425 BAH X2 —E ¥4k

Vol. 51 No.5 2023.9

) 2 Ry =01

| Beffrsm S

i Re AR AE 2 SR LRhHE & 3 S B ILRCMCO B3 (2)

Development of Oxide/Oxide Composites Using Continuous Zirconia Fiber
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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, using improved C-coated continuous zirconia fibers as reinforcements, CMCs with BaZrOs-

matrix or YSZ-matrix were prepared. Mechanical characterization and structural analysis of CMCs heat-treated

over 1400°C to increase the sinterability of the matrix were performed to investigate the effect of fiber and matrices

soundness on CMC properties. And, by evaluation of the super environment resistance of CMCs, the practicability of

oxide-oxide composites was examined.
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Table 1 The calcination conditions and the tensile strengths of
fibers as reinforcements

Calcination Fiber Tensil
Fiber temperature/C diameter - nergll /%P
(atmosphere) /pm streng a
Zr-Y (0.1) - Al .
(0.1)-Si(01) | 1000 (Ai) 1091 111
9.08 1.01
Zr-Y (0.1) - Al 8.75 1.20
OD-pCson) | 100 (N 806 125
8.28 115
Zr-Y(0.1) -
PCS(0.05) 1000 (Ar) 10.64 095
Type S - 12.49 318

Zirconia Fiber

ry Impregnation |- BaZrO,
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Pyrolysis

Fig. 1 Fabrication process of CMC
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Fig. 2 Fabrication process of 1D-CMC preform
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Fig. 3 Fabrication process of 2D-CMC
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Fig. 4 Tensile test piece with aluminum tabs
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Table 2 The heat-treatment temperature and the tensile
strengths at room-temperature of 1D-CMCs

" Heat—treatme?t Tensile
-CMC t?glgs(r)z;feeé)c Vi Strength/MPa
CMC(ZB)-30 1000 (Ar) 0.24 19.1
CMC(ZB)-31 1400 (Ar) 0.27 175.3
CMC(YSZ)-34 1000 (Ar) 0.32 784
CMC(YSZ)-36 1400 (Ar) 0.30 86.6
Type S/SiC 1000 (Ar) 0.31 329.0
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Fig. 6 Stress-strain curve of 1D-CMC
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Fig. 7 Stress-strain curve of Type S/SiC
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Fig. 8 SEM photographs of fracture surfaces of zirconia fiber
1D-CMCs heat-treated at 1000C and 1400C
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Table 3 The flexural strengths at room-temperature of
1D-CMCs after exposure test at high temperatures in
various atmospheres

Exposure Mass Flexural
1D-CMC Vi temperature/C | change |strength /

(Atmosphere) rate /% MPa

CMC(ZB)-8 0.14 1000 (Ar) - 34
CMC(ZB)-24 | 022 1300 (Ar) -0.04 35
CMC(ZB)-25 | 0.20 1350 (Ar) -0.72 45
CMC(ZB)-27 | 0.14 1400 (Ar) -2.18 31
CMC(ZB)-29 | 0.15 1450 (Ar) -3.46 41
CMC(zZB)-32 | 027 1500 (Ar) -2.67 252
CMC(ZB)-14 | 012 1400 (Air) -2.18 77
CMC(ZB)-15 | 0.11 1500 (Air) -248 121
CMC(ZB)16 | 012 | (. 0 | 288 65
CMC(ZB)18 | 012 | (. 90 | 235 | 130
CMC(YSZ)-10| 0.11 1000 (Ar) - 71
CMC(YSZ)-43| 025 1500 (Ar) -248 32
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Fig. 9 The flexural strength and bulk density of 1D-CMCs heat-
treated up to 1500C in Ar atmosphere
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Fig. 10 The relationship between the relative density and the
heat-treatment temperature of BaZrO3z compact in air
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Fig. 11 The photographs of 1D-CMC (a) before and (b) after
three-point bending tests at 1400C in air
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Table 4 The results of creep tests for 1D-CMCs(YSZ) in air

1D-CMC T/C Load/N r;r;gllfet/‘;l
CMC (YSZ)-200-06 1000 20 >10
CMC(YSZ)-200-10 1000 40 0001
CMC(YSZ)-200-14 1400 20 0001
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Table 5 The results of erosion tests for 2D-CMCs

2D-CMC temp?eurraft;:ilfree/ T Y(Zse;%‘}’z am]?)fl(;lstl(/) ;Illm
2D-CMC(ZB)-4 1963 0.29 0.20
2D-CMC(YSZ)-5 1846 0.24 0.02
2D-Type S/SiC 1634 1.03 0.07
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Fig. 12 The photographs of 2D-CMC (a) before and (b) after
erosion tests
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