YHUMBEP3UTET Y BEOI'PAZ1Y
TEXHUYKU PAKYIITET Y BOPY
HACTABHO-HAYYHOM BERY

Ipenmer: Pedepar xommcuje o ypal)eHO] MOKTOPCKO] IucepTaldju KaHauaata VBane
ManacujeBuh, UL HHXK. METaTypruje

Onnykom HacraBho-nayusor Beha Texuuukor dakynrera y bopy, 6poj VI1/4-5-8 ox 14.02.2020.
rofMHE, UMEHOBAaHU CcMO 3a uiaHoBe Kommucuje 3a omeHy U oa0paHy TOKTOPCKE AMCEpTaluje

kanauaara Misane ManacujeBuh 1o Ha3uBOM:

,» TepMOIMHAMHUYKA AHAJIN3A U KapaKkTepu3aumnja pasHo-NpoMeH/bUBHUX Jierypa Ha 0a3u
Ou3myTa M raamjyma’’.

Hakon mperziena 1ocraBjbeHe QUCEpTalMje U IPYrux npatehux marepujana, Kao ¥ pa3roBopa ca
kaHauaarom, Komucuja je caunnuia cineaehu

PE®EPAT
1. YBOJ

1.1. XpoHoJioruja o100pasama 1 H3pajae aucepraunmje

Kangupar VMBana ManacujeBuh, IuIUL. WHX. MeTajypruje, ymnucana je mkojicke 2015/2016.
TOJIMHE JIOKTOpCKE akajeMcke crynuje Ha TexnuukoMm ¢akynrery y bopy, Ha cryaujckom
nporpamy: Memanypuiko unscerepcmeo.

Jana 26.10.2017. rogune, xkauauaat Meana ManacujeBuh, qUIII. MHX. METaJlypruje, moJHena
je mpujaBy mpejyora TeMe J0KTOpPCKe AucepTanuje, 3apeaeny noj opojem VI-1/10-274, Katenpu
3a METaNypIIKO HHXEeHmepcTBO, TexHuukor ¢akynrera y bopy, YHusepsutera y beorpany.
ITotom je Karempa 3a Meramypmiko HWHXEHEpPCTBO, HactaBHo-HayuHom Behy TexHuukor
¢dakyntera y bopy, YHuBepsurera y beorpany, mpemioxuia KOMHCH]y 3a OLEHY HaydHe
3aCHOBAHOCTH MPEJJIOKEHE TeME JOKTOPCKe nucepTanyje kanauaara Misane Manacujesuh.
JMana 09.11.2017. roaune, HacraBHo-HayyHo Behe Texuuukor dakynrera y bopy,
Yuusepsutera y beorpany, moueno je omnyky 6poj VI/4-9-7, o umenoBamy Komucwuje 3a omeny
Hay4YHE 3aCHOBAHOCTH TNpEJIOKEHE TeMe JIOKTOpCKe Juceprauuje KaHauaara lBaHe
Manacujesuh.

Hana 14.12.2017. roaune, omrykom HacraBHo-HayuyHor Beha Texuuukor dakynreta y bopy,
Vuusepsurera y beorpamy, 6poj VI1/4-10-9. mpuxsahen je M3semraj Kommcuje o HaydHO]
3aCHOBAHOCTH TEeME 3a M3paJy IOKTOPCKE IHcepTaluje MOJ Ha3HBOM: ,,7epMOOuHaMUYKa
aHanu3a u Kapakxmepuzayuja asHo-npomeHsusux re2ypa Ha oasu ousmyma u earujyma ‘. Ipu
4yeMy, 3a MeHTopa je uMeHoBaH npod. ap Jbyouma bananosuh, Banpenuu npodecop TexHUUKOT
daxynreta y bopy, YauBep3utera y beorpany.

Hdana 25.12.2017. ronune, Behe Hayunux oOnacTu TeXHHMUYKHX HayKa YHHBEpP3UTETa Y
beorpany, omnykom 6poj 61206-5301/2-17, namo je carjgacHOCTH Ha MPEIJIOr TeMe 3a U3pary



JOKTOpCKE aucepranuje kanaunata Vsane ManacujeBuh, moj HasuBoM: ,, Tepmoounamuyka
AHAU3A U Kapakmepu3ayuja hazHo-npomenbuux ie2ypa Ha bazu ousmyma u eanujyma “.

HMana 14.02.2020. roaune, HacraBHo-Hayuno Behe Texnmukor dakynrera y bopy,
VYuuBepsutera y beorpany, omiykom 6poj VI/4-5-8 on 14.02.2020. roamHe HMEHOBAIIO je
Komucujy 3a omeny u oxbpany ypaheHe mOKTOpcke mucepTanuje KaHmugata lBane
MamnacujeBuh, y cacTtaBy:

1. Ilpod. np Jbybuma bananosuh, Banpeanu npodecop, Yausep3uter y beorpany, Texunuku
dakynrer y bopy-menTop;

2. Ip Munan ['oprueBcku, norieHt, YHuBep3uteT y beorpany, Texuwuku ¢akynrer y bopy
(unan);

3. Ilpod. np Tamapa Xoseemany ['prypuh, Banpemunu mpodecop, CBeyumnumre y 3arpe0y,
Mertanypiiku dakynrer y Cucky (WwiaH).

1.2. HayuHa o0JacT Jucepranmje

[TpenMeT wucTpakuBama JOKTOPCKE AMCEpTalMje MpHIaJa HaydyHOj obmactu Memanypuiko
UHDKCEFepCmE0, OJHOCHO Y)KO] HAydHO] 00nacTu Excmpaxkmuena memanypauja u Memanypuiko
uHoicerpepcmaeo 3a xojy je Texuunuku dakynrer y bopy akpeauroBan.

MeHTop OBe JOKTOpCKe aucepranwje, nmpod. ap Jbyouma bamanosuh, Banpeanu npodecop Ha
Texunukom ¢akynrery y bopy, VYuuBep3urera y beorpamy, Ha OCHOBY JOCaallmbuX
00jaBJbCHUX paJioBa W Ha OCHOBY HACTABHOT M HCTPAXKMBAYKOT MCKYCTBAa KOMIICTCHTAH je Aa
PYKOBOJAHM M3PaJOM OBE JOKTOPCKE JAUCEPTaLH]e.

1.3. Buorpadcku nogany 0 KAHIUIATY

WBana ManacujeBuh, nurut. unx. metanypruje pohena je 02.02.1980. ron. y bopy. ¥V Bbopy je
3aBpIIMJIa OCHOBHY W cpelmy IIKony. TexHuuku Qaxynrer y bopy, omcex meramypruja, je
ynucana mkosicke 1999/2000. ron., roe je numiomupana 2006. rox. Ha Kareapu 3a
EKCTPAKTUBHY METAIyPryjy U THME CTEKJIa 3Barhe TUILNIOMUPAHOT HHKEHEpa METaIypruje.
JIOKTOpCKe CTyAMjeé Ha CTYIUjCKOM TMporpamy MeTalypliko HHXEHepPCTBO TeXHUUKOT
¢akynrera y bopy ynucana je mkoncke 2015/2016. ron. Ha noxtopckuMm crynujama je cBe
ucnure nojoxwia ca oueHoMm 10. MBana ManacujeBuh je ayrop u koayrop 2 paxa y
MehyHapoaHUM yacomucuMa kateropuje M21 u yerupu pajga y MehyHapoAHMM yacomucHMa
kareropuje M23, jenHor paaa y aomahem 4acomucy HallMOHAJIHOT 3Hayaja kareropuje M52, 2
caonuTewma ca MehyHaponHux ckymoBa mTammaHa y ueiauMHu M33 u 2 caommtema ca
MelyyHapoJHMX CKyIIOBa ITamIaHa y anctpakry M34. Hayuyne obinactu meHOr paja o0yxBarajy
TEPMOJIMHAMHKY BHIIIEKOMIIOHEHTHHX METAJHAX MarepHjaja M eKCIIEpUMEHTATHE METO/e
KapakTepHu3alyje Jerypa.



2.0IIMC JUCEPTALIUJE

2.1. [IpeaMeT ¥ WL TUCEPTAIIH|E

[Ipenmer ucTpaxuBama y OKBUPY JOKTOPCKE AMCEpTAIMje Cy HHCKOTONHMBE Jerype Ha 0asu
ousmyta (Bi-In, Bi-Sn, Bi-In-Sn u Bi-Sn-Zn cuctemu) u ranujyma (Ga-In u Ga-Sn cucremu) kao
HE/IOBOJHHO HCTPAXKEHE JIEType ca 3HAYajHUM IOTEHIMjaJloM HpUMeHe Yy obsactu (a3Ho-
NPOMEHJBMBHX METAHUX MaTepHjaia. HaBeneHum cucremu Jerypa cy CeJlIEKTOBaHH 3a
UCTPAXMBAE HAKOH JETaJbHOT Mperjiefa HayyHe JIMTEpaType W yIo3HaBama KaHAWIaTa ca
J0CaJallbiM pe3yaTaTiMa U3 oBe o0nacTi. HajBaKHUjU MOCTaBI/bEHU IMJBEBH UCTPAKHUBAKA Y
OKBHPY OBE JIOKTOPCKE JHCEpTaLHje CY:

- TepmoauHamMu4Ka aHanm3a Koja o0yxBaTa TEPMOJUHAMHUYKU MPOpadyH (a3sHUX PaBHOTEXKA y
UCIIUTHBAHUM cUCTeMHMa Ha 0a3u Ousmyra (Bi-In, Bi-Sn, Bi-In-Sn u Bi-Sn-Zn cucremu) u
ranyujyma (Ga-In u Ga-Sn cucremun) Ha OCHOBY ONTUMH30BAaHUX TEPMOJMHAMUYKUX MTapaMerapa,
yTBphHBame cactaBa €yTeKTHUKHX JIETypa, TEPMOJMHAMUYKH IPOPAYyH TEMIIEpaTypa TOIJbEba,
JATEHTHUX TOIUIOTA TOIJBEHA M CHENN(UYHIX TOIUIOTHUX KallaluTeTa.

- CuHTe3a U TepMHUYKa 00paja Jierypa eyTeKTHUKUX cacTaBa Ha Oa3u Ousmyta u3 Bi-In, Bi-Sn,
Bi-In-Sn u BIi-Sn-Zn cucrema ca TemmepaTypoMm ToIubema y omcery ox 40-200 °C wu
EYTeKTHUKHX Jierypa Ha 0a3u ranmjyma u3 Ga-In u Ga-Sn cucrema ca TeMmepaTtypoM TOIJbEHA
ucron 30 °C.

- Nedunucame MUKPOCTPYKTYpe U MOpdosoruje da3a HCIIMTHBAHUX €yTEKTUIKHX JIETYpa.

- OnpehuBame TepMOGHU3NIKUX 0COOMHA UCIIMTUBAHUX €yTEKTHUYKUX JIETypa Ha 0a3u OusMyra u
Ha 0a3W ramujymMa Kao IITO Cy TeMIepaType TOIUbeHha M OUYBpINYaBama, JIATEHTHA TOILIOTA
TOIUBCHA, CHEHU(PUYHM TOIUIOTHU KallalUTeT, TEpMUYKa JU(Y3UBHOCT U TOIUIOTHA
MIPOBOJIJBUBOCT.

VY mnocrojehoj HayyHO] JUTEpaTypd MHOTH OJl HABEAEGHUX IOJaTaka HE II0CTOje WM CY
HEKOMIUIETHU Y KOH(DJIMKTHHU TaKO J1a MOCTOjJU MOTpeda 3a CTBapameM Moy3aaHe 6a3e mojaaraa.

2.2. OcHOBHe XHIOTE3€ 0] KOjHX Ce MOJIA3UJI0 Y HCTPAKHBAILY

HctpaxkuBame y OKBUPY JIOKTOPCKE JUcepTalyje je 6a3upaHo Ha XUIOTE3U Ja je KOMOMHOBAaHOM
IPUMEHOM TepMoJMHaMHU4Kor mnpopauyHa Ha 6a3u CALPHAD wmerosne M ekcriepuMeHTATHUX
MeTOoAa CTPYKTypHe W Tepmuuke Kapakrepm3amuje (SEM-EDS, DSC, mepeme TOIIOTHE
midy3uBHOCTH) Moryhe yCHemHO M3BpUIMTH MJCHTU(UKAIM]y cacTaBa HHCKOTOIMBUX
€yTEeKTUYKUX JIerype Ha 0a3u OM3MyTa U rajyjyma ca MOTEHIMJaJHOM IMPUMEHOM y 00J1acTh
(a3HO-IPOMEHJBUBUX METATHUX MaTepHjaja 3a aKyMyJaldjy TOIUIOTe, MHUKPOCTPYKTYPHY
aHanu3y u oapehuBame BaKHUX TEPMODU3UIKAX OCOOMHA.

2.3. Cagp:kaj nucepraunmje

JlokTopcka mucepranuja kanawmata MBane ManacujeBuh, moa HaszuBoM: ,,Tepmoounamuuxa
amanuza u Kapakmepuzayuja azHo-npomeHbuux necypa Ha oasu ousmyma u eanujyma’’
HanmcaHa je Ha 92 ctpaHe u nojiesbeHa je Ha 10 ¢hyHKIMOHATHO TOBE3aHUX TOTIIaBJha U OCTAINX
nparehux enemenara qucepranuje (O6pacim 5,6,7 u3 [IpaBuiiHUKA O TOKTOPCKUM CTy/AHjaMa Ha
Texanukom dakynrery y bopy), Ha kpajy pazaa.



Canpikaj aucepTraiuje:

[Tornassse 1. V800

[ornassbe 2. Ilpeaned 0ocadauirbux ucmpaxicusaroa

[Tornasibe 3. {umwesu ucmpasicusaroa

[lornassbe 4. Excnepumenmante memooe

[Tornaemwe 5. Tepmoounamuuka ananusza

[Mornasswe 6. Pezyimamu u ouckycuja

[Tornasibe 7. 3akwyuax

[Tornasmwe 8. Jlumepamypa

[Tornasmwe 9. buoepaguja

[Mornasswe 10. O6jasmenu padosu uz 0okmopcke oucepmayuje

[Tpunosu:

[Tpunor 1 — M3jaBa o ayTopcTBY

[Tpusor 2 —M3jaBa 0 KICTOBETHOCTH IITaMIIaHE U €NIEKTPOHCKE BEP3Uje JOKTOPCKOT paja

[punor 3—-U3jaBa o kopunthemy

Hucepranuja je minyctpoBaHa ca 50 ciauka u 27 Tabena, a JUTEPATYpPHH MpeEriiel] CalpiKu
nmonatke o 144 nureparypumx wnutata. [lo dopmm m campkajy HamwcaHa IucepTaiyja
3aJI0BOJbaBa CBE CTaHAapie YHUBep3uTeTa y beorpaay 3a J0KTOpCKy AMCEpTaIH]y.

2.3.1. Kparak npuka3 nojeJuHa4YHUX NOrjiaB/ba

Y npsom noznaswy (¥Y600) n3noxkeHu Cy OCHOBHHM IIOJMOBU U JlaTa Cy YBOJHA pa3MaTpama o
MeToAaMa aKyMyJalyje TOIUIoTe W (PasHO-POMEHJPMBUM MaTepujaiuMa 3a aKyMyJalujy
tortote (enri. phase-change materials (PCM) for heat storage). Kauauaar y oBoM MorjiaBiby
HajIpe yKazyje Ha 3Hauaj IpoydyaBamka METAIHUX (a3HO-NPOMEHJbUBHX MaTepujaia 3a
aKyMyJlalijy TOIJIOTE M HAaBOJM OCHOBHE MPEJHOCTH M HEJOCTaTKe OBE Ipyle E€HepreTCKUX
MaTepujaja y OJHOCY Ha Jpyre THUIIOBE HEMETadHUX (a3HO-NMPOMEHJbMBUX Marepujana. Y
JlaJbeM TEKCTY HaBOJE C€ OCHOBHE OCOOMHE €yTEeKTHYKHX Jierypa Ha 0a3u Ou3MyTa U raiujyma
Kao M BHUXOB 3Haya] y o0JacTH WCIUTUBama (a3HO-NMPOMEHJBMBUX MaTepHjajia ca HHUCKOM
pasHOM TEMIIEPATypPOM.

Texuwmre Opyeoe noenasmwma (Ilpeeneo Oocadawrbux ucmpadcuéarba) 3aCHOBAHO j€ Ha
JUTEPATypHOM TIperiiefly JO0CaJalllbUX HCTpaXHWBama Yy OONacTH MeTamHuX (a3Ho-
IPOMEHJbUBUX MaTepujana. Y OBOM IOIJIaBJby JOKTOPCKE JAMCepTalje JaT je Nperien
HajBOXHUJUX J0CaJallllbUX HCTpakuBama M3 00JacTH NpHMEHEe, THIOBa U OCOOMHa (a3HO-
NPOMEHJbUBUX MaTepujaja 3a akyMmyjalMjy TOIUIOTe, Kao U ojapehuBama TepMOJAWHAMHYKUX,
MHUKPOCTPYKTYPHHUX H TepMO(DH3MUKMX OCOOMHA WCIHUTHUBAHHX JieTypa Ha 0a3u OusMyrta u3
cucrema Bi-In, B-Sn, Bi-In-Sn u Bi-Sn-Zn kao u nerypa Ha 6a3u rammjyma u3 cucrema Ga-In u
Ga-Sn koje mpeacTaBsbajy MpeIMeT UCTPAKHBamha OBE JOKTOPCKE JIUCEPTaIIH]je.

VY mpehem noerasmy (Lumesu ucmpascuearba) Cy HaBeJICHU TIIaBHH LWJBEBH HCTPAXKHUBAbHA Y
OKBHpY [JOKTOpCKE JMCepTalyje KOju Cy IIOCTaB/beHM Ha OCHOBY YypaheHor mperiena
J0CaJallllbUX UCIIUTHBAKA Y OBOj O0JIACTH.



Y uemsepmom noznaeny (ExchepumeHmanuu memoou) U3I0KeHE Cy OCHOBE EKCIIEPUMEHTAIHUX
MeTola Koje cy KopuinheHe y TOKYy wH3paae JOKTOpCKe mucepranuje. ExcnepumeHrtaniHa
HCIHMTHBAbA U3BEJICHA Cy MPUMEHOM clie/ichux TeXHUKa:

- Mudepennumjanna ckenupajyha xkamopumerpuja (DSC),

- Ckenupajyha enekTpoHCKa MUKPOCKOIIHja ca €Hepro-Aauciep3uBHOM criekTpomerpujom (SEM-
EDS),

- @rem MeToa 3a MEpeke TepMUUKe AU Y3UBHOCTH U opelBambe TOTUIOTHE MPOBOIJTBUBOCTH.

YV nemom noenasny (Tepmoounamuuka aumanu3a) OaT je TEOPUjCKH OKBHP TEPMOJMHAMHUUKE
aHanmM3e CIPOBEICHE y OKBUPY JOKTOpCKe mauceprarmje. IIprkazane Cy TEOpHjCcKe OCHOBE
CALPHAD (calculation of phase diagram) merone koja je mpuMemeHa 3a mpopadyHe (a3HuX
aujarpama MCIUTHBAHUX CHCTEMa, CYTEKTHYKHX KOHIICHTpanuja, aujarpama (asHux yaena u
TEPMOJMHAMHUYKUAX (YHKIHMja TONYT CEHTAINHje W CIEeHU(PUYHOT TOIJIOTHOT Kararurera
UCOHUTHBAHUX €yTEKTHUYKHX JIETYpA.

Y wecmom noznasmy (Pezynmamu u ouckycuja) M3J0KEHU Cy pe3yiaTaTd U jJara JUCKycHja
pe3ylitaTa MCTpakKMBama CIPOBEICHOT y OKBHPY pealin3alije IMHJbeBa IucepTanuje. Y MpBoj
¢dasu wucrpaxuBawa, npumeHom CALPHAD wmerome, a Ha OCHOBY ONTHMH30BaHHX
TEPMOJMHAMHYKUX TapamMeTapa W3 IocTojehe nuTeparype H3BpILICHAa je TepMOIMHAMHYKA
aHanu3a ucnutuBaHux cuctema Bi-In, Bi-Sn, Bi-In-Sn u Bi-Sn-Zn Ha 6a3u 6usmyra u cucrema
Ga-In u Ga-Sn nHa 6a3u ranujyma. Za CBaKu MCIUTHBAHA CHCTEM TEPMOJMHAMUYKA aHAJIN3A je
oOyxBaTuiia TpopadyH (asHOr aujarpama, TeMmIeparypa M cacraBa EYTEKTHYKHX JIerypa,
JATEHTHHUX TOIJIOTAa TOIUJBEHa, CHTANHUja, CIIEHU(PUIHUX TOTUIOTHUX KalalHuTeTa Kao W yjena
¢daza nerypa EyTeKTMYKHX cacTaBa. Y JpYroj, eKCIHepHMEHTaJIHO] (a3u HCTpakuBamba
M3BpILIEHA je TpUnpemMa M3abpaHuX JIerypa eyTeKTUYKHX CacTaBa W HHXOBA €KCIIEpUMEHTAITHA
aHaJm3a.

3a WCIUTHBaHE EYTEKTHUYKE Jierype Ha 0a3u OM3MyTa CIpOBEleHa je MHUKPOCTPYKTYpPHA H
TepMUYKa Kapakrepuszanuja. JloOujeHn pe3yntaTd MUKPOCTPYKTYpHHUX ucnutuBama SEM-EDS
MeToZoOM 00yxBarajy ojpehuBame Koersuctupajyhux ¢aza u eyrexktuuke wMopdororuje.
Tepmuuka kapakTepusalMja UCIUTUBAHHUX Jierypa oOyxBaTuia je ojpehuBame Temmeparype
TOIUBEHA, JIATEHTHE TOIUIOTE TOIUbEHA, CIEIMU(PUYHOT TOIUIOTHOT KaraluTeTa, TEPMHUYKEe
(] y3UBHOCTH U TOIJIOTHE MPOBOAJBUBOCTH.

JloOujenn pe3ynaTaTd HWCMUATHBAama EYTEKTUYKUX Jierypa Ha 0a3u ranmjyma oOyxBaTajy
TEpMOJIMHAMHYKE TIpopauyHe TemIeparypa M JAaTeHTHUX TOIUIOTa TOIUbEHAa U yJena
eyrektuukux (¢asza. Takohe, npumeHom nudepeHurjaTHe CKeHHpajyhe KaJopuMeTpHje
eKCIIEpUMEHTAIHO Cy ojpeheHe TemmepaType TOIUbeHha M OuBplIhaBama Kao U JIATCHTHE
TOIJIOTE TOTUbEHa M OUBpIThaBama.

[TpBu McnUTHBaHM CUCTEM Ha 0a3u OM3MYyTa y OKBUpY aucepranuje je ouo nsojuu Bi-In cucrem.
TepMogrHaAMUYKH TPOpadyH Ha 0a3M ONITUMU30BAHUX TEPMOJAMHAMHUYKHX TTapaMeTapa je yKa3ao
Jla ce y OBOM CHCTEMY jaBJbajy TpU €yTEeKTHUKe peakiuje. JlasbuM mpopauyyHoM YTBpheH je
cactaB EyTeKTHUKHX JieTypa, TeMIeparypa M MeEXaHW3aM CYTeKTHUKHAX peakiuja, yaeo
eYTeKTHUKUX (haza, MpoMeHa eHTAINMje M CHelM(UIHUX TOIJIOTHUX KamaluTeTa y (YHKUIUjU
temrnepatype 3a Bi-In nmerype eyrektmukux cactaBa. EKcriepuMEHTalHM J1e0 HCTpPaKHBamba
eYTeKTHYKHX Jierypa u3 Bi-In cucrema je 00yxXxBaTHO HUXOBY NPHUIPEMY U HCIUTHBAE
CTPYKTYPHUX M TEPMUYKHX ocoOuHa. HOMUHAIHM cacTaBu MPUIPEMIbEHUX Jierypa cy ounn Bi-

47,44 at.% In (Biln-E1 nerypa), Bi- 66,33 at.% In (Biln-E2 nerypa) u Bi-77,92 at.% In (Biln-E3



nerypa). SEM-EDS meTtonom ananusupana je eyTeKTudka MopgoJorija HCIIMTHBAHUX JIETYpa U
ypahena je uaeHTduKanuja mpucyTHHX (asza. YTBpheHo je ma ce MuKpocTpykrypa Biln-El
nerype cactoju ox Biln u (Bi) daza. ®asuu yaeo Biln daze je 6uo 3natHo Behu ox ¢asHor
yaena (Bi) daze. Y mukpoctpykrypu Biln-E2 nerype unenruduxosane cy Biln u Bizlns ¢ase.
dazuu yneo Bilnz dase 6uo je 3HatHO Behu ox dasuor yuena Bislns ¢asze. Ha ocHoBy pe3ynrara
SEM-EDS ananuse yrBpheHo je ma ce eyrektuuka MEUKpocTpykTypa Biln-E3 nerype cactoju on
Blnz u (In) ¢a3za. YTpheno je na ce Biln-E1 u Biln-E2 nerype, 30or Benuke paszinuke y ¢hazHuM
ylIenuMa eyTeKTHYKHMX (a3a, He OJUIMKY]Y KapaKTEPUCTHYHOM JIAMEJIapHOM EYTEKTHYKOM
crpykrypoMm. Eyrektnuka ctpykrypa Biln-E3 nerype je mamenapHor Tuma u cactoju ce Of
BeJMKor Opoja mamena Biln2 u (In) dasza HenpaBuiHOT yeMepemba.

[TIpumenom DSC wmetome wu3BpmieHo je onpehuBame Temmeparypa TOIUbCHA W JIATCHTHUX
TOIUIOTA TOIUBCHA WCIUTUBAHUX CYTCKTHUUYKUX Jerypa u3 Bi-In cucrema. ExcnepumenTanHo
onpehena TemrepaTypa TOIJbCHA U JIATCHTHA TOILUIOTA TOIUbEHa 3a Biln-E1 eyrektuuky nerypy
uznoce 110,7 °C u 42,7 Jg!, pecnekrusro. OBe BpeaHocTH cy Hemrto Behe y omHOCY Ha
oarosapajyhe Bpennoctu nobujeHe TepMoHaMuaKuM npopadynom (109,2 °C u 39,4 Jg).

3a Biln-E2 ekcnepumenTanno oapelheHa Temreparypa TOIUbCHA M JIATEHTHA TOILIOTA TOILUbCHA
usnoce 90,7 °C u 30,2 Jg, nox cy oarosapajyhe npopauynare Bpexnoctu 87,8 °C u 32,6 Jg™t.
ExcniepumMenTanto oapeliena temneparypa TOIUbCHA U JIATEHTHA TOILIOTA TOIJbewa 3a Biln-E3
eyTeKTuuKy serypy usnoce 73,8 °C u 21,8 Jg a onrosapajyhe npopauynare spegnocru 71,8 °C
u23,5Jg?

Ha ocnoBy no6ujennx pesynrata DSC ananuse yTBpheHo je 1a cy eKClepuMEeHTaIHO oapehene
BPEIHOCTU TeMIepaTypa TOIUBEHA W JIATEHTHUX TOIUIOTAa TOIUbEHa y I0OpOM claramy ca
pesyiraTiMa TepMOJMHAMHUYKOT MPOpavyHa 3a CBE TPU €yTeKThWuke Jjierype u3 Bi-In cucrema.
Takole, ycTaHOBIbEHO je 1a ko eyTektuukux Bi-In merypa ca mosehameMm caapikaja uHIUjymMa
JI0J1a3H IO CHIDKEHha TEMIIEpaType TOIJbEHha U BPETHOCTH JIATEHTHE TOIJIOTE TOTUBEHA.
[IpumMeHOM KCeHOH-(uIenl MeToJe U3BPLICHO jeé Mepeme TepMHUKe AU(Y3UBHOCTH H
onpehuBame ToroTHE mpoBobMBOCTH Bi-In eyrektnukux nerypa Ha 25 °C. 3a pasnuky of
TeMIepaType TOIUbEHha U JIATEHTHE TOIUIOTE TOIUbEHA, YTBPHEHO je /Ja BPEJHOCTH TEepMHUUKE
() y3MBHOCTH ¥ TOIIOTHE MPOBOJBUBOCTH HCIUTUBAHUX CYTEKTHUKUX Jerypa u3 Bi-In
cucTeMa pacTy ca MopacToM cajpxaja uHavjyma. HajHmxy Tepmuuky nudysuBHoct (6,270
mm?2st) u Tomnotny nposombuBocT (8,131 Wm?K™) uma Biln-E1 nerypa. Ibena tomiorsa
IPOBOUBMBOCT je& BPJIO OJIMCKA TOILIOTHO] MPOBOMLMBOCTH unctor Bi (8,2 Wm K1), Biln-E2
Jerypa MMa HEITO BUIIE BPEAHOCTU TepMuuke audysuBHOCTH (8,860 mm?s?) m TomoTHe
nposoabuBocTd (12,182 WmK™), nox Biln-E3 nerypa uma HajBHIlE BPEIHOCTH TEPMUYKE
mudysusrocta (13,780 mm?2s?t) u tomnorne nposombusoct (19,880 Wm?K1). Onpehene
TOIUIOTHE TIPOBOJJBMBOCTU 3a cBe Tpu Bi-In eyrexTnuke nerype cy reHepaiHo J0cTa HHCKE
3axBaJbyjyhu BUCOKOM cajpiKajy Ou3MyTa.

JIpyru UCTIMTHBAaHU €YTEKTUYKH CUCTEM Ha 0a3u Ou3myTta je 6uo Bi-Sn nBojHu cucteM. Y mpBoj
da3m uCTpakWBama OBOI CHCTEMa W3BEICHA j€ TEPMOJMHAMHUYKA aHajn3a TPUMEHOM
CALPHAD wmetoze a Ha 6a3u ONTUMHU30BAaHUX TEPMOJMHAMUYKHX MapaMerapa U3 JUTeparype.
Ha ocHOBY pe3yiTata TepMOJMHAMHYKE aHau3e YTBpheHo je na ce y Bi-Sn nBojHoM cuctemy
jaBJba jeliHa €yTEeKTUYKa peakiuja. TepMOoIuHAMUYIKUM MPOpauyyHOM oJpeheHu Cy eyTeKTHYKH
cacTaB W TeMIlepaTypa, YACHIH €yTeKTHYKUX (a3a, 3aBUCHOCTH CHTANIHMja M CIeIU(PUIHIX
TOIUIOTHUX Kamamurera ojx Temmneparype. Jlerypa eyrekrmukor cacraBa (Bi-61,13 at.% Sn)
MPUTIPEMJbEHA j€ TOIUBEHEM OJIMEPEHMX Maca YHCTHX MeTaja a 3aTHM je H3BpIICHA HheHa
MHUKPOCTPYKTYpHa U TepMuUKa Kapakrepuzauuja. [Ipumenom SEM-EDS metone yrepheno je na



j€ eKcIiepuMEeHTaHO ojpeheHu cacTaB Jierype y JoOpOM cllaramkby ca HOMHUHAJIHUM CacTaBOM.
Eyrextnuka Bi-Sn nerypa nokasyje kapakTepHCTHUYHY JaMelapHy €yTeKTHYKY CTPYKTYpYy Koja
Ce CacToju O] HENMPaBUIHO yecMepeHux Jiamena (Bi) u (Sn) dasa.

Excniepumenraino oapehena remmneparypa tormbema npumenom DSC merone 3a eyrektuuky Bi-
Sn nerypy usHocu 138,6+0,1 °C u y Bpio 10o0pom ciaramy je ca IpopauyHaTOM €yTEKTHIKOM
temmniepatypoM (138,4 °C). ExcriepumenTtantno oapehena naTeHTHa TOILIOTa TOIJbEHA M3HOCH
43,5+0,2 Jg** u 3na9ajHO je HmKa on oarosapajyhe nmpopauynare Bpeanocts (53,5 Jg1) u Takohe
HIKA OJ1 JJATEHTHHUX TOIIOTa TOIUBEHa ynucTor omsmyra (52,1 Jgt) u uucror kanaja (59,6 Jg).
Ha ocHoBy u3mepene BpeqHocTH TepMuuke audy3uBHocTH jerype Ha 25 °C koja usHocu 16,940
mm?2s, kao 1 npopadyyHaTUX BpeAHOCTH crenuduyuHor TortoTHor kananurera (0,172 JgtK™?) u
rycrune (8,356 gcm?®) oxpeleHa BpeaHOCT TOILIOTHE NMPOBOABUBOCTH Bi-Sn nerype msnocu
24,347 WmiKL,

Hapennu ucnutiBaHu cucteM Ha 0a3u Ousmyra Omo je Tpojuu Bi-In-Sn cucrem. Ha ocHoBy
popavyHaTOT ONTUMU30BAHOT (asHor aujarpama Bi-In-Sn cucrema oxpeleHo je mocrojame nBe
TpOjHE EyTEeKTHYKe peakuuje. Jajbum mnpopadyHOM ojpeheHH Cy EyTeKTHYKHM CacTaBH H
TeMIIepaType, Kao M yAeIH SyTeKTHYKHX (a3a M BPETHOCTH JIATEHTHHUX TOIUIOTA TOIUBEHa U
cnenn(UYHNX TOIJIOTHUX KananuteTa. HakoH Tora n3BpIIeHa je mpurpemMa eyTeKTHIKHX JIErypa
npema InpopadyHaTtuMm cactaBuma. [Ipunpemsbene nerype cy umane cienehe cacrase: 53,8
mas.% Bi-27,0 mas.% In-19,2 mas.% Sn (aerypa BilnSn-E1) u 32,0 mas.% Bi-51,2 mas.% In—
16,8 mas.% Sn (aerypa BilnSn-E2). OBe jerype cy mOABprHyTe MHUKPOCTPYKTYPHO] aHAIIU3H.
[Mpumenom SEM-EDS metone yrBpheno je nma ce eyrekruuka ctpykrypa BilnSn-El nerype
cactoju ox (Sn), (Bi) u Biln da3a nok ce eyrekruuka crpykrypa BilnSn-E2 nerype cacroju ox B,
Biln2 u y daza. Tepmuuka kapakTepusaiyja UCIIMTUBAHUX JIETypa U3BplieHa je npumenom DSC
u KceHOH-(nem Mmetone. ExcrnepumenrtanHo oapeheHe BpeaHOCTH TeMIiepaType TOIUBEHA U
JIATEHTHE TOIUIOTE ToIUbera 3a BilnSn-El nerypy usnocune cy 76,6+0,2 °C u 32,6+0,1 Jg?,
pecriekTuBHO. OBe BPEJHOCTH Cy Y JI0CTa J0OpOM ciaramy ca oAronapajyhuM BpeaHOCTHMA
100ujeHrM TepMOAMHAMUYKUM npopadyHoMm (76,4 °C u 34,5 Jgt). Exkciepumentanno oapehene
BPEIHOCTH TEMIIEpaType TOIJbCHA U JATCHTHE TOILIOTE TOIUbera 3a BilnSn-E2 nerypy usnoce
60,8+0,1 °C u 25,4+0,1 Jg'lnok cy oarosapajyhe mpopauynare Bpeanoctu 59,2 °C u 26,7 Jg?.
Tepmuuka au¢y3uBHOCT M TOIIOTHA MpoBoasbuBOcT BilnSn-El nerype na 25 °C usHocuie cy
7,620 mm?st 1 11,081 WmK? nok cy 3a BilnSn-E2 nerypy ose Bpennoctu 6une 10,950 mm?2s”
11 17,093 Wm K2, pemom.

[Tocnenwmu ncnuTUBaHU CUCTEM Ha 06a3u OM3MyTa Yy OKBUPY OBE JIOKTOPCKE AHCepTaluje je Ouo
Bi-Sn-Zn Ttpojuu cucteM. Y mpBoj (azu ucTpakrBama W3BEICHA je TEPMOIMHAMHUYKA aHAIN3a
Ha 0a3M ONTHMHU30BaHUX TEPMOJUHAMUYKHUX MapaMeTapa u3 qureparype. V3BpieH je npopadyH
¢asnor amjarpama Bi-Sn-Zn cucrema Ha OCHOBY KoOjer je yTBpheHO mocrojame jeZHe TpOjHE
eyTeKThuke peakuuje. JlasbuMm mpopadyyHoM ojpeheH je cacTaB TpOjHE €YTeKTHUYKe JIEType U
CYTeKTHUKa TEeMIIepaTypa, yAeo eyTEeKTHUKHX (aza Kao M TEOpHjcKa BPEIHOCT EHTaJIdje
TOIUbEHA U CIICIU(PUIHOT TOIIOTHOT Kamanurera. Ha 6a3u pesynrara DSC ananmse u KceHOH-
¢nem MeTone eKCIEepUMEHTAIHO Cy ojapeheHe BpeTHOCTH TeMIleparype TOIJberha, JIATEHTHE
TOIJIOTE TOIUBbEHA Ka0 W TEPMHUYKE MU(PY3MBHOCTH W TOIUIOTHE MPOBOIsbMBOCTH Ha 25 °C.
Jlo6ujene Bpemnoctu cy 132,4+0,1 °C 44,1+0,2 Jgt, 15,520 mm?s™ u 17,093 Wm1K, penom.

VY okBHpY HCIUTHBaWma (Pa3HO-NMPOMEHJBMBHX MaTepHjajia Ha 0a3u rajmjyma y JOKTOPCKO]
JMCepTalliji M3BPIICHO j€ WCIUTHBAamE €yTeKTHUKHx Jerypa m3 Ga-In m Ga-Sn nBojHmX
cucrema.  TepMoAMHAMHMYKa  aHalM3a  je  M3BeJeHa  NPUMEHOM  ONTHUMM30BAaHUX



TEPMOJMHAMHUYKHX TapamMeTapa u3 jureparype. M3BpiieHa je KoHCTpyKija Ga3Hux gujarpama
Ga-In m Ga-Sn nBojHux cuctemMa W JAehUHUCAHM Cy CACTaBH EYTEKTUYKHUX Jierypa. Jlabu
popavyyH je yKJbyuyuBao onpehuBame Temreparypa €yTEeKTHUKHX peakiuja W IpopavdyH
SHTaJINNja TOIUbCHA. Y EKCIIEPHUMEHTATHOM JeNy paja M3BpIICHA je MPUIpeMa CYTEKTHIKUX
Jerypa TOIUBEHEM OJMEPEHHMX Maca YHCTHX MeTala M TepMHujcka aHanu3a npumeHom DSC
Metoze. Ha oCHOBY W3BeleHMX LUKIyca 3arpeBama W xiahewma oxapeheHe cy temmepatype
TOIUBEHa M OYBpHIhaBama Kao M JATEHTHE TOIUIOTE TOIUBbEHA W OUBpIINaBama aHAIM3UPAHUX
eyrektuukux Ga-In u Ga-Sn nerypa.

VY ceomom noznasmy (3axmyuax) Cy W3HETa 3aK/bydHa pa3MaTpama 3aCHOBaHA Ha pe3yJITaTHMa
CIPOBECHOT HCTPAKUBAKbA.

Ha ocHOBY noOujeHHX pe3ynitaTa TEPMOJMHAMUYKE aHAIM3€ U KapaKTepH3alHje MCITUTHBAHUX
SYTeKTHUYKHX JIeTypa Ha 0a3u OM3MyTa y OKBUPY TOKTOPCKE JHCEPTALNje MOXKE CE 3aK/bYUUTH 12
CBC HCHHUTHBaHE JIEType HMajy TeMIeparype TOIUbCHA KOje OIroBapajy CpeambeM
TEMIIEPATYPHOM OIICery pana (a3HO-MPOMEHJBPMBUX MaTepujaiia. BpeqHOCTH JTaTeHTHE TOIUIOTE
TOIUbCHa MCIHMTUBAHUX JIETypa Ha 0a3u OW3MyTa Cy 3HAYajHO Mame O] mapaduHa, MaCHHX
KHACEIMHA W XHIPATUCAHMX COJM TOCMATpaHO IO jEeAHWIM Mace ajlu 3HadajHo Behe of
HaBE/ICHUX HEMETAIHUX MaTepujaja MO jeIUHHIIM 3alpeMHHE, IITO je BPJO BaKHA YMEHCHHUIIA
KOJ MPUMEHE y CUCTEMHUMaA Ca OIPaHUYCHOM PAJIHOM 3alPEMHHOM TIOMYT CHCTEMa 3a XJaheme
eNeKTpoHCKuX ypehaja. OnpeheHe TOMIOTHE NPOBOIJBMBOCTH WCIUTHBAHUX CYTCKTHYKUX
Jerypa Ha 0asu Om3MyTa MMajy BPETHOCTH Koje ce kpehy y omcery ox 8 mo 25 WmK2, Ose
BPEIIHOCTH TOIUIOTHE MPOBOJJBUBOCTH CYy 3HATHO BHIIE y OJHOCY Ha oOpraHcke (asHo-
MIPOMEHJbHBE MaTepHjajie y KOjuMa ce TOIUIOTHA MPOBOJJBMBOCT Haja3M y ormcery ox cgera 0,4
10 5 Wm 1K1,

Y OKBHUpPY OB€ JOKTOPCKE IWCEpTallHje W3BpIICHA j€ JeTaJbHa TEPMOJMHAMHYKA aHAIHW3a H
MUKPOCTPYKTYpHa M TEepMHUYKa KapakTepusaluja W3a0paHUX EYTEeKTHUYKUX Jierypa Ha 0asu
ousMyTta W ranujyma. Ha oBaj HaumH KpeupaHa je 0a3a mojaaraka Koja CaJpXku IMOYy3JaHe,
eKCIIEPUMEHTATHO ofpeleHe BpeIHOCTH TepMOPU3NUKUX BEIHUMHA WCIUTUBAHUX JIETypa Koje
Cy 3HayajHe 3a JAW3ajHHUpame, CENeKIHM]y W CHUMYJallMjy TMpoleca paaa MeTamHux (a3Ho-
MPOMEHJPMBUX MaTepujaja 3a akyMmynanujy Tomiore. Kopucrehu pesynrate mnpukazaHe y
JOKTOPCKO] JAMCEpPTallMjH, TEPMHUYKO IIOHAIalke€ HWCIUTUBAHUX EYTEeKTUYKUX JIerypa y
CHUCTeMHMA 33 aKyMYJIall1jy TOIUIOTE MOXE C€ YCTEIIHO MPEABUACTH U CUMYJIHUPATH.

Y ocmom  noenaemy (Jlumepamypa) nat je cmnucak KOpHIINEHUX JUTEpaTypHHUX H3BOpa 3a
noTpebe u3pajie oBe JOKTOPCKE TucepTalluje.

VY 0esemom noznasny (buoepaguja) nata je ouorpaduja kanauIaTA.

Y oecemom noenaswmy (Objasmenu padosu uz O0oKmopcke oucepmayuje) TPHUKA3aHE Cy
myOauKaIyje mMpou3alnie Kao pe3ylTaT UCTpaKHBamba MPUKA3aHUX Y TUCEPTAIUjH.



3. OHEHA JMCEPTAIIMJE

3.1. CaBpeMeHOCT M OPUTHHAJIHOCT

VY ycloBHMa CBETCKE €HEpPreTCKe M CHPOBHHCKE KpH3€, Pa3BOj TEXHOJIOTHja KOje YKIbY4Yjy
aKyMyJlallijy €Hepruje Ha pauyH (pa3HUX IPOMEHA MMa BaXKHY YJIOTY KAaKO Y MHIYCTPH)CKUM
yCJIOBHMA, TaKO M Y CBAaKOJAHEBHOM JKMBOTY. 300Tr TOra Ce MOCIEIHHX TOJHMHAa MHTCH3UBHO
HCTpaXxKyjy HOBHU ¢a3Ho-npoMeHbuBH Martepujanu (PCM) 3a akymynanmjy TOmioTe, KOju Cy
CHOCOOHHU Ja akyMynupajy (CKIaauITe) u 0cio00hajy BEIUKY KOJIMYUHY TOIJIOTHE CHEPTrHje y
00JIMKY JIaTeHTHE TOILIOTEe MoBpaTHEe (a3He TpaHcdopMmaldje Ha KOHCTAHTHO] TeMIIepaTypH.
®a3HO-IPOMEHJBMBH MaTEepHjaliil 3a aKyMyJallKjy TOIUIOTE CIajajy y TPYIy T3B. €HEPIeTCKUX
MaTepHjajia U KopUIIheH! Cy 3a IIUPOK CIEKTap alIMKalja TOKOM IOCIEABUX JIeLeHHja Kao
IITO Cy M3TPajiha JIeJI0Ba COJIAPHUX CHCTeMa, rpal)eBUHAPCTBO, Xinaheme eIeKTPOHCKUX ypehaja
u JIp.

Bennku Opoj pa3nuuuTHX Marepujaja je A0 caja MpoydyaBaH M KOMEPIHjaTHO MPUMEHCH Y
obnactu PCM 3a akymynanujy Toriore. Hajpehu Henoctarak komepuujanaux PCM je muxosa
HUCKa TOIUIOTHA MPOBOJJHHBOCT, KOja 3HAYAjHO JIMMUTHUPA MPEHOC TOILIOTE y Marepujaimy. Y
Wby MoOOJbIIaKba NMPOBOJAJBUBOCTH BpIIE CE€ MHTEH3UMBHA MCTPAKUBakba HA Pa3IMUUTHM
METaJIMMa U €yTeKTUIKUM JieTypama Kao noteHnujaraumM PCM 3a akymynanujy TorioTe.

Ha ocHoBy mperiesa pocafaiimbe JUTEpaType €BUICHTHO je€ Ja BeIUKU Opoj cucrema
HUCKOTOIIMBHX JIETypa, KOjU MOCeIyjy MOTEHIHjal 3a nmpuMeny y obmactu PCM jom yBek Huje
JIOBOJbHO TI03HAT, M Ja MHOTM BaXXHM (PU3NYKO-XEMUJCKHU IOKa3aTeJbU IOMYT €yTEeKTHUYKe
KOHIIGHTpallMje, JaTeHTHE TOIUIOTE EYTeKTHYKE peakluje, TOIUIOTHE IPOBOJJHHBOCTH,
cnennuYHe TOIUIOTE U Jp. HUCY oapeheHu.

Y mwpy moOoJblakba TOIUIOTHE MPOBOJJBUBOCTH (Da3HO-TIPOMEHJBMBHX MaTepHjajia BpIIE ce
MHTEH3MBHA UCTPAKMBamka METala U €yTeKTHUKUX JIerypa Kao (ha3HO-MPOMEHJBUBHUX MaTepHjaja
32 aKymyJamnMjy TOIUIOTe. Y BeIMKOM Opojy pamoBa y uacommcumma ca JCR-SCI mucte
NPEJOYeHU CYy pe3yiaTaTH HCIUTUBamba METATHUX MaTepujana Kao MOTeHIHjaTHo (a3Ho-
MMPOMEHJPUBUX MaTepHjaa.

3Hayaj pe3yaTara oBe JUcepTalije oriefia ce y oapehuBamy U KapakTepHu3aluju Jerypa Ha 6a3u
Ou3MyTa W Tanyjyma KOju HMMajy 3HayajaH NMOTEHIHjasl 3a NMPaKTU4YHY MPUMEHY y 00sacTu
MeTaHUX (pa3HO-NIPOMEHJBUBUX MaTepHjajia U 00JbeM MO3HABAKY HUXOBUX TEPMOAMHAMUYKHX,
MUKPOCTPYKTYPHUX U TEPMHUUKHMX OCOOMHA, a THME€ M Jajb0] BaJlOpU3allMjU U TMPOIEHU
MOTYhHOCTH IpaKkTUYHE NMpUMEHe Yy 001acTu (ha3HO-NPOMEHJBMBHUX MaTepujaa 3a akyMyJlalujy
TOTIJIOTE.

OpUruHaMHOCT JOKTOPCKE JIUCepTaluje ce, IpU TOM, Orjiela y crlenupuuHo] KOMOWHAIMjU
aHaTUTHYKUX MeTona TepMmoauHamudke aHanmuze (CALPHAD metona) M eKCrepUMEHTATHHX
METOZa MUKPOCTPYKTYpHE M TepMHUuKe Kapakrepusauuje matepujana (SEM-EDS, DSC, ¢unem
METOJla 3a Mepeme TepMuuke Iu(y3UBHOCTH) y LWbY HUAEHTH(DUKaNMje U AeduHHCcamba
TepMO(PHU3MUKUX OCOOMHA Jlerypa Ha Ha 6a3u Ou3myTa M 0aszu rajggjyma Kao MeTaJHux (asHo-
MMPOMEHJPMBHUX MaTepHjaa.



3.2. OcBpT Ha pediepeHTHY ¥ KopultheHy AuTEpPaTypy

Toxkom wu3pane auceprauuje kopuinheHa je oOMMHAa W pelieBaHTHA Hay4yHa JuTeparypa. Y
JUTEpPATYpHOM TIperiiely HaBeaeHo je 144 nmurtepaTypHux u3Bopa. Bemuku Opoj quTepaTypHUX
M3BOpa Cy HAy4YHU PaJOBH HOBHjET JaTymMa KOju cy O00jaBJbeHH Yy HYacONHCHMAa Ca WMIIAKT
(baKTOpOM. HI/ITI/IpaHI/I pagoBu Cy y CarjlaCHOCTH Ca IMOCTaBJbEHUM HCTPaAXXHMBAYKUM IHUJbEBUMA Y
OBOj JMICEpPTAIIH]H.

Y HacTaBKy OBOT M3BEIITaja Cy, Y TOM CMHUCITY, HAaBEJICH! Haj3HAYAJHU]U PaJIOBU Ca CTAHOBUIIITA
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3.3. Onuc ¥ aIeKBATHOCT NPUMEILEHUX HAVYHUX METO/1a

HcTpaxxuBama CIpPOBEICHA y OKBUPY IOKTOPCKE AUcepTandje o0yxBaTajy TEepMOAMHAMHYKE
npopauyne Ha 06asm CALPHAD wmetome u caBpeMeHE eKCIEPUMEHTATHE TEXHUKE
MHUKPOCTPYKTYPHE M TEPMUYKE KapaKTepu3allije MaTepujaia.

CALPHAD wmeTonoM mNpuUKYyILUbajy €€ CBE eKCIepuMeHTanHe uHpopmaiuje o (a3HuM
paBHOTEX)amMa y CHCTEMY M TEPMOJMHAMUYKHA TMOJAlNU JOOWjEeHH W3 TEPMOXEMUjCKUX U
TepMOPU3MUKUX CTyadja. TepMoauHAMHUYKa CBOjCTBA cCBake ¢aze ce 3aTUM OIHUCY]Yy
MaTeMaTHYKUM MOJIEJIOM KOjH CcaApXu mojecuBe mnapamerpe. Ilapamerpu ce mnpouemyjy
ontuMuzanujoM. Hakon ontumusanmje wMoryhe je wu3pauyHatu (¢GasHM Aujarpam U
TEpPMOJIMHAMHYKA CBOjCTBA CUCTeMa Kao W mojenuHaunux ¢aza. ums CALPHAD metone jecte
NOo0Mjamke KOH3UCTCHTHOT onmca (a3HOr aujarpamMa W TEPMOJMHAMHYKUX CBOjCTaBa IIEJIOT
CUCTEMa Tako Ja Ce€ TOy3JaHO TMpeABUIE pPABHOTEKE CTaOMiaHUX (a3za U HUXOBA
TEPMOJIMHAMHMYKA CBOJCTBA y KOHICHTPAIMjCKUM U TEMIIEpaTypHHM oOIce3uMa 0e3
eKCIepUMEHTATHNX uHpopMmanuja. [Ipopauynn ¢a3sHHX paBHOTEXKa M TEPMOTUHAMUYKUX
BEJIMYMHA CE€ M3BOJIC MPUMEHOM CICIHjaTHUX TEPMOAMHAMUYKHUX COPTBEpa.

Y okBupy nokrtopcke mucepranuje CALPHAD wmetonom wusBprieH je mnpopauyH (asHux
JMjarpaMa HMCIMTUBAHHMX CHCTEMa Jierypa, ojapeheHu Cy eyTEeKTUYKH CacTaBH, TEMIIepaType
TOIUBEHA, TEPMOAMHAMUYKE BEIMYMHE TMONYT EHTAINHja M CHENU(PUYHUX TOIUIOTHHX
Kararrera HCIIUTHBAHUX JIeTypa.

Hakon TepMOIMHAMHYKUX TpopavyyHa W TPHUIPEME y30paKa H3BeleHa Cy EKCIepUMEHTaTHa
UCIHMTUBAkba CABPEMEHUM METO/1aMa MUKPOCTPYKTYpHE U TEpMHUUKE aHAIIU3e.
ExcnepumentanHu pan oOyxBata wu3Boheme cienehux akTUBHOCTH M HIpPUMEHY cienehux
aJIeKBaTHUX METOJa:

- Cxennpajyha enextponcka Mmukpockonuja ca EDS anammzom (SEM-EDS) y sy onpehusama
XEMHUJCKOT cacTaBa y30paka, HeHTH(pHKalK]je NpUCYTHUX (a3a U eyTeKTuuKke Mopgoioryje,

- Jludepennmjaina ckenmpajyha kamopumerpuja (DSC) y muspy onapehuBama Temmeparype
TOIJBEHHA U JIATEHTHE TOIUIOTE TOIJbEHha JIETypa €yTeKTUUKOT cacTaBa U crelu(uyHe TOmIoTe,

- Mepemwe Tepmuuke audy3uBHOCTH W ojapehiBame TOMIOTHE MPOBOJJEUBOCTH MCTIMTUBAHHUX
Jerypa NpuMeHoM (el MeToie.

3.4. [IpuMeHLMBOCT OCTBAPEHHUX Pe3VJTAaTa

OcTtBapeHH pe3yiaTaTH Yy BEJIMKO] MEpH TpyXajy HoOBa (yHIaMEHTalIHA 3HaMa O
MHUKPOCTPYKTYPHUM U TEPMOPHU3HUKAM OCOOMHAMa €yTEKTHUKUX Jierypa u3 Bi-In, Bi-Sn, Bi-In-
Sn u Bi-Sn-Zn cucrema ca temmeparypoMm Tomsbewma y omcery oa 40-200 °C u eyTeKTHYKHX
nerypa Ha 6a3u raymmjyma 3 Ga-In u Ga-Sn cucrema ca Temmneparypom Torberma ucrtoj 30 °C.
[Topen ¢yHmameHTamHe Ba)XHOCTH, OCTBAPEHM pE3YATaTH CYy BEOMa 3HAYajHH y MPOILCHH
MOTYRHOCTH MPUMEHE UCTIMTHBAHUX CYTCKTUYKHX JIeTypa Kao METaTHHUX (a3HO-MPOMEHIbUBHX
Marepujaiia 3a aKyMmyJjamnujy ToruioTe. IIpuMmeHa eyTeKTHYKHX Jierypa y obOmactu asHo-
IIPOMEHJPUBUX MaTepHjaia 3a aKyMyJiallijy TOIUIOTE je pelaTUBHO HOBa 00JIACT MCTpaKUBambAa.
ITo3nHaro je ga eyTeKTHUKe Jierype Moceyjy HU3 MOBOJBHUX OCOOMHA KOje MPECTaBIbajy BaKHE
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NPEJHOCTH Y OJHOCY Ha Jpyre THUIOBE OPraHCKUX M HEOPraHCKUX (a3HO-NMPOMEHIJbUBUX
Mmarepujana. Temmeparypa TOIUbEHa, JATCHTHA TOILIOTA TOIUBEHA M TOIUIOTHA MPOBOIJEUBOCT
NPEJCTaB/bajy HajBaXKHUjE€ TEPMHUUYKE KapaKTEPUCTHKE MaTepujayia Koje oapelyjy HmeroBy
NPUMEHJBMBOCT y o0Onactu (a3HO-IPOMEHJBMBUX Marepujana. 3 HaBemeHMx pasiora,
UCTPOKMBAYKU PAJl U OCTBAPEHHM pE3YNTaTH y OKBHUPY OBE JOKTOPCKE IUCEpTalHdje HUMajy
3HA4YajHy NMPUMEHJBUBOCT U NPAKTHYHY BPEIHOCT.

3.5. OneHa JOCTUTHYTHX CIIOCOOHOCTH KAHIMIATA 32 CAMOCTAJHHN HAYVYHH Paa

VYpahena nokropcka ucepTanudja, aHaimu3a JAOOMjEHUX pe3yiTaTra, HKUXOBO TyMaucme, Te
NPOUCTEKIN U 00jaBJbeHM HAyYHHM pAJOBH yKa3yjy Ha CHOCOOHOCT KaHaupaara lBane
ManacujeBuh, qUIII. MHX. METATYPrHje 32 CAMOCTAJIHH HAyYHH paj Kao W 3a aKTUBHO y4enthe y
TUMCKOM Day.

WBana ManacujeBuh je TOKOM HU3pajJie JOKTOPCKE IUCEpTAIMje WCIOJbUIIA CAMOCTAITHOCT W
CTPYYHOCT y TMpeTpaXUBamby CaBpEMEHE JIUTepaType, IUIAaHHpamy  HCTPAKUBAMbA,
OCMUIIJbABaky, MPUIIPEMU U PEaTH3alMjd UCTPAKHUBAKA, CKCIICPUMEHTATHOM M aHAJTHUTUYKOM
pamy Kao M CHCTEMAaTH3alWju W aHaIW3u Jo0ujeHux pesynrarta. Ha OCHOBY uHCHOJbeHOT
KBaJIUTETa, 3aMHTEPECOBAHOCTU U CTPYYHOCTH y 00aBJbamy J0OCATAIIBUX HAYYHUX U CTPYUIHUX
aktuBHOCTH, KoMucHja cmarpa na kanaunatkuma MBana ManacujeBuh mocesyje cBe KBaquTeTe
KOjH Cy HEOIIXOTHH 32 CAMOCTAITHU HayYHO-UCTPAKUBAYKH PaI.

4. OCTBAPEHU HAYYHHU JOITPUHOC

4.1. IIpuka3 ocTBapeHNX HAVYHUX JONPHHOCA

VY okBHpY OB€ JJOKTOPCKE AUCEpTalMje OCTBAPEHHU Cy ciiefehu HayuyHH JOTPUHOCH:

- U3BpiueHa je TepMoMHAMUYKa aHaIW3a UCIUTHBAHUX CHCTeMa Ha 0a3u OuM3MyTa M raiadjyma
IPUMEHOM ONTHMHU30BaHUX TEPMOJUMHAMUYKUX MapaMerapa. llpopauyHatu cy eyTeKTHYKH
cacTaBu Jerypa, yaenu (a3za eyTeKTHYKHX JIerypa, TEMIIEpaType TOIUbEHA, JATEHTHE TOILIOTE
TOIJbEHa U CHeNU(DUIHN TOIUIOTHH KaIllallUTeTH.

-M3BpiieHa je MEUKpOCTPYKTYpHA aHaJIM3a WCIUTHBAHUX y30paka, HACHTU(UKAIH]ja TPUCYTHHX
¢aza u onpehena je eyrekruuka mopdosoruja.

-ExcniepumenTanHo cy ojnpeheHe temreparype TOIJbeHma M OouBplIhaBama, JATEHTHE TOILIOTE
TOIJbEH-a U OUBpIINaBamka Kao U BbUXOBE 3aBUCHOCTH OJ] CaCTaBa.

-ExciepumenTanno je oxapeheHa Tepmuuka AMQPY3UMBHOCT U TOIUIOTHA MPOBOIJHUBOCT
UCTIIMUTUBAHUX €YTEKTHUKUX JIETypa.

-JloObujeHn pe3ynTaTH HCTpakuBamka Yy 3Ha4yajHO] MepH JoNymwyjy mnoctojehu ¢oHn
(GyHIaMEHTAIHUX M TPAKTUYHUX 3Hamba M3 00JacTh MeTalHUX (Pa3HO-IPOMEHIJbUBUX
MaTepujaja 3a aKkymyJanujy TOIuioTe Ha 0a3u Ou3MmyTa U ranujyma. Temieparypa TOIbema,
TOIUIOTHA TMPOBOJJBUBOCT W JIATEHTHA TOIUIOTA TOIUbEHA MPEJCTaBIbajy TepMOPU3NUKE
BEJIMUMHE OJ1 KJIby4HE BaXKHOCTH 32 Pa3BOj HOBUX U CEJIEKIIH]Y MocTojehux (ha3HO-POMEHIBUBUX
MaTepHjaja 3a akyMyJjalujy TOIIOTe.

-Kopuctehu pesynrate mnpukasaHe Yy JOKTOPCKO] JAWUCEPTALMjU TEPMHUKO MOHAIIAHKE
UCIMTUBAHUX E€YTEKTUYKHUX JIETypa y CUCTEMHUMa 3a aKyMYJalldjy TOIUIOTE MOXE CE YCHEIIHO
MIPEIBUICTH U CUMYJIAPATH.

- liucepTaiiujoM je OTBOPEHO MOTJIaBJbe 32 MOTYhHOCT 1ajbUX UCIIUTUBAa y 0BOj 00JIacTH.
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4.2. KpuTHyKa aHAJN3a Pe3VTarTa HCTPAKHBAILA

[Ipumena metana M EyTEKTUYKHX JieTypa y oOnacTu-(pa3sHO NPOMEHJPHMBUX MaTepHjaja 3a
aKyMyJlalljy TOIIOTE je PEJIATUBHO HOBA, BPJIO aKTyellHA O0JIACT MCTpaxkuBama. [Ipuimkom
ceneknmje oapeheHor marepujana 3a MpakTUYHY IPUMEHY MOTPEOHO je MO3HABATH BEIIMKH OpOj
ocoOMHA TOMYT TEMIlEpaType TOIUbEHA, JIATCHTHE TOIUIOTE TOIUbEHA, TOIUIOTHE
MIPOBOJIJBUBOCTH, CIEHU(PUYHOT TOIUIOTHOT KaraluuTeTa, TePMUYKE M XEMHjCKEe CTAOMIIHOCTH,
norxiahema, AOCTYIHOCTH, IeHe W Jp. Jlocamammu pesyiratd cy ykaszanu Ha onpelheHe
MIOBOJbHE OCOOMHE €YTEKTHUKHX JIeTypa y OJHOCY Ha JIpyre THIIOBE OPTraHCKHX M HEOPTaHCKUX
(ha3HO-TIPOMEHJBUBHUX MaTepHujajia Mehy Kojuma ce moceOHO MCTHUYE HHUXOBA BHCOKA TOIUIOTHA
MPOBOJJBMBOCT Koja omoryhaBa Benuky Op3uHy pa3MeHe ToruioTe usmely cucrema 3a
aKyMYyJIaIijy TOIUIOTE U HETOBE OKOJIMHE.

[IperpaxuBameM HaydHE JUTEpAType U3 OBE 00JaCTH KaHAWIAT je YCTAHOBHO J]a HUCKOTOIIHMBE
eyTeKTUYKe Jierype Ha 0a3u Ou3MyTa U Ha 6a3u rajujyma MpejacTaBibajy METalHe MaTepHjalie ca
3HAYajHUM TOTCHIUjaJIOM NpPUMEHE y HHCKOTEeMIIEpaTypHOM oricery pana. lcroBpemeHo,
yTBpheHo je 1a, 3a 3HayajaH Opoj EeYTEeKTWYKUX CHCTeMa, MOoJaly O Hampes] HaBeICHUM
KapakTepUCTHKaMa jOIl YBEK HHUCY IMO3HATH. Y OBOj JMCEPTALHUjU j€ 3aTUM Ha OpHUTHHAJIAH,
JIOTHYaH M CHCTEMATCKH HAYMH CIIPOBEJCHO AHAIUTHYKO M CKCIICPUMEHTAIHO HCTPAKUBAIHC
n3abpaHux cucrema Ha 0a3u Ou3myTa u ranujyma. KoMOuHaIjoM TepMOIMHAMUYKE aHATN3Ee Ha
6asu CALPHAD wmetone u caBpeMEeHHMX €KCHEPUMEHTAJIHHX METoJa KapakTepusaluje
MaTepHjajia YCIIEIIHO j€ M3BPIICHO OJpeluBame €yTeKTHYKHX CacTaBa M HHU3a CTPYKTYPHUX H
TEPMHUKHX OCOOMHA KOje y BeNukoj mepu ofapelyjy MOryhHOCT NmpuUMeHe OBHX Jierypa y
obnactu (ha3HO-TIPOMEHIBUBUX MaTepHjaa.

4.3. Bepudurkanuja HavaIHHUX JONPHHOCA

Bepudukanuja oBe J0KTOpcKe AUcepTalyje je y CKiIaay ca MO3UTUBHUM 3aKOHCKHM ojipendama
y PenyGmunm CpOuju u kpurepujymuma Y HuBep3uTera y beorpany mely kojuma ce npeasuba u
00jaBJbMBabEC HAjMAkE JEIHOT pajia U3 JAMCepTaluje y dacomucuMa ca uMmnakt dakropom (IF)
rae 6u kangunat Tpebano ga Oyne npBu ayrop. Kannumaar MBana ManacujeBuh je, Haume, 110
TpEHYyTKa TMpeaBama JUcepTallije 3a jaBHy oJI0paHy o0jaBuiia YeTUPH pajia y yaconucuma ca IF
ca JCR nucte, o1 KOjUX jeJjaH MpHUIaa BPXyHCKOM MelyHapoJIHOM dacomnucy kareropuje M21
JIOK TpH MpUNaaajy mehynapoaaum gaconrcuma xareropuje M23.

W3 nucepranyje, nporcTekiu cy cienehu pagosu:

a) Pap y Bpxynckom mel)ynapoanom yaconucy M21

1. lvana Manasijevi¢, Ljubisa Balanovi¢, Tamara Holjevac Grguri¢, Dusko Mini¢, Milan
Gorgievski, Study of microstructure and thermal properties of the low-melting Bi—In eutectic
alloys, Journal of Thermal Analysis and Calorimetry, 136 (2019) 643-649.

ISSN 1388-6150

https://doi.org/10.1007/s10973-018-7679-8

Yaconuc je Ha SCle jmucrm ca IF (2018)= 2,471. Panr yaconuca 3a 2018. roguny je M21 y
Hay4HOj odsacTu: Thermodynamics.

0) Pax y mehynapoanom yaconucy M23
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1. Ivana Manasijevi¢, Ljubisa Balanovi¢, Tamara Holjevac Grguri¢, Dusko Mini¢, Milan
Gorgievski, Study of Microstructure and Thermal Properties of the Low Melting Bi-In-Sn
Eutectic Alloys, Materials Research, 21(6) (2018): e20180501.

ISSN 1516-1439

http://dx.doi.org/10.1590/1980-5373-MR-2018-0501

Yaconuc je Ha SCle guctu ca IF (2018)= 1,104. Paur yaconuca 3a 2018. roguny je M23 y
Hay4Hoj odmacTu: Materials Science, Multidisciplinary.

2. lvana Manasijevi¢, Ljubisa Balanovi¢, Dusko Mini¢, Milan Gorgievski, Uro§ Stamenkovic,
Investigation of latent heat of melting and thermal conductivity of the low-melting Bi-Sn-Zn
eutectic alloy, Kovove Materialy - Metallic Materials, 57 (4) (2019) 267-273.

ISSN 0023-432X

http://dx.doi.org/10.4149/km_2019 4 267

Yaconuc je Ha SCle aucrtu ca IF (2018)= 0,593. Paur uyaconuca 3a 2018. roquny je M23 y
HayuyHoj oosactu: Metallurgy & Metallurgical Engineering.

3. lvana Manasijevi¢, Ljubisa Balanovi¢, Uros Stamenkovi¢, Milan Gorgievski, Vladan
Cosovi¢, Microstructure and thermal properties of Bi-Sn eutectic alloy, Materials Testing, 62 (2)
(2020) 184-188.

ISSN 0025-5300

https://doi.org/10.3139/120.111470

Yacomnuc je Ha SCle aucrtu ca IF (2018)= 0,573. Panr uyaconuca 3a 2018. roquny je M23 y
Hay4yHoj odsactu: Materials Science, Characterization & Testing.

1) Caonmrema Ha CKyNOBHMA:
Caonmrema ca mel)yHapoaHor ckyna mrammnano y uejanan M33

1. Ivana Manasijevi¢, Ljubisa Balanovi¢, Tamara Holjevac Grguri¢, Milan Gorgievski, Dusko
Mini¢, Milena Premovi¢, MICROSTRUCTURE AND THERMAL ANALYSIS OF THE LOW
MELTING Bi-In EUTECTIC ALLOYS, 17th INTERNATIONAL FOUNDRYMEN
CONFERENCE, Hi-tech casting solution and knowledge based engineering, Opatija, May 16th —
18th, 2018, PROCEEDINGS BOOK (CD electronic edition), pp. 334-342.

2. Ivana Manasijevi¢, LjubiSa Balanovi¢, Tamara Holjevac Grguri¢, Emi Govor¢in Bajsi¢,
INVESTIGATION OF THERMAL PROPERTIES OF THE Ga-In AND Ga-Sn EUTECTIC
ALLOYS, 18th INTERNATIONAL FOUNDRYMEN CONFERENCE, Coexistence of material
science and sustainable technology in economic growth Sisak, Croatia, May 15th-17th, 2019,
PROCEEDINGS BOOK (electronic edition), pp. 295-307.

Caonurema ca Mel)yHapoaHor ckyna mraMmnano y ancrpakry M34
1. lvana Manasijevi¢, Ljubisa Balanovi¢, Uros Stamenkovi¢, Dusko Mini¢, Milan Gorgievski,
Thermal conductivity of the low-melting Bi-In eutectic alloys, Metallurgical and Materials

Engineering Congress of South-East Europe MME SEE 2019, June, 5th-7th 2109, Belgrade,
Serbia, Book of Abstracts, pp. 56.
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5. 3AK/bYYAK U IIPEJIJIOT

JlokTtopcka nucepranuja kanauaara isane ManacujeBuh caapxu OpojHE OpUTHHAIIHE PE3yaTaTe
Koju oMoryhaBajy npommupemne nocrojehnx (yHIaMeHTAIHUX W MPAKTUYHUX 3HaMma y 00JacTH
(a3HO-IPOMEHJPUBUX METATHUX MaTepHjaja 3a akymynanujy tomiore. O0jaB/beHU pajioBU U3
JTOKTOPCKE AMCepTalyje Ha HajOOJbH HAuMH MOTBPlyje HUBO OCTBApEHMX pe3yiTaTa KaHAnuIaTa y
OBOM pajy.

CarnenaBajyhu kBanmurter, oOMM M HAay4YHH IONPUHOC NOCTUTHYTHUX pesynararta Komwcuja
3aKkJpyuyje aa kanauaat MiBana ManacujeBuh, TUTUL. HHXK. METATYPrje UCITyHhaBa CBE 3aKOHCKE
1 OCTaJIe yCJIOBE 3a oJ0paHy ypahene gokrtopcke aucepranuje. Komucuja 3akbpydyje aa je oBa
JOKTOpPCKA JWCEpTaIfja HamMCcaHa IpeMa CBUM CTaHAapIuMa HayYyHO-UCTPAKUBAYKOT paja, Te
7la UCIIy’kaBa CBE ycioBe mnpenasuleHe 3akOHOM O BHCOKOM oOpaszoBamy, CraHmapauMa 3a
akpemuranujy, Craryrom Texuuukor ¢axynrera y bopy n Kpurepujymmma koje je mpommcao
YHusepsuret y beorpany.

WNmajyhm y Bugy mnpenouyene uumenuie, Komumcuja mnpemnake HactaBHo-Hayunom Behy
Texuuukor Qaxkynteta y bopy na mpuxBaTu MO3WTHUBAH H3BEITaj O ypaleHO] IOKTOPCKO]
aucepTanuju Kanauaata MBane ManacujeBuh mox HasuBoM: ,, TepMoauHaMHUYKa aHAIM3Aa H
KapakTepu3anuja (pa3zHO-IPOMEH/bUBHUX Jierypa Ha 0a3u OM3MyTa M rajmjyma’’ u Ja UCTH
VIYyTH Ha KOHa4yHO ycBajambe Behy HaydyHumx oO0nacTH TEXHHYKHX HayKa YHHBEpP3UTETA Yy
beorpany, Te 1a mocie Tora oBOT KaHAMIATa T030BE HA jaBHY 0JI0paHy.

Y bopy, mapta 2020. rogune.

YJIAHOBU KOMUCHUJE

[po@. np Jbyouma bananosuh, Banpeanu npogecop
VYuusep3utet y beorpany, Texuuuku pakynter y bopy

Hou. np Muuan I'oprueBcku, 10ueHT
Vuusep3utet y beorpany, Texuuuku daxynter y bopy

pod. np Tamapa XosseBan I'prypuh, Banpeauu npogecop
Ceeyumnumire y 3arpedy, Metanypiiku ¢akynret y CHUCKY
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