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I'amosa O. O. BorHeTpuBKHM IIEMEHT Ha OCHOBI Kommo3uiliii cuctemu BaO-
CoO-Al;03. — Kanidikariitna HaykoBa mparisi Ha IpaBax PyKOIIHCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTYIEHS JokTopa (dimocodii 3a
crietiaybHICTIO 161 «XiMi4HI TEXHOJIOT1] Ta 1HXKEeHepis». — HalloHaapHUi TeXHIYHUI
YHIBEpPCUTET «XapKiBChbKUH MOJITEXHIYHUM IHCTUTYT», XapkiB, 2020.

O0’exkT  pocaigkeHHsi —  1mpolecd  (a30yTBOPEHHS  BOTHETPUBKUX
OapifianrominaTHEX HeMeHTiB B cucteMi BaO-CoO-Al,O3 3 KOMILICKCOM 3aJaHuX
EKCIUTyaTaIlifHuX XapaKTePUCTHK.

IIpeamer moc/aiIzKeHHSI — 3aKOHOMIPHOCTI M OCOOJMBOCTI CUHTE3Y B SIKYUUX
MarepiaiaiB Ha OCHOBI KOMITO3HIIIM BUCOKoamoMiHaTHOI obsacti cuctemu BaO-CoO-
Al;O3, MexaHi3M MpoleciB iX rifparaiii, mo o0yMOBIO€ (HOPMyBaHHS KOMILICKCY
3a/IaHUX BJIACTHUBOCTEH OapifalFOMIHATHUX IIECMEHTIB.

Jlucepraiiito NpUCBSIYEHO BUPILIEHHIO HAYKOBO-TIPAKTUYHOI 33/1a4ul — po3po0Ka
CIIELIAIbHUX LIEMEHTIB HA OCHOBI koMno3unii cucreMu BaO-CoO-Al,O3 3 BUCOKOIO
MIIIHICTIO, BOTHETPUBKICTIO Ta CTIMKICTIO JO JIi arpeCUBHUX CEPEIOBHUIII.

VY BcTyni 00TpyHTOBAHO aKTyaJIbHICTh TEMH AMCEPTaLIiHOI poOOTH, 3a3HAYEHO
3B’SI30K POOOTH 3 HAYKOBUMH TeMaMH, CHOPMYILOBAHO METY 1 3a/1aul JOCIIIKSHHSI,
BHU3HAYCHO 00’ €KT, MPEAMET Ta METOIN JOCIIIKEHHS, TTOKa3aHO HAYKOBY HOBH3HY Ta
IPaKTUYHE 3HAYCHHS OTPUMAHKX Pe3yJIbTaTiB, HABEIEHO 1H(POPMAIIIIO ITPO IPAKTUIHE
BUKOPHUCTaHHS, 0COOMCTUN BHECOK 3/100yBaya, anpoOaiiiro pe3yiabTaTiB JOCIHIHKEHHS
Ta iX BUCBITJICHHS y myOmikanisax. [[puBoaAsSThCS BIIOMOCTI 1010 CTPYKTYpH Ta 00CATY
JTUCepTaliiftHOT pOOOTH.

B nmnepmioMy po3aun MNpoBENEHO aHalli3 OCHOBHUX BHUIB HEOPraHIYHUX
B’SDKYYMX MaTepiajliB Ta 3allOBHIOBAYiB, IO 3aCTOCOBYIOTHCS Ha CYYacHHX
MIIIPUEMCTBAX JJII OTPUMAaHHS TYTOTUIAaBKUX HE()OPMOBAHMX MaTepiajiB Ta MIISXH
i IBUIIEHHS iX OCHOBHUX €KCILTyaTaIlifHUX XapaKTePUCTHK.

[IpoananizoBaHo TeHACHINT eKcIUTyartamii He()OpMOBaHUX BOTHETPUBKUX
MaTepiaiiB B Cy4yaCHHMX TEIUIOBHX arperatax. Big3HaueHo mepeBaru Ta HEIOJIKH

BUpPOOHHUIITBA HE()OPMOBAHMX BOTHETPUBIB HAa OCHOBI TiJIpaTalliiHUX B SKY4dX, B
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TOMY YHUCJII Ha OCHOBI TJIMHO3EMHHUX Ta BUCOKOTJIMHO3EMHUX IIEMEHTIB. BuBuaHHsS
0COOMBOCTEM CHUHTE3y TJIMHO3EMHHMX B’SDKy4uX Ta (OpPMYBaHHS OCHOBHUX
eKCIUTyaTallliHIX XapaKTepPUCTUK BOTHETPUBKUX MaTepialliB Ha iX OCHOBI BHUSBHUJIO
HU3KY TPYIHOIIB 1 HEJOMIKIB ICHYIOUMX TEXHOJIOTIH, albTePHATUBY SIKUM MOXYTb
YCHIIIHO CKJIacTU OapidagroMiHATHI B sDKydl MaTepiajii, OCHOBOIO SIKUX € CHCTEMa
BaO-Co0-Al;O3. /leTaibHO BUBYEHO 1 TPOaHATI30BaHO OyI0BY OIHAPHUX CHCTEM, IO
BXOJIATh JIO IaHOI CUCTEMHU.

[IpoananizoBaHo 0a3y OCHOBHHMX CHPOBMHHHX MarepiaiaiB BOTHETPHUBKOI
ramysi, [0 JJO3BOJMJIO BH3HAUYUTH TEPCHEKTUBHUM — HAMNPSAMOK JJOCHIKCHb,
CHPSIMOBaHUX SK Ha MEpepoOKYy BIIXOJIB MPOMHUCIOBOCTI, TaK 1 HAa KOMILUIEKCHE
BUKOPUCTAaHHA MPUPOJHUX PECYPCIB — CTBOPEHHS MAJOBIAXOAHUX Ta O€3BIIXOTHUX
TexHoJoriid. Ha mijcrasi nmpoBeaeHOro aHaiilzy copMyabOBaHO 3aa4i JOCTIIKEHHS
Ta MUIAXH X BUPIIICHHS.

Y npyroMmy po3aini HaBeleHa XapaKTEPUCTHUKA BHUXIJHUX CHUPOBHUHHUX
MaTepiaiiB, BHU3HAYEHO BHOIp METOJUK TEOPETUYHUX Ta EKCIIEPUMEHTAIbHUX
JOCJIIIKEHb, HaJIaHO OMUC PO3PAXYHKOBUX METO/IIB, BUKOPUCTAHUX Y AUCEPTalLlIMHIN
poOOTI.

TeopeTnyHi MOCTIPKEHHS MPOBOJUIHU 13 3aCTOCYBAaHHSM CY4YacHUX METOJIB
aHaii3y 3T1IHO 3 MOJIOKEHb (PI3MYHOI XIMIi 1 TepMOAMHAMIKM CUIiKaTiB. Di3uKo-
MEXaHIYH1 BUMPOOOBYBAHHS IIEMEHTY MPOBOJWINCH 3TIHO 3 METOJUKOI0 MAaJMX
3paskiB M. 1. CrpenkoBa, a ONTUMaJbHI CKJIAAU IIEMEHTY JOCTIIKYBalUCh Y
ianoBigHocti g0 JCTY EN 196-1:2007 «Metoau BunpoOyBaHb IIEMEHTIB.
Busnauenns mimHocti», JJCTY EN 196-3:2007 «Metoau BunpoOyBaHb IIEMEHTIB.
BusnaueHHs1 TepMiHIB TyXaBiHHS U piBHOMIpHOCTI 3MiH 00’emy» 1 JICTY EN 196-
6:2007 «Metonu BunpoOyBaHb LIEMEHTIB. BU3HaueHHs TOHUHU moMeny». TexHiuHi
BJIACTUBOCTI PO3pOOJIEHUX MaTepialliB BU3HAYAIUCH 3a CTAaHAAPTHUMH METOJIAMU:
BorHerpuBkicth — mno ISO 528:1983, rtepmoctiiikicte — 3a ['OCT 7875.2-94,
Temriepatypa nedopmariii mija HaBaHTAXEHHSM 3a TEMIIepaTypH, IO 3pOCTaE — 3a
JCTY ISO 1893:2014, crynmiHb pO3MIIHEHHS — 3a BEJIMYUHOK 3MEHIICHHS

MEXaHIYHOI MILIHOCTI 13 301IbILIEHHSIM TEeMIEPATYpPH.



TemmepaTrypu 1 CcKJIagd €BTEKTHK B OIHApHUX TIEPETHHAX CHUCTEMHU
po3paxoByBanuch 3a (¢opmynamu Encreitna — XoyneHla, a y TPUKOMIOHEHTHHUX
NepeTHHaxX — IUITXOM PIIIEHHS CUCTEMU HEMIHIMHUX PiBHSIHb.

Marematuuna o06poOka maHuMX [Isi OyJOBHM JiarpaM «CKJIaJ-BIACTHUBICTHY» 3
METOI0 ONTUMI3aIlli IIEMEHTHUX CKJaIiB 1 (pakiiifiHOTO CKIady 3aroBHIOBaYa
3MIMCHIOBAJIACh 3 BUKOPUCTAHHSIM CHMIUIEKC-TPATYaCTOrO0 METOMy TUIaHYBaHHS
EKCIIEpUMEHTY.

B TperboMy po3aiii MpeAcCTaBieHI PE3yNbTaTH TEOPETUYHUX JOCIIIKEHb
TpukoMioHeHTHOI cuctemu BaO-Co0O-Al,O3. Po3paxoBaHi TepMOIuHAMIYHI JaH1 JTs
CIOJIYK, JaHl SKUX BIJCYTHI Yy JOBIAKOBIM JiTeparypi Ta c(opMoOBaHO
TEepPMOJMHAMIUHY 0a3y JmaHux BcixX croiyk cuctemu BaO-CoO-Al,0Os.

[IpoBeneHi TeOpeTHYH1 W eKCIIEPUMEHTAIbHI JOCIIKEHHS 11010 MOKJIMBOCTI
icHyBaHHS TpuUKoMIIOHeHTHOI cronyku BasCoAl;Oip B cucremi BaO-CoO-Al,Og,
pe3yNbTaTH SKUX HE MIATBEPAWIN ii YyTBOpEHHS. Brepime mpoBeAeHO TPiaHTYIIAIIIO
naHoi cucteMu Oe3 ypaxyBaHHS B Hi MOTPIMHHUX CIOJYK Ta aHali3 TeoMETpo-
TOMOJIOTIYHUX 1 CTATUCTUYHUX XapaKTEPUCTUK CYOCOJITyCHOI OyJOBU CHUCTEMHU.
PospaxoBaHo 1 mpoaHaIi30BaHO TEMIEPATypH IUIABJICHHS 1 CKJIAAW ©BTCKTUK IS
OiHapHuX 1 moTpiHUX mepeTuHiB cuctemu BaO-CoO-Al;Os, B pesynbrari sSIKHX
BCTAHOBJIEHO, 110 O1HAPHI 1 MOTPIiHI MEPETUHH AAHOI CUCTEMH, K1 MICTATh Y CBOEMY
CKJIaZll KOOAIbTOBY MIMIHENb, XapaKTEPU3YIOThCSI TEMIEpATypaMH IIJIABJICHHS BUIIE
1650 °C. Takum 4MHOM, MEPCIIEKTUBHOIO OOJIACTIO 3 TOYKU 30py CTBOPEHHS CKJIAIIB
BOTHETPUBKUX B’SDKYYMX MarepialiiB Ha OCHOBI kKommosuiiil cuctemu BaO-CoO-
A|203 € HOTpiI?'IHI/Iﬁ IICpETHUH BaAI204 — BaA|12019 — COA|204.

B derBepToMy po3ili MPOBEACHO OLIHKY OCOOJIMBOCTEM MpPOSIBY B’ SKYUHMX
BJIACTHBOCTEH JIBOX- 1 TPUKOMIOHEHTHUMH croiykamu cuctemu BaO-CoO-Al,Os,
B’SDKy4l BJIACTUBOCTI SKUX II[€é HE BCTAHOBJICHO. 3 METOIO OJEPKAHHS B’ SHKYUUX
MarepialiB, 110 XapaKTEPU3YBAaTUMYThCS KOMIIJIEKCOM BHCOKHMX EKCIUTyaTallliiHUX
XapaKTEPUCTHK, a CaMe: MIITHICTh TIPH CTUCKY Ta BOTHETPUBKICTh, HA OCHOBI Mepepizy
BaAl,O; - BaAl;;0;9 — CoAl,O4 mnpoBeaeHo onTHMIZaIil0  KUIBKICHOTO

cniBBigHOWEHHS (a3. BuznaueHo, 1o O6apiifantoMiHaTHI HEMEHTH HA OCHOBI CUCTEMHU
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BaO-Co0-Al;03 3 KOMIJIEKCOM BUCOKUX TEXHIYHUX XapaKTEPUCTUK MAIOTh MICTUTH,
mac. %: BaA|204 - 60— 20, COA|204 —-30 - 60, B&A'lzolg —10-20.

B pesynpTaTi aHamizy OTpUMaHHX pe3yJbTaTiB MEPCIEKTUBHUM OOpaHO
Oimapamii meperun BaAl,O, - CoAl;O; Ta BHBYEHO BIUTUB KUIBKICHOTO
CITIBBIJTHOIIICHHS MOHOQJIIOMIHATY O0apir0 Ta KOOaJabTOBOI IIMiHENI Ha (i3UKO-
MEXaHIYHI BJIACTUBOCTI OTPHUMaHUX MaTepiamiB. ParioHaapHUM 71 MOAQIBIINAX
JOCITIJKCHb BU3HA4YCHO (ha3oBUit ckiiaf, mo MictuTh 40 mac. % BaAl,O4 1 60 mac. %
CoAlyO4, sikuil XapaKTEpU3YEThCSI HAWKpAIIUM KOMIUIEKCOM (Di3MKO-MEXaHIYHUX
BIacTUBOCTEH. JlocmimKeHO TepMOoMeXaHIYHl BJIACTUBOCTI OapifaitoMiIHATHOTO
[IEMEHTY ONTHMAJILHOTO CKJIaJy Ta BCTAHOBIICHO, IO OTPUMAaHUN Marepian €
BorHeTpuBkuM — Bute 1750 °C, i3 BUCOKOIO TEPMOCTIHKICTIO — Oitbie 20 TETUI03MiH
B ymoBax 1300 °C - noBiTpsl Ta XapaKTEpU3y€eThCsI HU3bKUM CTYIIEHEM PO3MIITHEHHS B
inrepsani temneparyp 20-1300 °C - mo 12 %.

[IpoBeneHO KIHETUYHI AOCIIHKEHHS IPOLIECIB MIHEPAIOYTBOPEHHA Y CyMilIax,
mo ckimamaoteess 3 BaCO;  AlbO; 1 CoO. B pesynbTari  IpoBeaeHUX
eKCIIEPUMEHTAILHUX JTOCTI)KEHb BUSIBIEHO HEMOHOTOHH1 3MiHU KIJIbKOCTI OCHOBHHX
¢da3 B MaTepiami 3pa3KiB MICIs BUMNAIY NP PI3HUX TEMIEpaTrypax, o o0yMOBJIEHO
OCOOJIMBOCTSIMU YTBOPEHHSI TBEPJIMX PO3YMHIB HA OCHOBI 0api€Boi 1 KOOAIbTOBOI
mmiHeneil. OTpumani pe3ysiabTaTH aKTyallbHI JJIs TPOTHO3YyBaHHS (pa30BOTO CKIAAY
B’SDKydnX MmarepiaiiB Ha ocHOBI cuctemMu BaO-CoO-Al,O; i perymaroBaHHS iX
rigpaTariifHoi aKkTHBHOCTI.

Bu3HaueHO MOXIJIMBICTH 3aCTOCYBaHHS BIJIXOJIIB XIMIYHOI MPOMHUCIOBOCTI SIK
3aMiHU IMIIOPTHOI MiHEPAJIBLHOI CHPOBUHU Y TEXHOJIOT11 OapiiallfoMiHATHOTO IIEMEHTY.
[IpoBeneHrMuU TOCITIIKEHHSIMHU BCTAHOBJICHO, 1110 BIJIXOU T1JIpyBaHHS CIPKOBMICHHUX
opraniyaux crnonyk [IpAT "Ceepononenbke 00’e€qHaHHS A30T" Ta BUPOOHUIITBA
aMIHOKampoHOBOi KucioTu "3aBoxy ximiunux peaktuBiB" HTK "lnctutyt
MonokpuctaniB" MOXyTh OyTHM BHKOPHCTAaHI $SK CHpPOBMHA [Jisi BUPOOHUIITBA
OapiifafoMiHATHUX IIEMEHTIB TMIABUINEHOT BOTHETpUBKOCTI. JlocmimkeHo ¢ha3oBwuii
CKJIaJ] pO3pOOJIEHUH KIIIHKEPIB, MPOBEACHO JOCHIDKEHHS 11X MIKPOCTPYKTYpH.

Pesynbratu 13MKO-MEXaHIYHUX BUIIPOOYBaHb PO3POOJICHUX KOMIO3UIINA CBIIYATh,
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0 BOHU BIAHOCATHCSA JO TIAPABIIYHUX B’SDKYYMX MOBITPSHOTO TBEPIHEHHS, €
IIBUIKOCXOILTIOIOYMMU: OYaTOK TBepAHEHHS — 1 roj. 20 xB.; KiHenb — 5 roa. 20 XB.;
BHUCOKOMIITHUMH: M€Xa MIIHOCTI mpu cTucky y 3 mobu — go 50 MIla, mo maroTh
BHCOKY TeMIliepatypy IuiaBnexHs — Buie 1900 °C.

I3 3amydeHHSM KOMIUIEKCY (PI3MKO-XIMIYHUX METOJMIB aHaIi3y BHUBYEHO
MIPOTYKTH TiJipaTarlii OTpUMaHOTo 0apiiiaFoMIHATHOTO IIEMEHTY SIK Ha OCHOB1 XIMIYHO
YUCTUX OKCHJIIB ONTHUMAJIBHOTO CKJIAay, TaK 1 3 BHUKOPUCTaHHSM BIJIXOJIB
IpOMUCITOBOCTI. PeHTrenodasoBuil aHami3 J03BOJIMB BCTAHOBUTH, IO IIPOIIEC
rigparamii IEeMEHTHHX KOMITO3UINIA CYIMPOBOKYIOTECS AKTUBHUM PO3YHHCHHSIM
OCHOBHOI KJIIHKEPHOI TrifpaTamiiiHo akTtuBHOi (asu BaAl,0, 3a yuacti TBepaux
po3unHiB Ha ocHOBI BaAl;;019 3 yTBOpeHHSM reneBux ¢as, Ipo IO CBIIYUTH
3MEHIIICHHS] ~ IHTEHCUBHOCTEW  BIAMNOBIAHUX  AUPPAKIIAHUX  MAKCUMYyMIB
MOHOQTIOMIHATy Oapito Ta 3MIIEHHS MDKIUIONIMHHMX BiJCTaHEH TeKcaalfoMiHATY
Oapito. 3a pe3yiabTaTamMud MPOBEACHOTO AUGEPEHUINHO-TEPMIYHOTO  aHaNI3y
BCTAHOBJICHO, 1110 BHJIAJICHHS SIK XIMIYHO 3B’S3aHO1, TaK 1 KpHCTaIi3aliitHOT BOJIH 13
TIAPAaTHUX CIOJYK PO3POOJICHHX LIEMEHTIB BiIOYBA€ThCA Yy ILUIMPOKOMY Jl1ara3oHi
TEeMIIepaTyp, 110 JO3BOJISIE 3HIBEJIOBATH TEPMiuHI Ne(DEKTH, SIKI BUHUKAIOTH MpU
HarpiBaHHI IIEMEHTHOTO KaMEHIO Ta KOHCTPYKIIMHUX BUPOOIB HA IOTO OCHOBI.

OTpuMaHi pe3yJbTaTH CBIIYaTh MPO TE€, IO PO3POOJICHI IIEMEHTU HAa OCHOBI
TAPaBIIYHO AaKTUBHUX allOMIHATIB Oapil0 Ta aJlOMOKOOAJIbTOBOI  IIMiHENI
BIJTHOCSITHCS JI0 IIBUAKOTBEPAHYYHNX, IIBUIKOTYKaBIFOUUX, BUCOKOMIIIHUX B’ SXKYYIHX
MarepiajiiB 3 BHCOKOIO BOTHETPUBKICTIO Ta PEKOMEHJOBAaH1 ISl BUTOTOBJICHHS
BOTHETPUBKUX OETOHIB, TOPKPET-Mac, a TAaKOXX MEPTENIB JJisi 3aCTOCYBaHHA iX B
BHCOKOTEMITEpaTypHHUX arperarax pizHHUX Trajry3ei TPOMHCIOBOCTI.

VY m’sromy po3aiiai Ay OTPUMaHHS OETOHY BHCOKOi MIITHOCTI, IIUTBHOCTI ¥
OJTHOPITHOCTI Ha OCHOB1 OapifaatOMiHATHOTO IIEMEHTY OOpaHO BHUIM 3allOBHIOBAYIB,
OpOBEICHO TMiA0lp TpaHyJOMETPUYHOTO CKJIAQy 3aloBHIOBaya. BcTaHOBIEHO
ONTUMAJIbHE CITIBBIIHOIIEHHSI OCHOBHUX KOMITOHEHTIB BOTHETPUBKOI CyMIIITl IIEMEHT

. 3alOBHIOBAY, a TaKoX - 3aco0y (opmyBaHHs BUPOOIB. JlOCHiTKEeHO 3al€KHICTH
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TEPMIYHOI CTIMKOCTI Ta CTyNEHs PO3MIIHEHHS MpU HarpiBaHHi OETOHY BiJ BUIY
3aIM0BHIOBAYA, 1110 3aCTOCOBYBABCH.

BcranoBneno, mo ~ OeToHHI  3pa3kKM  HA  OCHOBI  pO3pOOJIEHOTO
OapiaTrOMiHATHOTO LIEMEHTY ONTHUMAIbHOTO CKIAAy 13 3aCTOCYBAaHHSM Y BHUIJISII
3alOBHIOBAaYa SIK EJEKTPOIUIABICHOTO KOPYHIy, TaK 1 TrekcaaltoMmiHaTy Oapito 3
paIlioHATPHUM CITIBBITHOIICHHSIM IIEMEHT : 3allOBHIOBAdY, BUTOTOBJICHI IILIIXOM
BIOpOYKJIaJaHHs HAMIBXXOPCTKOI cyMimn 3 BoaoTBepauM BigHomieHHs 0,08,
XapaKTEPU3YIOThCS KOMILJIEKCOM BUCOKUX (P13MKO-MEXaHIYHUX BJIIACTUBOCTEH, a caMe:
TpaHUI MIIIHOCTI MpH CTUCKY y 28 ni0 TBepaHenHs — 54,8 — 60,2 Mlla, BinkpuToro
nopuctictio — 12,8 - 17,8 %, TepMiuHOIO CTIHKicTIO — Oinbine 20 IUKIIB 13
30epexeHHsIM Ouibiie 85 % cBO€i MOYaTKOBOI MILIHOCTI; CTYIIHb PO3MILIHEHHS IPH
HarpiBadHi 10 1600 °C — e mnepeBunrye 14 %; BornetpuBkicTh ckiagae 1700 -
1720 °C; remneparypa noudatky nedopmarrii mig HaBantaxeHssm 0,2 Mlla — 1490°C
- 1580 °C.

3a pe3yiabTaTaMu JUCEPTAIIiHOT POOOTH B YMOBax JOCIITHOTO BUPOOHUIITBA
BAT HBIT "IOMIHAHTA" (M. KoctssaTuHiBka JloHe1pkoi 00J1.) eKCIepUMEHTaTbHO
JIOBEJICHO MOXJIMBICTh 3aCTOCYBAaHHS 1 €KCIUTyaTallli BOTHETPUBKHUX JeTajied, 110
BUTOTOBJICHI 3 OETOHY Ha OCHOBI PO3pOOJEHOr0 OapifalfOMIHATHOTO IEMEHTY 1
€JIEKTPOIJIABJIEHOTO KOPYHAY, IO BiampamoBaiu 45 UUKIIB Yy Tedi, pododa
TemriepaTypa B skiil ckimana 1400 -1650 °C B ymoBax pi3bkux 3MiH Temmneparyp 0e3
CYTTE€BHUX PYWHYBaHb. T€OpPETHUYHI Ta MPAKTUYHI PE3YJIbTATH JAUCEPTAIIAHOT POOOTH
BIIPOBA/PKEHO y MPAKTUKY HABYAJIBHOIO Mpolecy KapeApu TEXHOJIOTIl KepamikKH,
BOTHEeTpUBIB, ckia Ta emaner HTY «XII» mnpu miAroToBI CTYIEHTIB 3a
crietiayibHICTIO 161 «XiMIYHI TEXHOJIOTIT Ta IHXKEHEP1s»

Knrwouosi cnosa: BOTHETpHWBKI B’SDKydl Marepiajid, MOHOAIIOMIHAT Oapiro,
KoOabTOBA IIMIHENb, TBEP/Il PO3YNHU, BOTHETPUBKI OC€TOHHI cyminri, HeOpMOBaHi

BOTHETPUBH, BOTHETPUBKICTh, TEPMIYHA CTIMKICTb.

Ilepenik HaykOBHMX Mpalb 32 TEMOIO AUCEPTALil

Hayxoesi npayi, sixi 6i0obpasicaioms 0CHOBHI HAYKOSI pe3yibmamu oucepmayii
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1. Illa6anoBa I'.H., Koporoackass A.H., 'anonoBa E.A., BopoxO6usu P.M.,
I'amoBa O.A., esstoBa H.b., Jleagnas C.B. PecypcocOeperaromias TEXHOJIOTHUS
TJIMHO3EMUCTHIX 11eMeHTOB / Monorpadus. — Xapekos: ®JIII bposun A.B., 2020. —
236 c.

2. Anamu3 tBeprodaszHbix peakiuii B cucreme — CoO - BaO - Al,O3 / O. B.
Kocteipkus, I'. H. Ila6anosa, C. M. Jlorsunkos, H. C. Ilanko, O. A. I'amoBa // Bicauk
HamionansHoro Texuiunoro yHiepcuteTy «XI1I». Cepis: Ximis, XiMIYHA TEXHOJIOT1S
ta exoJoris. — XapkiB: HTY «XIII», 2016. — Ne 22. C. 101-106.

3. OtpaboTanHbIe KOOATBTCOACPKAIIINE KAaTAIM3aTOPHI B pecypcocOeperaromieit
TEeXHOJIOTMK orHeymnopHeix 1emeHToB / I'. H. Illa6anoBa, A. H. Koporojckas,
O. B. Kocteipkus, C. B. JIeBannas, O. A. l'amosa, E. [1. ABneea // 30ipHHK HAyKOBUX
npaib [TIAT "YKPH/I BoraerpusiB im. A. C. bepexnoro" — Xapkis: @OIl Azamaen
B.P.,2017.-Ne 117. C. 107-115.

4. TepmoauHaMiuHu# aHai3 cyocomiaycHoi OynoBu cuctemu Co0O-BaO-MoOs
/T'. H. lllabanosa, C. M. Jloreunkos, O. A. I'amoBa // 36ipHuk HaykoBux mpais XVII
HayKkoBa KoH(pepeHIis «JIbBIBCbKI XiMiuHI ydTaHHd — 2019», 2-5 uepBHsa 2019 p. -
JIpBiB: BunaBunumii nentp JIHY im. 1. ®panka. — 2019. — 357 c.

5. Pacuer wu aHanu3 Temmeparyp U COCTAaBOB DOBTEKTHUK [BYX W
TPEXKOMITIOHEHTHBIX ~ ceueHmnid cuctem CaO-CoO-Al,O; u  BaO-CoO-Al,O3
I'. H. [llabanoBa, A. H. Koporoackas, C. B. Jleagnas, O. A. I'amoBa // 36ipHuk
HayKoBUX mpaib "HaykoBi HOCTIIPKEHHS 3 BOTHETPHBIB Ta TEXHIYHOI Kepamiku' —
XapkiB: @OIT Azamaes B.P., 2019. — Ne 119. — C. 89-97.

6. Triangulation and characterization of the subsolidus structure in the systems
Ca0-Co0-Mo00;, Co0O-Al;0:-Mo0O; and CaO-Al,0s3-MoO3z; / G.N. Shabanova,
A.N. Korohodska, S.V. Levadna, O. O. Gamova // Voprosy khimii i khimicheskoi
tekhnologii, Ne 6, 2019, pp. 268-274.

7. Thermodynamic analysis of the possible existence of the ternary BazCoAl4O19
compound in the BaO-CoO-Al,O3; system / G.N. Shabanova, A.N. Korohodska,
H.A. Gaponova, S.V. Levadna, O. O. Gamova // Voprosy khimii i khimicheskoi
tekhnologii, Ne 1, 2020, pp. 111-115.
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8. Amnaimm3 tBepmodasHeix paBHOBecwii B cucreMe CoO-BaO-Al,Os-
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ABSTRACT

Gamova 0.0. Refractory cement based of compositions BaO — CoO — Al,O3
system. - Manuscript. Thesis for obtaining the philosophy doctor scientific degree on
the specialty 161 “Chemical Technology and Engineering”. — National Technical
University “Kharkiv Polytechnic Institute”, Kharkiv, 2020.

Object of research - processes of phase formation of refractory barium
aluminate cements in the system BaO — CoO — Al,O3 with a set of specified operational
characteristics.

Subject of research regularities and features of synthesis of binders based of
compositions of high-aluminate region of BaO — CoO — Al,O3 system, mechanism of
processes of their hydration that causes formation of the set properties of barium
aluminate cements.

The dissertation is devoted to the decision of a scientific and practical problem -
development of special cements based of compositions of system BaO — CoO — Al,0O3
with high durability, fire resistance and resistance to action of aggressive
environments.

The introduction substantiates the relevance of the topic of the dissertation,
indicates the connection of work with scientific topics, formulates the purpose and
objectives of the study, defines the object, subject and methods of research, shows the
scientific novelty and practical significance of the results, provides information on
practical use, personal contribution applicant, approbation of research results and their
coverage in publications. Information about the structure and scope of the dissertation
IS given.

The first section analyzes the main types of inorganic binders and aggregates
used in modern enterprises to obtain refractory unformed materials and ways to
improve their basic performance.

Trends in the operation of unformed refractory materials in modern heating units
are analyzed. The advantages and disadvantages of the production of unformed
refractories based on hydration binders, including those based on alumina and high
alumina cements, are noted. The study of the synthesis of alumina binders and the

formation of the main performance characteristics of refractory materials based on
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them revealed a number of difficulties and shortcomings of existing technologies, an
alternative to which can successfully make barium aluminate binders based on BaO —
CoO — Al,0s. The structure of binary systems that are part of this system is studied and
analyzed in detail.

The base of the main raw materials of the refractory industry is analyzed, which
allowed to determine the perspective the direction of research aimed at both the
processing of industrial waste and the integrated use of natural resources - the creation
of low-waste and non-waste technologies. On the basis of the conducted analysis the
tasks of research and ways of their decision are formulated.

In the second section the characteristic of initial raw materials is given, the
choice of methods of theoretical and experimental researches is defined, the description
of the calculation methods used in the dissertation is given.

Theoretical research was carried out using modern methods of analysis in
accordance with the provisions of physical chemistry and thermodynamics of silicates.
Physico-mechanical tests of cement were carried out according to the method of small
samples of Ml Strelkov, and the optimal compositions of cement were investigated in
accordance with DSTU EN 196-1: 2007 "Methods of testing cements. Determination
of strength ", DSTU EN 196-3: 2007 Methods of testing cements. Determination of
hardening time and uniformity of volume changes " and DSTU EN 196-6: 2007"
Methods of testing cements. Determination of grinding tonnage". Technical properties
of the developed materials were determined by standard methods: fire resistance -
according to ISO 528: 1983, heat resistance - according to GOST 7875.2-94,
deformation temperature under load at increasing temperature - DSTU ISO 1893: 2014,
degree of hardening - by the amount of decrease in mechanical strength with increasing
temperature.

Temperatures and compositions of eutectics in binary sections of the system
were calculated by the Epstein-Howland formulas, and in three-component sections by
solving a system of nonlinear equations.

Mathematical data processing for the structure of the "composition-property"

diagrams in order to optimize the cement compositions and the fractional composition
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of the aggregate was carried out using a simplex-lattice method of planning the
experiment.

The third section presents the results of theoretical studies of the three-
component system BaO — CoO — Al,O3. Thermodynamic data for compounds whose
data are absent in the reference literature are calculated and a thermodynamic database
of all compounds of the BaO-Co0O-Al,O3 system is formed.

Theoretical and experimental studies on the possibility of the existence of a
three-component compound BazCoAl,O1 in the system BaO — CoO — Al,Os, the
results of which did not confirm its formation. For the first time, the triangulation of
this system without taking into account ternary compounds and the analysis of
geometro-topological and statistical characteristics of the subsolidus structure of the
system were carried out. Melting temperatures and eutectic compositions for binary
and triple cross sections of the BaO — CoO — Al,0O3; system were calculated and
analyzed, as a result of which it was found that binary and triple cross sections of this
system containing cobalt spinel are characterized by melting temperatures above
1650 ° C. Thus, a promising area in terms of creating compositions of refractory
binders based on the compositions of the BaO — CoO — Al,O3 system is the triple cross
section BaAl,O4 — BaAl;,0:9 — CoAl,Oy.

In the fourth section, the peculiarities of the manifestation of the binding
properties of two- and three-component compounds of the BaO — CoO — Al,O3 system,
the binding properties of which have not yet been established, have been evaluated. In
order to obtain binders that will be characterized by a set of high performance
characteristics, namely: compressive strength and fire resistance, based on the cross
section BaAl,O, — BaAl;2,019 — CoAl;O4, the quantitative phase ratio was optimized. It
is determined that barium aluminate cements based on the system BaO — CoO — Al,O3
with a set of high technical characteristics should contain, wt.%: BaAl,O, - 60 - 20;
CoAl,04 - 30 - 60; BaAl;2049 - 10 - 20.

As a result of the analysis of the obtained results, the binary section BaAl,O, —
CoAl,O,4 was chosen as promising and the influence of the quantitative ratio of barium
monoaluminate and cobalt spinel on the physical and mechanical properties of the

obtained materials was studied. Rational for further research determined the phase
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composition containing 40 wt. % BaAl,0, and 60 wt. % CoAl,O4 which is
characterized by the best set of physical and mechanical properties. The thermo-
mechanical properties of barium aluminate cement of optimal composition were
investigated and it was found that the obtained material is refractory - above 1750 ° C,
with high heat resistance - more than 20 heat changes in 1300 ° C - air and characterized
by low degree of hardening in the temperature range 20-1300 °C - up to 12 %.

Kinetic studies of mineral formation processes in mixtures consisting of BaCOs,
Al,O; and CoO have been carried out. As a result of the conducted experimental
researches nonmonotonic changes of quantity of the basic phases in material of samples
after firing at various temperatures that is caused by features of formation of firm
solutions on the basis of barium and cobalt spinels are revealed. The obtained results
are relevant for predicting the phase composition of binders based on the BaO — CoO
— Al,O3 system and regulating their hydration activity.

The possibility of using waste from the chemical industry as a replacement for
imported mineral raw materials in the technology of barium aluminate cement has been
determined. Studies have shown that the waste of hydrogenation of sulfur-containing
organic compounds of PJSC "Severodonetsk Association Nitrogen" and production of
aminocaproic acid "Chemical Reagents Plant" STC "Institute of Single Crystals" can
be used as raw material for the production of barium aluminates cements of high
refractoriness. The phase composition of the developed clinkers was studied, their
microstructure was studied. The results of physical and mechanical tests of the
developed compositions show that they belong to the hydraulic binders of air
hardening, are fast-setting: the beginning of hardening - 1 hour, 20 minutes; end - 5
hours, 20 minutes; high-strength: compressive strength in 3 days - up to 50 MPa, with
a high melting point - above 1900 ° C.

With the involvement of a set of physicochemical methods of analysis, the
hydration products of the obtained barium aluminate cement were studied both on the
basis of chemically pure oxides of optimal composition and with the use of industrial
waste. X-ray phase analysis revealed that the hydration process of cement compositions
Is accompanied by active dissolution of the main clinker hydration active phase of

BaAl,O, with the participation of solid solutions based on BaAl;,0;9 with the
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formation of gel phases, as evidenced by a decrease in the intensities of the
corresponding diffraction maxima. According to the results of differential thermal
analysis, it was found that the removal of both chemically bound and crystallization
water from hydrated compounds of the developed cements occurs in a wide range of
temperatures, which eliminates thermal defects that occur when heating cement stone
and structural products based on it.

The obtained results indicate that the developed cements on the basis of
hydraulically active aluminates of barium and aluminate-cobalt spinel belong to fast-
hardening, fast-hardening, high-strength binders with high fire resistance and are
recommended for production of refractory concretes, shotcrete masses, and also in their
mortars. high-temperature units of various industries.

In the fifth section, the types of aggregates were selected to obtain concrete of
high strength, density and homogeneity on the basis of barium aluminate cement, and
the particle size distribution of aggregate was selected. The optimal ratio of the main
components of the refractory mixture of cement: aggregate, as well as - the means of
forming products. The dependence of thermal stability and degree of hardening when
heating concrete on the type of aggregate used is investigated.

It is established that concrete samples on the basis of the developed barium
aluminate cement of optimum structure with application in the form of a filler both
electrofusioned corundum, and barium hexaaluminate with a rational ratio of cement:
aggregate made by vibrolaying of semi-rigid mix with water-solid properties, namely:
compressive strength at 28 days of curing — 54,8 — 60,2 MPa, apparent porosity —
17,8 % - 21,8 %, thermal stability - more than 20 cycles while maintaining more than
85 % of its initial strength ; the degree of hardening when heated to 1600 ° C - does
not exceed 14%; fire resistance is 1700 - 1720 ° C; the temperature of the beginning of
deformation under a load of 0.2 MPa - 1490 ° C - 1580 °C.

According to the results of the dissertation work in the conditions of
experimental production of OJSC Research and Production Enterprise
"DOMINANTA" (Kostiantynivka, Donetsk region) the possibility of application and
operation of refractory parts made of concrete on the basis of developed barium

aluminate cement and electrofused corundum, which worked 45 cycles in the furnace,
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was experimentally proved, operating temperature in which made 1400 ° C - 1650 ° C
in the conditions of sharp changes of temperatures without essential destructions.
Theoretical and practical results of the dissertation are introduced into the practice of
the educational process of the Department of Technology of Ceramics, Refractories,
Glass and Enamels of NTU "KhPI" in the preparation of students majoring in 161
"Chemical Technology and Engineering".

Keywords: refractory binders, barium monoaluminate, cobalt spinel, solid
solutions, refractory concrete mixtures, unformed refractories, fire resistance, thermal
stability.
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