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HOBhIfr BbICOKOIIJIOTHbIfr XI,POCTOfrKI4II MATEPI,IAJI HA OCHOBE KAPBIIIA
KPEMHI,Ifl II KPEMHIIfl

C.B.Auroncxnft , B.B.Teu

Ynp aennnt4an zopHorydu an xounauun < Vp auqs emM em ))

B o6nacrn ArrarpaMMbr cocror{Hr.rr clrcreMhr xperrtrufi - yrnepoA or reMneparyptt 1402 oC t't coctana,

coAepxarqero 0,75 n.%oyrnepoAa, Ao reMueparyps254D "C u coctana, coAep)Karrlero2T at.%oyrnepoga

(or snrerruKr{ Ao repr,rreKr}rru), uex,4y KpeMHHeM r.r rcap6ugorra KpeMHI4s cyqecrByer cepvl. cocraBoB,

npeAcraBJu{roullEx co6ofi pacrBopbr rap6r,qa KpeMHr{r B KpeMH}II{, To ecrb cBt3aHHbIe Marepl,raJrbl c IIrHpo-

Kr,rM Ar{ana3oHoM TeMneparyp rrnaBJreHr{fl r,r neo6H.rHrurara Susnro-xI{MI{qecKI,IMH xapaKTepncruxaura. Pe-

3yJr6Tarbr 6onrruoro quc.lra uccJreAoBaHnfi npoqeccoB, nporeKaloqro( rrpn cneKaHI{I,I KepaM[K Ha ocHoBe

SiC nogsorrr,JM cr,rHTe3r,rpoBarb HosHfi SiC/Si-rvrarepr4ar,IrJIoTHocrb KoToporo paBHa 2,88 r/cu', ropnc-

TOCTb - I},3yo,no gTrrM XapaKTepr.rcTnKaM oH npeBocxoALIT MaTepI'Ian HarpeBaTeJrt <Globar-sG>.

Bosnuxarorq[fi e paapa6orannofi rexnonoruIl,I BTopl,Iqnrtfi xap6u4 KpeMHIls, dylyuu MenKoKpllcran-

Jrr.rqecKlrM (-rru6o arraop$nrrrvr), cyrqecrneHHo ynpoqHaer (SiC+Si)-cnxrry KoMno3HIIuoHHoro MarepuaJla,
rrro Aeraer neo6HqHrrMr{ ero Qusuvecrue xapaKTepucrulnrI, B qacrHocru, ycrofiuunocrb K r4cr*rpanilro

n croftrocrr flpu pe3Krrx relrJlocMeHax.
Kouunerc cnoftcrr HoBoro Marepr,rana onpeAenter Bo3Mo)KHue o6nactu ero upI{MeHeHI{t: TrrreJrb-

Hbre MaTepvrarrbr, KoHTaKu.rpyroque c pac[naBneHHbrMr,r MeTaJrJraMI4; COIIJIOBbIe BKJIaAbITU BbICOKOTeM-

leparypuhrx rasocrpyfiHbrx annaparoB; comoBbre JlolarKn, pa6oraroque npn BbIcoKI'rx reMneparypax

u oKr{cJrtrreJrbHbrx cpeAax; Miuror.rcrr{paeMbre anruSpnrquoHHble gJIeMeHThI Bpalqarcunxcfl upl{ Bblco-

Kr,rx reMneparypax Aeranefi Marrrr{H; MilnoncrupaeMble gneKTpoIqerKI,I gneKTpuqecK[x MaIlI,rH; pa3nurl-

Hbre KJrarraHbr, ucnbrTbrBaroilIue nepuoA[qecKr{e yAapHble Harpy3KI{; BbICOKOTeM[epaTypHbIe HarpeBa-

TeJrr.r, pa6oTaloq[e B arpeccl{BHblx ycnoBKfx.
Rnnrteeorc cilona: KoM[o3r,rq]ronnrrfi Marepr,rrur, rap6na KpeMHLIt, rpeuHufi, cneKaHl{e, pacnnaBbl,

CVD.

A NOVEL SILICONCARBIDE/SILICON MATERIAL WITH LOW POROUS Al\[D HIGH
RESISTANT TO GAS CORROSION

S.V.Digo nsky and V.V.Ten
Uranzvetmet Co

In the silicon-carbon phase diagram there exists an area between carbon content of 0.75 andat0.27 at.o/o
and temperatures between 1402"C and2540 oC, which includes solutions of carbide in silicon characterized by
unusual physical and chemical properties. Results of a large number of the studied ofprocesses going on during
sintering of SiC-based ceramics have allowed obtaining a novel SiC/Si composite with a density of2l88 glcm3
and a poros ity of 10.3%. These characteristics look better than those of heater <Globar-SG>. In a technological
process developed, inclusions of secondary silicon carbide occur in either submicron or amorphous shape. They
sfengthen a composite microstnrcture ofthe material, which yields is unusual physical properties, wear resistance
and resistance to sharp temperature changes.
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Acombinationoftheproperties ofthematerial developeddetermines itspossible applications, suchas crucible
materials contacting with metal melts, liners in nozles, vanes working at high temperatures in oxidizing afrnosphere,
rotating elements with low friction and high wear resistance working at high temperatures, brushes of high wear
resistancefor various electric machines, various valves subjected to impact loadings, high temperatures heaters
for aggressive environments.

Keltwords: composite materials, silicon carbide, silicon sintering, melts, CVD

1. Bneaenue

Enaro4apr peAKoMy v Aaxre yur,rruurbuoMy coqeraHuro (fusuuecKux r{ xI,rM}IqecKLIx csoficrs (ucrnro-
qlrreJrbHo BbrcoKrur rBepAocrb, xapocrofirocrr, ycrofivrrBocrb npornB vcr*rpanilfr LI Koppo3HH) rap6u,q
KpeMxr,rr (SiC) c ycnexoM r,rcnonb3yercr B orHeynopnofi u a6pasunyofi npouuruneHHocrld, a raKxe B
cnequaJrbHofi rexHrare B KaqecrBe repMocrofixoro u u3Hococrofixoro Marepuana. Illtporoe upI.IMeHe-
nne rap6u,q KpeMHrlr fioJrytrrnrr 6naro4apr cBor.rM 3[eKTporexuuqecKr,rM xapaKTepl{cruKaM B KaqecrBe
MareplraJra Arc HarpeBareJrbHhrx gJreMeHToB B gJreKTplrqecKux neqax corrporrrBJlemvls., nosToMy 6onr-
moe qucro nccneAoBareJrbcKr,rx pa6or, HanpaBJreHHbrx Ha noBbrrueHr.Ie KaqecrBa SiC-nsAerlatrt, cnnzaua
c paepa6orKaMrr B o6nacru rap6n4orpeMHr,reBbrx oreKrpoHarpenarenefi (KK3H). I,Isnecrno, oAHaKo,
qro yxe AecflTKr.r rer oreqecrBeHHbre cepHfiHne KK3H no rexHr,rqecKrrM xapaKTepI,IcrlIKaM (eeruuuna
noplrcrocrr{, cra6lurnocrb gnerffpoconporr,rBJreHr{fl B npoqecce gKcrmyararJvlvt tr, ecrecrBenHo, AJI}I-
TeJrbHocrb gKcnJryararluu) ycrynaror sapy6exHbrM HarpeBarenbnbrM gJreMeHTaM, B nepBylo oqepeAb,
HarpeBarenrlr ceMeficrsa <Globan> aMepl,rKaHcrofi $uprr,rn <Carborundum>.

flocronrxy rcap6ugKpeMHr,rr He ruraBr.rrcn,acy6nuulrpyer, To eAr{HcrBeHHbIM cnoco6ou rloJryqeHl{t
SiC-us,qeruit nsrflercfl, BbrcoKoreMrreparypHoe c[eKaHr4e SiC-noporuKoB, rrpu 9ToM, DIaBHUI nplr.IllHa
Hr,r3Koro KaqecrBa 6onrruuncrBa oreqecrBeHHbrx KK3H 3arrroqaercr B ToM, rrro B rlr4xne npol{3BoAcrBa
rap6r.r4rpeMHlreBbrx gJreKrpoHarpesarerefi orcyrcrByer uenrrfi TexHoJrorfiqecrnfi nepeAen - o6renanoe
yflnorHeH]re SiC-usaelufi rrrerogoM xr.rMr,rqecKoro rasoQasuoro ocaxgeHllt BeIIIecrBa (XfO rnnn CVD-
rraeroa).

Cneayer orMeruTb, qro o6ulenpueuauuofi Teopr,ru npoqecca rnepao(pasHoro crreKaHnt nopoilroo6-
pa3Hbrx BerrlecrB r.r y[porrHeHur KepaMnqecrr4x uz4enuit npu o6xnre Bce eu1e He cylqecrByer, xort Bce
rrccneAoBarenr{ cxoArrcrB ToM, trro B aroM npoqecce r.rMeer Mecro nepeHoc Marepnallo, Ho rar KaK oH
npoucxoAr{T npr,r reMneparypax, 3Harrr,rreJrbHo 6onee Hr.r3Kr{x, tIeM TeMneparypbl cy6rnrraaqnll arl,Ix Be-
rrIecTB, TpaHcnopT B pe3ynbTaTe vcfiapeldnfl, rr KoHleHcaqun r4cKrrotraeTcfl v IlepeHoc MaTep]Iana tBJIt-
ercr pe3ynbraroM rroBepxHocrnofi ra o6rervtrofi guQQysl,tn, Br3Koro u uracrr,rqecKoro reqeH]rs. ,{nr.rxy-
qefi cunofi rpoqecca repeHoca Marepr,rana n rnep4oQasHoM cfleKaHr.ru nopomroo6pasuux BeIIIecrB LI
ynpoqHeHur,r KepaMuqecKnx us4eniltrrnpu o6xure ctrnraercx: a) yrraenrIrreHue cso6o,qHofi gHeprI4H cuc-
TeMbr; 6) aeficrnne cvil MexaroMHoro B3ardMoAeitctnux; n) uexann.recKoe eosAeficrnne Ha Marepnan.

OAnaro Hr{ oAHa H3 npraBeAeuHbrx roqeK 3peHzrr Ha MexaHr,r:rr.r rnep4oSa3Hofo cneKaHl{t nopollrKo-
o6pa:Hux BeruecrB t4 ylpoqHeHr{r KepaMrlqecKr,rx uz4ennit npn o6xzre He rro3BoJrrer HH lrpneMneMo
o6r.scnuru cyqecrBo npoucxoA-rrrqnx npfl gToM .f,BreHuit, uw reu 6onee sQSerrr,rnHo ynpaBntrb 9TI,IM
npoqeccoM rrrur alr;�TuBHo BJlrrrrrb Ha ero pe3ynbrarbr. Eonee roro, 3HatlureJlbHat cJlox(Hocrb xnneHufi,
npovcxo4xrrllrx B npoqecce rnepgo(pasHoro crreKanvpr vt o6xr,rra, He no3BoJlter uafiru npaKTHr{ecKLt
lepcneKruBHhre [oAxoAbr K perrreHNro upo6reurr.

Pagsusael,rlre HaMr,r npeAcraBneHnt rro3BoJrtlor ctll4Tarb, qro raK HuBbrBaeMoe <rnep4oQa3Hoe)) cne-
KaHVe noporuKoo6paauux BerqecrB u y[norHeHze KepaMuqecKr.rx uz4enui,t npr o6xxre [poucxoAuT B
pe3ynErare ux rasuQuKarlptrr, Koropar oKa3brBaercr Bo3Mo)Kuofi upn cpaBHrrrenbHo HI43KI4X reMrlepary-
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pax, 6naro4apflHa:/fillqlnro B CaMr,rX TBepAhrx BerrlecrBax vIJrvtB oKpyxarcqux ilx cpe'{ax HeKoropblx ra3o-

o6pasurrx arer{roB (nogopo4, oKcHA yurepoAa, noga), cnoco6crnyroqNx raluSrrKaIIHrI TBepAhIx BeIrIecrB'

r,rx rpaHcflopry B rasoo6pasuoM Br{Ae r,r [ocJreAyloqeMy oca>(,{eHl,Irc gTlax BeIIIecrB B BHAe cnoeB Ha

rroBepxHocrr.r roporrrKoofipasuux qacrlrrl (npoucxo4rrruxcneranne) wrilllanoBepxHocru flop KepaMI'r-

r"a*"* usAerufi (nponcxo4r,rr r{x y[norHeur.re). Oruo4a cJleAyer, qro npoqecc crreKaHl{t noponroo6-

prl3ghrx BerrlecrB r{ ylnorHeHr.rJ{ KepaMr,rqecKl,Ix uglrenuit Moxer 6urr cyuecrBeHHo raHtencuSnqupo-

BaH, ecJrr,r llx o6xnr npor.r3BoAr,rrb B onpeAeJreHHblx ra3oBblx cpeAax, rrocrynarcqfix B peaKIII{oHIryK)

3ony nequ ecTecrBeHHbIM nyleM lrnlr BBoA[IMbIx B Hee qeneHarpaBneHHo [1-3].
B nacrosqefi crarre coAepxo{Tcx rparrufi o6sop cocroflHl{t Aen B grofi o6racrl'I lI cBoAKa pe3ynbra-

TOB aBTOpOB, rrgn)rqeHgbrx B TeqeHr,re [ocJreAHr,rx [pHMepHo 20 ner

2.O6rop ony6nnxonaHHblx pe3ynbraroB

C nosuqfifi cyrqecrByroqefi rc.rK[ 3peHr,rr Ha MexaHllstu o6pasonaHnru Qoprr,ruponaHl{t crpyKTypbl

caMocBr3agnoro rap6uga KpeMHr{rr x uoAo6noMy 3aKrIoqeHI,rK) noAofiru HeBo3MoxHo: npuHtro ctl[-

Tarb, rrro 3aroroBKs HarpeBareJreft, cocrosrque r,rs rap6uga KpeMnlrs (70-90%) I'I3aKoKcoBasmefics yrJle-

pogucrofi cBr3Kr,r (30-10%), flpeBparrlarcrcr flonuocruto n rapbuAKpeMul,reBble HarpeBareJII{ B pe3yJlb-

Tare, TaK Ha3brBaeMoro, ((cr{Jr}rqupyrcqero o6xurD>, B npoqecce Koroporo nponcxoAl'IT 3aMeIrIeHI{e yr-

nepoArrcrofi csssru rap6ugorra KpeMHrrr npll nral,IMoAeficrsl,Iu rasoo6pasnoro cl{Jrl{qllpyrcIllero areHTa

(SiO2, SiO, Si) c yrnepoAorra [4]:

3C + SiO" SiC + 2CO ( 1 )

Cquraercs, rrro qpr,r groM yrlreHbrrraercr rroplrcrocrb 3aroroBoK, onpeAentKlulat [potlHocrb I'I XI'IMI'I-

qecKyro crofirocru KK3H, xors rerKo noAcrrr.rrarb, qro B p€ynbrare peaKrII{[ (l) npu reopeu'Iuecrofi

rrJrorHocrr,r yrJrepoAr{crofi cssgxil 2,26 rlcv.3 u lrJlorHocru rap6uga KpeMHI{r{ 3,2I tlcv'3 nopucrocrb

KK3H B pacqere Ha yrJrepoAr,rcryro cocraBJltloqylo 3aroroBoK AorrlrHa Bo3pacrarcsa22o/o.

C.neAosareJrbHo, nopncrocrb 3aroroBoK KK3H, cocrolrlqttx ns xap6uga KpeMHIIJI u yuepo4uctoft

cBr3Klr, yr(e HaxoArrqarrcf, Ha ypoBHe 25-35yo, B pe3ynbrare cI4nI,IIIHpyIoUero o6xura HI'IKaK He Moll(er

yMegbrrrlrrrcs..VlTeM He MeHee, nopucrocrr KK3H runa <Globar-SG> HaxoArrrct Ha ypoBHe 12-15%.

Kporrae roro, B pa6ore [4], ouucano o6pasonanue rap6u4a KpeMHI,IJ{ He ronbKo Ha roBepxHocru tlac-

THrI yrJrepoAlrcroro Marepr{aJra no peaKrlr{H (1), Ho LI Ha noBepxHocr}I tIacrHII AI{oKcI{Aa KpeMHI'It.

Ouenugno, rap6ra4 KpeMHr4r He Mo)r(er ocaxlarbct Ha KpeMHe3eMe B pe3ynlrare cy6nurrlaql{il I'I KoH-

AeHcaqu1a, 9To o3garraer, qro nceBAoMopr[o:a SiC+Si noxsnrercr B pe3yJrbrare BoccraHoBileHus' KpeM-

He3eMa ao rap6u,qa r,r gJreMeHTapHoro KpeMHr{.r{ rasoo6pasHblMl4 peareHTaMl'[. flpoqecc o6pasonauur

xap6uAaKpeMHr{g B 3ToM cJryqae Mo)KHo rrpeAcraBl,ITb B BuAe rroBToptrculeroct qI{KJIa pearqufi:

Sior,.,+ cHon sic(,) +zH?or,)
2H2O(")+ 2C(r) 2Hrr,r+ 2CO1.y
2Hrt t* C,,, CH4(,).
sio)o,+ rQ", sic;) + 2coc) Q)

OcnosHofi pearqr.refi rBJrrercfl nsanrvroAeficrBlle MexAy rasoo6pasHblMl{ KpeMuutrt- u yrnepoA- co-

Aepxaqr,rMlr BerrlecrBaMr{, BoAopoA npr{ groM crloco6crnyet rasutpuxaqul{ KoMnoHeHToB IIrlIxrbI, a oK-

cr{A yfJrepoAa ABraercfl, no6o.rHrrrvr qpoAyrooM. Bolopo,q B peaKIII{oHnFo soHy neuefi ecrecrBeHHblM
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[yreM rrorraAaer 3a cqer [erfrr{x BerrlecrB rr BJraru r.r3 rwrxroBblx MarepIdaJIoB I{ oKpyxaloqefi arrvroctpe-
prr. Ho BoAopoA noBbrrrraer neryqecrb He ronbKo LrcxoAHbrx KoMloHeHToB, Ho I,I caMoro rap6u4a KpeM-

HH.fl - B yCnOBlrflX fa3OBOrO rrOTOKa r4Jrr.r [pocTo KoHBeKrIuI,I BO.qOpOAa npl4 BbICOKI'IX TeM[epaTypax HerI3-

6exso 6ylyr npoucxoAlrrb nperleccu ratnQvrapv,TpaHcnopra I{ repeorxlox(eHnt rap6n4a KpeMHI4rI,

npr{Boprrlue K cneKaHLIrc u I'iBoynnorHeHulo SiC-ns.qerllfi .

B ne.rax orKpbrrofo runa o6rr.*ro o6pasyercr MHoro nerfrl4x BeIrIecrB B HaqaJIe [poqecca 14 oqeHb

MaJro Ha 3aKJrrorrHTeJrbHoM grarre, TaK qro npoqeccbr raruSuxaquu u xap6uaoo6pa-:onaHl4f, qacro He

ycneBaror 3aBeplrr{Tbcr, Ho 9Tr{ npoqeccbr MoxHo cyqecrBeHHblM o6parorvr unreHcrl$ullupoBarb 3a

cqeT BBeAeHr,nr BoAopoAa B rreqb, erO yAepx(aHvfl, B neqH lI MHoI'oKpaTHOrO UCnOnb3OBaHI,It B KaqeCTBe

rasuQuqupyroulero u rpaHcrroprt4pyroqero areHTa. flpu srou rpaBllnbHo u o6parHoe 3aKJIIoqeHLIe: [pLI

HeAocrarKe vlrr4 orcyrcrBr.M B cr.rcreMe BoAopoAa Bce rBJreHLIt, flprlBoA.alque r o6pa:oBaHI,IK) H cneKa-

Hr.rro xap6n4a KpeMHr,rr, 6yayr 3aropMo)Kenbr rrtru soo6rqe He npol,I3oft4yr. Bosrrao)KHocrb yAepxaHI{JI

BoAopoAa B peaKrluoHnofi soHe flequ ocHoBaHa Ha cnoco6Hocrrr BoAopoAa, KaK caMoro JlerKoro ra3a,

3aHr{Marb npeAocraBnennrrfi enay o6rerra r.r BbrrecHrrb }I3 aroro o6reua BHI{3 Apyr[e, 6onee rffKeJIbIe

ra3br, Ilpex,4e Bcero, oKcHA yrnepoAa.

3. O6rop 3rccneplr MeHTaJr bH blx pe3yJr braroB aBTopoB

Hanar ycraHoBJreHo, rrro raKilr Bo3Mo)KHocrb r.rHTeHcHBHo peiurll3yercs, ilpn pacrIoJIoxeHHI{ BbIBoAa
peaKqr.roHHbrx ra3oB HHIKe peaKIIHoHHofi sourr ne.rn [5, 6].

,,ftx npone4eHufl gKcnepr.rMerrroB rro BoccraHoBneHlrro xpeMHe3eMa I,I cneKaHI,IK) KKSH n no4opo4uofi

anrrocQepe, Ha 6arc roprryurofi requ conpornBJreHr.rlr AJrr nnaBKr,r KBapqeBoro creKJIa [7, c. 311] 6rua coSAa-

Ha 3ar(pbrrarr [eqb-peaKrop, r.rMeroqalr BiDKHoe orJrr,rqne or npororl,Ina. Ilocne 3arpFKLI rrequ ITIIDuoBrIMH

Marepr.ranaMlr wmod>t<waeMbrMlr KK3H Lr ycraHoBKu riraorrpoHr{qaerraoft KpbIrrIKI,I c BMoHTI,IpoBIIHHrIM rpa-

$u:rorrrrra roKo[opoAoM neqb nepeBopaqnB€rJracb r4 pacilonaralacb rax, .rro6rr rarloHenpoHt4llaeMiul Ilpblru-

rca oKa3:rJracb cBepxy. Tax o6ecnewrBrrncr orBoA raroo6parnrx upoAylcroB peaKrprn s HHxHefi qacrll [erII{, a

o6pa:yrouUaicr B npoqecce BoAopoA )trepxoaBancr B peaxrgonnofi 3oHe rreqv il ncnoJlb3oBilJlct B KaqecrBe

ra:rsng.rpyrouerc r,r rpaHcuopnryyrorqero arerrra pswrcap6uga KpeMHut u o6pasyronpor ero rcxorurbD( one-

MeHToB. Kporrae roro, rpa(fn'roerrfi uarpeBareJrb neqlr 3aMer{fl,rrcq Ha KK3H, tITo Iro3BoJrulo Aocrl{rarb reM-

neparypbr 1600 "C B TeqeHr.re 1,5 v. Tarar neqb rro3BoJrr,na HarpeBarb 3aroroBrll KK3H nporrycKaHlleM
gneKrpruecKoro roK4 a rarcnce o6ecueqrrBaJra rocnenurfr HarpeB 3aroroBoK ,ryIaMerpoM 8rrnvr n Armnofi l20rvnt

B pil3JrruHbD( 3achrrrKax, KotrqelrfpruecKl,I pacflonaraeMElx BoKpyr HarpeMreJlt.
B erofi ne.ru 6rur cMoAenHpoBaH rrpoMbrnrrennrrfi upoqecc <tnep.uo0asHofo> BoccraHoBJIeHHt KBap-

rleBoro necxa ueQrxHbrM KoKcoM npr{ reMneparypax I 500- 1600 oC. B pesynrrare yAzrnocb Aocrnqb rpaK-

Tr,rqecKLr rroJrHofo npeBparrleuuJr r(peMHe3errra r rap6ug KpeMHI{t npu o6u1efi AJI[TenbHocrtI otIbITa (rurc-
qafl HafpeB), panuofi 1,5u. I,IccneAoBanr,re roJrfreHHoro rpoAyKra na 4uSpaKroMerpe APOH-3 rloKa3a-

Jro, rrro oH rrpeAcraBJrfler co6ofi cMecb AByx MoAr4Szxaqufi: -SiC u -SiC c npeo6la4aHueury6ruecKofo
rap6r.rga KpeMHLIt (Puc. 1).

HauorranHru, rrro rrpu o6rr.rHor{ npor,r3BoAcrne rap6u4a KpeMHHt [7] repn orrpurofi neqll pruorpe-

Baercr Ao reMneparypbr 2500 oC, H AJrr4reJrbHocrb npoqecca Aocrllraer 25-28.r. flpn reMneparypax

2000-2300 "C creueHl npeBparrleHnr SiO, s SiC cocraBJlter 90Yo, anpn 1500-1600 "C - He npeBblluaer

60oh, u roueqnufi npoAyro rpeAcraBJrser co6oil cMecb SiC c ucxoAHbIMI{ BelrlecrBaIran. 3arraeu.IM, qro

6nzsrue K r.r3JrolKeHnofi ruoAeru coo6paxesus.6ttnu BbIcKa3aHbI paHee n pa6ore [8].
O6rqeupunrrbrM cqvfiaercfl, rrro B pe3ynbrare (cunuqnpyrcqero o6xuro> 3aroroBoK KKOH upollc-

xoAr.rr 3aMerrleHrre yrnepo,uHofi cssgru xap6zgou KpeMHr.rt 3a cqer ssanMoAeficrBllt ra-:oo6pasHoro cu-
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Puc. 1. Penmzenoepanma odpazqa xapfuda xpemnun

X-ray pattern of a silicon carbide specimen
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nuqilpyrcuero afenra (SiO2, SiO, Si) c yrnepoAona. Cquraerct raKt(e, qro (crptMofi> culuqupytoqu[

o6xur - 9To HarpeB 3aroroBoK B cr{Jr}rqupyoqeft 3acblrlKe nptMbIM rlporrycKaHneM SreKrputlecKoro

rora. HaroHerl, crrgraercr, qro (KocBeHHbrft>> cnmlqupyroqllfi o6xnr - gro HarpeB 3aroroBoK B O]IJII'I-

qnpyroqefi 3acbrrrre or nocropoHHero HarpeBarent, HanpuMep, rpa$uronofi rpy6rr, BoKpyr rmopofi

(nnu nnyrpn r<oropofi) Ha HeKoropoM paccrotHl,Ill or creHKI,I tpy6rr lroMelrlalorct 3aroroBru. Caua xe

cr{Jr}rqupyroqar 3acbrrrKa npeAcraBJrrer co6ofi cMecb KpeMHe3eMa c yrnepoAl,IcrhlM BoccraHoB}rreJleM B

pa3nuqHbrx coorHorrreHnxx. B Ta6n. I npnne4eu cocraB cl{nl,rqlrpyrorqefi gacrrnKx Ant o6xura 3aroro-

BoK HarpeBarenefi ruua K3H A.

O4naro, cneAyer 3aMerl,rrb, rrro upn TaK Ha3brBaeMoM (npsMoM) cLTJILIq[pyrcuIeru o6xnre, 3aroroBKa

KK3H rBJrrercr onercrponposoAHofi (:a cver npoBoAI{MocrI,I ynlepoAncrofi cocraBntloqeft unn cne-

quanrnofi o6rraarxn) Jr[rrrb Ha nepBoHatriulbHoM gTalre Hpoqecca, a 3areM, no Mepe (BblropaHun) 3Tofi

enercrporrposoprlefi cocraBJuroqeft (u rro Mepe pa3olpeBa oKpyxalou1eitee cwuqnpyroqeft 3acbIrIKrI

(coornercrBeHno, yMeHbrueur{r gneKrpocoupor}rBneHllt 3acbInKI,I, Korop:tt craHoBI,ITcs 6oree gJleKrpo-

upono4uofi, rreM 3aroronra) gneKTpnqecKar HaFpy3Ka [paKTI,IqecKLI noJlHocrbrc [epeMelqaerct Ha cI'I-

nllrll,tp1noq1rro 3acbr[Ky ]r HarpeB 3aroroBKrr KKSH craHoBLITc.a KocBeHHhIM.

B pesylrtare pa3orpeBacvilvr:grapyrorqefi 3acbrrrKr,r l,r uporeKaHns s Hefi xLIM]IqecKLIx pearqufi, cJIeA-

cTBr,reM KOTOpbrx flBIr'leTcfrBo3Hr,rKHOBeHue HeKoToporo fa3oBoro AaBneHHt, BOKpyf cl{Jll{qnpyeuofi:a-

roroBKr.r Soplaupyerc{ npaKruqecKr{ fioJrbrfi ranar, ra3oHe[poHI{IIaeMbIe creHKI,I Koroporo HarpeBalor-

Ta6nuqa I

Cocran crrJlullrpyroutefi 3acbIIIKH AJIfl Harpenarelefi TIIna K3H A (uac.%)
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cr Ao 6onee nrrcoxofi TeMneparypu Z, uerrr caMa cvilvrqllpyeMarl 3aroroBKa, TeMlreparypa roropofi Z,

CneAosareJrbHo, QoprrauponaHr.re crpyrffypbr HafpeBareJrbHoro 3JIeMeHTa I,I3 caMocBt3aHHoro rcap6uaa

KpeMHr.rr B rrpoqecce (crprMoro) cunnqupyrculero o6xnra flpoucxoAllT B ycnoBtrrxrpaAHeHTa reMrle-
paryp TrTuu MacconepeHoc ocyqecrBJrrerc.fl B cropoHy 6oree H]I3KI4X reMrleparyp, TotIHo raK )I(e, KaK
gro nporrcxoAr,rr rr B yciroBtlx npoMbrrrrJreHHoro rrpou3BoAcrna xap6u4a KpeMHHt [7]. Bce cKa3aHHoe B

orHorrreHr{r{ TpaHcnoprarcap6uaaKpeMHnfl HaxoAr4Tct B coorBercrBllu c reopraefi, flocrpoeHHofi, e xlac-

cn'recrofipa6ore [9].
Tor Qaxr, rrro raK Ha3brBaeMbrfi <nprrvrob) cr{Jr}rrlrdpyrouluft o6xur 3aroroBoK KK3H flwrflercfl Ha

caMoM AeJre KocBeHHhrM o6xr,rrou, JIerKo AoKa3blBaerct upocrblM gKcnepI,rMeHToM, npoBeAeHHbIM B craH-

AaprHbrx ycnoBr{f,x. <flprrraorrap) cunyrlr4pyrouleMy o6xr.rry noABepranl4cb ABe 3aroroBKl,r KK3H ana-
MerpoM 30rr,rrra u Atrutroir 1600larra, oAHa r43 Koropbrx 6rrna cnorraanav TaKLIM o6pasona BbIBeAeHa I,r3

3nercpuqecxofi qenra. Teu ne MeHee, co[porr,rBJreHr4e Snelcrpuuecrofi qenr,r, BKrrcqarcqefi ronrro rpa-

Qnronyro o6rraasry Ha 3aroroBKe r{ c}rnrlrlr{pyroqyrc 3acbrnKy, Bo3pocno Bcero JII{Irrb B ABa pasa. flocle

Toro KaK ((Bbrropena> rpaQuronas o6r{a3ra, gneKTpoconporllBneHl{e qenu Bo3pocJlo noqrll nrpoe. 04-
HaKo B AanrHefiureM, rro Mepe pa3orpeBa cuJrr{qilpyroqefi sacrrnKl{, coflporrrBJleHl,re SneKrpuqecxofi rleuu

cHr.r3lrJrocb HacroJrbKo, rrro oKa3aJrocb.f,cHbrM: rrpfi o6rrrHora (<nptMoM) cl{Jluqupynuleu o6xure ABe
Tperu grerffpuqecxofi Harpy3Krl rrpllxoArrrcfr,tna3acbrrrKy r.rJII{rub oAHarperb naAaer Hacwftr\r4pyeMylo
3aForoBKy rap6ugrpeMHl,IeBof o gJIeKTpoHarpeBareJUI.

flpone4ennufi onur noKa3aJr raK)Ke, trro rrccJreAoBareJrbcKrde pa6oru no o6tervtrorvry ra:oQirHoMy
yrrnorHeurrro KK3H B rreqn-peaKTope cneAyer rrepeBecrr.r r43 pe)Kr,rMa (fiptMoro> cnnnqupyrcruero o6-
xlra B rocseuxrrfi. Sror nepexoA,qocrurancr flpocrbrM ryreM - pac[ono]KeHlleM cunuqlrpyerrarrx o6-
pa3rloB Ar{aMerpoM 8iuna lr Anr.trofi 60nrrrr B KoJruqecrse 6 mr. B 3acblrlKe BoKpyr oAHoro xap6n4rpervtrn-

eBoro HarpeBarenbHoro eJreMeHra AuaMerpoM 8nana u Arusofi 120rvrru. B stoM cn1^{ae o6pasqu (Puc.2)

3aMerHo Hacbrrrlanr4cr xap6ugoM KpeMHr4r, rroBbrrrrat cBoro IrJlorHocrb vtcHvDKafl.rloprlcrocrr (Ta6l. 3).

Ta6tuua2
IIap arvr erpbr (rrpfl Moro)> clrJr H It Irpyrcqero o6xu ra AByx 3aroronor KKSH

Bpeur
Honua;rrnafl 3 aroro Bxa KKSH CJrolraHn aq 3aroroBKa KKOH Ra-Rr

R1
ur Ir wr R1 a2 I2 \ry2 R2

MUH B A KBA O M B A xBA O M o

a
J 248,5 9.0 2.24 27-61 242.0 4 .5 1.09 53.78 94,85
5 248-5 13.0 3.23 t9.12 305,7 8 .6 2,63 85.93
8 248.5 20.7 5 .14 12.00 305.7 14.8 4.52 20.66 72.16
l0 248.5 30.0 7.46 828 305.7 162 4.95 18.87 127 90
l5 248.5 s80 14.41 428 305.7 2s2 7.70 12.13 183.41
20 248-5 57n 14.t6 436 305,7 36.0 1 1 , 0 1 8.49 94.72
30 236.0 75n 17,70 3.1 5 2803 62p 17,3 8 4.52 43.49
N 130,4 110,0 14,30 l , l 9 2ffi,6 85.0 17.05 2.36 98,31
50 129,2 I 15 .0 A,M t . t 2 u.7 95.0 17.55 1.94 73,21
60 129.2 110.0 14.20 r . t 7 752 100.0 17.52 r .75 49.57
70 129.2 115 .0 14,90 | , 1 2 78,3 e7p 17,30 I ,84 9,28
80 130,4 110,0 14,30 1 , 1 9 764 97.0 t 7 . t l 1 . 8 2 52,94
90 130.4 I17 .0 15.30 l . l l 7s2 100.0 l7,52 | ,75 57.65
100 124.2 110,0 13,70 l . l 3 68,8 100.0 16.88 t -69 49,55
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Puc.2. Ohpazqu zazomoeox KR?H, Hacb.r4evvbre xapdudom KpeMHw

Specimen of SiC heaters

Ta6nuua 3

Ilopucrocrb 3aroroBox KKSH noc.lre o6reutroro raroQasHoro y[JrorHeHrrfl

J\bJlb
O6paruon

O6reu orKpblTblx
rroD B o6nacue

Kaxyuarcn
IUIOTIIOCTb

Orxpurar
IIop[cTocrb

Globar 0,62 2.96 8,01
II30r4l 

- 0s4 ) 1 1 28,00
TI3o�}'Iz 0 4 1 2.62 21.13

42-l 022 2.50 19.60
422 027 2,44 23,00
53-l 054 2,49 2r90
53-2 0.41 2.52 18 .6

53-3 056 2.62 2390
534 052 2-64 2290
65-l 021 zs4 19.60
652 028 ? 5 5 2r90
66.-l 02e 2.53 2150
6-2 029 2.56 20J0

Konrporurue o6parqrr

Moxno [peA[ono)KuTb, qro floBbrrrreHr.rr rrJlorHocru o6pasqos KKSH LI yMeHbIIreH]Ie ux nopl{cro-

crr,r B pe3yn6Tare ra:oQasuoro ylnorHeuunxap6ugoM KpeMHl,In,6stnu6u 6onee cyqecrBeHHbIMI'I, ecJII'I

6u sarpurar neqb-peaKrop npu KocBeHHoM HarpeBe o6patqon rlo3BoJlsna BecrI'I o6xur B TeqeHlre Bpe-

Megrlr,6olrlueu, ueu 1,5v, He neperpeBiurcb. O6rervtroe ra:oQa:noe ynnorHeHl'Ie nopl4crblx KepaMl'Iqec-

Kr{x reJr, KaK }BBecrHo, flporlcxoAr,rr reM ssQerrunuee, qeM HI,IXe reM[eparypa [poqecca la qeM 6onrnre

ero AnlrrenbHocrb. B rarux ycnoBr,rrx nrmencutfulll4pyercfl I,I rrpoqecc c[eKaHI'IrI rap6r'r4a KpeMHI'It'

npurreM ocyrqecrBnterct npn BecbMa HI,I3KLIx reMreparypax( l 300- I 500'C).

I4s ycraHowreHHbrx Saxron BbrreKaror rpe6onaHuf, yAoBJIerBopeHI,It KpIITepI'I-s coBepIIreHcrBoBaHI'IJI

TexHoJrornu ((IlptMoro) ctTJII4III{pyrcqero o6xura 3aForoBoK KK3H :
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I ) OasopoaHocrb nJrornocrr4 cr.rJnrrlupyrcrqefi sacsruKr{ no AnI{He roKoBoAa.
l) PasHoruepHocrb lpanyJroMerpr.rqecKoFo cocraBa Lr nocrotHcrBo BJItDKHocTLI KoMrIoHeHToBclrnu-

:urpyrouefi 3achI[KLI.
-1) Bo3Mo)KHocrb r,BMeHeHH.f, oneKTpoconporr,rBJreHnfl cr4IrrrrJupyroqefi 3acbI[KI,I 3a cqer IEMeHeHI,Ifl

alorHocrr,r H coAepxaHllt yDlepoAHcrhlx KoMnoHeHToB.
-l ) BogrdoxHocrb ucnoJrb3oBanux c$opMr,rpoBaBrneroct B npoUecce cllnrlrlllpyloIqero o6xufa KaHaJIa

:ur no.{arrrl rasoo6pasnblx areHToB.
Kpoue roro, rds nepeqficneHHbrx rpe6onaHnfi sHrexaer rr-rroe, HecKoJIbKo HeoxuAaHnoe, Ho nau6o-

-ree Ba:rcrroe: ArrrnpoBe,{eHr{r (fiprMoro cr.rJrrrq[pynnlero o6xuro>, (rounee, -npocro o6xnra 3aroro-

elrx KK3H u noo6qe nsAerr,rfi ua xap6r,rga rperr,trua) cneAyer r.rcrroJrb3oBarb He cl{Jrr4ll}Ipynqylo 3acbln-

i+. a BnyrpeHHee npocrpaHcrno rpaQnronofi rpy6u - rpaQuro-rpy6varyro neqb c KoHTponupyerraofi ra-

r-rsofi arrvroc$epofi. flosr.rAr,rMoMy, oroMy rpe6onanuro yAoBnerBoptlor 6onruruncmo sapy6exHblx rex-

no-rorufi upol,I3BoAcrsa KKOH.
Hecuorp.r Ha ro, rrro porb rasosofi Sasu orMerraJracr eqE n pa6orax 30-x roAon [10], n nocneAylo-

sre\{. HccJreAoBanr,rrc ponn ra3oBofi Qasu B npoqecce o6pasonanut xap6uaa KpeMHI{t Lt Bo3MoxHocrLI

se xoppeKrr4poBKr,r c rleJrbro onTr4Mr,r3arlHr4 rrpoqecca, AoJIxHoro BHI,IMaHvfl, He gentnocb.

OaHofi H3 Jr1nrluux cepuir,HarpeBareJrefi na 6ase rpa6uAa KpeMHI{t tBJl-fierct ceput c ropronofi uap-

rnfi <Globan, pa3Br4BaeMzur Kop[opaqnefi <Carborundum>>. flocronrKy B AzrnbHefturerra HarpeBareJlu 3To-

rLr rTfia 6layr npr.rHrrbr B KaqecrBe ocHoBhr Am cpaBnemils, c paspa6aruBaeMblMl{ aBTopaMI{, AaAI{M I,Ix

hpaTKoe oullcaHlle.
Oruerr,rna BHaqaJre, trro Ao 1963 n Anr HarpeBarenefi <Globar-AT) AorrycKanocb LBMeHeHIIe gJIeIGpo-

corporrlBJreHnfl B npoqecce oKcruryararlnn s 5 pa3. B 1963 r. Suprraa <Carborundum> B rexHrlqecKoM

6ror,rerene coo6rquna, qro ero paspa6orana HoBar rexHoJrorru r,r3roroBJleHrrrl AonroxI,IByIIIfix HarpeBa-

re-refi <Globar-Llr>. Srra gJreMeHThr, rro cpaBHeHr,rro c HarpeBareJrrMl,I <Globar-AT), xapalcrepu3oBzlll]Icb

5o-ree sHcoxofi nJrorHocrbro r,r [poqHocrbro, rd B pe3ynbrare o6ecne.rkrBaJru sa 50%o 6olee BbIcoKyIo

l h:c ruryenalluoHHylo ctoft xo crr.

,{ecsm ner crrycrr,s 1973 r $nprvra <Carborundum) peKJlaMupoBana u cnHpaJIEHbIe HarpeBarenbHble

r.reMeHrhr <Globar-SG> u <Globar-SGR). OcHosofi An.rI co3AaHuscrfirpanbHblx HarpeBarenefi <Globar-

SG> noclyxr4Jrr.r Aonrols.rByrqlre HarpeBareJrr4 <Globar-Ll), krMeBIIrrIe 6olee BblcoKyro nnotnocrr. B

rexnuqecKou 6ronnereue Snprrau coo6qarocb, rrro rrepeqilcneHHble rl4nbl HarpeBareJlefi peroueuAygr-

s-fl BKJrrorrorb B cerb Ha HarrprxeHr{rr Mr,rHr/rnayu 70-800/o or uonHofi narpysxll fleqHblx rpaHcooprraaropoB
no HarrpnreHr{ro, qro o6ecneqr.rBaer Jryqurufi pesepB no HarIptxeHI,IK) 33-43% n no3BoJrfler yBenLIvI,IBarb

HarrpflxeHr,re Ha nequ ilprd r.rcnonb3oBanr4r,r HarpeBarenefi <Globar-Ll> s 1,33-1,43 pasa.

flepexog or HarpeBarenefi <Globar-AT>> K gJreMeHrarra <Globar-LL>>,a3areM r <Globar-SG> ncrprrn

paHee Her.r3BecrHbre Bo3Mo)r(Hocrkr KKOH. B 1980 r Sr.rprr,ra <Carborundum> coo6ulula, qro He3aBrr-

cr{Mbre r.rcrrbrraHru CreHQopacxofi rexnonoruqecrofi Kopnopaqnu [oKa3iuII4, trro sJIeMeHrn <Globar-

LL> ynenuqr.rBaror corrpornBneHne Ha 20-40% MeHbrrre, qeM 9To LrMeer Mecro y Apyrux gJIeMeHToB

rr rrro oHr,r r,rMeror 6onrurufi cpoK cnyx(6n. 3arrreAJreHHoe r.I3MeHeHue conporl,IBnelevlfl, flBlrflcrct pe-

3,vnbraroM errcmefi creneHr4 peKpr{craniln3a\uh, Aocrr4raeMofi n npon3BoAcrBe Harpenarenefi
.<Globar-Ll), [11]. <Carborundum> coo6qaer raKxe, qro HarpeBarelrvt <Globar-SG>> upe4craBJltlor

co6ofi gJreMeHTbr, co3AaHHbre Anr HarpeBa B npoqeccax, BKJlloqarcIqnx arpeccl{BHble cpeAbl H TeM-

neparypbr,qo 1650 'C.

Taxvna o6pasou, [pr,rBeAeHHrrfi o6:op nrrreparypHbrx AaHHbrx LI pe3ynbraros co6crBeHHblx oIIbIToB

ABTOPOB IIOKA3bIBAST, IITO TEXHOJIOTI4' NPOI,I3BOACTBA BbICOKONJIOTHbIX HATPEBATENbHbIX gJIEMEHTOB AOJI-

xHa r.rMeerb, KaK MrrHI,IMyM, cJleAylorque oco6egnocru:
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1) O6xnr 3aroroBoK HarpeBarenbHbrx gJreMeHToB npoBoAl,rrcx 6es npuueHeHl{ff cl'rJrl'Iq}Ipyrculux I4II'I

rarurx nu6o Apyrux uoporuroo6pa3H6rx 3acbrnoK. HnrorAa ne npl,IMeHterct MeroA lrptMoro onelcrpoHar-

peBa 3aroroBoK, flpr,rMenrercr roJrbKo rocseHnrrfi HarpeB 3aforoBKLI, pac[oJlo]KeHubfi nrryrpn rpaQu-

roeofi rpy6u.

2) <Doprr,rnpoBaHr.re crpyKTypbr HarpeBarenbHblx gJIeMeHToB [poI,I3BoAI'ITct B FepMerI'{tIHo 3aKpbITbIx

rpaQuro-rpy6uarrrx ueqax rpu reMneparypax 2200-2800 oC n ronrponupyeMblx xHMI'IqecKI{ aKrHBHbIx

ra3oBbx cpeAil.

3)Becr seo6xoAnuufi n npoqecce KpeMHufi pacnoratasrcs. B caMI,Ix 3aft)ToBKax I,r npeBpalqaerct B

xap6ua KpeMnr,rr B pe3yJrbrrrre (Hayrnepo)KuBaloulero), a He (crilIl{q}Ipyrcuero) o6xura, nocKoJrbKy npn-

cyrcrBue rpeunnftco4eplKaulrx fzt:roB n rpaQuro-rpy6uarux rteqax He AorrycKaercr (us-sa sgaul'roAefi-

crBr,rr fpeMHl{fl c rpaQutorvr c o6pasonanr'rerra SiC).

4)tlpu HarpeBe 3aroroBoK ra3oB:rr cpeAa, 1yXyuurBHatIaJIbHo a3otttofi, Hacbllllaercx raroo6pasHblMl'I

yrneBoAopoAaMr.r r{ BoAopoAoM, r,rcTorrHr.rKoM KoTopblx cJrrxaT yrnepoAl,IcTble MaTepvlurbr, [p]IMeHrIe-

Mbre B upoqecce, a r,rMeHHo netfrxnofi KoKc 3acbInKI{, cMoJrocBt3Ka Qoplaonannblx I'BAeJrI'Ifi, ueuHax

Terrnor.r3onrqu (caxa), c[erlunJrbHo BBoAHMufi ncroqnux (4penecHble onI{JIKII) a rarxe pa6ourfi rpa-

Qnronufi HarpeBarenb.

HeSrrHofi KoKc, rpri HarpeBe Ao 1000 oC nrr4enxer 5-l0o/o neTfII{x BeIIIecrB ptBJIHqHoFo cocraBa

|2| C pocroM TeM[eparypbr HafpeBa ueQrruoro KoKca coAeptKaHrre BoAopoAa ]r oKcIUa yrJrepoAa B

cocraBe BblAeJrflIoqllxc"f, ra3oB yBenllqfiBaercr (crra. Ta6l. 4)

Mnorrae rasoo6pasnbre BerrlecrBa, )rqacrByroqne B flpoqecce, flBIrflwrcfl npoAyICraMI'I Hl{3KoreM[epa-

TypHorp esalrrvroAeficTBr,rr yrJrepoAa c p:Bnr.rqHbrMr.r raBaMI,I. B Ta6n. 5, rrntofi ur pa6oru [13], upunege-

Hbr rrpr{Mepgbre reMneparypbr Haqafla peaxqraft l,t orHocHTeJIbHbIe cKopocrl'I ssauMoAeficrBl'It yrJlepoAa

c ftBaMr,r, B peaxrllloHnofi soHe rpa$nro-rpy6uarofi fleqil.

B ocnose pe)Kr,rMa Teprraoo6pa6orKr,r KepaMHrIecKI,Ix us4enutrr Ha yrnepoAncTblx cBt3Kax Jrex(I'IT 3Kc[e-

p[MeHTirnbHo ycraHoBnennuft Qaxr, qro BbrAeneHLIe neryrrux BeIIIecrB HaxoArrrcfl. B 3aBvrcuMocrll or

cKopocrlr HarpeBa ymepoAlrcrbrx rr3Aenr.rfi [0]. BuAeleuue nerfrux BeIrIecrB yBernql'IBaerct upI'I BbI-

corofi cKopocrLl HarpeBa ug4ettuit (Ta6.u. 6).

Ta6tuua4

Cocras reryrrfix BeulecrB, BbrAeJrflroulrrxcfl rrpn HarpeBe neQrnroro nonca

Teuneprrypa
uarpenq t

Coqepxanne raon, o5.7o

H, CH, czrlo co
500 r 3,6 4s5 36,4 4,5
7m 36.4 39,1 16.3 8.2
I 000 66.0 185 3 .8 n . 7

Ta6nuua 5
Cnopocrs peaKllrr ymepoAa c pa3JrrqHbIMrI ra3aMrr npr 800 oC n 0.1 ar

Pearcrrrlc T naqara pearcutm, oC Crconocrr DeaKIr[[

C  + O z 300 1x l0 '
C + H z O 600 a

J

C + C O r 800 I

6  + H , 700 3x 10-'
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Ta6nuua6
BrrAerenue reryqnx BeulecrB (uac.7o) rpr pauru.rnofi cKopocrn HarpeBa (rpaq/.r)

O6pareu Kolnuqecrso rervqrlx fuac.o/ol rrDrr cKoDocrrr HarDeBa (rpaa/q)
2m 100 70

Vronrrmft 3Jrer(TDon 13,9 I1 ,5 l 0 . l
Hedrsxas 3argroBKa 15 .5 13.7 13,2

B peeyrrrare Bcex grux npoqeccoB a3orHar anvrocQepa neqrd upeBparqaerct B a3orHo-BoAopoA-
nyro. .{nr noBbrrueHrdr eQ$exruBHocrr.r crreKaHvr SiC-uslernft s asofirofi arrraocQepe, Hachllllennoft
yrneBoAopoAaMv r.r BoAopoAoM, ueJrecoo6pasHo yAepxuBarb Jreryqr{e BerllecrBa B peaKIIIdoHHofi soHe
neqra 3a cqeT MlrHHMaJrbHofo pacxoAa a3ora, [ponycKaeMoro qepe3 peaKrlr,roHHylo 3oHy, a npu uarofi
eQSexrnnnocrr.r cneKaHr,rr cJreAyer 3aMeHr,rrb:BorHyro arrraocQepy reqr,I Ha 3HAora3 (npurvrepuufi co-
clae: 17 -25% CO; 36-44% Hr; <2o/o CH4; <l,soh COr; <2,5o/o HrO; ocranrnoe Nr). 3ra rexnorlorl4-
qecKar cxeMa Mo)r(er 6um pealra3oBana, B qacrHocrvr, Arrflpaspa6orannofiu BbllrycKaeMofi n Poccr.ru
neqz 1 CTH -1,25.10125 A.

5 ' ? J f

Puc. 3. 3axpuman zpaQumo-mpyfqamsn nevb conpomucneHufl t171. I - Bsod cMecu zct3oo6pasuwx a?eHmo6 npu
noMot4u zpafuumoeoil mpy6rcu; 2 - Borcod zazoo6paswtx npodyrcmoe peanquit Ha cxrcu?aHue; 31 4 - Beod u eweod
uHepmHozo za3ct npu noMot4u zpaQumoeoil mpy6xu; 5-5' - Baod eodot e ycmpoicmea 9-9' dnn oxnacrcdeuun ?neKmpu-
vecKux KoHmaKmor; G6'- Borcod oxaacrcdonuqeil eodat ua c6poc;7 - peaxquouHca 3oHa nelru I oude mpy6at; 8 -

lpaQumoewe moxonodeodat ceveuueu 200 200 uac 10 - Tenaousomrlut peaKquouuort souw; 11-11'- Tennousonnqun
mop4o6 neuu
A closed graphitetabefurnace [17J. 1- Graphite inletfor a mixture of gaseous reagents; 2 - An output of gaseous reqction
products to be burned out; 31 4 - Input and outputfor inert gases; 5-5'- Input ofwater to coolers 9-9'ofelectric contacts;
6-6'-Output of coolingwater; 7 -The reactionzone in a tube shape; I -Graphite current inputs;10-Thermoinsulation
of the reaction zone; 11-11' - Thermoinsulation of thefurnace ends
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Baxlrofi oco6ennocrbro BbrcoKorrnorHhrx HarpeBarenefi, ycraHoureHnofi cBbIIue copoKa Jrer Ha3a,q'

tBJrrercr ro, qro raKlle HafpeBarenu coAepx@T, KaK npaBr4Jlo, 3HaqI{TeJrbHoe Konl{qecrBo ceo6oAHoro

KpeMHr,r-fl - t-2% r,r Bhrrrre. BrrcoxorerrlneparypHble MaTepfizrnbl Ha OCHOBe xap6uga KpeMHI'It B COqeTa-

:f.lvrncKpeMHr.reM, soo6qe roBop.f,, rulrpoKo H3BecrHbI. B [16] [oKa3aHo, tITo noqrl'I Bce [pI'IMeruBIIr]Iect

B To BpeMr flonr.rKpr.rcrtuuruqecKue Marepl,Ianbl Ha ocHoBe rap6r'rga KpeMHI{t npeAcraBntrcr co6ofi no-

pHcrble rr,ruoroQasnble KoMuo3r4\vrn, B Koropblx orAenbHLle KpI,IcraJrnI{TbI cIIeMeHTI'IpoBaHbI cBt3KaMI'r'

cyrqecrBeHHo orJrr.rqaroq,rMr{cfl uo cBoeMy cocraBy u Qusuuecrr,rrvr ceoficrBaM or ocHonHofi Sasrr' B

TaKOTO poAa Mareplr:ulax HaJrlrtlue cBfl3oK I'I nOpUCTOCTI{.qaxe B He3HaqHTeJIEHbIX KOJII{qecrBax l{rpaer

ocHoBr{yro ponb B QopruuponaH}rr.r KoMrrJrerca Susnro-xltMxqecKilx csoftcrs H gKcIrJIyaraIII4oHHbIx xa-

parcTepr.rcTr.rK, a TaKXe oupeAenreT rpaHI{IIbI IpTIMeHI,IMOCTLI STIIX MaTepI{aJIoB.

flpu parpa6orre BbrcoKoreMneparypHhrx Marepr,rafloB Ha ocHoBe rap6rga KpeMHI{r{ JTeTKoIIJIaBKI{e

cB{3Krr, B ToM qrrcJre, rperranufi, nuerouufi TeMneparypy IrJraBneHI'It I4l2"C,KaK npaBI'LJIo' He paccMar-

p14Banqcb B KaqecrBe e$sernrnubx cocraBJurrcilIro( orHeynopl{brx xorrauoslrr${ft' tIocKoJIbKy cBs3lca rorbKo

yx)tr[raer KaqecrBo orueyrropHoro MarepI{zIJIa, [ocKoJrbKy ctlllrilrtocb I{ cql{Taercr [16], rITo caMocBt3aH-

Hbre MarepvraJrbrcoAep)Kar ao 10-15% cBo6oAHoro KpeMHr,rJr, rrro orpaHl,rtll,IBaer I{x gKcIrJIyaraIII4Io rIoA

uarpysxoft rpI,I TeM[epaTypax, [peBbIIIIaIouUx TeMflepffypy rrJIan;IoHuS' \peMHI{t.

Teu ne MeHee, HarpeBarenbHbre SJreMeHTbr rr,rna <Globar-SG), HecMorpq Ha 3HaqlrreJrbHoe coAepxa-

nne cno6oAHoro KpeMnut,ycroituuno pa6oraror Irpx reMneparype 1650 oC, H 3To 3acraBJlter flpeAno-

JroxI{Tb, rITo Hturuqrle KpeMHI,It-cBr3Kr,r He BcerAa oKa3blBaer HerarrlBHoe BnlltHue Ha )Icapocrofixocrr

rap6r.rgrpeMurreBblx MarepllanoB.

Cso6oAHHfi rpervrrrufi B IrontlrpllcruurJlllqecKoM

IIOMy I,I3 IU{TI,I BO3MOX(HbIX BapI{aHToB'

MarepLIaJIe Ha ocHoBe SiC rraoxer Bo3HI'IKarb rro oA-

1) Ilocrymeul4e KpeMHvrAB peaKIII4oHHyIo 3ol{y rreql'I B BI'rAera3oo6piBHoro coeAI{H eHvls', Hanpu-

rvrep, SiClo.
2) O6pasonaHHe KpeMHr,rr B pe3ynbTare BoccTaHoBJreHLIt yrnepoAoM KpeMHe3eMav3cwr4r\rpynueu

3ACbINKI,I.

3) O6pasonaHlre KpeMlF{vrfl.B pe3ynbrare Auccoqllalluu xap6uga KpeMHut r438a cvrlrbHoro neperpeBa

3aroroBoK rrpu ux o6xnre.

4) CoxpaneHr.re KpeMHr,r-rr, BBeAeHHoro B KaqecrBe KoMnoHeHTa B I,IcxoAHyIo ilrl4xry' BcJIeAcTBI'Ie Ae-

Suunra yrnepoAa B llrllxre uB culrvrwpyrorqefi 3acblnKe.

5) flpouurKa KapKaca yxe cneqennofi SiC-garoroBKll pacrnaBoM urrapa]llv KpeMHI'Iff.

flepnufi BaprdaHT 6rm pezuln3oBaH B ruecrlrAecflrble roAbl B flpoqecce cI{HTe3a Marep[ana Ha ocHoBe

xap6uga KpeMHur B coqerauun c rurporpaQrarorvr MeroAoM xr{MrrqecKoro rasotpa:noro ocaxAeHlrx [17, 18].

f[nx onuroB flpuMeH-fiflacb 3aKpbrrar rpaQrnro-rpy6varar rreqb, cxeMarl4qecKn IroKa3aHHUt uapuc.4.

B raqecrne rrcxoAH6rx KoM[oHeHToB Ans cr,IHTe3a [pI,IMeHtnI,Icb qerblpexxnopncrrtfi rpeuuufi n

MeraH, pas6annenuufi noAopoAoM. flpoqecc ocalKAeHI,It ocyulecrBlrfl.Ircfl B I'IHTepBaJIe reMrleparyp

1200-2100 oC. B pe3ynbrare 6su nonyqeH BLrcoKoreMrleparypHblfiuarepuan, coAepxcarynit rlnpo-

rpaSur, xap6u4 KpeMHr,rr u rpeunufi B pa3rr4tlHblx cooTHollreHlltx B 3aBI,IclIMocrI'I oT TeMrlepaTy-

prr. Kar cneAyer r.r3 AaHHbrx Ha prrc. 4, npu reMfleparype 2000 oC lr srture I'I3 yKa3aHHoro coorHo-

rrregrrr xnoprrAa KpeMHr,r{ H MeraHa (SiCl4/CH4 or l12lo2,5lI), o6pasyercfl,MarepuaJl, npeAcraBJlt-

rc1qufi co6ofi qucrufi nuporpa$nr, a npr reMneparype 1300 oC u necroJlbKo HHXe - Mareprran Ha

ocHoBe xap6ugaKpeMHr,rr Lr KpeMHHfl npllMepHoro cocraBa (uac.o/o): SiC-93, Si-7. I4cnnraHrt no-

Ka3aJrr,r, rrro xapocrofirocru Marepraana us rap6u4a KpeMHI{t B coqeraHl'IrI c KpeMHHeM, no cpaBHe-

Hr4rc c MarepvaJrona n: rap6uAa KpeMHr.rr B correraHuvt c unporpaQuroM, HIDI(e, [ocKoJIbKy coAep-

)Ka1ufl. KpeMHnr 6uuo AocraroqHo, .1106rr npr,r HarpeBe B nnaMeHLI Kl,IcJlopoAHo-aqerurenosoft
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Puc. 4. Cocmae mamepuura na ocnoee SiC e zaeucwtocma om mewnepamypu nonyueuun [18J
A composition of SiC-based material versus fobrication temperature

ropenKl,I B TeqeHl,re HecKoJrbKr.rx ceKyHA nJracrr{Ha ronrqunofi 2v'v'uz raKoro Marepuiura lpolnaBns-
nacb HacKBo3b - rIJIaBHJrcfl vr BbrreKaJr rpeuH*rfi.

Btopofi BapI,raHT peanrr3yercr B cnfrae KorAa pexr.rM o6xnra 3aroroBoK KK3H raKoB, qro, KorAa
cunrlql,IpyrcIllat 3achllrKa, cocToglqzu r,r3 KpeMHe3eMa, KoKca v [JraBr,rKoBoro unaTa, flprr onpeAeJleHHbrx
ycnoBl.Itx npeBpaqaercr B oKpeMnennrrfi nnorsrrfi SiC-rtaarepnan. fIonHAnMoMy, raxofi pe3yJrbrar Aoc-
Tnraercfl, napilnnenbHhlM BoccraHoBneHueM KpeMHe3eMa Ao xap6u4a u 4o ceo6oAHoro KpeMHHfl, napbr
Koroporo [porII4TbIBaIor crleKarcIqylocf, SiC-sarororry. flocronbKy [poqecc 3aBrdcr,rr or [oJrHorbr Boc-
craHoBJIeH[t KpeMHe3eMa, oH He npl{BoAr.rr x o6pasoBaHr,rrc xapocrofixoro SiC-rraarepvara.

Tperuft BaplIaHT 6nn peanu3oBaH rrpn cneKaHxu SiC-noporrrKoB 6e: yrnepogucroit cBr3Kr,r B rpa$-

$uro-rpy6uaroft nequ. Cuecr noporrrKoB xap6uga KpeMHur llb 80 ($paxqnz 1000/800 - 40%),Ilb 10
(Qparqnu l25ll00 - 20%) u J\! 4 (Qparquu 50140 - 40%) nepeMerrrrBaracbv3acbrnailacb MexAy creH-
KaMv KoaKcIraJIbHo cocraBJIeHHbIx KaproHuux rpy6, [Meroulux 4:nLrlay 800rr,ttnr r,r HapyxHbrfi 4zarvrerp
l40rrrr*r u l20v.v,, coorBercrBeHHo. C6opra oAeBaJracb cHapfxn na rpa$NroByro rpy6y Ar,raMerpoM lOOrrarvr
u Inuslaoit 1000rrrna, Koropiu 3a)Ifl.IMaJIacb Me)KAy rpaQuronrrMr.r roKonoABoAaMrr, oKpyxanacb cr4nru-
qzpyrcqeft gacunxofi LI HarpeBarlacb [prMhrM nponycKaHzeM ToKa B re.reHrae 2 .r.

B pesynrrare onblTa IIeHTp c6opxlr oKa3il[cr piupyrueHHbrM, a no Kpiu{M rpy6rr o6pasonancs npoq-
nufi SiC-uarepva\ qacrlltlHo I,IJIH noJlHocrbro oKperranennufi, c coAepxaHr,reM KpeMHHr or 1,33 go

26,38Yo.Ha noBepxHocrll pa3pyuenufl, qacrvtrrHo oKpeMHeHHoro SiC-uarepuana (Puc. 5) orveuuno
BITAHrI Ha IrJIacrI.IHxax SiC Kalrnu KpeMHvrr, roroprrfi B AaHHoM cnfrae Mor noJrfrurbcfl. npfi [eperpeBe
H rncco\uaqr,rz rap6nga KpeMHr4r B pe3ynbrare [poxoxAeHr.rr gnercrpurrecKoro roKa B 3oHe KoHTaKToB
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MexAy sepHauu.3uaqrrreJrbHbrfi pas6poc coAep)r(aHr{Jr KpeMHHt n o6pasqax I,I3 oAuoro olrbrra, cBtlAgrenb-

crByer o Bo3Mo)KHocrr{ cr.rHTe3a raKvM [yreM rcap6uaa KpeMHLIq c 3aIaHHbIM coAep)I(aHI4eM KpeMHI{f,.
gernepruft Bapr{aHT 6rur peanuroBaH npr,r cneKaHr.nr SiC-nopourKoB I,I MeJIKo3epHLIcroro KpeMHLIt raK-

xe 6es yrnepoAtlcrofi cpxgKu. B nepnorra onbrre rroporrrKLt cMerur,IBaJII4cb v cneKiIJIrIcb B KJIacct[IecKI4x

ycnoBwrx (<[prMoro o6xzra B cprnuqfipyrcqefi sacHnKe)), a Bo BTopoM onblTe - B ycnoBLrtx KocBeHHoro

o6xura KoMnoHeHroB B 3aKpbrrofi rpaQ$uro-rpy6varofi ne.r[ 6eg npLIMeHeHIlrI cl,IJll,Iqupytonlefi gacrnxr,t

u 6es upnroroBJreHr.rr uruxroeofi cMecr4 - nprl pa3AeJrrnofi rarpysKe B rleqb rcap6uaaKpeMHlr.s I4 KpeMHI{t.

B uepnou orrbrre B KaproHHyro rpy6rcy Ar{aMerpoM 25v'v' u Arl.ulaoir 830uu 3acbllraJlacb cMecb rlo-

porrrKoBxap6u4aKpeMHr4nJ\b l0(Qparquu l25l l00-30%) nJ\&4(Sparquu 50140-60%) cKpeMHrreM

(Qparquu MeHee 100 - 10%). Cuecr n rpy6rce nu6po$oprvroBurJracb c rronlnreHlleM 3aroroBKl4I4 rIoABep-

raJracb (oprMoMy> cr{Jrr.rqupyrcilIeMy o6xury [pr.r groM [poBoALIMocrb 3acblnKu o6ecne.I[BilJlacb 3JIeK-

TponpoBoAuofi 4opoxrofi, cocro.aqeft us rpaQzra r.r KBaprleBoro [ecKa B coorHollrenzpl I :1.

B npoqecce o6xura uo ecefi AnvHe 3aforoBKr4 vtMerru Mecro piBpbIBhI crrnolunocru I4 Bo3HI,IKHoBe-

HI{e SneKTpr,rqecKr4x Ayrl npr,rBoArrq]re K MecrHoMy neperpeBy 3aroToBKI4I{ ee qacTI,IqHoMy oKpeMHeHLIn.

Ha Pnc. 6 uoraganu npoAonbHbre pa3pe3br cnerreHHoro Marepuana, B KoropoM oKpeMHeHHe I,IMeer pe3-

Ko oqepqeHHyro rpaHr{uy, o6ycnoBJreHHyro reMneparypHbrM pexrruotu o6xnra. AHarus Marepuana no-

KasaJr, qro ero oKpeMHeHHas qacrb coAepxr,rr (uac.o/o): SiC-65,2, Si-34,8, a caMocBt3annafl,qacrb - SiC-

98,5, Si-1,5. I,Is erux AaHHhrx cJreAyer, rrro reoperr,rqecKa.fl [JrorHocrb oKpeMHeHHofi .Iacru 3aroroBKI,I

AoJrxHa 6urr panna2,97 r/cu3. OAsaxo r.r3MepeHHaf, rrJrorHocrb oKa3aJlacb pannofi 2,33 rlcut3,T.e., rro-

pr.rcrocrb oKpeMHeHHofi qacru 3aroroBKr.r cocraBJr.fler Berr.ItII,IHy, He rlpeBblllrarotqylo 19,50 .

Bo nroporr,r onbrre [oporrrKr,r rap6uga KpeMHr4r (40-50rr,mu) u rpervrHnx (0,5-1,0rrarra) cnexanucr 6es

[pr{roroBJreHr,rr [rprxronofi cuecu n arrraocQepe rasoo6pa3Hblx yrJIeBoAopoAoB LI BoAopoAa, BbIAeJIrro-

ilIrrxcfl r.r3 ApeBecHbrx o[r4JroK. .ftr sroro KaproHHaJr rpy6a c HapyxHbIM AnaMerpola 80rr,rrvr u Anur.oit
1000rr,rrvr nprl noMorqu rpaQutoBbrx AtrcKoB Tonrqr.rHofi 20rvrrvr 6rrna pas4eJleHa Ha qerblpe paBHbIe s'aeir-

ru. B oAHy ra3 cpe.qHrrx rqeeK 3arpyxancn xap6ua KpeMnrarr, B Apyryrc - rpenaHnfi, a B ABe xpafinue

sqefiru - ApeBecHbre olrrJrKr{ B KaqecrBe HcrorrHr.rKa nerfrlrx BerrlecrB. C6opra BcraBJIuIacr n rpatfuro-

Puc.S. floeepxuocmb pospyuevafl o6paz4a SiC,cneqeHHozo as nopotaKu 6es ceaexa ( 1000)
Failure surfuce of a SiC- specimen obtained by sintering powder without a binder ( 1000)
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Byro rpy6y c Hapy)KHbrM Ar,raMerporu 98rrarra, BHyrpeHHrrM Ar{aMerpona 86rrarra w lrl.urtotrt 1000rrtrra, Koropat

3orrlMilracb MexAy rpaQuronrrMlr roKorroABoAaMu, oKpyxanacb cl,Inuqupyrouleft gacrrnrofi v HarpeBa-

nacb npffMbrM [porrycKaHlleM gJleKrpl,IqecKoro roKa B TeqeHHe 3,5 v.

flocle Bbrrpy3Kr.r rpy6uarofi rreqr{ r4 ocMorpa .f,rreeK 6uuo ycraHoBneHo, qro oxa3iullrcb rrycrblMtl

rpafiuue f9efixu, 3anoJrHeHHbre o[ilJrKaMvr,HcpeAHrr ruefira, 3arpyx{eHHas KpeMHI,Ierra. Cpe4n-r-a sqeir-

Ka, 3anoJrHeuuar rap6rgoM KpeMHLrr, coAepxafia crrJroruHofi uononunrufi rraarepuafl, I,rMeBIuLIft no Aluse
xqefirr.r [epeMeHHyro Bbrcory. flonyueunufi uarepu:rJr B r,r3JroMe r,rMeJr reMHo-cepnfi qner, BecbMa 6rus-

xnft r rlBery r,r3JroMa HarpeBarenr <Globar-SG)), l,r xaparoepr.r3oB{rnct AocrarorlHo sHcorofi npoqHocrbro

npr,r yAape.

flnornocru Marepr{ala, olpeAeneHHiur [yreM craHraprHblx H3MepeHI4fi, oxa3aracr panuofi 2,88 r/cu3,

ro ecrb ero a6co.nrorHarr ilopucrocrb cocraBrlJra Benrrqr,rlry 10,306.3ro ognaqagr, tITo noJrfreHHblfi SiC-

Marepvan qpeBocxoAuT no sTrrM xapaKTeplrcrnKaM SiC-rraarepuan HarpeBarens <Globar-SG>>, morrrocrr

u a6conrgrnzrfl nopracrocrb Koroporo paBHbr, coorBercrBeHHo, 2,80 r/crra3 u 12,8o/o.

Pacqemrrrvr rD/TeM, a raKxe x[Mr,rqecKr4M aHarrr,r3oM 6rrr onpe4eJreH cocraB noJryqeHHoro KoMno3nIIu-

oHHoro Mareppraro', coAep)KaHr.re KoMroHer{roB B KoropoM oK:l3,IJrocb paBHbIM (vrac.%o): SiC-64,3, Si-35,7.

I,Isuepenue yAenbHoro gnercrpocoilporrrBneHufr. HacrepxHe Anznofi 40r"rrra I4 ceqeHLIeM 4,0 4,45vrvr2

npv reMneparype I 100 'C rroKa3aJro. ero aHoMiurbHo Hr,BKoe 3HatreHre, 0,01 66 oM cM, qro raKxe oqeHb

6rlrgxo K BeJrnqHHe yAenbHoro oJreKrpoconporuBneHr,rr HarpeBareJlt <Globar-SG>>, parnoil 0,0160onr

cM npr4 TeMneparype l07l "C. 3ro o3Haqaer, rrro 3KclnyararlrroHHbre ilapaMerpbl KoMno3LIqlIoHHoro

SiC-rvrarepuirrra, coAepxailIero 35,70 KpeMHr4r, u KKOH <Globar-SG) c coAep)KaHI,IeM rpevruut l-2o/o

ilparclrqecKll coBnaAarcT.

I,Icnnranne nonyrreHHofo Marepr{ailaHa xapocrofixocrb rryreM HarpeBa IrlacrLIHbI romqusofi 3una

B nJraMeHrr Kr,rcnopoAHo-ar{err.rneHorofi ropenKr,r rroKa3aJro, rrro rpeunufi r43 Hero He BbITeKaiI (npn co-

neplnaHuu35,7%l) Aaxe npu HarpeBe B TeqeHlle HecKoJIbKrIx MHHyr.

flosr.rAuruoMy, Hanuque Bcex [epequcneHHbrx cnoilcrs y cleqeHHoro xap6ngrpeMHlleBoro Mareplla-

Jra, He r,rMeBllrefo npu cBoeM r,r3roroBJleHun cra1uit [peccoBaHzr, $oprvroBanug I,I Iut4xroBauur.,rpe6yer�

o6rscneH[q, o6rruno B TaKoro po,qa MarepvuraxAocraroqHo o6ocnosaHHo crapalorcs l,Is6erarb cB.s3oK

Ha ocHoBe KpeMHr{r. Xapocrofirocrb npr.r coAepxaHr.ru3',To/o KpeMHI,It uApyrve csoficrna cneqeHHoro
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Marepn:Lna MorJrr,r 6uru o6ycnoBneHbr roJrbKo KaKr,rMTo cnequQuuecKuM orrlr{tlueM lrpoqecca, KaKoBbIM

Moxer 6rrrr cneraHue xap6nga KpeMnr.rr co 3Hatrr{TeJrbHLrM ras6Hrro}r cno6oAnoro KpeMHLIt LI B flpoBe-

AeHHoe B BoAopoAHofi arrvrocQepe.

,{nx unrepnperarlr.ru rroJr5nreHHbrx pe3ynlTaron o6paruucs r roft o6nacru AI{alpaMMbI cocrotul{t

xperrauNfi-yrnepo4 (Prc. 7), roropar pacnonaraercr Mex(Ay gBreKrr.rqecrofi u [epr,ITeKTu.Iecrofi Toqxa-

Mrr, reMneparypaMu 1404 u2545 "C n crexoMerpuuecrurra SiC.

B sroft o6nacnr.ryrarpilMMbr cocroril{ur cyrqecrByer rlenarr cepvflcocrttBoB, npeAcrilBJrlroupor co6ofi pa-

crBopbr rap6u4a KpeMHlu{ B KpeMHr,[r, To ecrb cBr3aHr{bre Marepr{arJrhr c rrrHpoKLIM AI{arIa3oHoM TeMneparyp

rrnaBJreHr{r - or 1405 oC 
Ao 2545 "C u oqenb cnerg,rSnvecKr,rMrr Qnsr,uo-runauvecKilMrr xapaKreprcrl,IKaMl,I.

B grofi o6nacrr.r cyrqecrByer r.r paccMarpr,rBaercr Bbrrue Marepuiu c ero Heo6rrqnrnrur csoficrBarlm.

flocrolrry uxrrrfi Bapr{aHT norBJreHrrr \peMHrrJ{ e SiC-Marepr,r:r"Jre (nponurra KpeMHueM cue.reHHoft

SiC-garoronxr,r) pea-nrcoBan B npoMbrrrrJreHHoM uacurra6e, To MarepHaJI Ha ocHoBe xap6nga KpeMHI,rt u

KpeMHr{r Moxer 6urs npe4craBJreH TpeMr ocHoBHbrMH KoMno3r{q}rrrMr,r, r,rMeroilILrMI,I [pI,IHIII,IuLtiuIbHbIe

orlwrvivrfl ll s cnoco6ax noJqrueHvrs., vr e SusnuecrrEx csoficrsax. B [epBoM cJrfrae csxsxofi tBrltercf,

cso6oAHHfi rperraHufi, KorophrM y)Ke cueqennas SiC-saroroBKa fiponr{TbrBaercfl npLI TeMrleparype He-

cKoJrbKo Bbrrrre roqKr.r rrJraBJreHr.rfl KpeMHr.rr. Tarofi Marepr{aJr HacJreAyer KapKac cue.rexHofi 3aroroBKLI tI

r,rMeer xapo crofi rocrb rre Bbrrue reMlreparypbl TTJIaBJIeHI{I KpeMHHt.

Bo moporvr cJrfrae B KaqecrBe cBs3Kil r{cnoJrmyercr pacrBop xap6uga KpeMH}rt B KpeMHLIu, AJrfl rrero

cfleqeHHilrr SiC-saroroBKa rrpoflurhrBaercr pacrrnaBoM 14 ilapav.r4 KpeMHI{t nprr reMleparypax Bbltrre

C)
o

c,
t
a
6
h
o
A
E
q,

Ei

Atomic Percent Carbon

Puc. 7. ,(uazpoJtrrta cocmotHan cacmertu xpennurt - yarcpod [19J
Phase diugram of the SiC-system p9J
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2000 "C, B TeqeHr.re 2-3 u, npr,r groM npo[cxoAr,rr rracrr,rqHoe pacrBopeHr,re B KpeMHr{H caMocBt3aHHoro
xap1uaa KpeMnr.rr rd HacbrrrleHue 3aroroBrx (SiC+Si)-crxaxofi. TexnonoraMxopouo 9To r.I3BecrHo, rro-
gToMy rrpoMbrrlneHr{yro npour.rrKy KpeMHr.reM ToKonoABoAon KK3H BcerAa ocyulecrBJrrror npLI TeMle-
parypax 2000-2200 oC, To ecrb n"ycnoBvntx, KorAa uepnu.*rrfi rap6r,r4 KpeMHLIt 3aroroBKll pacrBopfler-
cr B KpeMHur.r. Boree roro, r,rMrd ycranoBneHo, qro e@Qerrunnocrb rrpolrrrKll ToKonoABoroB cylqe-
crBeHHo rroBbrrrraerc ., eclvr B pacrrnaBJrennufi rpentrnfi ilepeA o6pa6omoft sarotonxu Ao6annsrb oKo-
rc20%oMeJrKr.rx Sparqufi SiC rpynnocruo 80-l00urrra. Taxofi MareprraJr, xorr lr HacneAyer cneqennufi
KapKac SiC-saroroBKr.r, Ho ero xapocrofixocrr 6yuer HecKoJrbKo Bbrrue reMneparypbl rrJIaBJreHI{r{ KpeM-
Hyts, a BeJrlrrrlrHa ylenbHoro 3reropocoflporr.rBJreHun 6yger AocraroqHo nugxofi.

B rperrena cn1nrae B KaqecrBe cB.s3Krd Hcnonmyercr raKxe pacrBop xap6n4a KpeMHlls B KpeMHLIu,
oAHaKo r,rcxoAnrrfi Marepr,raJr llpeAcranrreH He cneqennofi sarmosxofi c roroBbrM KapKacoM, a rropoluKoM
xap6uaa KpeMHr{r (40-50uru), roropufi paBHoMepHo Hacbrrrlaercr rc pacrBopfrercfr rapaMu KpeMHLIt, a
3areM ynnorHrerc.f, ero Jrerfrr,rMr,r coeAlrHeHr{Jrlr.tl fitn noJrfren]ur raKoro Marepuarna ncxoAHylo IIrHxry
Heo6xoAr.rno He roJrbKo Harperb Ao reMneparyptt2200-2300 oC, uo tr BhlAep)Karb ee B TeqeHHe 2-3.r.8
orr{x ycnoBr,rrrx crreKaHue qacrrrl SiC n no,qopoAnofi arrraocQepe, HacbrrrleHr.re KpeMHr.It rap6r.I4orrr KpeM-
HHrr Ao o6pasonanux (SiC+Si)-cnrcxr u rponr.rrKa erofi cnrgxofi rfopnanpyroqeftcs 3aroroBKlt nporeKa-
roT oAHoBpeMeHHO, rrTO npr4BOAr.rT K rrCKJrK)rrr{TeJrbHO paBHOMepHoMy pacEpeAeJIeHI4Io c[eqeHHblx qac-

rnlnl SiC B cBs3Ke [20,211.
Ha puc. 8 n 9 npuneAeHbr rraurcpoQmorpaQzu cneqeHHbrx SiC-naareplraJroB, B Koropbrx.repnrrfi qner

coorBercrByer rap6uxy KpeMnlrfl, a 6enufi - pacrBopy rcap6ugaKpeMHr.rr B KpeMHurd. Ha puc. 8 norasa-
Ha HeoAHopoAHrur crpyrffypa roKoroABoAa KK3H, rponnraHHorc pacnJranorvr (SiC+Si) npn reMrlepary-
pe oKono 2000 'C. Ha pnc. 9 norasana oAHopoAH:Ir crpyKTypa Mareprlana, noJD IeHHoro B pe3ynbrare
oAHoBpeMeHHo nporeKaroulLtx rpoqeccoB crreKaHrlr, o6pasonanfir (Sic+Si)-cnasxu u nponl{TKpr srofi
csqgrofi Soplaupyrollefics 3aroroBKr.r. flpu eroru Ha 3aKrroqnreJrbHoM 9Ta[e o6pasorarruuitcss rasonofi

Qa:e eropra.rHrrfi rap6r.r4 KpeMHrrJr oca)K,qaercr B TBepAoM Br{Ae, rracrr,rrrHo pacrBopttcb B KpeMHvIvt, vl
npovcxoArlr o6reunoe rasoQasnoe yrrnorHeHue v oKoHqareJnuoe SoprvrLIpoBaHLIe crpyKTypbl SiC-rraa-
Tepr.raJIa.

B npegemHoM cnyqae - rrpz coqeraHrrr.r oqeHb errcoxofi TeMrreparypbr cneKaHrant<ap6uga KpeMHr.rt
(nuue 2300-2500 oC) co 3HaqrareJrbHnu ug6urrou cso6oAHoro KpeMHr,rJr - Mo)r(er npou:ofirn noJIHoe
pacrBopeHne Bcero cfleKaeMoro SiC-nopourKa B xr4AKoM KpeMHr,rr4 c o6pasonaH]IeM roMoreHHoro pac-
[naBa. Hecruorpx Ha ro, rrro KpeMHufi nurorga He paccMarpuBurcs. rar eS$er<rusHHfi cBr3yrorrlufi rraa-
Tepvan - oH He nJIacTI,IqeH I{ He )KapocToeK, Ho B AaHHoM cnrlae npu oxJrax(AeHr,rrr cHcTeMbI pacTBo-
peunufi B KpeMHr4r,r npra BbrcoKofi reuneparype rap6u4 KpeMHr,rr BHoBb Kpr.rcraJrJrn3yerct, npu gToM

cneqenHufi KapKac r.r3 rrepBr4qHoro SiC orcyrcrByer, a o6pa:youl[ecr qacrr,rrlbr BTopnrrHoro xap6u4a
h?eMHlt.f, yxe He cneKarorcr Mexqy co6ofi - TaK Bo3Hr.rKaer npr.rHrlr,rflrrirJrbHo nosHfi KoMno3LIII[onHrrfi
SiC/ Si -Marepr.raJr. Ha prEc. l0 npune4eHa crpyKTypa raKoro Marepr{ana, B KoropoM csrsrofi crryx(r,rr
pacrBop xap6uga KpeMHr.rr B KpeMHlrr.r (6enufi qner), a HarronHr,rreJreM - He cBr3aHHbre Mex(Ay co6ofi
r{acrzrlbr BTopr,rqHoro xap6u4a KpeMHr4-rr (vepHuft qner).

Sror nropn.rHHfi rap6u,{ KpeMHr4Jr, 6yuyvu BecbMa MenKoKpLrcrulnJrraqecKr.ru (nosrvroxno aruopQuurvr),
cyuecrBeHHo yflpoqHrer KpeMHr.reByro cBr3Ky KoMrro3LrrIHoHHoro Marepr.rana, qro,qeJraer neo6rrqnurrara
Bce ero Qu:uvecxue xapaKrepvc^tvtKvt, B rracrHocrr,r, BbrcoKyro crofixocrr npfi pe3Kl{x relrJlocMeHax.
MuoroxparHoe rroBTopeHr,re npoqecca pacrBopeHr{e - Kpr,rcrurnv3ar\u4 HanprdMep, B rlr,rKJre pa6oru
rap6n.qKpeMHr,reBoro HarpeBarenr, Hacbrrqaer crpyKTypy cBr3Kr,r pa3Hopa3MepHbrMr,r SiC-qacflrrlaldr,r
pa3H6rx renepaqufi, qro rrpnBoAr.rr K rrapaAoKcrubHoMy rBneHr,rrc - KKOHn npoqecce gKcnnyaralll4l4

Jrrrrrlb yBennqr,rBaer MexaHnqecKyro [porrHocrr u cta6unusr4pyer cBoe gneKTpocolporl,IBJleHlde.
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Puc. 8. M urqocmpyxmypa RR?H, nponumavHoeo rypeJn'
nueu (x60)

The microstractare of a SiC-based heuter obnined by

inftltration of a blank with silicium (x60)

Puc. 9. Muxpocmpyxmypa Hoeo?o cneqeHvoeo SiC-ma-
mepuen&
The microstracture of a novel sintered SiC-based

material (x60)

Ha puc. 11 uro6paxeua MzKpocrpyrTypa HarpeBarent <Globar-SG>. B srofi MllKpocrpylffype o6pa-

rrlaer BHr.rManvre, rrpex,qe Bcero, MaJroqrrcJreHHocrb KpHcr:urJIoB rrepBlltlnoro rap6uAa KpeMHrrrI - He

6onee 20o/o o6ozpenaeuofi fioBepxHocru urnn$a u, KpoMe roro, oIrJIaBJIeHHocrb KpIacruIJrJIoB nepBI'IqHo-

ro rcap6uga KpeMHr4r. 3ro ceu,{erenbcrByer o MHoroKparHoM pacrBopeHHLI ilcxoAHoro rap6u4a KpeM-

:rtvrfl,B ng6rrrre KpeMHr{s npr4 HarpeBe KK3H v nocJleAyroqerra o6pasoBaHul,t MeJlKoKpl'IcrarruqecKoro

BTopr.rqnoro xap6Ia4a KpeMHHJ{ npn oxJlaxrenur'r KK3H.
Taruu o6pasou, o6naAanr nsrcorofi xapocroftxocrbro roJIbKo MarepI,IaJIbI, cneqeHHble npl4 TeMne-

parypax Bbrrrre 2300"C;Marepr{anbr, cneqeHHbre rrpr 6oree Hrr3KHx reMrleparypax, BblcoKoft xapocrofi-

Kocrbro ne o6naAaror. Moxno Aorrycrr{Tb, rrro 3aBLIcLIMocrb xapoctofirocr[ MarepfiaJla or reMlrepary-

pbr ero ron)nreHrrJ{ cBs3aHa c rpeAeJroM pacrBopr,rMocrn SiC n Si, xoropuft nvgor npll TeMreparype

rrJraBJreHr,rfl KpeMHrlr r,r 3HaqrrreJrbHo noBbrrrraerct c pocroM TeMneparypu. llpu gToM yBenuql'IBaerct

coAep)KaHr{e SiC B pacrnaBJreHHoM KpeMHr,{u, Ho u Becb cso6oAuHfi xpeunuft nepexoAl,IT e (SiC+Si)-

cBr3r(y.
Oqenurrl no [pr.rBeAessofi Ha pr{c. 8 $asonofi AraarpaMMe, Bo3MoxHblfi cocras np}I BblcoKofi rerune-

parype ron) reHHoro Marepr,raJra (SiC-64,3%, Si- 36,7oh),Aonycrl{B, qro B KpeMHI,M pacrBoputrocs20Yo

xap6ugaKpeMur,rr. B rpeunzv pacrBopr,rnocr rap6nga KpeMHHt 64,3 0,2:12,86oh. B xpeunuz pacrBo-

pr{nocb yflrepoAa B Br.r.qe rap6u.qa KpeMHr.rr 12,8612140:3,86yo. B pacrnope coAep)Krlrcx ymepoga 3,86
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Puc. 1 1. M uxpocmpyrcrrypa H(Epesamerfl <Globar-SG>t
(x70) [22]
The microstructure of <Globar-SG> - heater (x70) [22J

100l(35,7+12,86) : 7,95o/o. B pacrnope coAepxlrrcr KpeMHur B BHAe xap6n4a KpeMHI4t 100-7,95 :

92,05o/o. ArorvrHsrfi Saxrop no yrnepoAy 7,95112:0,66. Arouuufi Qaxrop no KpeMHHto92,05128:3,29.
B sroNr cn1'.rae coAepxaHr.re yrnepoAa B pacrBope 0,66 100/(0,66+3,29): 16,71 ar.Yo

Srorrly coAep)r(aHnrc yrnepo.qa B aroMHbrx nporleHTax rro Ar4arpaMMe cocrorHr4rl coorBercrByer cBt-
:yroqnfi Marepr4an c reMneparypofi nnasreHus 2300 "C (rovxa 3arBepAeBaHI{t pacrBopa SiC n Si na
nvrntrvtnr.rKBr,rAyca). 3ro o3Haqaer, BorrepBhrx, rrro Marepuan c raKr,rM coAepxaHlrervr xap6u4a KpeMHI4JI B
cBr3Ke Mox(er 6urr nonyreH ToJrbKo npr.r reMreparype He Hr.DKe 2300 "C (cocran SiC-naarepuaJla coor-
BercrByer reMneparype ero rroJrfrenvtfl., r.rJrr.r KDKAbrfi rraarepuar onpeAeneHHoro cocraBa lcMeer rlpe.qeJr
xapocrofirocrr,r, paBHbrfi rerraneparype eft) rronfreuux). BonT oprrx, sro o3Haqaer, qro An,r noJIfIeHHt
MareplraJra c MaKcuMrurruofi xapocrofixocrrro (ao 2500 oC) ucxo4Hrrfi SiC-uopouroK neo6xoguuo na-
rperb Ao reMrreparypbr He Hr,rxe 2500 "C r,r BbrAepx(arb npu srofi reuneparype B TeqeHI,Ie 2-3.r lo
noJrHoro HacbrrrleHl,rt KpeMHlIt rap6u4orvr KpeMHI,It.

Becrua Hr/BKoe yAenbHoe gneropocolporr4BneHrre rronfreHHoro KoMno3r,rqrroHHoro Marepllana, pdB-
Hoe 0,01 66 oM cM, r{y)KAaercfl e o6rscHeHr,rz. Oarr yMeHbrueHr,rrr gnercrpoconporllBJleHllt xap6uga KpeM-
HHr rrpn yBenuqeHuv coAepxaHns cso6oAHoro KpeMHHr xopouo t43BecreH, (torouo4noAtlllue KoHIIrI
xap6u.uxpeMHueBbrx HarpeBarenefi nponnruBaror KpeMHHeM KaK pa3 AIrfl cHI4xeHI,I.a rIX gJleKTpoconpo-

rHBJreHr{r ilo cpaBHeHuro c rleHTpanrnofi pa6ovefi uacmro).
He ficxmo.reHo, qro eror Qarr o6rscH.sercr npr.rMecHoft arerrpoilpoBoAHocrblo KpeMHur, o6ycnon-

:resnofi pacrBopeHveM B HeM rrpn BbIcoKHX TeMneparypax nap6n4a KpeMHLIt.
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Ouvretnu B 3aKJrrorleHlre, qTo nosrrfi KoMrlo3l,tquonnuft Marepvan xopomo noAAaeTct rraexanfi'Iecxofi

o6pa6ome, qro Br,rAHo Ha pr,rc. Puc.12, r4e uao6paxena Qunrepa, u3roroBneHHat I43 gToro MarepHana.

4.3aKmoqen[e

Korr,runerc csoficrn HoBoro Sic/S-rraarepuu:€ oupeAeJr.fler o6nacrr,r ero npI,IMeHeHVIA, 3HaqI'ITeJrbHO

BbIXOMIIIIe 3a paMKI4 HarpeBaTeJlbHbrx 3JreMeHToB: THreJIbHbIe MaTepI'IanbI, KoHTaKTI{pyIoqI4e c pac-

rrJraBJreHHbrMr.r MeraJrJraMr.r; corrJroBbre BKJTaAbIIITII BblcoKoreMneparypHblx r&3ocrpyftuux aruIaparoB;

corrJroBbre noflarKr.r, pa6oraroq[e upil BhrcoKr.rx reM[eparypax lr oKLIcJrHTeJIbHbIx cpeAax; Manol4crl4pa-

eMbre anrraspurqgoHHbre gJreMeHTbr Bparqarcrrlnxct npu BbIcoKI,rx reMfleparypax Aera;refi MaIITI'IH; Ma-

Jror.rcrr{paeMbre gneKTporrleTK}r gleKTpuqecKr{x MarrrHH; pffinl,IqHble KJIaUaHbI, uc[bITbIBaIOilI]Ie Ilepuo-

Ar,rqecKl,Ie yAapHble Harpy3Krr.

Moxaro ctrr{Tarb, rro parpa6oraHHtu{ TexHononlt npoLI3BoAcrBa BblcoKo[norHbx xapoctofulN Harpe-

BareJrbHbD( gJreMerrroBno3BoJrrgr 11on5nrarb roMrro3r{quor*rrrfi SiC/S-rraareprlaJr no cBoI{M Qnsurco-xluvrn-
qecKr.rM r.r 3Kcrl[yararryroHrsrM ceoficrBaM He ycrynarougnl rvrarepl4arry Harpeearerefi ceMeficrea <Globan>.
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