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Development of the ceramics matrix composites (CMC) which can be used at higher temperature than SiC/SiC

composites is being advanced. It is expected that oxide/oxide composites bring performance improvements of a

jet engine. In this research, the heat-resistance of continuous zirconia fiber by dry-spinning was improved through

molecular design of the precursor polymer and optimization of the calcinating condition. Then the uni-directional

reinforced composites (1D-CMC) using improved fiber with BaZrOs-matrix or YSZ-matrix were prepared, and the

flexural strengths were measured. By evaluation of the relationship between the flexural strengths and the properties

of fiber/matrix interface and the improved fibers, the applicability to super environment resistant and high strength

CMC as reinforcements of developed zirconia fiber was estimated.
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Fig. 1 Fabrication process of 1D-composites by PIP method
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Table 1 Dry-spinning condition and the spinnability

Precursor Concigg;f tion/ Tem;;gcrature Spinnability
Zr-Y (01) - Al 775 (RT) 4278
(0.1)-Si(0.1)

061 780 (RT) 1168

7Zr-Y (0.1) - Al 780 5 748
(0.1)-Si(0.01)

070+PCS(0.1) 810 35 40
Zr-Y (0.1) 077+

PCS(0.05) 780 30 630

PCS-UUH 56 (RT) 168
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Fig. 2 The relationship between the curing temperature and the
tensile strength (@) and the zirconia crystallite size (O)
of zirconia fibers from Zr-Y (0.1) - A1(0.1) -Si(0.01)-070+PCS
(0.1) heat-treated at 1000C in N3

Fig. 3 SEM photographs of zirconia fibers from Zr-Y (0.1) - Al
(0.1) +Si(0.01)-070+PCS(0.1) cured at (a) 45C and (b) 125C
followed by heat-treating at 1000C in Nz atmosphere
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Fig.4 SEM photographs of zirconia fibers from Zr-Y (0.1) - Al
(0.1) -Si(0.1)-061 heat-treated at 1400C in (a) air and (b) N;
atmosphere
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Figh SEM photograph of the whisker formed on the zirconia
fiber strand ((Zr-Y (0.1) - Al (0.1)-Si (0.01)-070 +PCS (0.1))
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Fig. 6 SEM photograph of C-coated zirconia fiber obtained from
Zr-Y (0.1)-077+PCS (0.05)

Table 2 The preparation conditions and the tensile strengths of zirconia fibers as reinforcements

Precursor Curing tencqjalecligfﬁr(:;"C Fiber diameter/ ;zm | Tensile strength/GPa
u temperature/C peratu (Standard deviation) | (Standard deviation)
(atmosphere)
Zr-Y (0.1) - Al (0.1)-Si(0.1)-061 85 1000 (Air) 1091 (1.79) 111 (041)
95 9.08 (2.98) 1.01 (0.69)
Zr-Y (0.1) - A1(0.1) - Si(0.01) 125 875 (1.87) 1.20 (0.44)
070+PCS(0.1) 1000 (N2)
150 8.06 (1.67) 1.25 (0.54)
200 8.28 (1.88) 1.15 (057)
Zr-Y (0.1)-077+PCS (0.05) 125 1000 (Ar) 10.64 (2.94) 095 (0.29)
Type S - - 1249 (0.98) 318 (0.87)
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Table 3 Characteristics of 1D-CMC

Flexural
1D-CMC Precursor Interphase | Vi* | Strength
/MPa
Zr-Y(0.1) - _
CMCZB)-L | 7y (0.1) -Si(0.1)-061 024) 149
Zr-Y (0.1) -
CMC(YSZ)-2| Al(0.1)-Si(0.01) - 0.29 62
-070+PCS(0.1)
CMC(ZB)-3 7r-Y (0.1)-077+ C 0.22 199
CMC(YSz)4|  PCS(005) C 026 137
Type S/SiC PCS C 0.31 674
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Fig. 8 Stress-strain curve of Type S/SiC
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Fig. 9 Stress-strain curve of 1D-CMC using zirconia fibers as
reinforcements
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Fig. 10 SEM photographs of fracture surfaces of zirconia fiber
1D-CMCs
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