PE3IOME

HA Ny0JMKYBAHUTE HAYYHH TPY/AOBe
Ha IJ1. ac. 1-p Paiina bosinoBa /lumurposa

Ipe/ICTaBEeHH 3a yJacTHe B KOHKYPC 3a 3a€MaHe Ha aKaJeMUYHaTa JIIBKHOCT ,,JOIIEHT
B 00J1acT Ha BUCIIETO oOpa3oBaHue 5. TeXHUYECKH HAYKH,
npodecroHanHo Hanpasienue 5.1 MammHHO HHXEHEPCTBO,

Hay4YHa CIEIHMATHOCT ,,MaTepruasio3HaHUue U TEXHOJOTHs Ha MAITMHOCTPOUTEIIHUTE
MaTepuaiun’,
o0siBeH B [IbprkaBen BecTHuk Ne 24/25.03.2022

3a Y4aCTHEC B KOHKYpCa €Ca NIPpCACTaBCHU 42 HAayY4YHU Tpyda Ha KaHAHUAaTa, HAABHUIIIaBalllh
CbOTBETHUTEC MUHUMAIHU U3UCKBAHUS, KOUTO BKJIIOYBAT.

- 13 Hayynum nyOnukanuu, nyONMKyBaHM B peQepupaHd U HUHACKCUPAHU B
CBETOBHOM3BECTHH 0a3M JaHHU C HaydYHa HH(POPMAIUs, KOUTO Ca BKJIIOUEHH KaTO PABHOCTOIHA
Ha MOHOTpaduyIeH TPy 1Mo nokaszaren B 4;

- 8 HayuHu nyOnuKanuu, NyOIMKYBaHM B pedepupaHd U HHICKCUPAaHU B
CBETOBHOM3BECTHU 0a3M JMaHHM C HaydyHa MHQOpMAIUs, KaTo W3MbJIHEHHE Ha rpyna [ mo
nokasaren [ 7;

- 21 Hay4HU myOIUKAlUK, KOUTO ca B HepedepupaHu CIUCAHUS C HAYYHO PELIeH3UpaHe,
KaTo u3M'bJIHeHHe Ha rpyna I' mo moka3zaten I 8.

JIOMBJIHUTETHO € TIPEJIICTABEH M €IMH MOJIe3eH Mojen (KOWTO He Ce OTYHMTa IpH
oOpa3yBaHe Ha KpaiiHaTa OlleHKa B npejicTaBeHaTa CripaBka 3a M3ITbJIHCHHE HA MUHUMAITHUTE
HAIMOHATHYU U3MCKBAHHMSA).

Hayunute TpynoBe Ha KaHAMIaTa 3a y4acTHE€ B KOHKypca Ca CHCTEMaTHU3UpaHH B
clieqHUTE 00JIaCTH:

1. Cp3naBaHe Ha TBBPAOCIIIABHU U3HOCOYCTOMUMBHU MOKPUTHUS BbPXY HEMETAJIHA ysIKYaBalia
¢a3za, aTyMHUHHEBU U TUTAHOBU CIJIaBU

1.1 OtnaraHe Ha HMKeN CIUIaBHM TIOKPUTUS BbpPXY HEMeTaJHa yskdyaBaiia ¢asa,
QITyMUHUEBU U TUTAHOBU CILIABU

1.2 N3cnenBaHe Ha TBBPAOCILIABHY MTOKPUTHS BEPXY METalTHA MaTPUIIA

2. KOMITO3UTHH AMCIIEPCHO YSIKYEHU MaTEepUaIN C METATHA M HEMETalTHa MaTpUIla
3. ®U3MYHO ¥ CHMYJAIIMOHHO MOJIEITMPaHe Ha MPOIECH OT TEXHOJIOTHSI HA MaTEPUATTHTE

1. Ch3naBaHe Ha TBBPAOCILUIABHH H3HOCOYCTOWYMBM NOKPHUTHS BbPXYy HeMeTaJHA
ysikuyaBamia ¢ga3a, aJJyMUHHEBU U TUTAHOBH CILJIABH

1.1 OTnarane Ha HUKeJ CIUVIABHM NMOKPUTHS BLPXY HeMeTa/lHA ysak4aBamia ¢a3a,
AJIlyMMHHMEBU M TUTAHOBH CILIABH

be3TokoBOTO (XUMUYHO) METATM3UPAHE HA KEPAMUYHU YaCTUIU U BBIIICPOJIHU BIaKHA,
U3MOJI3BAaHU 32 ysKuyaBamiara (asza mpu cbhb3/aBaHe Ha KOMIIO3UTHU MaTepuald C MeTaaHa U
MOJIMMEPHA MaTpHIla, € MPUIOKUM U CPAaBHUTEITHO CBTHH HAYMH 32 HAHACSHE HA IUTBTHO U
pPaBHOMEPHO METAJHO TIOKpUTHE BBPXY HEMETAJHW MaTepuanu. MeTalu3upaHeTo Ha
ysikyaBaimiara ¢aza mpu KOMIIO3UTUTE C MeTallHa MaTpula Iejd MO-J0OpPOTO OMOKpSHE OT
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CTONMJIKATa W PEAIM3UPAHETO Ha MMO0—A00pa ajaxe3usi MEkAy MeTallHaTa MaTpuia |
HEMETAJHUTE YaCTHUIIM, KAKTO M N30SrBaHETO HA XMMUYHHU PEaKIUU MEXIy TiaX. Ch3aaleHUsT
HIOJIE3E€H MOJICN MPEICTaBIIsIBa PAa3TBOP HA OCHOBATA HA JIBE COJIM HA METallu (HUKENIOB cyidat
(NiSO4) u nukeno xiopua (NiClz)) 3a ynTpa3ByKoBO XUMHYHO HaHACSIHE HA HUKEJ CIUIABHH
HOKPHUTHUSI BHPXY HEMETAJIHU/METAIHU MPAaX0OBe, BHIJICPOIHU BJIaKHA U HAHOTPHOMYKHU C T
U3M0JI3BAHETO UM KaTo ysK4aBamia (a3a B KOMIIO3UTHU MaTepPHAIH C METaJIHA U MOJMMEPHA
matpuiia [B 4.1, B 4.2, B 4.3, B 4.4, B 4.5, B 4.6, B 4.7, I 8.16], xapakrtepu3supaii ce ¢
U3M0JI3BaHE CaMO Ha YJITPa3BYKOBO TPETHPAHE 3a CTapTUPAHE U 3aBbPIIIBAHE HA PeaKIusiTa Oe3
JOITBJIHUTENTHO HarpsiBaHe. be3rokoBoro orinarane Ha Ni-P nokpuTre BbpXy HaHOpa3MepHHU
IpaxoBe M BBIJICPOJHH TPHOUYKU CE MU3BBPILIBA MPU CTaifHA TeMmIiepaTypa IpH YCIOBHs Ha
yJATpa3ByKoBa 00pabOTKa Ha BaHaTa, OJarojapeHne Ha KOETO ce M30sArBa arjioMeparusiTa 1o
BpEME Ha METaJIU3UPAHETO.

NscnenBan € epexkThT OT YNTPa3BYKOBO OE3TOKOBO (XMMHYHO) METAM3UpaHE Ha
BBIVIEpOJHU MHKpoBiaakHa (BMB), Bberneponnu HanHoTpbOuuku (BHT) um anymunuesu
CTPYKKH, IPETHA3HAYCHHU 332 CHHTEPOBaHE, U3M0JI3BaHN KaTo ysK4aBama (asa npu ch3JaBaHe
Ha KOMITO3UTH C MeTallHa ¥ moimMepHa Matpuna [B 4.5, B 4.6, B 4.7, I" 8.16]. [lorBepuenHa e
e(eKTUBHOCTTa Ha pa3pabOTEHHs] OCHOBEH Pa3TBOP 3a XMMHUYHO MeTajlu3upaHe Ha 0azara Ha
JIBE€ METAJTHU COJIM TI0 OTHOIIEHHE Ha OTJaraHeTo Ha CIUIABHU MOKPHUTHUS OT HUKEI-(pocdop,
HuKen-men-hocop u HuKen-kanan-pocop Bepxy nucnepcen cyocrpar [B 4.1, B 4.2, B 4.3,
B4.4,B4.5,B4.6,B4.7,T 8.16].

MexaHUYHUTE XapaKTepPUCTUKU Ha rajJBaHu4HO HaHeceHo nokputue Cu-Ni-Cr Bbpxy
HUCKOBBIJIEPOJHA CTOMaHa, IMpHU MpEeABAPUTENIHO OlpeneraeHa Mop(doyorus, CTpyKTypa,
TEKCTypa, ChCTaB U AeOeIMHA Ha CJI0s, ca U3CJIE/IBaHN UYpe3 HaHOMHICHTAIUsA. AHAIU3UpaHU
ca IPOMEHUTE B MEXaHMYHUTE CBOMCTBA Ha M3ClIeJ[BaHaTa CHCTEMa B ABJIOOYMHA U IO
NPOTEKEHHE Ha CJI0s, KAaKTO U Ha HHTepdeiica cioi-cioit u cioi-momioxka [ 7.3].

W3cnenBaHo € BIMSHUETO Ha MpeABapUTeNHaTa 00paboTKa M MeToJla Ha OTJIaraHe Ha
cioeBe or xuapokcuanatut (HAp) Bbpxy TuTaHoBa cmiaB Ti6Al4V 3a moreHIMaIHO
npuioxeHue kato uMmiuiat [ 7.4]. M3cnenBanu ca Bb3MOXKHOCTUTE 32 OE3TOKOBO HAHACSHE
Ha HUKeI-KoOanT-pocopHa cruiaB BbpXy CyOCTpar OT TUTAH U TUTaHOBa ciuiaB TiAl6V4 npu
U3MOJI3BaHE Ha TMPeABApUTENIHO TayBaHWdHO aktuBupane [[7 7.7, T 8.21]. Oueneno e
BIMSIHUETO Ha TPEABAPUTEIHOTO TIOMEJHSBaHE W W3IOJ3BAHETO Ha KoOant mpu
NPeIBApUTEITHOTO aKTHBHPAHE HA TIOBBPXHOCTTA BBPXY MPOIEHTHOTO ChIIbpKaHue Ha (ochop
B ClIeaBaIioTo 0e3ToKoBO HaHeceHo mnokputwe [I' 7.7]. U3cnemBana ¢ BB3MOXKHOCTTA 3a
0€3TOKOBO XMMHYHO HaHACSHE Ha MOKPUTHE OT HUKEN-()oCcOopHA CIUTaB BbPXY M3IOJI3BaHA B
aBuanusTa TutaHoBa cruiaB OT 4 npu u3non3BaHe Ha Pa3TBOP C JBE COMU (HUKEIOB XJIOPU U
KOOAJITOB XJIOPHI), IPU TPEABAPUTETHO TaIBAHNYHO aKTHBHpaHe Ha moBbpxHoctTa [I" 8.21].

N3cnenBanu ca CTpyKTypHHUTE CBOMCTBAa Ha alymuHueBa ciuiaB 7075, moacuieHa c
HaHOJMAaMaHT U BoJI(ppam, CbXpaHsABaHa B IPOJbIDKEHUE Ha 28 Mecela IpY pa3InyHH yCIOBUS
(B Ha3eMHHU YCJIOBHMS M MOHTHpaHa OT BBHIIHATA CTpaHa Ha MexayHapoaHaTa KOCMHUYECKa
crauius) [ 7.6].

1.2 U3csienBaHe HA TBHPAOCIVIABHE MOKPUTHS BHPXY METAJIHA MAaTPHIIA

bpp3oTO0 pa3BuTHE Ha eHepruifHaTa MPOMHIUIEHOCT Hajlara HEoO0XOAWMOCTTa OT
MaTepHaid, ChYETaBalllM BHCOKAa $KOCT, KOPO3MOHHAa M a0pa3WBHAa YCTOMYMBOCT 3a
IIPOU3BOJICTBO HA CHAOBE U ChOPBHKEHUSA. ATTYMUHUAT U TUTAHbT, KAKTO U TEXHUTE CIUIABH Ca
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OCHOBHH MaTepHali, U3MOJI3BaHU B aBUAIIMOHHA TEXHUKA, ChJIOCTPOCHETO, OMOMEANIINHCKATA
U XUMHYECKa HPOMHIUICHOCT. BBIpekH MacoBOTO UM U3IOJI3BaHE, o0adye Te ca CbC
CPaBHUTEITHO HUCKA TBBPJOCT U U3HOCOYCTOHYHUBOCT, KOUTO OIpaHMYABAT MPUIIOKESHUETO UM.
Enuna ot HaunHUTE 3a U30ATBAaHETO HA TE3W HEOCTATHLIM € HAaHACSHETO HAa H3HOCOYCTOMYNBHU
TBBPJAOCIUIABHU TMOKpUTHA upe3 HaBapsBane [B4.1, B4.2, B4.3], noBbpXHOCTHO
npertornsiBamio sierupane [B 4.4, T" 8.14, T" 8.15], enexrpouckpoBo Haruactsiaue [B 4.9, B 4.12,
B 4.13] u mp.

[Tna3mMeHo 1BroBUTE MPOLECH 3a 3aBapsABaHE W HaBapsABaHE ca pPa3MICAaHd H
AHAJIM3UPAHU 110 OTHOLICHUC HAa TCXHOJOIMHUTC 3a TAXHOTO IMIPHIIOKCHUC, MCXAHUYHU
II0Ka3aTeIN U U3HOCOYCTONYMBOCT, KAKTO U IO OTHOIIEHHE Ha KAaueCTBOTO HA IIOIYYEHOTO
uznenue u nokputue [ 7.1, T 8.6, I" 8.8]. M3cnenBanu ca Bb3MOXKHOCTUTE 3a Ch3JaBaHE Ha
MCKIWMHCH JICTUPAH CJIOH C BUCOKO BBIVICPOAHO CHbABbPKAHKNEC U ITOBUIICHA TBBPAOCT B MaTpUIlla
OT HHUCKOBBIJIEPOJHA CTOMAaHA 4pe3 IMpeIBapUTEIHO HAHACSHE HA JIETHpAIl MaTephal Ha
rpaduTHa OCHOBa B PEXHMM Ha IUIa3MEHO HAaBapsSBaHE C HUCKOBBIVIEPOICH EIEKTPOACH
marepuan [I" 8.9]. Pasrienanu OCHOBHHUTE MPOM3BOACTBEHM METOJHM 3a IPOU3BOJICTBO Ha
IJIaKHUpaHU CTOMaHU (I[Byc.]’[OfIHH MaTepI/IaJII/I), TAXHOTO IPHIIOKCHUC W TCXHOJOIMYHU
BB3MOKHOCTH 3a HaBapsiBane [I” 8.2]. Ananu3upanu ca OCOOCHOCTHTE NpH 3aBapsBaHE Ha
KOPO3HMOHHOYCTOMYMBY IUIAKUPAHU CTOMaHHU, IPU U3pab0TBaHE HA IPOMUIIIIEHU KOHCTPYKIIUU

[T 8.3].

Onpenenenu ca TpUOOJOTHYHUTE XapaKTEPUCTUKU HAa HABAPEHU IIOBbPXHOCTHHU CIIOEBE
OT JIUCIEPCHO YSKYEH C KEpaMUYHU YACTHIIM MaTe€pHall BbPXY TEXHUYECKH YHUCT aITyMUHUI
[B 4.1, B4.2, B4.3]. Cp3naneH e HaBapeH MOBBPXHOCTEH CJIOH BBPXY aIyMHUHHEBA METaTHA
MaTpulla Ype3 NMpeABAPUTEIHO HAHECEH CIION OT (DIIIOC - YCTOMUYUB M3NeueH QUIIM, ChAbPKal]
0€3TOKOBO HMKEIMpPAaHM MHUKpPO / HAHO YacTHIM OT CWJIMLKEB KapOuJ, HAHECEH upe3
€JIEKTPOABIOBO HaBapsiIBaHE B 3allIUTHA ra30Ba Cpe/ia OT MHEPTEH Ia3 ¢ TonuM enexkrpon (MUI)
u HeronuMm enekrpoa (BUT'), cwe crannapren nobdapsueH marepuan [B 4.1]. [Ipu usnuyaneTo
kommoneHTute Ha ¢utoca (MgClz, NaCl, KCI u NazAlFs) 00pa3yBaT HUCKOTOITMMA €BTEKTHKA,
KOSITO: TpeAra3Ba HaBapsiBaHaTa IMOBBPXHOCT OT OKHCISIBAaHE, OCUTYpsiBa EJIEKTpUYecKa
MPOBOAMMOCT U 33JbpKa YAaCTHIIUTE Ha MOBBPXHOCTTA IO BpPEME Ha HaBapsBaHETO, KaTo
YJIECHSIBA OMOKPSIHETO HAa YaCTULUTE U TAXHOTO CBBP3BAHE C PAa3TONEHMsI METAJI B 3aBapbUHaTa
Bana [B 4.1, B 4.3]. Uscnensaneto cienq BUI HaBapsiBaHe npu n3Moa3BaHe Ha (IIIOC ¢ HAHO
SiC mnoka3Ba yurca Ha HECHBBPIICHCTBA, MOPHO3HOCT M BKIIFOYBAHUS HA IIIaKa, KaTo
yBEJIMUEHATa U3HOCOYCTOWYMBOCT U HAHOTBBPIOCT CE IBJIKU Ha BIpaJicHAaTa B yAKUYEHHUS CIION
¢aza oT MeTanM3UpaHHU C TMOKPUTHE ¢ HUKEN 4YacThiu ot Mukpo / HaHo SiC [B 4.1, B 4.3].
CrnoeBete ca HaHECEHU BbPXY TEXHUYECKH YHCT ATyMUHHUI UpE3 HaBapsIBaHE B 3alllMTHA ra30Ba
cpena mo merona BUIT ¢ nobGaBbueH Marepualn OT JAUCHEPCHO apMUpaH aTyMHHHH.
3aBapbUHMAT TEN € IOJIy4EH 4Ype3 EKCTPyAHpaHE Ha CbhCTaBHA 3aroTOBKA, ChIbprKalla
METaJIM3UPaHU U IJIAKUPAHU C (PIFOC MUKPO / HAHOYACTHUIIM CHIIMIIUEB KapOHJl. Y CTaHOBEHO €
YBEJIMUYaBaHE HA N3HOCOYCTOMYMBOCTTA HA HABAPEHUTE CII0EBE U TBBPAOCTTA, KOETO CE IBIIKU
Ha MMIUIAaHTUpAaHaTa B HaBapeHUs CJIOM ysk4daBamia ¢aza OT METaIH3upaHu MUKPO / HaHO
yactunu SiC [B 4.2].

W3screnBano € M3MEHEHHETO Ha MEXaHWYHHWTE TI0Ka3aTedd W B  YaCTHOCT
W3HOCOYCTOMYMBOCTTA HA JHUCIEPCHO YSKYEHH CJIOEBE C YACTHIM CHJIMIMEB KapOw,
MHUKPOHABAPEHH TIPH TOBBPXHOCTHO MPETOISIBAINO JIETHPAHE Ype3 IOCIONHO JIa3epHO
cromsiBane (SLM) ma amymumnueBa wmarpuna [B 4.4, T'8.14, I 8.15]. UscnenBana e
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M3HOCOYCTOMYMBOCTTA, IIPOBEJEHO € W3MNMTBAHE HAa HAHOTBBPAOCT U Ca OLEHEHU
TEXHOJIOTMYHHUTE ITapaMeTPpH Ha Mpolieca (KaTo CKOPOCT Ha CKAHUPAHE) U BIMSIHUETO UM BbPXY
M3HOCOYCTOMYMBHUTE cioeBe. [lonydeHu ca cpaBHUTENHU PE3yJITaTH 3a MaCOBOTO M3HOCBAaHE,
CKOPOCTTa, MHTEH3MBHOCTTAa Ha M3HOCBAaHE M M3HOCOYCTHYMBOCTTA HAa MHUKpPOHABAPEHUTE
clIoeBe, KOMTO JEMOHCTpHpaT e()eKTHBHOCTTA HAa YCBOCHATa ysKdYaBaiia ¢aza OT XUMHYHO

HUKeMUpaHu MuKpodacTuii SIC B MOBBPXHOCTHO JIETHPaHUTE ThHKH cioeBe [B 4.4, T" 8.14,
" 8.15].

EnexrpouckpoBoro namnactsiBane (EMH) e meramypruyen meroj 3a cbhb3jaBaHe Ha
TBBPJOCIUIABHA IOKPUTHS ¢ MoJ00peHH MexaHuWuHH mokaszatend [B 4.9, B 4.13].
JleMOHCTpHUpaHu ca Bb3MOXKHOCTUTE 3a €JIEKTPOMCKPOBO HAILIACTSIBAHE HA TBBHPJOCIIABHU
NOKPUTHUA  BBbPXY TuTaHoBa cmiaB TiAl6V4 ¢ kimacudeckd — TBBPAOCIUIABHH,
MYJITHKOMITO3MIIMOHHH U HAHOCTPYKTYpHpaHu enekTpoaHu marepuanu 3a EVH [B 4.8, B 4.9,
B 4.10, B4.11, B4.12, B4.13, I' 7.8]. U3BbpuicHH ca CpaBHUTEIHH H3CICABAHUS Ha
XapaKTEPUCTUKUTE U TPUOOJIOTHUYHUTE CBOMCTBA HA €IEKTPOMCKPOBO HAIUIACTEHU MOKPUTHUS
oT TBbpAociuiaBHu Martepuanu Ha ocHoBatra Ha TiC, TiN, TiCN u TiB2, naneceHu BbpXY
tuTtanoBa ciuiaB Ti6AI4V [B 4.12]. IlotebpaeHo e, 4e npoMsiHaTa Ha nosspHoctTa npu EMH e
CBBp3aHa C MPOMsIHA Ha KauyecTBOTO U JacOennHara Ha nmokputusarta [B 4.10]. Uscnensanu ca
€JIEKTPOMCKPOBO HAIIACTCHH TOKPUTHS, HAHECEHH BBPXY TUTaHOBa cmaB Ti6Al4V ot
0e3BosIppaMOBY 1 MHOTOKOMITOHCHTHH TBBP/IU CIUTABH M TaKUBA ¢ HAHO-I00aBKH, HAHECCHU
Ype3 amapaT ¢ BUOpUpAIIl eICKTPOJI ¢ HUCKA UMITYJICHA eHeprus. V3cieiBaHo € BIUSHUETO Ha
CHEPTUHHUTE PEXKUMH Y HACIIOSBAIIUTE €JICKTPOIHN MaTepUaId BbpXY JAcOeInHaTa, ChCTaBa,
CTPYKTypaTa ¥ MUKPOTBBPIOCTTA Ha MoydeHuTe mokputus [B 7.8].

IIponiechT Ha HarulacTsIBAaHE M MAacONpPEHOC OT €JleKTpoJa € CBBp3aH U C
€JIEKTPOEPO3UIHO JIEHCTBHE BBPXY TUTAHOBHS CYOCTpaT, KOETO BIJIOIIABAa MOBBPXHOCTHTE
XapakTEepUCTUKM M HaMajsiBa MEXaHWYHMTE TII0Ka3aTeld Ha TBBPJAOCIUIABHUS CIIOM.
N3cnenBanu ca BB3MOXKHOCTHTE 3a €JIEKTPOMCKPOBO HAIIACTABaHE HA TBBPJAOCIUIABHU
HOKPUTHSI BEPXY MPeABAPUTETHO TOBEPXHOCTHO 00paboTeH CyOCcTpaT OT TEXHUUECKH TUTaH U
tutaHoBa ciuiaB TiAl6V4 [B 4.11]. M3cnenBanu ca ONTHMATHUTE PEKUMH U MOJISIPHOCTTA [TPU
HaIJIaCTSBaHE, KaToO € YCTAaHOBEHO, Y€ OTpHIATEeNIHATa MOJSPHOCT BOJAM 10 HaMalsgBaHE Ha
epo3uitHus e(eKT, He3aBHCHMO OT HAJMYMETO M BHJA Ha IPEIBAPUTEIIHO HAHECEHOTO
nokpurue [B 4.10, B 4.11].

2. KoMno3uTHu qucnepcHO YSKYEHH MaTepPHai ¢ MeTaJHA U HeMeTaJlHA MaTpuua

CUHTEpOBaHUTE KOMITO3UTHU MaTEPUAITU CE M3MOJI3BAT B MEMIIMHATA 33 IPOU3BOJICTBO
Ha pasnmuyan wummiantd [ 8.4]. W3scnenaBan e cuHTEpoOBaH OHO-KepaMHUYeH MaTepua,
IpeIHa3HaueH 3a IPOM3BOJCTBO Ha €JIEMEHTH OT eHJonpoTe3Hn Ha Oasara Ha TiO2 ¢ Maikn
kommuecTBa Nb2Os. YcTaHOBEHO €, Ue H3MEHEHHETO Ha MEXaHUYHUTE MY CBOMCTBA (SIKOCT Ha
OT'bBaHE M SKOCT HA HATHCK) 3aBUCH OT ChIbP)KAHUETO HA JIBaTa OKCHJIA M TeMIIepaTypara Ha
cunrepoBanero um [[" 8.5]. Tlomyuenust Ouo-kepamuuen wmarepuaid oT TiO2-NbyOs e
cpaBueH ¢ Al,O3—ZrO; kepamuka, U3Mo3BaHa 3a MPOU3BOICTBO Ha eHponporesu [I" 8.5].

KoMmo3utHuTe Marepuanu ¢ alyMHHEBO CIUJIaBHA MaTpHIla IpejiaraT 3HAYUTENIeH
NMOTCHIUAJ 3a NPHUJIOKCHUC, ITOPAAN JICKOTO CHU TCIJIO U )106p1/1Te CH MCXaHHUYHH I1OKa3aTCJIu,
ChUETAHU C MMOJA00pEeHa U3HOCOYCTONUYMBOCT. Pa3paboTeHu ca AUCTIEPCHO YSIKYCHH MaTepHalu
C aTyMHMHHEBA MaTPHUIIAa Ype3 U3BBPIIBAHE HA IPEIBapUTETHA 00paboTKa Ha ysaKJaBamiaTa (asza
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3a OCUT'ypsiIBaHE Ha IO-II'BJIHOTO i yCBOsIBaHE OT MeTajiHaTa MaTpuua. [Ipeayara ce HOB oaxon
3a MoAOoOpsBaHE OMOKPSIHETO Ha ysdKdaBamiara (haza OT MeTajHaTa CTOMNMJIKA MpH JIEEHE,

U3M0JI3BAL] HOKPUBEH (DIIFOC M MEXaHUYHYU BUOPALMK U3BBH YITpa3ByKoBus auanas3oH [I° 8.12,
I 8.19].

W3cnenBana € Bb3MOXKHOCTTA 32 Ch3/1aBaHE HA CHHTEPOBAHU KOMITO3UTHU MaTEpUaIN
Ha OCHOBaTa Ha AJyMHHUEBH CTPYXKH Ipu cbBMecTHO Mertanusupane (Ni-Cu-P) nHa
allyMHHUEBaTa MaTpulla M Yysk4aBamara / passkuaBamarta ¢asza. 3a Ch3JaBaHETO Ha
CHHTEPOBAHUTE KOMIIO3UTH Ca W3MOJI3BAaHM ATYMHHHEBH CTPYKKU IPU TPU Pa3MuHU BUAA
JIMCIIEPCHO ysIKYaBalll MaTeprai (alyMUHHUEBA MyJpa, CHIAIUEB KapOHu/ U BBIIICPOJIHH HAHO
tppOuuku) [B 4.5, T' 8.16]. Ch3nageH € KOMIIO3UTEH MaTepuall ¢ alyMHHHEBO CIUIaBHA
MaTpHIla CbC CbBMECTHO METATTM3UPAHU KOMIIOHEHTH, CHCTOSII CE OT CTPY>KKH OT aTlyMHUHHEBA
criaB (AISi9Cu3), mukpoyactuiy ot cuunueB kKapoua (SiCp) u BpriIepoHr HAHOTPBOMYKH
(BHT), cunTtepoBanu 3aemHo ¢ mpax oT amymuHueBa ciuiaB (AlSilOMg), cien chbBMECTHO
6e3rokoBo Metanuzupane (Ni-Cu-P) [B 4.5, T" 8.16].

3. ®u3n4HO U CUMYJ/IAIIMOHHO MOJ€/IUPaHEe HA MPOUECH OT TEXHOJIOIUS HA MaTEPUAJIUTE

M3non3BaneTo Ha CHUMYJAIIMOHHOTO Mojenupane upe3 cnenuanusupann CAD/CAE
nporpaMHu nponayktd, karo SysWeld, Quantor Form u mp., € cbBpeMeHeH MoAXon 3a
OonpeaAc/sIHC Ha TCXHOJOTHUYHUTEC IMapaMCTpHU M aHAJIM3 Ha HOPOUECUTEC B TCXHOJIOrWsS Ha
marepuanuTe. BepudunupaneTro Ha CHMYIHMpaHHTE MPOLECH MOXKE Ja C€ HM3BBPIIM Ype3
1ab0paTOPEH eKCIEPUMEHT U/WIH PU3UIHO MOJICTUPAHE.

IIpoBenen e aHanu3 Ha AeQOpPMAlMOHHUS MpPOIEC MO BpeMe Ha IUIa3MEHO-IBIOBO
HaBapsiBaHe upe3 3D cumynanusa ¢ CAD/CAE nporpamen npoaykt SysWeld, usnonssaiiku
Visual Environment [I" 7.1]. Llenta Ha cuMynamusTa € 1a ce BU3yalIn3upa pa3npeaeCHUETO
Ha HaIperHaTo-1e(pOPMHPAHOTO CHCTOSHHE KaTO pe3yJiTaT OT HaBapsBaHE NPH THUITUYHU
TEXHOJIOTUYHH MapaMeTpy Ha TUIa3MEHO-IAbroBata 00paboTka, KOUTO MOTaT Jia ce M3MOI3BaT
3a oOydeHHne. AHAM3UPAH € 3aBapbUHUAT mpolec Ha T-00pa3HO CheIMHEHHUE C JIBYCTpaHEH
3aBapbueH meB upe3 3D cumynamnus, mpoeneHa ¢ CAD/CAE maker 3a KOMIIOTHpPHA
cumynanus SysWeld ¢ u3nomnssane Ha Visual Environment [ 8.11]. Ilenra Ha cumysupaneTo
€ BHU3yaJIM3UpaHE pas3lpelelieHHeT0 Ha TEMIepaTypHUTE TIIoJieTa H  HaIperHaro-
nedopMaImoHHOTO ChCTOsIHUE, B pe3yataT oT MAIT 3aBapwpueH mpoiiec, KOETo na Obie
U3I0JI3BAHO 32 00y4YeHHE Ha CTYJEHTH.

NzcnenBano e hopmupanero Ha mesa npu BUI 3aBapsiBane Ha cromana AISI 304, kato
IpH W3MOJd3BaHe Ha D-onTumaneH miaH Ha eKcrlepuMeHTa U o0paboTBaHE Ha IMOJIYYEHUTE
pe3yJaTaTH ca MOJIYYeHH PErpeCHOHHHN YpaBHEHHS, ONMCBAIIM 3aBUCUMOCTTA Ha IIMPOYMHATA
Ha [IeBa U AbJIOOYMHATA Ha TPOBapa B 3aBUCUMOCT OT CKOPOCTTAa Ha 3aBapsBaHe U rojieMUHaTa
Ha 3aBapbuHus Tok [ 7.5].

Cp3naBaHeTo Ha BHPTYAIHM DELICHUs B cpejaTa Ha MporpaMHusi mpoaykT Quantor
Form na pasnuunu mporecu Ha MijacTU4HaTa JgedopManus € CBbpP3aHO C aHaIM3MpaHe Ha
BBH3MOKHOCTHUTE 32 HEHHOTO MHTEH3U(UIIPAHE U U3BEXKIAHETO HA OCHOBHHM 3aKOHOMEPHOCTH
0e3 mpeABapuTEeIHO U3padOTBaHEe Ha MHCTpyMeHTanHa ekunuposka [ 8.17, " 8.18, I" 8.20].

Pa3paborena e HOBa KMHEMaTHMYHa CXEMa Ha HMHCTPYMEHTAJHa EKUIIHPOBKA 3a
paBHOKaHaJIHA EKCTPY3US U € peaju3upaHa HellHaTa KOHCTPYKIUS, pa3paboTeHa Ha MOJyJIEH
npuHuMI. M3cienBaHu ca CTPYKTYpHUTE W3MEHEHHS HAa HHMCKOTONMMM CIUIaBH (O-TBBPI
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Pa3TBOp Ha OJIOBO C AaHTUMOH M TEXHUYECKHU YHCT aJTyMHHUIT) CIIe]l FHTCH3UBHO Je(hopMHUpaHe
uype3 nBybriioBa ekctpy3ust [[08.7]. OmpeneneHn ca HW3MCHEHHATA B MEXaHHUYHHTE
XapaKTEPUCTHKH Ha U3XOJAHU U 1e(hOPMUPAHU 3aTOTOBKU OT TEXHUYCCKU YUCT ATyMUHHH MTPH
JIBYBIJIOBA €KCTPY3HsI CJE]l U3NMTBAaHE HAa MUKPOTBBPJIOCT, €AHOMEPEH OIbH M aKCHUAITHO
cruiecksane [ 8.7].

W3cnenBaHo € WM3MEHEHHETO HA CTPYKTypara W MHUKPOTBBPIOCTTA MPH TEPMO-
MeXaHU4HO 00paboTBaHe upe3 (PU3NIHO MOJICTHpAHE HAa MHTCH3MBHA TUIACTHYHA e opManus
NpU JBYBIJIOBA PAaBHOKAHAIHA EKCTPY3US Ha TEXHHYECKH YUCT alyMUHUI. YCTaHOBEHO €
U3MCHCHHE B CTPYKTYpaTa, BCJCACTBUE U3BBPIICHATA [TOCICI0BATEIHA MEXaHUYHO-TEPMHUYHA
00paboTka (MHTEH3MBHA TIUIACTUYHA JedopMalvs W CIEIBAll0 HarpsBaHe IPH HUCKU
TEMIIepaTypH), XapakTepusupaiia ce ¢ popmupane Ha HOBa cyocTpykTypa [I” 8.10].

WuTeHsuduuupane Ha aedopManuuTe MOXKe Ja Oblie M3BBPIICHO C MOMOINTA Ha
MOJIBM)KHA MAaTpHIla, KOSTO CE BHPTH B PAaBHUHA, NMEPHCHIUKYJSPHA HAa JIBUKCHUETO Ha
MOAHCOHA, MPU KOETO 3aroTOBKAaTa C€ YCYKBa €JIHOBPEMEHHO C MpoIleca Ha EKCTPYAHpaHE.
CpaBHeHU ca JiBe BUPTYaJIHU PEIICHUS Ha MPolieca Ha eKCTPYIUPaHe C YCYKBaHE C pOTallHs Ha
KOHTEWHEpa U C pOTaIis Ha MaTPUIaTa, 10 OTHOIIICHHE HA FOJIEMUHATA U HEPAaBHOMEPHOCTTA
Ha akymynupanute nepopmarmu [I' 8.20]. YcraHoBeHO €, Ue mpH BhpTAIIA Ce T0JHA MaTPHIA
U KOHTEHHEp ¢ MPU3MATUYCH OTBOP aKyMyJIUpaHUTE JeopMalii OT YCYKBaHE ca OKOJIO J[Ba
IBTH TI0-TOJIEMH, HE3aBUCHMO OT €IHaKBaTa cterneH Ha pexykiust [[T 8.20].

Cxemara Ha paBHOKaHaJHA €IHOBIVIOBA EKCTPY3Hs C IOJBHMXKEH MMOAHCOH-MATpPUIIA,
KaTo TPOIEC 3a MHTEH3WBHA IUIACTHYHA JedopMals C peAylHpaHd CHIM Ha TPUEHE, €
aHaJM3WpaHa IO OTHOIICHWE Ha akymyiaupanute aedopmarmu [I° 8.17]. CpaBHenu u
aHaJIM3MPaHU ca YETHPH CXEMH, 10 OTHOIICHHE Ha e(DeKTUBHUTE Ae(hOPMAITUH 1 3aBHCUMOCTTA
UM OT KOHTAKTHOTO TpHeHe. Jloka3aHO e, 4ye HEepaBHOMEPHOCTTa Ha aedopMaiMuTe U
3abJIBAHETO Ha Ie(OPMAIIMOHHOTO MPOCTPAHCTBO, 3aBHCAT OT YCJIOBHATA HAa KOHTAKTHO
tpuene [I" 8.17].

PaBHOKaHanmHaTa BIVIOBa €KCTPY3Hs, NIpPU KOATO 3aroToBKAaTa ce H3TJIACKBa OT
MOJIBUKEH IOAHCOH MPEe3 MaTpHUIIA C JIBa MPECHUYallly CE O] bI'bJl KAHAIH C €JHAKBO HAIIPEYHO
CeueHue, MOXKe J1a Ce pealu3rnpa KaTo HENPEeKbCHAT/IPOABIKUTEIICH MIPOLIEC Upe3 3aXBalllaHe
Ha JIbJITaTa 3aroTOBKa 4Ype3 BallloBaHe B KauUOpHM U CIEABALO EKCTpyAUpaHe
(ECAE Conform). CpaBHeHu ca JiBa Tpolieca 3a paBHOKaHaIHa KCTPY3HUs - C PeIyLHUpPaHu U
AKTUBHM CHUJIM Ha TpUEHE, 10 OTHOLIEHWE Ha TOJIEMUHAaTa M HEPAaBHOMEPHOCTTa Ha
aKyMyJIMpaHuTe JedopMaluy MpPU €THAKBU BIIM HAa KPBCTOCBAHE HA KaHAJIUTE C pPaBHO
ceueHHe. YCTaHOBEHO €, 4e ToJieMHHaTa Ha e(eKTUBHUTE aedopMaluy MIpu Ipoleca
ECAE Conform e mo-roisiMma OT Te€3W NpU paBHOKaHAJIHA €KCTPY3Usl C MOJBUKEH MMOAHCOH-
MaTpHlla, KOETO 3aeJHO C JAbDKMHAaTa Ha JaedopMupaHaTa 3aroToBKa JIeMOHCTpHpa
IpeMMCTBaTa Ha KOHCTPYKTHBHATA CXeMa ¢ aKTUBHU cvin Ha TpueHe [ 8.18].
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INPUHOCH

B HAYYHHUTE TPY/AOBe
Ha 1J1. ac. 1-p Paiina bosinosa /lumurpoBa

3

IpE/ICTaBEeHH 3a yJacTHe B KOHKYPC 3a 3aéMaHe Ha aKaJeMUYHaTa JIIBKHOCT ,,TOIIEHT
B 00J1aCT Ha BUCIIETO oOpa3oBaHue 5. TeXHUYECKH HaYyKH,
npodecroHanHo Hanpasienue 5.1 MammHHO HHXEHEPCTBO,

Hay4YHa CIEIHMATHOCT ,,MaTepruasio3HaHUue U TEXHOJOTHs Ha MAITMHOCTPOUTEIIHUTE
Marepuaiu’
o0siBeH B [IbprkaBen BecTHuk Ne 24/25.03.2022

1. Hay4HO-NPWJIOKHU NPHHOCH

1.1 YCBbBBPIICHCTBAH € CHh3/IaJICHUAT Pa3TBOP HA OCHOBATA HA JIBE HUKEJIOBH COJU (€IHATa OT
kouto HukenoB xyuopun (NiClz)) ¢ men ynTpa3ByKoBO XMMHYHO CIUIaBSIBaHE NpU OE3TOKOBO
(xMMHUYHO) HaHacsiHe Ha MarHUTHH MertanociuiaBHu nokputusi (Ni-Cu-P u Ni-Sn-P) Bepxy
HEMETaJICH TUCIIEPCeH CyOCTpaT OT KEpaMUYHU MPaXOBE U BBITIEPOIHHU BIIAKHA Upe3 J00aBsIHE
Ha Japyrd MetanHu comd — wmeneH cyindar (CuSOs) w/mnmm kamaeH cyiadar (SnSOa),
XapakTepusupaly ce, ¢ M3MO0J3BaHE CaMO Ha YITPa3BYKOBO TPETUpPaHE 3a CTapTHpaHe U
3aBBPIIBAHE HA peaknuaTa 6e3 onmbIHUTENHO HarpsiBaHe [B 4.1, B4.2, B4.3,B4.4,B4.5, B
4.6,B4.7,T 8.16].

1.2 [ToTBBpIEHO €, Ye METAIN3UPAHETO Ha TUCIIEPCHUS CyOCTpaT M03BOJIsIBA €(PEKTUBHOTO MY
U3I0JI3BaHe 32 ysK4aBalla (a3a B KOMIO3UTHU MaTepHajId C METAIHA/IOJIMMEepHa MaTpHLa U
IpH Ch3aBaHe Ha HM3HOCOycToW4mMBM mokputus [B 4.1, B 4.2, B 4.3]. TlotBbpaeHu ca u
BBH3MOKHOCTHUTE Ha Ch3/AaJICHUs pa3TBOP 32 XUMHYHO CILIaBsBaHEe BbPXY METaJeH CyOcTpar OT
anymuHueBH ciutasu [B 4.5, T 8.16].

1.3 Cp31ajieH € HOB pa3TBOp 3a OE3TOKOBO (XMMUYHO) HaHACSIHE Ha HUKEN-KoOanT-pocdopHa
criaB (Ni-Co-P), upe3 pastBop ot HukenoB xjopua (NiCly) u xobanros cyiadar (CoSOs),
BbpPXy MeTalleH cyOcTpaT OT TUTaH M TutaHoBa cruiaB TiAl6V4 npu wusnonsBaHe Ha
npeaBapuTeNiHO TanBaHuuHO akTuBupane [[M7.7, T 8.21]. IlpemiokeH e HOB pa3TBOp Ha
ocHoBaTa Ha Wood’s nickel strike npu pa3auyHu ChOTHOIIEHUS HUKEN — KOOANT, U3MOJ3BaH
3a TaJlBAHMYHO aKTHBUpPaHe Ha TUTaHOoBH ciuwiasu [[" 7.7, T 8.21].

1.4 TIpennoxena € KOHIIETIIINS 33 TOBBPXHOCTHO MPETOTSBAIIO JISTUPAHE Ha METaJIeH cyOcTpaT
ype3 JIOKaJTHO BHUCOKO TemrepaTypHo Bb3AeiicTBue (BUI/MUIT naBapsiBane, mocioitHO
Ja3epHO Pa3TOMsSBaHE M EJIEKTPOMCKPOBO HAIUIACTSIBAHE) BBPXY MPEIBAPUTEIIHO HAHECECH
MEKIHHEH CIIOH, ChIbpKalll KepaMHuHaA /WM HeMeTalaHa yskdaBamia ¢asa [B 4.1, B 4.3,
B4.4, B4.11, I'7.7, ' 8.9, I"8.14, T 8.15]. Paspadorenust ¢moc (MgCly, NaCl, KCl u
NasAlFg), o6pa3ysaril mpu HarpsiBaHe HUCKOTOITMMA €BTEKTHKA, € U3IOJI3BaH 3a Mo00psBaHe
Ha OMOKPSIHETO Ha ysiK4yaBaiia (haza oT aryMUHUEBaTa CTOIMIKA TPy HaBapsiBane [B 4.1, B 4.2,
B 4.3, I' 8.12]. HU3cnenBanu ca BB3MOXKHOCTUTE 3a €JIEKTPOMCKPOBO HAIIACTSBAHE BBPXY
IpeIBapUTEIHO MOBBPXHOCTHO 00pabOTeH CyOCTpaT OT TEXHMUECKH TUTAH M TUTAHOBA CIUIAB
TiAI6V4 [B 4.11].

1.5 YcranoBeHo e, ue orpunatentara nojsipaoct npu EMH e no-noaxossma 3a Mogudunupane
Ha TUTaH U TUTAHOBH CIUIaBH, ThH KaTO CE€ Ch3AaBAT IMOKPUTHUS, KOUTO CE XapaKTepH3UpaT C
noJo0peHa XOMOTEHHOCT M Tomorpadus Ha MOBBPXHOCTTa UM, KaKTO M Y€ OTpHIIATEIHATa
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MOJISIPHOCT BOJIM /10 HAMAJIsIBAaHE Ha €pO3UNHUS e(DeKT MPH €IEKTPO UCKPOBO HAIIACTABAHE HA
tutaHoB cyoctpar [B 4.10, B 4.11].

2. IIpunoKHM NPUHOCH

2.1 Ipemnoxxkena e KoHIenuus 3a mpeasaputenHo Hukenupane (Ni-P) wunm  Huken-
nomennsBane (Ni-Cu-P) Ha BCHYKM KOMIIOHEHTH NpPU CHHTEPOBAaHE Ha JUCHEPCHO YSIKYCHU
KOMITO3UTHHU MaTepHaiu ¢ anymuHueBa marpuna [B 4.5, B 4.7, " 8.16].

2.2 Jloka3zaHM ca BB3MOXKHOCTUTE 32 EJIEKTPOMCKPOBO HAIUIACTSBAHE HAa TBBHPJOCIUIABHU
MOKPUTUS BBHPXY TUTAaH W TuUTaHoBa cmuaB TiAl6V4 ¢ kimacudeckw TBBPAOCIUIABHH,
MHOTOKOMIIOHEHTHH KOMITO3UIIMOHHU U HAHOCTPYKTYPUPAHU elNeKTpoanu Matepuanu 3a EMH
py ONTHMH3MpaHHU PeXXUMH Ha HarutacTsBane [B 4.8, B 4.9, B 4.10, B 4.11, B4.12, B 4.13,
I" 7.8]. PazpaboTenu ca u ca U3ClIeIBaHU HOBU ChCTABH 32 MHOIOKOMITOHEHTHHU €JIEKTPOIH 32
EVMH NWW10T10B10 u KWT10B10), kakTo 1 HOB ChCTaB 32 HAHOCTPYKTYPUPAH E€IEKTPO]
3a EMH (TiB2-TiAl)"".

2.3 Ouenenu ca Hanomokputus ot TiN, CrN u WN, HamiacteHu 4pe3 MOCTOSHHOTOKOBO
MarHeTpoOHHO pa3lipalllaBaHe BbpPXY pPEXelld IIACTHHH OT MHCTPYMEHTAIHH OBbp30peKenu
cromanu (W320, P18) u tBbpaa ciutaB (KM1), ¢ 1ien moBuiiaBaie Ha M3HOCOYCTOMYMBOCTTA
um [I" 8.13].

2.4 NzcnensaHo € oTiaraHeTo Ha cioeBe oT xunapokcuanatut (HAp) Bepxy 3D-npuntupanu
obpasuu ot TI6AI4V 3a MOTEHHMATHO MPHUIOKCHHE KATO HMMIUIAHT. YCTaHOBEHO €, dYe
MopdororusTa Ha Kpuctamute oT HAp 3aBUCAT OT MeTOJa Ha OTJIAraHETO UM, HO HE U OT
HauyMHA Ha Npe/iBapuTesiHa 00paboTKa Ha moBbpxHocTTa. [I7 7.4].

2.5 W3cnenBaHo € BIMSHUETO M3IOJI3BAHETO HAa OMO-KepaMUYHH MaTEepHaIH 32 MOTEHIIHAITHO
NPWIOKEHUE MPU U3pabOTBAaHETO HAa MMIUIAHTH / eHJIonpoTe3u Ha Oa3ata Ha TiO2 ¢ manku
kommdectBa Nb2Os, ¢ 1en yBennuaBaHe Ha W3HOCOYCTOWYHBOCTTA M JBITOTPAWHOCTTAa HA
usnon3paneto um [I[" 8.4, I" 8.5].

2.6 N3cnenBano € M3MEHEHHETO Ha CTPYKTypaTa M MUKPOTBBPAOCTTA MIPH TEPMO-MEXaHUIHO
00paboTBaHe upe3 PU3NIHO MOJIeTUPaHE Ha pAaBHOKAHAIHA €KCTPY3HS U PEKPUCTAIA3AIUS Ha
OJIOBHHM CIUIaBH U TexHU4ecku uuct anymunuii [I° 8.7, T 8.10].

2.7 V3cnenBanu ca mpoLeCUTe Ha TIa3MEHO-AbrOBO HaBapsiBaHE HAa M3HOCOYCTONYMBH CIIOEBE
[[7.2, 786, 87, I'8.8, I'8.9], karo e aHaIM3MpaHO pa3MPeICICHUETO Ha HAIpPErHaTo-
ne(OpMaLlMOHHOTO CBhCTOSHME NpU HaBapsiBaHe M 3aBapsiBaHe upe3 3D cumynauus c
nporpamer npoaykr SysWeld [I" 7.1, T" 8.11].

2.8 Pa3pabotenu ca opuruHaiHu 3D BUpTyallHU pelIeHUs U € pealu3upaHo CUMYJIAIMOHHO
MOJICIUpaHe Ha MHTEH3WBHA IUIaCTHU4YHa JedopMalus Ha paBHOKAHAJTHA EKCTPY3Hs C
NOJBM)KEH IIOAHCOH MAaTpHIla, EKCTPyAHWpaHe C IHUKIMYHO YCyKBaHe M HENpeKbCHATa
paBHOKaHasHA ekcTpy3us (Conform mporec), ¢ moMolnra Ha mporpameH mpoaykt Quantor
Form [I"8.17,T 8.18, T" 8.20].

2.9 Upe3 aHanuzupaHe Ha pe3ylTaTHTE OT CUMYJAIMOHHO MOJEIUpPaHE € MOTBBPICHO, Ye:
U3II0JI3BaHaTa aHAJIMTHYHA 3aBHCHMOCT 3a OIpeJeisiHe Ha eQeKTHUBHHUTE AedopMalvu Ipu
€/THOBIIJIOBA paBHOKAHAIHA €KCTPY3Us 32 Pa3IMYHUTE BIIU HA MpecHYaHe Ha KaHAIUTE HE
OTYMTa KOHTAKTHOTO TPUEHE W HepaBHOMepHOCTTa Ha aedopmaruure [ 8.17, I 8.18]; mpu
eKCTpyIUpaHe C YCYKBaHE, YBEITMYaBaHETO Ha 000POTHUTE HA BEPTEHE BOH 10 HAMaJIsiBaHE Ha
cujiaTa 3a eKCTpyaupaHe u 10 HHTeH3uduIpane Ha akymyaupanute aedopmanuu [I" 8.20].
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SUMMARY

of published scientific works
of asst. prof. Rayna Boyanova Dimitrova, PhD

presented for participation in a competition for the academic position of “Associate
Professor” in scientific field 5. Technical
sciences, professional field 5.1. Mechanical Engineering,
specialty “Materials Science and Technology of Engineering Materials”,
announced in State Gazette no. 24/25.03.2022

Forty-two research papers were submitted to the competition, exceeding the relevant minimum
requirements, which include:

- 13 scientific papers, published in refereed and indexed in world-renowned databases of
scientific information, which are included as equivalent to a monographic thesis under indicator
B 4;

- 8 scientific papers, published in refereed and indexed databases with scientific information,
as performance of group I in indicator I" 7;

- 21 scientific papers, which are in non-refereed referenced journals, as performance group /I
under indicator /I 8.

Additionally, a utility model (which is not taken into account in the final assessment in the
Report on the fulfilment of the minimum national requirements) is presented.

The candidate’s scientific works are systematized in the following areas:

1. Creation of hard-alloyed wear resistant coatings on non-metalic reinforcing phase,
aluminium and titanium alloys
1.1 Deposition of nickel alloy coatings on non-metal reinforcing phase, aluminium and
titanium alloys
1.2 Study of hard-alloyed coatings on metal matrix
2. Composite dispersive reinforced materials with metal and non-metal matrix
3. Physical and simulation modelling of materials technology processes

1. Creation of hard-alloyed wear resistant coatings on non-metal reinforcing phase,
aluminium and titanium alloys
1.1 Deposition of nickel alloy coatings on non-metal reinforcing phase, aluminium and
titanium alloys

Electroless (chemical) metallization of ceramic particles and carbon fibers, used for the
reinforcing phase in the creation of metal-polymer matrix composites, is a convenient and
relatively inexpensive way to apply a dense and uniform metallic coating to non-metallic
materials. The metallization of the annealing phase in metal matrix composites is aimed at better
wetting from the melt and realizing better adhesion between the metal matrix and the non-
metallic particles, as well as avoiding chemical reactions between them. The created utility
model is a solution based on two metal salts (nickel sulfate (NiSOa) and nickel chloride (NiCl.))
for ultrasonic chemical deposition of nickel alloy coatings on non-metallic powders, carbon
fibers and nanotubes for use as a reinforcing phase in metal and polymer matrix composites [B
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4.1,B4.2,B43,B4.4,B4.5,B4.6,B 4.7, ' 8.16], characterized by using only ultrasonic
treatment to start and complete the reaction without additional heating. Deposition of electroless
Ni-P coating on nano-sized powders and carbon tubes is carried out at room temperature under
ultrasonic bath conditions, due to which agglomeration during metallization is avoided.

The effect of ultrasonic electroless (chemical) metallization of carbon microfibrils
(CMFs), carbon nanotubes (CNTSs), and aluminum sintering chips used as a reinforcing phase
in the creation of metal and polymer matrix composites was studied [B4.5,B4.6,B4.7,T 8.16].
The effectiveness of the developed basic solution for chemical metallization based on two metal
salts regarding the deposition of nickel-phosphorus, nickel-copper-phosphorus and nickel-tin-
phosphorus alloy coatings on a dispersive substrate [B 4.1, B4.2, B4.3,B4.4,B4.5,B4.6, B
4.7, T 8.16]. The mechanical characteristics of electroplated Cu-Ni-Cr coating on low carbon
steel, under predetermined morphology, structure, texture, composition and layer thickness,
were examined by nanoindentation. Changes in the mechanical properties of the studied system
in depth and along the layer, as well as at the layer-layer and layer-substrate interfaces were
analyzed [I" 7.3].

The influence of pretreatment and deposition method of hydroxyapatite (HAp) layers
on Ti6AIl4V titanium alloy for potential application as an implant was studied [I" 7.4]. The
possibilities of electroless nickel-cobalt-phosphorus alloy deposition on titanium substrate and
titanium alloy TiAI6V4 using pre-galvanic activation have been studied [I" 7.7, T" 8.21]. The
influence of copper preliminary deposition and the use of cobalt in surface pre-activation on
the percentage of phosphorus in the subsequent electroless plating was evaluated [I" 7.7]. The
possibility of electroless chemical plating of a nickel-phosphorus alloy on titanium alloy OT 4
used in aviation was investigated using a solution with two salts (nickel chloride and cobalt
chloride) with prior galvanic activation of the surface [I" 8.21]. The structural properties of a
7075 aluminium alloy reinforced with nanodiamond and tungsten stored for 28 months under
different conditions (in ground conditions and mounted on the outside of the International Space
Station) were studied [I" 7.6].

1.2 Study of hard-alloyed coatings on metal matrix

The rapid development of the energy industry requires materials combining high
strength, corrosion and abrasion resistance for the manufacture of vessels and equipment.
Aluminum and titanium, as well as their alloys, are basic materials used in aerospace, vessel
building, biomedical and chemical industries. Despite their widespread use, however, they have
relatively low hardness and wear resistance that limit their application. One of the ways of
avoiding these disadvantages is the application of wear-resistant hard-alloyed coatings by
welding [B 4.1, B 4.2, B 4.3], surface remelting alloying [B 4.4, " 8.14, I" 8.15], electroless
deposition [B 4.9, B 4.12, B 4.13], etc.

Plasma arc welding and surfacing processes are reviewed and analyzed in terms of their
application technologies, mechanical characteristics and wear resistance, as well as the quality
of the resulting product and coating [I" 7.1, I" 8.6, I" 8.8]. The possibilities of creating an
intermediate alloy layer with high carbon content and increased hardness in a low-carbon steel
matrix by pre-deposition of a graphite-based alloying material by plasma arc surfacing with a
low-carbon electrode material have been studied [I" 8.9]. The main manufacturing methods for
the production of clad steels (two-layer materials), their application and technological
possibilities for welding are discussed [I" 8.2]. The specifics of welding of corrosion resistant
clad steels in the manufacture of industrial constructions are analyzed [I" 8.3].
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The tribological characteristics of welded surface layers of dispersive reinforced by
ceramic particles material on technically pure aluminium were determined [B 4.1, B 4.2, B 4.3].
A surfaced surface layer was created on an aluminium metal matrix by pre-applying a layer of
flux — resistant baked film, containing electroless nickel plated micro/nano particles of silicon
carbide deposited by arc surfacing in an shielding inert gas environment with a fusible electrode
(MIG) and a non-fusible electrode (T1G), with a standard filler material [B 4.1]. During baking,
the flux components (MgClz, NaCl, KCI and NazAlFs) form a low-melt eutectic that: protects
the surface to be surfaced from oxidation, provides electrical conductivity and keeps the
particles on the surface during surfacing, facilitating wetting of the particles and their bonding
to the molten metal in the welding bath [B 4.1, B4.3]. Examination after VIG surfacing using
flux with nano SiC shows no imperfections, porosity and slag inclusions, as the increased wear
resistance and nanohardness is due to the nickel-coated micro/nano SiC particles phase
incorporated in the reinforced layer [B 4.1, B 4.3]. The layers are deposited on technically pure
aluminium by surfacing in a shielding gas environment using the TIG method with a filler
material of dispersion-reinforced aluminium. The welding wire is obtained by extrusion of a
composite billet containing metallized and flux-coated silicon carbide micro/nanoparticles. An
increase in the wear resistance of the welded layers and hardness was found, which was due to
the reinforcing phase of metallized micro/nano SiC particles implanted in the surfaced layer [B
4.2].

The change of the mechanical characteristics and, in particular, the wear resistance of
dispersive reinforced with silicon carbide particles layers micro-surfaced in surface remelting
alloying by selective laser melting (SLM) of aluminium matrix was studied [B 4.4, T" 8.14, T’
8.15]. Wear resistance was examined, nanohardness testing was performed, and process
technological parameters (such as scanning speed) and their influence on wear resistant layers
were evaluated. Comparative results were obtained for the mass wear, rate, wear intensity and
wear resistance of the micro-surfaced layers, demonstrating the effectiveness of the absorbed
reinforcing phase of chemically nickel plated SiC microparticles in the surface alloyed thin
films [B 4.4, T 8.14, T 8.15].

Electrospark deposition (ESD) is a metallurgical method for creating hard-alloyed
coatings with improved mechanical properties [B 4.9, B 4.13]. The capability of electrospark
deposition of hard-alloyed coatings on titanium alloy TiAl6V4 with classical hard-alloyed,
multicomposite and nanostructured electrode materials for ESD is demonstrated [B 4.8, B 4.9,
B 4.10, B 4.11, B 4.12, B 4.13, T" 7.8]. Comparative studies of the characteristics and
tribological properties of electrospark deposited coatings of TiC, TiN, TiCN and TiB2 based
hard-alloyed materials deposited on Ti6Al4V titanium alloy have been carried out [B 4.12]. It
has been confirmed that the polarity reversal in ESD is associated with changes in coating
quality and thickness [B 4.10]. Electrospark deposited coatings formed on Ti6Al4V titanium
alloy from tungsten-free and multi-component hard alloys, and those with nano-additives
deposited by a low pulse energy vibrating electrode device were studied. The influence of
energy modes and layering electrode materials on the thickness, composition, structure and
microhardness of the obtained coatings has been studied [B 7.8].

The process of deposition and mass transfer from the electrode is also associated with
electroerosive effect on the titanium substrate, which degrades the surface characteristics and
reduces the mechanical properties of the hard-alloyed layer. The possibilities of electrospark
deposition of hard-alloyed coatings on a pre-surface treated substrate of technical titanium and
titanium alloy TiAl6V4 have been studied [B 4.11]. The optimum modes and polarity for
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deposition have been examined, and it has been found that the negative polarity results in a
reduction of the erosion effect regardless of the presence and type of pre-coating [B 4.10, B
4.11].

2. Composite dispersive reinforced materials with metal and non-metal matrix

Sintered composite materials are used in medicine to produce a range of implants [I"
8.4]. A bio-synthesized ceramic material for the manufacture of endoprostheses components
based on TiO2 with small amounts of Nb205 was investigated. The change in its mechanical
properties (bending strength and compression strength) was found to depend on the content of
the two oxides and the temperature of their sintering [I" 8.5]. The obtained TiO2-Nb20O5 bio-
ceramic material was compared with AlI203-ZrO2 ceramics used for the fabrication of
endoprostheses [I" 8.5].

Aluminium alloy matrix composites offer significant application potential due to their
light weight and good mechanical properties combined with improved wear resistance.
Dispersively reinforced aluminium matrix materials were developed by pre-treating the
reinforcing phase to ensure its more complete adsorption by the metal matrix. A new approach
is proposed to improve the wetting of the reinforcing phase of the metal melt during casting
using a coating flux and mechanical vibrations outside the ultrasonic range [I" 8.12, I" 8.19].

The possibility of creating sintered composites based on aluminum chips by co-
metalizing (Ni-Cu-P) the aluminum matrix and the reinforcing/softening phase was studied.
Aluminum chips were used to create the sintered composites with three different types of
dispersion hardening material (aluminum powder, silicon carbide, and carbon nanotubes) [B
4.5, T 8.16]. An aluminium alloy matrix composite material with co-metallized components
was created, consisting of aluminium alloy chips (AISi9Cu3), silicon carbide microparticles
(SiCp) and carbon nanotubes (CNTs) sintered together with aluminium alloy powder
(AlISi10Mg) after electroless co-metallization (Ni-Cu-P) [B 4.5, T" 8.16].

3. Physical and simulation modelling of materials technology processes

The use of simulation modeling using specialized CAD/CAE software products such as
SysWeld, Quantor Form, etc., is a modern approach for determining process parameters and
analyzing processes in materials technology. Verification of the simulated processes can be
performed by laboratory experiment and/or physical modelling.

An analysis of the deformation process during plasma arc surfacing was carried out by
3D simulation with the CAD/CAE software SysWeld using Visual Environment [I" 7.1]. The
purpose of the simulation is to visualize the stress-strain distribution as a result of surfacing
under typical plasma-arc processing technological parameters that can be used for training. The
welding process of a T-joint with a double-sided welding seam was analyzed by 3D simulation
carried out with the CAD/CAE computer simulation package SysWeld using Visual
Environment [I" 8.11]. The purpose of the simulation is to visualize the distribution of
temperature fields and the stress-strain state resulting from the MAG welding process to be
used for student training.

The seam formation in VIG welding of AISI 304 steel was studied, using a D-optimal
experimental plan and processing the obtained results, regression equations describing the
dependence of the seam width and the penetration depth on the welding speed and the
magnitude of the welding current were obtained [I" 7.5].
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The creation of virtual solutions in the Quantor Form software environment of various
plastic deformation processes is related to the analysis of the possibilities for its intensification
and the derivation of basic regularities without pre-manufacture of tooling [I" 8.17, I" 8.18, "
8.20].

A new kinematic scheme of tooling for equal-channel extrusion has been developed and
its construction, developed on a modular principle, has been realized. The structural changes of
low-melt alloys (a-solid solution of lead with antimony and technically pure aluminium) after
severe deformation by double-angular extrusion have been investigated [I" 8.7]. The changes in
the mechanical characteristics of output and deformed billets of technically pure aluminium in
double angular extrusion after microhardness, tensile and axial compression tests have been
determined [T" 8.7].

The change of structure and microhardness during thermo-mechanical processing was
investigated by physical modelling of severe plastic deformation in double-angular equal-
channel extrusion of technically pure aluminium. A change in the structure as a result of
consistent mechanical-thermal treatments (severe plastic deformation and subsequent heating
at low temperatures) characterized by the formation of a new substructure was found [T" 8.10].

Deformation intensification can be carried out by means of a movable die that rotates in
a plane perpendicular to the motion of the ram, whereby the billet is torsioned simultaneously
with the extrusion process. Two virtual solutions of the torsion extrusion process with container
rotation and with die rotation are compared with respect to the magnitude and non-uniformity
of the accumulated deformations [I" 8.20].

The scheme of equal-channel single-angular extrusion with a moving ram-die, as a
process for severe plastic deformation with reduced friction forces, has been analyzed in regard
to the accumulated deformations [D 8.17]. Four schemes are compared and analyzed regarding
effective deformations and their dependence on contact friction. It has been proved that the
deformation non-uniformity and the deformation space filling depend on the contact friction
conditions [I" 8.17].

Equal channel angular extrusion in which the billet is pushed from a movable ram
through a die with two crossing angled channels with equal cross section, can be realized as a
continuous/continuous process by clamping the long billet by calibre rolling and following
extrusion (ECAE Conform). Two equal-channel extrusion processes, with reduced and active
friction forces, are compared with respect to the magnitude and non-uniformity of the
accumulated strains at equal cross-sectional angles of the channels. It is found that the
magnitude of the effective strains in the ECAE Conform process is larger than those in equal-
channel extrusion with a moving ram-die, which together with the length of the deformed billet
demonstrates the advantages of the construction scheme with active friction forces [I" 8.18].
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1. Scientific — applied contributions

1.1 The created solution based on two nickel salts (one of which is nickel chloride (NiCl2)) has
been improved for the purpose of ultrasonic chemical alloying in electroless (chemical)
deposition of magnetic metal alloyed coatings (Ni-Cu-P u Ni-Sn-P) on a non-metallic
dispersive substrate of ceramic powders and carbon fibres by adding other metal salts - copper
sulphate (CuSOa) and/or tin sulphate (SnSOa), characterized by using only ultrasonic treatment
to start and complete the reaction without additional heating [B 4.1, B4.2, B4.3,B4.4,B 4.5,
B4.6,B4.7,T 8.16].

1.2 It has been confirmed that metallization of the dispersive substrate allows its effective use
as a reinforcing phase in metal/polymer matrix composites and in the creation of wear-resistant
coatings [C 4.1, C 4.2, C 4.3]. The capabilities of the created solution for chemical alloying on
a metal substrate of aluminium alloys have also been confirmed [B 4.5, I 8.16].

1.3 A new solution for the electroless (chemical) deposition of a nickel-cobalt-phosphorus alloy
(Ni-Co-P), using a solution of nickel chloride (NiCl2) and cobalt sulfate (CoSO4), on a titanium
metal and a titanium alloy TiAl6V4 substrate using pre-galvanic activation has been developed
[[" 7.7, 8.21]. A new solution based on Wood's nickel strike at different nickel-cobalt ratios has
been proposed and used for galvanic activation of titanium alloys [I" 7.7, T" 8.21].

1.4 A concept for surface remelting alloying of a metal substrate by local high temperature
impact (TIG/MIG welding, selective laser melting and electrospark deposition) on a pre-applied
interlayer containing a ceramic and/or non-metallic reinforsing phase is proposed [B 4.1, B 4.3,
B4.4, B4.11, I'7.7, ' 8.9, I"8.14, I" 8.15]. The developed flux (MgCl2, NaCl, KCI and
Na3AlIF6), forming a low-melting eutectic during heating, was used to improve the wetting of
the reinforsing phase of the aluminium melt during surfacing [B 4.1, B 4.2, B 4.3, T 8.12]. The
possibilities of electrospark deposition on pre-surface treated substrate of technical titanium
and titanium alloy TiAI6V4 have been studied [B 4.11].

1.5 Negative polarity EIN has been found to be more suitable for modifying titanium and
titanium alloys as it produces coatings that are characterised by improved homogeneity and
surface topography, as well as that the negative polarity results in a reduction of the erosion
effect in electrospark deposition on a titanium substrate [B 4.10, B 4.11].
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2. Applied contributions

2.1 The concept of preliminary nickel plating (Ni-P) or nickel-copper plating (Ni-Cu-P) of all
components in sintering of dispersively reinforced aluminum matrix composites has been
proposed [B 4.5, B 4.7, T 8.16].

2.2 The capabilities of electrospark deposition of hard-alloyed coatings on titanium and
titanium alloy TiAl6V4 with classical hard-alloyed, multi-component composite and
nanostructured electrode materials for ESD in optimized deposition regimes have been proved
[B4.8,B4.9, B4.10, B4.11, B4.12, B 4.13, I" 7.8]. New compositions for multi-component
electrodes for ESD (NWW10T10B10 and KWT10B10) as well as a new composition for a
nanostructured electrode for ESD (TiB2-TiAl)"" were developed and studied.

2.3 Nanocoatings of TiN, CrN and WN deposited by DC magnetron sputtering on cutting plates
of high speed tool steels (W320, P18) and hard alloy (KM1) have been evaluated to increase
their wear resistance [I" 8.13].

2.4 The deposition of hydroxyapatite (HAp) layers on 3D-printed Ti6Al4V specimens was
studied for potential application as an implant. The morphology of HAp crystals has been found
to depend on the method of deposition but not on the method of surface pretreatment [I" 7.4].

2.5 The impact of using bio-ceramic materials for potential application in the fabrication of
TiO2-based implants/endoprostheses with small amounts of Nb2Os was investigated in order to
increase the wear resistance and durability of their use [I” 8.4, I" 8.5].

2.6 The change of structure and microhardness during thermo-mechanical processing has been
studied by physical modelling of equal-channel extrusion and recrystallisation of lead alloys
and technically pure aluminium [I" 8.7, I" 8.10].

2.7 The processes of plasma-arc surfacing of wear resistant layers have been studied [I" 7.2, T’
8.6,I'8.7,T 8.8, T 8.9], and the stress-strain state distribution during welding and surfacing has
been analysed by 3D simulation with the SysWeld software [[" 7.1, I" 8.11].

2.8 Original 3D virtual solutions have been developed and simulation modeling of severe plastic
deformation of equal-channel angular extrusion with moving ram - die, extrusion with cyclic
torsion and continuous equal-channel angular extrusion (Conform process) has been realized
using Quantor Form software [I" 8.17, T" 8.18, T" 8.20].

2.9 By analyzing the simulation modeling results, it is confirmed that: the analytical dependence
used to determine the effective starins in single-angular equal-channel extrusion for different
channel crossing angles does not take into account contact friction and strain non-uniformity
[[" 8.17, DI 8.18]; that in torsional extrusion, increasing the rotational rpm results in a reduction
of the extrusion force and an intensification of the accumulated strains [T" 8.20].
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