AHOTAIISA

Kaniwenko FO.P. Panionpo3opa KepaMika 31 3HIKEHUMH TeMIiepaTypamMu BUTIAITY
Ha ocHOBI cuctemu RO (MgO, BaO) — Al,O3 — SiO,. — Kpanidikariiina HaykoBa mparis
Ha MpaBax pPyKOIHCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTymeHsS JokTopa ¢imocodii 3a
cretiayipHicTIO 161 — XimMiuHI TeXHOJIOTIT Ta 1HXeHepis (rainy3b 3HaHb 16 — XiMiuHa
iHKeHepis Ta OioiHKeHepis). — YKpaiHChKUH JIep)KaBHUN YHIBEPCHTET HAyKH 1
TexHoJoT1, HaByalbHO-HAYKOBUN IHCTUTYT «YKPAIHCBKUM JEpKaBHUW XIMIKO-
TEXHOJIOT1YHUN yHIBepcuTeT» MiHICTepCTBa OCBITH 1 Hayku Ykpainu, [{Hinpo, 2024.

JuceprartiiifHy poOOTy BHKOHAHO Ha Kadelapi XIMIYHUX TEXHOJIOTIA KepaMiKu,
ckia Ta OyaAiBeabHUX MartepianiB Jlep>kaBHOrO BHIIOTO HABUYAJIBLHOTO 3aKIaTy
«YKpaiHChKHI JIep>KaBHUHM XIMIKO-TEXHOJIOTTYHUI yHIBEpcUTET» MiHICTEpCTBa OCBITH 1
HayKHU YKpaiHH.

06’exm oocnioddcenHs — (HI3ZUKO-XIMIYHI 1 TEXHOJOTIYHI TPOLIECU OACpKaAHHS
KepaMiuyHMX MarepiamiB Ha ocHoBi cuctemu RO (MgO, BaO) — Al,O; — SiO; 3
KOMITJIEKCOM 3aJIaHUX BJIACTUBOCTEH JIJIsl 3aCTOCYBaHHS B PAKETHIM TEXHIII.

Ilpeomem oOocniodcennsi — 3aKOHOMIPHOCTI (opmyBaHHs (pa3oBOro ckiamy 1
MIKPOCTPYKTYPU KEpaMIUHMX MaTepiajiiB KOPAIEPUTOBOTO 1 IEIb31aHOBOTO CKJIAay B
yMOBaxX HHU3BKOTEMIEPATYPHOTO BHIMANly; HAyKOBE OOTPYHTYBaHHS METOJOJIOTIi iX
oJIep>KaHHS Ta TEXHOJIOTIYHHUX MTapaMeTPiB BUTOTOBJICHHS.

Hucepraitisi cripsMoBaHa Ha PO3POOKY XIMIYHMX 1 PEYOBHHHHX CKJIQIIB Ta
CTBOpEHHsI (I13MKO-XIMIYHMX OCHOB €HEpro30epirarodyoi TEXHOJIOTIT BUPOOHUIITBA
pPazionpo30puX KepaMiuHUX MaTrepialiiB KOPIIEPUTOBOTO 1 IEIb31aHOBOTO CKIIATy 3
PETYIBLOBAHOI0 MIKPOCTPYKTYPOIO 1 (pa3oBUM CKIIaOM, SKI BOJIOAIIOTH KOMILJIEKCOM
CHeIiaIbHUX BJIACTUBOCTEH 1 BUKOPUCTOBYIOTHCS [JII BHUCOKOTOYHOTO PAKETHOTO
030pOEHHS.

Y Berymi  OOTpyHTOBAaHO  aKTyallbHICTH TEMH JHCEPTaIliiHOlI  POOOTH,
chopMyJIbOBAaHO METy, 3ajladi, 00’€KT 1 MPEaAMET JOCTiHKEHb, OMHUCAHO METOIU

I[OCJ'IiI[)I(eHI), IMPUBCACHO HAYKOBY HOBHM3HY Ta IIPAKTHYHC 3HAYCHHS OTPHUMAHHUX



pe3yJbTaTiB, HaBEAEHO 3B’SI30K POOOTH 3 HAYKOBUMHM TE€MaMH, OCOOMCTHUH BHECOK
3m00yBaya Ta anpoOarlito pe3yabTaTiB.

Iepmmii po3ail MPHUCBIYEHO AaHANITHYHOMY OISy JHTEpaTypu y po3pisi
CYy4aCHOTO CTaHy po3po0OK B 00J1acTi CTBOPEHHS TEPMOCTIMKUX CKIOKPUCTATIYHUX Ta
KepaMiYHUX  MaTepiajiiB  paJlOTeXHIYHOTO MPHU3HAYEHHSA, BHUMOTH /IO  HUX.
[IpoananizoBaHO OCHOBHI CIIOCOOM BHIOTOBJICHHSI CKIOKPHUCTAJIIYHUX MaTepiais,
MeTOaM 1HTeHCU(iKali TMpoIEeciB CIIKAaHHA Ta 3MIIHEHHS CKJIOKPUCTATIYHUX 1
KepaMiuHux MarepianiB. OOIpyHTOBaHa JOIIJIBHICTh 3aCTOCYBAaHHS KepaMidHUX
MaTepiaiaiB KOpJIIEPUTOBOTO 1 I1EJIh31aHOBOTO CKJIAI1B /I BUTOTOBJICHHS PaIlI0NPO30PUX
BUPOOIB BUCOKOTOYHOTO PAKETHOT'O 030pOEHHS.

Y napyromy po3auli HaBEIEHO XAapaKTEPUCTUKY BHUXIJHUX CUPOBUHHHUX
MaTepiaiaiB, YMOBU BapiHHS CKJIa 1 BUTIATY KepaMIYHUX MaTepialiiB, OOTpyHTOBAaHO BUOIp
METOJUK JOCHII/DKeHb CKJIa 1 KepaMIYHHUX MaTepiadiB, a TaKOoX I0JJaHO OIUC
PO3pPaXyHKOBHX Ta EKCIIEPUMEHTAIbHUX METO/IIB, sIKI 3aCTOCOBaH1 Yy pOOOTI.

Y TperboMy po3aiii 0oOrpyHTOBaHO BHOIp CKIAIB CKJIO3B'S30K A
HAJBUCOKOYACTOTHOI PaJl0oNpo30poi KEpaMmiKh Ha OCHOBI KOPIIEPHUTY 1 II€Nb31aHy.
Po3pobrnieno ckiany mopiBHSIHO JIETKOIUIABKUX CTEKOJI (TeMIiepaTypa BapiHHS HE BUIIE
1400°C) B niceaonorpiitaux cuctemax Li,O — Al,O3 — SiO,, MgO — Al,O3 — SiO, 1 BaO
— AlLO3 — SiO; 3 mocritinum BmictoM B;03; (10 mac.u. monan 100 mac.%) ms
MOJAJIBIIIOTO BUKOPUCTAHHS B SIKOCTI KOMIIOHEHTIB MTPU BUTOTOBJICHHI HIUIBHOCIIEYEHOT
Pazionpo30poi KepamMiKi KOPAIEPUTOBOTO 1 I1€J1H31aHOBOTO CKJIAIIB.

VY yerBepTOoMy po3aiji nocmimkeHo BB LABS ckia cmolyMeHOBOTO CKJIamy
Ha TPOIECH CIIKAaHHA KOPAIEPUTOBUX Ta II€Jb31aHOBUX MarepiaiiB, a TaKOX
bopMyBaHHS KPUCTAIIYHUX (a3 O-KOPAIEPUTY 1 MOHOKJIHHOTO II€Nb3laHy Mpu
3HIDKCHHUX TeMmIepaTrypax. BCTaHOBIIGHO pallioHaJbHUN BMICT CKJa CIOTyMEHOBOTO
CKJIaly B CKJIaJl KOPIIEPUTOBOI 1 II€JIH31aHOBOI KEepaMiKHu, IO JO03BOJIAE JTOCSITTH
KOMILJIEKCY BUCOKUX (P13MKO-TEXHIYHUX MOKA3HUKIB 1 3HWKEHHS TEMIIEpaTypu BUIIATY
kepamigaux MarepiamB g0 1300-1350°C. TorkoaucmepcHa Kpucrtammizaiis das3u
B-cnogymeny 3 BuxigHoro LABS ckna cnpusie cyrreBomy 3HmxkeHHto TKIIP

KepaMiuHOro Marepialy Ha OCHOBI kopmieputy B mimomy a0 (12,4-17,8)-107°C?, a



KEpaMi4HOro Marepiaay Ha OCHOBI menb3iany m0 (23,5-24,8)-107 °C? i, ax macminok,
3a0e3nedye BUCOKY TepMidHY cTiikicTh Ha piBHI 900-950°C. 3a piBHEM J1€NEeKTPUIHOL
OPOHUKHOCTI 1 MieNeKTPUYHUX BTpAT po3poblieHa CHOTYyMEH-KOpAIEpUTOBA Ta
CIIOJAYMEH-IIe/Ib31aHOBA KepaMiKa BIJIMOBIIA€ BHUMOTAM JI0 CYYaCHHUX JICICKTPUUYHUX
MaTepiaiB.

Y m’saToMy po3aiii npuBeneHi pe3yJabTaTH BUBYCHHS OCOOIMBOCTEW mepediry
peaKiliii yTBOpeHHs KOpIIEPUTY B iHBapiaHTHUX Toukax cuctemu MgO — Al,O3— SiO,.
BcranoBiieHo, 110 KOPIIEPUT € €TUHUM KIHLIEBUM IMPOTYKTOM B3a€MOJii KOMIOHEHTIB
CTEKOJI €BTEeKTUYHUX CKIaliB M-1 1 M-5 3 miIIIuXTOBOYHUMHU KOMITOHEHTaMHU.

BcraHoBiieHO B3a€MO3B’SI30K  (P13MKO-TEXHIYHUX BJIACTHBOCTEH KOP1E€PUTOBOI
KepaMiKi 3 TEXHOJOTIYHUMH MapaMeTpamMu ii BUTOTOBJICHHS (TeMIIEpaTypoOl0 BUIIATY,
BmicToM MABS ckia). Buznaueno HaOUTbII paiioHaIbHI 3 TOYKH 30pY JTOCSTHEHHS
KOMILJIEKCY BHCOKHX TEXHIKO-€KCIUTyaTal[liHUX TOKa3HHUKIB PEYOBUHHI CKJIAIU
KOPAIEPUTOBOI KEpaMiKH, K1 MICTATh po3pobdieHe MABS ckno M-1 y kinbkocTti 30—
35Mac.% 1 J03BOJSAIOTH MPOBOJAUTH ii BHUMNaN Mpu HU3bKiKA Temmepatypt 1300°C.
Kommieke BUCOKUX (h13UKO-TEXHIUHUX MTOKA3HUKIB (HYJIbOB1 3HAUEHHS BOJAOTIOTIMHAHHSI
1 BIOKPUTOi MOPUCTOCTI, Oy = 294-314 MIla, &=4,3, tgd=0,001) no3somse
BUKOPHCTOBYBATH PO3POOJIEHY KOPIIEPUTOBY KEPAMIKY B SIKOCTI HAJBUCOKOYACTOTHUX
pagionpo30pux MaTepiaiiB JyIsl aBialliiHOI Ta PaKETHOI TEXHIKHM, 30KpeMa HOCOBHX
AHTEHHUX OOTIYHMKIB PAJIOKEPOBAHUX PaKeET.

IlocTuii po3aisi MICTUTh pe3yJIbTaTH BUSHAYEHHS YMOB YTBOPEHHS LIEIb31aHOBOI
da3u mas peakiiiii B eBTeKTHYHUX Toukax cuctemu BaO — Al,O3 — SiO,. Beranosieno,
10 OPTOCHITIKAT 0apito y MOPIBHSHHI 3 THIIMMH CUJIIKaTaMH 0apito MposBIIL€ HANOUIbITY
aKTUBHICTB TIPH B3a€MOJIIT 3 TiITMXTOBOYHUMH KOMITIOHCHTAMH B HAIIPSAMKY YTBOPCHHS
11e1h31aHOBOI (ha3u.

BcranoBneno 3anexHICTh  (DI3UKO-TEXHIYHMX  BJIACTUBOCTEH  11€J1b31aHOBOL
KepaMiki 3 TEXHOJOTIYHUMHM YMOBAaMH i BUTOTOBJICHHS (TeMIEpaTypolr BUMANTY,
BmictoM BABS ckia). Busnaueno, mo BBenenns BABS ckia y kinbrocti 40—50 mac.%
JI03BOJISIE OTPUMATH HIUTBHOCTICUEHY CTPYKTYPY IeNb31aHoBOT KepaMiku. OTpumaHa npu

BIIHOCHO HeBHCOKiN Temmeparypi 1400-1450°C nmns maHoro Tumy MarepiaiiB



1[eJIb31aHOBA KepaMiKa BOJIOJI€ KOMILJIEKCOM BUCOKUX MOKA3HUKIB, 1110 BUCYBAIOTHCSA 110
BHCOKOTEMIIEpATYPHUX paxionpo3opux wMarepiamis (¢ = 5,5; tgd = (5-6)-10%) y
HaJIBHCOKOYACTOTHOMY ejleKTpoMmarnitHomy moii 10%° ', tepmiuna crilikicts 700°C,
BorHeTpuBkicTh 1540—1580°C).

Y cbomMoMYy po3aiJii TIpeACTaBICHI TEXHOJIOTIYHA CXeMa BHPOOHUIITBA Ta OIHC
TEXHOJOTIYHUX TMapaMeTpiB OJEep>KaHHS KOPAIEPUTOBOI 1 IENb31aHOBOI KepaMiKH IS
HOCOBUX aHTCHHUX OOTIYHMKIB. HamaHi TEXHOJOTI4HI PEKOMEHJAIlll J03BOJISIOThH
BUTOTOBIIATA BUPOOU 3 HIDKYOIO COOIBApPTICTIO 3a PaxyHOK 3HIDKEHHS TeMIIEpaTypu
BapiHHA CTEKOJI, sIKI BUKOPUCTOBYIOTHCS B SIKOCTI KOMIIOHEHTIB pO3pOOJICHOT KEPAMIKH,
3HIDKEHHSI TEMIIEPATypU BUMATY 1 CKOPOUYEHHS TPUBAJIOCTI ITPOLIECY BUTIATY KEpaMiKH, a
TaKOXX CHPUSATUME 3MEHILICHHIO 3aJI€KHOCTI BITUU3HSHUX MIANPUEMCTB OOOPOHHOIO
KOMILJIEKCY BiJl IMIIOPTHUX KOMILJIEKTYIOUHX MaTepialiB.

[IpuBeneHo pe3yabTaTH BUPOOHUYMX BUIPOOYBaHb KOPIIEPUTOBOI 1 LIETB31aHOBOI
KepaMiKi NPU BUTOTOBJIEHHI HOCOBUX AHTEHHUX OOTIYHUKIB Ha KOCTSHTHHIBCHKOMY
Jep:KkaBHOMY HayKOBO-BUpOOHUYOMY mianpueMcTsi «KBapcut» JIK «YkpoOopoHIpom».

Knouosi crnosa: panionpo3opa KepaMika, CKJIO €BTEKTHYHOTO CKJIaTy, KOPIIEPUT,
1[e7b31aH, TepMidHa CTIWKICTh, BOTHETPUBKICTD, JICJIEKTPUYHI BJIIACTUBOCTI, CITIKAHHS,

(dhazoBuil cki1a/l, MIKpOCTPYKTYpa.



ABSTRACT

Kalishenko Y.R. Radio-transparent ceramics with reduced sintering temperatures
based on the system RO (MgO, BaO) — Al,O3 — 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 engineering 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,O3 — 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,O3; — 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 o-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,O; — 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,O3;— 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.



