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ABSTRACT

/\lzoa-SiC (Silicon carbide whiskers) composites were fabricated by incorporating
25°vol.% ¥iC_ in Al, Oy matrix. The resulting composites yielded an average
toughness valle of 7.5 MPa Vm, average strength of 550 MPa and Young's
modulus of 410 GPa. Micrographs revealed that crack path is deflected by
the second phase. Crack bridging also takes place. The experimentally obtained
values were compared with the predictions of models. While the crack deflec-
tion model overestimated the increase in toughness, the predictions of the
crack bridging model fell short of the experimental data. Pull out did not
seem to be of consequence.
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INTRODUCTION

Al.O,-SiC_ composites have recently become very important ceramic materials.
Thé advanfages of these materials are quite obvious-while they retain the
high hardness of alumina, these composites possess higher toughness values
as compared to alumina (Becher and Wei, 19845 Tiegs and Becher, 1987a).
Because of this enhanced toughness, these composites are wear and thermal
shock resistant (Tiegs and Becher, 1987b). Furthermore, they retain their
properties at higher temperatures (Porter et al, 19873 Becher and Tiegs, 1928).
There are several studies in the literature, which identify toughening mechanism(s)
in these composites (Becher et al. 1986, Homeny et al. 1987 and Ruhle et
al.1987). i is now known that in non-transformation toughened materials
such as Al 03—51C composites several toughening mechanisms can occur
e.g. deflection, bricl“éing and pull out. Models of each of these mechanisms
are available in the literature (Faber and Evans, 1983as Marshall and Cox,
1988; Thouless and Evans, 1988). In this paper, we report the mechanical
property data of the samples fabricated by us. We also critically evaluate
the present data in terms of the various mechanisms which we describe below.
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TOUGHENING ME CHANISMS
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Pull Out:
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with mean length L , the total increase in toughness is

Cew/BnrE/1n) €17 (@

where E_ is Young's modulus of the composite and f is the volume fraction

of the second phase.
EXPERIMENTAL PROCEDURE

Flow chart for the entire processing is shown in Figure 3. Briefly speaking,
the as-received whiskers were milled in an agate mill to decrease the aspect
ratio somewhat. The milled whiskers were ultrasonicated at a pH value of
9.5. The as-dispersed whiskers were added to alumina doped with Y ;05. The
mixture was milled further in an agate mill. The milled material ‘was dried
and hot pressed in vacuum using gaphite die between temperature of 1700-1800°C
for one hour. Control samples of Al,O3 (Y ,O,) were hot pressed at 1600°C
for 1 hr. The as-hot pressed materia? came ‘out in the form of disc of about
12 cm. in diameter. These were cut into bars, which were ground and polished.
Bend strength values were determined in a 3 point bend jig in a universal
testing machine (INSTRON 1185) fitted with a compression load cell. The
same jig was used for determining toughness values from single edge not ched
beam (SENB) specimens. The microstructure was examined in scanning electron
microscope (SEM). The Y oung's modulus of the composite was measured using

a resonance technique.

RESULTS AND DISCUSSIONS

d 98% of the theoretical density.

The bulk densities of all the samples reache
composites was 550 MPa. The

The average bend strength of A1203-SiCW
average bend strength of control sdmples was 275 MPa. Single Edge Notched

Beam (SENB) technique yielded a toughness value of 7.5 MPa v m. For the
control sample, fracture toughness was 2.5 MPa v/ m. Young's modulus of
the composite was 410 GPa, while that of the control sample is 272 GPa.
Toughness values are comparable or higher than those reported in the literature
(Homeny et al. 1987; Tiegs and Becher, 1987b). Since the composites are
hot pressed they are quite anisotropic. In the present case the crack plane
was parallel to the hot pressing direction (perpendicular to the whisker plane).
Becher and Wei (1984) reported that when the crack plane is perpendicular
to the whisker plane, there is substantial increase in toughness. Therefore,
this high toughness value can be reported as a result of uniaxial hot pressing

and the particular geometry of testing.

o note here that ARCO whiskers were used in fabricating
composites in the above cases (Homeny et al. and Tiegs,Becher). In the present
case, the source of the whiskers is a different one. These whiskers may inf luence
the properties of fabricated composites by affecting whisker-matrix interface.
Becher et al. (unpublished) have conclusively proved that Oxygen content of
the whiskers have a very important role to play in altering the characteristics.
If the oxygen content of the whiskers is high they form glassy phase at the
grain boundary, thus achieving a stronger bond. This, in turn, would decrease
p ull out and lead to lesser increase in toughness. One may therefore, argue
that the whiskers used in the present experiment may contain less oxygen.

It is of interest t

ck path in the composite.  These cracks originated
laced on the material by Vicker's indentation. The

k gets deflected as well as bridged. However
Whhout this

Figure 6 shows the cra
from the indentations emp

figure clearly shows that the crac
similar experiments could not be conducted on control samples.
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Fig.1 : Modelling of crack deflection

@ (b)
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(a) tilt' cof iguration (b) twist ' configuration
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\— CRACK TIP
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Fig.2 : Crack bridging model
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AS RECEIVED SiC WHISKERS
MILLING IN AGATE MILL

ULTRASOMICALLY
DISPERSED

ADDED AL,0, - Y, 0,

TUMBLED FOR
DEAGGLOMERATION

Fig.3:
Typical Flow
chart for
MIXTURE DRIED fa_brICat lng
BINDER AODED A|203—S_iC
Cohnpbsite

CHARACTERISATION

Fig.4: Optical micrograph (200x) showing the
uniform dispersion of the SiC Whiskers in
the green AIZOTSij mixture

Fig.5 : Scanning Electron Micrograph (1000x) of polished and

ched surface
showing uniform distribution of SiC whiskers throughout the

umina matrix
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Fig.6 : SEM photograph (2000x) showing both deflection and bridging
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