AHOTALIIA

TI'opoees FO.C. JlerkornaBki cTekia Ta MaTepiajid Ha OCHOBI CBUHIIEBOOOPATHOT
Ta CBUHIIEBOT€pMaHaTHOI cucTeM. — KpamidikamiifHa HaykoBa Mpaisd Ha TpaBax
PYKOTIHCY.

Huceprariist Ha 3100yTTS HAyKOBOTO CTymeHs JjgokTopa ¢uiocodii 3a
cnemianpHicTIO 161 XimiuHI TEXHONOTII Ta 1HXeHepis (raiy3pb 3HaHb 16 XiMmiuHa Ta
OiloimkeHepis). — JlepkaBHUN BUIIMI HAaBYAIbHUM 3aKJ1a]] « Y KPaTHCHKUM JepKaBHUN
XIMIKO-TEXHOJIOTIYHHM yHiBepcuteT», [{Hinpo, 2020.

Jucepraliito MPUCBSIYEHO PO3poO0Il  (PI3UKO-XIMIYHUX OCHOB TEXHOJOTIL
JIETKOTIABKUX CTEKOJ 1 KOMIO3UIIMHUX CKJIOMPHUIIOIB B OKCUAHUX cuctemMax PbO—
Zn0-B,03-S10, Ta PbO-B,03-S10,—GeO,, 1K1 BOTOAIIOTH KOMIIEKCOM CHEIIaIbHUX
BJIACTUBOCTEH 1 3aCTOCOBYIOTbCA B  NIpWIagoOydyBaHHI, €JNEKTPOHHIA Ta
CJIEKTPOTEXHIYHIN MPOMHUCIOBOCTSIX.

VY Beryni 0OrpyHTOBAHO aKTyallbHICTh JUCEPTALiiHOI poO0TH, CHOPMYITHOBAHO
MeTy, 3a7a4i, 00’ €KT, MPEeMET 1 METOJIA JIOCIII>)KEHHS, BUBHAUYEHO HAYKOBY HOBU3HY
Ta TPAKTUYHE 3HAYCHHS OTPUMAHHUX PE3YyJIbTaTiB, OXapaKTEPHU30BAHO OCOOHMCTHIA
BHECOK 3/100yBaya Ta anmpo0airito poOoTH.

IMepmmii po3aiyi TPUCBAYEHO aHATI3y HAyKOBO-TEXHIYHOI Ta MaTEHTHOL
JITEpaTypH, IO CTOCYEThCS THUTaHb OJIEPKAHHS JIETKOIUTABKUX CTEKOM 1
KOMIO3UIIMHUX CKJIOMPHUIIOIB 3 KOMIUIEKCOM CHEIllaJbHUX BIIACTUBOCTEH, SIKI
JT03BOJISIIOTH BUKOPHUCTOBYBATH 1X B MIKPOCICKTPOHIIII JJIT TTIOKPUTTSI, CITAIOBAaHHS Ta
repMeTu3allli Jetajie 31 CKJa, KepaMikd, MeTaldiB abo CIUlaBiB, a TaKOX JJisi
BUTOTOBJICHHS ONTHYHUX JIETaJIel ONMTUKO-EIEKTPOHHUX MPHUIIA/IIB, IO MPAIIOIOTh Y
BUJIUMIN 1 OVDKHIN 1H(ppadepBOH1N 00JaCTAX CHEKTpa.

3a JaHUMH aHai13y HAyKOBO-TEXHIUYHOI Ta MATEHTHOI JIITEpaTypyu BCTAHOBJICHO,
0 OIBIIICTh JIETKOIUIABKUX O€3JIyKHUX CKJIOMPHUIIOIB, IO BOJOMIIOTH HU3BKOIO
TemrnepaTyporo po3m'skiieHHs (<450°C), BUCOKOIO XIMIYHOIO CTIMKICTIO T4 BUCOKUMU
SJIEKTPOI30JIAIIMHUMHE XapaKTEPUCTUKAMU PO3POOJICHO HA OCHOBI cucteM PbO—ZnO—

B,0;, PbO-B,03;-SiO, Ta PbO-ZnO-B,03;-Si0,. 3a3HaueHO, IO HEIOJIKOM



ICHYIOYMX CKJIQJIIB JIETKOTUTABKUX CTEKOJ € BHCOKI 3HAYCHHS TEMIIEPAaTypHOTO
koedinienra miniiinoro posmmpenns (TKJIP) B Mexax (90-150)-107 K, mo maiixke
BJIB141 OUIbIm 3a 3HaYeHHs1 TKJIP maTtepianis, 1o mijyisaraioTh CalOBaHHIO (KepaMika
BK-94, BK-95, cinaB 29HK, 42H, ASTM F30 tomo). Ak Hacminok, cnaii, yTBOpeHUH
3a JIOTIOMOT0I0 TAKUX CKIIOMPUIIOIB, MA€ 3HAYHI TEPMIUH1 HAPYTH, SIKI CIPUSIFOTH HOTO
pyinarii. [lokazaHo, 110 MEPCHEKTUBHUM HAIPSMKOM TIOJIOJIAHHS IIUX HEHOJIKIB, €
BUKOPHUCTAHHS CKJIOKOMITO3UTIB, PO3POOJIECHNX HAa OCHOBI CKJIa 3a3HAYEHUX CHUCTEM.
[Ipy mopiBHAHUX TeMmIepaTrypax CHAlOBaHHS, CKIOKOMIIO3UT, IO SBJSIE COOOIO
MEXaHIYHYy CYMIII MOPOIIKIB JIETKOIJIABKOTO CKJIa Ta KPUCTAJIIYHOIO HAIlOBHIOBAYa 3
HU3BKUM TEIUIOBUM PO3LIMPEHHSIM, Mae 3Ha4uHO MeHIul 3HadyeHHs TKJIP B mexax
(45-70)-107 K1, mo no3Bossec 3a6€31€9UTH BUCOKY MEXAHIYHY MILHICTh CIIalo.

Kpim TOro mokazaHo, IO CBHUHIIEBOCHJIIKaTHI Ta CBUHIICBOI€pMaHaTHI
JIETKOTIJIaBKl CTEKJIa BOJIOJIIOTh YHIKaJbHUMH ONTHYHHUMH XapaKTEPUCTUKAMH,
30KpeMa, BUCOKUM IMOKa3HUKOM 3aJIOMJICHHSI Ta MPOMYCKAHHSM €JIEKTPOMAarHiTHOTO
BUIPOMIHIOBaHHS B IIMPOKOMY CHEKTpajJbHOMY [lana3oHi (Bif OJM>KHBOTO
yIbTpadioseToOBOr0 10 CepeaHboro iHdpadepBoHOro). JOCHIIKEHHS CTEKOMd, SKi
po30p1 B OJIMIKHIN 1 cepeAHiil iHppauepBOHINA 00JACTAX €JIEKTPOMATHITHOTO CIEKTPa
Ta XapaKTEePU3YIOThCI BUCOKUM MOKA3HUKOM 3aJIOMJICHHS, 00YMOBJICHO HEOOX1/THICTIO
PO3BUTKY Ta BIOCKOHAJICHHS ONTUYHHX 1 ONTHUKO-EJIEKTPOHHUX MPUIIA/IIB KOCMIYHOTO,
aBlalllfHOTO Ta MEJUYHOTO NMPU3HAYEHHS.

Ha migcraBi aHamizy JaHUX HAYKOBO-TEXHIYHOI Ta MATEHTHOI JITepaTypH
OOTpyHTOBAHO OCHOBHI HAMPSIMKH Ta 3a7a4l JOCIII)KEHb.

Y napyromy po3aijii HaBEI€HO BIJOMOCTI IIOJO0 CHPOBHUHHUX MaTepiais,
napameTpiB BapiHHSA CKJIa, METOJIIB BUTOTOBIICHHS E€KCIIEPUMEHTAJIbHUX 3pa3KiB, a
TaKOXX HaJaHa XapaKTEPHUCTHKA PO3PAXyHKOBUX Ta CKCIIEPUMEHTAIBLHUX METOIB i
3ac001B JOCIIIKEHb, BAKOPUCTAHUX B POOOTI.

VY TperboMmy po3aiji BUKIAIEHO PE3YIbTATH JOCIIKEHb YMOB CKJIOYTBOPECHHS
Ta 3aKOHOMIPHOCTEH 3MIHM (PI3MKO-XIMIYHHUX BJIACTUBOCTEH CTEKOJ B OKCHAHIM

cuctemi PbO—Zn0O-B,03—Si0; B 3a1€KHOCTI BiJI iX XIMIYHOTO CKJIATy.



ExcriepyuMeHTaIbHUME ~ JOCTI/DKCHHSIMU ~ BIEpIIe  BCTAHOBJIEHO  YMOBH
CKJIOYTBOPEHHSI, 00JIaCTiI CKIIOYTBOPIOIOYMX PO3IJIABIB 1 (Hi3UKO-XIMIUHI BJIACTUBOCTI
ctekol B cucremi PbO-Zn0O-B,05-SiO,, sk OCHOBM ISl  OJEp>KaHHS
METaJIOKEpaMIYHUX CIaiB 3 HACTYITHUM BMICTOM KOMMOHEHTIB (M01.%): PbO 30-56,
Zn0 5-20, B,0; 1540, SiO, 5-25. Y3aranpbHeHHS 3aJIe)KHOCTEeH OCHOBHUX (h13UKO-
XIMIYHHUX BJIACTUBOCTEH JOCTIAHUX CTEKOJ BiJl iX XIMIYHOTO CKJIaJly BUKOHAHO 3a
JOTIOMOTOI0  aANTHBHUX (opMyn. BcTaHoBIEHO, MO HAWMEHIIOK B’ S3KICTIO
PO3IIaBIB JOCIITHUX CTEKOJ, SIKa OI[IHIOBAIACH iX TEKYUICTIO Ipu Temmneparypi 450°C
0 TIOBEPXHI  aIFOMOOKCHJIHOI  KEpaMiKd, XapaKTEepPH3yIOThCA CTEKIa 3
JTUIATOMETPUYHOIO TEMIIEpaTyporo po3M’sikiieHHs He Ounbiie 340°C Ta 3 HU3BKOIO
KpHUCTaJI3alIHOO 3aTHICTIO.

JlocmikeHo  BIUIMB — TEMIIEpaTypHO-4aCOBUX yMOB BapiHHA CKJa B
IJIATUHOBOMY, KOPYHIOBOMY Ta KBapIIOBOMY THUTJIAX, Ha (h13MKO-XIMIYH1 BJACTHUBOCTI
cTtekon B okcuaHiit cuctemi PbO-ZnO-B,0s-SiO, 3 Bmictom 55 momn.% PbO.
[Toka3zaHo, IO CKJIO, SIKE CHHTE30BaHE B IJTATUHOBOMY THUTJII B PI3HUX TEMIIEPATypPHO-
YacOBUX YMOBax, Ma€ CTaOUIbHI (I3UKO-XIMIYHI XapaKTePUCTUKH Ta HU3bKY
temneparypy po3m'skiieHHs (~380°C) 0e3 chiiB KpucTamizaiii micias TEepMIYHOT
00poOku. BcTaHoBeHO, 1110 BapiHHS CKJIa B KOPYH/IOBOMY Ta KBapIlOBOMY THUTJISIX B
OJHAKOBUX TEMIIEPATYPHO-4aCOBUX YMOBAX MNPHU3BOAUTH 110 3HWKEHHS TKIJIP Ta
HIIJTBHOCTI CKJIa Ta 30UIBIICHHS Horo TeMmmeparypu po3m'skiieHHs a0 450-480°C
BHACJIJIOK 3MIiHU XIMIYHOTO CKJIQTy Ta KpHCTaII3aIliil CKJIa Py TepMIuHIi 0OpoOiIi.

VY 4YerBepTOMY pO3AlJi MPEACTABICHO PE3YIbTaTH MOCHIIKEHb 3 PO3POOKHU
JIETKOIIJIABKUX KOMITO3UIIIHHUX CKIIOMPUIIOIB AJisl 3'€AHAHHS TTpu Temrepatypi <450°C
KOHCTPYKIIIWHUX MaTepiaiiB 3 HU3bKUMHU 3HAUCHHSIMHU TeMIIEpaTypHOTo KoedillieHTa
niniliHoro posmmpenns ((50-65)-107 K.

Ha ocHOBiI mpOBEICHMX TEOPETUYHHX Ta EKCIEPUMEHTAIBHUX TOCIIIHKCHb
BIlepIIe BCTaHOBJIEHO, 110 3pa3ku TutaH(Ill) okcuay, siki oTprMaHi BUNAIOM CyMIiIll
tutaH(IV) okcuay Ta MOPOIIKY METaJIeBOTO TUTaHY B aTMOC(hEpi BUCOKOTO BaKyyMy
npu Temrepatypi 1450°C, xapakTepu3yrOThCS BiJl'EMHUM TEIJIOBUM PO3IIUPEHHSIM B

iHTepBaii Temrneparyp 20-425°C. Tlokazano, 1o B TeMrnepaTypHoMy iHTepBaii 125—



225°C marepian XxapakTepHU3y€eThCsl HAHOUIBIINM BiJl’€MHUM 3HAYEHHSIM KOe(ilieHTa
teruoBoro posummpenns  (-340-107 K. Merogom audepeHuiiHo-TepMigHOTO
aHaJi3y BCTaHOBJICHO, 110 mopoInok TuTaH(IIl) okcuay 10CUTh CTIHKHI 10 OKHUCIICHHS
npu HarpiBanHi 10 620°C, mpu OUIBII BHCOKIM TeMIepaTypi CIIOCTEPIraeThbCs
1HTeHCcuBHE okucieHHsa 11,03 no Ti0,.

Y po3gini JoCaipKEeHO MOXKJIUMBICT OTPpUMaHHS mpu Temreparypi <450°C
METAJIOKEPaMIYHUX CHAiB MDK KOHCTPYKIIMHHUMH MaTepiajaMH 3 HU3bKUMH
sgayenHamu TKJIP ((50-65)-107 K!) 3 nopomkoBMX KOMIO3MIINA Ha OCHOBI
JIETKOIUIAaBKOTO CKia cknaxy S5PbO-5Zn0-25B,05—-15Si0, Ta KpuCTamiuyHOTO
HanoBHIoBaua TutaH(Ill) oxcumy abo TuTaHaty cBUHIIO. BCcTaHOBIIEHO, IO BEACHHS
70 CKJIaqy TOPOIIKOBOT KOMIO3MIlI Ha OCHOBI JIETKOIUIABKOTO CKJIa B SIKOCTI
HanosHioBada TiO3; nossomse 3umsuty TKJIP cknonpumoro Big 105-107 K go
1-107 K'!, a npu BBemenni B gxocti HamoBHIoBaya PbTiO; — mo 53107 K! npwu
OJIHAKOBHX TeMIIepaTypax CHaloBaHHS. 3a3HAUYEHO, 10 HAWOUIbII MEPCIEKTUBHUM
KOMIIOHEHTOM TOPOIIKOBOi KOMITIO3HMIIIT Ha OCHOBI JieTKoriaBkoro ckia € tutaH(Ill)
OKCHJ], HeBelMKa jo0aBka sikoro (5—8 mac.%) 3abesneuye HaMOUIBITY TEKY4iCTh
CKJIONIPUIIOI0 Ta OTpuMaHHsA morojkeHoro 3a TKJIP metanokepaMiyHOrO craro
anmoMookcuaHoi kepamiku BK—94 31 crimaBom "koBap" mipu temneparypi 420°C.

I’siTHii po3aij npUCBSIYEHO JOCIIHKEHHSIM 3 pO3p00KH 0€30apBHUX ONTUYHUX
CTEKOJI 3 MiABUIIIEHUM MPOIYCKAHHSM B 00J1aCT1 CrieKTpa Bia 2,7 10 5,5 MKM.

JIns 6araTOKOMITOHEHTHHX CTEKOJI B 0a30Biii okcuaHii cuctemi PbO-B,0s—
Si0,-GeO,  eKcrnepuMEeHTaIbHO-CTATUCTUYHUM  METOJOM  PO3POOJICHO  HOBI
MaTeMaTU4yHl MOJEeNi, SKI aJeKBaTHO ONHUCYIOTh EKCIIEpUMEHTalIbHI JaHi Ta
JTO3BOJISIIOTH TIPH PO3p00IIl HOBUX CKJIAJIIB ONTUYHUX CTEKOJ PO3PaXOBYBATHU 3 JJOCHUTH
BHCOKOIO TOYHICTIO X ONTUYHI CTaJll, 30KpeMa, MOKa3HUK 3aJIOMJICHHS Ng, CEPEIHIO
JUCIIEPCiIO (Nf - N¢) Ta KOSIMIEHT AUCTIEPCIT Vq.

OOrpyHTOBaHO BUOIp CKIIAIIB 1 PO3p00JIeHO (h13UKO-XIMIYHI OCHOBU TEXHOJIOTI]
0e30apBHOTO ONTUYHOTO CKJa 3 IIJBUIIEHUM MPOMYCKaHHSAM 1H(PpauepBOHUX
MIPOMEHIB B Jiana3oH1 JOBXUH XBUJIb 2,7—5,5 MKM 3 BIATIOBITHAM JI0 BUMOT CTaHAApPTy

(b13MKO-XIMIYHUMHM BJIACTUBOCTSAMM Ta MOKa3HUKAMHU SIKOCTI.



Y moctoMy po3aiii HaBeAEHO pe3yNbTaTH BHUPOOHUYUX BHUIPOOYBaHb
pPO3pOOJIEHUX CKIAIB JIETKOIUIABKUX KOMIO3HUIIMHUX CKJIONPHUIOIB 3 HHU3BKUM
TEIJIOBUM  PO3MIMPEHHSM 1 0e30apBHUX ONTHUYHUX CTEKOJA 3 MIABUIICHUM
IPOIMyCKaHHIM 1H(PpadyepBOHUX IMPOMEHIB B Jlania30H1 TOBXKHUH XBUIb 2,7—5,5 MKM.

VY noaaTkax HaBeI€HO POrpamy sl pO3PaxXyHKY ONTUMAIBHOTO CKIIaTy CKila
3 3aJaHUM KOMIUIEKCOM BJIACTMBOCTEHM, AaKTH BHUPOOHMYUX BUIPOOYBAHD
JIETKOILIABKOTO KOMITO3UI[IHOTO CKJIOMPHIIO0 Ta 0€30apBHOTO ONTUYHOTO CKJIA, aKT
BIIPOBAKCHHS MaTepialliB IUCEPTALIHHOT pOOOTH B HABYAJIBHUM MPOIEC Ta CHHCOK
nmyOiKalii 3a TEMOIO TUcepTallii.

Bnacnigok mnpoBeAeHHS JOCHIIKEHHS 3a TEMOK AucepTaliiiHoi poOoTu
OJIEpP’KaHO TaKl HaAyKOBI PE3yJIbTaTH:

— BIIEpIIIC BCTAHOBJICHO YMOBH CKJIOYTBOPEHHS, 00JIaCT1 CKIIOYTBOPIOIOYHX
pO3IJIaBIB  Ta  3aKOHOMIPHOCTI  3MIHM  (DI3MKO-XIMIYHHUX  BJIACTUBOCTEH
OararocBuHIIeBHX cTeKo (BMicT PbO 32-56 mM0:1.%) B okcuaHii cuctemi PbO-ZnO-
B,05-Si0; B 3a1€HOCTI Bij iX XIMIYHOTO CKJIay;

— TEOPETUYHO OOTPYHTOBAHO Ta €KCIIEPUMEHTAIBHO JI0BEACHO MOXKIIUBICTD
OTPUMAaHHSI JIETKOTUIABKUX KOMITO3HIIIMHUAX CKIIOTIPUIIOIB HA OCHOBI JIETKOTIJIABKOTO
ckna ckiany S5PbO-5Zn0O-25B,05-15Si0, Ta KpucTagiyHOro HamoBHIOBayda
tutaH(Ill) okcuay abo TUTaHaTy CBUHIIO IS 3'€AHaHHS mpu Temmepatrypi <450°C
KOHCTPYKIIHHUX MaTepianis 3i snauenusamu TKJIP ((50-65)-107 K'!) ta Bcranosieno
3aKOHOMIPHOCTI 3MiHHM 1X BIACTUBOCTEH B 3aJI€’KHOCTI Bl PEYOBUHHOTO CKJIAIY;

— Briepuie BusiBieHo, o TuTaH(IIl) okcua, oTpumaHuii BUIAIOM B
aTMocepi BUCOKOro BakyyMy nmpu Temneparypi 1450°C, xapakrepusyeTbcs
BiJI’€EMHUM TEIUIOBUM PO3IIMPEHHSIM B iHTepBali TemrepaTtyp 20—425°C 1 € cTiikum
710 OKHMCJIEHHS MPU HarpiBaHHi 10 temneparypu 620°C;

— BCTAHOBJICHO YMOBHU CKJIOYTBOPEHHS Ta 3aKOHOMIPHOCTI 3MiHU (13UKO-
XIMIYHUX BIIACTUBOCTEH ONTHYHUX CTEKON B OKcuaHIA cuctemi PbO-B,0;—SiOr—
GeO; Bix ix XiMIYHOTO ckiaay. BusBieHo, 1110 B 3aJIe)KHOCTI BiJl BMICTY OCHOBHUX
CKII0yTBOpIO0UnX okcuiB B20s, Si0; Ta GeO, Mexxa mpoIryCKaHHsI JOCTIAHUX CTEKOJT

B IH(PpauepBOHiil 001ACTI CTIEKTpa 3MIHIOETHCS B 2,7 MKM 10 5,5 MKM;



— BCTAHOBJICHO €(DEKTUBHICTh BUKOPHUCTAHHS 100aBOK (PTOPHUIIB y CKIAIl
TOCITITHAX CTEeKOJ oTpuMaHuX B cucteMi PbO-B,035-Si0,—GeO, 3 MeTOr0 3HIKECHHS
BMICTY  TIIPOKCHUJIBHUX TPyl  Ta  PO3IIMPEHHS  MEXl  MNPOMyCKaHHS
CBUHIICBOT€PMAHATHUX CTEKOJ B iHPpadepBOHii 00IacTI CIEKTpa 10 5,5 MKM.

[IpakTiyHe 3HAYEHHS OJIEpKAHUX PE3YyJIbTaTIB MOJSAraEe B po3poOlll HOBHX
XIMIYHUX 1 PEYOBUHHUX CKJIAJIB, a TAKOX BCTAHOBJIEHHI OCHOBHMX TE€XHOJIOTTYHHMX
napaMeTpiB OTPUMAaHHS JIETKOIUIABKUX KOMITO3UIIIMHUX CKJIOTPUIOIB 3 HHU3BKUM
TEIJIOBUM PO3MIMPEHHSAM Ta 0e30apBHUX ONTUYHUX CTEKOJ 3 MiABUIICHUM
IPOMyCKaHHIM 1H(PpadyepBOHUX IMPOMEHIB B J1ana30H1 TOBXKHUH XBUIb 2,7—5,5 MKM.

Po3po0sieH1 JerkomiaBki KOMIO3WLIMHI CKJIONPUIOI MPOWIUIA  yCHINIHI
BUpoOHMU1 BunpoOyBaHHs B ymoBax HBII T30B «Crenit» B SKOCTI MPHUIIOI0 IS
TEPMETHUYHOTO 3'€THaHHA aTOMOOKCHIHOI kepamiku BK—94 31 cruiaBom "koBap" B
MeTaJIOKepaMIuHUX By3jaX. TexHIYHa HOBHU3HA PO3pOOOK 3axuiieHa 2 HaTeHTaMu
VYkpaiHu Ha BUHAXI1A.

B ymoBax /Il «I3toMcbkuii npunagoOyaiBHUNA 3aBOJ» MPOBEAEHO JIOCIHIIHO-
BUPOOHMYI  BUNPOOYBaHHS  po3poOJeHOro  0e30apBHOTO  ONTUYHOTO  CKJIA.
BcTranoBneno, 1mo po3pobieHe 0e30apBHE ONTHYHE CKJIO, 32 OCHOBHUMH (PI3UKO-
XIMIYHUMH XapaKTEPUCTUKAMH BIIMOBIAa€ BUMOTaM JI0 ONITUYHUX JeTajieh puiIaiiB,
10 MPAIIOI0Th Y BUIMMIM 1 OVDKHIN 1HPpauepBOHiNA 00JaCTAX CIEKTpa.

OCHOBHI HayKOBI pe3yJlbTaTH AHMCEpPTALIiHOI POOOTH omyOsiKoBaHO B 19
HAyKOBUX IMyOJIIKaIisgX, y TOMY YUCHI 8 CTAaTTAX y KypHaiax 1 30ipHUKAaxX HAyKOBUX
npaib, 0 BXOJATH 10 Mepediky (axoBUX BHUAAHb YKpaiHU 3a CIELIaJbHICTIO
aucepTarlii abo y mepioguYHUX BHJIAHHSX 1HO3EMHHX JepkaB (6 — B KypHajax, LI0
1HJIEKCYIOTbCSI HAyKOBO-METPUYHOIO 0a3010 Scopus; 2 CTarTi — y MNEpioJuIHUX
BUJIAaHHAX KpaiH-ujieHiB €Bpomneiicbkoro Coro3y), 2 maTeHTax YKpaiHM Ha BUHAXIJ,
9 Te3ax OMOBiIEH.

Knwouoei cnosa: cBUHLIEBE CKJIO, JIETKOIUIAaBKE CKJIO, OINTHYHE CKJIO,
CKJIONIPUMON, TETUIOBE PO3IIMPEHHS, TeMIeparypa pO3M'SKIICHHS, TOKa3HUK

3aJIOMJICHHSI, KO€(iII€EHT MPOITyCKaHHsl, TuTaHat cBuHIo, Tutad(1Il) okcu.



ABSTRACT

Hordieiev Yu.S. Low-melting glasses and materials based on lead-borate and
lead-germanate systems. — Qualifying scientific work as a manuscript.

Thesis for a PhD degree in specialty 161 Chemical Technology and Engineering
(16 Chemical and bioengineering). — State Higher Education Institution "Ukrainian
State University of Chemical Technology", Dnipro, 2020.

The thesis deals with the development of physical-chemical basics of the
technology of low-melting glasses and composite solder glasses in the oxide systems
PbO-Zn0-B,05-Si0, and PbO-B,03-S10,—-GeO,, which have a set of properties and
are used in the instrument making, electronics and electrical engineering industry.

The Introduction substantiates the relevance of dissertation work, formulates
the purpose, objectives, object, subject and methods of research, determines the
scientific novelty and practical value of the results, and characterizes the personal
contribution of the applicant and approbation of the work.

The First section is devoted to analysis of the scientific-technical and patent
literature relating to the issues of obtaining of low-melting glasses and composite
solder glasses with a set of special properties which allow using them in
microelectronics for coating, soldering and sealing of the components of glass,
ceramics, metals or alloys, as well as for the manufacturing of optical parts of the
optoelectronic devices operating in the visible and near-infrared regions of spectrum.

According to the analytical data of the scientific-technical and patent literature,
it is found that the most of low-melting alkali-free solder glasses with low softening
point (<450°C), high chemical stability and high electrical insulation characteristics are
developed on the basis of the systems PbO-ZnO-B,0;, PbO-B,03-Si0O, and PbO-
Zn0-B,05-Si0,. It is stated that a disadvantage of existing compositions of low-
melting glasses is represented by high values of the temperature coefficient of linear
expansion (TCLE) within (90-150)-10"7 K!, which is almost twice the values of TCLE
of materials to be soldered (ceramics VK-94, VK-95, alloy 29-17, 42N, ASTM F30

etc.). As a result, soldered joint formed with the use of such solder glasses has the



considerable thermal stresses contributing to its destruction. It is shown that usage of
the promising direction towards overcoming of these deficiencies is the usage of glass
composites developed on the basis of glass of the abovementioned systems. At
comparable soldering temperatures, glass composite which is a mechanical mixture of
powders of low-melting glass and crystalline filler with low thermal expansion has
much lower TCLE values in the range of (45-70)-107 K! which allows for high
mechanical strength of the joint.

In addition, it is shown that lead-silicate and lead-germanate low-melting glasses
have the unique optical characteristics, in particular, high refractive index and
transmission of electromagnetic radiation in the wide spectral range (from near
ultraviolet to medium infrared range). Investigation of glasses with a high refractive
index and which are transparent in the near- and mid-infrared regions of the
electromagnetic spectrum, caused by the need to improve optical and optoelectronic
devices for the space, aviation and medical applications.

On the basis of the analytical data of the scientific-technical and patent literature,
the main directions and objectives of research are substantiated.

The second section gives the information about raw materials, parameters of
glass melting, methods for the manufacturing of experimental samples, as well as the
characteristic of computational and experimental methods and tools of research, used
in the work.

The third section includes the results of studying glass formation conditions and
patterns of changes in the physical-chemical properties of glasses in the oxide system
PbO-Zn0-B,05-Si0, depending on their chemical composition.

With the use of the experimental research, conditions of glass formation, areas
of glass-forming melts and physical-chemical properties of glasses in the system
PbO-Zn0O-B,03-Si0O; were found for the first time as the basis for obtaining metal-
to-ceramic seals with the following composition of components (mol. %): PbO 30-56,
Zn0 5-20, B,0Os3 1540, SiO, 5-25. Generalization of the dependences of the basic
physical-chemical properties of experimental glasses on their chemical composition is

carried out using the additive formulas. It is found that the lowest viscosity of the melts



of experimental glasses, which was estimated by their fluidity at the temperature of
450°C on the surface of alumina ceramics, is the characteristic feature of glass with the
dilatometric softening point <340°C and low crystallization.

The influence of temperature and time conditions of glass making in the
platinum, corundum and quartz crucibles on the physical-chemical properties of
glasses in the oxide system PbO-ZnO-B,03;—Si10, with the content of 55 mol.% PbO
was studied. It is shown that glass synthesized in the platinum crucible in the various
temperature and time conditions has stable physical-chemical characteristics and low
softening point (~380°C) without any traces of crystallization after heat treatment. It
was found that melting of glass in corundum and quartz crucibles in the same
temperature and time conditions leads to reduction of TCLE and density of glass and
increase in its softening point to 450—480°C due to changes in the chemical
composition and crystallization of glass during heat treatment.

The fourth section represents the results of research on the development of low-
melting composite solder glasses for binding at the temperature of <450°C the
structural materials with low values of the temperature coefficient of linear expansion
((50-65)-107 K.

On the basis of the theoretical and experimental research it is established for the
first time that the samples of titanium (III) oxide obtained by firing of the mixture of
titanium (IV) oxide and powder of the titanium metal in the high vacuum atmosphere
at 1450°C are characterized by the negative thermal expansion in the temperature
interval of 20-425°C. It is shown that in the temperature range of 125-225°C the
material is characterized by the largest negative value of the coefficient of thermal
expansion (-340-1077 K'). Using the method of the differential thermal analysis, it is
found that titanium (III) oxide powder is quite resistant to oxidation at heating to
620°C; at higher temperatures, intense oxidation of Ti,0O3 to TiO, is observed.

The section examines the opportunity of obtaining at the temperature of <450°C
metal-to-ceramic seals between structural materials with low values of TCLE
((50-65)-107 K1) of powder compositions based on low-melting glass of the
composition 55PbO-5Zn0-25B,03—15S10;, and crystalline filler of titanium (III)



oxide or lead titanate. It is established that when introducing T1,03 as a filler to the
powder composition based on the low-melting glass allows reducing TCLE of the
solder glass from 105-107 K! to 1-10”7 K™, and when introducing PbTiOs as a filler —
to 53-107 K'! at the same soldering temperatures. It is stated that the most promising
component of the powder composition based on low-melting glass is titanium (III)
oxide, a small additive of which (5—-8 wt.%) provides the highest fluidity of the solder
glass and obtaining of metal-to-ceramic seal of alumina ceramics VK—-94 with "kovar"
alloy with agreeable TCLE at the temperature of 420°C.

The fifth section deals with research on development of colorless optical glasses
with high transmission in the spectrum from 2.7 to 5.5 um.

For multicomponent glasses in the basic oxide system PbO-B,03;-Si10,-GeO,,
with the use of experimental and statistical method new mathematical models were
developed which adequately described the experimental data and allowed calculating
with high accuracy, in the course of development of new compositions of optical
glasses, their optical constants, in particular, refractive index nq4, mean dispersion (ng -
nc) and dispersion coefficient vy.

The choice of compositions is substantiated and physical-chemical fundamentals
of technology are developed for colorless optical glass with the increased transmission
of infrared rays in the range of wavelengths of 2.7-5.5 pm with the physical and
chemical properties and quality indicators complying with the requirements of the
standard.

The sixth section gives the results of production tests of the developed
compositions of low-melting composite solder glasses with low thermal expansion and
colorless optical glasses with high transmission of infrared rays in the range of
wavelengths of 2.7-5.5 pm.

The Appendices include the program for the calculation of the optimal
composition of glass with a given set of properties, reports on production tests of low-
melting composite solder glass and colorless optical glass, the report about introduction
of the dissertation materials into the educational process, and the list of publications on

the dissertation topic.



As a result of research on the topic of the dissertation, the following scientific
findings were obtained:

— the conditions of glass formation, areas of glass-forming melts and
patterns of changes in the physical-chemical properties of high-lead glasses (with PbO
content of 32—-56 mol. %) in the oxide system PbO-ZnO-B,03;-Si10, depending on their
chemical composition were established for the first time;

— the theoretical substantiation and experimental validation is given for the
possibility to obtain low-melting composite solder glasses based on low-melting glass
of the composition 55PbO-5Zn0-25B,03—15S10; and crystalline filler of titanium
(IIT) oxide or lead titanate for binding at the temperature of <450°C the structural
materials with TCLE values of ((50-65)-107 K!) and patterns of change of their
properties depending on the material composition are established;

— for the first time it was found that titanium (IIT) oxide, obtained by firing
in high vacuum atmosphere at the temperature of 1450°C is characterized by negative
thermal expansion in the temperature range of 20—425°C and is resistant to oxidation
when heated to the temperature of 620°C;

— the conditions of glass formation and patterns of change in the physical-
chemical properties of optical glasses in the oxide system PbO-B,03;-S10,—GeO; on
their chemical composition are established. It was found that, depending on the content
of the basic glass-forming oxides B,O3, Si0, and GeO; the transmission cutoff of the
experimental glasses in the infrared region of spectrum varies from 2.7 to 5.5 pm;

— the efficiency of using the fluoride additives in the composition of
experimental glasses obtained in the system PbO-B,03;—-S10,—-GeO: in order to reduce
the content of hydroxyl groups and expand the transmission cutoff of lead-germanate
glasses in the infrared region of spectrum to 5.5 um is established.

The practical significance of the obtained results lies in the development of new
chemical and material compositions, as well as establishment of the basic technological
parameters of obtaining low-melting composite solder glasses with low thermal
expansion and colorless optical glasses with increased transmission of infrared rays in

the wavelength range of 2.7-5.5 um.



The developed low-melting composite solder glasses successfully passed the
production tests in the conditions of SPE "Stelit" as a solder for tight connection of
alumina ceramics VK-94 with alloy "kovar" in metal-to-ceramic seals. The technical
novelty of the developments is protected by 2 patents of Ukraine for inventions.

Research and production tests of the developed colorless optical glass were
carried out in the conditions of the State Enterprise "Izyum Instrument-Making Plant".
It is found that colorless optical glass by its main physical and chemical characteristics
meets the requirements for optical parts of devices operating in the visible and near-
infrared regions of spectrum.

The main scientific results of the dissertation were published in 19 scientific
papers, including 8 articles in journals and collections of scientific papers included in
the list of specialized publications of Ukraine on the topic of dissertation or periodicals
of foreign countries (6 papers — in Scopus indexed journals; 2 papers — in the
periodicals of member countries of the European Union), 2 patents of Ukraine for
inventions, 9 abstracts.

Keywords: lead glass, low-melting glass, optical glass, solder glass, thermal
expansion, softening point, refractive index, transmission coefficient, lead titanate,

titanium (III) oxide.
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