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ABSTRACT

S1C whisker-reinforced LAS matnix composites were developed by a mixed colloidal processing route. An
oplimizalion of processing conditions was made using the zeta potential data of silica, boelimite, and S1C whisker
dispersions. Simularly, the 5iC whisker-reinforced composites were also fabricated by the conventional sol-gel
process using Lhe hydrolysis-condensation reaction af relevant metal alkosmdes. The composiles fabricated
by the mixed colloidal pracessing route were characlerized by a umiform spalial distribution of S5iC whisker
throughout the mairiz. The fracture toughness increased from 1.3 MPa+m'# for the LAS specimen to 5.0 MPa-m
Y2 for the hol-pressed composite (950C and 20 MPa for 20 min) containing 20 wt% SiC whisker. The increase
in tracture toughness appears lo resuit mawnly [rom the crack deflection and the crack hridging by whiskers
with some additional toughenings from the whisker pulloul and Lhe matnix prestressing mechanisms.
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Fig. 1. Experimental procedure used for the prepara-
tion of SIC whisker-LAS composite pawders by
two different processing routes: (a) sol-gel pro-
cessing route using the hydrolysis-condensation
reaction; (b} mixed colloidal processing route.
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Fig. 2. Zeta potentials of boehmite (AIOOH), Ludox si-
lica, and SiC whisker as a function of suspen-
sion pH.
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Fig. 3. Polished surface {parallel to the hot-pressing
axis} of the hot-pressed SiC whisker/LAS mat-
rix composite prepared by the mixed colloidal
processing route.
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Fig. 4. ¥XRD pattern of the SiC whisker/LAS matrix
composite hot-pressed at 950C and 20 MPa for
20 min.
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3. Scanning electron micrographs of LAS glass-ce-
ramics and SiC whisker/LAS matrix composites
hot-pressed at 950C and 20 MPa for 20 min:
(8} fracture surface of LAS specamen; (b) frac-
ture surface of the composite parallel tc the
hol-pressing axis; (¢) fracture surface of the
composite normal to the hot-pressimg axis.
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Fig. 6. Scanning electron micrographs showing crack
propagation in LAS glass-ceramic specimen and
3iC whisker/LAS mairix composite containing
20 wt% whisker: (a) crack path in LAS speci-
men; (b) crack path along the plane parallel to
the aligned whiskers in Lhe composite; (¢) crack
path along the plane normal 1o the aligned whi-
skers i the camposite.
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Fig. 7. Fraclure toughnesses of SiC whisker/LAS mat-
rix composites as a function of 5iC whisker
content: (a) Ki. of the composites prepared by
the conventional sol-gel route; (bY Ky of the
composites prepared by the mixed colloadal
processing route.

siong  #~#2] debondinge|vt =] 42 {(microcrac-
king)-& fbaled F27/71R) AR AR-EEe
A e ofslalzielel SRR wala) Hazs)
7179 A} ASFET} ZRE matrix prestressing
272 pullont FHXAFAE & AR FEe 2
Holl = L3t FLg (L) elA] 2 S gl uibsl ol
#2719 pulloute] FA grie A AL HE
ol Ae] ApEEe] M) A} A5 Aelelld
el F)A]el 2] ehSg-E ks Al Ae] o &
Fo] slalE Wyl 9 Aleisa oli& AT

el 2AD uf g a7 ¢F YgFeR
load transfersfl <% ¢l =7le

SiC #2719 Young's modulus(E,==~630 GPa) 7t
glass—ceramics?] A4 7(E,=60~85 GPa®) 2} 4
A =7 wlRolth Load transfers] £ a9A4Z7HE=
wam»] Bl7} 2 o)Ak u] FapRle R #a-slw o] b7}
AAPE Qg E2re] st 2Pt SIiC FaAH/

e rir

A28 A 12 Z(1991)

23 SiC #2775 LAS 71 239 E4

LAS 2342 3% EJ/E.4 H)7h ok 80] FH= i‘“
de A WEH HaAEe] FHEHAY 3
Ay Hre] qgFale] 7=l

Fig. 7& 2 FA A SiC #A2A 8 g b2 K
Wsl g SA Aolth LAS ZAsfele] Kok de
1L3MPa-m¥o|m SIC #2719 ¥edef] wle} Q148 &
77t TR F2elm EEeE AET Wwik H
> g4 Bt el AL K& ek 5.0 MPa-mYiEs 4ol
Arel glgEale] FAFch Wi solgel HEE
A #Et EAs adEyle] ”wy) AdiEe g wnjeksl
W ofuje} Kl o) AEAHE =0 gAde welFx
=42 b A Kghel A2 27
Aol 2 iﬂl% A e S elAs) 2ot
)7 s ks

&
i
T

L 2z} 7lAe 1 Fe, g3 BEA4EE
st Qg ek 7)) H8lA SIC A2F A/
LAS 7|#| £8% 3 2|z Z%43} sol-gel process&
ojHated Abaladnt,

2, 7%l 3AE ojihEtE 2Relz EPH ] 24
gt o) dlF32) submicron RS WY F2A g
2aE 2xe siwle 2ads Aad 5 oelgrh

3. 20 wt% SIiC #~A Y 7l ofs A ddE
LAS glass-ceramics Al He] vl#] oF 40 A= F71417
T ol

4. i“’éﬂ% gebde] wl4rzg fAg Ag Sic
~7/LAS 7|7 Bahael e 42318 F2 crack de-
flection > i}fiﬂoﬂ 2J8} crack bridgingsl] =& defd
T <4 T gk

2Apl 2

B Q7E uss 97ad e w9

o) felgom o Az

of 2]&]

REFERENCES

1 RW. Rice, “Mechanisms of Toughemng in Ceramic
Matrix Composites,” Ceram. Emg. Sci. Proc, 2(7-8),
BG61-701 (1981).

2. A.G. Evans, “Perspective on the Development of

-1017-



5.

A4 - s

High-Toughness Ceramics,” J. Am. Ceram. Soc, 73(2),
187-206 (1990).

. D.C. Phillips, “Interfacial Bonding and the Toughness

of Carbon Fiber Reinforced (Glass and Glass-Cera-
mics,” J. Mater. Sci, 9, 1847-1854 (1974).

. KM. Prewo and 1.]. Brennan, “High-Strength Silicon

Carbide Fibre-Reinforced Glass-Matrix Composites,”
J Mab Sei, 15, 463-468 (1980).

H.M. Jang, K.S. Kim and C.J. Jung, “Phase Formation
and Rheological Characteristics of LAS Derived from
the Monophasic Sal-Gel Route,” f Kor. Ceram. Soc,
28(5), 360-372 (1991).

. A. Streitwieser, Jr. and C.H. Heatheock, Introduction

to Organic Chemistry, 2nd ed., Macmillan Pub. Co,,
Inc., 1981, pp. 369-378.

. P.H. Wiersema, AL. Loeb, and ]. Th. G. Overbeek,

“Calculation of the Electrophoretic Mability of a
Spherical Colloid Particle,” J. Colloid Interf Sci, 22,
78-99 (1966}

. B.R. Lawn and E.R. Fuller, “Equilibrium Penny-like

Cracks in Indentation Fracture,” J Maler. Sci, 10,

10.

11.

12

13.

-1018-

< AR - e

2016-2024 (1975}

. K.S. Kim, HM. Jang and C.J. Jung, “Densification and

Crystallization Characteristics of LAS Gels derived
from the Hydrolysis/Condensation Reaction and the
Mixed Colloidal Pracessing Route,” Submitted for pu-
bilication, J. Kor. Ceram. Soc., (1991).

8. Knickbocker, M.R. Tuzzolo and S. Lawhorne, *Sin-
terable f-spodumene Glass-Ceramics,” J As. Ceram.
Soc, 72(10), 1873-1879 (1989).

8. Inoue, T. Uchivama and K. Nihara, “Toughening
of Ceramic Matenals by Whiskers,” Bull. Ceram. Soc.
Japan, 20(7), 621-629 (1986).

1. Homeny, W.L. Vaughn and M.K. Ferber, “Proces-
sing and Mechanical Properties of SiC-Whisker-AlyOs-
Matrix Composites,” Am Ceram. Soc. Bull, 67(2), 333-
338 (1987).

EM. Prewo, ]J. Bremnan and G.K. Layden, “Fiber
Reinforced Glass-Ceramics for High Performance Ap-
plications,” Am. Ceram. Soec Bull, 65(2), 305-322
(1986).

+]

a7



