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E 1) M2 SEXRY ARBsls ZSRMEF H9)

HE ol & 3}8}4) EW
A=k silicon carbide SiC
silicon nitride SisN,
titanium diboride TiB, 05— 5um
titanium carbide TiC
zirconia Zx0,
H&A B-silicon carbide B-SiC
o-silicon nitride 0-SisN, A7 :01-3um
B-silicon nitride B-SisN, 29| { 5—20um
platelet a-silicon carbide ©a-SiC hexagonal platelets
T4 : 3—10um
Z 1 30— 100um
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# 2) MElY B8NS ABss MRel SA

p c E Diameter Maximum-use
Fiber © (g/em®) (GPa (ksi))  (GPa (Msi) (um) temp ()
Alumina '
Fiber FP* 39 1.38 (200) 380 (55) 21 1316
PRD166' 42 2,07 (300) 380 (55) 21 1400
Sumitomo 39 145 (210) 190 (28) 17 1249
Mullite
Nextel 440% 31 27 (250) 186 (30) 12 1426
Mullite/Gls
Nextel 312 27 155 (225) 150 (22) 12 1204
B-SiC
Multifilament
Nicalon® 255 262 (380) 193 (28) 10 1204
SiTiCO
Tyranno** 25 2.76 (400) 193 (28) 10 1300
SiN,
TNSN* 25 33 (362) 296 (43) 10 1204
SiC whisker
VLS** 32 83 (1200) 580 (84) 4-7 1400
SiC Monofilament
SCS-6 ¢ 305 345 (500) 410 (60) 140 1299
Sigma® 34 345 (500) 410 (60) 100 ‘ 1259
Pure fused silica
Astroquartz*** 22 345 (500) 69 (10) 9 993
Graphite
T300R't! 18 2.76 (400) 276 (40) 10 1648
T40R*** 18 345 (500) 276 (40) 10 1648

*E. L du Pont de Nemours and Co, Wilmington, DE. 'E. I du Pont de Nemours and Co. *3M Co,
St. Paul, MN, ®Nippon carbon Co, Tokyo, Japan. **UBE Industries, Ltd., Tokyo, Japan. ''Toa Nenvyo
Kogyo K. K, Tokyo, Japan, **Los Alamos National Laboratory, Los Alamos, New Mexico. **Avco Speciality
Materials/Textron, Lowell, MA. * *Berghof, Tiibingen, Federal Republic of Germany. ***]. B. Stevens, Greenvi-
lle, SC. '"'Amoco Performance Products, Ridgcficld. CT. ***Amoco Performance Products.
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Group Matrix materials Composition
Glass Borosilicate B:0s—Si0,
Lithium aluminosilicate L0 —AlLOs;—Si0,
Black glass carbon modified SiO:
Oxides Alumina AlLOs
Cordierite 4(Mg, Fe)D - 4AL,0; - 10Si0:
Mullite 3ALO; - 2Si0,
Carbides a-silicon carbide a-SiC
B-silicon carbide 8-SiC
Boron carbide B.C
Titanium carbide TiC
Hafnium carbide HfC
Nitrides Silicon nitride SisN,
Boron nitride BN
Aluminum nitride AIN
Other Titanium diboride TiB,
SiAION Sig, ALON*

*Note : Value of x is between 0 to 2. (Source : Ceramic-Matrix Composites Technology Development

Plan, US. Aerospace Industries Association.)
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deflection residual stress toughening
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mlcrocrackmg interlocking
33 1) B2 22 s M21e =gixzel nelMs

7|17

#

LOW COST
CARBON
MONOFILAMENT
SUBSTRATE

38 2) cvD Yoz NXEl SiC ciaMRe o
(TextronAt HIZE)

dXE = Lanxidertel A Adg 7h2gyl &
QU7 E FEFEES BAEQRH

AfZe Az EdAses 93 432
Ee fEriAd A4z Adteide FE
F3ol 2t £ 919 e F FHo| Af9
=S ¥ B4EE o&3aA e Ao

9%



38 3) Mg 9 #gZ8o= JLE SCHRLE
s HE
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Toughening mechanisms

Highest Toughness

Composite System

[(MPam"] Matrix/Reinforcement

Microcracking ~10 ALOs/Zr0,
Transformation ~20 Zr0, (Mg0)
Particle : ~8 SisN./SiC
Platelet ~8 RBSN/SiC

~14 ) SiaNA/SiC
Whisker ~85 ALQ,/SIC

~11 SisN/SiC
Fibers >30 Glass/SiC

>25 Glass-ceramic/SiC

>30 SiC/SiC-

~16 SisN./SiC
Metal dispersion ~25 ALO/Al, AlLOs/Ni

9%6
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E 5) SIC M7=2 Z3E 3L =M= S4(TextronAl HE)

TYPICAL PROPERTIES

TEST TEMPERATURE

RT 1200C 1350C
Measured in Air (2200°F) (2500°F)
FLEXURAL Ultimate Strength (psi) 90,000 53,000
Strain to Failure (%) 04 04
Modulus-Initial (msi) 46
TENSILE 1D Ultimate Strength (psi) 60,000 45,000 40,000
Strain to Failure (%) 04 025 025
Modulus-Initial (msi) 49 38 37
TENSILE 2D Ultimate Strength (psi) 50,000 35,000 20,000
Strain to Failure (%) 04 0.15 0.25
Modulus-Initial (msi) 36 28 21
FATIGUE 10 H; o min/o max=.1
At 60% Ultimate (cycles) >10°
SHEAR Interlaminar (psi) 17,000
THERMAL SHOCK Water Quench
Room Temp Strength Retention (%) 100 85
DENSITY %Theoretical 99,

!

i
J8 4) LanxideAlOlA PHEEQ JIAEE 3 FREDIE MR =Xz SES

23 mhARe g A9 pulloutolth. w2
Y L/ pdtol add $8-9y FHL
ag k% Ze Ao HY e 7IAA
43¢ 4A a3 HYRYE doslA e

w

%2

=ax)2

BZM2 Z3tE M2l

A2AE A W FE EAFL 373 01-2

o B3dAge Az 2L A3 e 2l A2 4@ A f3140l,
3. AlEte EfAlEe Az R EA E8 7AW H2AE 2 EUAA hard agglo-

¥ #

97



WO
T i
K
-
B

debonding

N

AMMIMIMIY
4 v‘%}v

)

/

Crack front debonding
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Fiber bundle failure, o,
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Matrix cracking, o, Pull-out
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(a) Tough composite

Unstable cracking

Delamination
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(b) Brittle composite
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