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Introduction

The method of hydrogen-thermal treatment
(HTT) of powders of nonmetallic nitrides (AIN,
Si;N,) was developed in the IPMS [1, 2]. HTT
purifies powders from impurities, activates
shrinkage processes of compacts in sintering,
makes it possible to decrease the sintering
temperature and time, and prepare sintered articles
with higher values of density, strength, and electric
resistivity. The use of HTT is favorable for
producing high-temperature heat-resistant
composite materials with a preassigned structure
and a necessary level of service characteristics.

Results and Discussion

The proposed approach to sintering
activation consists in thermal treatment of initial
powders of nonmetallic nitrides at temperatures of

1000-1200 °C in the presence of hydrogen and
catalysts.

The HTT of AIN and Si;N4 powders favors
purification from oxygen and changes in the
granulometric compositions due to the breakdown
of film connections between particles in
aggregates, the complete breakdown of these
aggregates, and the formation of monolithic
granules and bridge bonds between them.

In sintering, compacts made of powders
subjected to HTT are densified rather than those
made of initial powders: the densification rates
increase by a factor of 1.5 and 2 for Si;N, and
AIN, respectively. The positive influence of
hydrogen-thermal treatment on AIN and Si;Ny is
determined by the activation of mass transfer
processes. The same processes determine the
formation of grain structure. Sintered specimens
prepared from nitride powders subjected to HTT
are characterized by smaller grain sizes, larger
fractions of anisometric grains, and the presence of
high-density aggregates of disperse grains.

To investigate the conditions of preparing

composite materials of the AIN-Si;Ng system,

powder mixtures on the base of a-Si3Ny with
additions of aluminum nitride and aluminum

powder of the compositions a-SizN4 — 10 and 20%
AIN powder were prepared. The indicated
mixtures were treated with hydrogen in an optimal
regime, namely at 1100 °C for 30 min. It was
assumed that, in the case where Al powder is an
additive, it would be nitrided and transform into
the AIN phase.

Compacts were sintered in nitrogen at
1500 °C in BN fill. X-ray phase analysis was
performed with using a DRON-3M diffractometer
in Cu K, radiation.

In the Table, the phase compositions and
strength properties of sintered specimens on the
base of o-SizN; with additions of AIN and Al
powder are presented. The tabulated data indicate
that, in the specimens prepared from untreated
powder mixtures, oxygen-containing phase silicon
oxynitride Si;ON is presents in certain amounts. In
the specimens made of powders subjected to HTT,
this phase is absent, and the lines of the major
components Si3N4 and AIN become clearer, which
evidences to the formation of more perfect
structures.

The strength properties (see the Table) of the
o-Si3N4-based materials with additions of AIN are

higher that those of the -Si;Ny-based materials
with additions of Al powder. After the HTT of
initial powders, the strength properties of the
sintered specimens of all investigated compositions
increased.

The electric resistivities of all investigated
specimens exceed 10'° Ohm-cm (20 °C).

The interaction of specimens of the system
Si;N,~AIN prepared from powders subjected to
HTT with melts of brass, zinc, and copper was
investigated. It was established that, being in
contact with the metallic melts, the specimens did
not interact with them.
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Table. Phase compositions and compression strength Ouomp (MPa) of sintered compacts on the
base of 0t-Si;N, with additions (10-20 mass %) of AIN and Al powder prepared with and

without HTT
Addition, Sintering temperature, 1500 °C
wt. % Without HTT With HTT
Composition Ceomp Composition Ceomp

10 AIN o -SizNy, AIN, S -SizN, 195 | a-Si3sNy, AIN, f-SisN, | 206

20 AIN a -SizNy, AIN, S -SizNy 198 | a-Si3sNy, AIN, f-SizsN, | 199

10 Al (powder) | @ -Si3Ny, AIN, [ -SizNy, 173 | a-Si3Ny, AIN, [-SizN, | 186
Si,ON

20 Al (powder) | a -SizNy, AIN, S -SisNy, 170 | a-Si3sNy, AIN, S-SizN, | 181
Si,ON

The developed materials can be used as References

high-temperature insulators, refractory vessels for
melted non-ferrous metals and alloys.
Conclusion

The influence of HTT on the preparation
conditions of composite materials of the system
AIN-Si;N, at sintering temperature of 1500 °C was
investigated. It was established that HTT improves
the phase compositions of the investigated
materials (the absence of oxygen-containing phase
Si,0N) and increases their mechanical strength.
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BJIUSAHUE BOJJOPOJO-TEPMUYECKOM OGPABOTKHA HA CTPYKTYPY
U CBOMCTBA MATEPUAJIOB CUCTEMBI AIN-Si;N,
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Beenenne
B UIIM HAH VYxpaunsl pa3paboTaH MeETOI
BOJOPOIOTEPMHUUIECKOMN 00paboTKH (BTO)

MOPOUIKOB HeMeTayundeckux HUTpuaoB (BN, AIN,
SisNg) [1,2]. BTO ouumaer mOpOIIKH OT
npuMeceil,  akTMBHpPYeT  IMpoLecC  YCaaKH
MIPECCOBOK TIPHU CIIEKaHWH, TO3BOJSIET CHU3WUTH
TemMIepaTypy M BpeMs CIEeKaHHs, TOJy4YUTh
CIeueHHble M3lenus C  Oojee  BBICOKUMH
3HAYEHHUSIMH TUTIOTHOCTH, NMPOYHOCTH U yAEIHHOTO
3JIEKTPOCONPOTUBIICHUS. [Ipumenenne  BTO
CHOCOOCTBYET CO3/aHUIO BBICOKOTEMIEPaTypPHBIX
TEPMOCTOMKHX KOMIIO3UIIMOHHBIX MAaTepUaioB C
3aJJaHHON CTPYKTYpOH M HEOOXOAMMBIM YPOBHEM
CITy’K€OHBIX XapaKTePHUCTHUK.

PesyabTaTel M 00cyxIenne

[IpennoxxkeHHpld  aBTOpaMH  MOAXOA K
aKTHBALMK MPOLIECCAa CIIEKAHUS COCTOMT B TOM,
YTO HCXOAHBIE IOPOIIKH  HEMETAJUINYECKUX
HUTPHUIOB IOJABEPralOTCs TEPMUYECKOH oOpa-
00TKe, KOTOpas NPOBOAUTCS IPHU TeMIIEpaType
1000-1200 °C B mOpHCYTCTBHH BOIOpOAa U
KaTaJIn3aTOpOB.

BTO mnopomkoB AIN u SizNs crnocobctByeT
OYHCTKE OT KHCJIOPOJa, a TAKXKE M3MEHEHHUIO Ipa-
HYJIOMETPHUUYECKOTO COCTaBa 3a CUET pa3pyLICHHS
IUICHOYHBIX COCIUHEHUH MEXAy 4YacTULIaMU B
arperarax, IOJHOTO Pa3pyLICHUs! ITHX arperaros,
(hopMHUpOBaHUS MOHOJIUTHBIX rpaHy U
00pa3oBaHusl MEXKITYy HUMH MOCTHKOBBIX CBSI3EH.

IIpeccoBku u3 nopomkos, nogsepruyTeix BTO,
YIUIOTHSIOTCS TPH  CHEKaHUM ObIcTpee, YeM
MIPECCOBKU U3 MCXOJHBIX MOPOIMKOB: SizN, - B 1,5
pasa, AIN - B 2 paza. [lonoxwurenpHOEe BIHSHHC
BTO na cmexkanne AIN wm SizN, ompenensiercs
aKTHBALMEH MPOLIECCOB MaccollepeHoca. JTH XKe
IpOLECCHl  ONMpenenstoT U (HOpMHPOBaHHE
3epeHHON CcTpYKTyphl. CrieueHHble OOpaslbl U3
nopouikoB HuTpuAoB nociae BTO oriamuarorcs
MEHBIIMM CPEIHUM pa3MEpoM 3€pHa, OOJBIINM
COICP)KAaHHMEM  aHM30METPUYHBIX  3€peH H

HaJIMYMEeM  BBICOKOIUIOTHBIX
TUCTIEPCHBIX 3€PEH.

C menpio WCCNETOBAaHUS YCIOBHUW MOTyYEHUS
KOMITO3MIIMOHHBIX MarepraioB B cucteme AIN-
Si;N; OBIIH MOATOTOBIIEHBI CMECH IOPOIIKOB Ha
OCHOBE (-HWATpHIA KpeMHHS C Jo0aBKaMH
HUTpUJA AIIOMUHUS WIA aTIOMHHHEBOH ITyIpHI
0e3 u ¢ mpumenenrem BTO: a-SisNy - 10 u 20 %
AIN wmmm Al myapel. O6paboTKy BOZOPOAOM
YKa3aHHBIX CMECEH MPOBOIUIIN 10 ONTUMAIEHOMY
pexumy — nipu temneparype 1100 °C u Belaepxkke
30 wmunyt. [lpm wucnomp3oBanmu Al-mynpsl B
KadecTBe J00aBKU K SizNy Mpenmnonaraiock, 4To
OHa B TIIpoliecce CIEKaHUs B CcpeAe as3oTa
IPOa3oTHpyeTCs U nepeiinet B a3y AIN.

CripeccoBaHHbBIE 3aTOTOBKHU CIIEKAIH B a30T¢€
npu Ttemmneparype 1500 °C B 3aceimke u3 BN.
Pentrenoga3zoBeiii  aHaNM3 ~ MPOBOIWIM  Ha
mudpakromerpe [IPOH-3M B Cu K, -u3nyuenun.

B Tabmume npuBeneH  (a3oBbIf  cocTaB
CIICYCHHBIX 00Pa3I[OB HAa OCHOBE X -SizN, ¢ mob6aB-
kamMu AIN u amiOMHHHEBOW TyIpHl, a TaKkKe
JIaHHbIE TI0 TIPOYHOCTHBIM CBOMcTBaM. M3 mpuse-
JIEHHBIX JaHHBIX CIEQYyeT, YTO B 00pasmax, Moiy-
YEHHBIX M3 TIOPOIIKOBBIX cMeceit 6e3 00paboTkH, B
HEKOTOPOM  KOJHMYECTBE IPUCYTCTBYET  KHC-
mopojiconepkamas (pasa — OKCHHUTPUA KPEMHUS
Si,0ON, a mocie BOIoOpoa0TepMUISCKON 00pabOTKH
HCXOAHBIX TOPOIIKOB 3Ta IMPHMECh HCUYE3aeT, a
JIMHAM OCHOBHBIX KOMIOHEHTOB SizNy; m AIN
CTaHOBATCS OoJiee YETKUMH, YTO CBUIETEIHCTBYET
00 yTIOpAI0YeHIH KPUCTAIUTHYECKUX CTPYKTYP.

W3 npuBeneHHBIX B TaOIMHUIE AaHHBIX CIEIYET,
YTO TPOYHOCTHBIE CBOWCTBA MaTepHajoB Ha
ocHoBe « -Si3N4 ¢ go6askamu AIN BeIle, YeM ¢
no0aBKaMu aFOMHHHEBOH myapsl. boree BrIcokO
MMPOYHOCTHIO  00JaNalOT CHedeHHbIe 00pa3Ilbl
ocIie BOJOPOIOTEPMHUECKON 00pabOTKH.

DNEKTPOCOMPOTUBIICHHE PACCMOTPEHHBIX 00-
pasmos npessimaer 10" Om-cm (20 °C).

HccnenoBano B3amMopelicTBUe 00pas3IoB CHC-
TeMbl SizNs,—AIN, H3TOTOBJICHHBIX W3 MOPOIIKOB
nocne BTO, ¢ paciyaBaMu JaTyHH, IMHKA U MEIH.

oOpazoBaHmii W3
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YCTaHOBJ'ICHO, 4YTO IIpU KOHTAKTHUPOBAHUU C
pacijiaBJICHHBIMHA METallIaMH XHUMHUYCCKOT'O
B3aHMO,[[CI>'ICTBH}l HE Ha6J'IIO,[[aGTC$I.

HCII0JIb30BAaHbI
HU30JIATOPBI nu

Pazpaborannsie
Kak

MaTepUaIbl

MOTYT  OBITh

BBICOKOTEMIICPATYPHBIC

OTHEYIIOpHBIE

€MKOCTH JJIA

PacCIIaBJICHHBIX IBETHBIX METAJIJIOB U CIIJIaBOB.

Tabnua — ®a30BbIif cOCTaB ¥ MPOYHOCTH NPU CKATHU O ., MIla, cCrieueHHBIX IPECCOBOK Ha OCHOBE
a —Si3N, ¢ nobaskamu 10-20 mac % AIN 1 anroMUHHEBO# Ty IpbI, TOTYYEHHBIX U3 CMECEH MOPOIIKOB

0e3 1 C BOIOPOAOTSPMHUIECCKON 00pabOTKOM

JobaBka k « - Temneparypa cnekanus 1500 °C
Si3Ny, mac. %, be3 006paboTku ITociie BTO
(ucx. mmxTa) Cocrasn O ox Cocrasn O ox
10 AIN a -Si3N4, AIN, IB -Si3N4 195 (04 -Si3N4, AIN, ﬂ -Si3N4 206
20 AIN (04 -Si3N4, AIN, IB -Si3N4 198 |« -Si3N4, AIN, ﬂ -Si3N4 199
10 Al (myapa) | e -SisNy, AIN, S -SizNy, 173 | ax-SizNy, AIN, S -SizNy 186
Si,ON
20 Al (myzpa) | o -SisNg, AIN, S -SizNy, 170 | & -SizNy, AIN, S -SizNy 181
Si,ON
BoiBoabI ceramic materials activated with hydrogen. Space
UccnenoBano Bmusaue BTO Ha  ycioBus Technology and Materials Science 2000;6(4):35-
MOy YCHUS KOMITO3HIIMOHHBIX MaTepHaIoB 36.

cuctembl AIN-SizN4 mpu TemmnepaType CreKaHHs
1500 °C. VYcranosneHo, uto BTO mnpuBoaur
yIydlieHHro  (a3oBOro  cocTaBa  MaTepHaia
(oTcytcTBUIO KHCopoacoaepxkaiiei (aszbr Si;ON)
1 TIOBBILICHUIO MEXaHUYECKOW MPOYHOCTH.
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