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Development of Oxide/Oxide Composites Using Continuous Zirconia Fiber as a
Reinforcement (3)
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ABSTRACT

The development of oxide-based CMC that can be used at higher temperatures than SiC-based CMC, which
improves the performance of jet engines, is progressing. In this study, zirconia-based continuous fibers with heat
resistance of 1300°C, which were successfully mass-produced by the aqueous dry spinning method, were used
as reinforcing fibers, and 1D-CMC with 4YSZ as the matrix was processed by PIP (polymer impregnation and
pyrolysis) method. As a result, high-strength 1D-CMCs with a remarkably uniform structure were obtained compared
to the short fiber bundles that were conventionally used as reinforcing fibers. For comparison, 1D-SiC/SiC was
also fabricated by the PIP method, and these CMCs were subjected to three-point bending tests and tensile tests.
Furthermore, structural analysis and heat resistance evaluation were performed, and the soundness of the fiber and
carbon interphase was compared with 1D-SiC/SiC to examine the superiority of zirconia-based CMC.
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50% ZrOCl,/H,0

«—| 2eqmal 30%H,0,/H,0

Stirring, 60°C-1h

.| (CH;C00),Y
ez Weight ratio Y,0,/2r0,=7/93
precursor |
for CMC 20% Colloidal silica, Ammonium borate
matrix *~— Weight ratio Si0,/Zr0,=0.5/99,5-10/90
B,0,/Zr0,=0/100-5/95

10% PVA

«— Degree of polymerization 1700
Degree of saponification 87mol %
Weight ratio PVA/Oxide=13/87

Vacuum concentration

Spinning dope
Oxide concentration 32.0%
Viscosity 100-500Pa*s

Fig. 1 Example of spinning dope preparation scheme
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Fig. 2 Aqueous dry spinning process and continuous and

crimp-free zirconia fiber over 200 tex
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Table 1 Fiber composition and properties of continuous zirconia base fibers by aqueous dry-spinning

Fiber precursor|Oxide composition (weight ratio) | Number of holes in Calcination |Fiber diameter| Tensile strength/GPa
composition |Y,0,/Zr0,|Si0,/Zr0,|B,0,/ZrO,| spinning nozzle |temperature/°C /Um (Standard deviation)
Zr-Y 7/93 - - 1300 9.2 Not measurable

. 7/93 3/97 - 1300 10.3 1.39
Zr=-Y-Si
7/93 12/88 - 90 1300 9.6 0.75
7/93 2/98 0.5/99.5 1300 9.8 1.68
7/93 5/95 0.7/99.3 1300 9.7 1.35
1100 1.4 1.27
1100 9.1 0.79
Zr-Y-Si-B 1100 9.2 0.90
7/93 2/98 160 1300 6.3 1.18 (0.40)
1300 8.3 1.38 (0.25)
1300 9.3 1.66 (0.34)
1300 6.7 1.80 (0.29)
SHC (Type S C/Si=31/69 (weight ratio) (1500, in Ar) 125 3.18 (0.87)
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Fig. 4 Relationship between tensile strength and Young's
modulus of fibers obtained by aqueous dry spinning
process and firing temperature in air

Fig. 5 Firing temperature dependence of tetragonal ZrO-

crystallite size
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Fig. 7 Exposure time dependence of strength retention of
fiber exposed to 1300C in air
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Table 2 Calcination temperature and the flexural and tensile
strengths at room-temperature of 1D-CMCs

Calcination Flexural Tensile

1D-CMC |temperature Vf p | strength | Strength
/°C /MPa /MPa

Zr0,/ZrO
(42YSZ) 2 1200 0.24 (0.31 364.8 145.0
Zr0,/ZrO,(4 1200 0.28|0.21 4148 1176
YSZ-SiO,- 1300 0.28(0.27| 3125 178.7
B,0,) 1500* 0.28(0.25| 3321 -

SIC/SIC-1000 1000 029 — | 11213 461.9
SiC/SIC-1500 1500 0.25|0.22| 42241 229.7

*1D-Zr0,/Zr0,(4YSZ-Si0,~B,0,)-1300 exposed to 1500°C
for 0.5 hours in Ar

3lg - emB3E WY, 72, AALE, p, &, 1 (ke
DRBEEER+< MY v 7 AOKMEHER), L LTK
BD7=DS, T MY v 7 AOMREEICET 5T — ¥ A
720, YNaz=7RIZOWTIE, PIPY a2+ Z2%51200C
BLTI500COHAFICIE, BEOWENTETVS
1100°C BEARAME D% E (553g/cm™) & ERLd1300T Bt
BAHE DB S, RIRETOS MY v 7 ABEER, B
JR EEARAT I 2 AhoE L C NS B W idsHE LT, el
EEMLEE vz,

500

aso | Zr0,/Zr0,(3YSZ-Si0,~-B,0;)-1200
400 |
©
-
S 350
S~
'.E) 300 |
s
Q 250 |
L. 200
B L
2 150 |
o
b 00 +
50 |
0
0.0 0.5 1.0 15 2.0 2.5
Strain/%
450
00 | Zr0,/Zr0,(4YSZ-Si0,~B,0,)-1500
@ 350 -
o
=
S 300t
i)
$ 250 |
H
= 200 |
5
> 150 |
™
100 |
50
P %——‘“\—
00 05 1.0 15 20 25

Strain/%

Fig. 8 Stress-strain curves of bending tests of 1D-ZrO2/ZrOs sintered at 1200 , 1300C , and 1300C followed by

the heat exposure at 1500C
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Fig. 10 SEM photograph of fracture surfaces of 1D-ZrOy/
Zr0: (3YSZ-Si0»B03) sintered at 1300C with and
without the heat exposure at 1500C
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Fig. 11 Stress-strain curve of bending and tensile tests of
1D-SiC/SiC-1000 and 1500
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