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Figure 2 Fractured morphology of SiCy/SiC matrix
composite structure.
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Table 1. Classification of inorganic fibers
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Table 2. Compositions and properties of structural silicate fiber{1]

Fibers Typical E-glass variants HS-glass Oxynitride fibers
Compositional | = COMaining Boron-and Zn-free Mg-Al Y-S-AO-N | Ca-Si-ALO-N

silicate silicate composition Silicate

Si0, 52-56 60.01 559.0 65.0 50.3 [1.1

Al O 12-16 12.99 12.1 25.0 1.6 2.2

Y,0; - - - - 25.1 -

B,0; 5-10 - - - - -

Ca0 16-26 22.13 22.6 - - 62.2

MgO 0-6 3.11 34 10.0 - 0.7

Zl’l02 - - - - - -

TiO, - 0.55 - - - -

K->O tr. 0.14 I.5 - - -

Na,O 0-1 0.63 0.9 - - -

Fe,0; 0.1-0.4 0.35 0.2 - - -

F, 0-0.5 0.04 - - - -

AlN, - - - - 17.0 -

Si;Ny - - - - - 234
Liquidus T, 'C 1050-1064 1200 - 1500 - -
Strength, GPa 34-35 35 35 4.6 <9.0 <4.0
Modulus, GPa 72-74 81 - ‘ 88 213 248
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Figure 8. Microstruture of Nextel 720 fiber showing elongated
mullite grains{7].
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Figure 9. Nextel 720 fiber is used in the overhead power
transmission lines. The standard cable made of steel core
was replaced with aluminium reinforced composite to give
an improved conductivity, lower thermal expansion and
reduced line sag[6].
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Figure 10. Effect of annealing temperature on the residual
tensile failure strength at room temperature of alumina-
based fibers[1].
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Figure 11. Variations of the grain size of 0-ALO; in
Almax fibers after 1 h annealing[1].
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Figure 12. Microstructure of Fiber FP showing
intergranualar fracture and grain growth during 1,300 C
tension test{7].
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Figure 13. External surface of PRD-166 fiber after 1%
deformation at 1,300 ‘C showing grain growth and
intergranular microcracks are clearly{7].
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Figure 16. Schematic figures showing the process for
Nicalon fiber[34].
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Figure 18. Photograph showing the melt spinning process
done in UBE Industrie[54].
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Figure 19. Schematic deagram showing the stategy for
control of microstructure of SiC fiber.
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Figure 20. Degradation of Nicalon fiber after treatment
at high temperature(62].
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Creep at 1400°C and 045 GPa
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Figure 21. Comparison of the creep curves for SiC-based
fibers[8].
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Figure 22. Growth of a silica layer on a LOX-M fiber
during a tensile test in air at 1,400 ‘C{7].
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Figure 23. Microstructure of the Tyranno SA fiber{7].
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Table 4. Key properties of near-stoichiometric SiC fibers for high-temperature CMC applications[24]

Trade name Hi-Nicalon S Tyranno SA Sylramic Sylramic(1,2)
Max. proces temp. ~1600 C >1700 'C >1700 °C >1700 C
Average dia, um 13 8-10 10 10
Second phases trace O + C trace Al,Os trace B + Ti Reduced B, trace Ti
Average grain size, nm <100 >150 ~100 >100
Avg. surface roughness, nm >10 ~10 ~10 ~27
Thermal cond. W/m’. C at R.T 18 65 46 >46
polytitanocarbosilane-2 &£l 245 500~800 ‘C 1000 - syramio BN
. o ramic-i
2x o)A Si-0 Aol FAHT 800 T o) [ g ol  Swame
- o . 3 = I
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dL Tio] AAZE =93 =YHAR Ti- TRt 107t 109 10! 102 103

alkoxide S E3] 247t Bl EYE|o] T4
CO 7125 Aot 2RRES 8t A

o|Ti{7].
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Figure 24, Rupture strength behavior for various high-
performance SiC fibers at 1400 C in air. SA, Tyranno
SA fiber from UBE Industries; Hi-Nic. S, Hi-Nicalon Type
S fiber from Nippon Carbon[9,24].
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Table 6. Makers, prices and production quantity of ceramic fibers reported in the literatures{68]

24
BlAf wiES Y Fosy e | 2P o
(GPa/GPa) ($/1b) (Ibs/year)
CG Nicalon: PCS, Si-C-O, 3/220 360 26,000
C/Si = 1.31, O = 11.7 wt%, 14 pm, 500 fil/lyarn 3/220 130" l/kg NA
Nippon HYR Nicalon: PCS, Si-C-O 2.47210 420 1,000
Carbon Hi-Nicalon (low oxygen): 2.8/270 6,360 50
Japan’ PCS, EB-cured Si-C-O, 5 8/270 300~500 NA
C/Si = 1.39, O = 0.5 wt%, 14 pm, 500 fil/yarn - Hel/kg
Hi-Nicalon Type S: EB-cured and sinterd fiber, R
C/Si = 1.05, 0 = 02 wt%, 12 um, 500 fil/yarn 2.6/420 | 10003 kg NA
Tyranno S: PTS Si-Ti-C-O fiber, O = 18 wt%, 8.5 um, | 3.3/180 370 15,000
1600 fil/yarn 3.3/170 1004 all/kg NA
Tyranno Lox M: PTS, Si-Ti-C-O fiber, reduced oxygen
content, O = 11 wt%, 11 um, 800 fil/yarn 3.3/180 475 NA
Ube, Japan Tyranno Lox E: polymer, Si-Ti-C-O fiber,
P ’ electron beZmyradialion cured 3.3/180 3,000 EE
120~140
Tyranno ZMI: Si-Zr-C-O, O = 9%, 11 pm, 800 fil/yarn 3.4/200 Aallkg NA
Tyranno SA: Si-Al-C, O = 0.5 wt%, 10, 7.5 um 800, -
1600 filfyarn 2.8/380 6004 ll/kg NA
Sumitomo
Chemical, Altex : Alkoxide, Al,05-SiO, fiber 1.8/210 250 [125] 30,000
Japan
Dow . . . -
Corning, HPZ: Polysilazane, Si-N-C fiber 2.9/220 5,000 il
USA ’7 Stoichiometric SiC : Crystalline SiC(beta) fiber 2.7/380 Research
Nextel™ 312: sol-gel, 62% AlLO;, 24% SiO,, 14% B,O; 1 1.7/152 774 Proprictary
Nextel™ 440 : sol-gel, 70& ALO; 28% Si0,, 2% B.0O; | 2.06/186 146.10 Proprietary
3M, USA Nextel™ 550 : sol-gel, 73% ALOs, 27%SiO, 2/193 195 Proprietary
Nextel™ 610 : sol-gel, >99% ALO; 2.4/380 | 1.200[<200]
Nextel™ 720 :sol-gel, > 85% ALO;, 15% Si0,
MER, USA| MER X-SiC conversion of graphite to SiC 50-70% SiC | 1.2-1.8/320 [400-4,000 [300]
Textron
Specialty SCS-6 3.45/400 3,000 <1,500
Materials, CVD SiC-C monofilament ’ [1,200-600] |[1,500-6,000]
USA
Saphikon, L
USA Sapphire : single crystal ALO,, EFG process 3.5/434 22,000 50
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Figure 26. SiCf/SiC composite combustor liner developed
for ultra-low NO, combustor at NASA: 9,000-hour life
at 2,200 °F in lab test{4].
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