AHOTALIIA

Kaniwenxo FO.P. Panionpo3opa kepaMika 31 3HIKEHUMH TeMIIEpaTypamu
Bunairy Ha ocHoBi cuctemu RO (MgO, BaO) — Al,O; — SiO,. — Ksamidikarniitaa
HayKOBa Ipalls Ha MpaBax PyKOMUCY.

Jucepraiiiss Ha 3700yTTS HAyKOBOTO CTyIEHs JoKTopa (dinocodii 3a
crienianbHicTiO 161 — XiMivuHi TeXHOJOTIT Ta iHXkeHepis (ramy3b 3HaHb 16 — XiMidaa
Ta Ol01HXKEHEPis). — YKPATHChKUI Jep>KaBHUM YHIBEPCUTET HAYKH 1 TEXHOJIOTIH,
HaByanbHO-HayKOBUH 1HCTUTYT «YKpaiHCHKUI A€ KaBHHUM XIMIKO-TEXHOJIOTTYHUAN
yHiBepcuTeT» MiHICTepCcTBa OCBITH 1 HaykHu Y Kpainu, Himnpo, 2024.

HucepraiiiiiHy po60Ty BUKOHAHO Ha Kadeapi XIMIYHUX TEXHOJIOT1H KepaMiKH,
ckjia Ta OyaiBelbHUX MaTepiadiB Jlep:KaBHOrO BHINOIO HABYAIBHOTO 3aKiIaay
«YKpalHChKUI JIepKaBHUM XIMIKO-TEXHOJIOTIUHUN YHIBepcuTeT» MiHicTepCcTBa
OCBITH 1 HAyKH YKpaiHu.

06 ’exm 0ocnioxcents — PI3UKO-XIMIYHI 1 TEXHOJIOTTYHI MPOLECH OJEPKaHHS
KepaMiuyHUX MatepiaiiB Ha ocHoBI cuctemMu RO (MgO, BaO) — Al,O; — SiO; 3
KOMILJIEKCOM 3a/IaHUX BIACTUBOCTEH JJIsl 3aCTOCYBAaHHS B PAKETHIM TEXHILI.

IIpeomem Oocnioxcenns — 3akoHOMIpHOCTI (hopMyBaHHS (Pa30BOTO CKIAMY 1
MIKPOCTPYKTYPH KEpaMIYHUX MaTepiajiB KOPIEPUTOBOIO 1 1[Eh31aHOBOTO CKJIaay
OJIep>KaHHS Ta TEXHOJOTTYHUX MapaMeTpiB BUTOTOBJICHHS.

Jucepraiiisi cipsMoBaHa Ha po3poOKYy XIMIYHMX 1 PEYOBMHHHUX CKJIAIIB Ta
CTBOPEHHSI (PI3UKO-XIMIYHUX OCHOB €HEpro30epirarouoi TEXHOJIOT1i BUPOOHUIITBA
paaioNpo30pHuX KepaMiuHUX MaTepiasliB KOPI1IEPUTOBOTO 1 IIEJIH31aHOBOTO CKIIATY 3
PEryJbOBaHOIO MIKPOCTPYKTYPOIO 1 (Da30BUM CKJIAIOM, SIK1 BOJIOJIFOTH KOMITJIEKCOM
CHeliaJIbHUX BIACTUBOCTEH 1 BUKOPUCTOBYIOTHCS IS BUCOKOTOYHOI'O PAKETHOTO
030pOEHHS.

Y Berymi OOIpyHTOBAaHO aKTyalbHICTh TEMM JAHMCEpTalliHOI poOOTH,
chOopMyITHLOBAHO METY, 3ajadi, 00 €KT 1 TMPeIMeT IOCHIKEeHb, OMUCAHO METOIU

)IOCJ'Ii)I)KeHB, ITPUBCACHO HAYKOBY HOBH3HY Ta MNMPAKTHUYHC 3HAYCHHA OTPHMAHUX



pE3yNbTaTiB, HABEJECHO 3B 530K POOOTH 3 HAYKOBUMH T€MaMH, OCOOUCTHN BHECOK
3m00yBaya Ta anmpoOarito pe3yabTaTiB.

Iepmumii po3ain NpuUCBAYEHO aHATITUYHOMY OTJIAY JIITEPATypH Y po3pisi
Cy4acHOTO CTaHy PO3pOOOK B 00J1aCTi CTBOPEHHS TEPMOCTIMKUX CKIIOKPUCTATIIHUX
Ta KEepaMiyHUX MaTepiajiB paaiOTeXHIYHOTO IPU3HAYCHHS, BUMOTHU JO HHX.
[IpoananizoBaHO OCHOBHI CIIOCOOM BHTOTOBJIEHHS CKJIOKPHUCTAJIYHUX MaTepialiB,
METOAM I1HTCHCH(QIKAIl MPOIECIB CIIKAHHS Ta 3MIITHEHHS CKIOKPUCTATIYHHUX 1
KepaMiuHUX MmatepianiB. OOIpyHTOBaHa JOILIBHICTh 3aCTOCYBAHHS KEpaMIYHHX
MaTepiaxiB KOPAIEPUTOBOTO 1 TIICJIB31aHOBOTO CKJIAIIB JUJII BUTOTOBJIEHHS
pagionpo30pux BUPOOIB BUCOKOTOYHOTO PAKETHOTO 030POEHHS.

Y napyromy po3aiili HaBeICHO XapaKTEPUCTUKY BHUXIJIHUX CHUPOBUHHUX
MaTepiaiaiB, yMOBU BapiHHs CKJIA 1 BUNAITY KEpaMIYHUX MaTepiailiB, 0OIpyHTOBAHO
BUOIp METOJMK JOCIIKEHb CKJIa 1 KepaMIUHUX MaTepiajiB, a TAKOX MOJAaHO OIHUC
PO3paxyHKOBHX Ta €KCIIEPUMEHTATILHUX METO/IIB, SIKi 3aCTOCOBaHI Y pPOOOTI.

Y Tperbomy po3aiiii 0OIPYHTOBaHO BHOIp CKJIAiB CKJIO3B'SI30K ISt
HAJIBUCOKOYACTOTHOT PaJlionpo30poi KepaMiKi Ha OCHOBI KOPIIEPUTY 1 LIEeTb31aHy.
Po3po0sieHo cki1agy MOPIBHSHO JIETKOIUIABKUX CTEKOJ (TeMIeparypa BapiHHA HE
suie 1400°C) B nceBpomnoTpitinux cucremax LiO — Al,O3 — SiO,, MgO — Al,O3 —
SiO; 1 BaO — Al;,O3 — SiO; 3 mocritinum BMicToM B203 (10 mac.u. monanx 100 mac.%)
JUIS. TIOJQJIBIIIOTO0 BUKOPUCTAHHS B SIKOCTI KOMIIOHEHTIB TIPHU BUTOTOBJICHHI
HIUTBHOCTICYEHOT PaJIoNpo30p0i  Kepamiku KOPIIEPUTOBOTO 1 II€JIb31aHOBOTO
CKJIAJIIB.

Y 4erBepTOoMy po3aiji mocmimkerno BB LABS ckma crmogymenoBoro
CKJIaJly Ha TIPOLIECH CITIKaHHS KOP1EPUTOBUX Ta I1EIh31aHOBUX MaTepialiiB, a TAKOXK
bopMyBaHHS KpHUCTANIYHUX (a3 O-KOPAIEPUTY 1 MOHOKIIHHOTO LEb3iaHy HpH
3HIDKGHHX ~ TeMIlepaTypax. BCTaHOBIEHO  palioHadbHUW  BMICT  CKJa
CHOJYMEHOBOTO CKJaAy B CKJIaAl KOPIIEPUTOBOI 1 1I€JIb31aHOBOI KEepaMikH, IO
JTIO3BOJISIE JOCSATTH KOMILJIEKCY BUCOKUX (D13UKO-TEXHIUHUX MTOKA3HUKIB 1 3HHKEHHS
TeMIiepaTypu Bunany kepamiaaux marepiaiiB 10 1300—1350°C. ToukonucnepcHa

Kpuctanizauis (azu B-ciogymeny 3 BuxigHnoro LABS ckna cnpusie



cyrteBoMmy 3HmKeHHI0O TKJIP kepamiyHOro marepiany Ha OCHOBI KOPAIEPUTY B
uinomy 10 (12,4-17,8)-107 °C™, a kepamiunOro MaTepiany Ha OCHOBI LIENb3iaHy [0
(23,5-24,8)-107 °C1 i, ax macmimok, 3a0e3nedye BUCOKY TEPMId4HY CTIHKICTH Ha
piBai 900-950°C. 3a piBHEeM AieNEKTPUYHOT MPOHUKHOCTI 1 JIENIEKTPUYHUX BTPAT
po3po0sieHa CHOAYMEH-KOPAIEPUTOBA Ta CHOAyMEH-1IeNIb31aHOBa Kepamika
BIJIMOBIIa€ BUMOTaM JI0 CyYaCHHUX JIISJICKTPUYHUX MaTepialiB.

Y m’artomy po3aiii mpuBeAcHI pe3ydbTaTd BUBYEHHS OCOOIUBOCTEH
nepediry peaxiiiii yTBOpEHHs! KOPJIEPUTY B IHBApIaHTHUX TOYKax cucreMu MgO —
Al;O3 — SiO,. BcraHoBiieHO, MO KOPHIEPUT € €IWHUM KIHIEBUM MPOAYKTOM
B3a€MOJIi KOMIIOHEHTIB CTEKOJI €BTEKTHYHHX CckiaagiB M-1 1 M-5 3
M1ITMXTOBOYHUMH KOMIIOHEHTAMH.

Bcranosneno B3a€MO3B’SI30K (13MKO-TEXHIYHUX BJIACTUBOCTEMN
KOPJIEPUTOBOI KEpaMiKd 3 TEXHOJOTIYHUMHU [apaMeTpaMu il BUTOTOBJICHHS
(Temmiepatyporo Bunaiy, BMictom MABS ckita). Buznaueno Haib11bI pariioHaabH1
3 TOYKH 30py JOCATHEHHS KOMILIEKCY BHCOKHX TEXHIKO-CKCIUTyaTalliiHIX
MOKa3HUKIB PEYOBUHHI CKJIJM KOPJIEPUTOBOI KEPaMiKH, SIKI MICTSITh po3poOJieHe
MABS ckiio M-1 y kinekocti 30-35 mac.% 1 J03BOJISAIOTH IPOBOJAUTH 1i BUITAT TIpU
Hu3bKil Temmnepatypi 1300°C. Komrmieke BUCOKHUX (hi3UKO-TEXHIUHUX MTOKAa3HUKIB
(Hy1bOB1 3HAUCHHS BOJOMOTIMHAHHS 1 BIAKPUTOI MOPUCTOCTI, G¢r = 294-314 MIla,
e=4,3, tgd=0,001) no3Boisie BHUKOPHCTOBYBAaTH pPO3POOJICHY KOPIIEPUTOBY
KEepaMiKy B SIKOCT1 HaJIBUCOKOYACTOTHUX PAI0MPO30PUX MaTEpiasliB JJIsl aBi1alliifHOT
Ta PAaKETHOI TEXHIKH, 30KpEMa HOCOBHUX AHTEHHHUX OOTIYHHUKIB PaJlOKEPOBAHMX
paxer.

IlocTuid po3ainl MICTUTh pe3yJabTaTH BU3HAYEHHS YMOB YTBOPEHHS
1eNIb31aHOBOI (pa3u I peakiii B eBTEKTHYHHMX Toukax cucremMu BaO — Al,O3 —
SiO,. BcraHoB/ICHO, 10 OPTOCHIIKAT 0apir0 y MOPIBHSIHHI 3 IHITUMH CHITIKATAMHU
Oapit0 TPOSBIAE HAWOIIBINTY AKTHUBHICTh MPU B3AEMOJII 3 MIAITUXTOBOYHUMU
KOMITOHEHTaMH B HaIIPSIMKY YTBOPEHHS I1€JIb31aHOBOI (ha3y.

BcranoBneHo 3anmexHICTh (hi3MKO-TEXHIYHUX BJIACTUBOCTEH I1€J1b31aHOBOI

KepaMiKH 3 TEXHOJOTTYHUMHU YMOBAaMU ii BUTOTOBJIEHHS (TeMIEpaTypOl0 BUIIAIY,



BmictoM BABS ckna). Busnaueno, mo BBenenns BABS ckia y kinprocti 40-50
Mac.% J03BOJII€E OTPUMATH IIIIBHOCIEUYEHY CTPYKTYpPY LIE€TIb31aHOBOI KEpaMiKH.
OTtpumana npu BiAHOCHO HeBUCOKINA Temneparypi 1400-1450°C st nanoro tumy
MaTepialiB IeJIb31aHOBa KepaMika BOJIO/Ii€ KOMIUIEKCOM BHUCOKUX MOKA3HUKIB, IO
BHUCYBAIOThCS JI0 BUCOKOTEMIIEPATypPHHUX Pa1oNpo30pux MaTepiamiB (€ = 5,5; tgd =
(5-6)-10%) y HamBHCOKOYACTOTHOMY ejlekTpoMarHiTHomy noni 10%° ', Tepmiuna
criiikicts 700°C, Boruetpuskicts 1540-1580°C).

Y cboMoMy po3aii MpeAcTaBieHI TEXHOJOTIYHA CXeéMa BUPOOHUIITBA Ta
ONMKC TEXHOJOTIYHUX TapaMeTpiB OJEp)KaHHA KOPAIEPUTOBOI 1 IIE€NB31aHOBOI
KepaMiKH JJis HOCOBUX aHTEHHUX OOTIUHMKIB. HajmaHi TEXHOMOTIYHI peKOMEH a1
JI03BOJISIIOTh BUTOTOBJISATH BUPOOU 3 HMXKUOIO COOIBAPTICTIO 32 PaXyHOK 3HMKEHHS
TeMIepaTypyd BapiHHS CTEKOJ, SIKi BUKOPHUCTOBYIOTHCA B SIKOCTI KOMITOHEHTIB
PO3p00IIeHOT KEpaMiKy, 3HUKEHHS TEMIIEpATypH BUIIAILY 1 CKOPOUEHHS TPUBAJIOCTI
OpOLECY BHUMANy KEpaMiKH, a TaKOX CHOPUATHME 3MEHILIEHHIO 3aJIeKHOCTI
BITYM3HSHUX  HIAOPUEMCTB  OOOPOHHOIO  KOMIUIEKCY B IMIIOPTHHX
KOMILJIEKTYIOUUX MaTepialliB.

[IpuBeneHo pe3yabTaTd BUPOOHUYMX BUIPOOYBaHb KOPAIEPUTOBOI 1
11e1h31aHOBOI KE€paMIKM TPU BUTOTOBJIEHHI HOCOBMX AaHTEHHUX OOTIYHMKIB Ha
KocTaHTHHIBCRKOMY ~ JE€p’KaBHOMY  HAyKOBO-BUPOOHWYOMY  MiJIIIPUEMCTBI
«KBapcut» JIK «YkpoOopoHTpOMY.

Knouosi cnosa: panionpo3zopa Kepamika, CKJIO €BTEKTHMYHOIO CKJany,
KOPAIEPUT, 1€Nb3laH, TEPMIYHA CTIMKICTh, BOTHETPUBKICTh, AIEJEKTPHUYHI

BJIACTUBOCTI, CIIKaHHS, (Pa30BUH CKJIaJ], MIKPOCTPYKTYpa.



ABSTRACT

Kalishenko Y.R. Radio-transparent ceramics with reduced sintering
temperatures based on the system RO (MgO, BaO) — Al,0O; — SiO,. — Qualifying
scientific work, the
manuscript.

Thesis for the degree of Doctor of Philosophy in the specialty 161 — Chemical
technologies and engineering (field of knowledge 16 — Chemical and
bioengineering). — Ukrainian State University of Science and Technology
Educational and Scientific Institute «Ukrainian State University of Chemical
Technology» Ministry of Education and Science of Ukraine, Dnipro, 2024.

The dissertation work was conducted at the Department of Chemical
Technology of Ceramics, Glass, and Building Materials of the State Higher
Educational Institution "Ukrainian State University of Chemical Technology" of the
Ministry of Education and Science of Ukraine.

The object of the study — physicochemical and technological processes of
obtaining ceramic materials based on the RO (MgO, BaO) — Al,O; — SiO; system
with a complex of specified properties for application in rocket technology.

The subject of the study — regularities of formation of phase composition and
microstructure of ceramic materials of cordierite and celsian composition under low-
temperature firing conditions; scientific substantiation of the methodology of their
production and technological parameters of manufacture.

The dissertation is aimed at developing chemical and material compositions
and creating the physicochemical foundations of energy-saving technology for

producing radio-transparent ceramic materials of cordierite and celsian composition



with controlled microstructure and phase composition, which possess a set of special
properties and are used for high-precision missile weapons.

The introduction substantiates the relevance of the dissertation topic,
formulates the aim, objectives, object, and subject of the research, describes the
research methods, presents the scientific novelty and practical significance of the
results obtained, indicates the connection of the work with scientific themes, the
personal contribution of the author, and the approbation of the results.

The first chapter is devoted to an analytical review of the literature regarding
the current state of developments in the creation of heat-resistant glass-ceramic and
ceramic materials for radio engineering applications and their requirements. The
main methods for manufacturing glass-ceramic materials, methods for intensifying
the sintering processes, and strengthening glass-ceramic and ceramic materials are
analyzed. The feasibility of using ceramic materials of cordierite and celsian
compositions for the manufacture of radio-transparent products for high-precision
rocket weapons is substantiated.

The second chapter provides the characteristics of the raw materials, the
conditions for glass melting and ceramic material sintering, the rationale for the
choice of research methods for glass and ceramic materials, and a description of the
computational and experimental methods used in the work.

The third chapter substantiates the choice of glass binder compositions for
ultra-high-frequency radio-transparent ceramics based on cordierite and celsian.
Compositions of relatively low-melting glasses (melting temperature not exceeding
1400°C) have been developed in the pseudo-ternary systems Li,O — Al,O3; — SiO,
MgO — Al,O; — SiO, and BaO — Al,O3; — SiO, with a constant B,O3 content (10 wt.
parts over 100 wt. %) for subsequent use as components in the production of densely
sintered radio-transparent ceramics of cordierite and celsian compositions.

In the fourth chapter, the influence of LABS glass of spodumene
composition on the sintering processes of cordierite and celsian materials, as well as
the formation of crystalline phases a-cordierite and monoclinic celsian at reduced

temperatures, is investigated. The optimal content of LABS glass in cordierite and



celsian ceramics is established, allowing the achievement of high physical and
technical properties and reduction of the sintering temperature of ceramic materials
to 1300-1350°C. Fine-grained crystallization of the B-spodumene phase from the
initial LABS glass significantly reduces the CLTE of the cordierite-based ceramic
material to (12,4-17,8)-107 °C* and the celsian-based ceramic material to (23,5—
24.8)-107 °C, resulting in high heat resistance at the level of 900-950°C. In terms
of dielectric constant and dielectric losses, the developed spodumene-cordierite and
spodumene-celsian ceramics meet the requirements to the modern dielectric
materials.

In the fifth chapter, the results of studying the features of cordierite
formation reactions at the invariant points of the MgO — Al,Oz; — SiO; system is
presented. It is established that cordierite is the only final product of the interaction
of the components of eutectic glass compositions M-1 and M-5 with batch
components.

The correlation between the physical and technical properties of cordierite
ceramics and the technological parameters of its production (sintering temperature,
content of MABS glass) is established. The most rational compositions of cordierite
ceramics, from the viewpoint of achieving a set of high technical and operational
characteristics, are determined. These compositions contain the developed MABS
glass M-1 in the amount of 30—35 wt.% and allow sintering at a low temperature of
1300°C. The combination of high physical and technical properties (zero water
absorption and open porosity, opg = 294-314 MPa, € = 4,3, tgd = 0,001) makes the
developed cordierite ceramics suitable for use as ultra-high-frequency radio-
transparent materials for aviation and missile technology, particularly for nose
antenna fairings of radio-controlled missiles.

The sixth chapter contains the results of determining the conditions for the
formation of the celsian phase for reactions at the eutectic points of the
BaO — Al,O;— SiO; system. It is established that barium orthosilicate, compared to
other barium silicates, exhibits the highest activity in interaction with batch

components toward the formation of the celsian phase.



The dependence of the physical and technical properties of celsian ceramics
on the technological conditions of its production (sintering temperature, content of
BABS glass) is established. It is determined that the introduction of BABS glass in
the amount of 40-50 wt.% allows obtaining a densely sintered structure of celsian
ceramics. Obtained at a relatively low temperature of 1400—1450°C for this type of
material, the celsian ceramics exhibit a set of high properties required for high-
temperature radio-transparent materials (e = 5,5; tgd = (5-6)-10) in an ultra-high-
frequency electromagnetic field of 10'° Hz, heat resistance is 700°C, and refractory
index is 1540-1580°C.

The seventh chapter presents the technological production scheme and
description of the technological parameters of obtaining cordierite and celsian
ceramics for nose antenna fairings. The provided technological recommendations
allow for the production of items at a lower cost by reducing the melting temperature
of glasses used as components in the developed ceramics a decrease in the firing
temperature and a reduction in the duration of the firing process of ceramics, and
will also contribute to reducing the dependence of domestic defense industry
enterprises on imported components.

The results of production tests of cordierite and celsian ceramics in the
manufacture of nose antenna fairings at the Kostyantynivka State Scientific
Industrial Enterprise «Kvartsity of the State Concern «Ukroboronprom» are
presented.

Keywords: radio-transparent ceramics, eutectic glass, cordierite, celsian, heat
resistance, refractory index, dielectric properties, sintering, phase composition,

microstructure.



