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I'amosa O. O. BorHeTpUBKUN LIEMEHT Ha OCHOBI KOMMO3HLii cuctemu BaO-
CoO-Al,O3. — KpamidikariiHa HayKoBa Ipailsi Ha IpaBax PyKOIIUCY.

Huceprariiss Ha 3100yTTS HAYKOBOTO CTyIleHs JokTopa (igocodii 3a
crnemianbHicTIo 161 «XiMiuHI TeXHOIOTIT Ta iHKeHepis». — HarionanpHui TeXHIYHAN
YHIBEpCHUTET «XapKIBChKHUM MOJITEXHIYHUM ITHCTUTYT», XapkKiB, 2020.

O0’ekT  focaimKeHHsi — Tpouecd  (Pa3oyTBOpEHHS  BOTHETPUBKHX
OapirianromiHaTHUX IeMeHTiB B cuctemMi BaO-CoO-Al,O3 3 KOMITICKCOM 3aJlaHuX
eKCIUTyaTalliHUX XapaKTePUCTHK.

IIpeamer moc/IizKeHHSI — 3aKOHOMIPHOCTI i OCOOJIMBOCTI CUHTE3Y B’ SKYUHX
MaTepiaiiB Ha OCHOBI KOMITO3HUIIIM BHCOKoatoMiHaTHOI o6mnacTi cuctemu BaO-CoO-
Al;O3, MexaHi3M mporieciB iX rifparariii, mo o0yMOBIItO€ (GOpPMYBaHHS KOMILIEKCY
3a/1aHUX BJIACTUBOCTEH OapiaIfOMIHATHUX IIEMEHTIB.

Jlucepranio NpUCBAYEHO BUPILIEHHIO HAYKOBO-TIPAaKTUYHOI 3a7a4l — po3poOKa
CIIELIAIbHAX LIEMEHTIB HAa OCHOBI koMmo3urii cucreMu BaO-CoO-Al,O3 3 BUCOKOO
MIIIHICTIO, BOTHETPHBKICTIO Ta CTIMKICTIO JIO Jii arpeCUBHHUX CEPEIOBHIIL.

VY BcTyIli 00TPYHTOBAHO aKTyaJIbHICTh TEMH JAUCEPTaliifHOI poOOTH, 3a3HAYEHO
3B’S130K POOOTH 3 HAYKOBUMH T€MaMH, C(OPMYIbOBAHO METY 1 3a/1ayl TOCTIIKEHHS,
BU3HAYEHO 00’ €KT, MPEeAMET Ta METOAM JOCIIPKEHHS, TOKa3aHO HAyKOBY HOBHU3HY Ta
MpaKTUYHE 3HAYEHHS OTPUMAaHUX pe3yJIbTaTiB, HABEJIEHO IHPOPMALIIIO ITPO MPAKTUYHE
BUKOPHUCTAHHS, OCOOMCTUI BHECOK 3/100yBaya, arpoOailito pe3yyibTaTiB JOCI1IKEHHS
Ta iX BUCBITJICHHS y IMyOmiKaiisax. [[puBoasIThCs BITOMOCTI IIOJI0 CTPYKTYPH Ta 0OCATY
JaucepTaliitHoi podoTH.

B mepmiomy po3mini mpoBenEeHO aHali3 OCHOBHUX BHJIIB HEOPTaHIUHUX
B’SOKy4YMX MarepilajiB Ta 3aloOBHIOBAYIB, IO 3aCTOCOBYIOTHCS Ha CYy4YacHHX
HiJOpUEMCTBAX JIJIs OTPUMAHHS TYTOIUIaBKUX HE(OPMOBAHMX MaTepiajiB Ta MUISXU
MJBUIICHHS iX OCHOBHUX €KCILTyaTallliHUX XapaKTePUCTHK.

[IpoananizoBaHo TeHACHIIT eKcIUTyatauii He(QOpMOBaHUX BOTHETPUBKUX
MaTepialiiB B CydyaCHUX TEIUIOBUX arperatax. Bin3HaueHo mepeBarn Ta HEIOJIKH

BUPOOHUIITBA HE(HOPMOBAHUX BOTHETPUBIB HAa OCHOBI TiJpaTaliiHUX B’SHKY4YHX, B



TOMY YHMCJII Ha OCHOBI TJTMHO3EMHHUX Ta BHCOKOTJIMHO3EMHUX ILIEMEHTIB. BUBUaHHS
0COOJIMBOCTEM CHHTE3y TJIMHO3EMHUX B SKy4dMX Ta (OpMYyBaHHA OCHOBHUX
eKCIUTyaTallliHUX XapaKTEepPUCTUK BOTHETPUBKHUX MaTepialliB HA iX OCHOBI BHSIBUB
HU3KY TPYJHOIIIB 1 HEJOJIKIB ICHYFOUMX TEXHOJOTIH, aJbTePHATUBY SKUM MOXKYTh
YCHIIIHO CKJIacTu OapifastoMiHAaTHI B’SDKYYl MaTepiaid, OCHOBOIO SKHUX € CHCTEMa
Ba0O-Co0-Al,O3. [letanbHO BUBUCHO 1 TpoaHali3oBaHO Oy0BY OiHAPHUX CUCTEM, IO
BXOJSATH J0 JAHOI CUCTEMH.

[IpoananmizoBaHo 0a3y OCHOBHMX CHPOBMHHUX MarepiaiiB BOTHETPHUBKOI
rajgysi, L0 JO3BOJWJIO BHU3HAUUTU MEPCHEKTUBHUM — HANpPSMOK JOCHIJKEHb,
CHOPSIMOBAaHUX SIK Ha MEpepoOKy BIAXOIIB NMPOMHUCIOBOCTI, TaK 1 HA KOMILUIEKCHE
BUKOPHUCTAHHS MPUPOJHUX PECYPCIB — CTBOPEHHS MAJIOBIIXOJHUX Ta O€3B1IXOJHUX
TexHoJorid. Ha miacrasi npoBeAeHOro aHaiizy copMyIbOBaHO 3a7auil JOCTIIKEHHS
Ta MUISXH iX BUPIIICHHS.

Y npyromy po3niiai HaBelE€HAa XapaKTepUCTUKAa BUXIIHUX CHPOBUHHHX
MarepiaiiB, BHU3HAYEHO BHOIp METOJUK TEOPETUYHUX Ta EKCIEPUMEHTAIbHUX
JOCIIIKEHb, HAJJAHO OMKC PO3PAXYHKOBUX METO/IiB, BUKOPUCTAHUX y JAUCEPTaIlIiHIMI
poboTi.

TeopeTnyHl AOCHIIKEHHS MPOBOJIMUIM 13 3aCTOCYBAaHHAM Cy4YacHUX METOJIB
aHai3y 3TIHO 3 MOJIOKEHb (hI3MYHOT XIMii 1 TepMOAMHAMIKMA CHUIIKaTiB. Di3uKO-
MEXaHIYH1 BHUIPOOOBYBAHHS LEMEHTY MPOBOJWINCH 3T1IHO 3 METOJUKOI MajuX
3pa3kiB M. . CrpenkoBa, a ONTUMaJIbHI CKJIAOu LIEMEHTY JAOCTIIKYBaJIUCh Y
BignmoBigHocTi g0 JICTY EN 196-1:2007 «Metogu BumpoOyBaHb I[€MEHTIB.
Busnauenns minHocti», JCTY EN 196-3:2007 «Metoau BUNpoOyBaHb IIEMEHTIB.
BusnauenHnst TepmiHiB Ty>KaBiHHS ¥ piBHOMIpHOCTI 3MiH 00’emy» 1 JICTY EN 196-
6:2007 «Metoau BUNpoOyBaHb IIEMEHTIB. BU3HaueHHS TOHUHU MOMENy». TexHIuH1
BJIACTUBOCTI PO3POOJICHUX MaTepialdiB BHU3HAYAIWCH 32 CTAHIAPTHUMHU METOJIAMU:
BorHeTpuBKiCTh — 1o [SO 528:1983, tepmoctiiikicte — 3a ['OCT 7875.2-94,
TeMrneparypa Jaedopmariii mij HaBaHTaXEHHSM 3a TEMIIEpAaTypH, IO 3pOCTae — 3a
JNCTY ISO 1893:2014, crymiHb pO3MIMHEHHS — 3a BEJIMYMHOIO 3MCHIIICHHS

MEXaHIYHOI MIITHOCTI 13 301IbIIEHHSM TEMIEPaTypH.



TemnepaTypu 1 CKJIaad €BTEKTMK B OIHApPHUX MEPETUHAX CHUCTEMU
po3paxoByBanuch 3a (opmyinamu Encreitna — XoyleHIa, a y TPUKOMIOHCHTHHX
MepeTHHAX — IIIXOM PIIIEHHS CUCTEMHU HEJIHIMHUX PIBHSHD.

MarematuyHa oOpoOka maHuX I OyJOBU Jiarpam «CKjIaJ-BIacCTHUBICTB» 3
METOI0 OMNTHMIi3alii [EeMEHTHUX CKJIaliB 1 (pakiiifHOro CcKiIagy 3amoBHIOBaYa
3MIMCHIOBANIaCh 3 BHUKOPUCTaHHSM CHUMIUIEKC-TPATYaCTOr0 METOJy IUIaHyBaHHS
EKCIIEPUMEHTY.

B TperboMy po3aini MpeACTaBi€HI PE3yNbTaTH TEOPETUYHUX HOCIIKEHb
tpukomnoneHTHOI cuctemu BaO-Co0-Al,O3. Po3paxoBani TepMOauHAMIYHI JaH1 IS
CHOJIYK, [JaHl SKUX BIJCYyTHI y JOBIAKOBIM JiTeparypi Ta c(OpMOBaHO
TepMOJIMHAMIUHy 0a3y AaHuX BCix cronyk cucremu BaO-CoO-AlLOs.

[IpoBeneHi TeOpeTUYH1 W €KCIIEPUMEHTANIbHI AOCIIIKEHHSI 11010 MOKJIUBOCTI
icHyBaHHS TpukoMNoHeHTHOI crnonyku BazCoAl:Oip B cucremi BaO-CoO-Al,Os,
pe3yJIbTaTu SKUX HE MIATBEPAWIM i1 YTBOpPEHHs. Brepine mpoBeaeHO TpiaHTyJIALio
naHoi cucteMu Oe3 ypaxyBaHHS B HIM NOTPIMHHUX CIONYK Ta aHali3 TreoMeTpo-
TOTIOJIOTIYHUX 1 CTATUCTUYHHX XaPaKTEPUCTHK CYOCONIAYyCHOI OyIOBH CHUCTEMH.
Po3paxoBaHo 1 mpoaHagi30BaHO TEMIEPATypH IUIABJICHHS 1 CKIAAW €BTEKTUK JUIs
OiHapHMX 1 WOTpiHMX mepeTuHiB cuctemMu BaO-CoO-Al;Os3, B pesynbTaTi SKuX
BCTAHOBJICHO, 110 O1HAPHI 1 MOTPIMHI IEPETHUHH TAHOI CUCTEMH, K1 MICTATH Y CBOEMY
CKJIa/i KOOaIbTOBY IIMIHENb, XapaKTEPU3YIOThCS TeMIepaTypaMu IJIaBICHHS BUIIEC
1650 °C. TakuM YMHOM, TIEPCIIEKTUBHOIO O0JIACTIO 3 TOUYKH 30PY CTBOPECHHSI CKJIA/IiB
BOTHETPUMBKUX B SDKYYMX MaTepialliB Ha OCHOBI kommoswuiiii cuctemu BaO-CoO-
A|203 € HOTpiI\;IHI/Iﬁ NCpECTHH BaAI204 - BaA|12019 — COA|204.

B derBepTOMYy pO3AiTi MPOBENEHO OILIHKY OCOOJMBOCTEH MPOSIBY B’ SIKYUUX
BJIACTHBOCTEH JBOX- 1 TPUKOMIIOHEHTHMMHM criojykamu cuctemu BaO-CoO-Al,Os,
B’SKy4l BJIACTUBOCTI SIKMX 1€ HE BCTAHOBJIEHO. 3 METOI0 OJEP>KAHHS B’SHKYUUX
MaTepialiB, M0 XapaKTepU3yBaTUMYThCS KOMILJIEKCOM BHCOKHMX EKCILTyaTalliiHuX
XapaKTEPUCTHK, a CaMe: MIIHICTh IPU CTUCKY Ta BOTHETPUBKICTh, HA OCHOBI Mepepizy
BaAl,O; — BaAl;;059 — CoAl,Os mnpoBeaeHo onTHMiZaIiio  KUIBKICHOTO

criBBigHOIIEHHS ¢a3. BusnaueHo, nio 6apiaitoMiHaTHI IEMEHTH HAa OCHOBI CUCTEMHU
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Ba0O-Co0O-Al;03 3 KOMITJIEKCOM BUCOKHX TEXHIYHUX XapaKTEPUCTUK MAOTh MICTUTH,
mac.%: BaAl,0, — 60 — 20; CoAl,O, — 30 — 60; BaAl;2,019 — 10 — 20.

B pesynpTaTi aHamizy OTpUMaHUX pe3yJbTaTiB MEPCIEKTUBHUM OOpaHO
Oimapuuii meperun BaAl,0, - CoAl,O; Ta BHBYEHO BIUIMB KIUIBKICHOTO
CIIBBITHOIIEHHSI MOHOAJIOMiHATy Oapito Ta KoOajabTOBOI IIMiHENl Ha (i3uKo-
MEXaHIYHI BJIACTUBOCTI OTPUMaHUX MaTepianiB. PalioHalbHUM [JI1 TOJAJIbIIUX
JOCIIKeHb BU3HAa4YeHO (ha3oBUil ckiaf, mo Mictuth 40 mac. % BaAl,O4 1 60 mac. %
CoAl;O4, sxMii XapaKTEPHU3YEThCS HAWUKpaAIIMM KOMITIEKCOM (Hi3UKO-MEXaHIIHUX
BJIACTUBOCTEH. JlOCIIDKEHO TEepMOMEXaHIYHI BJIACTUBOCTI OapiialFoMIHATHOTO
[IEMEHTY ONTHUMAaJIbHOTO CKJIaAy Ta BCTAHOBJIEHO, IO OTPUMAaHUN MaTepial €
BorHeTpuBKUM — BuIle 1750 °C, 13 BUCOKOIO TEPMOCTIHKICTIO — Oibiie 20 TeTrIo3MiH
B ymoBax 1300 °C - noBITps Ta XapaKTEPU3Y€EThCSI HU3bKUM CTYIIEHEM PO3MILIHEHHS B
inTepsani Temneparyp 20-1300 °C - o 12 %.

[IpoBeneHO KIHETUYHI AOCTIHPKEHHS IPOIIECIB MIHEPAIIOYTBOPEHHS Y CyMiIax,
mo ckianaroteess 3 BaCOs, AlLO3; i CoO. B pesynbraTi NpoBeICHUX
EKCIIEpUMEHTAIILHUX JTOCIIKEHb BUSIBIIEHO HEMOHOTOHH1 3MIHH KIJTBKOCTI OCHOBHHUX
¢da3 B MaTepiami 3pa3KiB MICIs BUMAYy TIPH PI3HUX TeMIeparypax, mo o0yMOBJICHO
O0COOJIMBOCTSIMU YTBOPEHHSI TBEPAUX PO3UMHIB HAa OCHOBI 0apieBOi 1 KOOAIBTOBOT
mmiHene. OTpumaHi pe3yiabTaTH aKTyalbHI IS MPOTHO3YBaHHS (Pa30BOTO CKJIIATY
B’SDKydnX wmarepiaiiB Ha ocHOBI cucremu BaO-CoO-Al,O3; # perymoBaHHS iX
rigpaTaiiifHoi akTUBHOCTI.

Bu3HaueHO MOXJIMBICTH 3aCTOCYBaHHS BIJXOMAIB XIMIYHOI MPOMHUCIOBOCTI SIK
3aMIHU IMIIOPTHOI MiHEPAJIbHOI CHPOBUHU Y TEXHOJIOT11 OapiiiallfoMiHATHOTO LIEMEHTY .
[IpoBeneHME JOCTIHKEHHSIMH BCTAHOBIICHO, 1110 BIIXO/U T1APYBaHHS CIpPKOBMICHUX
opraniunux crnoiyk IIAT "Ceepomonenbke 00’eaHaHHs A30T" Ta BHUPOOHUIITBA
aMIHOKanpoHoBOoi kucioTd "3aBoay ximiunux peaktuBiB" HTK "IHcTUTyT
MonokpucTaniB" MOXyTh OyTH BHKOPHCTaHI SK CHpPOBWMHA JJii BUPOOHUIITBA
OapiifafOMIHATHUX 1LIEMEHTIB MIJBUILEHOT BOTHETPUBKOCTI. JlochimxkeHo ¢a3oBHii
CKJaJ pO3pOOJEHUI KIIHKEpPIiB, MPOBEIEHO [TOCIIHKEHHA iX MIKPOCTPYKTYpH.

PesynbTat ¢i3uko-MexaHIUHUX BUNPOOYBaHb PO3POOJIEHUX KOMITO3UIIIN CB1AYaTh,
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II0 BOHU BIAHOCATHCS [0 TIAPABIIYHUX B’SKYUMX MOBITPSIHOTO TBEPIHEHHS, €
IIBUIKOCXOIUTIOIOYMMHE: TIOYaTOK TBepAHeHH — 1 roa. 20 xB.; kiHens — 5 rox. 20 XB.;
BUCOKOMIITHUMH: MeXa MIIHOCTI MpU CTUCKY y 3 naodu — g0 50 Mlla, mo marwTh
BUCOKY TemrnepaTypy miasienns — Butie 2000 °C.

[3 3amydeHHsSM KOMIUIEKCY (Di3UKO-XIMIYHMX METOJIB aHaji3y BHBYEHO
IIPOJIYKTH TiapaTallii oTpuMaHoro 6apifalfoMiHATHOTO IIEMEHTY SIK Ha OCHOBI XIMIYHO
YUCTUX OKCHJIB ONTHMAJIBHOTO CKJIAaay, TaK 1 3 BHUKOPUCTaHHSIM BIJIXOJIB
npoMuciIoBOCTI. PentreHodaszoBmii aHami3 JAO3BOJIMB BCTAaHOBHUTH, IO TPOIIEC
rigparamii IEMEHTHUX KOMIIO3HUIII CYIPOBOKYIOTHCS AKTUBHUM PO3YHUHEHHSIM
OCHOBHOI KIJIIHKEPHOI TifpaTamiiiHo akTuBHOi ¢a3zu BaAl,O, 3a yuacti TBepaux
po3unHiB Ha ocHOBI BaAl;2019 3 yTBOpeHHSAM TreneBuX (a3, Mpo MO CBIAYUTH
3MEHIIEHHS  IHTEHCUBHOCTEW  BIONOBIAHUX  AUPPAKUIKHUX  MAKCUMYyMIB
MOHOQIIOMIHATY 0apir0 Ta 3MIIIEHHS MUKIUIOIIMHHHUX BIJCTaHEH TreKcaaltoMiHaTy
Oapito. 3a pesyibTaTamMu MPOBEACHOrO0 AUGEPEHINIHHO-TEPMIYHOTO  aHAIIZY
BCTAHOBJICHO, 1110 BUJIAJICHHS SIK XIMIYHO 3B’SI3aHO1, TaK 1 KpUCTali3aliiiHOT BOJY 13
TIAPAaTHUX CIIOJYK PO3POOJICHUX IIEMEHTIB BiIOYBA€THCA Yy HIMPOKOMY Jliara3oHi
TEeMIIepaTyp, IO JO03BOJISIE 3HIBEIIOBATH TEPMiuHI NE(EKTH, SIKI BHHHUKAIOTH MPU
HarpiBaHH1 HEMEHTHOIO KaMEHIO Ta KOHCTPYKLIMHUX BUPOOIB HA IOTO OCHOBI.

OTpumani pe3yJbTaTU CBIIYATh MPO TE€, IO PO3POOJICHI IEMEHTH Ha OCHOBI
TIAPaBIIYHO AaKTUBHUX alllOMIHATIB Oapil0 Ta aJlOMOKOOAJIbTOBOI  HIMiHEN
BiJTHOCSITHCS JIO IIBUAKOTBEPAHYYHUX, MIBUIKOTYKABIFOUNX, BUCOKOMIITHUX B’ SDKYYIHX
MarepiaigiB 3 BHCOKOIO BOTHETPHMBKICTIO Ta PEKOMEHJOBaHI JJiI BHUTOTOBJICHHS
BOTHETPUBKUX OETOHIB, TOPKpPET-Mac, a TaK0XX MEPTENiB JUIsl 3aCTOCYBaHHS iX B
BHCOKOTEMITEPATYpPHUX arperarax pi3HuX raiy3eil IpOMUCIOBOCTI.

VY m’stoMy po3auii s OTpUMaHHS O€TOHY BHMCOKOI MIIHOCTI, IIUIBHOCTI H
OJIHOPIJTHOCTI Ha OCHOBI1 OapiaFOMIHaTHOTO IIEMEHTY OOpaHO BHJM 3allOBHIOBAYIB,
MPOBEACHO TMiA0Ip TPaHyJIOMETPUYHOTO CKJIaJy 3aloBHIOBada. BCTaHOBIEHO
ONTUMAaJIbHE CIIBBIIHOLIEHHS OCHOBHUX KOMIIOHEHTIB BOTHETPUBKOI CyMIII LIEMEHT

: 3allOBHIOBAY, a TaKOX - 3aco0y ¢opmyBaHHsS BUpOOiB. JlOCHIMTKEHO 3aleXKHICTh
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TEPMIYHOI CTIMKOCTI Ta CTYIICHs PO3MIIHEHHS TMPU HarpiBaHHi OETOHY BiJ BHIY
3aloBHIOBAYA, 1110 3aCTOCOBYBABCSI.

BcranoBneno, 1m0  OeTOHHI  3pa3Kd  Ha  OCHOBI  pO3pOO0JIEHOTO
OapiiiaTOMIHATHOTO IIEMEHTY ONTUMAJIBHOTO CKJIaay 13 3aCTOCYBaHHSIM Y BUIJISII
3alOBHIOBAaYa SK EJEKTPOIUIABICHOTO KOPYHIy, TaK 1 TreKkcaaltoMmiHaTy Oapito 3
paliOHAJILHUM CITIBBIJTHOIICHHSIM IIEMEHT : 3allOBHIOBAY, BUTOTOBJIECHI ILISIXOM
BIOpOyKJIalaHHsl HAMIBXOPCTKOI cymimn 3 BojxoTBepauM BigHomeHHs 0,08,
XapaKTEPU3YIOThCA KOMILJIEKCOM BUCOKUX (P13MKO-MEXaHIYHUX BJIIACTUBOCTEM, a CaMe:
IpaHUIISl MIITHOCTI TIpHU CTUCKY y 28 116 TBepaHeHHs — 55,8 — 60,2 Mlla, ysBHOO
nmopuctictio — 17,8 % - 21,8 %, TepMiuHOIO CTiliKicTIO — Oinmbie 20 IUKIIB i3
30epexeHHsIM Oiibine 85 % cBO€i MOYaTKOBOT MILHOCTI; CTYIIHb PO3MIIIHEHHS TIPU
HarpiBauHi 10 1600 °C — ne mepeBumye 14 %; BorHeTpuBKicTh ckmamae 1700 °C;
TeMIepaTypa novyaTky aedopmartii mia HaBantaxxkeHHsM 0,2 Mlla — 1490°C - 1580 °C.

3a pe3ylbTaTaMu JUCEPTAIIHHOT POOOTH B YMOBAx JOCIITHOTO BUPOOHUIITBA
BAT HBII "IOMIHAHTA" (M. KoctstnTuHiBka JloHeIbKoi 00J1.) eKCIEpUMEHTATbHO
JOBEJICHO MOXJIMBICTh 3aCTOCYBAaHHS 1 €KCIUIyaTallli BOTHETPUBKHUX JeTajiei, o
BUTOTOBJICHI 3 OETOHY Ha OCHOBI PO3pO0JEHOro OapiiiaifoMIHATHOTO IIEMEHTY 1
€JIEKTPOIUIABJICHOTO KOPYHAY, IO BiampamoBaiu 45 UUKIIB Yy Tedl, poboua
TemriepaTypa B sikii ckiana 1400 °C -1650 °C B ymoBax pi3bKHX 3MiH TeMIiepaTyp 0e3
CYTTE€BUX PYHHYBaHb. T€OpPETHUYHI Ta MPAKTUYHI PE3yJNbTaTH IUCEPTALIHHOI poOOTH
BIIPOBA/PKEHO y MPAKTUKY HABYAJIBHOIO Mpolecy KapeApu TEXHOJIOTIl KepamiKH,
BOTHeTpUBIB, ckima Ta emaineir HTY «XII» mnpu miATrOTOBI CTYIAEHTIB 3a
crietiayibHICTIO 161 «XiMiYHI TEXHOJIOTIT Ta 1HKEHEPI1s»

Knrwouosi cnosa: BOTHETpHWBKI B’SDKyYl Marepiaid, MOHOAIIOMIHAT Oapiro,
K0OaNbTOBA IIMIHENb, TBEP/l PO3YMHHU, BOTHETPUBKI OETOHHI CyMili, HeOpMOBaHi

BOTHETPUBH, BOTHETPUBKICTh, TEPMIYHA CTIMKICTb.

Ilepesiik HAyKOBHUX Mpalb 32 TEMOIO JUCEPTALil

Hayrxosi npayi, sixi 6i0obpadsicaroms 0CHOBHI HAYKOGI pe3yibmamu oucepmayii
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ABSTRACT

Gamova O.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,O3
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,Os. 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 I1SO 528: 1983, heat resistance - according to GOST 7875.2-94,
deformation temperature under load at increasing temperature - DSTU 1SO 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



3
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,Os. 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 BasCoAl;O in the system BaO — CoO — Al,O3, 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,O5; 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,04 — BaAl12019 — CoAlO,.

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,O4 — BaAl;,019 — CoAl,Q4, 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,O4 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 0C - up to 12 %.

Kinetic studies of mineral formation processes in mixtures consisting of BaCOs,
Al,O3; 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 3 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 2000 ° 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;,059 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 - 55.8 - 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 ° 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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