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The calcium aluminosilicate (CAS: anorthite) glass-ceramic matrix materials in the
SiCi/CAS composites deformed in compression at a high temperature were analyzed for
microstructures. The matrix region right above the top of the SiC fiber (6 ~0°) showed high
density of dislocations as well as twins. On the other hand, the matrix region remote from
the top of the SiC fiber (9 ~90°) showed only a twinned structure. This experimental result
was compared with the Meyer et al.'s mechanical modeling indicating that the interfacial
traction of the matrix region right on the top of the fiber is significantly high compared to
the remote stress and thus it rate limits the creep deformation of the composite. © 7998
Kluwer Academic Publishers

1. Introduction far field applied stress level. Furthermore, the sample
There has been considerable interest in silicon carbidwith ¢ = 90° showed zero traction &t> 37°. Accord-
fiber reinforced ceramic or glass-ceramic matrix com-ingly, for a composite sample (= 90°) the matrix of
posite materials mainly due to their high fracture tough-60 = 0° would be expected to show high density of dislo-
ness [1-5]. A previous microstructural analysis of thecations and that & > 37° low density. Several previous
composite material indicates the existence of a distincinvestigators have found a large number of twins and
layer of partially graphitic carbon approximately 80 nm dislocation glide for the deformation of the naturally
in thickness, forming directly on the SiC fiber from ox- occurring anorthite, plagioclase feldspar [10, 11].
idation of SiC [1-5]. This graphite layer between the The focus of present study is on the investigation
fiber and matrix enhances the fracture toughness of thef the microstructure of the calcium aluminosilicate
composite. matrix in the SiG/CAS composites deformed at a high
High temperature mechanical properties of thesdemperature. This experimental result was compared
composites have been studied as well since they are oweéth the prediction of the Meyest al’'s model.
of the promising structural refractory materials [6-9].
All of the composites studied previously showed im-
proved creep properties compared to the unreinforce@. Experimental
matrix materials. Meyeet al. [9] established a model The composite materials used for this study were man-
to predict the high temperature mechanical responsefactured by Corning Inc., consisting of unidirectional
of SiC fiber reinforced calcium aluminosilicate (CAS) Nicalorf® silicon carbide fiber (30 vol %) and calcium
composites. Fig. 1 shows a compression specimen (aluminosilicate (CAS) glass-ceramic matrix. The cal-
and a unit-cell micromodel (b). Herg,is the angle be- cium aluminosilicate composition used as the matrix
tween applied load,y) axis (y) and the SiC fiber axis lies on the corundum (ADs)—anorthite (CaAlSi,Os)
(x), ande that, between the applied loag)@nd inter-  binary join (~ 7wt % of Al,O3) of the CaO-A}Os-
face normal tractionn(). As shown in Fig. 2, the Meyer SiO, ternary system. The CAS matrix material shows
etal’s model predicted that the interface tractions alonggrain size of about 1-g:m, whereas the SiC fibers
the top of the fiberd ~ 0°) are substantially higherthan show extremely fine grain size of about 1.5 nm. The di-
the applied remote stress (Note thayy, = 1.7 atthe  ameter of the SiC fiber was approximately/1&. The
top of the fiberd ~ 0°), whereasthe tractionsalofig- ~ composites deformed by compressive creep tegjs£
40 are zero fokp = 60° sample. Thus, the region right 35 MPa) at 1290C and in an argon gas atmosphere,
above the fiber would be stressed significantly above thevere used for present microstructural analysis study.
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Y Y(-0y,) compared for thé ~ 0 and 90 samples. Fig. 4a shows
Oy ; n the bright field image of the interfacial region of the
1 / composite ¢ ~90° andé ~ 0°) deformed at 1290C
(M: matrix, G: graphite, S: Sipand F: SiC fiber). The
‘ SiO, and graphite layers are the products of oxidation
D/ | ] o=90° X of SiC fiber during composite fabrication (hot press-
I/ X ing). The CAS matrix shows a deformed structure with
apparent dislocations, which indicates that the matrix
near thed ~0° region was deformed by dislocation
7 glide during the high-temperature creep deformation.
@ ®) In other words, the matrix above the top of the fiber
(6 ~ 0° area) was at a high stress level during the creep
Figure 1 Schematics of (a) compression specimen with compressivetests. Fig. 4b shows the selected area diffraction (SAD)
loading @yy), (b) unit-cell microscale model. Thecorresponds to the  nattern of the CAS matrix representing a triclinic struc-
E\ngle between the com_press!ve ayipdnd fiber dlrectlgn)(); thed that ture. A|SO, a heavily twinned structure was observed for
etween the compressive axig§ @nd the normal tractiom{ [6]. . .
thed ~ 0° samples. Fig. 5 shows the twinned structure
of of the CAS matrix (a) and SAD pattern from the
twinned triclinic structure (b). The SAD pattern from
the twinned triclinic structure was readily identified by
the series of the three parallel spots.
Fig. 6a shows the bright field image of interfacial
area of the composit@(~ 90° andd ~ 90°) deformed
at 1290 C. The matrix showed only the distinct twinned
structure which implies that th&~ 90° area was less
stressed during the compressive creep deformation.
Dislocations of extremely low density were observed
in the matrix. The SAD pattern of the matrix in Fig. 6b
indicates a twinned triclinic structure which also could
be identified by the series of three parallel spots.
According to Meyeret al. [6] the anorthite matrix
within the SIG/CAS composites deformed at the stress
level of 35 MPa showed a stress exponent of near 3,
indicating dislocation glide and/or mechanical twin-
ning deformation. This is contrast to the resulhof 2
0 (Degrees) at 35 MPa for the deformation of pure anorthite ma-
trix. They used a nonlinear Maxwell fluid constitu-
Figure 2 A plot of the normal interface tractions for a frictionally slip- tive model for the stress exponent of the composite.
ping interface Qfac_omposité(: 60°). The increase in the tractions at  Their results revealed that the matrix in the compos-
the top of the fiber is apparent [6]. ite has a stress exponent of1 for low stress level
(< 15 MPa), and an increasing stress exponent for in-
creasing compressive stress § at 50 MPa). Since
The SiG/CAS compositesg = 90°) were sliced in  the matrix region right above the fiber of the com-
two directions. Fig. 3 shows the schematics of the prepaposite was stressed significantly above the far-field
ration of the thin folis withd =0 (a) and 90 (b) for  stress ,/oyy ~ 1.7;t, > 50 MPa) the stress exponent
the transmission electron microscopic (TEM) analy-would increase from 2 to 3. Thus, it can be concluded
ses. The composite slices'  mm thick) were glued that the region right above the fiber controls the high-
on a glass slide with wax and polished down tog28  temperature deformation of the composite. Due to the
thickness by using mechanical polishing. Each thin foiltriclinic structure the dislocation glide in the anorthite
specimen was mounted on a copper washer and broughtatrix seems difficult since a triclinic crystal has the
to an ion milling machine for final thinning. Each spec- large, intrinsic Peierls stresses associated with the large
imen was analyzed for a microstructure and diffractionBurgers vectors and does not include any obvious low-
pattern by using Jeol 200CX transmission electron mienergy stacking faults for dissociation of dislocations
croscope (TEM) at 200 kV. Only the interfacial regions into partials. However, since the stress level at the top of
with a fiber diameter of about 35m were investigated the fiber is very high the matrix would show the defor-
both for the 0 and 90samples since only the matri- mation associated with twinning and dislocation glide
ces adjacent to the fiber regions of aboufdB width  as well. The matrix remote from the top of the fiber
should be located at almost 0 and @@ound the fibers. (6 ~90°) which is at the relatively low stress level (35
MPa) showed a twinned structure and almost negligible
density of dislocations. This resultis in good agreement
3. Results and discussion with that the pure matrix has the stress exponent gf
Microstructures of the anorthite matrix in the compos-which indicates a partial diffusion creep and a partial
ites deformed at a high temperature were analyzed anthechanical twinning deformation.
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Figure 3 Schematics of TEM sample preparation out of B8AS compositesf ~ 90°); (a) 6 ~ 0° and (b)d ~ 90°.

Figure 4 (a) A bright-field transmission electron micrograph (TEM) of the interfacial region of the silicon carbide fiber reinforced calcium alumi-
nosilicate (CAS) glass-ceramic composige~ 90° andd ~ 0°) deformed at a high temperature. The CAS matrix shows the deformed structure by
dislocation glide. (b) A corresponding selected area diffraction (SAD) pattern of the CAS matrix representing a triclinic structure.

4. Conclusions on the top of the fiber must have been highly stressed
The CAS matrix in the SiZCAS composites deformed compared to the region remote from the top of fiber
at 1290°C showed high density of dislocations and since very high level of stress is required for the slip
twins at the region on the top of the SiC fibér{ 0°)  deformationin atriclinic crystal. Thisresult agrees very
and only twinned structure at the region remote fromwell with the Meyeret al.'s mechanical modeling which
the top of the fiberd ~ 90°). The CAS matrix region predicted that in the SKEICAS composite the traction
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Figure 5 (a) A bright-field transmission electron micrograph (TEM) of the interfacial region of the silicon carbide fiber reinforced calcium alumi-
nosilicate (CAS) glass-ceramic composige~ 90° and6 ~ 0°) deformed at a high temperature. The CAS matrix shows the deformed structure by
twinning. (b) A corresponding selected area diffraction (SAD) pattern of the CAS matrix representing a twinned clinic structure.

Figure 6 (a) A bright-field transmission electron micrograph (TEM) of the interfacial region of the silicon carbide fiber reinforced calcium aluminosil-
icate (CAS) glass-ceramic composite+ 90° andé ~ 90°) deformed at a high temperature. The CAS matrix shows an apparent twinned structure.
(b) A corresponding selected area diffraction (SAD) pattern of the CAS matrix representing a twinned triclinic structure.
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