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BILIUB OPTAHIYHUX BIHJEPIB I MPOAYKTIB IX PO3KJIAJIY HA
MIKPOCTPYKTYPY I TEPMOEJIEKTPUYHI BJIACTUBOCTI
HITPUJOKPEMHIEBUX ITPOBIJHUX MATEPIAJIIB 3 JTOBABKAMM
KAPBIAIB IIEPEXITHUX METAJIIB

Huroaa B. B., Kupwienko K. B., Ilerposcbkuii B. 5.

BJIUAHUE OPIrAHUYECKHUX BUHIAEPOB W IPOAYKTOB HX
PACIHHAIA HA MHUKPOCTPYKTYPY U TEPMOJJIEKTPUYECKHUE
CBOMCTBA HUTPUJOKPEMHUEBBIX IMMPOBOJSIINX MATEPUAJIOB
C IOBABKAMM KAPBHU /OB ITEPEXOJALIINX METAJIVIOB

Hebiroaa B. B., Kupuienko K. B., IlerpoBckuii B. 5.

THE INFLUENCE OF ORGANIC BINDERS AND THEIR
DECOMPOSITION PRODUCTS ON THE MICROSTRUCTURE AND
THERMOELECTRIC PROPERTIES OF CONDUCTIVE MATERIALS
BASED ON Si;Ny WITH TRANSITIONAL METAL CARBIDES ADDITIVES

Tsygoda V., Kyrylenko E., Petrovsky V.

Ob'ekmom  Qocniodxcenns €  (Qopmy8amHs  (DYHKYIOHANbHOI  30HU
0a2camoKOMNOHEHMHO20 — KepaMIiuHO020 KOMHO3UMY HA  OCHOBL  MY20NJIA6KUX
oe3kucnesux cnonyk. OOHuUM 3 HAUOLIbUL NPOOIEMHUX MICYb € 6CIMAHOGNIEHHS BNIUBY
muny 6inoepa Ha OPMYBaAHHS PYHKYIOHALHOI 30HU NPULADY.

YV x00i 0ocnidoicenns uKOpuUCmo8y8aiu NPOMUCIO8] NOPOUKU HIMPUOY KPEMHIIO
[—Si;N, baxuncovkozo 3a600y nopowkosoi memanypeii (Azepbatioxncan) ma xapobiou
eaguiro ma yupkowito Jloneyvkoeo 3a800y Xximiynux peaxmusgie (Ykpaina).
Tomocenizayis ma noopionenHs wuxmu 30IUCHIOBANUC 8 NIAHEMAPHOMY MIUHI
muny Fritsch (6apaban i xyni SisN, npomscom 40 x6. 6 emunosomy cnupmi.
Konyenmpayis nposionuka ¢hasu 6xnouenHs 8 KOMNOSUYIUHUX MEPMOeneKmpooax
cmanosuna 5—40 %. V saxocmi 6inoepy 011 yb020 mMemooy SUKOPUCMAHO CHOJYKY
kapboxcumemunyentonosa (KMIL]) e noeconanni 3 niacmughixamopom — eaiyepurom
Yy  Kayyykom. 3pasku  eueomosuanucy y euensioi  naacmun  100X7 X6 mm.
Jlocniooicyeani 3pasku HIMPUOOKPEMHIEBUX KOMUOUYIUHUX Mamepianié OmpumaHi
MemoOOM  2apAY020  NpPeCcy8aHHs  NIO20MOBIEHUX  KepaMiuHux CMmpIidoK i3
3acmocy8anHHAM IHOYKYIIHO20 Memooy HacpieaHHs npec-popmu.

Bcmanosneno, wo onsa 3paskie i3 peaucmugnoro dobaexoro HfC, eucomosnenux
i3 BUKOPUCMAHHAM KAYYYKY, 6mMpamu Macu 3pocmaroms nponopyiiHo KOHYeHmpayii
HfC 0o xonyenmpayii oomiwxu 27 %, a npu nooaneulomy 30iibuienHi KOHYyeHmpayii
HfC empamu macu snusxcyromoca. Ilpu euxopucmanni KMI], sx 6indepa, empamu
macu cucmemu menwti npubauswo 6 1,3—1,6 pasu, npu mux oce NPAKMUYHO
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3AKOHOMIPHOCMAX 3MiH eémpam macu )y 3anexcHocmi 6i0 xouyenmpayii HfC.
Tepmoenekmpopywiina cuna (mepmoEPC) OpionooucnepcHoco KomMno3umy Ho
mooynio oyna euworo 3a mepmoEPC 2pyboducnepcrHoco komnosumy O01s 6CIx
konyeumpayiti.  Maxcumanone  snauenuss  mepmoEPC  Oocseano  eenuyunu
120 mxB/epao y oonopoezogiu 30mui, 60 mxB/epao ons OpibHO3epHUCNO020 KOMNO3UMA
ma 30 mxB/epao onsa epybo3epHuCcmo2o KoMno3uma y 3anopo20siil 30Hi, 8i0N08iOHO.
Jlogedeno, wo komnosumu, ompumani Oe3 OiHOepa, BIOPI3HAIMbCSA HEMUNOBUM
nepebdicom KOHYeHmpayitiHoi 3anexcrocmi onopy, a mepmoEPC yux xomnosumis
OO0PIBHIOE HYIIO 3 MOYHICMIO 00 NOXUOKU eKCHepUMeHmy.

KurouoBi caoBa: opeaniunuii 6indep, kap6io eaguivo, kapbio YupKoHiro,
8UCOKOMeEMNepamypHi (YHKYIOHANbHI elleMenmu, Kayuyk, Kapoomemuayenionosd,
MIKpOCMPYKmMYypa (YHKYIOHATLHO2O eNeMeHm).

Obvekmom  uccne0o8anust  AGIAemcs  Qopmuposanue  PYHKYUOHATLHOU — 30Hbl
MHOCOKOMNOHEHMHO20 — KePAMUHECKO20 — KOMNO3UMA  HA  OCHO8e — MY2ONIAGKUX
beckuciopoovlx  coedurerutl. QOOHUM U3 CAMBIX NPOOIEMHBIX MeCm  AGNAEmCs
VCMAaHOGIeHUe &IUAHUS MUna bunoepa Ha hopmuposaue yHKYUOHATLHOU 30HbL NPUOOPA.

B x00e uccnedosanus ucnonb306au npomMbiuLieHHble NOPOUKU HUMPUOQ KPEMHUSL
S — SisN, baxunckoeo 3aso0a nopowxosoti memannypeuu (Azepoaiiddxcan) u xapouoa
eauus u yupkonus J{oneykoeo 3a800a XUMUHECKUX peakmueos (Yxpauna).
Tomozcenuzayus u usmenvueHue WUXmovl OCYWEeCmBIsLIUCy 8 NIAHEMAaPHOU MelbHulye
muna Fritsch (6apaban u wapvr SisN,) 6 meuenue 40 mun. 6 smunogom cnupme.
Konyenmpayuss ~ nposoonuxosou  gazbl  6KIOYEHUs 8  KOMHOUYUOHHBIX
mepmoanekmpooax cocmaenana 5—40%. B kauecmee OunOepa ucnonv3osanu
coedunenue kapookcumemuayennonosvt (KML]) 6 couemanuu ¢ niacmugpuxkamopom —
anuyepuHom unu kayyykom. Oopasyvl uzeomasiusanucs 6 sude niacmur 100x7 %6 mm.
HUccnedyemvle  obpasyvl  HUMPUOOKPEMHUEBLIX — KOMNOSUYUOHHBIX — MAMEPUanios
NOTYYEHbL MEMOOOM 20pPAUEe20 NPecCcOB8AHU NOO2OMOBIEHHbIX KEPAMUYECKUX JIeHM C
npUMeHeHuem UHOYKYUOHHO20 Memood Hazpesa npecc-popmol.

Yemanosneno, umo ons obpazyos ¢ pesucmusHou  dobaskou HfC,
U320MOBIEHHBIX C NPUMEHEHUEM KAYYyKd, NOmepu Maccbl pacmym nponopyuoHaIbHO
konyenmpayuu HfC k konyenmpayuu npumecu 27 %, a npu oarvheuuem ygeauyeHuu
xkonyenmpayuu HfC nomepu maccol chuoicaromes. Ilpu ucnonvzosanuu KMI], xax
oundepa, nomepu mMaccol cucmemvl MeHvue npumepro 6 1,3—1,6 paza, npu mex dxnce
NPAKMUYECKU 3AKOHOMEPHOCMAX USMEHEHUUl Nomepb MAccbl 8 3A8UCUMOCHU OM
KOHYeHmpayuu HfC. Tepmoanexkmpoosuxicyuyast cuna (mepmoI/{C)
MENKOOUCNEPCHO20 — KOMnosuma no  mooyao  oviia  eviue  mepmoI/[C
2pybooucnepcroco Komnouma 0 8cex Konyewmpayuu. MakcumanibHoe 3navenue
mepmo3/]C oocmueano eenuuunst 120 mxB/epao 6 donopozcogoii 30ne, 60 mxB/epao
0Nl Menkozeprucmoeo komnosuma u 30 wmxB/epao ona  kpynnozepuucmozco
KOMHO3UMa 8 3anopo2080tli 30He, COOMEEemMCmeeHHo. [[oKa3aHo, 4mo KOMNO3Umol,
HOJIYYeHHble oe3 bunoepa, OMAUUAOMCSL Hemunu4HbIM meyueHuem
KOHYEHMPAyuoHHOU 3a8ucumocmu conpomusenerus, a mepmoI/[C smux komnozumos
PA6Ha HYJII0 ¢ MOYHOCIbIO 00 NOCPEUHOCIU IKCNEPUMEHMA.
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KioueBble ciaoBa: opeanuueckuii 6unoep, xapouo eaguus, Kapouo YupKoHus,
BbICOKOMEMNEPAmypHble (DYHKYUOHATILHbIE IJIeMEHMbl, KAYYYK, KapOOMemunyenionosa,
MUKDOCIPYKIYPA (OYHKYUOHATLHO2O DNIEMEHMA.

1. Beryn

Po3BuUTOK (yHKITIOHATBHUX €JIEMEHTIB IIapyBaTOTO THIYy Ha OCHOBI MaTpHIIl 3
HITPUJY KPEMHIIO Ta PE3UCTHUBHOIO (PYHKIIIOHAIBHOTO IIApy 3 JIPIOHO3EPHHUCTOTO
KOMIIO3UTY HITPUJ KPEMHIIO-HITpUA TUTaHy [l] mpuBIB A0 BCTAHOBIEHHS PALY
¢daktiB. [Ipm meBHUX yMOBaxX BHCOKOTEMIEPATypHOTO YIIUILHEHHS (POPMYETHCS
NEPKOJISAIAHUN KJIacTep, 3JaTHUH TEeHEepyBaTH TEPMOEIEKTPUYHY HAmpyry Ta
BUKJIMKATH MPOIIECH PYXY 3apsiiB Mij BIUTMBOM JIOKAJILHOTO TPAIIEHTY TEMIIEpaTyp,
3JaTHUX YTBOPIOBAaTH SIBUIIE MO3UTHBHOIO TEMIEPATypHOTO Koe(dilieHTy omopy
(TKO) pesuctuBHOro mapy. ToMy akTyaabHUM € JTOCIIDKEHHS BIUIUBY OpPraHIYHUX
OiHzZepiB 1 HPOAYKTIB iX pO3KJIaay Ha MIKPOCTPYKTYpPY Ta TEPMOEJIECKTPUYHI
BAaCTUBOCTI HITPUIOKPEMHIEBUX MPOBIJHUX MaTepialiB 3 JjJo0aBkaMu KapOiJliB
MepexiTHUX MEeTaJliB.

2. O0'eKT H0CiIKeHHsI TA HOr0 TEXHOJIOTiYHMIA ayauT

06’ekmom  Oocnioxcennss €  (hopmyBaHHS  (QYHKIIOHAIBHOI  30HHU
0araTOKOMIIOHEHTHOTO ~ KEpaMIYHOI'O  KOMIIO3UTY Ha  OCHOBI  TYTIOILJIaBKHUX
OE3KHCHEBUX CHOIYK.

Jl7is BUBYEHHS JAHOTO SIBUIIA TPOBOAMBCS TEXHOJOTTYHUN ayIHT, ITb STKOTO —
BU3HAUMTH SK BIUIMBAIOTh Ha (POPMYBaHHA (PYHKIIIOHATBHOI 30HU TMPHIAAY TaKHii
TEXHOJIOTTYHUN (PAKTOp, K THUII O1HIEpA.

HocmimpkenHss npoBoguincs Ha 0a3l [HctuTyTy mpoOiieM Marepiaao3HaBCTBa
HAH VYkpaiau (M. KuiB) 3 BUKOpUCTaHHSAM:

— IPOMUCTIOBUX TMOPOIIKIB HiTpuay kpemHio [ — SizN; (bakuncbkuit 3aBoj
MOPOIITKOBOT MeTanyprii, Azepbaiimxkan) 1 o — SizN, (H.C.Starck Inc., Himeuuunna);

—nopomiky kapOiny mnepexigHux MetaniB: HfC ta ZrC (oneubkuii 3aBoj
XIMIYHUX PEaKTHUBIB, Y KpaiHa).

['omoreHnizaiiist 1 TOAPIOHEHHS MUXTH 3A1MCHIOBAIMCS B IUIAHETAPHOMY MIIMHI
tunty Fritsch (6apaban 1 xym SizN;) mporsirom 40 XB B €THUJIOBOMY CIHPTI.
BigHomieHnHs: Macu KyJib 10 Macy MOPOIIKY CKiaaano 5:1.

Buxopuctano mMeToj miIacTHYHOTO (OPMYBAHHS CTPIUYKM Ha MHIMHHIEIHHOMY
CTaHKy. Y dKocTi OlHaepy MAJid UbOr0 METOAY BHUKOPUCTAHO  CIOIYKY
kapookcumerunnentonosa (KMLI) B noenHanH1 3 muiacTuikaTropoM — TIILEPUHOM YU
Kay4dykoMm. /{5 gocigiB Oyau BUTOTOBIIEH] 3pa3ku y BUJSAA1 TIacTUH 100X7X6 MM.

JocnipkyBaHl 3pa3kd  HITPUAOKPEMHIEBUX KOMIIO3MIIIHUX MarepiaiiB Ha
ocHoBl STALONIB Oynu oTpuMaHi METOAOM rapsidoro mpecyBaHHSAM MiATOTOBICHHUX
KepaMIYHUX CTPIYOK 13 3aCTOCYBAHHSIM IHAYKIIITHOTO METOAY HArpiBaHHs Ipec-
dbopmu.

Jlo HenousikiB 00’€KTYy JOCIIDKEHHS B ICHYIOUMX YMOBAaX €KCIUTyaTalli CIIij
BIJIHECTU BEJUKY IHEPIINHICTh, SIKa TPOSBISETHCS Yy TOMY, IO BHTOTOBJICHI
(GyHKIIIOHATBHI TPUCTPOI HE BITIYBAOTH PI3KUX MIKOBUX 3MiH TEMIIEPATYPH.
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3. MeTa Ta 3aaa4i J0CTiKeHHA

Memorwo pobomu € BU3HAYEHHS BIUIMBY MPOJYKTIB TEPMIYHOTO PO3KJIALAHHS
OiHnepiB Ha (a3oBHI CKJIaJ TPOBIIHUKOBUX Ta HAMiBIPOBIIHUKOBUX a3, IO
YTBOPUJIUCS in Situ TIPU BUCOKOTEMIIEPATYPHOMY YIIIJIBHEHI.

J1J1st TOCSITHEHHS TIOCTABJIEHOT METU HEO0OX1THO:

1. BurotoBuTtHn 6iHapHy KOMIIO3UTHY CUCTEMY y BUTIISAL TIacTUHUA 100X7X6 MM
13 Bukopuctanasm HfC, ZrC.

2. BuznaunTtu BIIMB OiHAEpY Ta MPOAYKTIB iX PO3KIaAy Ha MIKPOCTPYKTYPY 1
TEPMOEJEKTPUYHI BJIACTHBOCTI HITPUAOKPEMHIEBUX TMPOBIAHUX MaTepiaiiB 3
no06aBkaMu KapOiiB MEPEXiTHUX METaNTIB.

3. BcTaHOBUTH KOPEJALII0 MK BTPATOI0 MacH, MOPUCTICTIO 1 KOHIIEHTPAIIEIO
HfC, a takox TepmoEPC, onopom marepianis HfC, ZrC Ta koHueHTpalli€ro.

4. Nocmiaut 00NAacTh KOHLEHTPALId KOMIIO3UTY, y SKHUX MPOSBISETHCS
HEJIHIMHICTh OMOPY B 3aJICKHOCTI BiJl BUKOPUCTAHOTO TUITY O1HIEPY.

4. locaigeHHs iCHyl0OUHMX pilieHb NPodJIeMu

Bucoki  TemmepaTypu = SBISIOTBCA ~ CHPUSTIIMBUM  (pakTOopoM ISt
TEPMOECJIEKTPUYHOTO TIEPETBOPEHHS TEIJIOBOI €HEprii B eJeKTpuUHy [2]. Y nanuit yac
IIUPOKO BIJIOMI TEPMOEJEKTPUYHI MaTepialu JJjigs poOOTH Yy Alanma3oHl TeMIeparyp
B1J1 kiMHaTHOT 710 400 °C. HallGi1b111 MIUPOKO BUKOPUCTOBYIOTHCSI TBEPA1 PO3UUHU HA
ocHOBI Bi,Te;.

JIis  TepcHeKTUBUM  3aCTOCYBAHHS ~ TEPMOCJIEKTPUYHHMX TE€HEpaTopiB Y
BHCOKOTEMIIEPATYPHUX YCTAHOBKAX JITaIbHUX Ta KOCMIYHMX amapaTiB LbOTO HE
IOCTaTHbO. BigoMo, 1m0 e(EeKTUBHICTb 3aCTOCYBAHHS TEPMOEIEKTPUYHOTO
MIEPETBOPEHHS 3aJIEKUTh B1Jl IBOX (PAKTOPIB:

1) MakcMManbHO MOXJIMBOIO TNIEpPENANy TEMIIEpATyp TrapsA4oi Ta XOJOIHOI
MOBEPXOHb;

2) BEIMYMHU TEPMOECTIECKTPUIHOI TOOPOTHOCTI MaTepiajiB TEPMOEIEKTpoaiB [3].

Came B 1IbOMY HamnpsIMKy 30CEPEIKEHO JOCTIIKEHHsSI Ta 1HHOBAIlli B Tay3i
TepMOENIeKTpUuHUX  MatepiamB [4, 5]. HaHocTpykTypoBaHHSI  BBa)Xa€TbCs
e(EeKTUBHUM CIOCOOOM 3MEHIICHHS PEeNIiTKOBOI TEIUIOMPOBIAHOCTI 3a PaxXyHOK
3MEHIIICHHS CePEAHBOI JOBKUHM BUTHHOTO MPOOITy POHOHIB, IO MOKE MPUBECTH 0
30UTBIIIEHHST TEPMOEIIEKTPUYHOT TOOPOTHOCTI MIoHalMeHIe y 2 pasu [6, 7].

Y Hm3mi nyOmikamiid Oyno mokaszaHo, IO Y MPOBIIHMX MaTepiaigax Ha 0asi
OE3KHCHEBUX CIIOJIYK CIOCTEpITA€EThCS TeHepaliss TepMOENEKTPOPYIIIMHOI CHIIU
(tepmoEPC), sika 3a1eXuTh BiJI KOHIIEHTpallii 100aBKH y PE3UCTUBHOMY MaTepialii Ta
HOT0 MIKpOCTPYKTYPH, a TAKOK TEOMETPUYHUX PO3MIPIB aKTUBHOT 00JacTi [8].

Y 3B’A3Ky 3 IIUM TEPCIEKTUBHUM € PO3pOoOKa HOBHUX 0araTOKOMIIOHECHTHHUX
BUCOKOTEMIIEPATYPHUX  KOMIIO3MI[IMHUX  MaTeplaimiB JUIsi  TEPMOEJIEKTPUYHUX
EJIEKTPO/IIB Oe3MAalllMHHUX TIEPETBOPIOBAYIB TETUIOBOI €HEPTrii B EJNEeKTPUYHY, Ta
BUBYCHHs BIUTMBY HOBUX (a3. KoHcomimamiss maTtepiajiiB Ha OCHOBI O€3KHCHEBHUX
CoJIyK (TIPOIIeCH CIIKaHHS) IPOBOAUTHCS y rpadiTOBOMY 1HIYKTOPI MPU OAHOYACHIN
mii Bucokoi Temmeparypu (10 2000°C) Ta THcky (mo 300k/cM®). 3aroToBkm
BUTOTOBJITFOTBCS 13  JPIOHOAUCIIEPCHOI IMMXTH 3 BHUKOPUCTAHHSIM OPTaHIYHUX
CIIOJIYK — O1HJEpIB, 10 € TETEPOTCHHHUM XIMIKO-TEXHOJIOTIYHUM TIPOILIECOM, SKHIA
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XapaKTEpU3y€ThCs MPOTIKAHHIM XIMIYHHX peakiid [1]. ¥ 3aroToBkax 3paskiB mpu
TepMiuHii 00poOIIl rapsunm npecyBanHsaM (I'TI) MoxnuBi XiMidyHI peakilii in situ y
00’eM1 3aroTOBKM MDK KOMITIOHEHTAMHU BHUXIJHOI MHUXTH [9]. MOXIMBOIO € 3MiHA
($a30BOr0 CKJIQAy IIMXTH Y pe3yibTaTi TMPOIECIB PO3KIAJaHHS MarepialiB
TBepAO(}a3HUX KOMIIOHEHTIB KOMITO3UTY, IO MPUBOAATH JO OTPUMAaHHS HE JIHIIE
OCHOBHOTO, ayie 1 moOiuHux mnpoaykTiB [10]. Ile Moxke mnpuBecTH 10 3MIHH
KOHIICHTpAIlil 1 CKJIaAy JUCIIEPCHOIO KOMIIO3UTA, 3POCTaHHS PIBHS Je(PEKTHOCTI
KPUCTAIIYHUX CTPYKTYp, @ OTXKE€, 1 JO BIIAXWICHHS pealbHuX 3HaueHb TepMOEPC,
CJIEKTPUYHOI YM TEIJIOBOI MPOBITHOCTI KOMIIO3UTY BiJl po3paxyHKoBux. lIpote,
BIUTUB OpraHiuyHUX OIHAEpIB 1 MPOAYKTIB IX PO3KJIaay Ha MIKPOCTPYKTYPY 1,
0COOIMBO,  TEPMOENEKTPUYHI  BJIACTUBOCTI  HITPUIOKPEMHIEBUX  MPOBITHUX
MaTepianiB 3 jJo0aBKaMu KapOifiB MEpexigHUX METaliB y JTepaTypi BHUCBITJICHI
HEJOCTaTHBO, & TOMY OyJie PO3TIISIHYTHI Y pOoOOTI GBI I€TaIbHO.

5. MeToau pocaixKkeHb

Y Xoml MOCHIPKEHHS BUKOPHCTOBYBAJIM IIPOMUCIIOBI TIOPOIIKU HITPUILY
kpeMmHio 3 — Si;N, bakuHChKOr0 3aBO Ty OPOIIKOBOI MeTamyprii (AzepOaikaH) Ta
KapOiu radHito 1 UpKOHit0 JJoHEeIbKOro 3aBo1y XIMIYHHMX peakTuBiB (YKpaiHa).

I'omorenizarist 1 MOAPIOHEHHS IMMXTH 31MCHIOBAIIUCSA B IJIaHETAPHOMY MIIMHI
tuny Fritsch (6apaban i1 kym SizNy) mporsirom 40 XB. B €THUJIOBOMY CIHPTI.
KonnenTpanis npoBigHuka (a3 BKIIOYEHHS B KOMIIO3UI[IMHUX TEPMOEIEKTPOIax
crtanoBuia 5—40 %.

3aroToBKM 3pa3KiB AJIsi CUHTE3Y 30Mpaliics 3a METOJMKOIO, SIKYy onucaHo B [1].
Byno po3po0ieHo opUriHambHUN CrOCIO OpraHizamli MakKpOCTPYKTYPH TPaAlEHTHOTO
KOMIIO3UTY. B enacThyHuX TOBCTHX KepamiuHMX Juctax (toBumumHa 0,9—1,8 MMm) 3
IUXTH JUIsl  OTPUMaHHS TEPMOCTIMKOrO 130JIALIIMHOrO Marepiaqy METOJI0M
ITaMITyBaHHSI BUPYOYIOThCSI OTBOpHY (MOPOXKHUHM) (puC. 1). Y HUX MOTIM MILIBHO
BKJIAJIAIOTHCSl TIOTIEPEIHRO BUPOOJIEHI JeTallli TepMmorepeTrBopioBada. B  skocTi
O1Hepa BUKOPUCTOBYBAJIACs KapOOKCUMETIIIIIEIITION03a Ta KayuyK. Taka kepamiuHa
30ipKa 1 sABJII€E COOOI0 3aroTOBKY (hYHKIIOHATBLHOTO TPAAIEHTHOTO KOMIIO3HTY, SKa
Michsi  TeMIepaTypHoi OO0poOku (CHiKaHHS) TEPETBOPIOETHCS HA  CYILIBHO
KepaMiuHUN (PYHKITIOHAJILHUN €TIEMEHT.
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Puc. 1. CtpykrypHa cxema rpaJi€eHTHOTO KOMIO3UTY: 1, 8 — KOHTAKTH;
2,4, 5,7 —30HU CTpyMONPOBOY; 3, 6 — pe3UCTUBHI MaTepiajii aKTUBHOI 30HU

Cupi 3arotoBku mapiB micias (GopmyBaHb ManM UIUBHICTE 54-74 % BiA
TEOPETUYHOT 3aJIEKHO BiJl CIIOCOO0Y OTpUMAaHHS CTPIvoOK (Tadu. 1).

Ckuaz 3pa3kiB, K1 JOCTIIKYBAJIUCS Y poOOTI

Taoaunga 1

Konmnentpanis | Po3mip 3epnHa
Tumn 3pa3ka Ckian bingep MIPOBITHUKA, IIPOBITHHUKA,
00. % MKM
06’ entiuit S13N4-7rC bes Gingepa 5-40 3,34
spasox (puc. 1) Si3N4-ZrC KMII, kayuyk 540 3,34
' Si3N4-HfC KMIJ 5-40 TIOJT1 AV CTIEPCHUI

[Ipu pochimkeHHi TipoJi3y BUKOPUCTOBYBAHUX OIHIEPIB y jabopaTopHy Mid
MOMIIIAJIA BIAKPUTY MIAKIAIKY 13 JOCHIPKYBaHMM 3pa3KOM 1 HarpiBajiv Horo 3i
MBHJKICTIO Onmm3bko 15 rpam/xB. Ilpomecw TepMmidHOro po3kIagaHHS OlHIEPIB
KOHTPOJIFOBAIMCST Bi3yasibHO 1 (QortorpadyBanucsa. CreueHi 3pa3Ku IiIaBaHCs
(biHINHIA MEXaH14HIi 00pOOITl, Il HUX BU3HAYAIIUCS 3HAYEHHS €KCIIEPUMEHTAIBHOT
IIUTBHOCTI, BIIKPUTOT Ta 3aKPUTOT TOPUCTOCTI, BTPAT MACH.
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6. PesyabTaTn 10CaiIKEHD

6.1. IIpouec mipoJi3y O0inaepy Ta ioro BKJIaA y 3MiHy CKJIaay cepeloBHUIIA
KOHCOJIiamii

Tun GiHaepy MOJKe BIUIMBATH 1 HA BTPATH MACH IIMXTH MPHU CITIKaHHI, HA CKJIAJ 1
BJIACTUBOCTI PE3UCTHUBHOTO KOMMO3UTY. [IpoBenmeHi po3paxyHKu JJIs MEepeUnCICHUX
BUIIEC TUIACTU(DIKATOPIB CIIBBIJHOMICHHS BYTJICIIO, BOJHIO 1 KHCHIO HaBEIEHI Yy
Tabi. 2. Byno mpoBeneHo MOCTiHKEHHS 3aKOHOMIPHOCTEH TEPMIYHOTO PO3KIIaJaHHS

BUKOPHCTOBYBaHUX OIHIEpIB sIK Yy 3BHUYAlHIN aTmocdepi,
HAOJIMKEHHX 10 YMOB, sIKI MalOTh MICIE TIPY TapsSIOMy MPECyBaHHI.

TakK

1 B YyMOBax,

Taoaunga 2
[TnacTudikaTopu Ta iXHI OCHOBHI XapaKTEPUCTHKU

) .. I'yctuna, | Temneparypa | CriBBiIHOIIIEHHS
[Tnactudikatop XimiuHa popMmyrna e miporisy, °C | C:0:H (mac. %)
Kayuyk [-CH,C(CH3)=
HaTypaJIbHUI CHCH, |n 0.91 300 88,2118
Kayayk [-CH,C(CH;)=
A CHCH, In 1,2 280 88,2—-11,8

[CcH70,(OH);. 43,6 — 50,9 —

KM x(OCH,COOH)X]n 1,59 170 5,45
["minepun CH,OHCHOHCH,OH 1,26 290 36 -48 -8

Pe3ynpTaTi JOCHIIKEHHS MPOLECY TEPMIYHOTO PO3KJIAJaHHS KaydyyKy, CyMilli
KMI] i rminepuny, a Takox KML] 1 raiuepuHy okpeMo Ha BIIKPUTIA MIAKIAAI TPy
HarpiBaHHi 31 MBUAKICTIO OJIM3bKO 15 rpaji/XB mokazaHo y Tadi. 3.

Tabimus 3
KiJIbKICTh TBEPAOTO 3AJIMILKY MTPHU MIPOJi31 pI3HUX OIHAEPIB

KinbkicTh TBEpAOTO 3aIHIIKY, Mac. %
YMoBH MipoTizy KMIJ + .
Kay4yK FJ'IiHeIf)I/IH KMI] | rmuepun
HarpiBanns Big 20 mno 450 °C 42,02 11,32 57,75 0,05
HarpiBanns Bix 20 mo 600 °C 3,15 7,5 40 0
HarpiBanns Big ot 20 10 750 °C 0 - 29 0
HarpiBanns Bix 20 g0 1000 °C — — 16,5 —

[3 pe3ynbTaTiB  PEHTTEHOCTICKTPAILHOTO — aHAJI3y KOHCOMIJOBAHMX — KOMIIO3UTIB
BCTAQHORJICHO, 1110 BMICT BYIVICIIO Ta KHUCHIO Y TOTOBOMY MaTepiajli CyTTEBO BIIPI3HSBCS.
[lpuuomy wmarepian, orpumanuii 13 BukopuctanHsM KMI] ta rmiinepuHy, Biapi3HsABCS
OLTBIIIM BMICTOM $IK KFCHIO, TaK 1 ByTJICITIO (Ta0JI. 4).
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Taoauusa 4
BigHocHuUI BMICT €J1€MEHTIB Y CIIEUEHOMY MaTepiai

Exemenr Tun GiHaepa, SIKHil BUKOPUCTOBYBABCS SIK 3B’ sI3Ka
Kayuyx KMII+I ninepun

C 90 125

O 63 75

N 18 37

Si 3387 3400

Ie stBUIIIE OB’ SI3y€EMO 13 PI3HUM MPOTIKAHHIM XIMIYHUX peakIliii B ra3oBii ¢asi
JI0 TIOYATKy MpoIecy KOHCOJiaallii 3aroToBku (Tadm. 5).

Taodauusa S
XiMi4HI peakIlii, mo BiqOYBaIOTHCS B MPOIIECI TEMIEPATYPHOI 00pPOOKH 3ar0TOBOK
KOMITO3HUTY
bingep-kayuyk:
[-CH,C(CH;)=CHCH,.Jn—>C+H,. (1)
bingep-KMII;
[CsO,H;(OH),+(OCH,-COONa)]—>C+H,+Na. 2)
[Nminepun:
HOCH,CH(OH)-CH,O0H—-CH,OHCHOHCHO—C+H;; (3)
2H,+0,—2H,0; C+0,=CO0O,; CO,+C=2CO0; 4)
9H2+2N3—)6NH3; Si3N4+6H20—)3Si02+4NH3 (5)

Jnst 3paskiB, Akl Mictarh B mmxTi Outbmie 3 % SiO,, yrBopenHs SiC
BiI0yBaeThest ayxe cnabo (1-1,5 %), HaBiTh mij 4Yac MEPEBUIICHHS ONTHUMAaIbHOT
TEMIIEpaTypu TPpOIecy Tapsdoro mnpecyBaHHs. JloBemeHo, 110 30UTBIICHHS
temnepatypu [Tl npusBoauTH 10 TOPOroBOro 3pocTaHHs KoHueHTparii SiC,
MPUYOMY OJIHOYAcHO 31 3pocTaHHsAM KoHueHTpauii SiC 3poctae it BMmicT Si0,.
B3aemonis Bi10yBa€eTbCs y BIAMOBIIHOCTI 10 PEaKIIli:

2Si3N,+4COT=4SiC+2Si0,+4N, T, (6)
2S13N4+2S10,=4S1,0N,. (7)

Buninenns Byrnento (yrBopeHHs in situ SiC) Bi10yBaeThCsi HA TOBEPXHI MOPHU Y
MPUCYTHOCTI 3aji3a sike, B BOUEBUIb, BUCTYIIA€ KaTaizaTopoM mporecy [1], (puc. 3).
Hitpun kpeMHiro, 1110 He BCTYNHB B peakilito (puc. 4), pearye i3 yrBOPEHUM OKCUJIOM
KPEMHII0 3 YTBOPEHHSM OKCHHITPHIY KPEMHII0. 3aii30, 10 MPUCYTHE B BUXITHUX
Marepianax, sK 3a0pyJHEHHSI MaTepiajJoM MEJIOUUX T, IUITABUTHCS TIPU TeMITepaTypi
1500 °C (me mo0 modYaTrKy MpoIeCcy YUIIJIBHEHHS) PO3TIKAETHCS MO TMOBEPXHI MOP,
B32EMO/IIFOYH 3 HITPUIOM KPEMHIIO 32 PEAKITIEIO:

2S13Ny+3Fe=3FeS1,+4N,. (8)




Ili mpouiecu BiIOYBaIOTHCS K 31 3MEHIICHHSM KIIBKOCTI HITPUAY KPEMHIIO Y
30HI peakIlii, Tak 1 mpu 301IbIIEHH] BTPATH MacH 4epe3 JIETIOUICTh OKCUIY a30TY, 10
noKujae 30Hy peakuii. Lleli a30oT mMoke y mojanblioMy BCTyNaTH B pPEakiiio 3
neskumu  kapOigamu (HfC, ZrC), mopyuryroum iX CTEXIOMETPil0 1 YTBOPIOIOYH
kapOouitpunu HfCN,,, ZrCxN,,, ab6o neryBatu ytBopeHuir in situ SiC,
MIPUHIIMIIOBO 3MIHIOIOUM HOTro BiaacTuBocTi [10].

rS.o000p ENEE : 0
| S—-mAY-1 OBWib Fe No 7
5P3 +01 C~-sS

¥ CW

Fe

Puc. 2. Jlokamizaiiist ByrjeIo Ha TOBEPXHI MOPH 3arOTOBKU: @ — 34 TAHUMU
JIOKaJIbHOTO PEHTT€HOCIIEKTPAIBLHOTO aHalli3Y; 6 — BUTJIS POBIIHOTO KJIACTEPY
TEPMOEIIEKTPHYHOTO KOMITO3UTY
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6.2. Brpatn macu Ta MOPHUCTICTH AJIsi BUTOTOBJICHUX 3Pa3KiB Pe3UCTHBHHUX
MarepiaiiB

Ha ocHOBI pe3ysibTariB ekcriepuMeHTy (pric. 3) BCTAHOBWIIH, 1110 TS 3pasKiB 13 PE3UCTUBHOO
no6askoro HC, BUTOTORIEHNX 13 BUKOPUCTAHHSIM Kay4dyKy, BTPATH MacH 3pOCTAI0Th IPOIOPLIAHO
konuenTpartii HfC no xoHenTparti nomiriku 27 %. [py nofanbiioMy 30UThIIeHH! KOHIICHTpaITii
HfC Brpamn mMacu 3amxyroreest. [Ipu Bukopucranni KMI, sik OiHnepa, BTpatd Macu cUcTeMu
MeHITI TIprO3HO B 1,3—1,6 pasu, mpy THX ke TPAKTHMYHO 3aKOHOMIPHOCTSIX 3MIH BIpaT Macu y
3ayIeKHOCTI BiT KoHTeHTpartii HfC.

Iopucricts 3paskiB crctemun Si;N-HfC, sk BUIUmMBae 3 naHux, HABSICGHUX HA PHC. S, 0,
MPAaKTHYHO HE 3ICKWTH Bi THIy OIHIEpA, SKUM BUKOPHUCTOBYETHCS, ajleé MAae€ HEHIAHY
3ICKHICTD BIJT BMiCIy TIPOBITHAKOBOI JIOOABKHL. HpH KOHHeHIpaui'l' HfC 1o 15 % mnopucricts
3pa3KiB SMEHIIIYETHCS 13 30UTBLICHHSIM KOHHeHIpaJm nomittiky, ipu KoHrenTpatii HC 15 % KpHBa
3QJIE)KHOCTI TIOPUCTOCTI BijI KOHIIEHTpAIT Ma€ MIHIMyM, a TIpH TOJAIBIIIOMY 30UThIIEHH! BMICTY
TPOBITHUKOBOI (hazy MOPHUCTICTB 3poctae 10 9-12 %, npudomy st aktuBatopa MgO na 24 %
outbine, HoK it Al Os.

12

10

_/.~.__./-/'\-\.
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Puc. 3. [Ipu BuxopucTanHi pi3HuX OiHAEpIB criedeHunx 3paskiB cuctemu Si;Ny-HfC-ALOs:
a — BTpaTy Macu; O — MOPUCTICTh
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3aHaATO BUCOKA AMUCIEPCHICTH J00aBKH, OCOOIMBO B MPHUCYTHOCTI HEBEIMKHUX
KiJIBKOCTEH KUCHIO (HampuKiaj, K MpoaykTy po3kiananas KMILI), HaBnaku, 3HIKYe
IHTEHCUBHICTh B3aeMoAii. Takum YMHOM, MiJ Yac MNPOLECY Trapsvyoro MpecyBaHHS
CyMapHa 4YacTKa pigkoi (a3 y cHCTeMi, 10 pearye, CTa€ Majol, a OCHOBHHUM
IIPOJIYKTOM peakilii € okcukapOoHiTpu radHiro. Kap6ig KpeMHI0 y I[bOMY BUIIAIKY
HE YTBOPIOETHCS. TUIBKM Ti JApIOHI YaCTHHKHU, SIKI MepeOyBaroTh Yy Oe3rocepeaHii
OJIM3BKOCTI JI0 BEIMKUX, OEPYTh y4acTh y IIPOILIEC] arperaiiii 3epeH J00aBKU y TOU yac,
SK BEJIMKA YaCTHHA Ay>Ke APIOHUX CTATUCTUYHO PO3MOJILISIETHCS B 00’ €M1 MI>K3€PEHHOT
130JISIMI1HOT (hasw.

VY mpucytHocTi npoaykTiB mipomizy KML] yTBOpeHHS CTpyKTYpH MpPOTIKaE Tak
camo, SIK 1 B MPUCYTHOCTI MPOAYKTIB MIpOJi3y KaydyKy 3 TI€I0 PI3HUIICIO, 10 pO3MipU
BKJIIOYCHb y TIPOBIAHUKY OB, & B 30HI, [0 OTOYY€E YACTUHKY BKJIIOUEHbB, BIJICYTHE
3aii30. Kpim Toro, po3mip 061acTi mpoOHUKHEHHS radHi0 B MAaTPHUIIIO JCIIO MEHIITUH,
HIXK Y 3pa3Ky 3 KayudyKOM.

Y pesynbraTi €IeKTPOHHO-MIKPOCKOMIYHOTO JIOCHIJKEHHS MIKPOCTPYKTYPH
3pa3kiB, orpuManux 3 gobaBkamu ZrC a6o HfC 1 pizHux 6iHzepis, Oyi0 BCTaHOBIJIEHO,
10 /ISl [IUX THITIB 3pa3KiB MIKPOCTPYKTYpa € SIKICHO MOj10HO0. THUIIOBI €IeKTPOHHO-
MIKPOCKOII4HI 300paXE€HHSI MIKPOCTPYKTYPH HaBeIEHO Ha puc. 4.

Puc. 4. 3aranbHuii BUTTIS] pO3MOLTY BKIFOYEHB MPOBITHUKOBOT (a3u (TeMHe
300pakeHHs) B JIIENEKTPUYHIN MaTpuill Ha OCHOBI Si3Ny I 3pa3KiB 3 TOMIIIKOIO
HfC: a — Giunep kayuyk; 6 — kapOOMETHIIIIEIITI0N03a; 300pakeHHs LTi(hiB B
PacTpOBO-EIEKTPOHHINA MIKPOCKOITIT

6.3. TepMoe/ieKTPUYHI BJIACTHBOCTI JMCIEPCHUX MaTepiadiB B 3aJ1e5KHOCTI
Bia Tumy Oinepy (Mmatepiaam cucremu SizNy-ZrC, SizN4-HfC)

Jist ycix 3paskiB, sSKI OTpUMaHl 13 BHUKOPHUCTAHHSIM OlHIEpPIB, 3HAUYCHHS
BUMIPSHOTO TIMTOMOTO OIOpPY B MapajeJbHOMY A0 OCi TPEeCyBaHHS HAIpPSMKY,
NEPEBUILYBAIN TUTOMUHN OMIp Y MEPHEHAUKYISIPHOMY J0 OCI MPECYBAHHS HANPSMKY
OLTBIII HIXK HA TIOPSTOK (pHC. 5).

PospaxyBasin mapameTpu TEPKOJAMIMHOTO PIBHSAHHS IS JOCHIDKYBAaHUX
cuctem (tabin. 6). BcraHoBuim, mo A8 KOMIO3HUTY, OTPUMAHOIO B IMPHUCYTHOCTI
KMI] B nHampsmky, momnepedHomMy 10 Hampsamky [Tl yTBOproroThCS aBa MpOBiIHI
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knactepu. OauH, TBOMIpHUH, 13 IpiOHMX YaCTUHOK MPOBITHUKA 3 OMOPOM Y MOPO31
o111 1 OM-cM TIpu KOHIIEHTpaIlisIX IpoBigHuKa 2,5 %. dpyruii kiactep — 00’ eMHUH,
npu KoHueHtpauii 12 %. Y nOpuUCYTHOCTI KaydyKy, B Il TUIONIMHI TaKOX
YTBOPIOIOTHCA 2 MapajelbHUX KJIacTepu: TPUBUMIPHI 3 TIOPOTOBOIO KOHIIEHTPAIIIEIO
2,5 % 19 % npu NpakKTUYHO TaKOMY K IOPOrOBOMY omopi. B31oBxk HampsMmky
rapsiuoro IMpecyBaHHS OMIp Ha MOPO31 MEPKOJIALIl CTAaHOBUTH BeaU4MHY 3600—
7200 OM-cM 1 YTBOPIOIOTHCS 2 TPUBUMIPHI KJIacTepu 3 MOporaMu nepkoysmii 2,5 %
ta 12 % npu Buxkopuctani KMI[ 12,5 % Tta 4,5 % npu BUKOPUCTaHHI KaydyKy.
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KoHueHTpauia ZrC, 06. %

Puc. 5. Pe3ynbratu BUMIpIOBaHHS IUTOMOTO OTOPY KOMITO3HITITHUX MaTepiajiB
cuctemu SizN4-HfC B3n0BxK (3apapboBanuii Mapkep) Ta nmonepex (MOopoKHii
MapKep) HampsSMKY rapsgoro npecyBaHHS 13 BUKOPUCTAHHSIM KapOOMETHIIIIEIIOIO3U
(TPUKYTHUK) Ta KaydyKy (KOJIO)

Taoauus 6
[TapameTrpu monent MaxJlaxnana nis cucremu SizsNy-HfC
[TapameTrpu moaeni
[Tnmactu- Hanpsamox " Xc t

dikaTop | BUMIPIOBaHHS Oli/ICC’M c=5— c=30- c=5— c=30-
15 % 40 % 15 % 40 %

|[TTT 1,01 0,025 0,12 1,4 1,8

KM 1T 3,6:10° | 0,025 0,12 2,15 2,5

Kayayx |TTI 0,9 0,025 0,09 1,75 1,9

LTI 7,2-10° | 0,025 0,045 2,45 2,45
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s moOynoBM MOJENBbHOI KPHUBOi, SIKa OMHUCYE KOHIEHTPALIWHY 3aleKHICTb
€JIEKTPOIPOBITHOCTI,  BUKOPUCTOBYBAJIOCS  PIBHSHHS  y3arajbHEHOI  Teopii
e(heKTUBHOTO CEepPeOBHIIA, IPOTE BOHO OYJIO JOTIOBHEHO BBEACHHAM KoedirienTa M:

oo, (Mo)i=o]
0.%+ i—i 0% ’(MG(,)%+ ;—1 0,5

(1-7.)

=0, 9)

i M
C C

ne M ,— mpOBIIHICTh (TEPMO) KOMIIO3UTY;

O; 1 0. — IPOBIAHICTH TEPMOI30JIAIIIIHOT 1 TPOBIHOT (ha3, BIAMOBIIHO;

f. — 00’emMHa yacTka BKIIIOUEHb TPOBITHOT (a3,

¢. — KpuTU4Ha 00’ €MHa YacTka mposiaHoi ¢aszu (I111);

§ 1t — NEepKOJALINHI IHIEKCH, 110 XapaKTepU3YIOTh 130JISI1HHY 1 IPOBIIHY (a3u,
B1/IMOBITHO.

BBenenns uporo koegimieHTa OOIpPYHTOBYETHCS THM, II0 YACTHUHKHU MPOBIIHOL
da3u, npu ¢GopMyBaHHI HECKIHUYECHHOTO KjacTepa, MOXYTh aOCOIIOTHO JIOBUIBHO
yTBOpIOBaTH O€311i4 mapaliebHUX 1 MOCTIAOBHUX 3’€QHaHb OIMOpPIB. Y pe3ynbTari
omip KjacTepa B ILUIOMY OyJe BIAPI3HATUCA BIJT TEOPETHUYHOIO, PO3PAXOBAHOTIO,
BUXOJ/SIYM JIMIIE€ 3 MHUTOMOTO OIOPY KOHKPETHOTO MaTepiaqy 1 T€OMETPUUHHUX
po3mipiB  kiactepa. OOJIK IIbOI0 YHWHHHUKA JIO3BOJIIE OUIBII TOYHO OIMHCATH
EKCIIEpUMEHTAJIbHI JJaH1 MOJIEIIEHOIO KPUBOIO.

TepmoEPC apiOHOAMCHEPCHOTO KOMIIO3UTY MO MOIyJ0 Oyia BHUIIOK 3a
TepMoEPC rpy0oaucnepcHOro KOMMIO3UTY i BCIX KOHUEHTpaumid (puc. ).
Makcumanbie 3HaueHHs TepMOEPC nocsramo Bemuuumnu 120 wmxB/rpag vy
J0TOPOroBii 3041, 1 60 MkB/rpan nis qpidHozepuucroro komnosuta tTa 30 MkB/rpan
JU1sl TpyOO3EpHUCTOTO KOMITO3UTA Y 3aroporosii 30Hi. [IoB’s13yeMo 11e 3 TUM, 110 1O
JAHUM CTPYKTYPHHUX JOCII/PKE€Hb, IHTCHCUBHICTh MDXK(a3HOI B3a€MO/I1i 3 YTBOPEHHS
in situ ZrCN y npiOHO3epHUCTOTO KapOiay HUPKOHIIO OLTbIIA.

Ha puc. 6 npuBeneni 3anexHOCTI MTUTOMOTO ornopy kommo3uTiB Si;Ny4-HfC Bifg
KOHIICHTpAIlli, OTpPUMaHUX 13 BUKOPUCTAHHSIM y SIKOCTI OiHaepa kayuyka, KMII, a
TaKoX 0€3 BUKOPUCTAHHS YKOJIHOTO OlHJEpa.

Sx BugHO 3 puC. 6, KOMIIO3UTH, OTpUMaHi Oe3 OiHJepa, BIIPI3HIIOTHCA HE
TUMIOBUM TepebiroM KOHIEHTpAIiHOI 3anexxHocTi omopy, a TepMoEPC 1ux
KOMITIO3UTIB JIOPIBHIOE HYJIIO 3 TOYHICTIO IO MOXMOKHU ekcriepuMeHTy. Kommosutw,
BUT'OTOBJIEHI 3 3aCTOCYBAHHSIM Kay4yyKa, MAalOTh IMO3UTHUBHE 3HAYEHHS KOEPIIEHTY
TepMOEPC y 3amoporoBiii 30H1 KOHIIEHTpaIliid 100aBKH, 1 HEraTUBHE 3HAYCHHS I[I€T
BEJIMYMHU Y JIONOPOTOBiM 30HI KOHUEHTpauid. Y mnopos3i nepkossiii TepMoEPC
MPOXOJIUTH 4epe3 Hysb. KoMmosnuTu, BUTOTOBIEHI 3 3acTocyBaHHsIM KMI] y sxocti
OlHJEepy Yy BCbOMY Jllalla30HI KOHIIEHTpAIlll MaroTh MO3UTUBHUN KOEQIIEHT
TepMoEPC, ase MeHmM 3a 10 BEIUYMHY Yy KOMIIO3UTIB, HPUTOTOBAaHUX 13
3aCTOCYBaHHSAM Kay4yyKy.
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KoHueHTpauia HfC, 06.%
Puc. 6. 3asiexxHicTh TepMmoenekTpopyuiiinoi cuiu (TepMoEPC) Ta onopy Bij
koHueHTpanii HfC, oTpuMannx 3 BUKOPUCTAHHSIM Y SIKOCT1 O1HIEPY KaydyKy,
KapOOMETHIIIIEIIONIO3H, a TaK0K 0€3 BUKOPUCTAHHS YKOJJHOTO O1HAEpY

[Ipo peakiito in sifu HITPUAY KPEMHIIO 3 OKCHJOM BYTJEII0O TOBOPHUTH
HacTynHuil (dakT. HemHifHICT, Omopy KOMIO3UTY, BU3HAUYEHA, SIK BIHOIICHHS
onopiB (Ha ctpymax 30 MA 1 100 MA), € OUIBIIT BUPAXKEHOIO, JIJISl ONOPY Y HAMPSMKY
raps4oro MpecyBaHHSA. Y TOMEPEYHOMY HAMpPSIMKY € XapakTepHOIO JIWIIE IS
KOMIO3UTIB 13 KOHIeHTpalieo 10 20 % s BUNAJKy 3aCTOCYBaHHS Kaydyka Ta J0
10 % y BuUmaaky 3acTOCYBaHHS KapOOMETHIIIEIUIIONO03U. 3 I[OI0 MOXKHA 3POOUTH
BHCHOBOK, 10 Yy HAMNpSMKY, TOTIEPEYHOMY JIO HAMPSIMKY TrapsSs4oro MpecyBaHHS,
KapOlJ] KPEMHII0 BXOAWTh B CKJIaJ MPOBIJHOTO KiacTepy TUIBKM Yy Jlana3oHl
BKa3aHWX KOHIICHTpAIlid. Y HampsMKYy B3JIOBX HAIPSMKY Tapsdoro NpecyBaHHS,
KapOiJT KPEeMHII0 BXOJWTh B CTPYKTYpy MPOBIIHOTO KJIACTEpy JJIS BHIMAJKIB
BUKOPUCTAaHHA 000X OlHEpiB, 1 HOro BIUIMB Ha OMIp KJIACTEPy 3MEHIIYEThCS 31
3pOCTaHHSM KOHIIEHTpaIli 1o0aBku (puc. 7).
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KoHueHTpauia HfC, %

o
Puc. 7. KonrieHTpartiiiHa 3aJieXKHICTh HETIHIHOCTI OOy PE3UCTHBHIX KOMITO3UITIHHNX
MarepiaiB cuctemu SizN-HfC: a — kay4dyk;
6 — KapOOMETHJILIEITIOII032 /715 OTIOPIB B30BK HAMPSIMKY Tapsuoro MpecyBaHHS (POMO) 1
nonepek (KBajipar)

Jlo daxTopiB, 10 BHOCATH MPUHIUIOBUN BKJIAL Ha (PYHKI[IOHAIbHI
XapaKTEPUCTUKU PE3UCTUBHUX MarepiajiiB, MOXKHA BIJHECTH: HEJIHIWHICTH OMOpY,
J0JIaTKOBE BUUICHHS 4K MOIJIMHAHHS €HEprii Ha Oap’epax MeTall-HamiBPOBIIHHK-
TIENeKTPUK, BUAUICHHS YW TOIJIMHAHHS €HEeprii KOHAEHCATOpOM THUIy MeTal-
nienexkTpuk-meran. s komno3utiB Si;Ny-HfC, oTpumanux 13 pisHUM O1HAEPOM 4H
0e3 HbOT0, CIIOCTEPITAETHCS MPUHLIUIIOBA PI3HULA Y BEJIMYMHI OMOPY MPU CTpymax
pi3Hoi BenuuuHu. Ha puc. 8 mokaszaHo, sIK 3aJ€XUTh KOE(ILIEHT HETIHIHHOCTI,
pO3paxoBaHUii SK BiTHOIICHHS OMOPiB, BUMipsHuX mipu ctpymax 30 ta 100 MA, Bix
KOHIIGHTpaIlli J100aBKM B KOMIIO3WTaX, IO OyJId OTpUMaHi 0e€3 BUKOPUCTAHHS
6iHepa, abo Mpu BUKOPHUCTaHHI, K OiHAepa, kayuyka Ta KMILI.
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Puc. 8. KoHuenrpariiiHa 3aj1eKHICTh KOEPIIEHTY HENHIMHOCTI TUTOMOTO OIOPY
KOMIIO3UTIB, 10 OyJIM OTpUMaH1 0€3 BUKOpPUCTaHHs O1HAepa (3aII0OBHEHHUI KPYKOK),
a0o Mpu BUKOPHUCTaHHI, sIK O1H7Eepa, Kaydyka (3allOBHEHUN KBaJpar) Ta
KapOOMETHIIIIEII0NIO3U (3aIIOBHEHHM pOMO)

3 puc. 8 BUAHO, 1110 KOMIIO3UTH, 110 OYJIKM YTBOpEH1 0e3 ydacTi OiHAepa, MaloTh
CYTT€BY HENIHINHICTh TpH KOHIEHTparisx po6aBku 30-3506. % Tta 10 06. %.
Buxopucranns sk Oinpepy, KMII, 3HauHo 3MmeHmIye o0051acTh KOHIICHTpAIIIM
KOMITIO3UTY, Y SIKMX MPOSBIISE€TbCS HENHINHICTh, 0OMEXYIOUNUCH A1alla30HOM MajuX
KoHIleHTpaliii no6aBku (5—10 00. %) HaiiOuibiiow HETIHIHHICTIO BIAPI3HIIOTHCS
KOMITO3WTH, IO OYyJW BHUTOTOBJCHI 3 BUKOPUCTaHHSAM KaydyKa, I SKHX
XapaKTepHUM € SIK BUCOKE 3HAYEHHs Koe(dilll€eHTa HEJIHIMHOCTI 1 3HAaYHUH Jiana3oH
KOHIIeHTpallii qo6asku (5-25 06. %).

7. SWOT-anaJi3 pe3yJbTaTiB 10CTiIKeHb

Strenghts. Cepen CUIIBHHX CTOPIH JAHOTO JOCIIIKEHHS HEOOXiTHO BIIMITUTH
OTPUMaHI pe3yibTaTH MO TEXHOJIOTTYHOMY (hakTopy (opMyBaHHS (PYHKI[IOHATHHOI
30HU TpwiIany tumy OiHaepy. Ha KopucTh maHOro TBEpHKEHHS CBIIYATh HABEACHI
BHIIIC PE3yJIbTATH aHaJ13y CBITOBOI HAYKOBOI MEPIOAUKHU, B SKHX JIaH1 JOCIIIKESHHS
HE TPOBOJAWINCS. BUKOpUCTaHHS OTPUMAHUX JAaHWX JO3BOJIIE CTBOPIOBATH
TEPMOCJICKTPUYHI MIEPETBOPIOBAYI 13 HANEpe/1 3aJaHUMH MTapaMeTPaAMHU.

Weaknesses. (Cnabko CTOPOHOIO JAHOTO JIOCHIKEHHS € HEJIOCTaTHE
JNOCIIKEHHSI  MEpPKOJSIIMHUX — TpoueciB 'y  (opMyBaHHI  MIKPOCTPYKTYpHU
(YHKIIOHATBHOT 30HU THpuiagy. Y poOOTI HEMae MOSCHEHHS TOro (Qakry, Lo Y
Marepiajax 13 BUKOPUCTaHHSIM Yy SIKOCTI OiHAepa KaydyKy OINUcaTh Mepeoir
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KOHIEHTpaliiHoi 3anexxHocTi TepMoEPC, Buxonmsuum 13 y3arajabHEHOI Teopii
NEPKOJIALIT, HEMOKJIIUBO.

Opportunities. 3a JONOMOTOI JIaHUX JOCHIPKEHb CTall0  MOKJIMBUM
BUTOTOBJICHHA TepMmoenekTpuunux cucteM Ttuny HfC-Si3Ny,  ZrC-Si;N,  Ta
BU3HAYECHHS OCHOBHUX (DaKTOPIB, 110 BIUIMBAIOTH HA OTPUMAaHHS MaKCHUMalbHOTO
3HauYeHHAM KoediiieHTy TepMoEPC.

Threaths. CkagHOCTI 3 MPOBEACHHAM MOJANBIINX JTOCTIHKEHB OB’ s3aH1 3 THM,
0 TIOPOIIKH JUTsI €KCIIEPUMEHTIB 3aKymaroThCA 3a KOPJOHOM 1 iXHS BapTICTh
3adikcoBana y monapax CIIA. Y 3B’s3Ky 3 HECTaOUIBHMM KypCOM TPUBHI JI0 J0Japy
CIIIA moxnuBe 3Ha4YHE MOAOPOKYAHHS BAPTOCTI MPOBECHHS EKCTICPUMECHTIB.

8. BucHoBKH

1.V xomi JOCHKEHHS CHOCTEpirajgocs, M0 HpH TEPMIYHOMY BHUTOpaHHI
OlHmepiB Kaydyk 30aradye wMarepiayl caxomnojaioHum Byrienem, a KMI[ —
30CepeKEHUM OOBYTJIEHUM 3anuiikoMm. [lowmimka rminepuny go KMII 3mimgye
temriepatypy poskiaganHs KMI[ y oOnacTe HU3BKHX TeMIiepaTyp, pi3Ko
MPUIIBUAIIYE HOro poskiafaHHs. lle pobuth Takuit OiHIEp MEPCIEKTUBHUM IS
BUKOPUCTAHHA y PE3UCTUBHUX MaTepiaiax, 110 BUTOTOBIISIIOTHCA 3 BUKOPUCTAHHAM
peaxIrii in situ.

2. Beranosseno, 1110 By OiHziepy 00yMOBITHOE (hopMyBaHHSI MOPQOIIOTti MIKPOCTPYKTYPH
TIPOBIJTHOTO KJIaCTePy, a came:

—YaCTUHKH TIPOBIHOIO KJacTepy 13 Kapoidy raduiro, otpumani B ipucytaocti KMI, Ta
YaCTUHKU TPOBLIHOTO KJIacTepy 3 KapOimy IMPKOHII0, OTPHMAaHI B IPUCYTHOCTI KayqyKy, MatOTh
BHIJISI] TUIACTIBIIIB, PO3TAIIIOBAHKX IUIOMIMHOO Y HAMPSAMKY MpUKiaaenHs 3ycru [ 11

—YaCTUHKU KapOimy radHito, OTpUMaHI y TIPUCYTHOCTI KaydyKy MAalOTh BHIJISII
IWTIHAPUKIB, BUTATHYTHX Y TOMY 5K HAMPSIMKY;

—YaCTUHKU TIPOBIAHOIO KiacTepy 3 KapOiay ImpkoHiro y mpricyrHocTi KMI craroth
1o1i0Hi1 10 cdep.

3. loBeneno, mo tepMoEPC apiOHOAMCTIEPCHOTO KOMITO3HUTY O MOIYIIO Oyia
BuIo 3a TepMOEPC rpy0oaucrnepcHOro KOMITO3MTY JUIS BCIX KOHIICHTpAITii.
MakcumMainbHe 3HaueHHs gocsrano BeauduHu 120 mxB/rpan y momoporoBiii 30Hi, 1
60 MxB/rpan  nns apidHO3epHHcTOro  kommosuta Ta 30  MkB/rpax  mid
rpy003EpHUCTOTO0 KOMIIO3UTA y 3alOPOTOBIN 30HI1, BiMOBIAHO. Lle moB’s13aHO 3 THM,
0 MO JaHUM CTPYKTYPHHUX JIOCHIIKE€Hb, IHTEHCUBHICTh MDXK(a3HOI B3aeMOIl 3
yTBOpeHHs in situ ZrCN y api0HO3epHUCTOr0 KapOiay HMPKOHIIO OlibIa.

4. BcTaHOBJIEHO, IO KOMIIO3UTH, OTpUMaHi 0e3 OiHjaepa, BiAPIZHSAIOTHCS
HETUIIOBUM TIepe0iroM KOHLIEHTPAUIHHOI 3alekHOCTI onopy, a TepMOEPC mux
KOMITIO3UTIB JIOPIBHIOE HYJIIO 13 TOYHICTIO JI0 MOXHOKHM ekcrnepuMeHnty. Kommosuru,
BUTOTOBJICHI 3 3aCTOCYBAHHSM Kay4yKy, MaiOTh MO3UTHUBHE 3HAYEHHSA KOEPIIIEHTY
TepMOEPC y 3amoporoBiii 30HI KOHIIEHTpaIliil J00aBKH, 1 HETAaTUBHE 3HAYEHHS ITi€l
BEJIMYMHU Y JIONIOPOTOBIM 30HI KOHIEHTpariil. ¥ mopo3i mepkossiii TepMoEPC
MPOXO/IUTh Yepe3 Hydb. KoMmosutu, BUroToBieHi 3 3acrocyBanusM KMI] y sikocti
OlHAEepy y BChOMY [iama3oHl KOHIEHTpAIlii MarTh MO3UTUBHHUMA KOEQIIIEHT
tepMoEPC, ame MeHmmii 3a 10 BEJIMYMHY Y KOMIIO3UTIB, BUTOTOBJIEHUX 13
3aCTOCYBaHHSM KaydyKy. Y I[bOMY BHUIIAQJKy MOXHA BUKOPUCTATH HAOIMKCHHS
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Teopli MepKOJALii, SIK Ui OMUCY KOHIIEHTPAIIMHOI 3aJIeXHOCTI OMopy, Tak 1 AJis
KOHIIEHTpaIliiiHo1 3anexxHocti TepMOEPC.

[TokazaHo, mo KOMIO3UTH, 10 Oyiau yTBOpeHI Oe3 ydacTi OiHaepa, MaroTh
CYTTEBY HEJIHINHICTh TIpU KOHIEeHTpalisx ao6aBku 30-35 006. % (3acTocyBaHHS
kayuyky) Tta 10 00. % (3actocyBanns KMII). Bukopucranas sk Oingepy KMI]
3HAYHO 3MEHIITY€e 00JIaCTh KOHIICHTPAIId KOMIIO3UTY, JI€ TIPOSBIISIETHCS HEMHINHICTD
orniopy. HaitGinbIor0 HEMIHIAHICTIO OMOPY BIAPI3HIIOTHCS KOMIIO3UTH, IO OYIJIH
MIPUTOTOBAHI 3 BUKOPUCTAHHIM KayqyKy.
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the most problematic points is the determination of influence of the type of binder on
the formation of the functional zone of the device.

During the study, the industrial powders of silicon nitride p — Si;N; of the Baku
Powder Metallurgy Plant (Azerbaijan) and hafnium and zirconium carbides of the
Donetsk Chemical Reagents Plant (Ukraine) were used. The homogenization and
grinding of the charge was carried out in a planetary mill of the Fritsch type (drum and
SisNy balls) for 40 min. in ethyl alcohol. The concentration of the inclusion phase
conductor in the composite thermoelectrodes was 5—40 %. The carboxymethyl cellulose
compound in combination with a plasticizer, glycerol or rubber, was used as a binder for
this method. Samples were made in the form of plates 100%7%6 mm. The investigated
samples of nitro silicon composite materials were obtained by hot pressing of the
prepared ceramic tapes using the induction method of heating the mold.

It has been found that in case of the rubber-containing samples with a resistive
HfC additive, the weight loss increases in proportion to the HfC concentration up to
the additive concentration of 27 %, while the further HfC concentration increase
causes the decline of weight loss. When using cellulose gum as a binder, the weight
loss decreases by about 1.3—1.6 times; the regularities of weight loss changes
depending on the HfC concentration remain the same. It has been shown that the
modulus of thermal electromotive force was higher in case of fine composites than in
case of coarse ones for all concentrations. The maximum thermal emf value reached
120 uV/deg in the subthreshold zone of the additive concentration. In the
suprathreshold zone the maximum thermal emf value reached 60 uV/deg for the fine-
grained composite and 30 uV/deg for the coarse-grained one. It has been proved that
composites without a binder differ not by the typical course of dependency between
the additive concentration and the resistivity, while the thermal emf of these
composites equals zero with accuracy up to experimental error.

Keywords: organic binder, hafnium carbide, zirconium carbide, high-
temperature functional elements, rubber, carboxymethyl cellulose, functional element
microstructure.
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