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Table 1. Advantages and Disadvantages of C/C, C/SiC, and SiC/SiC Composites

Advantages | Disadvantages
SiC/SiC Composites

« Higher cost than C/C

- Many have boron coated interface

+ Free silicon (not desired)

» Lack of manufacturing/infrastructure
- Qualification-different weaves require
a new qualification

- ASME specification issue

C/C Composites

- Poor oxidation resistance

- More radiation damage/shrinkage than SiC/SiC
- Qualification-different weaves require
a new qualification

- ASME specification issue

Cy/SiC Composites

- Possible radiation damage

» Qualification-different weaves require
a new qualification

+ ASME specification issue

- Good oxidation resistance

+ Stronger than C/C

- Greater radiation damage resistance than C/C
- Less change-out, lasts longer

» Good material for accident situation

- Flaking is less likely than SiC/SiC

- Eliminates metal from the core

- Good residual properties (e.g., strength)

- Higher thermal conductivity than SiC/SiC
- Higher strength
- Higher moderating power
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Table 2. Properties of As-produced Si-based Fibers

A FhE A%
A TR SEum) | BFUE @GP | ModubsiGPa) | BElgem) | oot
Nicalon 65%SiC, 23%Si0,,11%C(~3nm B-SiC grain) 14 30 220 255
Hi-Nicalon TI%SIC, 23%C, <05%0(10-100nm B-SiC grain) 14 28 210 274
Nicalon-S 95%SiC, 5%C(10-100nm B-SiC grain) 14 26 420 31
Dow-Sylramic >99%SiC(30nm B-SiC grain) 10 26 420 31 46
Tyranno-SA <5%AL,05, bala-SiC(30-500nm B-SiC grain) 8 23 400 31 46
[Mer] B-SiC 5 - 340410 2931 46
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Type 1. Isothermal CVI(I-CV1):
reagent surround preform to the
mterior via diffusion - canning effect

Type 2. thermal Gradient CVI(T-CVI) :
reagent contact cold surface of preform
and also transport by diffusion

Type 3. Isothermal-Forced flow CVI(F-CVT)
reagent flow through preform

Type 4. Thermal gradient Forced flow CV1
(TF-CVI) : reagent flow through preform
from cold to hot surface

Type 5. Pulsed flow CVI (P-CVI):
reagent flow into and out of preform
because of cyclic evacuation and
backfilling

Fig. 1. The five classes of CVI techniques.
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Table 3. Comparison of Fabrication Processes for SIC Composites
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Fig. 2. Microstructures of SiC/SiC composite prepared by the
conventional CVI process for 8 h. They show the closed pores
from circumferential growth of deposits.
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Fig. 3. Microstructures of grown whiskers in the voids between
fiber and fiber (a) and (b), and bundle and bundle (c) and
(d), respectively (arrow marks). These whiskers seems to act
new deposition sites for matrix filling.
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Fig. 4. Schematics of crack propagation and stress-strain
behavior in CFCCs.
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Table 4. Toughening Mechanism of CFCC

Mechanism Basic requirements

Load transfer, matrix to fibers E; > Em, preferably by a factor > 2
Pre-stressing of fibers Of > Oy to generate

and matrix compressive stress in matrix
Crack-Impeding second phase Fracture toughness of fibers

greater than local matrix
Wek interface to provide

attractive altemate crack paths

Crack deflection or multiplication

Fiber pullout Optimum interfacial shear strength
to permit loading of fibers and
long pull-out lengths

Microcracking Appropriate property mismatch

especially thermal expansion
between matiix_and fiber.
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Table 5. Characteristics of Several SiC/SiC Composites”

SNECMA DuPont DuPont DOW/Kaiser DuPont
M A gt 9| (Cerasep N2-1) enhanced S-201 Hi-Nicalon
296K 1273K 296K 1273K 296K 1273K 296K 1273K 296K

Fiber content % 40 40 40 40 40 40 40 40 40
Speci. gravity Kg/m® 2500 2500 2500 2500 2300 200 2100 - 2700
Porosity % 10 10 10 10 10 10 4 4 -
Tensile strength MPa 285 285 200 228 228 254 207 217
Elongation % 065 075 022 028 041 061 - - 023
Young’s modulus GPa 230 200 215 226 141 145 80 - 270
Flexural strength MPa 300 400 300 400 345 - 366 - 336
Compressive strength

in plane MPa 580 400 580 480 503 - 450 - -

through thickness MPa 420 380 420 380 - - - - -
Shear strength MPa 40 35 40 35 31 - 28 - -
Thermal diffusivity

in plane 10°m%s 12 5 12 5 - - 11 07 -

through thickness 6 2 6 2 - - 08 06 12
Corffi. thermal expansion

in plane 10%K! 3 3 3 3 3 29 43 - -

through thickness 10%K! 25 25 25 25 29 - - - -
Fracture toughness MPa m'? 30 30 30 30 - - - - -
Specfi. heat JKg K 620 1200 620 1200 - - 721 1248 -
Emissivity 08 038 08 08 08 08 094 - -

Table 6. Applications being considered for SiC Matrix CFCCs

Application

Conditions imposed on SiC matrix CFCC

Benefits demonstrated or perceived by the customer

Hot-gas recirculating fan

High mechanical stresses, high temperature

Increased life and temperature capability

Heat exchanger

High temperature, high thermal stresses, highly
erosive and hot corrosion

Higher temperature capability and life

Gas-fired radiant bumer screen

High temperature, high thermal stresses

Increased life and thermal output

Gas-fired radiant bumer tubes

High temperature, high thermal stress

Increased life and temperature capability

Gas turbine engine combustion

liners and tip shrouds

High temperature, hot comosion

Reduced emissions and increased efficiency resulting from reduced
cooling air, higher temperature capability

Hot-liquid filtration Harsh chemical environment, high temperature Increased life, higher temperature capability
contal rernl(:tosl;)e};lmnp Harsh chemical environment Increased electrical efficiency through reduced eddy current drag

Gas-fired melting immersion
bumer tube

Harsh molten metal environment, high thermal shock

Reduced contamination, increased efficiency, improved heating uniformity

Furnace pipe hanger

High temperature, high mechanical stresses

Longer life, higher temperature capability, reduced supporting structure
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