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Self Composed SisN4-TiN Ceramics Prepared from Si-TiC-TiO2 Mixed Powders
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Satoshi HATA and Hideharu NAKASHIMA
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We investigated the self composed SisN4-TiN ceramics prepared from Si, TiC and TiOz mixed
powder compacts. SisNs matrix and TiN particles were formed during the sintering process of the
ceramics. TiN particles in the self composed SisN4-TiN ceramics were finely dispersed in comparison
with those in the reaction bonded SisN4-TiN ceramics. The fracture toughness of the Si3sN4 ceramics
was 5.0 MPa * m'2 | which increased with the fine dispersion of TiN particles.
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Table 1 Raw materials and reaction formula of self

composed Si3N4-TiN ceramics.

Samples Raw Matrix and dispersed phase
materials
Si Si Si+ N, = Si;N, (matrix)
Si/TiN Si,TiN -Si+N, = SigN, (matrix)
*TiN (dispersed phase)
Si/TiC Si,TiC -Si+N, = SigN, (matrix)
*TiC+N, — TiN (dispersed phase)
Si/TiO, Si,TiO, *Si+N, — SizN, (matrix)
*TiO,+N, — TiN (dispersed phase)
SI/TIC/TiO, | SiTICTIO, | Si*N, — Si,N, (matrix)
=TiC+TiO,*+N, — TiN (dispersed phase)

Raw materials
(8i,TiN,TiC,TiO,)

Sinterind aid
(A1,0,,Y,0,)

Molding

Green body

Sintering
1100~1350C. 0.9MPa-N,

Nitride body
|

Hot Pressing
1800°C., 0.05MPa-N,

Compressive stress:30MPa

Sintered body

Fig.1 Production process of sintered bodies.
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Fig.2 X-ray diffraction profiles of sintered bodies

(20vol%TiN).

(2)SUTiN, (b)SI/TiC, (c)S¥/TiOz, and (d) S¥/TiC/TiO: .
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Fig. 8 Results of TEM analysis of the Si/TiC sintered
body.

(a) Bright-field TEM micrograph, and

(b) Electron Energy Loss spectrum obtained from the
particle pointed by the arrow in (a).
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12 Si-TiC-TiO2

Si3N4-TiN

Fig. 4 SEM micrographs of polished surface of the sintered bodies.
(a)Si/TiN sintered body (20vol%TiN), (b)Si/TiC sintered body (20vol%TiN), and (c¢) S/TiC/TiO2
sintered body (20vol%TiN).
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Table 2 Results of four-point bending strength tests
and fracture toughness tests of the sintered bodies.
(monolithic SisN4 and SisN4-20vol%TiN).

samples Frauture Four-point
toughness bending strength
(MPam'?) (MPa)
Si 5.0 930
Si/TiN 5.7 903
Si/TiC/TiO, 5.4 926




22

3.4 BNPHER

Fig.5!2Si-Ti-C-N%& @ Ellingham X & =~3". XD
BUSR AL L2 FFERRIC T, FTRIOEE TIEE G
KOBERNZEHTH Y, FRORER TIIAER RN L
EMHTHD. 22T, HEFEREZSHTICE L, i
Z2000K CHNEL L 7= 8555 & 2 5. BF 53D 0.1MPa
BE (KHPE) Oofa, SildZ kL TSisNs& 72573,
TiCIZZ b TICSIsNATICH L EF & 72 5. BHHE
DEMPaf2E (BHF) 084, TiCidE{k L TTIN+C
L0, F72CESNGE LTSICIZR D 72,
SisNe+TIN+SICHZEE & 72 5. ZE K535 10MPa
FRELL EXFOIC/2 5 & SiICHAZEL L TSisN+C & 72
572, SNATINHCRZEME RS, ZD X1,
Si+TiC%& HFEFELE L7 RIZEWT, EHRFEOHIE
IZ & > TSisNy, TiN, SiCxIFEED Z ERFARET
HDHZ LRSS, HL, ZORTIEMESTLEE
LW, EREEOJFREHY AR CTIXRm BRI 23 TERL
SINTWAD, BREDIEIZOWVWTHEET LI LN
VETHDH. TORWD, RICEEFENTEEHE LI-HFE
Bz O TR LT,

Temperature / K
1000 1500 2000 Ny

-150

RTIn(R,,/10°Pa)/kJ mol

-200

-250

-300

500 1000 1500 2000
Temperature / 'C

Fig.5 Elingham diagram in Si-Ti-C-N system.
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Fig. 6 Equilibrium diagram in Si-Ti-C-N system.
(2) at 1600 K, and (b) at 2000 K.
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Table 3 Reaction mechanism of the sample.

Sample Si/TiC/TiO, Si/TiC
Raw . E . . . E .
. Si | TiC TiO, Si | TiC

materials : !

o Si(s)+Ny(g) 1 TiC(s) + TiOx(s)+ No(g) | Si(s)+Ny(g) 1 TiC(s)+N,(g)

Sintering l : l ! : |
SisNis) ! TiN(s)+CO(g) SigNy(s) | TiN(s)+C(s)

Hot SigNy) | TiN(s) Si;Nys) | TIN(+C(s)

Pressing l ' i) l ' !
SigNy(s) TiN(s) SNy 1 TiN(E+C(s)

Sintered - i i

body SisN, | TiN SisN, | 1| TiN C

(s):solid, (g):gas
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