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TEXHIHHA KEPAMIKA

Kepawmika YkpaiHn

TexHi4Ha Kepamika
Technical ceramics

OCHOBHI BNAU TEXHIYHNX
KepaMivHH1X MaTepianis

Kepawmika (rpetibk. keramike — roH4apHe MUCTeLTBO, BiA keramos —
MWHA), HEMETaniYHi Matepiani 11 BUpoOW, O OAEPXYIOTb CRiKaHHAM MUH
ab0 MOPOLWKIB HEOPraHiyHMX pevoBMH. 3a CTPYKTYPOIO Kepamika
NiApO3aiNseTbCs Ha rpydy, ska Mae rpyb03epHUCTY HEOOHOPIAHY B 3nami
CTPYKTYPY (nopucTicTb 5-30 %), i TOHKY — 3 OAHOPIAHOI APIOHO3EPHNC-
TOIO CTPYKTYPOIO (MOpUCTICTb <5 %). [1o rpyboi kepamiki BioHOCATL Oara-
TO OyAiBebHUX KepamidHUX matepianis, Hanpukiad, NMuUpoBa Lerna, Ao
TOHKOIO — NOpLENAHa, Nbe30- | CErHETOKepamuky, bepuTi, KepMeTn, Ae-
AKi BOTHETPMBM 1 iH., @ TakoxX dasHc, HaniBnopuenaHy, Manoniky. B ocob-
NMBY rPYNy BUAINSIOTL Tak 3BaHy BMCOKOMOPYBATY Kepamiky (MOpUCTICTb
30-90 %), 00 $KOi 3BMYANHO BIAHOCHATH TEMNOISONALIHI KepamidHi
marepianu.

Tunun kepamikn. 3anexHo Bif, XiMIYHOrO CKlaay PO3PIBHAIOTL OKCI-
Hy, KapOiaHy, HITPUAHYIO, CUNILMAHY 1 iHWI TvnK kepamik. OkcuaHa kepa-
Mika XxapakTepudyeTbCAa BUCOKMM MUTOMUM  ENEKTPUYHIM  OMOPOM
(10-10 Om cm), Mexeto MiLHOCTI Ha cTick Ao 5 MTa, CTIMKICTIO B OKMCHMX
CcepeoBMLLAx y LIMPOKOMY IHTEPBani Temneparyp; Aeski BUay — BUCOKO-
TeMneparypHOIO HAANPOBIAHICTIO (Hanpuknag, UTTpuin-6apiesa kepamika,
Kepamika Ha OCHOBI BICMyTy ab0 PTYTi, MHIKTWOHA Ta iH.), a TakoX BMCOKOIO
BOrHeTpmBKicTIO. Cepen OKCUAHOI kepaMiki Habinblle NOWNPEHHS
ooepXanv HaCTyMNHi BUAN.

1. AntomocunikaTHa kepamika Ha ocHoBi SiO,-Al,O, abo 3 KOXHOro
3 UMXx okeuais okpemo. KpemHesemuncta kepamika MictuTb Oinblie 80 %
SiO, i Niapo3AINAETLCA Ha KBAPLOBY 1 AMHACOBY Kepamiky. [lepuuy B1ro-
TOBNSAIOTb i3 KBAPLOBOrO CKila abo KMAbHOrO KBapLly, ApYry — ChikaHHSAM
KBapumMTy B NpucyTHocTi Fe,O, i Ca(OH),. KBapLioBa kepamika Mae BUCOKY
TEPMIiYHY 1 pafjauiiiy CTiNKICTb, pagionpo30piCTb, BUCOKY KMCNO-
TOCTIMKICTb 1 BOrHETPUBKICTb. o Mipi 36inblieHHst BMicTy ALO, vy kepa-
MiYHNX MaTepianax 36inbLyeTsesa BMICT mynnity 3ALO, -2Si0,, Wwo cnpuae
NABNLWEHHIO MILHOCTI 1 TEPMOCTIMKOCTI KEPaMIiK/, 3HUXEHHIO ii KMCNOT-
HocTi. o kepamiku, Wo MicTiTb 6a13bko 28 % Al,O,, BiOHOCATL «Hanis-
KuUCHi» Matepiani (BOrHETpUBKM, NOpLensHa, GasHc, roHYapHi Bupobn),
a TakOoX KaoniHOBY Bary, TEMIOIZ0NAUHI MaTepiani Ha ii OCHOBI, LUAMOTHI
BOrHETPUBM 1 iH. KopyHaoBa kepamika, o mMicTuTb > 90 % Al,O,, xapak-
TEPUBYETHCS BUCOKMM ENEKTPUYHM ONOPOM MpY Temnepatypax a0
1500°C, BMCOKMMM MexXamu MILHOCTI npu cTucky (3—4 [T1a) i BUruHi
(~1T1Ma).

3 antoMOoCcKIikaTHOI kepamikii BUrOTOBASKOTb MOCyA, AeTani 1 hyTepos-
Ky KOKCOBWVIX i MAPTEHIBCBKIIX NeYelt, PakeT, KOCMIYHX anaparis i AAepHUX
peakTopiB, HOCIi ANa Karanisaropis, KOPMYCW ranoreHHX namn, KicTkoBi
iMnnaHTaT, aetan pagioanaparypu 1 6arato 4oro iHLWoro.

2. Kepawmika Ha ocHOBI SiO, Ta iHWmnx okenais. [0 Lp0oro T1ny Ma-
Tepianis BiaHOCATbL kepamiky cknagy SiO,-ALO,-MgO (kopanepwuTosa),
ZrSiO, (umpkoHosa), SiO,-AlL,O,-Li,O (cnogymenosa), SiO,-ALO, BaO
(uenbgiaHoBa kepamika). 15 BUroTOBNEHHSA Takoi Kepamikv 3BUHaNHO BUKO-
PUCTOBYIOTb MINHY, KAOMiH, Tanbk, kapboHat Ba, Li i Ca, MgO, MiHepann

Bupobu i3 TeXHIHHOI KEPEMIKVI AAST DI3HVIX FaAYy3ei HBDOAHOMO rOCrOASPCTEE.
Technical cerarnic ware for different applications.

AVICTSHUIVIHO KEPOBEHI MIABOAHI 3riapaT-pOBOTV ANST AOCAIAKEHHS
KOHTVIHEHTBALHOIO LLEALGE H3 MNBOKOBOAHVX AINSHKEX (HBLIOHSABH
VHIBEPCUTET KOPEONEDYAYBSHHS IMEHI 3AMIDaAG MaKapoBa).

Rermote control submarine robots for exarnining the continental shelf on deep-water
zones (National University of Shipbuilding Narmed After Admiral Makarov).

E€BKPUATWT, CNOAYMEH, NETANIT, allapunT, Tpenes, BanHak. 3aCTOCOBYIOTh Y
BMPOOHUUTBI padiOTEXHIYHMX OeTanen, TernnoOOMIHHMKIB, BOTHETPUBIB,
i30N4TOPIB aBTO- | aBiaCBIHOK Ta iH.

3. Kepamika Ha ocHogi TiO,, TutaHartiB i umpkoHartiB Ba, Sr, Pb,
a TakoX kepamika Ha OCHOBI Hio0GarTiB i TaHTanariB Pb, Ba, K i Na.
Taka kepamika XapakTepnsyeTbCs BUCOKMM ENEKTPUYHVM OMopOM, BUM-
COKOIO  [IENEKTPUYHOIO MPOHNKHICTIO 1 3aCTOCOBYETLCH B ENEKTPOHIL
N panjoTexHidj.

4. Kepamika Ha ocHoBi MgO. OaepxytoTh i3 MarHeauTy, J0NOMITY,
BaMHAKY, XxpOMoOMarHesuty, cuHteTniHoro MgO; sk no6aBK/ BUKOPUCTOBY-
oTb Cal, Cr,0,, AlL,O,. MarHegiansHy kepamiky, wo mictute 80 % MgO,
3aCTOCOBYIOTh A5 BUrOTOBAEHHA BOrHETPYBIB. Kepawmika i3 umictoro MgO
BVIKOPUCTOBYETHCA 15 BUPOOHMLTBa i3onsaTopis MM, reHeparopis,
IMOMIHATOPIB NiTANBHVIX anaparis, B SKOCTI HOCIB 415 karanisatopis. Mar-
HegianbHO-BamnHAKoBY (MiCTUTb BinbLue 50 % MgO, 10 % CaO), marHeau-
Toxpomosy (60 % MgO, 5-18 % Cr,O,), xpomomarHesutosy (40-60 %
MgO, 15-30 % Cr,0,) i xpomitoBy (40 % MgO, 25 % Cr,O,) kepamiky
3aCTOCOBYIOTb /15 BUrOTOBNEHHS BOrHETPMBIB. Kepamika i3 xpomiTis La i Y
BVIKOPVICTOBYIOTb Y AKOCTI BUCOKOTEMMNEPATYPHVIX €NEKTDOHArPIBHUKIB (LLO
BUTPMMYIOTE HarpiB 10 1750°C) Ta npaLoioTb B OKMCHOMY CEPEAOBMLL.

5. LUniHenbHa Kepamika Ha OCHOBI (pepuTiB rONIOBHUM YUHOM
Ni, Co, Mn, Ca, Mg, Zn. Mag, sk npaBuno, GepomMarHiTHi B1acT1BOCTI 1
30atHa YTBOPIOBATY TBEPL PO3HMHI 3aMILLEHHS. 3aCTOCOBYIOTL Taky kepa-
MIKY 0151 BUFOTOB/IEHHA MarHiTonpoOBOAIB, CEPOEYHMKIB KOTYLLOK Ta iH.
netanen y npucTpoax nam'aTi TOWo.

6. Kepamika Ha ocHoBi okcuais BeO, ZrO,, HiO,, Y,0,, UO,.
XiMi4HO CTilika 1 TepmocTilika. Tak, kepamika 3 BeO ( 6pom-menitosa ke-
pamika), oTprmara cnikarHam BeO 3 aoaaBaHHAM iHLLVX okcuaiB (6113b-
kKo 0,5%), Hanpuknag AlLO,; ZrO,, mae Hanbinbluy TenaonpoBIAHICTb
cepea KepamivyHvx Matepianis i 30atHa Po3citoBat HENTPOHW. Brkopuc-
TOBYIOTb ii NPV BUFOTOBNEHHI €NeKTPOBakyyMHVX Mnpwnagis, TMmis ansa
nnaeky Tyronnaekux Metanis, Hanpuknan, Pt, Be, Ti. Y kepamiky 3 ZrO, 381-
yarHo BBOAATL cTabinizatopu (Y,O,, CaO, MgO), Lo yTBOPIOIOTL 3 HUM
TBEPAi PO34HMHN; 3aCTOCOBYIOTb /15 BUrOTOBMIEHHSA BUCOKOTEMMNEPATYPHIX
HarpiBadyis, 3axvCHVX 0OMa30kK, 41§ i301ALji iHOYKTOPIB BMCOKOHACTOTHMX
neyen Ta y SKOCTI KOHCTPYKLIMHOI Kepamiky.

[lo kap6iaHoi kepamiki BIIHOCATb KapOOPYHAOBY Kepamiky, a Takox
mMarepianu Ha ocHosi kapobiais Ti, Nb, W. Bci Buan takoi kepamiki MaioTe
BMCOKi M1eKTPO- | TENNONPOBIAHICTb, BOMHETPUBKICTL, CTINKICTb B 6E3KM1C-
HEBOMY cepenoBuLL (kepamika Ha ocHoBi SiC, wo cTiika ao 1500°C
y OKVCHUX cepeposuuax). KapbopyHaoBy Kepamiky BUrOTOBASIOTH i3
nopotuky SiC a6o sunanom Cy Si. BoHa Ma€e BMCOKY MeXy MILHOCTI npu
ctucky. KapbiaHy kepamiky BUKOPUCTOBYIOTb SIK KOHCTPYKLIMHI Marepiany,
BOMHETPVBIB, O/ BUIOTOBJIEHHA BUCOKOTEMMEPATYPHUX HarpiBadyis
eNeKTPUYHMIX Neden | IHCTPYMEHTIB y MeTanoobpobHili NPOMICAOBOCTI
(kepamika Ha ocHoBi kap6iais Ti, Nb, W).

10 HITpMOHOI kepamikn BioHOCHTL Marepianu Ha ocHoBi BN, AIN, Si;N,,
(U, Pu) N, a Takox kepamiky, ogepxaHy CnikaHHsM CrnosyK, Wo MICTATb
Si, Al O, N (no noyatkoBux OyKBax enemeHTiB, L0 BXOASTb Y Kepamiky,




il Ha3MBaIOTb «CianoH»), abo cnonykn, o Mictate Y, Zr, O i N. Burotosna-
I0Tb Taky Kepamiky crikaHHaM NOPOLLKIB B arMOchepi a30Ty Mpw TUCKY A0
100 MMa, rapsumm npecyBaHHam npr 1700-1900°C. Kepamiky 3 SisN,
OOEPXYI0Tb peakLiMHM crikaHHAM NOPOLLKY Siy cepenoBuLLi N,; y LibOMY
BUNaOKy 3BMYANHO YTBOPIOETLCH MOpUCTa Kepamika. HitpuaHa kepamika
XapakTepuadyeTbCs CTabIUBHICTIO OIENEeKTPUYHKX BNACTUBOCTEN, BUCOKOIO
MEXaHIYHOK MILHICTIO, TEPMOCTINKICTIO, XIMIYHOIO CTINKICTIO B PI3HWX Cepe-
noBuLax. Mexa MiLHOCTI Ha 3rH ans kepamikn 3 BN ctaHoButs 75-80
MMa, onga kepamikn 3 AIN—200-250 MMa, anga kepamikvi 3 Si;N, — A0
1000 MlMa. KepamidHi HITpuaHi Matepianv 3aCTOCOBYIOTb /19 BUrOTOBAEH-
HA IHCTPYMEHTIB Yy MeTanoobpO0HiA NPOMUCAOBOCTI, TUMIB A9 MIaBKM
[OEsKVIX HaniBNpOBIOHMKOBKX MaTepianis, CBY izonatopis Ta iH. Kepamika
3 Si;N, — KOHCTPYKLUiHWUI MaTepian, Wwo 3amiHioe xapoMmilHi cnnasu 3 Co,
Ni, Cr, Fe

Cepen cnniumaHoi Kepamikn HaMMOLWKMPEHILOIO € Kepamika 3 OUCU-
niunga Mo. BoHa xapakTepusyetbCs ManmM eNekTpNYHUM OnopoM
(170-200 MKOM CM), CTIKICTIO B OKMCHWUX cepenosuilax (oo 1650°C),
po3niaBax MeTanis i conen. BUroTOBNSETLCA CnikaHHAM NOPOLLKy MoSi,
3 nobaskamu Y,O, Ta iH. oKCnaiB. 3aCTOCOBYIOTb /19 BUFOTOBAIEHHS enek-
TPOHArpiBHVIKIB, L0 NPALIOIOTh B OKUCHKX CEPEA0BULLAX.

I3 ynucTux dTopuais, cynbdiaie, docdinis, apceHinB AeaKX MeTaNB
BUIOTOBASKOTL OMTUYHY KepaMiky, WO 3actocoByeTbCa vy IK-TexHiui. Mpu
BUIOTOBJIEHHI KEPAMIKM 3 MIVIHW 1 HENNACTUYHOIO Matepiasly OCTaHHIv no-
OPIOHIOIOTb Y KYNbOBMX MIIVIHAX, & MHX 3 AOAABAHHAM BOAM POSMENIOIOTH
y CTpyradax abo po3nyckaloTb Y 3MilllyBadax; OTP1MaHi CycneHaii 403yioTb
i 31MBaIOTh Y 3MillyBabHI BacenHn. 3anexHo Bia, cnocoby GpopMOBaHHS
CYCneHsilo 30e3BOAHI0ITL Yy diNbTp-npecax adbo PO3MUTIOBATBHNX
NPUCTPOSX. 3 MOPOLLIKIB 3 BONOTICTIO A0 12 % no mMaci B1Mpobin (hopmyioTe
OOHVM 3 BUAIB NPECYBaHHA; Npv GOpMyBaHHi Mac 3 Bonorictio 15-25 %
NOCNIAOBHO BUKOPUCTOBYIOTb PO3KOYYBAHHS, BOABMIOBAHHS, JONPECOB-
Ky, GOPMyBaHHA Ha TrOHYapHOMY KOs 1 06TOoYyBaHHS. 13 cycneHsin 3
BonoricTio 25-45 % (nnBapHMx WikepiB) BMPOOU GOPMYIOTb INTTAM Y
rnNcoBi, MOPWUCTI MnacTMacosi 11 meTanesi GopmMn. [1pyu BUFOTOBNEHHI
TEXHIYHOI KepaMikin IMBaAPHWIA LWAIKEeP rOTYIOTh i3 HENNACTUYHMX MOPOLLKIB,
00[a4y B TOHKOMOSIOTY CyMIl BUXIAHOI CYPOBUHN TEPMOMNIACTUYHI
pevyoBNHN (Hanpuknad, napadin, BiCK), ONEIHOBY KMCNOTY i AeAKi NOBEPX-
HEBO-aKTVBHI PEYOBUHM; BUPOOK (GOPMYIOTh BCiMa 3radaHrimMi crnocoba-
MW, Y T. 4. BIBponpecyBaHHAM. BindopmoBaHi BMpoOK NiaaaioTb CyLIHHIO
(y BMMagky 3acTtoCyBaHHA BOAOPO3YMHHOI 3B'A3kM) ab0 BMNAMIOIOTH
OpraHiyHy 38'a3Kky.

KepmeTtun. Lle koMnoauuinHi marepiann, Wo MCTATb MeTanu
(41 crnaswm) i oomH abo Kinbka BUAIB KepaMmiki. Y NOPIBHAHHI 3 BUXIOHUMM
KOMMOHEHTaMI MatoTb NOMINLEH BNACTUBOCTI. KOMNO3WLI, Y 9K1X npuv-
CYTHICTb kKepamikv NoAinLIye BNacTMBOCTI METany, Ha3uBaloTb AMCNEepC-
HO3MIUHEHMK KepMeTammn abo iHdpakepMeTamu, KOMMOo3uui, y AKnx
MeTas NONINLLYe BNaCTVUBOCTI KepaMmikn, — ynsTpakepMeTamu.

Y AKOCTI KepaMi4HOI CKIaoBOI B KEPMETax 3BM4aNHO BMKOPUCTOBYIOTL
okenon Al Be, Mg, Zr, Th, U, kap6ign W, Ti, Ta, Nb, Cr, 6opuan Zr, Ti,
a B IKOCTI MeTanesoi — Tyronnaski metann (W, Mo 1 iH.), MeTann rpynm

Kepamika Ha ocHosi MIgB, Anst NAGBAEHOI TEKCTYPOB3HOI kepamikin
Ha ocHOBI YBa,CusO,- (MNT-YBCO).

Cerarnics based on MgB, for melt-texturing ceramics based

on YBa,CusO,- (MT-YBCO).
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Kepamika Ha ocHoBI MIgB5 AAST NASBAEHOI TEKCTYPOB3HOI KepaMikii
Ha ocHoBi YBa,Cu;O,- (INT-YBCO).

Cerarnics based on MgB, for melt-texturing cerarnics based

on YBa,Cu,O,- (MNT-YBCO).

Fe i nerkonnaski metanmn (Cu, Al, Mg). 1o kepMeTiB BIOHOCATb Takox
TBepai cnnasw Ha ocHosi Ni, Co 1 kapbiajs W, Ti, Ta, Mo, L0 xapakTepuay-
I0TbCA BUCOKOIO TBEPAICTIO, MILIHICTIO, XXapPOCTINKICTIO 1 XapOMILIHICTIO.

Mpwv BUOOPI BUXIAHVIX KOMIOHEHTIB KEPMETIB KEPYIOTECA MPUHUMNAMN
X XIMIYHOr O, (DI3UYHOrO 1 TEXHONOMYHOMO Y3rOMKEHHS. XiMIYHE Y3roaXeH-
HS NpUnNycKkae BIACYTHICTb XIMIYHOT B3AEMOL]T MiX KepaMiYH1Mu 11 meTane-
BVIMW CKIIaO0BMMU, Bi3NYHE — BIOCYTHICTb B3AEMHOIO PO3YUHEHHA NPU
HarpiBaHHi 1 HeOOXiAHe NoeaHaHHs BNaCTUBOCTEN KOMMOHEHTIB (Koedi-
LIIEHT TEMNIOBOrO POSLLMPEHHS, MOAYb MPYXKHOCTI TOLLO), TEXHONOMHHE
Y3FOMKEHHS — OM3bKICTb TEMNEPATYP CMiKaHHSA KepamiyHIX | METaNeBmX
CkNafoBvx kepMeTiB, 6epyTb A0 yBaryi PO3XOMKEHHS 3HAYEHb MYCTUHM
KOMMOHEHTIB, 3MO4YBaHHS NEerkonnaBkiMM KOMMOHEHTOM Oinblue Tyro-
Nnaskoro.

[na kepMeTiB Ha OCHOBI OKCUAIB HANYaCTIlLe BUKOPUCTOBYIOTb MeTa-
N, SKi YTBOPIOKOTb OKCUAW, i30MOPGMHI OCHOBHOMY OKCUAHOMY KOMMOHEH-
Ty KEPMETIB, | TaKi, LLIO YTBOPIOIOTb B3AEMHI TBEPA] PO3HMHU. Y KepMeTax Ha
OCHOBI kap0biaiB BMKOPVCTOBYIOTbL METANN, siKi HE YTBOPIOIOTL kapbiay abo
OOMEXEHO PO3HNHIOIOTh BYELb; Y KEPMETax Ha OCHOBI HITPWAIB — MeTa-
NN, WO HE YTBOPIOIOTb CTIKMX HITP1AIB 2060 0OMEXEHO PO3HMHIOKTL a30T.

Brpobun 3 kepMeTiB 0AEPXYIOTb FONOBHUM YMHOM CRIKaHHAM, & Takox
NPOCOYEHHAM KepamiYHOI MOPUCTOI 3ar0TOBKM PO3MAABAEHUM METANIOM,
OCaKEHHAM METaNiB 3 PO3YMHIB HA MOBEPXHI KEPAMIYHMX HaCTOK. BuxiaHi
MOPOLLKM  OAEPXYIOTb MOAPIOHEHHAM (IHOAI CMINbHO) Y  KyNbOBWX,
BIOpALIHNX Ta iH. MAMHAX, BUKOPWUCTOBYIOUM K CEPEAOBULLE OpraHiyHi
piovHW. [na nonepemkeHHs po3lapyBaHHa NMOPOLWKIB ab0 CyCrneHsin
BHACNIAOK POSXOMKEHHA MYCTUHM MeTasly 1 Kepamikv B CyMilll BBOASATb
B'A3KI PIAVHN 1 PIBHOMAHITHI 100aBku. [icns BUCYLLIYBaHHSA NOPOLLKA hOp-
MYIOTb MPECYBAHHAM, WNIKEPHUM IUTTAM, BIOABMIOBAHHAM, MPOKATKOIO
Towo. CnikaHHa KepMeTiB y nedvax 3aiMCHIoTbL B atMocdepi IHEPTHOrO
ragy 4v y BakyyMi. Ha uiv crafjii HamaratoTeCa YHUKaT OKUCIOBaHHSA,
a30TyBaHHA ab0 kapbiamsali MeTany 11 BIOHOBNEHHS OKCUAIB, & TaKOX
avicoujaui HiTpuais i kapbiajs.

3a BnacTMBOCTAMM | 3aCTOCYBAHHAM PO3PI3HSAIOTh: 1) BUCOKOTEMMNE-
paTtypHi KEPMETH, O BUKOPUCTOBYIOTLCS 0151 BUTOTOBNEHHS AeTanem
razoBux TypOiH, apmaTtypy efnekTponeyelt, y pakeTHil i peakTuBHIN
TexHiu 1 T. A, Jo uiei rpynn KepMeTIB BIAHOCHTb, Hanpukiaa, marepianm
3 ALO,-Cr, AlLO,-ThO,-Cr-Mo, Al,O,-W-Cr, a Takox Oifibluy rpyny kep-
MeTiB Ha ocHosi kapbigy Ti 3 Ni, Co, Cr, Mo, W, Al Ta ix cnnasamu;
2) TBEPAI 3HOCOCTIVKI KEPMETN, BUKOPUCTOBYIOTb A1t OAEpXaHHA aeTa-
Nen, Aki NpauoioTe Ha 3HOLWYBAHHSA, @ TakOX AK PiXydi iHCTRYMEHTU.
[o ujei rpynu KepmeTiB BIOHOCATL Marepians Ha OCHOBI kapbiaiB i
HiTonaie Ti, Te, Hf Ta in.; 3) KepMeTH, O BUKOPUCTOBYIOTb B CRELaIbHINX
00nacTax TEXHIKN, — B aTOMHVX peakTopax (TennoBuUaNAoY enemMeHT
1 iH. petani 3 komnoauuin UO, Al, MgO-Ni, AlL,O,-Cr), B enekTpoTexHiLli
1 enekTpoHHi Textiui (C-Cu ans enektpoutitok, ThO,-Mo abo ThO,-W
01151 NOCUNEHHA EMICIHOI 30aTHOCTI KaToaiB TOWO), Y ra/lbMOBUX MPUCT-
pPOSAX (OeaKi GPUKUIHI Matepiann, Wo MICTATb MeTanesi 1 HeMeTaiyHi
komnoHeHTn — Cu, Fe, Ni, Co, AlLO,, SiO, Ta iH.).
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Main types
of ceramic materials

Ceramics (greek xepopuyn2 (te2yvn) — fictile craft, ke2popol —
clay), non-metallic materials and ware produced out of sintered clay and non-
organic powders. Ceramic fracture appearance can be coarse (outwardly
crude and nonuniform, porosity is up to 5-30 %) and fine (fine grained and uni-
form, porosity < 5 %). Coarse ceramics is presented by lots of construction
materials (such as facing bricks and etc.); fine — by porcelain, piezo- and fer-
roelectric ceramics, ferrites, cermets as well as refractory ceramics and faience,
semiporcelain and maiolica. High-porous ceramic materials (porosity of
30-90 %) stand out as separate group and comprise thermal insulating ceram-
ics.

Ceramic material types. Ceramics differs in chemical composition which
can be oxidic, carbidic, nitride, silicide and etc.

Oxide ceramic materials possess such properties as high specific electri-
cal resistivity (10x10 Ohm x cm), ultimate compres-
sive strength — up to 5 hPa, oxidizing medium resist-
ance in a wide temperature range. Some materials
like yttrium barium, bismuthiferous, amalgam or pnic-
tidium ceramics have high-temperature supercon-
ductivity and high fire resistance. The most common
ceramics of oxide type are:

1. Aluminosilicate ceramics; it consists of SiO, —
ALQO, or either of these two oxides. Silicic ceramics
presented by quartz and silica ceramics contains
80% of SiO,. The first one is produced out of quartz
glass (or gangue quartz); the second — out of quartz
glass sintered with Fe,O, and Ca(OH),. Quartz
ceramics offers such properties as high heat
endurance and radiation resistance, radio trans-
parency, high acid stability and fire resistance. For
these materials, content of 3ALO, — 2Si0O, grows
along with a rise of AlLO, content that brings to
strength and heat stability increasing and acidity low-
ering. Ceramics based on 28 % of ALO, includes
such semiacid materials as refractory ceramics,
porcelain, faience and clay ware as well as kaoline
wool, thermal insulating materials and fire-clay
(chamotte) refractory. Alumina ceramics based on
above 90 % of Al,O, has high electrical resistance at
temperatures up to 1500°C, high compressive
strength — 3—4 hPa and bending strength ~ 1 hPa.

Aluminosilicate ceramics is used in hollowware
industry and in production of components and lining
for coke and Martin furnace, space missiles, vehicles
and nuclear reactors; mediums for reaction accelera-
tors; halogen tube cases; bone implants; radio equip-
ment and things.

2. Ceramics based on SiO, (and other oxides); it
consists of SiO,-Al,0,-MgO (cordierite ceramics),
ZrSiO, (zircon ceramics), SiO,-Al,O,-Li,O (spodu-
mene ceramics), SiO,-AlL,O,-BaO (celsian ceramics). It is produced out of
loam, kaolin, talk, carbonates of Ba, Li and Ca, MgO and such minerals as
eucryptite, spodumene, petalite, ascharite, tripoliand limestone. Itis meant for
radio equipment, heat-exchanging units, refractory materials and insulators of
ignition spark plugs in auto- and aircraft engineering.

3. Ceramics based on TiO,, titanates and zirconates of Ba, Sr, Pb; nio-
bates and tantalates of Pb, Ba, K and Na. It exhibits such characteristics as
high specific electrical resistivity and permittivity and has application in elec-
tronics and radio- engineering.

4. MgO-based ceramics. It is produced out of magnesium carbonate,
dolomith, limestone, magnesite chrome, synthetic MgO and admixtures of
Ca0, Cr,0,, AL,O,. Magnesia ceramics based on 80 % of MgO is used for man-
ufacturing of refractory materials. Pure MgO ceramics — for magnetohydrody-
namic generator insulators, flying vehicle illuminators, mediums for reaction
accelerators. Magnesite-calcareous (contains above 50 % of MgO, 10 % of
Ca0), magnesite-chrome (60 % of MgO, 5-18 % of Cr,0O,), chrome-mag-
nesite (40-60 % of MgO, 15-30 % of Cr,0,), chrome-ore (40 % of MgO,
25 % of Cr,O,) ceramics — for refractory materials. La and Y-based cera-
mics — for manufacturing of hearths; it resists heating to 1750 °C and works in

Kepawmika Ha ocHosi MgB, AASI TAGBAEHOI
TeKCTypPOB3HOI Kepamiki Ha ocHoBl YBa,CusO,-
(rT-YBCO).
Ceramnics based on MgB, for
melt-texturing ceramics based
on YBa,Cus0,- (MT-YBCO).

oxidizing medium.

5. Spinel ceramics based on ferrites, mainly, Ni, Co, Mn, Ca, Mg, Zn.
It possesses ferromagnetic and substitutional solution making properties
and is used for production of coil flux guides and cores and other storage
device components.

6. Ceramics based on BeO, ZrO,, HIO,, Y,O, and UO,. Itis spalling- and
chemical resistant. Bromellite ceramics produced out of BeO sintered with
admixtures of other oxides (about 0,5 %), for instance, ALLO,, ZrO,, exhibits
the highest thermal conductivity among other ceramic materials; it can scat-
ter neutrons. Itis used for production of electron discharge devices, melting
pots for heat of refractory metals such as, for example, Pt, Be, Ti. ZrO,-
based ceramics can contain some solid solution-making admixtures of Y,O,,
CaO, MgO. Itis destined for production of hearths, protective coatings, iso-
lation of power coils and structural ceramic materials

Carbide ceramic materials consist of silicon-carbide ceramics as well as
other materials based on carbides of Ti, Nb, W. All these types offer such
properties as high electrical and thermal conductiv-
ity, fire resistance and resistance to attack by anoxic
environment (SiC-based ceramics resist heating to
1500°C in oxidizing medium). Silicon-carbide
ceramics out of sintered SiC powder or out of car-
bon burnt in Si exhibits high ultimate compressive
strength. Carbide ceramics is used as structural
material, as refractory material, for production of
hearths for electrically heated furnaces and tools in
metal-based manufacturing industry (ceramics
based on Ti, Nb, W carbides).

Nitride ceramic materials consist of BN, AIN,
Si;N,, (U, Pu)N and ceramics produced out of sin-
tered compounds of Si, Al, O, N (they call it «sialon»
due to initial letters of component names), or com-
pounds of Y, Zr, O and N. Powders sintering goes in
nitrogen atmosphere under pressure of 100MPa or
in hot-coining process at a temperature of 1700—
1900°C. Si;N,-based ceramics is made of Si-pow-
der sintered in N,-environment; the way porous
ceramics is produced. Nitride ceramics possesses
stability of dielectric properties, high mechanical
strength, thermal resistance, chemical durability in
different environments. For BN-based ceramics ulti-
mate bending strength comes to 75-80 MPa, for
AIN-based ceramics — 200-250 MPa, for Si;N,-
based ceramics — up to 1000 MPa. Nitride ceram-
ic materials are used for production of tools in
metal-based manufacturing industry, melting pots
for heat of some semiconductive materials,
microwave insulators and etc. Si;N,-based ceram-
ics is structural material that can replace heat-resist-
ant alloys of Co, Ni, Cr, Fe.

Ceramic materials based on molybdenum dis-
ilicide are commonly encountered as silicide
ceramics. It offers low electrical resistivity (170-200
mcOhm x cm), oxidizing, molten metal and salt medium resistance (up to
1650°C). Itis produced out of sintered MoSi, powder and Y,0, — admixture
and other oxides. It is used in electric heating units and work in oxidizing
medium.

Pure fluorides, sulfides, phosphides and arsenides of some metals
are used for production of optical ceramical materials feasible for IR
equipment.

Ceramics is manufactured out of clay and finely pebbled nonplastic
materials. Clay water mixture processed at clay-slicing machine or mixer and
batched is poured in blending basins. Considering the molding process
such a clay slurry is drained in filtering presses or atomizers. Articles are
molded out of powders (moisture — up to 12 % by weight) compression. If
mix moisture comes to 15-25 % then mixture is linearly rolled, pressed,
repressed, shaped at throwing wheel and welted. If mix moisture comes to
25-45 % (casting mixture) articles are molded in gypsum, cellular plastic or
metal moulds. Casting mixture for engineering ceramics is prepared out of
nonplastic powders: fine powder admixed with thermoplastic material (for
example, paraffine, wax), oleic acid and some surface-active materials.
Articles are molded by all above mentioned ways including vibration com-




paction. Moulded products should be dried (with the use of water-soluble
binding substance) and organic bond — melted out.

CERMETS

Cermets, materials composed of metals (or alloys) and one or few ceram-
ic binders. As against starting substances it possesses improved properties. If
ceramic binder improves properties of metal then such composition is called
dispersion-strengthened. If metal improves properties of ceramic binder then
itis infra-cermets.

Usually ceramic binder consists of oxides of Al, Be, Mg, Zr, Th, U, carbides
of W. Ti, Ta, Nb, Cr, borides of Zr, Ti, and iron-bearing is presented by heat-
resisting metals (W, Mo etc.), metal of Fe group, low-melting metals (Cu, Al,
Mg). Hard alloys based on Ni, Co and carbides of W, Ti, Ta, Mo are considered
as cermets too. It exhibits high hardness, strength, fire and heat resistance.

There are three conditions for choosing starting substances: chemical,
physical and manufacturing compatibility, Chemical compatibility imples
absence of chemical interaction between ceramic and metal components;
physical — absence of mutual dissolution when healed and properties inter-
connection when desired (temperature-expansion coefficient, elasticity mod-
ulus etc.); manufacturing — sintering points proximity of ceramic and metal
components (special attention should be given to discrepancy in components
density, besides fusible metal should wet more heat-resisting material.

Oxide-based cermets are composed of metals that can form oxides iso-
morphous to the basic oxidic component and mutual solid solution. Carbide-
based cermets are composed of metals that can form carbides or have

with Keviar shores.

KepamisHi enemeHTr SOXSOXIOMM T3 MOHOBAOKM
300x250XI0MM ANST BOOHEXKNAETIB 3 KEPaMIKO-
KOMIMO3VLIIHYIMVI BDOHBEO0BVIM EAEMEHTEM 13
DEKUIVIHO-CrieHeHoro KapbiAy KpemHI.

Ceramnic elernents 50x50xI0 mm and mono-
blocks 300x250x10 rmm for flack vests with
ceramic-compositional protective elernents made
of reactionary-burned silicon carbide.

Kepamiko-KOMMO3nLIviHT BAOK
3 MIANOPOM i3 KEBASPA.
Cerarnic-cornpositional block

Kepawmika YkpaiHn

TexHi4Ha Kepamika
Technical ceramics

KepamiHHI KiAbLIST, BTYAK Vi Kyl AASI TOPLIEBVX VILINBHIOB3HIB BaAIB
HACOCIB T8 KOMIMPEeCcopiB | MALLMIMHMKIB KOB33HHS!

3 PeaKUIIHOCIeHeHOro KapBiAy KPEMHIO.

Ceramic rings, bushings and balloons for butt shafts compactor,
DPUMPS and compressors and bearings’ slide made of reactionary-
burned silicon carbide.

restricted carbon solubility. Nitride-based cermets are composed of metals
that can form a persistent nitride and have restricted nitrogen solubility.

Cermet articles are manufactured, mainly, by sintering as well as by melt
metal saturating ceramic porous part blanks, by cementation on ceramic sur-
faces etc. Starting substances (powders) are finely divided (sometimes jointly)
at ball mill pulverizers and vibration mills in an atmosphere of organic liquids.
Viscous liquids and some other substances are added to prevent stratification
of powders and suspensions because of density difference of metal and
ceramic components. After dehumidification mixture can be proccessed by
compression molding, slurry casting, extruding, rolling etc. Cermets are sin-
tered in firing furnaces in an atmosphere of neutral gas or in vacuum. On this
stage metal oxidation, nitridation and carbonization as well as oxides reduction
and nitrides and carbides disassociation are not desirable.

Considering properties and application fields cermets are divided into:
1) high-temperature cermets for the use of gas-driven turbine components,
electric furnace accessories, rocket engineering etc. This group is composed
of cermets based on ALO,-Cr, ALO,-ThO,-Cr-Mo, Al,O,-W-Cr, and wider
group of cermets based on carbides of Ti and Ni, Co, Cr, Mo, W, Al and its
alloys; 2) solid wear-resistant cermets for the use of wear-resisting parts and
cutting instrument. This group comprises of cermets based on carbides and
nitrides of Ti, Te, Hf etc.; 3) cermets for the use of special branches of engi-
neering: in nuclear reactors (nuclear fuel elements and other parts out of UO,
Al, MgO-Ni, Al,O,-Cr), electrical and electronic engineering (C-Cu for pickups,
ThO,-Mo or ThO,-W for strengthening of cathode emissive ability etc.), for

Po3pobky, rpeAcTaBheHi Ha cTop. 165-166, BUKOHaHI BIAAINOM N° 7
«[lepcriekTVIBHX TEXHONOIV BICOKX TUICKIB, AVICIIEPCHX MaTepianis
T8 CrIK8HHST KEPEMIK» IHCTUTYTY HBATBEDAVIX MaTepianie HAH YkpaiHi
M. B. M. BaKyAs] MiA KEPIBHVLITBOM 38B. BIAAINOM, HYAEH-KOP. HAHY,
npo@., A. T. H. [pixHOI TeTsiHm OAekciisHM.

Po3pobKky, NPeACTaBAEHI Ha CTOP. 167, BUKOHSHI Y BIAAINI KOMMOTED-
HOMO MA3TEDI3NAO3HEBCTBA HBATBEPAVIX KOMMIO3VLIVIHVX MaTepianis
AN NOPOACPYVIHIBHVX HCTPYMEHTIB IHCTUTYTY H3ATBEPAVX MaTe-
pianis (IHM) HAHY riia KEpIBHULTBOM YAeH-Kop. HAHY, npog., A.TH.
MavicTpeHKO AHTOAIS /\bBOBWHE, 38 YyHaCTIO CriBpobITHVIKIB IHM
HAHY Kyanda Biktopa IpuyroposinHa i KpysopyHKo IsaHa [MeTposimH
T3 CriBpOBITHYKE IHCTUTYTY MpoBAem MaTepiaAO3HaBCTBE HAHY
Heturnopa Onekcis B'sHecnraBosmnHa.

Products presented on pages 165-166 have been developed by the
Departrment N° 7 Advanced Technologies of High Pressures, Dispersed
Matenials and Sintered Ceramnics at the Institute of Superhard Materials
NASU narmed after V. Bakul, directed by Tetyana Oleksivna Prikhna,
Corresponding Mermber of NASU, Professor, Doctor of Science.
Products presented on page 167 have been developed by the Cormputer
Studies of Superhard Composition Materials for Rock-Destruction
Tools Departrment at the Institute of Superhard Materials (ISM) NASU,
directed by Anatoliy Lvovych Maystrenko, Corresponding Mermber of
NASU, Professor, Doctor of Science, and in cooperation with Viktor
Crygorovych Kulych and Ivan Petrovych Kryvoruchko (ISM), and
Oleksly \/yacheslavovych Neshpora from Institute of Materials Studies
NASU.
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