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Table 1. Kinds of whisker and their properties®.

Tensile | Young’s | Density | Melting or
Whisker Strength | Modulus | (g/cm?) softening
(GPa) (GPa) point(C)
a-Al,O; 20 450 3.96 2040
Beryllia 13 350 2.85 2570
B.C 14 490 2.52 2450
Graphite 19 700 2.00 >3900
B-SiC 21 490 3.18 2690
B-SizN, 14 385 3.18 1900
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Fig. 1. Optical micrograph of SiC(w)/Si;N, WRC.
White acicular grains are SiC(w). (X600)
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Fig. 2. Room temperature flexural strength(FS;3
point bending test) of SiC(w)/glass whisker
reinforced composite ceramics(WRC) as a
function of SiC(w) content**.

Table 2. Characteristics of SiC(w)/SiO, WRC which was developed by French company for the liner of exhaust

manifold of automobile®.

M.P. Maximum Relative FS(MPa) Fracture Weibull Resistance
(C) usable density - - toughness modulus to thermal
temp. () (%) 20C 800°C (MPam''?) shock
SiO, 1710 1200 92 75 90 0.6 10 excellent
SiC(w)/Si0, 1710 1200 90 75 90 1.4 15 excellent
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Fig. 3. Relative density(D/Dth), FS(3 point bending
test) and fracture toughness(K;c) of SiC(w)/
Al,O; WRC as a function of SiC(w) content.
WRC were hot-pressed at 1850°C and 1900°C .
O and @ in K, data denote values measured
by IF method, and & denotes values by CN
method®?.
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Fig. 4. Comparison of the machining performance
of various tool materials in cutting Inconel
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Table 3. Sintering conditions and mechanical properties of whisker/mullite WRC.

Whisker Dia. Content Sintering Flexural Size of fracture| Fracture toughness
Additive condition strength(MPa) |source (MPam!?) Year| Ref.
type (um) | (wt/vol2%) (Temp., C) (M*—C**) M—C)(um) M—C)
0.6 15wt% HP#*(1700,1hr) T (186—298) 3* ?
” 30wt2% " T (186—386) ?
B-SiC(w) ” 40wt % — ” T (186—249) ? ? (?—-3.5IF* 1985 | 60)
0.1~ 30wt% HP(1600,1hr) 1 (201—329) 1 (2.45—3.6)
0.5 30wt% " T (201—337) ?(2.45—>7)
£-SiC(w) 0.4 20vol% — HP (1500 ~1850) ? ? 1 (2.3—4.7)DCB~| 1986 | 62)
20vol% 5vol2%ZrO, t(n —5.6)
20vol% — *(2.0—4.5)800C
B-SiC(w) ? 20vol% 20vol9%ZrO,™ | HP (1450,1hr) ? ? t(n» —7.3)DCB |1987| 63)
20vol% 20vol2%Zr0O,t T (» —10.5)
30wt% — ) HP(?) i {(140“330;}—> 1 (2.3~4.7)IF
o (Stabilizer (350-530) } 4*
a-SiC(w) | 7 30wt% | 1.5wt%Y,0, t (410—696) ? 1 (4.06.2) 1988 | 64)
30wt 2.2wt%MgO 1 (470—610) 1(3.8—5.3)
B-SiC(w) 0.05- 10-40vol% — HP (1500, 1550, 1 (450—600) 3 9 1(2.1-2.7)CN~* 1989 | 61)
1.5 1.5hr (20vo019%SiC(w)) : (20vo19%SiC(w))
a-SiC(w) | 0.3 10vol% _ Pressureless . N
A-SiC(w) | 0.05- | 10vol% Sintered [ {amns ? TLEZ2 DN 199 18)
0.2 (1730, 3hr) .
B-SisNy(w) 1.0 10-50vol% HP(1500-1650, 1 (350—630)3 ? 1 (1.6—4.DIF 1991 | 65)
0.5hr) (40vol9%SisN,) (40vol1%SisN(w))
B-SizN,(w) 0.4 10vol9% o HP (1500,1hr) T (540—630)3 ? 1 (1.3—3.4)SEPB* | 1991 | 66)
mullite(w) 0.5 10vol% L (n —430) t(n —2.6)

mmonoclinic ZrQ,, ‘tetragonal ZrO,, *monolith, **ceramic composite, *3 or 4 point bending test, *hot-pressing, *IF, DCB, CN and

SEPB mean the indentation fracture, double cantilever beam, chevron notched and single edged precracked beam method, respectively.
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[ it X ®BDEREO~9D 3513 5 SiC (W) /Sis N, WRCOK ¢ L FS
REZZEDTRTI, oFhb, SiCw) Flnics->T
FHA 2HAEPCHLT AL ED D> T2 DHIRIEHRX
TEUEKRESEBLRAIEPEH NG, I L OMHEEDE
UCBERIE, S b (1)BEREA & 72 R R AHDFEEE
28, (2)= MY v 2 2DSLN B ORK, TiE, (3)5kE
DOFRIFOFE L EV— xR ENTH LT, A HTH 5,
FHEOLI, ING(1)-(3)ZZE LI DTGP 4T
v, B AE, Fig. 9%k T & 542, SiC(w) mNERKRFR
B (Wg) E—FmEmaEst (W) ovdFaico2eTiise
Kic (CSFi) 3 X UFS (3 AHM) #F5 T2 0%B T
5, L¥»L, BUEDRT, SiC(w) Zilmae sz bitkh,
ME»OYMM LI ES s L S BOBERT DRI
12, ERESNTORGES 2 5,

SiC(w) Dftb b 12, BlE T, B-Sis N, (w) Difs fnsee~100

(Self toughening) b A LN T3, SiC(w) HINDE
ALRRRE, Kl ERT 255 FSIEFT A28 H Y,
2 2FSOETIXSIC(w) WmMDBFAERTEH 2,

FAMEBFREE Q0RET) Ld-oTETED L DPE
BT, BEREBIA) £ L TY,0;+La, 0, % 12354, SiC(w)
DHEIMEDH10, 20wt% T, % 12 4120, 30mol% D Eh &
PREE T 50, TR L &R (1200C) TOFSIX10wt% ik
T2 h&0600, 540MPa%/R7, SiC(w) OE#Z—F
mfcm 3 € 5 L WRCOBEMEE 2R H v, SiC(w)
WM RE 20T 2 LT H 5100,
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Table 4. Sintering conditions and mechanical properties of SiC(w)/Si;sN, WRC.

Diameter | Content Sintering Method of FS***(MPa)* Size of fracture | K, c(MPam!/?)*
of SiC(w) of SiC(w) aids sintering M+=—>C*7) source(um) M—-C) Year | Ref.
(Temp.,’C) M—-C)

1.0 10-30wt% 5wt%MgO HP* (1700-1800) | (860—650) 3* ? 1 (6.0—4.8)CSF# | 1982 8)

0.5 10-50wt% Y,0;+La, 0, | HP(1800) (610—620) 3 ? ? 1984 81)
(0-20mol%)

3~10  |10-40vol% |5vol%MgO | HP(1600) 1 (400—360) 4% 7 (2 >150-250) | 1 (5.3—>6.9)CN# | 1986 | 82)

HP (1750-1850) 1 (670—530) 1(7.2—10.0)

0.53 10-30vol% |6wt%Y,0s+ | HP(1800) 1 (770—-730) 4 ? * (4.6—5.0)CSF | 1987 | 84)
1.5wt2%Al1,0,

0.5 10vol% 5wt%Y,0;+ | HP**(1600) ? (720— ? )4 ? 1 (7.3—9.0)CN 1987 85)
5wt%MgAl,O,

0.1~  |10-20vol% |6wt%Y,O,+ |Nitridation+ L (900550 4 ? 1(6.0—5.0)IF* | 1987 | 86)

0.5 2wt2% AL 0; HIP(1700)

1.0 10-20wt% 3wt%MgO HP(1720-1750) 1 (370—500) 4 ?(?—50-120) | T (4.0—7.0)IF 1988 87)

0.5 10-30vol% 10wt%Y.0;+ | HP(1973-2173) T (760—810) 3 ? 1 (5.3—26.7)IF

1.35 10-30vol% | ALO; (1 —860) (n —7.1) 1989 | 88)

1.85 10-40vol%4 (» —840) (n —7.3)

0.6 20vol% 10wt%Y.,0,+ | HP(1700-1800) 1 (610—750) 4 ? T (4.7-6.1)IF 1989 89)
5wt9%ALO;

0.5 10-30vol% |no addition | HIP(2000) L (550—500) 4 ? 1 (3.0—4.2)IF 1990 | 90)

0. 10-30vol% |6wt%Y,0,+ |HP(1850) L (700—560) 4 ? 1 (5.0—>7.5)CSF | 1990 | 91)
3wt%AlLO;

*measured at 20(wt or vol)9% SiC(w), **monolith,

“**ceramic composite,

*hot-pressing, **hot isostatic pressing, ***FS means flexural

strength, #3 or 4 means the 3 or 4 point bending test, *#CSF, CN and IF means the controlled surface flaw, chevron notched and

indentation fracture method.
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Fig. 9. D/Dth, FS(3 point bending test), K,.(CSF
method) and Vickers’ hardness(Hv) of Si;N,
monolith(M) and three kinds of SiC(w)/
Si3N4 WRC(WR’ WL’ WT) WR denotes WRC
in which the longer axes of SiC(w) are
aligned parallel to the tensile surface of
specimen or the hot-pressed plane, but ran-
domly to the specimen axis. W, and W;
denotes WRC in which the longer axes of
SiC(w) are aligned longitudinally and tran-
sversely to the specimen axis, respectively®®.
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iz b SIC(w)/Si;N,WRC#457z L 3 2 #3102}
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