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BNVMAHME BbICOKMX OABNEHUN N TEMMEPATYP
HA MUKPOCTPYKTYPY Y CBONCTBA HUTPUOA ANFOMUHNA

CtaTtbsa noctynuna B pegakumio 12 mapta 2015 roga

Hccnedosarno enuanue yciosuii mepmobapuieckoi oopabomrku Ha NAOMHOCHb, MUK-
POmMEepoOOCmy U MenIoOnPoBOOHOCHb 00pa3zyos kepamuru uz AIN u e3aumocesnsy smux
Xapaxmepucmux ¢ Muxpocmpykmypou. HM3yuenvl c60licmea NOIUKPUCALIUYECKO20
HUMPUOA ANIOMUHUSA, NOTYUEHHO20 CHeKaAHUeM MUKPONOPOWKa npu oasieHusax 2.5 u
4 GPa 6 ouanazone memnepamyp 1300—2200 °C be3 akmusupyrowux 0obasok. Ycma-
HOB/IEH HEMOHOMOHHbI XAPaKmep UX UMEHEeHUs. 8 3AGUCUMOCIU OM MeMNepamypbol
cnexanus. Haubonee evicokas omuocumenvuas niomuocme 99.7% Ooocmuenyma y
00paszyo8 Humpuoa aroMuHus, cnevennvix npu oasrenuu 4 GPa u memnepamypax
1800-2100°C. Obpasyvl, cneyennsvie npu memnepamype 1800°C, umerom maxcu-
ManvHyro mukpomeepoocms 20 GPa u niomuyio meaxoszepuucmyio cmpykmypy, 8 Ko-
mopoti codepacanue s3epen pazmepom menee 0.5 um cocmasasem oxono 90%. Max-
cumanvHvle 3Havenus menionposoonocmu 180-190 W/(m-K) obpaszyos docmucrymoi
npu 6onee svicoxux memnepamypax cnexanusi 1900-2100°C. Dmo cea3aH0 6 OCHO8-
HOM C BbICOKOU NIOMHOCHbIO, YEENUUCHUEM CPEOHe20 pasmepa 3epHA 6CAeOCMmEUe
PEKPUCTNATIUZAYUY, A MAKICE CO CHUNCEHUEM YPOBHS MUKPOHANPSNCEHUL 00 YPOBHSL
UCXOOHO20 NOPOUIKA.

KiroueBble cjioBa: HUTPHI aTOMHUHHS, TepMoOapudeckas oOpaboTKa, BBHICOKHE [1aB-
JIEHUsI U TEMIIEPATYPhl, MUKPOCTPYKTYpa, ILIOTHOCTh, MUKPOTBEPAOCTh, TEIIONIPOBOJI-
HOCTb

Hocniooceno enaue ymos mepmodapuunoi 06pooKu Ha WinbHiCMb, MIKPOmMeepoicmp
i menaonposionicme 3pasxie kepamixu 3 AIN i 63aem038 30K yux xapakxmepucmux 3
MIKpocmpykmypoio. Bugueno eracmugocmi noaikpucmaiiyuio2co Himpuoy aioMminio,
OMPUMAHO2O CRIKAHHAM MIKponopowky npu muckax 2.5 i 4 GPa ¢ dianazoni mem-
nepamyp 1300-2200°C 6e3 axmugyrouux 000a6ox. Bcmanoeieno nemonomouuuil
Xapaxmep ixHb0l 3MIHU 6 3anedcHOCmI 610 memnepamypu chikants. Haiubirvw eu-
coxoi gionocnoi winonocmi 99.7% Odocsienymo y 3pasxie Himpuody anominiio, cneye-
Hux npu mucky 4 GPa i memnepamypax 1800-2100°C. 3pa3sxu, cnedyeni npu memne-
pamypi 1800°C, wmaomv maxcumanvHy mikpomeepdicmov 20 GPa i wineuy
OpibHO3epHUCMY CIMPYKMYPY, 6 AKili emicm 3epen po3mipom menuie 0.5 pum cmawno-
sumo Oausvko 90%. Maxcumanvri 3nauenus mennonpogionocmi 180—190 W/(m-K)
3paskie docseHymi npu Oinvu sucokux memnepamypax cnikanns 1900-2100C. L]e
108 SI3AHO 8 OCHOBHOMY 3 8UCOKOIO WINbHICIIO, 30INbUWEHHAM CepeOHb0o20 PO3MIpY
3epHa 8HACNIOOK peKpucmanizayii, a maxooic 3i 3HUNCEHHAM PiGHSI MIKpOHANpYe 00
PI6Hs BUXIOHO20 NOPOUIKY.
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KuarouoBi cioBa: HiTpua amoMiHito, TepMoOapiudHa 00poOKa, BUCOKI THCKH 1 TeMriepa-
TYpH, MIKPOCTPYKTYpa, HIIJIbHICTh, MIKPOTBEPAiCTh, TEILIONPOBLIHICT

BBenenue

Kepamuka Ha ocHOBe BIOPUUTHOHN (ha3bl HUTpPUIA aTIOMHUHUS LIUPOKO MPHU-
MEHSIETCS BO MHOTHX OO0JacTsIX COBPEMEHHON TEXHHKM WU 00Janaer psaoM
YHUKJIBHBIX CBOWCTB, B YACTHOCTH HEOOIBIIUM KOA(PIUIIMEHTOM TepMHUUe-
CKOT'0 pacIIUpPEHHUs], BLICOKUMH TEPMOCTOMKOCTBIO U TEIJIOMPOBOIHOCTHIO [1].
OcHOBHBIE CMOCOOBI €€ MOJIyYeHHUs MPEeNyCMaTPUBAIOT NJIUTENbHBIA BBICOKO-
TEeMIIEpaTYpPHBIM OT)KUT U UCHOJIB30BaHUE aKTHUBUPYIOIUX N00aBok [2—7]. Ox-
HUM U3 3(HPEKTUBHBIX METOJIOB M3TOTOBJIEHUS BBICOKOIIIOTHOU AIN-KepamMuku
SBJISIETCSl CIIEKaHME IOJ BBICOKMM JaBlieHHEeM. B psne paboT mpu crnexkaHuu
HUTpHUIA alFOMUHHS 10 BBICOKUM (~ 5 GPa) naBneHuem B TedeHHe MPOIOJI-
xutenbHoro (ot 1800 s) Bpemenu nmpuMeHsan go00aBku, Takue kak Y,0j3 [8],
Lay03 [9] u CaC, [10].

Tem He MeHee TEXHOJIOTMS BBICOKMX JABJICHUW IMO3BOJSAET CHEKATh JAHHBIN
MmaTtepuan u 6e3 nob6aBok. Tak, B [11] Obl1a monydeHa BBICOKOIUIIOTHASI U BBICO-
koterutonpoBoHas (190 W/(m-K)) AIN-kepamuka 63 HCIIOIB30BaHUS 100aBOK
B YCJIOBHAX BbICOKMX naBieHuil (6.5 GPa) u temmneparyp (2000°C) B TeueHue
1800 s. B pabore [12] moka3aHO, 4TO C yBEJIWYCHUEM JIaBJIICHUS CIIEKAHUSA OT
3.15 1o 4.95 GPa mpu 7' = 1700°C B teuenue 3000 s HabmOa€TCS MOBBILICHUE
otHOCUTENbHOU TIOTHOCTH AIN 110 99.94%. Cnedennsiii AIN ¢ OTHOCUTENBHOM
I0THOCTBIO 94.92% O6b11 nonyueH npu 6osee HU3koi (1300°C) Temnepatype B
teuenue 3000 s [13]. Kpome toro, B pabortax [14-16] mokazana BO3MOXKHOCTb
UCIIOJIb30BAHUS TEXHOJIOTUU BBICOKHUX JIaBIIEHUN C Oojiee KOPOTKUM BpEMEHEM
cnekaHus s u3roToBieHust AIN-kepaMUKH C BRICOKMMH SKCILTYaTallMOHHBIMH
XapaKTEePUCTHKAMHU.

CrpykrypoobpazoBanue AIN mpu TepmoOapuyecKkoM CIIEKaHWU OINpPEAEIseTCs
TaKUMHU OCHOBHBIMU (haKTOpaMH, KaK JAUCIIEPCHOCTh MCXOJHOTO IMOPOIIKA, TEM-
nepatypa U JUIMTeIbHOCTh cnekanus [17]. Apropamu [18,19] nmokazano, uTo ¢
YBEIMUYEHUEM ITUTENBHOCTH CIIEKAHUS IO/ BBICOKHM JaBICHUEM HMEET MECTO
NEPUOTNIECKOe M3MEHEHHE CTPYKTYPHOTO COCTOSHHSI HUTPHIA ATIOMUHHS OT
CUJIBHO 1e()OPMHPOBAHHOTO JIO MOJHOCTHIO BOCCTAHOBJIIEHHOTO. DTO 00yCIlIOBIIE-
HO OJIHOBPEMEHHBIM JIEHCTBHEM TPOILIECCOB AeOpPMALMU M pPENlaKCaIliH C HallU-
YHeM CTaJil MPEeUMYIIECTBEHHOTO MPOTEKAHUS OJHOTO W3 HUX Ha OMpejelieH-
HBIX 3Tanax P—7-00paboTKu.

OpHako BIMSHUE BEIWYMHBI IABJICHUS MIPU CIICKAaHUU Ha (PU3UKO-MEXaHUYECKHUE
U TETUI0(U3NIECKHE CBOMCTBA KEPAMHUKH M3 HUTPHA ATFOMUHHUS TIPAKTHUECKU HE
u3ydeHo. Jlannas paborta HampaBlieHa HA UCCIIEIOBAaHUE BIUSHUS YCIOBUIM TepMO-
Oapuyeckoil 00pabOTKH Ha MIIOTHOCTh, MUKPOTBEPIOCTb, TEIIONPOBOJIHOCTD Ke-
pamuku u3 AIN, a Takxke Ha U3yuyeHHE B3aMMOCBSI3U ITUX XaPAKTEPUCTUK C MHK-

POCTPYKTYpOH.
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MaTepna.m,l U ME€TOAbI UCCJICI0BAHUA

B kxadecTBe MCXOMHOTO MaTepuasa MUCIOIb30BaIH TOPOIIOK BIOPUUTHOHN (hasbl
HUTpH/Ia AIFOMUHUS TEYHOIO CHHTE3a MPOM3BOJCTBA J[oHenKoro 3aBoja Xxumpe-
aktuBoB (TY 6-09-110-75). Yactumsl umenu GopMy WU TMHONH OKOJIO 6.5 pm u
nmrameTpoM He 6osee 0.5 pm (puc. 1). Hununapudeckue 3aroroBku AIN auamerpom
11 mm u BeICOTOM 4 mm MpeccOoBAI B CTAIBHON Tipecc-popMme nipu nasicHun 1.0
GPa. Crniekanue 3aroToBOK HPOBOJIWIN
B KOHTEHHEpax U3 JUTOrpadcKoro
KaMHs ¢ Irpa)UTOBBIMH HarpeBaTeIsiMU
B YCTPOICTBE BHICOKOT'O JIaBJICHUS THIA
«HAaKOBaNlbHU ¢ yruyoneHusimu» [20]
npu temneparypax 1300-2200°C u
nmasiaeHuAx 2.5 u 4 GPa B Tteuenue 60 s.
KoHnTponb pexuMoB cliekaHus ocylie-
CTBJISUIM IIPU MTOMOILIU TEPMOPETYIISATO-
pa cnekanust TC-3 [21].

[T10THOCTH CHIEYEHHBIX 00pa3LOB OIl-
penesuIi METOJIOM T'MIPOCTaTUYECKOTO
B3BEIIMBAaHUS B YETBIPEXXJIOPUCTOM YT-
Jepojie MpU KOMHATHOM TemIeparype.
V3mepeHns: MUKPOTBEPAOCTH TPOBOIMIH
Ha MmukporBepaomepe [IMT-3 npu Ha-
rpy3ke 1 N. TemionpoBoAHOCTh U3Me-
psUIM CpaBHUTENBHBIM MeTOAOM [22,23].
CTpyKTypHBIE MCCIEIOBAaHHUS OCYILECTBISUIM HAa PEHTTEHOBCKOM AH(paKTOMETpe
JIPOH-3 B Cu K -u3inydeHuu. OIJIEKTPOHHO-MHUKPOCKOIINYECKHE HCCIIEAOBAHU
nposogwin B UTIM HAHY metonom npocBeunBaromieid 31eKTpOHHON MUKPOCKO-
MU 110 TOHKUM (pOJIbraM U yroJbHBIM peIUIUKaM OT €CTECTBEHHBIX MOBEPXHOCTEH
U3JI0MOB. AHAJIN3 MUKPOCTPYKTYpPbI CIIEUEHHBIX 00pa3lOB OCYILECTBIISUTM Ha aBTO-
MaTHUYECKOM aHanmu3aTrope u3obpaxkeHus «Mini-Magiscan» ¢upmsl «Joyce Loebl»
(Anrnus) ¢ ucnonb3oBanueM nporpammsl «ABrockan» B UIIM HAH benapycu.

MIRAW TESCAN
iew field: 2.893 ym Det: SE Detector 500 nm 7
PC: 10 SEM MAG: 60.00 kx Digital Microscopy Imagingn

Puc. 1. DneKTpOHHO-MHKPOCKOTHYECKOE
n3o0paxkenne gactui nopomka AIN med-
HOTO CHHTE3a

Pe3y.]'leaTI)I u oﬁcyme}me

Ha puc. 2 npencraBieHbl 3aBUCUMOCTH IJIOTHOCTH, MUKPOTBEPIOCTH U YIIH-
penust tuHui otpaxkenuii 203 u 302 Ha nudpakrorpammax oOpasloB, MOTyUYEH-
HBIX 1pH AaBieHusax 2.5 u 4 GPa B untepBane 7 = 1300-2200°C, ot Temneparty-
pBI CIIEKAHUSI.

Kak BHIHO M3 pHCYyHKA, TUIOTHOCTH U MHKPOTBEPAOCTH CIIEYCHHBIX 00pa3IoB
AIN 3aBUCAT U OT Temmeparypbl, U OT AAaBJIEHHs CIIeKaHUs. YIUIOTHEHUE o0pa3s-
IIOB NPOTEKAET OTHOCUTENIbHO OBICTPO, JOCTUTasl HACBHIILIEHUS C YBEJIWYEHHEM
temneparypsl ciekanus 10 1600°C npu P = 2.5 GPa u no 1800°C npu P = 4 GPa.
Bonee BbICOKast MIOTHOCTH JOCTUTAETCA MpH OonbiieM naBieHun. OOpasisl,
HOJIy4eHHBbIE IPH 3TUX TEMIEepaTypax U JaBJIEHUsAX, 0071a1at0T OTHOCUTEIbHON
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Puc. 2. 3aBUcUMOCTD TNIOTHOCTH P, MUKPOTBEPAOCTH Hy U ymupenus AW nunuii 203 u
302 AIN ot TemnepaTypsl crieKaHus pu gaBieHusx 2.5 (a) u 4 GPa (0)

IIOTHOCTBIO 98.5 1 99.7% 1 MakcUManbHBIMU 3HAYEHUSIMU MUKPOTBEPIOCTH —
cootBercTBeHHO 18.6 n 19.8 GPa. [Insg oboux naBieHUi 3aBUCHUMOCTH MHUKPO-
TBEPAOCTH OOpa3IOB HUTPUIA ATIOMUHHUS OT TEMIEPaTypbl CIICKAHUS HUMEET
onMHaKoBBIM BHA. IIpu 3TOM c pocToM TemmepaTyphl CIIEKaHHUS YBEIMYCHUE
MUKPOTBEPAOCTH 10 MAKCUMAJIbHBIX 3HAYCHUN MPOUCXOIUT OJHOBPEMEHHO C
MOBBINIEHUEM TUIOTHOCTH 00pa3noB. CHUKEHUE MUKPOTBEPAOCTH 00pa3loB Mpu
OoJiee BBICOKHX TEMIIEpAaTypax MOXKET OBITh CBSI3aHO C COOMpPATEIBHOW PEKpH-

CTAJTU3aIUeH, aHAIOTUYHO TOMY, KaK 3TO HaOJII0JaJIOCh Ui HUTPUIAa THTaHA B
pabote [24].
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Crnenyer oTMeTuTh Oosiee HU3KHE 3HAUYEHUS IUIOTHOCTH U MUKPOTBEPAOCTH
00pa310B HUTpHJA ATIOMHHUS MPU TeMIeparypax crnekanus Huxe 1650°C s
nasienus 4 GPa (puc. 2,6). 3T0 MOXET OBITH CBSI3aHO C MEHbIIEH TIACTUYHO-
CTBIO YaCTHUIl MOPOIIIKA B MpoOliecCce YIUIOTHEHUS, YeM MpHU Ooyiee HU3KOM JaBJie-
auu 2.5 GPa, BciencTBue Oosnbmiero aegopManioHHOTO YIPOYHCHHS HA JTarie
CKaTHsI, Kak 9To oTMevaercs B [25] s qubopuaa Tutana. bojee HU3Kas INIOTHOCTh
CIIEYEHHBIX 00pa3I0B 00YCIOBIMBAET U MEHBIIIYI0 MUKPOTBEPAOCTh. Mcronb3ys us3-
BecTHYI0 cxemy Modde—/laBuneHKoBa st TeMIepaTypbl XpyIKO-BsS3KOTO mepe-
X0/1a TPUMEHUTENBHO K TYTOIJIABKUM COEIMHEHUSIM [26], CABUT KPUBBIX MHUKPO-
TBEPAOCTH U IJIOTHOCTH Ha pHC. 2,6 B CTOPOHY 00Jiee BHICOKHX TeMIIepaTyp cre-
KaHHS MOYXXHO OOBSICHUTH HMOBBILIEHHUEM TEMIIEPATYphl XPYNKO-BSI3KOTO MEPEXoaa
B HUTPUJIE AJIFOMUHHUSA C POCTOM JaBieHus ot 2.5 1o 4 GPa.

PenTreHoBckue ucciaeoBaHus MOKa3aid, YTO MIMPUHA JUPPAKIUOHHBIX JTUHHUHA
HUTpUJA AJFOMUHHUS TaKK€ M3MEHSETCS B 3aBUCUMOCTU OT PEXKHMMOB CIEKaHUs
noj nasienueM (puc. 2). bonbiee ymupenue nansHux pediexcos 302 mo cpas-
HeHnto ¢ 203 CBUAETENBCTBYET O TOM, YTO B IIpoliecce TepModapuueckon oopa-
00TKM OONBIIMI BKJIAJ B YIIMPEHHUE JTUHUA BHOCAT MUKpOHANpsDKEeHuUs [27].

MO:XHO moJararh, 4YT0 YMEHBILIEHUE YIIUPEHNSI PEHTI€HOBCKUX JIMHUI C pOCTOM
TEMIIepaTyphl CIIEKaHUs 00Pa3IOB CBSI3aHO CO CHIKEHUEM ypoBHS fedekrHocTr AIN.
YMeHbllIeHe BETMUMHBI YIIUPEHNs] PEHTTEHOBCKUX JIMHUNA C YBEIMYEHUEM TeMIlepa-
Typsl criekanust npu gasieHnn 4 GPa, Tak ke, Kak U CHIDKEHHE MUKPOTBEPAOCTH 00-
Pas3IoB, MPOUCXOAUT MPH OOJIee BHICOKUX TEMIIepaTypax, ueM rpu gasieHuu 2.5 GPa.

O6pa3ust AIN ¢ MakcUMaIbHBIMU 3HAYEHUSIMU MUKPOTBEPIOCTH, MJIOTHOCTH U
MHUHHMAJIbHBIM YPOBHEM MUKPOHANPSIKCHUN OBUIM MOJYYEHbI IyTeM CICKaHHS
npu OoJiee BHICOKOM JaBiieHuu. [loaTromy nanbHeliue uccieoBaHus MPOBOIUIN
Ha 00pa3Iax HUTPUA ATFOMHUHUS, CTICYCHHBIX 101 AaBiieHrueM 4 GPa.

Ha puc. 3 npencraBiena 3aBHCUMOCTb TEIUIONPOBOJHOCTH 00pa3IoB HUTPHIA
AJTIOMUHUS OT TeMrepaTypbl criekanus npu nasienuu 4 GPa. Bugno, uro ¢ poc-
ToM TemmnepaTypsl cnekanus A0 1800°C TenaonpoBOJHOCTH MOBBIILIAETCS OJHO-
BPEMEHHO C YyBEIMYEHHEM IUIOTHOCTU (pHC. 2,0) W TOCTUTAET MaKCUMAalbHBIX
sHadennit 180—190 W/(m-K) npu temneparypax 1900-2100°C.

AHaM3 MHUKPOCTPYKTYpPBI 00pa3IoB mocie Oapuyeckol 0OpabOTKH IMOKa3a,
YTO B MPOLECCE CXKATHUSA B KAMEPE BBICOKOT'O JaBJIEHUS IPOUCXOAUT pa3pyllIcHHE
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UTJIOBUHBIX YaCTHUIl MUCXOAHOTO MOPOIIKa HUTPpUAA altOMUHHS (cM. puC. 1).
[Iporecc ero yrjaoTHEHHs TPU XOJIOHOM MPECCOBAHUU IO BHICOKUM JIaBJICHUEM
COTPOBOXKAAETCA IMIACTHUECKON Aedopmaimeii, KoTopas yBEIUYMBAETCS C POC-
ToMm naBieHus [28,29]. Ilpu 3TOM OTHOCUTENBbHAS MJIOTHOCTh KOMIIAKTOB, MOJY-
YeHHBIX MpH naBieHusx 2.5 u 4 GPa 6e3 HarpeBa, JOCTaTOYHO BHICOKA U JOCTH-
raet cooTBeTcTBeHHO 82 u 89% [28,30].

CornacHo [31] Beicokue naBneHus nopsiaka 4 GPa u Belie BbI3BIBAIOT B HUT-
pUC aTOMHUHUS IIACTHYECKYIO JeOpMaIiio, a TakKe TUCIOKAIMOHHBIE TIepe-
CTpOIKH, B 3€pHAX CO3[ACTCS PA3NUYHBIA YPOBEHb NEe()PEKTHOCTH, MPOUCXOIUT
PEeKpHCTAILIH3AIHNSA, B X0/Ie KOTOPOil 00pa3oBaHHE M POCT Oe3neeKTHBIX 3epeH
OCYIIECTBIISIOTCA 32 cyeT Oosee AeOopMHUPOBAHHBIX 3€pEH C MOCIEIYIOIINM UX
nedopmupoBanueM. [Ipu 3ToM mactudeckas nedopManus OCyIIeCTBISCTCS TOI-
HBIMHU 0a3UCHBIMU AUCIOKausamu [31].

Kaxk cnenyer u3 puc. 4, 3epeHHasi MUKPOCTPYKTypa 00pa3iioB, MOJYyUYECHHBIX BO
BCEM JIMaria3oHe TeMIIeparyp, SBJISETCs HeOAHOpOoAHOH. B oOpasuax, crie4eHHbIX
npu Temneparypax 1400-1600°C, nabmromgaeTcsi mepBUYHAsT PEKPUCTATIIM3AIUS
(puc. 4,a,0). Ilpu 3TOM 3apO’KAEHUE HOBBIX 3€PEH U UX TPYII MPOUCXOTUT HA MEXK-
3epEeHHBIX IrpaHulax AeGopMupoBaHHBIX 3epeH (puc. 4,0). CornacHo [17] 3apoasim
MEPBUYHON pPEeKpHUCTAIUIM3AIMK (POPMHUPYIOTCSI HA OCHOBE cy03epeH. C MOBBIIIIEHHEM
Temreparypsl criekanus 10 1800-2200°C B mporrecce coOMpaTebHON PEKPUCTAIITH-
3alUM TPOUCXOIUT YBEIWYEHUE pa3MepoB 3epeH (puc. 4,2,0,e), HaOMIOMAETCS UX
aHoOMaJIbHBIN pocT (puc. 4,2). [Ipy BBICOKMX TeMIiepaTypax CEKaHUs! OJJHOBPEMEHHO
C YBEITMUEHHEM Pa3MepOB 3epeH MPOUCXOINUT UX NePOPMUPOBAHKE.

B oOpa3nax, momydeHHblx npu TemmepaTypax Beimie 2100°C, BbsiBiseTcs
CUJIBHO HEOJHOPOIHAas 1Mo 00beMy MUKpocTpykTypa. [Ipu 3ToM Hanbomnee xapak-
TEPHBI JBE Pa3HOBUIHOCTU CyOCTPYKTYPHBIX COCTOSIHMM 3epeH: 1) 3epHa coxaep-
’KaT BBICOKYIO IJIOTHOCTh AMUCTOKAIMK (pucC. 5,a); 2) B TPOWHBIX CTHIKAX COBEp-
IICHHBIX 3€PEH UMEIOTCS TIOpHI (puc. 5,0).

Pe3ynbpTaThl KONMMUYECTBEHHOTO aHANM3a 3€PEHHOM CTPYKTYphl B 00pa3iiax HUT-
pYIa alfOMUHUS, CTICYCHHBIX Mpu AaBieHUU 4 GPa u pa3nuuHbIX TeMIiepaTypax,
MpeJICTaBICHBI Ha pUC. 6 U 7, a TakKe B TabuIle.

Tabnuua

Pacnpenenenne 3epeH no pasmepam B oopasuax AlN,
creYyeHHbIX npu AaBjennu 4 GPa u pa3Tu4HbIX TeMnepaTypax

Pa3mep 3epen, um

7,°Cc | 005 [ 051 ] 12 [ 23 | 34 | 45 | 56 | 67
Copeprkanue 3epeH, %

1400 | 80.25 | 1743 | 2.18 | 0.14 - — —
1600 | 96.86 | 1.62 1.03 | 0.049 | 0.24 0.1 0.049 | 0.049
1700 | 94.1 1.85 2.59 | 037 0.37 0.37 0.37 —
1800 | 89.46 | 7.12 | 227 [ 057 0.28 0.28 — —
1900 | 80.95 | 1071 | 536 [ 2.98 — —

2100 | 77.6 | 1198 | 6.77 3.12 0.52 — — -
2200 | 45.16 | 1936 | 3.23 [ 29.03 — 3.23 — —
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Puc. 4. MukpocTpyKkTypa 00pa3loB HUTPUIA ATIOMHHUS, CIICYCHHBIX MMPH JaBICHUU
4 GPa u temneparypax, °C: a — 1400, x8500; 6 — 1600, x5400; ¢ — 1800, x8500; 2 — 1900,
x10000; 0 — 2100, x8500; e — 2200, x8500
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Puc. 5. Tunuunbie 0071aCTH MUKPOCTPYKTYPbI (M300pa)keHHE Ha MPOCBET) 00pa3iioB HUTPHA
AIIOMMHWYS, criedeHHbIX 1pu faBneHnn 4 GPa u temneparype 2100°C B tedenne 60 s; x19000
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Puc. 6. 3aBucumocTs conep:kanus 3epeH ¢ pazmepom 10 0.5 um B obpasuax AIN ot Tem-
nepartypsl criekanus noj nasieHueM 4 GPa

Puc. 7. 3aBucuMoCTh cpeHEro pazmepa 3epeH B oOpasiax AIN oT TeMrepaTypsl crieka-
Hus noa nasieHuem 4 GPa

Kak BunmHO U3 puc. 2,6 u 6, pa3mep 3epeH B 00pasiax OKa3bIBaeT CYNICCTBCH-
HO€ BJIIMSHUE HA IIUPHUHY JUPPAKIIMOHHBIX TUHUN HUTPUIA AIIOMUHUS: yBeIUde-
HUE COJIep KaHUs 3epeH ¢ pazMepoM Jio 0.5 um B criedeHHBIX 00pasmax COmpoOBO-
KIAeTCsd POCTOM YPOBHS MHUKpOHampspDkeHuid. B oOpasnax, MOTydeHHBIX MpH
temriepatype cnekanus Boie 1600°C, cpeqnuii pazmMep 3epeH yBEIHMUUBACTCS 10
1.2 um ¢ poctom Temmnepartypsl (puc. 7, TabmauIa), a ypoBeHb MUKPOHAIPSHKEHUN
YMEHBIIIACTCS 0 3HAYCHHM, XapaKTePHBIX JIJIS KCXOMHOTO Topomnka AIN.

YuuThiBas XapakTep U3MEHEHUS IIOTHOCTU CIICUEHHBIX 00pas3loB C YBEIUYCHU-
€M TeMITepaTyphl CIICKaHUS U YIIUPEHUs U(DPAKIIMOHHBIX JTMHUN HUTPHIA AJTFOMH-
HUS (CM. pHC. 2,0), a TaK)Ke U3MEHEHHUS! CPEHEro pazmepa 3epeH (puc. 7), MOKHO
YTBEPKIaTh, YTO TOBBIIIEHUE TEIUIOMPOBOAHOCTH 00pa3IoB (M. puc. 4) CBSI3aHO B
OCHOBHOM C YMEHBIIIEHHEM MX MOPUCTOCTH, YBETMYCHUEM Pa3MepPOB 3€PEH BCIIEICT-
BUE PEKPUCTAILTU3AINN U TIOHIKCHUEM YPOBHS MUKPOHAINPSDKCHUH 10 YPOBHSI HC-
XOIHOTO TIOPOIIKA U Aa)ke HIKE (CM. puC. 2,0). YMEHbIICHHE TETIONPOBOAHOCTH
NP YBEITMYCHUH TemIiepatypsl criekanus 10 2200°C MoxeT ObITh 00yCIIOBICHO I10-
HIDKEHHEM TJIOTHOCTH 00pas3IoB U YaCTUYHOM Auccormanueit AIN.
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Puc. 8. MukpocTpykTypa 00pa3iioB HUTPHJIA AIFOMUHUS, CIICYCHHBIX NP TEMIIEpaType
1900°C u naBnenuu 4 GPa B teuenue 30 s (a), 120 s (6) u 180 s (8); x8500
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HccnenoBanusi MUKPOCTPYKTYpPbI MOJMyYeHHbIX 00pa3ioB AIN mokaszanu, 4To
CTPYKTYpPHBIC HU3MEHEHUS 3aBHCAT HE TOJBKO OT TEMIIEPATyphl CIIEKaHHUs, HO H OT
ero npojoskuTensHocTH (puc. 8). C yBennueHueM BpeMeHH crnekanus ot 30 110
180 s mpu temneparype 1900°C u naBnenuu 4 GPa B pe3ynbrare pekpucramisa-
IIUU CpeTHUI pa3mep 3epeH B oOpasmax pacteT ¢ 0.53 no 0.89 um, a 3HaueHHUs UX
wioTHocTH (~ 3.24-3.25 g/cm™) u TemnonpoBoanoctu (~ 185 W/(m'K)) ocratorcs
MIOCTOSTHHBIMU HE3aBHCHMO OT BPEMEHHU CTICKaHMSI.

Takum 00pa3oM, BBICOKME 3HAUEHUS MHUKPOTBEPAOCTH U TEMJIONPOBOJHOCTH
00pa310B MOJUKPUCTATNINYECKOTO HUTPUIA AJIFOMUHUS B 3HAUUTEIBHON CTETIEHU
OTIpeNIeNIAI0TCA peKUMaMHu TepMoOapudyeckoil 00paboTKH, 0OecTedrBaIOIIUMU
BBICOKYIO TUIOTHOCTh M HEOOXOIUMYIO MHUKPOCTPYKTYPY, B (POPMHUPOBAHUH KOTO-
PO OIPEEINSAIOUIYIO POJIb UTPAIOT MPOLECCHI 1ehopMalMy U PEKPUCTAIITH3ALMH.

3akiarouyeHue

VccnenoBaHo BIMSHHME MapaMEeTpOB TePMOOApUUECKOi 0OpabOoTKM Ha MUKPO-
CTPYKTYpY, IJIOTHOCTb, MUKPOTBEPAOCTh U TEIJIONPOBOJHOCTH 00pa3L0B HUTPH-
Jla aJIFOMUHMS, CTIEYEHHBIX NpU aaBieHusx 2.5 u 4 GPa B quanazoHe Temmnepartyp
1300-2200°C 63 ucnoyib30BaHUsI aKTUBUPYIOIINX J0OABOK.

VYcTaHOBIIEH HEMOHOTOHHBINM XapakTep UX M3MEHEHMs OT TeMIIepaTyphl ClieKa-
Hust. [Iporecch nedopmManny 1 peKpUCTAIUTM3ANNN UTPAIOT ONPEIENISIONIYI0 POJIh
B (hopMUpPOBaHNM MIIOTHOW MUKPOCTPYKTYPBI U CBOMCTB 00pa3lioB HUTPUAA AITIO-
MUHUS B YCJIOBUSX BBICOKMX JaBJICHUN U TeMIiiepaTyp. BennunHa naBienus oka-
3bIBACT 3HAUUTENBHOE BIUSHUE HA CTENCHb YIUIOTHEHUS U YPOBEHb JAe()EKTHOCTH
CIIEYEHHOT'0 MaTepuaa.

Haubonee BpicOKast OTHOCUTENbHASA IUIOTHOCTH 99.7% nocturnyTa y oopas-
LIOB HUTpHUJA AJIOMUHHUS, crieueHHBbIX npu nasieHuu 4 GPa u temmepatypax
1800-2100°C. Ilpu 3TOM yBelIMYEHHE MHUKPOTBEPJOCTH OOpa3LOB A0 MaKCH-
ManpHOro 3HaueHus ~ 20 GPa c moBbllIEHHMEM TEMIEpPAaTyphbl CHEKAHHUS OO
1800°C cBa3bIBaeTCA € YIJIOTHEHUEM MOPOIIKA HUTPUIA ATIOMUHMS, a €€ CHUXKE-
HHUE TIpu OoJiee BBICOKHX TEMIIEpaTypax CIIEKaHWs — C POCTOM 3€pHa B IpoIecce
PEKPUCTAJUIM3ALIMY U YMEHbIIEHHUEM CTENeHN JeQeKTHOCTH MaTepuaa. O0pasisl
C MaKCUMaJIbHOM TBEPJIOCTHbIO MMEIOT IJIOTHYIO BBICOKOJUCIIEPCHYIO 3E€PEHHYIO
CTPYKTYpPY, B KOTOpOH cojliepaHue 3epeH pa3mepoM MeHee 0.5 um cocTaBisieT
oko0110 90%.

C yBemmuennem temneparypsl crniekanus ot 1400 no 2100°C npu nasnenun 4 GPa
TETUIOTIPOBOHOCTE 00pa3I0B HUTpPUIA ATIOMHUHHS MOHOTOHHO BO3pacTaeT a0
MakcuMaibHoro 3HaueHus 180—-190 W/(m-K). D1o cBs3aHO B OCHOBHOM C yBEJH-
YEHUEM HX IJIOTHOCTH U CPEIHEr0 pa3Mepa 3€pHa BCIEJICTBUE PEKpPUCTAILIM3A-
1M, a TAKKE CO CHMIKCHUEM YPOBHS MHUKPOHANpPSKEHUH 10 YPOBHS HUCXOAHOTO
MOpPOIIIKA.
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V.S. Urbanovich, N.V. Shipilo, M.V. Shestel

THE EFFECT OF HIGH PRESSURES AND HIGH TEMPERATURES
ON THE PROPERTIES OF ALUMINUM NITRIDE

The effect of conditions of thermobaric treatment on the density, the microhardness and
the thermal conductivity of the ceramic samples of AIN has been studied as well as the
relationship of these characteristics with the microstructure. The properties of the
polycrystalline aluminum nitride obtained by sintering of the micropowder at the
pressures of 2.5 and 4 GPa in the temperature range 1300-2200°C without activating
additives are investigated. Non-monotonic character of the change depending on
sintering temperature has been fixed. The highest relative density of 99.7% has been
achieved in the samples of the aluminum nitride sintered at a pressure of 4 GPa and the
temperatures of 1800-2100°C. The samples sintered at 1800°C have the maximal hard-
ness of 20 GPa and a highly dense structure with a fine grain size, wherein the content of
grains smaller than 0.5 pm is about 90%. The maximum values of the thermal conductiv-
ity of 180—-190 W/(m'K) of the samples have been obtained at higher sintering tempera-
tures of 1900-2100°C. This fact is associated mainly with a high density, an increase in
the average grain size due to recrystallization and a reduction of the microstress level
down to the level of the initial powder.

Keywords: aluminum nitride, thermobaric treatment, high pressures and high tempera-
tures, microstructure, density, microhardness, thermal conductivity

Fig. 1. Electron microscope image of particles of the AIN powder obtained by furnace
synthesis

Fig. 2. The sintering temperature dependence of density p, microhardness Hy, and the
broadening AW of lines 203 and 302 of AIN at the pressures of 2.5 («) and 4 GPa (6)
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