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1. O0ma xapakTepHCTHKA HA HAYYHON3C/IEI0BATE/ICKATA H HAYYHONPHJIOMKHATA ACHHOCT HA KAHAHAATA
Karo kammumar 1o HAcTOSIIMS KOHKYpC, Aow. I-p uHK. bopsHa IlaneBa e mpencraBuia MaTepHald,
OTpa3sBali MHOTOCTpaHHa, o0eMHa U ChIbpXKaTellHa HayYHOM3CIEeJOBaTeICKa U Hay4YHOIPHUJIOXKHA JEHHOCT, B
pa3uYHM TeMATHYHM HANpPaBIIEHHS OT HayKaTa W MpaKTHKaTa Ha eJIEeKTPOXUMHUYHUTE NpolecH. Tasu neHHOCT
obxBaIma u3cieBaHus BBpXy (GopMupaHe U oXapaKTepU3UpaHe Ha CJIOEBE OT aHOJAEH alyMHUHHEB OKCHJI, KaKTO H
SJICKTPOXUMHUYHO OXapaKTepU3MpaHe Ha HOBH MaTepuUald M pa3paboTBaHe HAa TEXHOJIOIMYHHM IIPOLIECH.
H36poeHuTe mo-rope TeMu, ca OTpa3eHd B o610 67 myOnukanuy, pasaeneHy B yeTupy rpynu. Hayunure Tpynose
B mbpBara rpyna (B), paBHOCTOIHM Ha XaOWIMTAIWOHEH TPYA, BKIIOYBAT M3CICABAHHA B J0OCTa aKTyaJHaTa
Hay4Ha 00JIaCT Ha M3ydYaBaHe Ha IMapaMeTPH Ha MPOLECUTE U CTPYKTYPHH NapaMeTpd mpy GOpMHpaHe Ha MOPECT
AHOJEH OKCHJ BBpXY ayMuHui. B Tasu rpymna ca npencrasenu 11 myOnvkamwm, pedepupanu B Scopus w/mm Web
of Science, ot xouTo Be ca B crucanus ¢ Impact factor uaaukarop u kBaptun Ql, a cemem - ¢ SJR uamukarop. B
IBe OT Te3u myOmukanuu jgou. IlaHeBa e mBpBU aBTOp, a B MeT T4 € Ha BTopo MiActo. He ca mpencrasenn
camocTosTendu mybnukauuu’. Ha Tesu Tpynose crotBercTBar 00mo 194 touku. He ce pasriexaa myGaukamus
B4.3. Bropara (I'7), Tperara (I'8) u yerBbpTaTa (3) rpyna BKIIOYBaT MyOnukaruuy, 6asMpaHy Ha U3CJICABAHHUA C
Hay4YeH U HAyJHO-IIPIIOXKEH XapaKkTep, KOUTO 00XBaINaT TEMHU, CBbP3aHH C U3C/IeIBaHE Ha KOPO3HOHHHM IIPOLIECH,
€JICKTPOXMMUYHO OXapaKTepH3MpaHe Ha HOBH MaTepUald M pa3paboTBaHEe Ha TEXHOJIOTMYHHU mpouecH. OOmusaT
Opoit Ha cTaThuTe W AOKIaauTe € 56, karo 41 ot Tax ca B pedepupann B Scopus w/mm Web of Sci. m3ganus.
CeneMHazieceT OT Te3d CTaTHM ca IMyOnuKyBaHu B u3nanus c IF unaukarop, qBagecer u Tpu ce ominyasaT ¢ SJR
MHJIMKATOop, a TpUHajeceT - B crucanus ¢ kBapTii Q1 u Q2. Tesu my6nukaiuu dpopmupat obmmo 473 touxu. He
ce pasrnexpar nmyOmukamuu 17.22 u 3-2. Mo mokaszaten I, mou. IlaneBa e mocoumna 216 murupanus (Ha 30
nyOnukarmu), pedepupanu B Scopus u Web of Sci., kouto popmupar 2160 T. Cropen noxaszaren E (nmomyuenn 384
T.) OT cmpaBkarta, noi. [laHeBa e Omia PBKOBOAMTEN HA €JUH HAYYHOM3CIIENOBATEICKH IPOEKT, C HAIMOHAIHO
¢uHaHCHpaHe W € ydJacTBajla B TPHHALECET HaydHOH3ciexoBaresncku npoekra. Jon. IlaneBa e ydacTBaia B
CHaBTOPCTBO HA J[BA IATEHTAa M B CHCTABIHETO Ha €IWH YHHBEPCHTETCKH y4eOHUK, o3ariaBeH “OCHOBM Ha
GHOMENTUIIMHCKOTO HHXKEHepCTBO”, ¢ aBTopu MBo Mines u BopsHa Ilanesa. Ta e 6Gmia ppKoBOAMTEN Ha ABaMa
yCIEIIHO 3amuTWiM AokTopaHTd. OT mpeacraBeHara oT [jou. llaHeBa cmpaBka, Moke J[a Ce HalpaBd
3aKJIIOYEHHETO, Y€ TS MHOTOKPATHO Ha(BUIIaBa MUHUMATHUTE HAIMOHAITHU M3UCKBAHUS 110 BCHYKH IOKA3aTe M.

2. Onenka Ha nearorn4yeckaTa NoAroToBKa H JeHHOCT HA KaHAHAATa

Hor. n-p nmk. bopsiHa I{aHeBa e aeirorouiineH npenoaasaren B kareapa “Xumus” Ha TY - Codus, ¢ Hag 24
I. cTaxk no cnenpanHocrra. Ot 2015 o 2023 r. T4 e prroBoauTen kateapa Xumus npu TY-Codus. [on. Llanesa e
pa3paboTmia JEeKIHOHHU KypcoBe U B repuoaa ot 2006 10 HACTOSIIMS MOMEHT, B Pa3IMYHU NIEPUOAM BOAHM JICKLIMU
no aucuumiuHara “Xwumms”, Ha crygeHtd, OKC “bakamasep”, I Kypc, KakTo ciieiBa: Ha CHELUATHOCTH KBM
noBeveto Gakynretn Ha TY-Codus - MTD (O®UT), EM®, OKCY (®KCT), MO, CO® u ®ETT; no pucuurnmna
»OCHOBH Ha OMOMEIMLMHCKOTO HHXKEHEPCTBO™ M IO JUCLUIUIMHATA ,,EHEpruifHM M3TOYHHMLM B TPaHCIOPTHH
cpexncrea”, Ha IV kype keMm @®ETT. 3a crynentn OKC Mmarucrsp, nou. IlaneBa e paspaGoTiia ¥ BOAM JIEKLHUH 110
JUCHUIUTHHUTE ,,OU3UKOXHUMHUS Ha MOBBPXHOCTH, ,,EHEpruiiHi M3TOYHHIM B XUOPUIHU U €IEKTPOMOOWIH” U
» 1 €XHOJIOTHH 32 3D enekTpoHHU MOAyMu“. 3a MOCHEeAHUTE TPU FOAWHH, OOIIUAT XOpapuyM Ha BOJCHUTE JICKLIUH
Ha pasiMvHU cnemuaiHoctH, e 209 vaca. Jom. IlaHeBa e yuacTBajia akTUBHO B pa3pabOTBaHETO Ha rojsaM Opoi
HOBH J1abOpaTOpHH yIPa)KHEHHS 3a CTYAEHTH OaKkalnaBbp M MarucThp, M0 Pa3IWYHU AUCLUIUIMHY Ha OBIArapcKu U
¢bpenckn e3uk. T e ppkoBommia 5 ycnemso 3amutimm gumioMantia, OKC maructep. Jon. IlaneBa npurexasa
MarucTbpcka creneH mo “HmkeHepHa mexaroruka” W Moj3Ba TPU €3MKa Ha BHCOKO M J00po HuBO. OT BCHYKO,
Ka3aHo JOTYK, € BUIHO, 4e yueOHaTa JeiHocT Ha noll. I{aHeBa e MHOro noBede OT JOCTaThb4HA 3a U3IIbIHEHHE HA
M3UCKBAHMATA 3 3a€MaHe Ha akaJleMHUJHaTa JUIbKHOCT “npopecop” B TY - Codus.

! Toaa roBopu, 4e jou. IlaneBa H3KIIOUATENIHO MHOTO IbPKH Ha paboTara B TROPUESCKU EKUII U € OTKPHUTA 3a CIIOJACIISHE U pEealu3upaHe Ha
Half-pa3HooOpa3sHy HayyHH ujeu. Bux Mckan Ja u3kaxa MHCHHE, Y MHOTO BHCOKO OLCHSIBAM TO3H IOAXOJ, Thil KaTo TOH BUHArH BOJM JI0
3HAYNUTEIHO M0-100pU HAYYHHU pe3yIITaTH.
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3. OcHOBHM HAYYHH M HAYYHONPHJIOKHH NPHHOCH

3.1. Ot ny6nvikaupwTe, MpeACTaBEHN KaTO PaBHOCTOMHM Ha MoHOrpadudeH Tpyx (B4.1-B4.11, 6

Ce 0YepTasAT CIICIHUTE OCHOBHH NPUHOCH (Ch3/1aBaHe HAa HOBH KIaCH()UKALUK, METOIH, KOHCTpJ

TI0JTy4aBaHe Ha MOTBBPAUTENIHH (aKTH): I
Ckopoctra Ha HapacTBaHe W Mopgonoruara Ha aHomgHu ALOs; cioese (AAO) B HSO#

nsyanaHn B CIIEIMaJIHA €JICKTPOXUMHUYHA KJIETKA, C MPELIU3eH KOHTPOJI Ha TeMIlepaTrypara Ha p

C BHCOKA CTElleH Ha IOJPEACHOCT, € Heo0XOOHUM ONTHUMaJieH TeMHepa"[ypeH TPajiieHT OT ene‘
€JIEKTPOJIATA, KOETO MO3BOJIABA [O-BHCOKA TEMIIEPATypa Ha MocieAHus. KuneTnyHuTe n3cienBaHus IPOABDKaBaT
4pe3 ONUTHA [IOCTAHOBKA 3a M3C/IENBAaHE BIMSHHETO Ha CKOPOCTTa Ha pa30bpKBaHE Ha EJIEKTPOJIMTA BBPXY
IpOMSHATa Ha TEMIEpaTypaTa Ha aHOJa M AaHOIHATa IUIBPTHOCT HAa TOKAa B PEAJIHO BpEeME M IIOKa3BaT, 4e
KOHTpOJIMpPaHETO Ha TeMIlepaTypara Ha aHOZa € I0-BaKHO OT ToBa Ha enekrponura [B4-8]. edopmannoHHOTO
nosefeHne Ha AAO e mscnensaHo nocpeactBoM AFM. Ilpm memOpanu or AAO B paMka, 3aBUCHMOCTHTE
NpWIOXKEHa cuia-ipeMecTtBaHe onpeaeniat AAQO kato Mmarepual ¢ aHHM3OTponHM cBoiictBa [B4-7]. Or SEM
HaOJIIOICHNS € U3SACHEHO, Ye pa3TBapsHEeTO Ha OKCHJA IMPOTHYA B JHHOTO HA MOPUTE U Ce OIpeAelNs OT CHIIUTE Ha
OITbH M HaTHCK Ipu aHomgupaHeto [B4-11]. IlpencraBeH e MaTeMaTH4eH MOJeN Ha M3pacTBaHE Ha HAHONOPECTa
CTPYKTYpa, 4pe3 KOHTPOJMPAHO HAMAIIBAHE HAa HANPEKCHHETO, NMO3BOJIABALIO MOJNy4YaBaHe Ha 2 um cioil 6e3
IyKHaTHUHY, JOPU NpH Hall-roisMa KpUBHHA Ha amymuHueBata Tesl [B4-10]. PaspaGoreHa e TexHoiorus 3a
noiy4yaBaHe Ha ciioeBe M cBoGomuu MemOpanu otr AAO, ¢ nebpuHupaHa neGenuHa, ¢opMa U pasMepH,
nocpencTBoM pasnuyHu Meromu [B4-1, B4-2, B4-5, B4-9]. Taka ca ¢opmupanu oGpa3ny 3a H3ciielBaHe Ha
MexaHW4Ha ycroiuuBoct [B4-1, B4-4, B4-7] u Henpoxomun memOpanu ot AAQO 3a M3NUTBaHe Ha ONTUYHUTE U
JUEIeKTpHYHU cBoicTBa Ha AAQO, KOHTpoIupaHu 4pe3 febenuHaTa My H uuctorara Ha Al [B4-5]. Cemo Taka ca
NOJTyJaBaH! U3JeNus 3a enekrponukara, MEMC u 3a onTiueH aHai3 Ha ra3osu nmpo6u Ha 6aza AAO [B4-2].

3.2. Hayunure Tpyznore Ha gorl. [laneBa, npeacTaBeHH H3BHH paBHOCTOHHHUTE HA MOHOTpaduueH Tpyx [I77.1-1'7.38]
u [I'8.1-I'8.15] u [3-1-3-3] (6e3 I'7.22 u 3-2), ce oTHYABAT C HAYYCH M HAYYHO-IPHJIOKEH MPHHOC B 0OXBalaT B
IO-rOJIIMaTa CH 4acT TEMAaTHYHHU HAIpaBJICHHs OT 00acTTa Ha €JICKTPOXUMUYHHTE MPOLECH (Ch3IaBaHe HAa HOBU
K1acu(UKaliy, METOIH, KOHCTPYKI[HH, TEXHOJIOTHHY, TI0JlyYaBaHe Ha MOTBBPAUTENHH (aKTH):

HscnensaHna e KOpO3MOHHAaTa YCTOWYMBOCT Ha HepmkaaeMH BHcOKoa3oTHH crtomaHd (Crl8Mnl2N u
Cr14Mnl5N), B pa3IuyHH KOPO3MOHHM Cpeid M B HIMPOK Auana3oH Ha pH. OmpexeneHH ca MHTEpBaJMTE OT
NOTEHLMAIN U YCJIOBMS, MPH KOMTO C€ CTUMYJIMpA PA3BUTHETO Ha NMUTHHTHA U IPH KOUTO € LeJechoOpasHO
pasriiexaHuTe CTOMaHM Ja 3aMeHsAT Hepbxkaaema cromana Crl18Ni9 [I'7-1, I'7-2, I'7-4]. VYcraHoBeHO e, ue
HaHOKpHcTanHuTe crutaBd Al74Cul6Mgl0, nerupanu ¢ Zn wiu Zr, umar 1,5 10 4 IbTH NO-BHCOKAa KOPO3HOHHA
ycroiuuBoct B 3,5% NaCl, B cpaBHeHHe ¢ amopdHuTe MM aHano3u [['7-10]. UzacHeHo e, ue nodassHero Ha 2% Cu
kbM ciuiaB Al74Nil6Sil0, npacTiuyHo BIOIIaBa KOPO3HOHHATa ycToduuBocT [['7-14], a moGaBsHeTo Ha HUHK 110 3%
kbM amopdna AlCuMg nogoGpsBa yCTOMIMBOCTTa KbM MUTHHIOBa Kopo3us [['7-37]. M3cnenBaHo € KOPO3MOHHOTO
IIOBE/ICHUE Ha rajIBaHMYHO OTJIOXKEHHU CJIOEBE aHTUMOH-MEl, ChC 3HaYMTeNIHa XeTeporeHHocT [['7-15, I'7-16], B3,5%
NaCl u B 0,5 M H,SO4. HamepeHo e, ue ¢ moHmWkaBaHe ChIBPKAHUETO HA MeJ], XeTepPOreHHOCTTa M IPanaBoCcTTa
HApacTBaT, a MPU MO-BUCOKA aHOJHA MOJIAPH3AIMS CE PETUCTPUPA MPSUMYINECTBEHO pa3TBapsIHE HA AaHTHMOHA, 10
(opMHpaHe Ha CHIIHO IMOpecTa CTPYKTypa. IIpOBEeHO € eIeKTPOXUMHYHO OXapaKTepU3MpaHe Ha OHOCEH30pH C
TBHKH mpoBomsam ciioeee ot kommo3ur PEDOT:PSS/rpaden Bppxy reBkaBu PET ochoBu [I'7-17, I'7-18].
OmpezeneH € UHTEPBATHT OT IMOTEHLHAIH C KallallATHBHO ITOBEJIEHHE Ha CIIOEBETe M YCTOMYHBOCTTA Ha CIIOEBETE
IPY  €JIeKTPOXMMHYHO cTapeeHe. V3ydaBaHM ca LIEMEHTAIlMOHHHM IIPOLIECH, Ype3 HacjlarBaHe Ha CMECeHHS
MOTEHIMAl Ha IeMeHTanusd (IpH OTBOpeHa BepHra), BHPXY MOJISAPH3al[MOHHHTE KPHBH Ha OTHEIHUTE PEIOKC
JBOMKM, OTHOCHO e(eKTHBHOCTTA HAa M3BIMYAaHE HAa METajd OT OTmamHu pastBopu [I['7-3]. Hscnensana e
KHMHETHKaTa Ha KOMOHUPAHO eNEKTPO(POPETHYHO U aHTHUCOJBATHO (OpMHUpaHe Ha NMHUE30€TEeKTPUYHH CIOEBE U €
yCTaHOBeH 3HauuTeneH nue3o edext [['7-13]. Ilomydenn ca nue30eeKTPUYHE CJIOEBE OT CErHETOBA COJl U IPYTH
koMmnoHeHTH [1'7-32, I'7-35, I'7-36, I'7-38], BEpXy HOIJIOKKH OT M€ ¥ aTlyMUHUH. Y CIIEIIHO € MOy4eH MaTepral
C NHE30€IeKTPUIHY CBOMcTBa Ha 6a3a MeMOpana ot AAQ, o6paboreHa ¢ kanueB HHoOar [I'8-14]. YcraHoBeHu ca
peXUMHTE Ha aHOJMpaHe 3a MmoTydaBaHe Ha HaHoeJakHa oT AAO B (COOH);, [I'8-15].

ITonyuen e mononureH Katamusarop AAO/Co-Pd-okcumuy, upe3 eIEKTpOXMMHYHO OTJIaraHe Ha KoGaiuT B
HaHornopu Ha AAQ, ¢ U3IBeHN KaTaIUTHYHU cBoMcTBa [I'7-5]. [IpoMeHNIMBOTOKOBOTO OT/Iarane Ha Metanmu Cu u Ni,
kakTo 1 Cu+Ni, BEpXYy aHOAMpPAH alyMHUHHIA, 00pa3yBa CJIOEBE C pa3IMYHHU I[IBETOBU XapaKTEPUCTUKH U N000peHa
KOpo3uoHHaTa ycroiuuBoct [['7-6, I'7-11]. IlpoBeneno e enexTponusHO 3ambiBaHe Ha HaHomopecT AAO c Cu,
cien obpaboTka B paspeneH pastBop Ha MenmeH cyiadar [[7-19], a cpmo npH NOTCHIMOCTAaTHYEH H
raJBaHOCTaTHYeH peXuM Ha oriarane [['8-12]. PaspaGoreHara TEXHOJOrHsS € W3IOJI3BaHA 3a IMOITyYaBaHE Ha
MEMC crpykrypy, or AAO ¢ meranusupanu mwiomanky [['8-8]. EnekTpoXMMHUYHOTO 3ambiBaHe Ha MOPUTE Ha
aHOJEH allyMHMHHEB OKCHUI C HM3ThHEH OapuepeH CIOH, JaBa OCHOBAa Ha TEXHOJIOTHH 3a IMOJy4YaBaHE Ha MEIHH
HaHOIIPOBOJHMIM BBpXy MenHa ocHoBa [['7-24]. IlpoydeHa e epeKTHBHOCTTa Ha Pa3TBApAIM AHOOHHA OKCHI
pasTBOpH, C L€ IMOJy4YaBaHe Ha MeAHU HaHompoBoaHuuu [['7-27]. IlpeuucTeHH MeJHH HaHONPOBOJHHULM Ca
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BKJIFOYEHH KaTO ITBJIHUTEN B I'bBKABH CHIIMKOHOBU CJIOEBE OT IPOBOAALI HAaHOKOMIO3UT [I'7-29] gk
Ha croiiBama nacta 3a audysuo samnossane [['7-30]. AAO croese ca (yHKUMOHATH3UPAHH Cff
TOJIYIPOBOHUKOBM MaTepPHANM ¥ Ca M3y4aBaHu (oToKaTamuTHIHUTE CBOKCTBA HAa ZnO/AAQ)
auerangexun [['7-8]. ®orokaranurnunuTe cBokicTBa Ha TiO2 ca M3MOJI3BAHM 3a CEJEKTUBHO (
3apOMIIM, C e/ Ch3JaBaHe Ha IPOBOJAINM H300paXkeHHs BbpXy aHoAeH okcua [['7-9, I'7-31]
katanuzatop Al/AAO/Co-Pd-okcunu , KOHTO MoKa3Ba CTaOWIHH ITOKa3aTeMH NPH ABITOCPR:

VenemHo ca Gopmupanu ciioese ot xumpokcoanatut (HAp) pepxy anogupana ciuiaB Ti6Al4V}

cyndamMHHOBA KHACEIHHA, 3a IO)IyJaBaHe Ha MOYPOBOIHIKOBH aHOIHH ciioese oT TiO; [['7-34].

PaspaGoTeHr ca TEXHOJIOTMH 38 XHMHAYHO OTJIarane Ha ciioese ot mex [I'7-7], auken [['7-12] u cpedpo [I'7-28]

BBPXY aHOAWpaH aTyMHHHI. 3a akTuBHpaHe Ha cioeBe 0T AAQO ca U3MOJI3BaHU TPU HOBH IOIXONA — KOHTAKTHO
omiaraHe Ha MeJ Ha rpanunata AI/AAO [['7-21], TepmudHO pasiaraHe Ha nananues auetat [['7-7] u nponusaze ¢
Sn** [['7-28]. IpemioxkeHy ca eIEKTPOIUTH 32 XUMHYHO [IOMEISBaHe, C PeAyKTOpH HaTpueB xumnodocdur [['7-21]
u ¢pocopucra kucenuna [I'7-7], 3a KOUTO € yCTAaHOBEHO CHJIHO BJIMSHHE Ha aHOAHMS aTyMHHUEB OKCHJ BHPXY
CHCTaBa Ha OTJIOXKEHUS MEACH CJIOH. B Te3u enekTposuTu BhpXY MOAJIOXKKH 0T ABS, ce omiaraT MeIHH IOKPUTHSA
(Cu20) mopu mpu pH 9 [I'7-33]. 3a mogoOpsiBaHe Ha agXxe3uaTa HA XUMHUYHO OTJIOKCHU METAJIHU CIIOEBE BBPXY
3D-npuHTHpaHU MOJIMMEpH, € MPHIoKeHa 00paboTka ¢ moaxomsaum pastBopud Ha NaOH [I'7-12] u ¢ opranu4nu
pastopurenu [['7-23, 3-3]. U3paboTeHu ca ¥ TEKCTWIHH KaallUTUBHU CEH30PH, NPH HaOIIOACHHE Ha HapyLICHUA
Ha cpHi [['7-25].
] WzyyaBaHa e TepMOMEXaHMYHATa CTAGHIHOCT Ha aHOJHHU OKCHIHH CJIOEBE KAaTO CaMOCTOSATENIHM MEMOpaHH H
TaKuBa BbPXY aTyMuHueBa nomioxka [['8-1, I'8-2]. YcranoseHo e cHIHO BIMsSHIE Ha NIPEJBApUTETHOTO IOIHUPaHE
BBPXY TepMUUHaTa Aedopmarus Ha crpykrypara AI/AAO. OmpezeneHa e KpUTHYHATA TEMIIEPATypa, IOJ KOATO
HPOAB/DKUTENTHOTO TePMUYHO LUKIMpaHe He MPOBOKMpA HalykBaHe Ha okcuuHus cioi [I'8-1]. Ilposenenu ca
MEXaHHYHM TecTOBe Ha MeMOpanu oT AAQO, ycroiiuuer Ha Hax 10 MIJTHOHA LUKBJIA HA Or'bBaHe ¢ b OT 20-30°
[['8-4, I'8-6, I'8-7]. M3cneneaHo € NMPEeKHCBAHETO HAa ATYMUHHEBHS CJIOH IMpPU aHOAMPAHE Ha THHKHU CIIOEBE
TyMHHHH, 9pe3 LUIOCTHOTO My mpeo0Opa3yBaHe B aHONEH OKCHJ, ChC CIIELIMAHO YCTPOMCTBO 3a CTBIIKOBO
MOTamnssHe W KOHTpOJiep Ha TOKa/Halpe)KeHHEeTO Ha Tmpoleca Ha aHogupaHe [I'8-3]. JlemoHcTpupaHa e
BB3MOXKHOCTTa 3a codryepHa oOpabotka Ha SEM wm3o0paxenmara Ha AAO [I'8-11, I'8-13]. VcraHoBeHa €
3aBHCHMOCT MEXIy ONTHYHUTE CBOMCTBA Ha MeMOpanu oT AAO ot neGesHaTa UM U OT pa3Mepa Ha MOPUTE, 4pes3
m3nosBade Ha MY cnekrpockonus [I'8-5]. OTHOCHO aHOAMpPAaH alyMHUHUII B IUIa3MEHO II0JIE € MOKAa3aHa IosBaTa
Ha Je(eKTH OCHOBHO BBPXY AAQ BBPXY alyMHHMIA C IO-HHCKa YHCTOTa M C HENOJMpaHa MoBbpXHOCT [I'8-9,
I'8-10]. PaspaboTenn ca €NEKTPOXMMHYHH KIETKH 33 H3CJICABAHE HAa THHKH IPOBOIAINYM CJIOEBE BBHPXY
n3oaronHa nouiokka [I'7-17, I'7-18] u 3a nperu3eH KOHTPOJI Ha TEMIIEpaTypara Ha IUIOCHK METAJIEH EJIEKTPOL
[B4-6, I'7-26].

4. 3Ha4YMMOCT Ha IPHHOCHTE 32 HAYKaTa H NPAKTHKATA

PesynraTute OT mpoBemeHuTe OT HOI. A-p llaHeBa W3cienBaHWS IPEICTABIABAT 3HAYMTENIEH HaydeH H
MIPAKTHYECKH MHTEPEC, TIOPaid CBOATA aKTYaJJHOCT M OPHTMHAITHOCT, KOWTO ce M3pa3sBa B MHOTO rojieMus Gpoi
LUTUPAHUS, JEMOHCTPUPAILY IPU3HAHUETO Ha Hay4yHaTa OOIIHOCT KbM pe3yNTaTuTe, IOCTUrHATH OT fol. Ilanesa
U OTJIMYaBallX 5 KaTo 3aabJIO0YEH U ThPCEIl U3cieaoBaTeN U usodperarten. biarogapenyue Ha HEyMOPHHUS TPy U
OpUrMHAJIHUTE UeH Ha Jo1l. LlaneBa, TS U CHTPYJHHUIUTE i 3aeMaT JOCTOMHO MACTO CpeJ BOACINUTE KOJIECKTHBH,
paboTemm BBB BCe MO-pasmmpsiBamara ce HaydHa obyact Ha (opmupane ¥ MopuduUIUpaHe Ha MOPECT aHOACH
aJ[yMUHHUEB OKCH]I.

S. Kputnunn 6ee:KKH H NpPenopbKH

bux cu nossomun Aa npenopbp4aM Ha gou. llaHeBa, fa NPOAB/DKM TBOPYECKATa CH JEHHOCT CHC CHIIMSA
CHTYCHa3bM M HEU34epIiacMa €HEprus, B pe3yJsITaT Ha KOETO CbM CUTYPEH, Y€ T4 IIe YCIIee 1a peaTu3ipa HACUTE CH
U cbM y6eJieH, Je Iie MOCTHIHE OILE I0-3a06e/IeXHUTETHN HayYHH PE3yJITaTH.

3AK/IIOYEHHUE

B®3 0cHOBa Ha 3aI03HABAHETO C IPEJCTABEHUTE HAYYHU TPYAOBE, TAXHATA 3HAYMMOCT M CHIBPIKAIIUTE CE B
TSX HAYYHH, HAYYIHONPHIOKHH ¥ MPUIOKHH MPUHOCH, HAMHpPAM 332 OCHOBATEHO YOEIECHO Ja IpeyIoka, AOL. I-p
urk. bopsua Pamrenosa IlanmeBa, na 3aeme akageMudHata ITBEXHOCT ,mpodecop”, B IIpodecuonamrnoro
Hanpapnenue 5.10 Xumudau TexHosjormy, o HayuHara crnenmaiHOCT ,,T€XHOJIOrHA Ha €JIEKTPOXMMHYHHUTE
IIPOU3BOJICTBA".

Jara: 25.03.2025 . YIEH HA )KYPUTO: [7]/]

v

-

. F
TY -C0OUA
_OETT ‘ 3
BAPHO C OPUrMHANA




QETT75-AN3-069

REPORT
within competition to occupy the academic position "Professor”

Professional area: 5.10. Chemical Technologies,
Scientific specialty: Technologies of electrochemical production,
announced in SG No. 103 of 06.12.2024, For the needs of Department of Chemistry, Technical Un%rsf%r Soﬁa

with candidate: Boriana Rangelova Tzaneva, Assoc. Prof., PhD.
Member of the scientific jury: Alexander Stefanov Zahariev, Assoc. Prof., Ph.D.

1. General characteristics of the scientific and scientific-applied research activities of the candidate

As a candidate for this competition, Assoc. Prof. Dr. Eng. Boriana Tzaneva presents materials reflecting
multifaceted, voluminous and meaningful scientific research and applied research activity in various thematic areas
of the science and practice of electrochemical processes. This activity covers research on the formation and
characterization of layers of anodic aluminum oxide, as well as electrochemical characterization of new materials
and development of technological processes. The topics listed above are reflected in a total of 67 publications,
divided into four groups. The scientific works in the first group (C), equivalent to a habilitation thesis, include
research in the quite current scientific field of studying process parameters and structural parameters in the
formation of porous anodic oxide on aluminum. This group presents 11 publications referenced in Scopus and/or
Web of Science, of which two are in journals with an Impact factor indicator and quartile Q1, and seven - with an
SJR indicator. In two of these publications, Assoc. Prof. Tzaneva is the first author, and in five she is in second
place. No independent publications are presented!. A total of 194 points correspond to these works. Publication
B4.3 is not considered. The second (D7), third (D8) and fourth (H) groups include publications based on research
of a scientific and applied nature, which cover topics related to the study of corrosion processes, electrochemical
characterization of new materials and development of technological processes. The total number of articles and
reports is 56, with 41 of them in refereed publications in Scopus and/or Web of Sci. Seventeen of these articles are
published in publications with IF indicator, twenty-three are distinguished by SJR indicator, and thirteen - in
Journals with quartiles Q1 and Q2. These publications form a total of 473 points. Publications D7.22 and H-2 are
not considered. According to indicator E, Assoc. Prof. Tzaneva indicate 216 citations (of 30 publications)
referenced in Scopus and Web of Sci., which form 2160 points. According to indicator E (384 points received)
from the reference, Assoc. Prof. Tsaneva is the leader of one research project, with national funding, and
participated in thirteen research projects. Assoc. Prof. Tsaneva participated in co-authorship of two patents and in
the compilation of a university textbook entitled “Fundamentals of Biomedical Engineering”, with authors Ivo Iliev
and Boriana Tzaneva. She is the leader of two successfully defended doctoral students. From the report presented
by Assoc. Prof. Tsaneva, it can be concluded that it many times exceeds the minimum national requirements in all
indicators.

2. Evaluation of the candidate's pedagogical proficiency and activities

Assoc. Prof. Dr. Eng. Boryana Tsaneva is a long-time lecturer at the Department of Chemistry, TU - Sofia,
with over 24 years of experience in the specialty. From 2015 to 2023, she is Head of the Department of Chemistry
at TU-Sofia. Assoc. Prof. Tsaneva has developed lecture courses and in the period from 2006 to the present, at
various times, she gives lectures in the discipline “Chemistry” to 1st year bachelor students as follows: for
specialties at most faculties of TU-Sofia - MTF (FIT), FPMPE, FCSU (FCST), FME, FM and FEET; in the
discipline "Fundamentals of Biomedical Engineering" and in the discipline "Energy Sources in Transport Vehicles",
4th year at FETT. For master students, Assoc. Prof. Tsaneva has developed and gives lectures on the disciplines
"Physicochemistry of Surfaces", "Energy Sources in Hybrid and Electric Vehicles" and "Technologies for 3D
Electronic Modules". For the last three years, the total number of lectures given for various specialties is 209 hours.
Assoc. Prof. Tsaneva participates in the development of a large number of new laboratory exercises for bachelor's
and master's students in various disciplines in Bulgarian and French. She has supervised 5 successful graduates,
master's degree. Assoc. Prof. Tsaneva holds a master's degree in "Engineering Pedagogy" and uses three languages
at a high and good level. From everything stated so far, it is evident that Assoc. Prof. Tsaneva's academic activity is
more than sufficient to fulfill the requirements for holding the academic position of "professor" at TU - Sofia.

1 This shows that Assoc. Prof. Tsaneva is extremely keen on working in a creative team and is open to sharing and implementing a wide
variety of scientific ideas. I would like to express my opinion that I highly appreciate this approach, as it always leads to significantly better
scientific results.



f r7i
QETT7Z5-A03-069
3. General scientific and scientific-applied contributions
3.1. From the publications presented as equivalent to a monography (C4.1-C4.11, excluding C
main contributions can be outlined (creation of new classifications, methods, designs, techn

confirmatory facts):

special electrochemical cell, with precise control of the temperature of the working electrode [C4-6].
proposed thermal model, it is concluded that for the formation of a porous layer with a high degree of o g, an
optimal temperature gradient from the electrode to the electrolyte is necessary, which allows a higher temperature
of the latter. Kinetic studies continue through an experimental setup to study the influence of the electrolyte stirring
rate on the change in anode temperature and anode current density in real time and show that controlling the anode
temperature is more important than that of the electrolyte [C4-8]. The deformation behavior of AAO is studied
using AFM. In the case of AAO membranes in a frame, the applied force-displacement dependences define AAO
as a material with anisotropic properties [C4-7]. SEM observations have shown that the dissolution of the oxide
occurs at the bottom of the pores and is determined by the tensile and compressive forces during anodizing [C4-11].
A mathematical model of the growth of a nanoporous structure is presented, by controlled stress reduction,
allowing the production of a 2 pm layer without cracks, even at the greatest curvature of the aluminum wire [B4-
10]. A technology is developed for the production of layers and free membranes of AAO, with defined thickness,
shape and dimensions, using various methods [C4-1, C4-2, C4-5, C4-9]. Thus, samples for testing mechanical
resistance [C4-1, C4-4, C4-7] and impermeable membranes from AAO for testing the optical and dielectric
properties of AAO, controlled by its thickness and Al purity [C4-5], are formed. Products for electronics, MEMS
and for optical analysis of gas samples based on AAQ are also obtained [C4-2].

3.2. The scientific works of Assoc. Prof. Tsaneva, presented outside the equivalent to a monography [D7.1-D7.38]
and [D8.1 - D8.15] and [H-1—H-3] (excluding D7.22 and H-2), are distinguished by their scientific and applied
scientific contributions and cover for the most part thematic areas in the field of electrochemical processes (creation
of new classifications, methods, designs, technologies, obtaining confirmatory facts):

The corrosion resistance of stainless high-nitrogen steels (Cr18Mn12N and Cr14Mnl5N) is studied, in
various corrosive environments and in a wide pH range. The intervals of potentials and conditions at which the
development of pitting is stimulated and at which it is expedient for the steels under consideration to replace
stainless steel Cr18Ni9 [D7-1, D7-2, D7-4]. It is found that nanocrystalline alloys A174Cul6Mg10, doped with Zn
or Zr, have 1.5 to 4 times higher corrosion resistance in 3.5% NaCl, compared to their amorphous counterparts
[D7-10]. It is clarified that the addition of 2% Cu to the Al74Nil6Sil0 alloy drastically worsens the corrosion
resistance [D7-14], and the addition of zinc up to 3% to amorphous AICuMg improves the resistance to pitting
corrosion [D7-37]. The corrosion behavior of galvanically deposited antimony-copper layers, with significant
heterogeneity [D7-15, D7-16], is studied in 3.5% NaCl and in 0.5 M H,SOs. It was found that with decreasing
copper content, heterogeneity and roughness increase, and at higher anodic polarization, preferential dissolution of
antimony is registered, until a highly porous structure is formed. Electrochemical characterization of biosensors
with thin conductive layers of PEDOT:PSS/graphene composite on flexible PET substrates is carried out [D7-17,
D7-18]. The range of potentials with capacitive behavior of the layers and the resistance of the layers to
electrochemical aging are determined. Cementation processes are studied by superimposing the mixed cementation
potential (at open circuit) on the polarization curves of the individual redox couples, regarding the efficiency of
metal extraction from waste solutions [D7-3]. The kinetics of combined electrophoretic and antisolvate formation
of piezoelectric layers is investigated and a significant piezo effect is found [D7-13]. Piezoelectric layers of
ferromagnetite salt and other components are obtained [D7-32, D7-35, D7-36, D7-38], on copper and aluminum
substrates. A material with piezoelectric properties based on an AAO membrane treated with potassium niobate is
successfully obtained [D8-14]. Anodizing regimes for obtaining AAO nanofibers in (COOH); are established [D8-
15].

A monolithic AAO/Co-Pd-oxide catalyst is obtained by electrochemical deposition of cobalt in nanopores
of AAO, with pronounced catalytic properties [D7-5]. Alternating current deposition of metals Cu and Ni, as well
as CutNi, on anodized aluminum forms layers with different color characteristics and improved corrosion
resistance [D7-6, D7-11]. Electrolytic filling of nanoporous AAO with Cu is carried out, after treatment in a dilute
solution of copper sulfate [D7-19], as well as in potentiostatic and galvanostatic deposition modes [D8-12]. The
developed technology is used to obtain MEMS structures from AAO with metallized sites [D8-8]. Electrochemical
filling of pores of anodic aluminum oxide with a thinned barrier layer provides the basis for technologies for
obtaining copper nanowires on a copper base [G7-24]. The effectiveness of anodic oxide dissolving solutions has
been studied to obtain copper nanowires [D7-27]. Purified copper nanowires have been incorporated as a filler in
flexible silicon layers of a conductive nanocomposite [D7-29] and to obtain a solder paste for diffusion soldering
[D7-30]. AAO layers have been functionalized with thin layers of semiconductor materials and the photocatalytic
properties of ZnO/AAO have been studied in the oxidation of acetaldehyde [D7-8]. The photocatalytic properties of
TiO» have been used for the selective deposition of copper nuclei to create conductive circuit on anodic oxide [D7-
9, D7-31]. In [H-1], an AI/AAO/Co-Pd-oxide catalyst is described, which shows stable performance in long-term
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tests. Hydroxyapatite (HAp) layers have been successfully formed on anodized Ti6Al4V allo
application as implants [D7-20]. The anodization regimes of Ti in a mixture of oxalic and sulfamic
elucidated, for the preparation of semiconducting TiO; anodic layers [D7-34]. > A
Technologies for chemical deposition of copper [D7-7], nickel [D7-12] and silver [D ]ﬂmﬁr o~
anodized aluminum are developed. Three new approaches have been used to activate AAQ’Lgers - co(ii :
deposition of copper at the AI/AAO interface [D7-21], thermal decomposition of palladium acetateD7-7}-4

o
ML

hypophosphite [D7-21] and phosphorous acid [D7-7] as reducing agents, for which a strong influence o anodlc
aluminum oxide on the composition of the deposited copper layer has been established. In these electrolytes,
copper coatings (Cu0) are deposited on ABS substrates even at pH 9 [D7-33]. To improve the adhesion of
chemically deposited metal layers on 3D-printed polymers, treatment with appropriate NaOH solutions [D7-12]
and with organic solvents [D7-23, H-3] are applied. Textile capacitive sensors have also been fabricated for
monitoring sleep disorders [D7-25].

The thermomechanical stability of anodic oxide layers as single membranes and those on an aluminum
substrate is studied [D8-1, D8-2]. A strong influence of pre-polishing on the thermal deformation of the AIVAAO
structure has been established. The critical temperature below which prolonged thermal cycling does not provoke
cracking of the oxide layer has been determined [D8-1]. Mechanical tests of AAO membranes resistant to over 10
million bending cycles with angles of 20-30° have been conducted [D8-4, D8-6, D8-7]. The discontinuity of the
aluminum layer during anodizing of thin aluminum layers is studied, by its complete conversion into anodic oxide,
with a special step-dip device and a current/voltage controller of the anodizing process [D8-3]. The possibility of
software processing of SEM images of AAO has been demonstrated [D8-11, D8-13]. The dependence of the optical
properties of AAO membranes on their thickness and pore size has been established using IR spectroscopy [D8-5].
Regarding anodized aluminum in a plasma field, the appearance of defects mainly on AAO on aluminum with
lower purity and an unpolished surface is shown [D8-9, D8-10]. Electrochemical cells have been developed for the
study of thin conductive layers on an insulating substrate [D7-17, D7-18] and for precise temperature control of a
flat metal electrode [C4-6, D7-26].

4. Significance of contributions to science and practice

The results of the research conducted by Assoc. Prof. Dr. Tsaneva are of significant scientific and practical
interest, due to their relevance and originality, which is expressed in the very large number of citations,
demonstrating the recognition of the scientific community to the results achieved by Assoc. Prof. Tsaneva and
distinguishing her as a thorough and searching researcher and inventor. Thanks to the tireless work and original
ideas of Assoc. Prof. Tsaneva, she and her collaborators occupy a worthy place among the leading teams working
in the ever-expanding scientific field of formation and modification of porous anodic alumina.

S. Critical notes and recommendations

I would like to recommend Assoc. Prof. Tsaneva, to continue her creative activity with the same
enthusiasm and inexhaustible energy, as a result of which I am sure that she will succeed in realizing her ideas and
I am convinced she will accomplish even more remarkable scientific results.

CONCLUSION

Based on the acquaintance with the presented scientific works, their significance and the scientific,
scientific-applied and applied contributions, I find it reasonable to propose, Associate Professor Dr. Boriana
Rangelova Tzaneva, to occupy the academic position of "Professor", in the Professional field 5.10 Chemical
Technologies, Scientific specialty "Technologies for Electrochemical Production”.

Date: March 25% 2025 MEMBER OF THE SCIENTIFIC JURY: (/M1 )
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