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EXAMPLE SUBSTRATE COMPOSITION - - PERCENTAGES BY WEIGHT

-FIBER -OXIDE BOND TARGET POROSITY
(ie Mullite) (ie glass) (of substrate)
A 80% 20% 70%
Range: 60% to 95% 5% to 40% 55% to 85%

FIG. 5
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210

Mullite
Alumina
Silica

Blends of alumina

Silica and aluminosilicate
Aluminaborosilicate
Silicon carbide

Silicon nitride,

Cordierite

AETB compositions
Alumina-mullite
Alumina-silica-zirconia
Alumina-silica-chromia
Magnesium-silicate

Fiber-glass

E-glass

Cordierite fiber
Aluminum titanate [iber
Strontium titanium oxide
Tilania {iber

Titanium carbidc fiber
Calciumaluminasilicate
Nextel fibers

Almax [ibers

Fibrox fibers

Polyster [ibers

Aramid fibers

Carbon [ibers

Hoskins

Inconel

Hastclloy

Yittrium nickel garnett
FeCrAl alloys

FIBER COMPOSITIONS

Blends of alumina and silica

Nextel 312, 440, 550, 610, 650, 720,
YAG (yttrium aluminum garnet) fibers and the Nickel

Magnesium strontium silicate
Magnesium calcium strontium silicate

TABLE 1 - - FIBER SELECTION
FIBER COMPOSITIONS (CONT)

Phenolic fibers
Polymeric [ibers

Ccllulose
Keratin
Kevlar
Nylon
PTFE
Teflon
Kynol
Mylar

Zircon fibers

Copper
Brass

Stainless Steel
Nickel Chromium

Ni3Al

WHISKERS

AI203
MgO

MgO-Al203

Fe203
BeO
MoQO
NiO
Cr203
7ZnO
Si3N4
AIN
ZnS
Cds

Tungsten Oxide

LaBé
CrB
SiC
B4C

FIG. 6
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TABLE 1 - - FIBER SELECTION (CONT)

FIBER STATES

Amorphous
Glass
Glass-Ceramic
Polycrystalline

Mono-crystalline (whisker)

Whisker-like

SPECIFIC DATA ON SELECTED FIBERS

Trade Name Manufacturer Composition (wt%)

Fiber FP DuPont >99% a-AlLO;

PRD-166 DuPont ~80% a-Al,O; ~20% ZrO,
Nextel 312 M 62% Al,O, 24% Si0; 14% B,0O,
Nextel 720 M 85% AlL,Oz 15% Si0,

Nextel 550 M 73% Al,O; 27% Si0,

Nextel 610 M 0.2-0.3% Si0, 0.4-0.7% Fe;03 > 99% a-Al;05
Almax Mitsui Mining > 99% a-Al,O,

Altex Sumitomo 85% ?-Al,0; 15% S10a»
Saphikon Saphikon 100% ALO;

Nicalon NL200 Si-C-0O

Hi-Nicalon Si-C

Tyranno Lox M Si-C-O-Ti

Sylramic SiC, TiB,

Tonen Si-N-C

SCS-6 SiC

Nextel 610 Al,O4

Nextel 720 A1203—Si02

Almax ALO;

Saphikon Al;,Os (single crystal)

Note: Nextel 312 has a composition (by weight) of 62% alumina, 24% silica and 14%
boria; Nextel 440 has a composition of 70% alumina, 28% silica and 2% boria; Nextel
550 is 73% alumina and 27 % silica; Nextel 610 is >99% alumina; and Nextel 720 is 85%
alumina and 15% silica. AETB is an acronym for alumina-enhanced thermal barrier,
and AETB materials include alumina-silica-boria compounds, and combinations of
alumina, silica, boria, and/or aluminoborosilicates.

FIG. 6
(CONTINUED)
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ORGANIC BINDERS
Thermo Plastic Resins
polyethylene
polypropylene

polybutene

polystyrene

poly vinyl acetate
polyester

Isotactic polypropylen
atactic polypropylene
polysulphone

polyacetal polymers
polymethyl methacrylate
fumaron-indane copolymer
ethylene vinyl acetate copolymer
styrene-butadiene copolymer
acryl rubber

polyvinyl butyral

inomer resin

Thermosetting Binders
Epoxy resin

nylon

phenol formaldehide
phenol furfural

Waxes

paraffin wax

wax emulsions
microcrystalline wax

Others
Celluloses
dextrines
chlorinated hydrocarbons
refined alginates
starches
gelatins

lignins

rubbers

acrylics
bitumens

casein

gums

albumins
proteins

glycols

Feb. 3, 2009
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Table 2 - - Binder Selection

INORGANIC BINDERS
fused silica

fumed silica
alumina
aluminaosilicate
aluminaborosilicate
soluble silicates
soluble aluminates
soluble phosphates
ball clay

kaolin

bentonite

colloidal silica
colloidal alumina
borophosphates

WATER SOLUABLE BINDERS
Hydroxypropyl methyl cellulose
hydroxyethyl cellulose

methyl cellulose

sodium carboxymethyl cellulose
polyvinyl alcohol

polyvinyl pyrrolidone
polyethylene oxide
polyacrylamides
polyethyterimine

agar

agarose

molasses

dextrines

starch

lignosulfonates

lignin liquor

sodium alginate

gum arabic

xanthan gum

gum tragacanth

gum karaya

locust bean gum

irish moss

scleroglucan

acrylics

cationic galactomanan

FIG. 6
(CONTINUED)
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PLASTICIZERS
Stearic acid
polyethylene glycol
polyprapylene glycol
propylene glycol
ethylene glycol
diethylene glycol
triethylene glycol
tetraethylene glycol
dimethyl phthalate
dibutyl phthalate
diethyl phthalate
dioctyl phthalate
diallyl phthalate
glycerol

oleic acid

butyl stearate
microcrystalline wax
paraffin wax

japan wax
carnauba wax

bees wax

ester wax

vegetable oil

fish oil

silicon oil
hydrogenated peanut oil
tritolyl phosphate
clycerol monostearate
organo silane

water
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carbon black
activated carbon

TABLE 3 - - PORE FORMER SELECTION

pyrolyzable polymers (cont)

graphite flakes methacrylate copalymers
synthetic graphite polyisobutylene
wood flour polytrimethylene carbonate

modified starch
starch

celluloses
coconut shell flour
husks

latex spheres

bird seeds

poly ethylene oxalate

poly beta-propiolactone

poly delta-valerolactone

polyethylene carbonate

polypraopylene carbonate

vinyl toluene/alpha-methyl styrene copolymer
styrene/alpha-methyl styrene copolymers

US 7,486,962 B2

saw dust olefin-sulfur dioxide copolymers
pyrolyzable polymers
poly (alkyl methacrylate) synthetic graphite
polymethyl methacrylate petroleum coke
polyethyl methacrylate
poly n-butyl methacrylate
polyethers
poly tetrahydrofuran
poly (1,3-dioxolane)
poly (alkalene oxides)
polyethylene oxide
polypropylene oxide

TABLE 4 - - FLUID SELECTION
225

Y Water
Melted Binder (see Table 2)
Organic solvents

FIG. 6
(CONTINUED)
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TABLE 5 - - RHEOLOGY CHART

230
232 /
—~
300 238
COHESIVE
STRENGTH 200
(kPa)

100r

0 2 4 6 8 10 12 14 “~,y
PRESSURE DEPENDENCE ((kPa/kPa) x 100)

FIG. 6
(CONTINUED)
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275
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353~ SELECT_FIBER
(Mullite)

I

355~ SELECT BINDER
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l

356~ SELECT PORE FORM
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ER
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357~ SELECT FLUID
(Water)

359~/ SELECT INORGANIC BINDER
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368 —

EXTRUDE A GREEN
SUBSTRATE

Y
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DISTRIBUTION

SURFACE |
MODIFICATION :

- Aluminosilicate bonds
- Glass bonds

- Amorphous bonds

- Crystalline bonds

EXAMPLE MIXTURES - - PERCENTAGES BY WEIGHT

-MULLITE -BINDER

-CARBON -COLLOIDAL

-PLASTICIZER SILICA
-STRENGTHENER
A) 259 10% 30% 5%

Range) 10% to 30% 5% to 15%

5% to 40% 5% to 30%
FIG. 9
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[ 400

404
\‘I ___________________
403 SELECT FIBER RO oo PR TOR |
~4 (mCemmforMQM) E DISTRIBUTION
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I SURFACE !
1 | MODIFICATION !
407 SELECTFLUD | | | ‘o
— . ~
(ie Water) 408
409 " SELECT INORANIC BINDER
(ie Colloidal / fumed Silica)
Y Yy v

412 | MIXTO A HOMOGENEOUS
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'
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!
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