Ti-based ones. In both cases, the increase of reactive gas flow decreases
the coefficient of friction to 0.14 for the Ti-based and to 0.10 for Cr-based structures. The
optimal combination of nanohardness, adhesion and coefficient of friction was achieved for the
Cr/CrN/CrTiN samples deposited at a nitrogen flow of 18 sccm.

Pe3rome: Pesynratute oT u3cienBaHETO Ha Bpb3KaTa MEX]y CTPYKTypara Ha IPEXOIHUTE
CJIOEBE M HAHOTBBPAOCTTA U ajxe3usiTa Ha TporHuTe Cr-Ti-0a3upanu HUTPUIHU OKPUTHS ca
IIpeJICTaBEH! B Ta3M craTus. [lokputusaTa ca HAaHECEHU BbPXY MOAJIOKKN OT HHCTPYMEHTaIHa
ctoMana 1ipu temreparypu ot 140 °C u nmotok a3ot ot 13 u 18 sccm. JBa Buaa mOKpUTHSI ChC
cpotBeTHUS cheTaB ca m3yueHH Ti/TiN/TiCrN u Cr/CrN/CrTiN. Hanorespnoctu ot 21 GPa no
27 GPa u ot 22 GPa no 24 GPa cporBeTHO ca u3Mepenu 3a Ti-6a3upanara u Cr-Oazupanara
CTPYKTYpH. YBEIMUYEHHUETO Ha MOTOKa a30T npu Cr-0azupaHuTe 00pa3ly NOKa3Ba 3HAUUTEITHO
nofo0peHa ajxe3us KbM IOUIOKKUTE B cpaBHeHHe ¢ Ti-O0asupanure. M1 B nBata ciyyas,
YBEJIMYEHUETO Ha MOTOKA Ha peakTHBHMA I'a3 HamalsBa koeuuueHTa Ha TpueHe 1o 0.14 3a
Ti-6asupanute u n0 0.10 3a Cr-Gazupanute cTpykTypu. OntumanHa KOMOHMHAIUs OT
HAHOTBBPJIOCT, aaXe3usl U Koe(UIMEeHT Ha TpueHe e nocturnara 3a oopasuure Cr/CrN/CrTiN
HAHECEHU IIpU MOTOK a30T 18 scem.

B_S.

T. Cholakova, L. Kolaklieva, R. Kakanakov, V. Chitanov, B. Ranguelov, S. Atanasova, P.
Stefanov, G. Atanasova, K. Balashev, “Effect of the heat treatment on mechanical and

structural properties of CrTiAIN coatings deposited at low temperature”, Bulgarian
Chemical Communications, Volume 50, Bulgarian Academy of Sciences, Union of
Chemists in Bulgaria Publisher: Bulgarian Chemical Society, ISSN:0324-1130, pp. 197-204,
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204.105.pdf

HNupexcupa ce B SCOPUS, 1F:0.242, Q4 SJR: 0.142, Touku 12



Abstract: The present article investigates the mechanical properties and microstructure of the
CrTiAIN thin coatings obtained at a low deposition temperature (150°C) using Closed Field
Unbalanced Magnetron Sputtering (CFUBMS) technique onto different substrates. In order to
determine the effect of heat treatment on mechanical and structural properties, the as-deposited
CrTiAIN coatings were annealed in an argon atmosphere and air at different temperatures (400-
800°C) for 2 hours. The alteration of the morphology, microstructure, chemical composition,
hardness and adhesion strength after the treatment was analysed by atomic force microscopy
(AFM), scanning electron microscopy (SEM) complemented with an energy dispersive x-ray
spectroscopy analysis, Xray photoelectron spectroscopy (XPS), a Nanoindentation Tester and
a Micro Scratch Tester. After an annealing to the temperature of 600°C the coatings
demonstrated higher hardness and elastic modulus of 29 + 2 GPa and 365 + 20 GPa,
respectively. Further increase of the treatment temperature caused decrease of the coating
hardness and elastic modulus and rise of the surface roughness and coefficient of friction.

Pe3rome: Hactosimara cratus uscneqBa MEXaHWMYHHMTE CBOMCTBa M MMKPOCTPYKTypaTa Ha
ThHKU CrTiAIN mokpuTHs monydeHd OpU HUCKU Temmeparypu Ha HanacsHe (150 °C)
U3IO3BaliKu TexHosorusita Pa30anaHcupaHO MarHeTpOHHO pas3lpallBaHe B 3aTBOPEHO
MarHuTHO I0JI€ BbPXY Pa3IMyYHU MOUIOKKHU. 3a Jla ce ompenenu epeKkra OT TeMIepaTypHO
TpeTHpaHe BbPXy MEXaHUYHHUTE U CTPYKTYpPHUTE CBOWCTBA, HaHeceHuTe nokputus or CrTiAIN
0s1xa OTrpsTH B aproHosa armocdepa u Bb3AyX npu paznuynu temnepatypu (400-800 °C) 3a
nBa yaca. [IpoMsiHara B MOpQoiorusara, MUKpOCTPYKTypaTa, XAMUYHUS CbCTaB, TBJOCTTA U
aJIXe3nMoHHaTa cuiia cies 00paboTkara Oere anaai3upaHa ¢ aToOMHO CUiI0B MUKpockor (AFM),
ckaHuparyj enekTponeH Mukpockon (CEM) okoMILIEKTOBaH C €HEPTUEH IUCIIEPCUOHEH X-ray
CIEKTPOCKOIICKM aHaIn3, X-ray (oToeleKTpoHEH crekrpockon (XPS), HaHOMHIEHTHpal]
TeCTep M MHKpPO TecTep Ha HajapackBaHe. Cien HarpsBaHe a0 Temmneparypu ot 600 °C
MTOKPUTHUETO JIEMOHCTPUpPA BUCOKA TBBPIOCT U €1aCTUYEH MOAYJ ChOTBETHO 0T 29 + 2 GPa n
365 £ 20 GPa. IlocnenBamoro yBeauM4aBaHE Ha TpeTUpalaTa TeMIleparypa BOAMU JI0
HamaJsiBaHE Ha TBBPAOCTTa Ha TOKPUTHETO M €JAaCTUYHHS MOMYJ W yBeIMYaBaHE Ha
rparmaBoCTTa Ha MIOBBPXHOCTTA M KOS(PHUIMEHTA Ha TPUEHE.
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Physics: Conf. Series, vol. 992, issue 1, Article number 012030, IOP Publishing, DOI:doi
:10.1088/1742-6596/992/1/012030, 1-8., 20th International Summer School on Vacuum,
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Abstract: We prepared a set of Ti- and Cr-based ternary and quaternary hard coatings at low
deposition temperatures (< 200 °C) by closed-field unbalanced magnetron sputtering in a gas
mixture of Ar + N2. The morphological, structural and mechanical properties of the coatings


https://iopscience.iop.org/article/10.1088/1742-6596/992/1/012030

were characterized by means of atomic force microscopy, scanning electron microscopy, X-ray
photoelectron spectrometry, a micro-scratch tester and a nanoindentation tester. The results of
the analyses performed revealed that the surface of the deposited ternary Ti-Al-N coatings was
rougher than that of the CrTiAIN coatings. The metallic elements in the coatings react with
nitrogen to form CrN, TiN and AIN nitride phases, as no Cr2N phase was detected in the
Crbased coatings. The optimized quaternary coating demonstrated mechanical properties
superior to those of the ternary ones in terms of hardness; adherence strength of 32 GPa and
elastic modulus of 418 GPa were measured for the multicomponent coating of composition
Cr0.68Ti 0.19A1 0.13N.

Pe3ome: Hue momrorBuxme rpyma ot Ti- m Cr-0a3upaHu TpOWHH M YETBOPHU TBBPAH
MOKPUTHUS TIPH HUCKM TemriepaTypu Ha HaHacsHe (<200 °C ) upe3 pazdaslaHcHpaHO
MarHeTpoOHHO pa3lpaliBaHe B 3aTBOPEHO MAarHUTHO Ioje B Ta3oBa cmec OT Ar+N2.
Mopdonorusra, CTpykTypara ¥ MEXaHUYHUTE CBOMCTBA HA MOKPUTHATA Ca XapaKTepU3UpaHU
MOCPEJICTBOM aTOMHO CHJIOBA MHUKPOCKOIHUS, CKaHHUpall eNeKTPOHEH MHUKPOCKOI, X-ray
(OTOENEKTPOHEH CHEKTPOMETHP, MUKPOTECTEp Ha HAJApPACKBaHE M HAaHOMHJCHTHUPAIL TECTEP.
Pesynrtarute oT HampaBeHHs aHAU3 Pa3KpUBaT, Y€ MOBLPXHOCTTA HA HAHECEHUTe TporHu Ti-
Al-N mokputus e mo-rpyba ot Tasu Ha uerBopHuUTe CrTiAIN mokputus. Meranure B
MOKpUTHATA pearupar ¢ azora 3a aa Gopmupar CrN, TiN u AIN Hutpugau da3u, Thii KaTo
nukakBa CroN ¢aza He e ycraHoBeHa npu Cr-Oazupanute mokpuTHs. ONTUMHU3HPAHUTE
YETBOPHH MOKPUTHSI IEMOHCTPUPAT MPEBBH3IX0K AN MEXAaHUYHH CBOICTBA CIIPSIMO TPOHHUTE
OTHOCHO TBBPJIOCT, ajixe3uoHHa cuia oT 32 GPa u enactuuen momyn ot 418 GPa usmepenu 3a
MHOTOKOMIIOHEHTHOTO MOKpUTHE ChC chCTaB Cro.egTio.19Alo.13N.

B 7.

St. Rabadzhiyska, L. Kolaklieva, V. Chitanov, T. Cholakova, R. Kakanakov, N. Dimcheva, K.
Balashev, “Mechanical, wear and corrosion behavior of CrN/TiN multilayer coatings
deposited by low temperature unbalanced magnetron sputtering for biomedical
applications”. Materials Today: Proceedings, vol. 5, Issue 8, pp. 16012-16021
ELSEVIER, 2018, ISSN:2214-7853, 16012-16021., 14th International Conference on
Nanosciences and Nanotechnologies, NN 2017, Thessaloniki; Greece; 4 July 2017 through 7
July 2017, 2018, https://doi.org/10.1016/j.matpr.2018.05.046.
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Abstract: A multilayer CrN/TiN coating was deposited onto a high-speed steel substrate by
unbalanced magnetron sputtering at different nitrogen flow, temperatures of 130-200 ° C and
a bias voltage of -60 V, -70 V and -80 V. The nanohardness and elastic modulus were in the
range of 23-32 GPa and 245-378 GPa, respectively. The results of the scratch tests showed
good adhesion of the coating to the substrate. The coefficient of friction was ranged of 0.09-
0.25.The multilayer CrN/TIiN coatings demonstrated low average surface roughness of 16.2
nm. The electrochemical tests indicated high corrosion resistance of the. The wear rates of the
multilayer CrN/TiN coatings were evaluated to be 7.04 x10°mm3N~m2and 5.44x10°mm3N-
!m-1 by a scratch test and a ball on flat test, respectively.

Pe3rome: Muorocnoitno nokpurue CrN/TiN e HaHeceHO BbpXy HOAJIOKKA OT BUCOKOOOOPOTHA
CTOMaHa upe3 pa3daJaHCHUpaHO MAarHETPOHHO pa3MpalliBaHE IPH Pa3JIMYeH IOTOK Aa3o0T,


https://doi.org/10.1016/j.matpr.2018.05.046

temmeparypu mexay 130-200 °C u OasucHo Hanpexenwe ot -60V, -70V u -80V.
HaHoTBBpHocTTa M1 MO/y/a HA €ACTUYHOCT OsiXa B JuanasoHa cboTBeTHO 23-32 GPa u 245-
378 GPa. Pesynrarure ot TeCTa Ha HaJApacKBaHe MOKa3BaT 100pa aaxe3usi Ha TOKPUTHETO KbM
nomioxkara. KoepurmentsT Ha TpueHe Oeme B guamnazona 0.09-0.25. MHorocimoiHOTO
nokputue CrN/TIN meMoHCTpHpa HHCKa CpeHa rpamaBoCT Ha MOBBPXHOCTTA OT 16.2 nm.
EnexTpoXuMHUYHUTE TECTOBE MOKA3BaT BHCOKAa KOPO3HMOHHA ycToWuuBocT. CKopocTTa Ha
u3HocBaHe Ha MHOTOCIOHOTO ToKkpuTre CrN/TIN n3dncieHa ¢ Tect Ha HaJipacKBaHe U TOITYE
BBPXY II0YA ce oleHsaBa choTBeTHO Ha 7.04 X10°mm3N1m™ u 5.44x10°mm3N*m-1,
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St. Rabadzhiyska, L. Kolaklieva, T. Cholakova, R. Kakanakov, V. Chitanov, P. Stefanov, G.
Atanasova, K. Balashev, B. Rangelov, S. Atanasova, “Multilayer CrN/TiN coatings
deposited at low temperatures by unbalanced magnetron sputtering for implant

applications”, Bulgarian Chemical Communications, vol. 50, , Bulgarian Academy of

Sciences, Union of Chemists in Bulgaria Publisher: Bulgarian Chemical Society, ISSN:0324-
1130, ISI, pp. 172-180, 2018,
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Abstract: A multilayer CrN/TiN coating was developed and deposited onto high speed steel
(HSS) specimens by unbalanced magnetron sputtering in a closed-field magnetron
configuration at a temperature lower than 200 °C from Cr (99.99 %) and Ti (99.99%) targets.
Multilayers were deposited at different nitrogen partial pressure, a target current ratio ranged
from 0.7 to 1 and a bias voltage of -60 V, -70 V and — 80 V. The study of mechanical properties
indicated that the highest hardness value of 31 GPa and elastic modulus of 378 GPa were
achieved at a bias voltage of -80 V and a target current ratio Ic//I+i = 0.7. The performed scratch
tests exhibited good adhesion of the coating to the substrate as no cracks and delamination in
the scratch track were observed. The coating thickness varied between 1.2 pm and 1.7 um. The
wear rate of the film was estimated to be 4.8 x10m3N-*m*. X-ray photoelectron spectroscopy
(XPS) was used to determine binding energies between Cr, Ti and N elements in the coatings.
The surface roughness was evaluated to be 16.2 nm by Atomic force microscopy (AFM). The
coating surface was characterized by Scanning Electron Microscopy (SEM). Energy-dispersive
X-ray spectroscopy (EDX) analysis defined the elemental composition in the multilayer
coating layer to be 46.73 at.% chromium, 43.67 at.% nitrogen, 9.61 at.% titanium.

Pe3rome: Mmuorocnoitno nokputue CrN/TiN Oerie pa3paboTeHO 1 HAHECEHO BbpPXY 00pas3iu
oT OBP30000POTHA CTOMaHa IMOCPEACTBOM pa3bajaHCHPAaHO MArHETPOHHO pa3MpallBaHE B
3aTBOPEHO MAarHUTHO Mojie Tpu Temreparypu mo-aucku ot 200 °C or Cr (99.99 %) u Ti
(99.99%) Ttapretn. MHorocinoifHuTe cioeBe OsXa HAHECEHM MPH Pa3IMYHO MapIHaTHO
HaJIAraHe Ha a30Ta, ChOTHONIEHWE HAa TOKOBETE Ha TapreTute B auanazoHa ot 0.7 mo 1 u
0asucHo Hampexenue ot -60V, -70V u -80V. MscnensaneTo Ha MEXaHMYHUTE CBOICTBa
MTOKa3Ba, 4e¢ Hal-BUCOKaTa CTOMHOCT Ha TBHPIOCT OT 31 GPa 1 Moy Ha eTacTUIHOCT OT 378
GPa ca mocturnartu mpu GaszucHo HampexeHue ot -80V U ChOTHOIIEHHE Ha TOKOBETE Ha
taprerure ICr/ITi = 0.7. HanpaBeHusAT TeCT Ha HaJpacKBaHE IMOKa3Ba J0o0pa aaxe3us Ha
MOKPUTHETO KbM TOJIOKKATa ThI KaTo HE ce HaOo/aBaT HAPYIIEHUS U OTIIOCIBAHUS B
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crenaTa Ha HaapackBaHeto. CKOpPOCTTa Ha M3HOCBaHeTo ¢ oneHeHa Ha 4.8 X10%m3Ntm™. X-
ray ¢oroenexkrponHa crekrpockonus (XPS) Gerie usnons3Bana 3a onpeaesHe Ha CHEPTHsITa
Ha Bpb3kara mexay enementute Cr, Ti u N B mokputreTo. I'pamaBocTTa Ha MOBBPXHOCTTA
Oemre oreHeHa Ha 16.2 Nm ¢ atomHo cuitoB Mukpockorn (AFM). [ToBbpXHOCTTa HAa TOKPUTHUETO
Oelre xapakTepu3upaHa chC ckaHupail eJeKTpoHeH Mukpockor (CEM). AHanu3 HampaBeH ¢
enekTpoHeH X-ray mucnepcuonen crnektpockon (EDX) ompenenu enemeHTHHS ChCTaB B
MHOT'OCJIOMHOTO OKpUTHE CbOTBETHO 46.73 at.% xpowm, 43.67 at.% a3zot, 9.61 at.% turas.

B9

L. Kolaklieva, S. Rabadzhiyska, R. Kakanakov, V. Chitanov, T. Cholakova, V. Rupetchov,
G. Mishev, “Evaluation of the Mechanical and tribological properties of multilayer
CrN/TiN films deposited at low temperatures”, Proceedings of the International
Conference on Microelectronics, ICM, Vol. 2017, 12 December 2017, 30th IEEE
International Conference on Microelectronics, MIEL, Proceedings Nis, Code 133854, pp. 187
—190, 2017, DOI: 10.1109/MIEL42362.2017,
https://ieeexplore.ieee.org/document/8190099/metrics#metrics

HNunpexcupa ce B SCOPUS WoS SJR 0.11 Touxmu 10

Abstract: Multilayer CrN/TiN protective films were developed at deposition temperatures
lower than 200 °C. The mechanical and tribological behaviour were investigated depending on
the main technological parameters. The coatings exhibit high nanohardness of 31.3 GPa,
excellent adhesion to the substrate and improved resistance to plastic deformations and elastic
strain to failure resistance, impaling the enhanced toughness.

Pestome: Muorocnoitnn CrN/TiN 3ammtau cinoeBe Osixa pa3pabOTeHM M HAHECEHU IPHU
temmeparypu mo-aHucku ot 200 °C. MexaHWYHOTO M TPUOOJOTHYHOTO MOBEACHHE Oerre
M3CJIEeIBAHO B 3aBUCHUMOCT OT OCHOBHHUTE TEXHOJOTMYHH TapameTpH. [IokpuTHeTo mokaspa
BHCOKa HaHOTBBpaocT oT 31.3 GPa, ornuunHa anxe3ws KbM IMOIJIOKKATa M IMOJ00peHa
YCTOMYMBOCT KBbM IUTACTUYHA JIedopMalys U eaCTUYHAa YCTOWYMBOCT M SKOCT Ha OIBH, B
KOMOWHAIHS C TIOJICHIICHA )KUIIABOCT.

B_10.

T. Cholakova, V. Chitanov, L. Kolaklieva, R. Kakanakov, D. Kovacheva, P. Stefanov, S.
Rabadzhiyska, E. Korina, V. Kopanov, “Protective multilayer (Ti, Al) N coatings deposited
at low temperature by closed field unbalanced magnetron sputtering”, Bulgarian
Chemical Communications, vol. 48, Special Issue March 2016, 15" International
Scientific Conference on Renewable Energy and Innovative Technologies, Publisher Bulgarian
Academy of Sciences, central library 7 noemvri no 1, Sofia, 00000, Bulgaria, ISSN: 0324-
1130, pp. 384 — 390, 2016
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HNunexcupa ce B WoS, IF 0.242, Q4, SJR 0.14, Touxu 12

Abstract: This article reports the results of a study of the physical-mechanical properties of
the multilayer Ti-Al-N coatings deposited onto two types of substrates: high-speed steel and
carbon tool steel. The coatings were deposited at the temperatures of 150-200 °C by closed-
field reactive unbalanced magnetron sputtering, while the process parameters were optimized
to achieve adherent good quality coatings. Nanoindentation, scratch tests, X-ray diffractometry
(XRD) and X-ray photoelectron spectroscopy (XPS) were used to characterize structural,
compositional and mechanical properties of the coatings. The obtained coatings exhibited
nanohardness and elastic modulus in the range of 26-38 GPa and 320-418 GPa respectively.
The results of the scratch tests showed that the state of adhesion of the coating to the substrate
depends on the coating deposition conditions. The measured coefficient of friction for all of
the coatings was in the range of 0,09-0,13. The XPS and XRD analyses revealed that the
coatings have Ti0.42A10.58N composition with a lattice constant of 4.17A. The findings are
that the main process parameters defining the mechanical properties of the deposited at low
temperature Ti-Al-N coatings are: reactive gas flow rate, sputtering temperature and plasma
cleaning time.

Pe3ome: Ta3u cratusi JOKiIagBa pe3yiaTaTuTe OT M3ydYaBaHETO Ha (PU3MUHO-MEXaHHMYHHUTE
CBOMCTBa Ha MHOTrOC/IOiHUTE MOKpuTHs OT TI-Al-N HaHeceHM BbpPXy JBa THIA IMOJJIOKKH:
BHCOKOOOOpPOTHAa CTOMaHa M BBIVIEPOAHA HWHCTpYMEHTanHa croMaHa. [lokpurtusita Osixa
Hanecenu npu temreparypu 150-200 °C ¢ paszbanaHcupaHO MarHETPOHHO paslpaliBaHe B
3aTBOPEHO MArHUTHO TI0JIE, IOKATO MapaMeTpHUTe Ha Ipoleca 0sXxa ONTUMH3MPAHH 3a Ja ce
MOCTUTHAT JOOpU aIXe3MOHHM KadecTBa Ha TOKPUTHETO. HaHOWHAeHTHpaHe, TecT Ha
HaJIpackBaHe, peHTreHoB au¢paknuoHern aHanmu3 XRD wu pentreHoBa ¢oroeneKkTpoHHA
cnekrpockonusi XPS 0sixa HampaBeHH 3a Ja c€ XapaKTepHu3upa CTPYyKTypara, ChCTaBa U
MEXaHUYHUTE CBOHCTBA Ha TOKPUTHATA. llONydeHUTE TOKPUTHUS TIOKa3axa CHOTBETHO
HAHOTBBPJIOCT M €JAaCTUYCH MOyJ B Anana3zona ot 26-38 GPa u 320-418 GPa. Pesynrarute
OT TecTa Ha HaJpacKBaHE IOKa3axa, 4e ChCTOSHUETO Ha aaXe3MATa Ha MOKPUTHETO KbM
M0JI0’KKaTa 3aBUCH OT YCJIOBUATA HA HAHACSIHE HAa MOKPUTHETO. VI3MepeHusAT Koe(pUIIMEeHT Ha
TpUeHEe 3a BCHYKM MOKpuTus Oeme B auanazoHa 0.09-0.13. Amammsute ¢ XPS u XRD
paskpuxa, 4e MOKPHUTHATa UMaT cheTaB Tio42AlossN ¢ koHcTanTa Ha pemerkata ot 4.17A.
VYcTaHOBH ce, 4e OCHOBHHMTE MapaMeTpH Ha Ipoleca ONpeaesIT MEXaHHYHUTE CBOWCTBA Ha
HAHECEHOTO P HUCKH Temrieparypu mokputue ot Ti-Al-N u Te chOTBETHO ca: MOTOK Ha
pEaKTUBHHUSA a3, TEMIIEpaTypa Ha pa3MpallBaHe U BpeMe Ha MJIa3MEHO OYHCTBAHE.
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L. Kolaklieva, R. Kakanakov, D. Kovacheva, V. Chitanov, T. Cholakova, Ch. Bahchedjiev, St.
Kolchev, “Effect of the Post-Deposition Thermal Treatment on the Mechanical Properties
of a Compositionally Modulated CrAISiN-AlISiN Coating”, Coatings, Vol. 11, Issue: 11,
Article number 1311, Nov. 2021, 2021, https://doi.org/10.3390/coatings11111311,
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Abstract: A CrAlISiN-AISIN coating with periodically modulated composition was
investigated regarding dependence of the mechanical properties and toughness, morphology,
composition, and structure on thermal treatment in the interval of 600-900 C in argon
ambience. The coating exhibited superhardness and high toughness up to 800-C. A very slight
decrease in the nanohardness, resistance to elastic strain to failure, and plastic deformation
were observed. The coating had enhanced elastic recovery stable up to 700-C. It was found that
the coating morphology was not substantially inflfluenced by the thermal treatment. X-ray
diffraction (XRD) analysis revealed that the modulated coating had a nanocomposite structure,
which did not change after annealing, even at 900 °C. The grains were composed mainly of
fcc-CrN and h-AIN phases embedded into an amorphous SisN4 matrix. A small amount of an
h-CroN phase appeared after heating at temperatures above 700 °C. The coating composition
was examined by energy-dispersive X-ray spectroscopy (EDS). The coating was stoichiometric
up to 800 °C. It became sub-stoichiometric with respect to nitrogen after annealing at 800 -C
and 900 °C. It is thus concluded that the CrAISiN-AISiN coating with a periodically modulated
structure keeps the combination of superhardness (45.3 GPa) and improved toughness (H3/E*2
= 0.362 GPa, elastic recovery 57%) at temperatures up to 800 °C, and is suitable for high
thermal applications.

Pesrome: [Toxputue CrAISIN-AISIN ¢ nepromuuHo MOy IHpaH ChCTaB € U3CIIEIBAHO OTHOCHO
3aBHCUMOCTTa Ha MEXaHMYHUTE CBOMCTBA M IKHJIABOCTTa, MoOpdosiorusta, ChCTaBa u
CTPYKTYypara oT TOIJIMHHO TpeTupaHe B uHTepBana 600-900 -C B apronosa cpena. [lokpuruero
MOKa3Ba CBPBXTBBPAOCT W BHCOKa kmimaBocT a0 800 °C. Muoro cimabo HamaleHUEe B
HaHOTBBPJOCTTA, YCTOMYMBOCTTA HA €JaCTUYEH OIbH U SIKOCT M IUIacTH4Ha Aedopmarus ce
HabmonaBa. [TokpuTHETO MOKa3Ba 3aCUIICHO U CTAOWITHO €aCTUYHO Bb3CTaHOBsBaHe 10 700
°C. YcraHoBu ce, ye MOp(GOJOrusaTa Ha MOKPUTHETO HE C€ € MOBIHsUIA OT MPOTrPSBAHETO.
Ananmuza ¢ penreHoBa gudpakuus (XRD) paskpu, ye MoaynMpaHOTO TMOKpUTHE HMa
HAaHOKOMIIO3UTHA CTPYKTYPa, KOSITO HE ce MpoMeHs JjopH cien nporpssane 10 900 °C. 3bpHaTa
ca cberaBenn ocHOBHO oT fcc-CrN u h-AIN ¢a3u mHKOpHOpHpanu B MaTpuiia oT amopden
Si3N4. Manko xomuectBo ot h-Cr2N ¢aza ce mosiBsiBa ciie oTrpsiBaHe NpH TEMIIEPaTypH HaJ
700 °C. CbcTaBa Ha MOKPUTHETO € U3yUEH C CHEPrOTUCTIEPCHOHHA PEHT€HOBA CIIEKTPOCKOIIHS
(EDS). Ilokputmero e crexuomeTpuuHo g0 Ttemmepatypu ot 800 °C. To craBa
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CcyOCTEeXHOMETPUYHO OTHOCHO a30Ta ciiesl oTrpsiBane npu temmeparypu ot 800 <C u 900 -C.
CnenoBarennHo Moxe naa ce 3akmoud, de mokputuero CrAISIN-AISIN ¢ nepuogmuno
MOAyJIMpaHa CTPYKTypa 3ara3Ba KOMOMHAIUATA OT CBPBXTBBpAOCT (45.3 GPa) u mogobOpeHa
xunasoct (H3/E™ = 0.362 GPa, enacTidHO Bh3cTaHOBABaHE 57%) npu TemmepaTypu 10 00
°C, W € MOIXOSII0 32 BUCOKOTEMIIEPATYPHH MPHIIOKEHHSL.
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L. Kolaklieva, R. Kakakanakov, P. Stefanov, D. Kovacheva, G. Atanasova, S. Russev, V.
Chitanov, T. Cholakova, H. Bahchedjiev, ‘Mechanical and Structural Properties of
Nanocomposite CrAlSiN-AISiN Coating with Periodically Modulated Composition’,

Coatings, vol. 10, issue 41, MDPI AG, 2020, ISSN: 2079-6412, 1-13, 2020,
DOI:doi:10.3390/coatings10010041.
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Abstract: A nanocomposite CrAISIN-AISIN coating with periodically modulated composition
was developed and investigated regarding the effect of the composition and structure on the
mechanical properties. The modulation was performed by variation of the pressure, cathode
current and bias voltage during deposition. The structure and composition of the coating were
investigated by X-ray diffraction (XRD), energy-dispersive X-ray spectroscopy (EDS), and X-
ray photoelectron spectroscopy (XPS) analyses. The coating had a nanocomposite structure
consisting of (CrAI)N and (AISi)N nanograins embedded in a SisN4 matrix. The EDS analysis
of the cross-section revealed that the period composition had changed from Cros1Alo.41Sio.0sN
to Alo.g2Cro.04Sio.14N. It was shown that the elastic modulus could be adjusted by composition
modulation. The coating hardness of 54 GPa was obtained by nanoindentation. The modulated
CrAISIiN-AISIN coating exhibited improved elastic strain to failure (H/E* = 0.11, H—
nanohardness, E*—the efective elastic modulus), excellent resistance to plastic deformation
(H3/E™ = 0.72), and elastic recovery of 70%, which suggested improved toughness.

Pe3rome: HanokommnosutHo nokputre CrAISIN-AISIN ¢ neproauyHo MOayIHpaH ChCTaB €
pa3paboTeHO W W3CJIEABAHO OTHOCHO BIHMSHHETO Ha ChCTaBa W CTPYKTypara BBPXY
MEXaHHYHHUTE CBOWCTBA. Moaynaiusara ¢ HallpaBeHa upe3 BaphpaHe Ha HAISITaHeTO, TOKa Ha
KaToja W 0a3MCHOTO HAmpeXeHWe 1Mo BpeMe Ha HaHacsHe. CTpyKTypaTa W ChCTaBa Ha
NOKpUTHEeTO Osixa wu3cnenBaHu ¢ peHreHoBa nu¢pakuus (XRD), eneprogucnepcuoHeH
penrenoB cnektpoMersp (EDS), um penreHoB ¢oroenekrpoHen crekrpomerbp (XPS).
[ToxpuTHETO MMa HaHOKOMIIO3UTHA CTPYKTypa cbeTosima ce oT 3bpHa (CrAIN u (AISi)N
Brpagenn B marpuiia oT SisNs. AnammsbtT ¢ EDS Ha paspe3a Ha oOpasema paskpu, de
nepuoanYHus cbeTaB ce mpoMeHs oT Cros1Alo41Sio.osN Ha Alog2CrosaSio.1sN. Tlokasa ce, ue
eNMACTHYHUS MOIYJI MOKE JIa C€ HACTPOWBa uYpe3 MOJYJalus Ha ChCTaBa. TBBPAOCTTA Ha
nokputreto ot 54 GPa e momydeHa upe3 HaHOMHICHTHpaHe. MOIYJIMPAHOTO MOKPUTHE
CrAlSiN-AISIN mpurtexaBa mogo0peHa enacTH4HOCT U sikocT Ha ombH (H/E* = 0.11, H—
HAHOTBBPIOCT, E*—edexTrBeH enactiHueH MOIyN), OTJIMYHA YCTOWYMBOCT HA TUIACTHYHA
nedopmarms (H/E™ = 0.72), 1 emacTMyHO BB3CTaHOBsBaHE OT 70%, KOETO Ipearojara
o/100peHa KUIaBOCT.
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Mihailescu, L. Duta, “Pulsed Laser Deposition of Aluminum Nitride films: Correlation
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Abstract: Aluminum nitride (AIN) films were synthesized onto Si(100) substrates by pulsed
laser deposition (PLD) in vacuum or nitrogen, at 0.1, 1, 5, or 10 Pa, and substrate temperatures
ranging from RT to 800 °C. The laser parameters were set at: incident laser fluence of 3-10
Jlem? and laser pulse repetition frequency of 3, 10, or 40 Hz, respectively. The films’ hardness
was investigated by depth-sensing nanoindentation. The optical properties were studied by
FTIR spectroscopy and UV-near IR ellipsometry. Hardness values within the range of 22-30
GPa and Young’s modulus values of 230-280 GPa have been inferred. These values were
determined by the AIN film structure that consisted of nanocrystallite grains, strongly
dependent on the deposition parameters. The values of optical constants, superior to amorphous
AIN, support the presence of crystallites in the amorphous film matrix. They were visualized
by TEM and evidenced by FTIR spectroscopy. The characteristic Reststrahlen band of the h-
AIN lattice with component lines arising from IR active phonon vibrational modes in AIN
nanocrystallites was well detectable within the spectral range of 950-500 cm™ . Control X-ray
diffraction and atomic force microscopy data were introduced and discussed. All measurements
delivered congruent results and have clearly shown a correlation between the films’ structure
and the mechanical and optical properties dependent on the experimental conditions.

Pe3ome: CroeBe ot amymunueB Hutpua (AIN) Osxa cuHTE3MpaHU BBPXY MOMIOKKH OT
Si(100) upe3 umnyncHo nasepro HanacsiHe (PLD) BvB Bakyym wmim asot npu 0.1, 1, 5 wmu 10
Pa u Ttemmeparypa Ha TOMNJIOXKAaTa BapHWpamia OT cTaiiHa Temmeparypa ao 800 °C.
[TapametpuTe Ha na3epa Osixa 3aaJIeHU: eHEepTruifHa MIBTHOCT Ha majamms 164 3—10 Jiem? u
4ecToTa Ha IOBTOPEHWE Ha JIla3epHUTE UMMyJICH chorBeTHO oT 3, 10 wmm 40 Hz.
HanoTBbprocTTa Ha cioeBere Oelle uH3cielBaHa 4Ype3 OTYMTALIOTO AbJIOOYMHATA
HaHOMHJIeHTHpaHe. OnTuuHuTEe cBoMcTBa Osixa u3yuyaBaHu upe3 FTIR cnektpockonus u
yIATpaBUOJIETOBA U HMH(padepBeHa enuncomeTpusi. CTOMHOCTH Ha TBBPAOCTTA B JMANa30Ha
22-30 GPa u momyn Ha FOur 230-280 GPa 06sixa ycraHoBeHu. Te3u CTOMHOCTH Osxa
OMpeJieNieHn OT CTpyKTypara Ha cioeBere AIN, KOATO ce ¢hCTOM OT HAHOKPHCTAIHU 3bPHA
CHJTHO 3aBHCEIa OT mapaMeTpuTe Ha HaHacsiHe. CTOWHOCTHTE Ha ONTHYHUTE KOHCTAHTH,
npeBb3xoxaamu amoppuus AIN, momabpkaT HaTMYHMETO HA KPUCTAIMTH B aMopdHara
Marpuiia Ha ciosi. Te Osixa Bu3yanusupanu ¢ TEM u nokazanu ¢ FTIR cnexrpockomusi.
Xapakrepuctiunata 30Ha Ha Reststrahlen ma h-AIN pemerka cbC CBCTaBHH JIMHHU
MPOM3IIU3AIIM OT WHPpPAUYCPBEHUTE aKTUBHU BHOPAIIMOHHU pekuMu Ha (oHoHuTe mpu AIN
HAHOKPHUCTAIUTHU 0Xa IeAeKTHPaHU B CHEKTpaiHus auanaszon 950-500 cm ™t . Kourpomuu
JaHHU OT PEHTTeHOTBaTa AU(PaAKIUI M ATOMHO CHIIOBAaTa MHKPOCKOITHS OsiXa TPE/ICTaBeHH U
JTUCKYTHUpaHU. BCHUKM M3MepBaHUs MOKa3BaT ChOTBETCTBAILM PE3YyJTaTH M SICHO MOKa3BaT
BPB3Ka MEXKIY CTPYKTyparTa Ha CIIOEBETE U MEXaHUYHUTE ¥ ONTHYHUTE CBOICTBA B 3aBHCHMOCT
OT YCJIOBHUSATA HA €KCIIEPUMEHTA.
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Abstract: An AISIN film was deposited by cathodic arc evaporation. The structure and
composition of the film were investigated by XRD, EDS and XPS analyses. The film had a
nanocomposite structure consisting of (AlISi)N nanograins incorporated in a SisN4 matrix. The
film hardness determined by nanoindentation measurements was found to be 46 GPa. The
AISiN nanocomposite demonstrated improved elastic strain to failure (H/E=0.10), very good
resistance to plastic deformation (H3/E? =0.44) and elastic recovery of 67%, which indicated
improved toughness. The nanocomposite AISiN film exhibited a low friction coefficient of 0.9
against the diamond indenter and enhanced wear resistance with wear rate of 7.56x102° mm?
/(N.GPa.m).

Pe3tome: Croii AISIN ¢ HaneceH upe3 KaToaHO-ABIOBO u3napeHue. CTpyKTypara U ChCTaBa
Ha crmosi ca uscnenBanu upe3 XRD, EDS m XPS anamms3u. Cros mMa HaHOKOMITO3MTHA
crpykrypa cwcrosimia ce ot (AISI)N Hano3bpHa nHKOpmOpupanu B Mmarpuna oT SisNa.
TBBpIOCTTA HA CIIOS OTpeesieHa ¢ HAHOMHICHTUPAIIY U3MEPBaHMs € ycTaHoBeHa Ha 46 GPa.
Hanoxommnosuta AISIN nmemoHcTpupa mnojoOpeHa enacTHYHA YCTOWYMBOCT Ha OITbH
(H/E=0.10), MmHOTO 106pa ycToiunBOCT Ha IIacTHyHa Aeopmanus (H/E?=0.44) u enacTudHo
BB3CTaHOBsIBaHE OT 67%, KOETO MHAMIUPA MOI00OpEeHa KHiIaBOCT. HaHOKOMITO3UTHHSI CIIOW
AISIN moka3Ba HHUCBK KoehuimeHT Ha TpueHe or 0.9 cpeury aAMaMaHTEH WHICHTOpP WU
T10106peHa H3HOCOYCTOHYIMBOCT ChC CKOPOCT Ha H3HOcBaHe 7.56x107° mm?/(N.GPa.m).
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V. Rupetsov, S. Dishliev, C. Pashinski, G. Mishev, M. Angelov, L. Kolaklieva, V. Chitanoyv,
‘Tribomechanical behavior of nanolaminate Ti/TiN/TiCrCn/(Cren/tiCN)n hard coating’,

Journal of the Balkan Tribological Association, vol. 25, issue 3, Publisher: Scientific
Bulgarian Communication, ISSN:13104772, pp. 610-616, 2019.

HNupexcupa ce B Scopus, Q3, SJR:0.211, 15 Touxku

Abstract: A large number of the frequently used coatings for cermet cutting tools are not
appropriate for precise high speed machining of aluminium alloys because of the material
stratification on the cutting edges (build-up edge occurrence). This is a prerequisite for worse
precision in the machining process and surface quality degradation. Concerning this problem,
an innovative nanolaminate Ti/TiN/ TiCrCN/(CrCN/TIiCN)n hard coating was developed by
Closed Field Unbalanced Magnetron Sputtering, which is subject of this research. The coating
was deposited on WCCo alloy and had thickness of 2,150 um. The coating’s superlattice
structure was built at temperature of 290 °C and pulsed bias voltage of -90 V. It consisted of



133 bi-layers (period of ca. 12,4 nm, ratio of 1:1). The main tribomechanical properties of the
coating — hardness, wear resistance, adhesion, coefficient of friction and modulus of elasticity
were examined in details. Mills with the mentioned coating were used in real manufacturing
process and build-up edge was not observed in comparison to the uncoated mills used in the
same working mode. As a result, the accuracy of the dimensions and quality of the surfaces
were improved.

Pesrome: TonsiM Opoil OT 4ECTO M3MOI3BAHUTE MMOKPUTHS 32 KEPMETHU PEKEIIN UHCTPYMEHTHU
HE ca MOIXO/IAIIN 3a MPeIr3Ha BUCOKOOOOPOTHA 00padOTKa Ha allyMHHHEBH CILIABHU, 3aI[0TO
ce TojyyaBa CTpaTH(UKAIUs Ha pexemuTe pnOoBe (0Opa3yBaHe Ha HAIUIACTSIBAHE HA
ppoosere). ToBa e mpeamocraBka 3a Jiomia MPENMU3HOCT MpPHU MallMHHAaTa 00paboTka H
Jerpajanys Ha KaueCcTBOTO Ha MOBBPXHOCTTa. OTHOCHO TO3U MpoOieM € pa3paboTeHO
MHOBaTUBHO HaHOCTpykTypupaHo TBbpao mokputre TI/TIN/TICrCN/(CrCN/TICN)n ¢
pa3banaHCcHpaHO MarHETPOHHO PA3IpalmiBaHe B 3aTBOPEHO MArHUTHO TI0JIE, KOETO € MpeIMeT
Ha ToBa m3cieaBane. [lokputuero e HaneceHo BbpXy cruiaB o WCCO u uma nedenuna 2,150
um. I[TokpuTHe cbc CTPYKTypa Ha CBPBXpEIIETKA € HaHeceHOo npu Temrieparypa ot 290 °C u
uMItysicHo OazucHo HampexeHue ot -90V. Cwcrom ce ot 133 Omnespa (mepuwon 12.4 nm,
cboTHOIIeHUE 1:1). OCHOBHUTE TPUOOMEXaHWYHM CBOWCTBA HA IMOKPUTHUETO — TBBPIOCT,
W3HOCOYCTOWYHMBOCT, aJIXE3HsI, KOS(PUIIMESHT Ha TPHECHE U MOJTYJI Ha €TAaCTUYHOCT Os1Xa M3Y4YCHU
B jaeraiiin. Ope3u ¢ pa3rienaHoTo MOKPUTHE OsiXa W3IOJ3BaHU B pealieH MPOU3BOJCTBEH
nporiec ¥ oOpa3yBaHe Ha HalUlacTsBaHe Ha pbOa He ce HaOIro/JaBalie B CPaBHCHHE C
HETMOKPUTH (Ppe3u M3MOI3BAHH MPH CHIIUTE paOOTHH yciioBHs. Karo pe3ynrar, TOYHOCTTa Ha
pasMepuTe U Ka4eCTBOTO Ha MOBBPXHOCTTA OsiXa IMOJ00PCHH.

T_6.

V. Rupetsov, L. Kolaklieva, V. Chitanov, M. Angelov, R. Raychev, Z. Zlatanov, C. Pashinski,
“Deposition and tribomechanical study of nanolaminate

Ti/TiN/AITiSiN/(AITiSiN/TiAISiN)n/AITiSiN hard coating”, IOP Conference Series:
Materials Science and Engineering, vol. 618, issue 1, Article number 012047,
ISSN:1757-8981, 2019, https://iopscience.iop.org/article/10.1088/1757-899X/618/1/012047.

HNupexcupa ce B Scopus, SJR (Scopus):0.198, 10 Touxu

Abstract: The application of Physical Vapor Deposition (PVD) hard coatings is one time-
tested practice in the modern industry. Two of the main tendencies that promise a progress in
this area are the combination of more chemical elements in one coating and the creation of
nanolaminate structures. Since many combinations are possible in the design of the coatings,
it could be expected they would have many different properties which are difficult to predict.
In an attempt to work simultaneously in both of these directions, one nanolaminate
TI/TIN/AITISIN/(AITISIN/TIAISIN)n/AITISIN coating was developed and its mechanical
properties were tested. The results obtained give a reason to believe that it could be widely
practically applied.

Pe3tome: IlpunoxeHuero Ha TBBPAM MOKPHUTHS OT (u3muHOTO mapHo otiarane (PVD) e
yCTaHOBEHA MPaKTHKa B ChBpEMEHATa UHIyCTpusl. [IBe OT IJIaBHUTE TEHACHIIUY PUTEKABALIU
o0eraBai mporpec B Ta3u 00JacT ca KOMOMHUPAHETO Ha MMOBeYe XUMHYHH €JIEMEHTH B €HO


https://iopscience.iop.org/article/10.1088/1757-899X/618/1/012047

MMOKPUTHE U CH3JaBAaHETO HA HAHOCIOWHHM CTPYKTYpH. TBHH KaTO MHOTO KOMOWHAIUM Ca
BB3MOXKHH IPHU MPOCKTUPAHETO HA MOKPUTHATA, MOXKE JIa CE€ OYaKBa, Y€ T€ MOraT Jla uMar
MHOTO pa3jM4HU CBOMCTBA, KOMTO € TPYAHO JAa ce mpeackaxar. Kato omut ma ce pabotu
CbBMECTHO B  JBET€  IIOCOKH € pa3pabOTeHO  HAHOCIOMHOTO  MOKpPUTHE
Ti/TIN/AITISIN/(AITiSIN/TIAISIN)N/AITiSIN u HeroBuTe MEXaHHYHHU CBOWCTBA Ca TECTBAHM.
[Tosnydyenure pe3yaTaTu JaBaT OCHOBAHHE J1a CE BSAPBA, Y€ TO MOXKE Jia C€ MPUJIOKH IIUPOKO B
MIpaKTUKaTa.

r.7

T. Cholakova, V. Chitanov, L. Kolaklieva, R. Kakanakov, K. Balashev, B. Ranguelov, V.
Rupetcov, G. Mishev, “Study of the mechanical properties of Ti-and Cr based

multicomponent hard coatings”, MATEC Web of Conferences, vol. 145, Issue 9, Article
number 02003, EDP Sciences, France, ISSN:eISSN: 2261-236X, 01-09, 13th National
Congress on Theoretical and Applied Mechanics, NCTAM 2017, Institute of Mechanics -
Bulgarian Academy of Sciences, Sofia, Bulgaria, 6-10 September 2017, 2018,
DOI:https://doi.org/10.1051/matecconf/201814502003.

HNupexcupa ce B Scopus, SJR 0.17, WeS, 10 Toukn

Abstract: TiCrAIN and CrTiAIN multicomponent coatings have been developed using closed-
field unbalanced magnetron sputtering technique (CFUBMS) in a gas mixture of Ar + N». The
nitrogen level was varied by using the feedback control of plasma optical emission monitor
(OEM). An investigation into the effect of the CFUBMS process parameters on the properties
of the coatings was undertaken. The main coatings parameters such as thickness, surface
morphology, nanohardness, strength of adhesion and wear resistance were studied by means of
ball-cratering method, atomic force microscopy, scanning electron microscopy, scratch tests
and nanoindentation measurements. The study revealed strong dependency of the mechanical
properties on the nitrogen flow rate. Analysis of the experimental results showed that Cr-based
multicomponent coatings possess better mechanical properties than Ti-based coatings at a
nitrogen flow rate of 21 sccm: higher value of hardness (< 31GPa) and higher scratch resistance
(>30N).

Pe3rome: Muorokommnonentaure mokputus TICTAIN u CrTiAIN 6sixa paspabotenu dpe3
Paz0anancupano MarHeTpoHHO pasmpaiiBaHe B 3arBopeHo MmarHutHO mone (CFUBMS) B
razoBa cMmec oT Ar + N2. KonndectBoTo a30T Oemie npoMeHsiHO ype3 n3noia3Bane Ha OnTuyHa
eMHUCHOHHO MOHHUTOPHHIOBA crcTeMa ¢ ooparHa Bpb3ka (OEM). U3cienBaHe Ha BAMSHHETO
Ha nmapamerpute Ha npoueca CFUBMS Bbpxy cBoiicTBaTa Ha mokpuTHsATa OelIe HalpaBeHoO.
OcHOBHUTE MapaMeTpud Ha MOKPUTHATA, KaTo Je0ennHa, MOBBPXHOCTHA MOP(OIOrus,
HaHOTBBPIOCT, aIXE3HsI 1 HK3HOCOYCTONYMBOCT Os1Xa M3CIIEABAHN ITOCPEICTBOM METO 1A TOITYe-
KpaTtep, AaTOMHO CHMJIOBA MHKPOCKOIHSA, CKaHMpalla eJeKTPOHHAa MHKpPOCKOIUS, TECT Ha
Ha/IpacKBaHE W HAHOWHJIEHTHpaHe. V3cienBaHETO pa3KpH CHIIHA 3aBUCUMOCT MEXIY
MEXaHUYHUTE CBOMCTBA U MOTOKA a30T. AHAIM3BT HAa EKCIIEPUMEHTAJIHUTE pe3yJITaTH MoKa3a,
ge Cr-0a3upaHWTe MHOTOKOMITOHCHTHH TOKPUTHS MPHUTEXaBaT TI0-I00pH MEXaHWIHU
coiictBa oT Ti-0a3upaHHUTE MOKPUTHS MPH MOTOK a30T OT 21 SCCM, BHCOKA CTOMHOCT Ha
tBepaocT (< 31GPa) u Bucoka ycroiunBocT Ha HagpackBane (> 30 N).




I8

M. Angelov, T. Cholakova, L. Kolaklieva, R. Kakanakov, V. Chitanov, “Properties of
TiN/CrN superlattice hard coatings deposited by reactive magnetron sputtering”, /OP

Conference Series: Materials Science and Engineering, vol. 400, issue 3, Article
number 032001, Institute of Physics Publishing, ISSN:1757-8981, 1-8., 6th International
Conference on Modern Technologies in Industrial Engineering, ModTech, DOI:10.1088/1757-
899X/400/3/032001, 2018.

HNunexcupa ce B Scopus, WoS, SJR:0.201, 10 Touku

Abstract: Nanostructured TiN/CrN superlattice hard coatings were deposited using a reactive
closed field unbalanced magnetron sputtering in the presence of additional anode for higher
plasma ionisation degree at temperatures lower than 240 °C. Coatings with three different
bilayer periods (A) of 16 nm, 20 nm and 24 nm with applying a moderate substrate bias were
obtained. The effect of bilayer period on the mechanical and tribological properties of the
coatings was investigated by atomic force microscopy, nanoindentation, micro scratch and
ball-on—disk wear tests. All the coatings possessed enhanced hardness, decreased coefficient
of friction, improved adhesion and higher toughness in comparison with single-layer and
gradient-composition hard coatings. The highest hardness value of about 30 GPa and elastic
modulus of 360 GPa were measured for the coating with bilayer thickness of 24 nm. The
friction coefficient against the diamond tip was within the range 0.2 for A=20 nm to 0,208 for
A=16 nm. The calculated wear rates against 3/16 inch alumina ball were within the range from
1,045.10 mm® /N.m for A=24 nm to 1,955.10® mm3/N.m for A=16 nm. The static coefficient
of friction puss against polished SS plate was puss=0,268 for A=24 nm, up to uSS=0,301 for
A=16 nm, as the reference TiN layer possesses 1ss=0,218. The wetting angle of the coatings
against deionised water was between 91° for A=16 nm to 85° for A=24 nm.

Pesrome: Hanoctpykrypupanu TIN/CrN TBbpau moKpuTHs 0sixa HaHECEHH H3IOJ3BalKU
PEaKTUBHO pa30aJlaHCMPAHO MArHeTPOHHO pa3lpalliBaHE B 3aTBOPEHO MArHUTHO IOJIE C
JOBIIHUTEIICH aHO/I 32 BHCOKA CTETIEH Ha IIa3MeHa HOHHM3AIHUS ITPH TeMIIepaTypH 110 -HUCKH
ot 240°C. TTokputus ¢ TpH pazauyuHu ABycioiHu nepuoga (A) ot 16 nm, 20 nm u 24 nm u
MIpH TPUJIATAaHETO Ha YIPABISABAIIO Oa3MCHO HAmpekeHHe Osixa monydeHH. BnusHueTo Ha
JIBYCJIOMHUS IEPUOJ BbPXY MEXaHUYHUTE M TPUOOJOTMUHUTE CBOMCTBA Ha MOKpUTHUsATA Oerlle
M3CJIEeIBAHO Ype3 aTOMHO CHJIOBa MHKPOCKOIIWS, HAHOWHJICHTUPAaHE, MUKPOHAIPACKBaHE U
TECT 32 H3HOCBAHE TOIMYE BHPXY IUI04a. BcMuky MOKpUTHS MpUTEXaBaT o100peHa TBbPOCT,
HamaJieH KOeQHIIMEeHT Ha TpueHe, MOoJA00peHa aaxe3usi U BUCOKA JKUJIABOCT B CPaBHEHHUE C
€IHOCJIOWHUTE U IPaJMeHTHUTE TBbPAU NoKpuTHs. Hali-Bucoka TBbproct ot okosio 30 GPau
Moy Ha enactuaHocT 360 GPa 6sxa u3MepeHn 3a MOKPUTHETO ¢ Je0enrnHa Ha JBYCIONHHUTE
cioese oT 24 nm. KoepuIMeHTHT Ha TpUEHE Cpelly JUaMaHTeH BpbX Oemle B auana3ona 0.2
3a A=20 nm mo 0,208 3a A=16 nm. M3uucieHnTe CKOPOCTH Ha M3HOCBaHe cpeiry 3/16 inch
aTyMHHHEBO Tommue 0sxa B auanaszona ot 1,045.10° mm3/N.m 3a A=24 nm 0 1,955.10°% mm?
/N.m 3a A=16 nm. Craru4Hus KOSPHUIMEHT HAa TPHEHE |lss CPEIly TOJMpaHa IioYa OT
HepBXKAaeMa cromana oemre pss=0,268 3a A=24 nm, no pss=0,301 3a A=16 nm, a 3a cioi
ot TiN u3non3san 3a cpaBHeHHE Hss=0,218. breabrT Ha YMOKpSHE Ha MOKPUTHETO CpPEILy
neoHn3upana Boja oeme Mmexay 91° 3a A=16 nm mo 85°3a A=24 nm.




I'o9.

V. Rupetsov, G. Mishev, S. Dishliev, V. Kopanov, V. Chitanov, L. Kolaklieva, Ch. Pashinski,
Increasing in the wear resistance of injection molds made of 1.2343 steel using
Ti/TiN/TiCN/n¢-TiCN:a-C/nc-TiC:a-C/a-C nanocomposite coating, /OP Conf. Series:
Materials Science and Engineering, vol. 174, Issue 1, 1 March 2017, Article
number 012064, ISSN:1757-8981, 1-8. 13th International Conference on Tribology, ROTRIB
2016; Natural Sciences Museum Complex Galati; Romania; 22-24 September 2016,
https://iopscience.iop.org/article/10.1088/1757-899X/174/1/012064, 2017

HNupexcupa ce B SCOPUS, WoS, SJR:0.197, 10 Touku

Abstract: Injection molds used in production of plastic components are subject of heavy
abrasion wear. The increase of their wear resistance significantly reduces the production cost.
In the current work are presented research results of the wear resistance of injection molds
made of steel 1.2343, coated with Ti/TiN/TiCN/nc-TiCN: a-C/nc-TiC:a -C/a-C. The study of
the wear rate was done using the volumetric method and the influence of the trace length was
investigated. The coating thickness, nanohardness, elastic modulus and adhesion were also
tested. The coating was applied on unhardened ground specimens, hardened ground specimens
and hardened polished specimens.

Pe3lome: Marpunure 3a IINpUIIBaHE MOJ HAJSATaHE H3IOJI3BAaHH B MPOM3BOACTBOTO Ha
IUTACTMACOBH KOMIIOHEHTH Ca IMOJJIOKEHU Ha CHIIHO aOpa3sMBHO M3HOCBAHE. YBEIUYAaBAHETO
Ha TSIXHaTa HM3HOCOYCTOMYMBOCT CBHIIECTBEHO HamallsiBa MPOU3BOJCTBEHUTE pa3zxoau. B
Hacrosmara paboTa ca MmpeACcTaBHEN HM3CIEI0BATEIICKH PE3yJITaTH 32 W3HOCOYCTOWYMBOCTTA
Ha MaTpUIM 3a HIIPHIBAHE I0J HaJsAraHe M3paOdoTeHM OT croMaHa 1.2343, mokpura ¢
Ti/TIN/TiCN/nc-TiCN:a-C/nc-TiC:a-C/a-C. U3cneaBanero Ha CKOPOCTTa Ha H3HOCBaHE Oelire
HaMpaBeHO Ype3 M3MOJI3BaHETO Ha 00eMHHUs METOJ W BIHMSIHHETO Ha IbJDKMHATA HA cjenara
Oewe uscnenBano. JlebennHara Ha MOKPUTHETO, HAHOTBBPIOCTTA, MOJIyJIa HA €1aCTUYHOCT U
anaxesuara cblo Osixa TecTtBaHW. [lokpuTHeTo Oemie NPUIOKEHO BBPXY HE3aKaleHU
nutaiidanu obpasim, 3aKkajieHu nuiaidanu o0pas3iy U 3aKajieHH MOJUPaHU 00pa3IIn.

D. Chaliampalias, L. Kolaklieva, R. Kakanakov, K. Saltidou, Ch. Prochaska, V. Chitanov, T.
Cholakova, H. Bahchedjiev, S. Sotiropoulos, D. Sazou, E. Pavlidou, E. Polychroniadis, K.
Chrissafis, G. Vourlias, “Thermal and corrosion resistance of nanocomposite gradient
TiAISIN films”, Journal of Thermal analysis and Calorimetry, vol. 123, Issue 1, 1
January 2016, SPRINGER, VAN GODEWIJCKSTRAAT 30, 3311, GZ DORDRECHT,
NETHERLANDS, ISSN:1388-6150, pp.169-179, DOI:10.1007/s10973-015-4961-x, 2016.

HNupgexcupa ce B SCOPUS, WoS, 15 touxku, JCR-IF (Web of Science): 2.471, Q3, SJR
0.415, ISI IF:2.042.


https://iopscience.iop.org/article/10.1088/1757-899X/174/1/012064

Abstract: This work aims to examine the resistance of nanocomposite TiAISIN gradient
fifilms when exposed in high-temperature dry air and 3 % NaCl aqueous solution
environments. This was mainly accomplished by thermos gravimetric measurements (non-
isothermal and isothermal) and potentiodynamic measurements. The thermal analysis results
showed that these samples begin to oxidize at 800 °C, while over 900 °C the oxidation rate
increases signifificantly. Isothermal measurements revealed that at 800 °C the mass gain after
12 h exposure is insignifificant and at 900 C it has very low value. Oxidations performed at
higher temperatures resulted in elevated mass gain while a great percentage of the coating was
transformed in oxides, which implies that the particular temperature range is out of the working
limits of the material. The activation energy was also determined to be 200 kJ mol-1 from the
thermal analysis outcomes. Finally, the as-coated samples were found to have distinguished
corrosion resistance in the salt solution compared with the bare substrates and the commonly
used TiN coatings.

Pe3iome: Ta3u pabora 1ienu ga u3ciaeaBa yCTOWYMBOCTTAa HA HAHOKOMITO3UTHUTE TPAIUCHTHH
TIAISIN croee, koraro ca HoCcTaBeHH BbB BUCOKOTEMIIEpATypHA CyXa cpelia U BbB 3% BOjeH
pastBop Ha NaCl. To riaBHO € CBIPOBOJCHO OT TOIUIMHHU TETJIOBHU HW3MEpBaHMUS
(HEeM30TepMUYHM U M30TEPMHYHHU) U MO METOJIa HAa MOTCHIIMATHOIUHAMUYHU WU3MEpBaHUS.
Pesynrarure oT TepMUYHUS aHATU3 MTOKA3BaT, Y€ 00pa3IMTe 3aMo4yBaT Aa okcuaupar mpu 800
°C, a npu Temneparypu Hag 900 °C ckopocTTa Ha OKCHIUpPaHE Ce yBelIHYaBa 3HAUYUTEIHO.
W3oTepmuuHuTe N3MEpBaHus 1moka3sart, 4e npu 800 °C momyyenara Maca cie/ eKCIIO3UIHS OT
12 yaca e He3naumtenHa u npu 900 °C T8 mmMa MHOro HUCKa cTOMHOCT. OKCHIUpaHUS
HaIpaBeHH MPU MO-BUCOKH TEMIIEPATypH BOJIAT JI0 YCKOPEHO IMOJydyaBaHEe Ha Maca, JOKaTo
TOJISIM MPOLEHT OT MOKPUTHUETO ce TpaHCHOpPMHUPA B OKCHJU KOETO MOKa3Ba, Y€ IPaHUYHHS
TeMmIepaTypeH o0XBar € U3BbH paOdOTHUTE TPAHUIM HA Marepuaia. EHeprusita Ha akTHBAIHS
cpmo Oe ompenenena Ha 200 kI mol! or usebpuienus Tepmuden amanms. Hakpas, 3a
MOKPUTHUTE 00pa3ly Ce YCTAaHOBH PA3JIMYHA KOPO3HMOHHA YCTOMYMBOCT B COJIEH Pa3TBOp B
CpaBEHHHUE C HEMOKPUTUTE MOJIONKKHU U CTAHIAPTHO M3MOJI3BaHKTE MTOKpUTHS OT TiN.

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. Meletis,
“Study of the Structural and Mechanical Properties of Nanocrystalline TiAISiN Gradient
Coatings”, Journal of Nano Research, vol. 27, issue 9 april 2014, Publisher: Trans Tech
Publications Ltd., ISSN:1662-5250, pp. 15-24, https://www.scientific.net/JNanoR.27.15,
2014.

HNugexcupa ce B JCR-IF (Web of Science): 1.238, SCOPUS, Q3, SJR 0.192 15 touxku

Abstract: A study of the structural and mechanical properties of nanocrystalline TiAISIN
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


https://www.scientific.net/JNanoR.27.15

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.

Pesrome: IlpencraBeHO € HM3ydaBaHETO Ha CTPYKTYPHUTE M MEXaHMYHUTE CBOMCTBA Ha
HaHOKpucTaiaHUTe rpagueHTHH TIAISIN moKpUTHS HaHECEHH Ype3 KaTOAHO JbrOBO H3IapeHHE
npu remnepatypu ot 500 °C u nocnensaio orrpsisane mpu 525 °C. AHanmu3bT Ha TOKPUTHUATA,
TEeXHUS XHMHUYEH CbCTaB M MUKPOCTPYKTypa pa3KpH, 4€ HOKpUTHATa UMAT CTPYKTypa
ocHoBaBama ce Ha HaHokpuctanu oT (TI,AI)N cwvc cpenen pasmep or 10 nm BrpaneHu B
amopdHa SizsN4 daza. M3yuaBaHeTo Ha MEXaHUYHHUTE CBOMCTBA [TOKA3Ba, Y€ AOIBIHUTEIHOTO
OTrpsiBaHE BOJM 0 1T0100psIBaHE U yBEINYaBaHE HAa TBHPOCTTA HA MOKPUTUATA. MaKkcuMaiHa
tBBhpaocT ot 48 GPa u moxyn Ha emactuaHocT oT 560 GPa ca m3mepenu. Chbiio, oTinyHa
anxes3us KkbM 1o u10kku 0T WC-Co ce HabmoaBa mpu JOIBJIHUTEITHO OTIPSATHTE OKPUTHSL.

V. Chitanov, T. Cholakova, L. Kolaklieva, R. Kakanakov, Ch. Bahchedjiev, N. Petkov,
“Influence of thermal treatment on the mechanical properties of TiAlSiN-based

coatings”, Journal of chemical technology and metallurgy, vol.48, issue 6, Publisher:
University of Chemical Technology and Metallurgy, ISSN:1314-7471, pp. 567-570, 2013.

https://journal.uctm.edu/node/j2013-6/4-Chitanov_567-570.pdf

HNuaexcupa ce B SCOPUS, Q3, SJR 0.19, 15 Toukn

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.

Pe3srome: Ta3u pabota mpecTaBs H3yyaBaHETO Ha BIMSHUETO HA TEMIIepaTypaTa Ha HaHACsHE
U OTTpsBaHE BbPXY MEXaHMYHUTE CBOWCTBA Ha YETBOpPHUTE THHKH cioeBe or  TIAISIN.
[ToxputusiTa ca HaHECEHH Ype3 KaTOAHOABIOBO U3MAPEHUE BbPXY MOAJIOKKH OT IIUMEHTUPAH
KapOuz npu Temnepatypu Ha HanacsHe oT 470° C u 500° C. YacT oT TsX ca AOMBJIHUTEIHO
otrpsiti ipu Temmeparypu ot 550° C u 525° C. U3cnenBaneTo Ha MEXaHHYHUTE CBOMCTBA
IIOKa3Ba CUJIHA 3aBUCHUMOCT OT TEMIIEPATypPHOTO TpeThpaHe. [1o-Brcoka HaHOTBBPAOCT OT 45
GPa ce momydaBa npu Temneparypa Ha HaHacsHe oT 500°C m mocienBamo OTrpsBaHe MPU
525°C. Pesyaratute OT TecTa Ha HaJApackBaHe IIOKa3BaT MHOTO J00pa aaxe3us KbM
MOJJIOKKUTE Thi KaTo He ce Hab0JaBa HMKAaKBO OTJIIOCIBAHE W CHOTBETHO CE IMOJIydaBa
HUCBHK KoeduimeHt Ha TpueHe ot 0.05-0.07.

I' 13.



L. Kolaklieva, R. Kakanakov, D. Chaliampalias, G. Vourlias, T. Cholakova, CH. Pashinski, V.
Chitanov, Ch. Bahchedjiev, N. Petkov, E. Polychroniadis, ,,Mechanical, Structural and
Thermal Properties of Multilayered Gradient Nanocomposite Coatings”, Journal of
Nanoresearch, vol. 17, issue 3, 13 february 2012, Trans Tech Publications, Switzerlland,

ISSN:1662-5250, pp.193-202, https://doi.org/10.4028/www.scientific.net/JNanoR.17.193,
2012.

HNunpexcupa ce B, WoS, JCR-IF (Web of Science):1.238, SCOPUS SJR 0.192 Q3, 15 Touku

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 900°C in
air in steps of 100 °C for 6 h at each temperature, the coating showed good stability up to 700
°C. 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: Muorocnoiinn rpagueHTHr TIAISIN-0a3upann HaHOKOMIIO3UTHU MOKPHUTHS ca
pa3paboTeHH U U3CeIBaH ChOOPa3HO TSIXHOTO MPHUIIOKEHNE B MHIyCTPUSATA HA MAlllMHHATA
00paboTka. OCHOBHHUSAT CJIOW Ha IOKPUTHUETO € cheTaBeH oT Hano3bpHA oT TIN u AIN ¢ pazmep
ot 5-8 nm. [lokpurtuero nputexasa TBbpAOCT ¢ ronemuHa 40 GPa, koeTo mo3BosiBa TO Aa ce
KJIacupHIMpa, KaTo CBPbXTBBP0. I10 Bpeme Ha otrpsiBane 10 900 °C Ha BB31yX IIPe3 CTHIKA
ot 100 °C 3a 6 yaca Ha BCsika TeMIeparypa, IIOKPUTHETO ToKa3a 100pa cradbuiaHoct 10 700
°C. TorumaHa 00pabOTKa HAJ TAa3d TEMIIEPaTypa NPUYUHSABA HAMASIBAHE HA TBBPIOCTTA 0
CTOMHOCTH XapakTepHu 3a MHorocioiHute TIAIN MOKpUTHA, OKATO aaxe3usTa KbM
MOJUTO’KKATa OCTaBa CTaOMITHA.

r_14.

L. Kolaklieva, V. Chitanov, R. Kakanakov, S. Russev, K. Balashev, Dependence of the
electrical and morphological properties on the Ti and Al content in Mo-based ohmic
contacts for III-V nitrides, Proc. of 28" International Conference on
Microelectronics, Nis, Serbia, 13-16 May, 2012, Electronic ISBN: 978-1-4673-0238-8, Print
ISBN: 978-1-4673-0237-1, pp. 287-290, DOI: 10.1109/MIEL.2012.6222856, 2012.

HNugexcupa ce B SCOPUS, WoS, SJR 0.145, 10 Toukn

Abstract: Four types of Mo-based ohmic contacts with a varied Al and Ti content are
developed and investigated regarding the ohmic properties, surface morphology and edge
acuity. It is found out that the Ti/Mo/Ti/Au metallization combines the lowest contact resistivity
of 8.8x10% Q.cm? and low surface roughness of 3.8 nm. The presence of Al in the contact
composition does not improve the electrical properties and the surface morphology. Its effect
on these properties depends strongly on the Ti/Al ratio in the contact composition.


https://doi.org/10.4028/www.scientific.net/JNanoR.17.193

Pe3tome: Yetnpu Buga 6a3upanu Ha Mo OMOBH KOHTAKTH € Pa3IM4HO Chabpxkanue Ha Al u Ti
ca pa3paboTeHH U U3cjeBaHu chOOpa3HO OMOBHUTE CBOICTBA, MOBHPXHOCTHATA MOP(OIOTHS
1 OCTpOTa Ha pbba. YcTaHOBH ce, ye MeTanu3anusaTa ot tuna Ti/Mo/Ti/Au komOuHUpa Haki-
HHUCKOTO KOHTAaKTHO cChIpoTuBieHne oT 8.8x10° Q.cm? u Haii-HHCKaTa HOBBLPXHOCTHA
rpanaBocT oT 3.8 nm. Hannuuero Ha Al B chcTaBa Ha KOHTaKTa He OJOOPSIBA €IEKTPUUHUTE
CBOICTBa U MOP(OJIOTUATA Ha TOBLPXHOCTTA. HEeroBoTo BiusiHuE BHPXY T€3U CBOMCTBA CHITHO
3aBHCH OT ChOTHOIIeHHETO Ti/Al B chcTaBa Ha KOHTAaKTA.

r_15.

L. Kolaklieva, V. Chitanov, R. Kakanakov, “Al-free Nanolayerd Metalization Systems for
Sub micron HEMts”, Journal of Nanoresearch, vol. 17, 3 february 2012, Trans Tech

Publications, Switzerlland, ISSN:1662-5250, pp- 203-210, 2012,
https://www.scientific.net/JNanoR.17.203.

HNupexcupa ce B SCOPUS SJR 0.192 Q3, WoS JCR-IF (Web of Science):1.238, 15 Toukn

Abstract: Al-free nanolayered metallizations based on the transition metals Ti, Mo, Ni and Pd,
with varied Ti content, have been developed as an alternative of the Al-based contacts for sub-
micron HEMTs. The electrical, morphological and thermal properties of the metallization
schemes have been studied with the aim of obtaining the most suitable combination of low
resistivity, a smooth surface and an acute edge. The lowest resistivity of 8.8x10° Q.cm? has
been determined with the Ti/Mo/Ti/Au contact, while the lowest surface roughness of 6 nm
has been measured for the Ti/Ni/Ti/Au metallization. These contact schemes have shown much
better edge acuity in comparison to the Al-based metallizations.

Pe3rome: be3 chappikanne Ha Al HaHOCTPYKTypUpaHu MeTaIM3aluy 0a3upaHy Ha IPEXOTHUTE
meranu Ti, Mo, Ni u Pd ¢ pasniuso cbaspxanue Ha Ti, 0sxa pa3paboTeHH, KaTo alTepHaTHBa
Ha Oasupanute Ha Al koHTakTH 3a cyOMukponan HEMTS. Enekrpudannte, MOp(OIOTHIHUTE
U TEpMUYHUTE CBOICTBA HAa CXEMHTE Ha MeTalnu3alus Os1xa U3y4eHH C 1iell Ha MoJydyaBaHe Ha
Hal-moIXosIIaTa KOMOMHAIUS OT HUCKO CHIIPOTUBIICHHE, TIa/IKa TOBBPXHOCT U OCTHP PBO.
Haii-auckoto cwhhpoTusnenue or 8.8x10° Q.cm? Oele OmpeneNeHo 3a KOHTaKTa
Ti/Mo/Ti/Au, mokato Hali-HHCKaTa MOBBPXHOCTHA TParmaBoCcT OT 6 NM Oelie M3MepeHa 3a
meranu3anusita TiI/Ni/Ti/Au. Te3u koHPUTrypanuu Ha KOHTAKTH MOKa3axa MHOTO IMO-100pa
OCTpOTa Ha phOYeTaTa B cpaBHEHHUE ¢ Oa3upanuTe Ha Al MeTamuzarum.
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Neural Model for Predictive Control of a Lyophilization Plant”, In Proceedings of the
6-th IEEE Conference on “Intelligent Systems”, vol. 11, Article number 6335154, 6
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Abstract: This paper describes two methodologies for implementation of Hammerstein model
by using different input-output representations into model predictive control schemes. The
model nonlinearity is easily approximated using a simple Takagi-Sugeno inference, while the
linear parts are flexibly introduced. As optimization procedures for predictive control are used
a standard gradient optimization method and an implementation of Hildreth Quadratic
Programming. A comparison between the proposed control strategies is made by simulation
experiments for control of nonlinear lyophilization plant.

Pesrome: Ta3u myOnukanus onmucBa JBE METOJOJOIMM 3a IMPHJIOKEHHETO Ha MOJEN Ha
XaMmepiaiiH 4ype3 M3MO0J3BAHETO HA PA3IMYHM BXOJHO-U3XOJHU NPEJCTABSIHUSA B CXEMHU 3a
MOJIETTHO NPEACKA3Ball0 yIIpaBieHHe. MOAEIbT Ha HEJIMHEWHOCT JIECHO CE allPOKCUMUPA UpE3
U3MO0I3BaHeTO0 Ha onpocTeHo Takarn-CyreHo BKIIIOYBAHE, JOKAaTO JIMHEHHUTE YacTU ca
I'bBKaBo J00aBeHH. Kato mpornenypa 3a onTumu3zanus 3a MpPEeACKa3Ballo yNpaBIEHUE ca
W3MOI3BaHN CTaHAAPTHU TPaJMEHTHU ONTHUMU3ALMOHHUM METOJM U BKIIOYBAHETO Ha
XuUnnepToBo KBaJpaTUYHO Nporpamupane. CpaBHEHHE MEXAY IPEUIOKEHUTE CTPATETUu 3a
YIpPaBJIEHUE € HAIPaBEHO Ype3 CUMYJALMOHHU €KCIEPUMEHTH 3a YIIpPaBJICHUE HA HEJIMHEEH
JTMO(U3NOHEH IPOLIEC.
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Abstract: Ohmic properties, thermal stability and surface morphology of Al-based and non-
aluminium metallizations are investigated in dependence on the annealing temperature and
initial composition. Non-aluminium contacts show poor ohmic properties, while contact
resistivity of 3.47x10° Q.cm? is achieved for Ti/Al/Ti/Au metallization with a former-Ti/Al
ratio of (30 wt.% /70 wt.%). Thermal properties of the Al-based metallization are improved by
application of Mo layer as a barrier under the upper Au film of the contact structure. These
contacts show excellent thermal stability at operating temperatures as high as 400 °C. The less
Al amount in the contact composition and Mo barrier layer contribute to the smoother surface
and better edge acuity.

Pe3rome: OMOBU CBOICTBa, TEpMUYHA CTAOMIIHOCT M TOBBPXHOCTHA MOPGOJIOTHs Ha 0a3upaHu
Ha Al u Hechabpkamm Al MeTanu3anuu ca U3ciIeBaHU B 3aBUCHMOCT OT TEMIIeparypara Ha
OTrpsiBAHE W HadalHUs ChCTaB. Hecwhawbpxkammre Al KOHTakTH MoOKa3BaT ciabW OMOBHU
CBOMCTBA, ToKkaro 3a Metanu3anusta oT TI/Al/Ti/Au e mocturHaro crierupuIHO ETSKTPHYECKO
cenpoTuBnene ot 3.47x10° Q.cm? TepmuunuTte cBoiicTBa Ha OGasupanute Ha Al
METaJN3al1H ca MOA0OPEHH Upe3 MpujaraHeTo Ha ciioif Mo, kato 6apuepeH clioil o1 rOpHHs
clIoi OoT AU B KOHTakTHaTa CTPyKTypa. Te3n KOHTakTH IOKa3BaT OTJIMYHA TEPMHYHA



CTaOMIHOCT Ipu paboTHH TemrepaTypu gocturamm 10 400 °C. ITo-ManKkoTo ChIbpiKaHHE Ha
Al B cbcTaBa Ha KOHTaKTa U OapuepHus ciioid 0T Mo JONpUHACAT 3a TJIaKaTa MOBPBHXHOCT U
nobpata ocTpoTa Ha proa.
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Abstract: The real electro-discharge polishing (EDP) system has been presented by an
equivalent electrical scheme and described by a corresponded equation system. The Runge-
Kutta-Merson method with automatically changed step is used for the numerical solution the
equation system. The current through the resistor equivalent to the steam gas wrapper is defined
with an I-V characteristic obtained by the method of multi-interval quadratic interpolation-
approximation. A mathematical model of the power supply-load system has been realized in
Basic and Matlab® languages. On the base of the developed modelling conditions limiting the
current and voltage overload in the EDP system have been determined depending on the
maximum polished area and the electrolyte temperature.

Pe3iome: Cucrtema 3a peanno enekrpopazpsaHo nonupane (EDP) Geme mpencraBena upes
€KBUBAJICHTHA €JIEKTPHUYECKa CXeMa U ONMCaHa ype3 ChOTBETHATA CUCTEMa OT YpPaBHEHHS.
Merona Ha Pynre-Kyra-MepcoH ¢ aBTOMarWyHO NPOMEHSINA CE€ CThIIKA CE€ M3MOJ3Ba 3a
YHCJIEHO PELIeHHE Ha CHCcTeMaTa OT ypaBHEHHs. TOKBT Mpe3 eKBUBAIEHTHMS PE3UCTOP Ha
oOBMBKaTa OT MapHUs ra3 ce ompezens upe3 |-V xapakrepucTuka mojgydyeHa IO METOAa Ha
MHOTOMHTEPBATHOTO KBaJIPATUYHO HHTEPIOIUPAILO allpOKCUMHUpaHe. MaTeMaTHueCKH MOJIel
Ha MOIIIHOCTTa Ha 3axpaHBalllaTa C TOBapa CUCTeMa € peajlu3upaH B e3uimre Basic u
Marnab®. Ha Gazata Ha pa3paboTeHHMTE YCIOBHUS 3a MOJeIupaHe Osxa ONpeAeseHH ToKa U
HarpexxeHueTo B cuctemara 3a EDP orpannuaBaiu nperoBapBaHe Ha cucTeMara W TAXHATa
3aBHCHUMOCT OT MaKCHMaJlHaTa IJIOL] Ha MOJMpaHe U TeMIepaTypara Ha el1eKTPOJIUTA.
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Abstract: Obtaining an accurate and comprehensive multivariable mathematical model of the
polymerization processes is of strategic importance to the control engineering purposes in the
polymerization industry. These processes are typically nonlinear and it is diffificult to apply
traditional estimation techniques. This paper describes an approach based upon multivariable
fuzzy-neural representation of the process model. A concrete model is constructed with the
Sugeno fuzzy inference technique by applying the state space implementation in the local fuzzy
rules for modeling the dynamic behavior of the polymer process. Such multivariable fuzzy-
neural models of polymer quality could be used successfully for optimization and control of
polymerization processes. A short example for such an implementation is included with
additional results for the modeling of the main characteristic parameters of the polymer
process.

Pe3iome: HonyanaHeTo Ha TOYEH MW IIBJICH MHOI'OMEPCH MATEMATHYCCKH MOJACI Ha
MOJIUMECPU3ALUMOHCH IMMPOHCC € OT CTPATCrMYCCKa BaXHOCT 3a HCJIUTC HAa KOHTPOJIA IIPpU
IMoJIMMEpHU3allMOHHATa HHAYCTPHA. Te3u cBoCTBA ca THIIMYHO HEIIMHEHHU U € TPYAHO Ia CC
IMPpHUIIOKAT TPAAUIUOHHUTEC TCXHUKH HA OLICHKA. Ta3m cTaTtus onmmucBa MOAXO0M 6a31/1pa111 CC Ha
MOJCII Ha IIponeca C pPasMUTO-HCBPOHHA IIPE3CHTALUsA C MHOI'O IIPOMCHIJIMBH. KOHKpCTeH
MOJECT € CbCTaB€H ChC CyreHo ACAYKIIMOHHA TCXHHUKA YPEC3 MPUIAraHeTo Ha MPEACTAaBAHC B
IIpOCTPAaHCTBO HA CbCTOAHUCTO B JIOKAJTHUTC PASMHUTH IIpaBUjia 3a MOACIIMPAHC HA IMHAMHKKATa
Ha NOJUMCPU3AIHMOHCH mpouec. TakuBa MHOI'OMCpHM HCEBPOHHO-PA3SMUTU MOJACIIHU 3a
KaueCTBOTO Ha MOJUMCPUTEC MOraT Aa C€ MU3MO0J3BAT YCICHIHO 3a OINTHMHU3aludATa U
YOpPaBJICHUCTO Ha MHOJMMCPHU3ALIMOHHU ITPOLCCH. KpaT’BK IIpUMCEP 3a TaKOBA IMPHUIIOKCHUC €
BKIIFOYCH C JONBJIHHUTCIHHU PE3YyJITATU OT MOIACIUPAHCTO HA OCHOBHHUTC XapaKTCPHU
nmapaMeTpH Ha MOJIMMEPHU3ALUOHCH ITPOLEC.
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Abstract: Sets of Cr-based hard coatings were prepared via reactive closed field unbalanced
magnetron sputtering (CFUBMS). Substrate temperature was kept in range of 150 to 200 °C
during deposition. Nanohardness (H) and effective modulus of elasticity (E*) of the coatings were
examined; using depth-sensing indentation method. In order to present the mechanical
properties and predict the tribological behaviour of the prepared coatings ratios H/E* (elasticity
index), H3/E"2 (resistance to plastic deformation) and 1/(HE*2) (resistance to crack formation)
were calculated and analysed. The results from the combined examination of the research ratios
showed that they could be used for classification of the expected wear-resistant properties of Cr-
based hard coatings deposited at temperature below 200 °C.

Pesome: Cepusi xpoM 06asvpaHU TBBPAU NOKPUTHUA Ca MNOATOTBEHU 4Ype3 peaKTUBHO
MarHeTPOHHO pa3lpalliBaHe B 3aTBopeHo MarHuTHO moJie (CFUBMS). TemmepatypaTa Ha
nojAJioKKaTa ce NOAABPXa B JAuanaszoHa ot 150 mo 200 °C mno BpeMe Ha HaHacsHe.



HanotBbpgoctra (H) u edexktuBHusA Moayn Ha enactudHoct (EY) Ha mokpuTuaTa 06sxa
v3cJie/IBAaHU U3TI0JIBANKU METO/a 32 UHJEHTHUPaHe C OTYMTAaHe Ha A'bJ60YMHATA. 3a 1a MOXe Jia
ce MpeJiCTaBsAT MeXaHWYHUTE CBOWCTBA M [Jla Ce MpeAcKake TPUOOJOTHYHOTO MOBEJ[eHHEe Ha
NPUTOTBEHUTE MOKPUTHS €A U3YUCJIEHHW W aHAJIW3UpaHU cboTHoleHusta H/E* (enactuyen
uHjekc), H3/E2 (ycTtoMumBOCT KbM ITacTUYHA Aedpopmaius) u 1/(HE™2) (ycrodyuBocT KbM
¢dopMupaHeTo Ha HapyuleHUs). Pe3ysiTaTuTe OT KOMOMHUPAHOTO U3y4aBaHe HAa U3CJIe/[BAHUTE
CbOTHOILIEHHS 0Ka3a, ye Te MOraT Ja Ce M3MO0J3BaT 3a KJacupUKaLUsATA Ha OYaKBAaHUTE
CBOMCTBAa 32 M3HOCOYCTOMYMBOCT HA XpOM 0Ga3MpaHUTE TBBPAU NOKPUTHS HAHECEHU MpHU
Temnepatypu nog 200 °C.



