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PROCESS FOR MAKING CERAMIC 
INSULATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/729,128 ?led Oct. 21, 2005 and 
incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] This invention Was made in part With government 
support under Contract No.: DE-FG02-03ER83619 awarded 
by the Department of Energy and Contract/AWard No. DMI 
0321692, aWarded by the National Science Foundation. The 
Government has certain rights in the inventions. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates in general to methods 
for producing ceramic insulation by introducing very small 
siZed porosity in the ?red ceramic in a controlled fashion, and 
production of multilayered, multifunctional ceramic compo 
nents. Further, the present invention includes methods to pro 
duce net-shape and/or net-siZe ceramic insulation compo 
nents. The present invention Would be applicable for high 
temperature applications as insulation or refractory compo 
nents. The insulation can be designed for both load-bearing 
(structural) and non-load bearing applications. 
[0004] The availability of a high alumina, silica-free, ?ber 
free insulation With ?ne porosity Will ful?ll unmet needs for 
various industries. 
[0005] In the solid oxide fuel cell industry, silica in the 
insulation surrounding the fuel cell is detrimental for the 
long-term performance of the solid oxide fuel cells (SOFC). 
Silica, in the presence of humidity and high temperatures 
converts into a gaseous form SiO, Which may then react and 
adversely affect the fuel cell performance. Therefore, a silica 
free, oxide-based insulation is desired for SOFC. Currently, 
there are only tWo alternative commercially-available prod 
ucts that meet the need for high alumina, silica-free insulation 
for solid oxide fuel cells. Both have signi?cantly high cost. 
Thus, it Would be an advancement in the art to provide a loWer 
cost high alumina insulation to fuel cell manufacturers. 
[0006] In the fumace industry, ?ber-based (non-load bear 
ing) insulation is the most commonly used high temperature 
insulation. Alumina-?ber insulation is used in reducing envi 
ronments or Where there is high humidity and/ or high tem 
perature requirements. HoWever, manufacture and use of hi gh 
alumina, ?ber-based insulation is often associated With health 
concerns and high product cost. Thus, it Wouldbe an improve 
ment in the art if an alumina-based ?ber-free insulation is 
available With the additional bene?t of loWer cost. 
[0007] Most of the oxide based, silica-free, structural (load 
bearing) insulation have a density of 2.5-3.0 g/cc and a ?ex 
ural strength of less than <10 MPa (1450 psi). Further, the 
?exural strength of the insulation quickly degrades (some 
times by as much as 50%) When exposed to temperatures 
above 6000 C. i.e. they have poor hot strength. It Would be an 
improvement in the art if a neW silica-free insulation is avail 
able that has a higher strength-to-Weight ratio over conven 
tional insulation products currently available in the market 
and Which also has good mechanical and thermo-chemical 
stability at the operating temperatures. High strength-to 
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Weight ratio ceramic components can be used in a Wide range 
of applications due to their insulative properties. These appli 
cations can be in diesel particulate ?lters (DPF) as ceramic 
honeycomb structures, or diesel particulate ?lter frame mate 
rials, or DPF mount supports Where lightWeight and good 
strength are critical. Other applications can be ceramic hot 
gas ?lters, and supports or carriers for catalysts Where tailored 
micro-porosity and strength is critical to their lifetime perfor 
mance. It Would be an improvement in the art to provide neW 
alternative compositions that are lightWeight, possess good 
hot strength, and Which also provide ?exibility in designing 
appropriate pore structures. 
[0008] Traditional ceramic processing calls for sintering 
and machining of components after ?ring. For example, in 
solid oxide fuel cell insulation, signi?cant machining is per 
formed to obtain a tight insulation ?t around the fuel cell 
stack. As a result, machining cost could be over 50% of the 
overall insulation cost. Similarly, high tolerance ceramic die 
sel particulate ?lters are prepared via extrusion folloWed by a 
high temperature sintering step Which results in 10-20% 
shrinkage. In applications Where high dimensional tolerances 
are required after ?ring, shrinkages of 10-20% need to be 
controlled very precisely, thus increasing the complexity and 
risk in the manufacturing processes. In contrast, net-shape 
and/or net-siZe processes could virtually eliminate these 
issues and minimiZe the concerns associated With ?ring 
shrinkage and post-machining steps. It Would be an improve 
ment in the art to develop a ceramic that can be net-shape 
and/or net-siZe. Such an improvement Would signi?cantly 
reduce the post-machining requirements and the associated 
costs. 

[0009] Most commonly available high alumina insulation 
and refractory components have large siZedpores (20 micron 
500 micron). For a given total pore volume, larger pore siZes 
result in a less effective thermal insulator and decrease the 
component’s overall strength. In fact, some of the best silica 
based insulations have pore siZes in the nanometer range. 
HoWever, due to the presence of silica, their maximum tem 
perature use is often below 10000 C. and they cannot be used 
in reducing or humid environments. Furthermore, it is desired 
in the metal melting industry that the ceramic components 
and consumables have a ?ne pore siZe (>10 micron) since it 
improves the ceramic component’s lifetime performance, i.e., 
a smaller pore limits the molten melt penetration into the 
ceramic ?ner surrounding the melt. But since the starting 
particle siZe of most the raW materials used to make refractory 
ceramic components is betWeen 20 microns-500 microns, the 
corresponding pore siZes range from 10 micron-250 micron. 
Thus there is a need for high alumina insulation With superior 
thermal and lifetime performance, and it Would be an 
improvement in the art to design very ?ne pores into the 
alumina matrix, analogous to the pore siZes observed in the 
silica-based insulation. 

[0010] Conventional ceramic processing usually involves 
monolithic components Where the bulk of the component just 
serves one functional purpose. HoWever, multifunctional 
designs are sloWly being realiZed as a groWing trend in ceram 
ics. Such multifunctional designs may include tWo or more 
layers Where each layer exists for a speci?c purpose. For 
example, in the aluminum melting industry, the topmost layer 
in contact With the aluminum melt can be silicon carbide for 
good chemical inertness While the bottom layer can be alu 
mina for good insulation. HoWever, due to different thermal 
characteristics of individual ceramics, making such layered 



US 2009/0295045 A1 

composite structures is often challenging. It Would be an 
advancement in the art to provide a cost effective process to 
manufacture multi-layered ceramics components that have 
multifunctional properties. 
[0011] The conventional method of making alumina-based 
phosphate-bonded products involves reacting a source of alu 
minum and phosphate at elevated temperatures, often above 
100° C. The process requires heating the reactants to a high 
enough temperature (>100o C.) to initiate and propagate the 
reaction. As a result, the process requires expensive and spe 
cialiZed equipment making it someWhat di?icult and incon 
venient to manufacture phosphate-bonded products. One rea 
son Why high temperatures are needed is that the aluminum 
source, Which is primarily alumina-based or aluminum 
hydroxide-based, consist of large grains (>10 micron to 2500 
micron) Which are inert to the phosphate reagents at room 
temperature. Often, the reactant mixture simply consists of a 
mixture of alumina-based (or aluminum hydroxide-based) 
poWder, a feW other relevant inorganic ingredients as second 
ary phases, Water and phosphate-based reagents (With minor 
amounts of shelf life preserving agents). 
[0012] Such conventional approaches for manufacturing 
phosphate-bonded products predominantly exclude the use of 
organics in the form of organic dispersants, binders, or plas 
ticiZers. For example, dispersing the alumina-based slurry in 
solvent (prior to the addition of the phosphate-based reagent) 
and prior to the subsequent shaping processes, is not practiced 
in conventional methods of processing phosphate-bonded 
ceramics. The larger grains used in conventional approaches 
offer a further disadvantage that they are nearly impossible to 
disperse and have a strong tendency to settle out of the sus 
pension thereby quickly nullifying any positive effects that 
organic dispersing aids might provide. Further, most ceramic 
poWders consist of aggregates and agglomerates. The prob 
lem of agglomeration is especially more pronounced at loWer 
particle sizes (1 micron to 20 micron). 
[0013] If the poWders agglomerate into hard-to-break 
aggregates and are in an un-dispersed state, then only the 
particles on the surface of the aggregate Will react With the 
reagent. Consequently, the large grains, agglomerates of ?ner 
particles, and a poorly dispersed or hard to disperse ceramic 
suspension necessitate the use of signi?cantly higher concen 
trations of pho sphate-based reagent coupled With higher tem 
peratures (>100o C.) or high energy mixing in order to 
achieve complete reaction With all the ceramic particles. 
[0014] In conventional approaches of manufacturing phos 
phate-bonded alumina products, the molar ratio of aluminum 
to phosphorus is often 1:1 or loWer (i.e., the reaction environ 
ment is signi?cantly phosphate rich). Consumption, handling 
and disposal or phosphoric acid is an environmentally sensi 
tive matter. It Would, therefore, be an improvement in the art 
if phosphate-bonded reaction products can be made at loWer 
temperatures and With much less phosphate-based reagents 
Without sacri?cing the desired properties of the ?nal product. 

BRIEF SUMMARY OF THE INVENTION 

[0015] The present invention is based on a reaction 
bonded, high alumina material and offers loW cost net-shape 
ceramic processing of insulation products With superior per 
formance in harsh environments. The present invention is 
directed to processes, methods, and systems for the produc 
tion of insulation components made of ceramic. This inven 
tion further teaches a neW method to make pho sphate-bonded 
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alumina-based products at loWer temperatures (1 5° C.-<l00o 
C.) requiring signi?cantly less phosphate-based reagents. 
[0016] One of the methods to improve the insulative prop 
erties of the insulation is to decrease the pore siZe of the 
ceramic component. By reducing the pore siZe, the overall 
heat transfer ability is reduced, thus making it a better insu 
lator. For a given porosity, a smaller pore siZe provides a 
greater number of particle-to-particle contact points Which 
leads to greater strength. Further, a reduced pore siZe Will also 
limit the gas diffusion (permeability) or molten metal, glass, 
or slag penetration into the surrounding ceramic insulating 
component. The reduced permeability or melt penetration 
Will extend the lifetime of the component compared to a 
ceramic component With a coarser pore siZe (ten to hundreds 
of microns). One aspect of the present invention is to achieve 
a very ?ne pore siZe (pore siZe range from 1 nanometer to 10 
micron With a majority less than 1 micron) in the ceramic 
insulation component. This may be accomplished by judi 
ciously choosing the starting raW materials and particularly 
the ceramic poWder siZe (betWeen about 1 micron and 10 
microns) and the slip formulation. 
[0017] Another aspect of the present invention is to 
increase the strength-to-Weight ratio of the ceramic compo 
nent by maintaining a ?ne porosity, using a ?ne starting 
poWder particle siZe, and by adding an appropriate amount of 
phosphate component as the bonding phase. For a given total 
pore volume, the ?ner the pore siZe, the greater the number of 
particle-to-particle contact points, Which produce a higher 
?exural strength. By increasing the ?exural strength, the ero 
sion and Wear resistance properties can be markedly 
improved and the time to failure of the ceramic component 
Will be extended. 

[0018] Yet another aspect of the present invention is to 
improve the insulative properties of the ceramic material by 
adding an opaci?er. The opaci?er canbe in the form of titania, 
aluminum phosphate, iron oxide, or other similar opaci?ers 
knoWn in the art. 

[0019] Ceramic components made using this technology 
may have several unique properties: (i) mechanical 4-point 
bend strength of <l-l50 MPa (<l45-2l.750 psi)ithree to 
?ve times stronger than What is currently available in the form 
of structural, ceramic oxide-based insulation (With compa 
rable ?red densities); (ii) excellent erosion and Wear resis 
tance (higher strength is generally correlated With higher 
Wear- and erosion-resistance); (iii) high temperature capabil 
ity (the maximum service temperature can be as high as 16500 
C.); (iv) excellent hot modulus of rupture strength, i.e., it 
retains its mechanical strength at high temperatures); (iv) 
longer lifetime/improved corrosion and chemical resistance 
(the ultra?ne nano-, meso-, and micro-porosity Will limit gas 
diffusion and molten metal/glass/black liquor/ slag penetra 
tion into the ceramic insulation); (v) good insulation and 
thermal shock properties (thermal conductivity can range 
from 0.2-5.0 W/mK (7.0-35.0 BTU~in/hr~ft2~F4depending 
on the tired density)iits superior thermal shock resistance 
(along With nanoporosity and high strength) is expected to 
offer increased lifetime and superior performance in harsh 
environments; (vi) environmental and thermo-chemical sta 
bility (the material offers robust, stable performance in both 
oxidiZing and reducing environments at high temperatures); 
(vii) Process ?exibility & product availability: the material 
can be made available in various forms4castable mixes or 
poWder pressed forms. This process ?exibility alloWs the 
material to be available in a Wide range of densities (0.6-3.5 
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g/cc, or, 37-217 lbs/cu. ft.) to suit the end user’s needsia 
lower density material, due to its lower thermal mass, can 
result in potential energy savings. On the other hand, the 
higher density version can be a good candidate for products 
Where high strength or loW permeability to gases is desired); 
(viii) design ?exibility (functionally graded designs can be 
easily incorporated into the ?nal products. For example, the 
porosity and chemical composition of the outer surface can be 
tailored to be different from that of inner bulk. Optionally, 
incorporating ?brous or particulate materials as mechanical 
reinforcements and infrared opacifants can also be achieved. 
Lastly, While the product is a high alumina (>95%), reaction 
bonded ceramic, it can have a second phase (<90 vol. %) in 
the form of mobile, Zirconia, magnesia, iron oxide, chrome 
oxide, spinel, aluminum silicate, SiC, or if requested by the 
end user, silica-based too. 
[0020] The material can be made available in a castable or 
a moldable form as a ceramic slip for conventional casting, or 
?lter-pressing or as ceramic green feedstock for extrusion or 
injection molding. Thus the net-shaped and/ or net-siZed com 
ponents can be formed in the green (pre-?red) stage. Such 
materials may provide loW cost, one step processing, and 
under certain processing conditions may give net-shape or 
net-siZe components Which Will eliminate the need for post 
machining processes. The proposed material system and 
method has also got a cost advantage over similar high alu 
mina-based insulation available in the market. 
[0021] Another aspect of the present invention is to provide 
composite phases or multifunctional features that are built 
into the ceramic structure. This can take the form of tWo or 
more layers With different properties that address different 
performance requirements. The topmost layer may serve one 
primary function, While the underlying middle or bottom 
layers can serve another function. Similarly, the ceramic com 
ponents can be designed With internal macro- or micro-chan 
nels for various purposes, such as for gas ?oW or ?ltration. 
Additionally, a monolithic ceramic matrix With a composite 
structure containing tWo or more phases can also be designed 
for speci?c applications. 
[0022] Another aspect of the present invention is the ability 
to manufacture phosphate-bonded ceramic components at 
room temperatures Without any necessity for external heat 
mg. 
[0023] Another aspect of the present invention is to teach a 
neW process for making phosphate-based ceramic compo 
nents by harnessing the bene?ts of dispersing the ceramic 
slips prior to the addition the phosphate-based reagent. 
[0024] Yet another aspect of the present invention is the 
ability to use signi?cantly less phosphate-based reagents 
thereby reducing the ?nancial and environmental costs asso 
ciated With the manufacture of this product. 
[0025] These and other features and advantages of the 
present invention Will become more fully apparent from the 
folloWing ?gures, description, and appended claims, or may 
be learned by the practice of the invention as set forth here 
inafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0026] In order that the manner in Which the above-recited 
and other features and advantages of the invention are 
obtained Will be readily understood, a more particular 
description of the invention brie?y described above Will be 
rendered by reference to speci?c embodiments thereof that 
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are illustrated in the appended draWings. Understanding that 
these draWings depict only typical embodiments of the inven 
tion and are not therefore to be considered to be limiting of its 
scope, the invention Will be described and explained With 
additional speci?city and detail through the use of the accom 
panying draWings in Which: 
[0027] FIG. 1A is a photograph of a ceramic plate made 
using the material and methods of the present invention, and 
FIGS. 1B and 1C are tWo photomicrographs of its internal 
microstructure are taken at 7500>< and 30000>< magni?cation, 
respectively; 
[0028] FIG. 2 includes a chart illustrating the thermal con 
ductivity of components having different densities made 
using the processes and materials Within the scope of the 
present invention; 
[0029] FIG. 3 includes a chart illustrating the thermal shock 
properties of components made using the processes and mate 
rials Within the scope of the present invention; 
[0030] FIG. 4 is a schematic of a multifunctional insulation 
design With different layers having different chemical com 
positions, different phases, and densities; 
[0031] FIG. 5 is a schematic of a multifunctional insulation 
design With different layers having different total porosity 
With different thermal conductivity and strength values; 
[0032] FIGS. 6A and 6B illustrate the phosphate-bonded 
alumina poWder produced by a drying process such as spray 
drying and different shapes (cylindrical tube, disc) made from 
this poWder using isostatic pressing; 
[0033] FIG. 7 is a schematic of a multifunctional insulation 
design With a protective coating (With ?ne porosity) made 
using the current invention and applied on top of a commer 
cially available ceramic component; and 
[0034] FIGS. 8A and 8B include tWo charts illustrating the 
high temperature ?exural strength of bars made using the 
processes and materials Within the scope of the present inven 
tion in air and in a simulated combustion stream. 

DETAILED DESCRIPTION OF THE INVENTION 

[0035] According to a method Within the scope of the 
present invention, ceramic materials may be constructed 
according to the folloWing process. In the ?rst step, alumina 
poWders are selected. Alumina poWders suitable for use in the 
methods and materials of the present invention have a mean 
particle siZe of from about 1 micron to about 10 microns. In 
one embodiment, the poWders have a mean particle siZe of 
betWeen about 1 micron to about 5 microns. Any suitable 
alumina poWders knoWn to one of ordinary skill in the art or 
having a particle siZe falling Within the above range may be 
suitable for use in the present invention. In some exemplary 
embodiments, the alumina poWders may be selected from 
alumina, alpha-alumina, aluminum hydroxide, boehemite, 
pseudoboehemite, gamma-alumina, theta-alumina, bauxite, 
corundum, diaspore, or mixtures thereof. As used herein, the 
term “alumina poWders” is meant to include the above list of 
ceramic poWders. It should be appreciated that the alumina 
poWders usable in the present invention are not limited to the 
previous list, and that such a listing is merely exemplary of 
suitable ceramic poWders that provide a source of aluminum 
for use in the methods and materials Within the scope of the 
present invention. The alumina poWder is present from about 
10%-75% by Weight of slip. 
[0036] Once a suitable aluminum-based ceramic poWder 
has been selected, it may be dispersed in an organic or aque 
ous solvent or a mixture or organic and aqueous solvents 
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using appropriate dispersants. Such dispersants are known to 
one of ordinary skill in the art, and may include, but are not 
limited to, ammonium polymethacrylate and PMMA. A ?ner 
starting alumina poWder size (1 micron to 10 micron) is easier 
to disperse in a solvent medium. Through suitable choice of 
organics (e. g. dispersants) and processing steps these ?ner 
poWders and the agglomerates can be broken up and dis 
persed into individual particles Within a solvent medium. A 
high degree of dispersion alloWs each individual particle to be 
suspended and surrounded by a solvent medium. This makes 
it easier for the phosphate-based reagent molecules to come 
into contact With the aluminum source. As a result, the 
amount of phosphate-based reagent required for the reaction 
can be signi?cantly reduced. In comparison, if the ceramic 
poWders are clumped together into a hard-to-break agglom 
erates and are in an un-dispersed state, then only the particles 
on the surface of the agglomerates Will react With the reagent. 
In this case, to achieve complete reaction With all the par 
ticles, signi?cant concentration of phosphate-based reagent 
coupled With high energy mixing or higher temperatures 
(>100o C.) may be required to force the reagent into the pores 
of the aggregates or to break up the agglomerates.A dispersed 
suspension requires less Water and less acid to make the slip 
Workable compared to an un-dispersed suspension. While 
addition of dispersants is not absolutely necessary With ?ner 
poWder siZes, it improves the overall quality and properties of 
the ?nal product and makes the ?nal slip more Workable. 

[0037] In some embodiments, the overall solids loading of 
the resulting mixture can range from about 6% by volume to 
about 70% by volume, but preferably Within 20-60 vol %. 
Organic binders and plasticiZers can be added to impart green 
strength and handleability. Preservatives and biocides can be 
added to improve the shelf life of the ?nal slip. Such binders, 
plasticiZers, preservatives, and biocides are knoWn to one of 
ordinary skill in the art. The total amount of organics added to 
the slurry may range from 0% to 25% by Weight of the slip. To 
further aid the dispersing process, the poWder and solvent 
may be milled together in the presence of a dispersant to 
achieve a more stable suspension. Possible milling tech 
niques include, but are not limited to, jet milling, ball mailing, 
or paint-shaking. 

[0038] A second phase may optionally be added to the 
above mixture to provide additional properties to the com 
pleted material. In some instances, this second phase may be 
an opaci?er, a reinforcement phase, a viscosity thinning aid, 
a viscosity thickening aid, or a drying aid. Suitable second 
phase materials may be organic or inorganic materials and 
may be provided in the form of ?bers or poWders selected 
from the family of carbides (such as SiC and B4C), nitrides 
(such as Si3N4), borides, silicates, oxides, sulfates, alumi 
nates, mixed oxides, mullite, silicon nitride, silicon carbide, 
Zirconia, magnesia, spinel, chrome oxide, yttria, carbon, alu 
minosilicate, kyanite, clay, bentonite, sudaglass, iron oxide, 
glass frit, titania, perlite, Zircon, alumina, glass, aluminum 
hydroxide vermiculite, aluminosilicates, silica, aluminum, 
iron, nickel, cobalt, palladium, tungsten, platinum, graphite, 
steel, Zinc, copper, barium sulfate, Zirconium diboride, cal 
cium ?uoride, pyrophillite, baddeleyite, magnesium, and heat 
resistant polymeric poWders or ?bers. Other second phases 
can include holloW or solid alumina spheres, Zirconia spheres, 
?llite spheres, and silica spheres. 
[0039] A reinforcement phase may be added for strength 
enhancement, improved toughness, shrinkage control, ther 
mal expansion control, or superior damage tolerance. The 

Dec. 3, 2009 

amount of the reinforcement can range from 0%-60% by 
Weight of slip, and may be added in chopped form and uni 
formly dispersed into the slurry. In one embodiment, the 
reinforcement ?bers are randomly oriented Within the slip. 
Fibers included as a reinforcement phase may have a length 
from 25 microns to 6 mm. 

[0040] The second phase can be included in any suitable 
ratios to the mass of the primary ceramic. In some embodi 
ments, the second phase is included in suf?cient quantities to 
produce a range by volume of from about 0% to about 90% or 
betWeen 0%-75% by Weight of the slip. 
[0041] Examples of possible viscosity thinning aids that 
may be added to the slip include, but are not limited to, liquids 
like methanol, solids like mullite (1-5 micron), and organic 
materials like glycerin. Possible drying aids include, but are 
not limited to, bentonite, magnesia (MgO), and glycerin. 
Viscosity thickening aids include, but are not limited to, ben 
tonite, MgO, and agar. Typical binders to improve the green 
strength include, but are not limited to, agar, latex, aquaZol, 
and PVA. 
[0042] Yet another method Within the scope of the present 
invention is the controlled formation of pores in ceramic 
materials. To the slips produced in any of the above methods 
may be added “pore-former” compositions that form pores in 
the ceramic material as it is manufactured. A pore-former 
composition may also act as a second phase in the ceramic. 
Suitable pore-forming compositions include, but are not lim 
ited to, synthetic compositions such as carbon (poWder or 
?bers), polymer (poWder of ?bers), foam bubbles, mylar or 
natural ingredients like sucrose, sugar, salt, agar, microcellu 
lose, or starch. The pore-forming phase can be added to the 
above slurry in the range of from about 0.1% to about 80% by 
volume or betWeen 0%-45% by Weight of the slip. 
[0043] Sometimes, the ceramic poWder and the additional 
ingredients discussed above have a multimodal particle siZe 
distribution in combination. In certain cases, a multimodal 
particle distribution may be present in the ceramic poWder 
alone. In other cases, the ceramic poWder may contain par 
ticles having substantially the same siZe, i.e. have a unimodal 
distribution. The ceramic poWder and the additional ingredi 
ents discussed above may be milled to aid in dispersion, break 
up the particle agglomerates, or to achieve a speci?c particle 
siZe distribution. 
[0044] In the next step, the resulting slip is mixed With a 
phosphate containing reagent to produce a ?nal slip. Suitable 
phosphate reagents include, but are not limited to, monoalu 
minum phosphate, monoammonium phosphate, diammo 
nium phosphate, magnesium phosphate, or phosphoric acid. 
Phosphoric acid is a presently preferred choice. A large range 
of compositions having a variety of ratios is contemplated 
Within the scope of the present invention. In some of these, the 
phosphate containing reagent is added to have a concentration 
of from about 1% to about 85%, but preferably Within 7% to 
55%. The phosphate containing reagent aids in the chemical 
reaction bonding of the ceramic poWder. 
[0045] Prior teachings in this area mention using a loW 
molar ratio of aluminum to phosphate, typically in the range 
of 1.0 or loWer, i.e., the reaction mixture is rich in phosphate. 
In the present invention, the amount of pho sphate-containing 
reagent is signi?cantly less than those disclosed in prior art. 
The molar ratio of total aluminum to total phosphorus from 
the reagent is betWeen 4.0-65.0, signi?cantly higher than 
What is commonly used. Since disposal of phosphate-based 
compounds is an environmental concern, using a loWer 
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amount of phosphate-based reagent results in lower ?nancial 
and environmental cost associated With the ?nal product. 
[0046] The mixture is mixed With signi?cant agitation or 
energy so that it provides optimum mixing of the ingredients, 
especially at high solids volume. The mixing can be per 
formed using a high energy blender, dispersor, jet mill, vibra 
tory mill, paint shaking, shear mixer, or a centrifugal-tum 
rotational mixer. The mixing may be done Without any need 
for an external heating. The mixing may be done at room 
temperature, although a slight increase in the slurry tempera 
ture is observed during and after the mixing process. If 
desired, the mixing can be done at any temperature betWeen 
15° C. and less than 100° C., but it is preferably done at the 
standard temperature conditions of the room Where the mix 
ing equipment is situated. 
[0047] Following the preparation of the ?nal slip or slurry, 
the prepared composition may be processed in a variety of 
Ways for a variety of uses as knoWn to one of ordinary skill in 
the art. In one method, the ?nal slip may be cast or slip cast 
into a mold to produce a desired component. In another, the 
?nal slip may be ?lter-pressed to produce a desired compo 
nent. In yet another method, the ?nal slip may be injection 
molded after adding appropriate binders and organic addi 
tives knoWn to one skilled in the art. In yet another example, 
the ?nal slip may be extruded after adding appropriate binders 
and organic additives knoWn to one skilled in the art. 

[0048] In yet another method, the ?nal slip may be dried 
using any of the methods knoWn by one of skill in the art and 
subsequently crushed into a poWder for later use. In still 
another, the ?nal slip may be spray-dried into a poWder. 
PoWders produced from the ?nal slip may then be processed 
using still other methods knoWn to one of ordinary skill in the 
art, including, but not limited to, dry pressing, uniaxially or 
isostatically pressing, and/or injection molding to produce a 
desired ?nal component. Parts resulting from such processes 
may be produced in a net-siZe, net-shape fashion. PoWders 
resulting from lids process can be referred to as phosphate 
based or phosphate coated poWders, since each particle or an 
agglomerate of particles has a phosphate coating around 
itself. 

[0049] The phosphate-based poWders, as Well as all other 
poWders produced using the methods of the invention dis 
closed herein may also be applied to surfaces by being 
sprayed. Such application results in a thin ?lm layer of 
ceramic on the receiving surface. 

[0050] In another method, a second phase may optionally 
be added to the above poWder to provide additional properties 
to the completed material. In some instances, this second 
phase may be an opaci?er, a reinforcement phase, or a pore 
former. Suitable second-phase materials may be organic or 
inorganic materials and provided in the form of ?bers or 
poWders form selected from the family of carbides, nitrides, 
borides, silicates, oxides, sulfates, aluminates, mixed oxides, 
mullite, silicon nitride, silicon carbide, Zirconia, magnesia, 
spinel, chrome oxide, yttria, carbon, aluminosilicate, kyanite, 
clay, bentonite, sudaglass, iron oxide, glass frit, titania, per 
lite, Zircon, alumina, glass, aluminum hydroxide vermiculite, 
aluminosilicates, silica, aluminum, iron, nickel, cobalt, pal 
ladium, tungsten, platinum, graphite, steel, Zinc, copper, 
barium sul?te, Zirconium diboride, calcium ?uoride, pyro 
phillite, baddeleyite, magnesium, and heat resistant poly 
meric poWders or ?bers. Some carbides, nitrides, and borides 
like SiC, Si3N4, and B4C may be suitable for their anti 
Wetting properties When in contact With molten metal. Some 
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silicates like aluminum silicate can be used as an insulative 
?ller. Certain oxides like titania may be suitable as an opaci 
fying agent to enhance to the insulative properties. Other 
second phases can include holloW or solid alumina spheres, 
Zirconia spheres, ?llite spheres, and silica spheres. Fibers 
included as a reinforcement phase may have a length from 25 
microns to 6 mm. 

[0051] In another method, the ceramic phosphate coated 
poWders can be resuspended in an aqueous or non-aqueous 
medium along With organics to cast, ?lter press, slip cast, 
extrude, or injection mold. 
[0052] It Will be appreciated that the ceramic materials 
Within the scope of the present invention may be shaped or 
formed into various component shapes and con?gurations 
including, but not limited to, solid oxide fuel cell insulation, 
direct carbon fuel cell insulation, diesel particulate ?lters, 
?lter frames for diesel particulate ?lters, porous ceramic ?l 
ters for Water or liquid ?ltration, components adapted for use 
in hot gas ?ltration, components adapted for use as a high 
temperature catalyst support, ceramic consumables in metal 
and glass melting applications, and ceramic plates incorpo 
rated into body armor. The ceramic materials may also be 
con?gured into various shapes, including but not limited to, 
structures With internal channels for gas How and ?ltration, 
microchannel devices, electronic packaging substrates, and 
?ber optics/MEMS packaging applications, such as an opto 
electronic packaging device. 
[0053] First, the green ceramic piece may be dried at a 
temperature betWeen 15° C.-l 50° C. but preferably betWeen 
22° C.-90° C. No special curing step is required prior to the 
?ring step. The green part can be directly ?red alter it is fully 
dry. LoWer temperatures, such as from 100° C. to 400° C., 
may be used Where the ceramic material is applied on a 
substrate that lacks heat resistance, such as an organic sub 
strate. Higher temperatures, such as from 6000 C. to 1000° C. 
may be used in the fabrication of certain insulation compo 
nents, such as fuel cell components. The highest heat treat 
ment temperatures, such as betWeen 1000° C. to 1650° C., 
may be required for ceramic components used in metal or 
glass melting applications, diesel ?lters, and body armor 
applications. The heat treatment temperature can affect 
desired density and shrinkage of the ?nal ceramic component. 
For heat treatment temperatures beloW 1200° C., there is 
negligible shrinkage. Thus, net-shape and net-siZe compo 
nents can be made using this technique. At heat treatment 
temperatures up to 1200° C., there may be 0% to 2% shrink 
age and greater shrinkage occurring at higher temperatures. 
[0054] As used herein, the term “net-shape” means that the 
ceramic component after heat treatment has the same shape as 
the green component or the component prior to heat treat 
ment. In most cases a net-shape component Will not require 
post machining. As used herein, the term “net-size” means 
that the ceramic component after heat treatment has less than 
about 2% shrinkage compared to the green component or the 
component prior to heat treatment. 
[0055] While speci?c embodiments of the present inven 
tion have been illustrated and described, numerous modi?ca 
tions come to mind Without signi?cantly departing from the 
spirit of the invention, and are thus included Within its scope. 

Multi-Layered Ceramic Components 

[0056] Multilayered ceramic components may be produced 
using the compounds and techniques of the present invention 
to provide unitary components having multiple layers. Such 
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techniques may be used to provide, for example, a component 
having an outer layer With a controlled porosity and an inter 
nal layer providing strength. Many other combinations are 
possible Within the scope of the present invention. The above 
multilayer concept can be used for multifunctional ceramic 
products. The multiple ceramic layers can be chosen selec 
tively to give different porosities, strength, toughness, dam 
age tolerance, thermal conductivity, corrosion resistance, 
electrical properties, chemical resistance, and thermal shock 
properties. 
[0057] According to these methods Within the scope of this 
invention, tWo or more different types of slips are made. The 
?rst slip is made according to the procedures listed above. The 
second and other additional slips are produced by combining 
tWo or more ceramic poWders or ?bers selected front the 
groups discussed above. More speci?cally, the tWo or more 
components consisting of ceramic poWders of the desired 
material composition are ?rst selected. For these second and 
additional slips, the poWders can have a particle siZe of from 
about 0.010 microns to about 2000 microns. The ?bers can 
have a siZe of from about 25 microns to about 6 mm.As above, 
the poWders or ?bers may be selected from carbides such as 
SiC, B4C), nitrides (such as Si3N4), borides, silicates, oxides, 
sulfates, aluminates, mixed oxides, mullite, silicon nitride, 
silicon carbide, Zirconia, magnesia, spinel, chrome oxide, 
yttria, carbon, aluminosilicate, kyanite, clay, bentonite, 
sudaglass, iron oxide, glass frit, titania, perlite, Zircon, alu 
mina, glass, aluminum hydroxide vermiculite, aluminosili 
cates, silica, aluminum, iron, nickel, cobalt, palladium, tung 
sten, platinum, graphite, steel, Zinc, copper, barium sulfate, 
Zirconium diboride, calcium ?uoride, pyrophillite, baddeley 
ite, magnesium, and any other ceramic poWder knoWn to one 
of ordinary skill in the an as discussed above. The mixture of 
individual constituents can range from about 0.1% by volume 
to about 70% by volume of the slip. 
[0058] The ?rst layer may be ?rst cast using the ?rst slip 
using methods knoWn to one of ordinary skill in the art, 
folloWed by the application of the second layer using the 
second slip having a phase shared With the ?rst layer. Addi 
tional layers may then be added folloWing similar principles 
prior to sintering of the ceramic. As a result, products having 
tWo or more layers may be formed. In some, a ?rst layer 
includes a single ceramic poWder, and the second layer 
includes at least the poWder of the ?rst layer and one other 
poWder or ?ber. Subsequent layers could similarly include the 
poWder of the ?rst layer or the other poWder or ?ber, plus a 
neW ceramic poWder or ?ber. Alternatively, the ?rst layer 
could comprise ?rst and second ceramic poWders, While the 
second layer includes only one of either the ?rst or second 
ceramic poWders. A third layer could then include the 
selected ?rst or second poWder found in the second layer and 
another poWder, potentially even that of the ?rst layer. One of 
ordinary skill in the Will understand that these combinations 
are only exemplary of the many variations that are contem 
plated as Within the scope of the present invention, and as a 
result, these examples are not limiting in any fashion. 
[0059] The folloWing examples are given to illustrate vari 
ous embodiments Within the scope of the present invention. 
These are given by Way of example only, and it is understood 
that the folloWing examples are not comprehensive or exhaus 
tive of the many types of embodiments of the present inven 
tion that can be prepared in accordance With the present 
invention. 

EXAMPLE 1 

[0060] High purity (99.99%) alumina poWder (With loW 
surface area) having an average particle siZe of 2 pm Was 
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suspended in Water using dispersants, binders, and plasticiZ 
ers at 18 vol % solids. The suspension Was paint-shaken With 
a small amount of alumina media to improve and speed up the 
dispersion process. A pore-former in the form of carbon Was 
added at three different levels (i) 60 vol. %; (ii) 40 vol. %; and 
(iii) 0 vol %. Phosphoric acid Was added to the mix to obtain 
the ?nal slip. The resulting slurry Was poured into the mold, 
dried and ?red to 8000 C. The resulting insulation material 
With 60 vol. % pore-former is illustrated in FIGS. 1A-1C. 
Table 1 beloW summarizes the sample properties. 

TABLE 1 

Properties for Sample With 60 vol. % pore-former Value 

Density (g/cc) 0.80 g/cc 
Flexural Strength (MPa) <1 MPa 
Thermal Conductivity (W/m - K) at 800° C. 0.3 W/m - K 

This technique alloWs for incorporating very ?ne porosity 
(21 micron) into the ceramic matrix thus making it a very 
effective insulation. The porosity is in the nano-, meso-, and 
micro-range, as is seen in FIGS. 1A-1C. The above sample 
has loW thermal conductivity (FIG. 2), and good thermal 
shock properties (FIG. 3). As the pore-former content 
increases, the density decreases and correspondingly a 
decrease in thermal conductivity is observed. 

EXAMPLE 2 

[0061] High purity alumina poWder With an average par 
ticle siZe of 5 um Was suspended in Water using dispersants, 
binders, and plasiticiZers at 45 vol. % solids. Dispersants, 
binders, and plasticiZers Were added in the range of 9.0 Wt. % 
to obtain a fully dispersed slurry With loW viscosity (<1000 
cP). Phosphoric acid Was added and the slurry Was intimately 
mixed at room temperature using a mixer. No external heating 
Was applied during the mixing process. While mixing the 
slurry With the acid, a modest temperature increase Was 
observed as a result of the mixing process. The ratio of the 
Weight of acid to total Weight of all alumina-based solids Was 
less than 1.0. The slurry Was then poured into a desired mold 
and alloWed to dry in an oven at 400 C. The drying tempera 
ture can range from room temperature to 1000 C. but prefer 
ably between 220 C.-70o C. The green component, after dry 
ing, Was ?red at a temperature of about 9000 C. for 12 hours. 
[0062] Table 11 below outlines the strength as a function of 
?ring temperature. The data suggests a high strength-to 
Weight ratio for an alumina ceramic component. 

TABLE II 

Firing Temperature for Example 2 800° C. 900° C. 1000° C. 

Density (g/cc) 2.3 2.3 2.3 
Flexural Strength (MPa) 19 21 20 

EXAMPLE 3 

[0063] A slip is made according to the procedure of 
Example 2. A portion of the 100% alumina slip is poured into 
the mold and left to dry. A quantity of silicon carbide poWders 
is added to the leftover portion of the alumina slip in an 
amount of about 50 vol. %. This second alumina-silicon car 
bide (50/50) (by volume) slip is then poured on top of the ?rst 
alumina cast sample and left to dry. A schematic of the mul 
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tilayered ?nal product 20 using this technique is shown in 
FIG. 4. The multilayered product 20 has tWo layersibottom 
layer 22 is 100% alumina, While the top layer 24 is a 50/50 
mixture of alumina and silicon carbide. It Will be appreciated 
that this technique may be used to prepare multilayered insu 
lation having a variety of different compositions and proper 
ties. 

EXAMPLE 4 

[0064] A slip is made according to the procedure of 
Example 2. The slip is poured into the mold and left to dry. A 
second batch of slip is made as described in Example 1. It is 
thenpoured on top of the ?rst alumina cast. A schematic of the 
multilayered ?nal product 30 using this technique is shoWn in 
FIG. 5. The multilayered product has tWo layersibottom 
layer 32 is 100% alumina, While the top layer 34 is a 40/60 
mixture of alumina and a pore-former Which Will burn off 
during ?ring to give a multilayer dense-porous structure. 

EXAMPLE 5 

[0065] A slip Was made according to the procedure of 
Example 2. The slip Was then spray dried using a spray drier 
to produce a ?ne poWder Which has alumina at the core With 
a phosphate coating on the outside. The ?ne poWder Was then 
isostatically pressed at 30,000 psi into slabs and cylindrical 
tubes and ?red to 800° C. FIG. 6A shoWs the ?ne poWder and 
a pressed disk. FIG. 6B shoWs cylindrical tubes formed by 
isostatically pressing the poWder. The ?red density and ?nal 
?exural strength of the ceramic component Was 2.2 g/cc and 
10 MPa, respectively. No shrinkage Was observed after ?ring 
to 800° C. Thus, net-shaped and net-siZed components may 
be successfully made according to processes Within the scope 
of the present invention. 

EXAMPLE 6 

[0066] A slip is made according to the procedure of 
Example 2. Mallite (30 vol. %) is added as a second phase to 
improve strength, loWer the slip viscosity, loWer the coef? 
cient of thermal expansion (CTE) of the post-?red product, 
and increase its thermal shock properties. The ?nal slip is 
poured into the mold, dried and ?red to 800° C. Mullite 
addition loWers the viscosity of the cast slip by about 30% and 
increases the ?nal, ?red strength of the ceramic component by 
>10%. 

EXAMPLE 7 

[0067] A slip is made according to the procedure of 
Example 2. To this slip, a large amount of glycerin, up to 15 
Wt. %, is added as a plasticiZer. The resulting slip is left to dry 
at room temperature. After about 80% of the moisture is lost, 
the semi-dry cast behaves like putty and has a clay-like con 
sistency that can be molded into a desired shape under appro 
priate pressure. 

EXAMPLE 8 

[0068] TWo different alumina poWders With an average 
individual particle siZe ratio of approximately 1:10 Were 
mixed and suspended in Water using dispersants, binders, and 
plasticiZers. Dispersants, binders, and plasiticiZers Were 
added in the range of 5.0 Wt. % to get a loW viscosity (<1000 
cP) slurry. Phosphoric acid Was added to the slurry and the 
slip Was mixed at room temperature to obtain a ?nal slip. The 
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slurry Was then poured into a desired mold and alloWed to dry. 
The sample Was dried at about 24° C. The green component, 
after drying, Was ?red to a temperature of 800° C., 900° C. 
and 1000° C. to obtain the desired density. For ?ring tempera 
tures beloW 1200° C. there Was negligible shrinkage, result 
ing in net-shaped and net-siZed components. Table III beloW 
outlines the strength of this sample as a function of ?ring 
temperature. 

TABLE III 

Firing Temperature for Example 8 800° C. 900° C. 1000° C. 

Density (g/cc) 2.70 2.70 2.70 
Flexural Strength (MPa) 70 73 74 

EXAMPLE 9 

[0069] A slip is made according to the procedure of 
Example 2. The slip is then coated onto another porous 
ceramic substrate. The top coat can have a thickness ranging 
from 10 micron to 100 mils. The porosity in the top coat is 
?ner than the porosity of the underlying substrate. This alloWs 
for increased thermal and chemical protection of the substrate 
component. A schematic of the multilayered ?nal product 40 
using this technique is shoWn in FIG. 7. The multilayered 
product has tWo layersibottom layer 42 provides bulk 
strength and insulation properties, While the top layer 44 is 
thin, protective coating With appropriate thermo-chemical 
stability. 

EXAMPLE 10 

[0070] A slip Was made according to the procedure of 
Example 2. To this slip, chopped alumina ?bers (10 Wt. %) 
Were added. Fiber addition improves the fracture toughness 
of the ?red component since the ?bers act as reinforcements 
and sites for crack de?ection. After ?ring the 4-point ?exural 
strength increased by at least greater than 10%. FIGS. 8A and 
8B shoW the high temperature properties of samples (after 
800° C. ?ring) containing up to 10 Wt. % alumina ?bers. No 
signi?cant degradation in strength Was seen in either oxidiZ 
ing or reducing atmospheres. 

EXAMPLE 11 

[0071] A slip is made according to the procedure of 
Example 2. In this case, the poWders have a very high surface 
area (50-400 m2/g) and may include one or more poWders 
from a group of alumina, aluminum hydroxide, boehmite, or 
pseudoboehmite. An appropriate amount of dispersant Was 
added to evenly disperse the poWder particles before adding 
the phosphoric acid. The resulting product has a density of 0.7 
g/cc after ?ring 900° C. or 1100° C. and it also has a very loW 
thermal conductivity. The pore siZe exists in the nano-to 
micron siZes With over 35% of the pores beloW 100 nm. The 
thermal conductivity of the sample Was betWeen 0.2-0.3 
W/mK at 600° C. 

EXAMPLE 12 

[0072] PoWders Were made according to the procedure of 
Example 5. To the dried poWder 15 Wt. % aluminum metal 
poWder Was added. The tWo ingredients Were thoroughly dry 
mixed in a bottle and then pressed into pellets at 1000 lbs. The 
sample after 1550° C. ?ring exhibited no shrinkage and had a 
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?exural strength greater than 10 MPa. The ?red sample den 
sity Was 1.87 g/cc. Thus near net-shape and near-net siZe 
components Were obtained after a 1550° C. ?re. 

EXAMPLE 13 

[0073] A slip Was made according to the procedure of 
Example 2. To this slip, 70 Wt. % chopped alumina ?bers Were 
added With respect to the alumina poWder. The slip Was paint 
shaken for 1 hour to disperse the ?bers folloWing Which 
phosphoric acid Was added. The slip is poured into the mold 
and left to dry. A second batch of slip Was made as described 
in Example 2 With 0% ?bers. It Was then poured on top of the 
?rst cast, dried and ?red to 1550° C. A schematic of the 
multilayered ?nal product 30 using this technique is shoWn in 
FIG. 5. The multilayered product has tWo layersibottom 
layer 32 is 30% alumina (poWder)-70% alumina ?ber, While 
the top layer 34 is a 100% alumina (poWder)-0% ?ber. 
[0074] It Will be appreciated that the methods and compo 
sitions of the instant invention can be incorporated in the form 
of a variety of embodiments, only a feW of Which are dis 
closed herein. It Will be apparent to the artisan that other 
embodiments exist and do not depart from the spirit of the 
invention. Thus, the described embodiments are illustrative 
and should not be construed as restrictive. 

1. A process for making a ceramic component comprising: 
obtaining a slurry comprising 

a quantity of ceramic poWder having a mean particle siZe 
from about 1 micron to about 10 microns dispersed in 
Water or a mixture of Water and non-aqueous solvents; 
Wherein the ceramic poWder is present from about 
10%-75% by Weight of slurry; the ceramic poWder 
being selected from the group consisting of alumina, 
alpha-alumina, boehmite, pseudoboehmite, diaspore, 
bauxite, beta-alumina, theta-alumina, gamma-alu 
mina, and aluminum hydroxide; 

a quantity of ?ber from about 0%-60% by Weight of 
slurry, as a reinforcement phase; 

a quantity of pore-former, from about 0%-45% by 
Weight of slurry; 

a quantity of second phase, from about 0%-75% by 
Weight of slurry, Wherein the second phase is in the 
form of ?bers or poWders selected from the group 
consisting of carbides, nitrides, borides, silicates, 
oxides, sulfates, aluminates, mixed oxides, mullite, 
Zirconia, magnesia, spinel, chrome oxide, yttria, car 
bon, aluminosilicate, kyanite, clay, bentonite, sudag 
lass, iron oxide, glass frit, titania, perlite, Zircon, ver 
miculite, silica, aluminum, iron, steel, Zinc, copper, 
barium sulfate, Zirconium diboride, calcium ?uoride, 
pyrophillite, baddeleyite, magnesium, heat resistant 
polymeric poWders or ?bers, and holloW or solid alu 
mina spheres, Zirconia spheres, ?llite spheres, and 
silica spheres; 

a quantity of one or more organic additives selected from 
a group of organic dispersants, binders, plasticiZers, 
drying aids, molding aids, preservatives, biocides, 
viscosity thinning aids, or viscosity thickening aids, 
from about 0% to 25% by Weight of slurry; 

mixing the slurry With a phosphoric acid to produce a slip 
such that the molar ratio of total aluminum to total phos 
phorus from the phosphoric acid is betWeen 8 and about 
65 and Wherein the slip is mixed at a temperature 
betWeen 15° C. and less than 100° C.; 
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pouring the slip into a mold to form a green component by 
a process including chemical reaction bonding of the 
ceramic poWder under the in?uence of said phosphoric 
acid; and 

applying a heat treatment to the green component. 
2. The process of claim 1, Wherein the mean particle siZe of 

the ceramic poWder is from about 1 micron to about 5 microns 
3. The process of claim 1, Wherein the step of pouring the 

slip into a mold includes applying at least one of heat and 
pressure. 

4. The process of claim 1, Wherein the green component is 
dried at a temperature betWeen 15° C. and 150° C. 

5. The process of claim 1, Wherein the heat treatment is 
applied at a temperature betWeen 100° C. and 1650° C. 

6. The process of claim 1, Wherein the ceramic poWder has 
a surface area betWeen 0.01 m2/ g and 400 m2/ g. 

7. The process of claim 1, Wherein the non-aqueous solvent 
is selected from the group consisting of ethanol, methanol, 
propanol, butanol, isopropyl alcohol, hexane, acetone, ben 
Zene, and toluene. 

8. The process of claim 1, Wherein the slurry has a solids 
loading betWeen about 4% by volume and about 70% by 
volume. 

9. The process of claim 1, Wherein the ceramic poWder 
comprises one of a unimodal and a multimodal particle siZe 
distribution. 

10. (canceled) 
11. The process of claim 1, Wherein the second phase 

comprises a poWder having one of a unimodal and a multi 
modal particle siZe distribution With a mean particle siZe from 
about 0.010 microns to about 200 microns. 

12. The process of claim 1, Wherein the second phase 
comprises ?bers having a length from 25 microns to 6 mm. 

13. The process of claim 1, Wherein the second phase is 
operative to modify a physical property of the ceramic com 
ponent, the physical property being selected from the group 
consisting of: porosity, coe?icient of thermal expansion, elec 
trical conductivity, thermal conductivity, ionic conductivity, 
toughness, strength, Young’s modulus, and damage tolerance. 

14. The process of claim 1, Wherein the second phase is 
selected from the group consisting of an opaci?er; a rein 
forcement phase; a viscosity thickening aid; a viscosity thin 
ning aid; and a drying aid. 

15. The process of claim 1, Wherein the slurry comprises a 
pore-former composition selected from the group consisting 
of carbon poWders, carbon ?bers, polymeric poWders, poly 
meric ?bers, foam bubbles, mylar, sucrose, sugar, salt, agar, 
microcellulose, and starch. 

16. The process of claim 1, Wherein the slurry comprises a 
pore-former and the amount of pore-former compared to the 
amount of ceramic poWder in the slurry is in the range of 
0.01% to about 80% by volume. 

17. (canceled) 
18. (canceled) 
19. (canceled) 
20. The process of claim 1, Wherein the organic additives 

are present in an amount betWeen 0.001% and 25% by Weight 
of the slurry. 

21. (canceled) 
22. (canceled) 
23. (canceled) 
24. (canceled) 
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25. The process of claim 1, wherein the ceramic component 
after applying the heat treatment has substantially the same 
net shape compared to the green component prior to heat 
treatment. 

26. (canceled) 
27. The process of claim 1, Wherein the ?bers have a length 

from about 24 microns to about 6 millimeters. 
28. The process of claim 1, Where the ?bers are randomly 

oriented Within the slurry. 
29. A component having a ceramic matrix formed by the 

process of claim 1, Wherein said component is an insulation 
for solid oxide fuel cells or direct carbon fuel cells. 

30. A component having a ceramic matrix formed by the 
process of claim 1, Wherein said component is a diesel par 
ticulate ?lter or an automobile exhaust ?lter. 

31. A component having a ceramic matrix formed by the 
process of claim 1, Wherein said component is a ?lter frame 
for a diesel particulate ?lter or for an automobile exhaust 
?lter. 

32. A component having a ceramic matrix formed by the 
process of claim 1, Wherein said component is a porous 
ceramic ?lter for Water or liquid ?ltration. 

33. A component having a ceramic matrix formed by the 
process of claim 1, Wherein said component provides hot gas 
?ltration. 

34. A component having a ceramic matrix formed by the 
process of claim 1, Wherein said component is a high tem 
perature catalyst support. 

35. A component having a ceramic matrix formed by the 
process of claim 1, Wherein said component is a ceramic 
consumable in metal and glass melting applications. 

36. A component having a ceramic matrix formed by the 
process of claim 1, Wherein said component is a ceramic plate 
incorporated into body armor. 

37. A component having a ceramic matrix formed by the 
process of claim 1, Wherein said component comprises struc 
tures With internal macro- or micro-channels for gas ?oW or 
?ltration. 

38. A component having a ceramic matrix formed by the 
process of claim 1, Wherein said component is an electronic or 
an opto-electronic packaging device. 

39. A process for making a ceramic component compris 
ing: 

obtaining a slurry comprising 
a quantity of ceramic poWder having a mean particle siZe 

from about 1 micron to about 10 microns dispersed in 
Water or a mixture of Water and non-aqueous solvents; 
Wherein the ceramic poWder is present from about 
10%-75% by Weight of slurry; the ceramic poWder 
being selected from the group consisting of alumina, 
alpha-alumina, boehmite, pseudoboehmite, bauxite, 
beta-alumina, diaspore, theta-alumina, gamma-alu 
mina, or aluminum hydroxide; 

a quantity of ?ber, as a reinforcement phase having a 
length from about 25 micron to 6 mm, from about 
0%-60% by Weight of slurry, uniformly dispersed into 
the slurry; 

a quantity of pore-former, from about 0%-45% by 
Weight of slurry; 

a quantity of second phase, from about 0%-75% by 
Weight of slurry, Wherein the second phase is in the 
form of ?bers or poWders selected from the group 
consisting of carbides, nitrides, borides, silicates, 
oxides, sulfates, aluminates, mixed oxides, mullite, 
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Zirconia, magnesia, spinel, chrome oxide, yttria, car 
bon, aluminosilicate, kyanite, clay, bentonite, sudag 
lass, iron oxide, glass frit, titania, perlite, Zircon, ver 
miculite, silica, aluminum, iron, steel, Zinc, copper, 
barium sulfate, Zirconium diboride, calcium ?uoride, 
pyrophillite, baddeleyite, magnesium, heat resistant 
polymeric poWders or ?bers, and holloW or solid alu 
mina spheres, Zirconia spheres, ?llite spheres, and 
silica spheres; 

a quantity of one or more organic additives selected from 
a group of organic dispersants, binders, plasticiZers, 
drying aids, molding aids, preservatives, biocides, 
viscosity thinning aids, or viscosity thickening aids, 
from about 0% to 25% by Weight of slurry; 

mixing the slurry With a phosphoric acid to produce a slip 
such that the molar ratio of total aluminum to total phos 
phorus from the phosphoric acid is betWeen 8 and about 
65 and Wherein the slurry is mixed at a temperature 
betWeen 15° C. and less than 100° C.; 

drying the slip; 
obtaining a dried poWder from the slip, Wherein the dried 
poWder has a mean particle siZe from 0.2 micron to 1000 
micron; 

shaping the dried poWder into a desired form; and 
applying a heat treatment to the desired form. 
40. The process of claim 39, Wherein the dried poWder is 

shaped into the desired form by a form shaping process 
selected from the group consisting of injection molding, 
extrusion molding, ?lter pressing, isostatic pressing, and 
uniaxial pressing. 

41. (canceled) 
42. The process of claim 39, Wherein the slurry comprises 

at least tWo ceramic poWders or ?bers. 
43. The process of claim 39, Wherein the slurry comprises 

at least tWo metal poWders of ?bers. 
44. The process of claim 39, Wherein the dried poWder, 

prior to shaping, is mixed With at least one of metal and 
ceramic poWders or ?bers. 

45. The process of claim 39, Wherein the ceramic compo 
nent after applying the heat treatment has the same net shape 
compared to the desired form prior to heat treatment. 

46. (canceled) 
47. A process for making a ceramic component compris 

ing: 
obtaining a slurry comprising 

a quantity of ceramic poWder having a mean particle siZe 
from about 1 micron to about 10 microns dispersed in 
Water or a mixture of Water and non-aqueous solvents; 
Wherein the ceramic poWder is present from about 
10%-75% by Weight of slurry; the ceramic poWder 
being selected from the group consisting of alumina, 
alpha-alumina, boehmite, pseudoboehmite, diaspore, 
bauxite, beta-alumina, theta-alumina, gamma-alu 
mina, or aluminum hydroxide; 

a quantity of second phase, from about 0.01%-75% by 
Weight of slurry, Wherein the second phase is in the 
form of ?bers or poWders selected from the group 
consisting of carbides, nitrides, borides, silicates, 
oxides, sulfates, aluminates, mixed oxides, mullite, 
Zirconia, magnesia, spinel, chrome oxide, yttria, car 
bon, aluminosilicate, kyanite, clay, bentonite, sudag 
lass, iron oxide, glass frit, titania, perlite, Zircon, ver 
miculite, silica, aluminum, iron, steel, Zinc, copper, 
barium sulfate, Zirconium diboride, calcium ?uoride, 
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pyrophillite, baddeleyite, magnesium, heat resistant 
polymeric powders or ?bers, and hollow or solid alu 
mina spheres, Zirconia spheres, ?llite spheres, and 
silica spheres; 

a quantity of one or more organic additives selected from 
a group of organic dispersants, binders, plasticiZers, 
drying aids, molding aids, preservatives, biocides, 
viscosity thinning aids, or viscosity thickening aids, 
from about 0.001% to 25% by Weight of slurry; 

mixing the slurry With a phosphoric acid to produce a slip 
such that the molar ratio of total aluminum to total phos 
phorus from the phosphoric acid is betWeen 8 and about 
65 and Wherein the slurry is mixed at a temperature 
betWeen 15° C. and less than 1000 C.; 

pouring the slip into a mold to form a green component by 
a process including chemical reaction bonding of the 
ceramic poWder under the in?uence of the phosphoric 
acid; and 

applying a heat treatment to the green component. 
48. The process of claim 47, further comprising milling the 

slip to aid in dispersing the ceramic poWder and second phase 
in the slip. 

49. A component having a ceramic matrix formed by the 
process of claim 47, Wherein said component is an insulative 
?lter frame for a diesel particulate ?lter or for an automobile 
exhaust ?lter. 

50. A process for making a ceramic component compris 
ing: 

obtaining a slurry comprising 
a quantity of ceramic poWder having a mean particle siZe 

from about 1 micron to about 10 microns dispersed in 
Water or a mixture of Water and non-aqueous solvents; 
Wherein the ceramic poWder is present from about 
l0%-75% by Weight of slurry; the ceramic poWder 
being selected from the group consisting of alumina, 
alpha-alumina, boehmite, pseudoboehmite, diaspore, 
bauxite, beta-alumina, theta-alumina, gamma-alu 
mina, or aluminum hydroxide; 

a quantity of ?ber, as a reinforcement phase having a 
length from about 25 micron to 6 mm, from about 
0.0l%-60% by Weight of slurry, added in chopped 
form and uniformly dispersed into the slurry; 

a quantity of pore-former, from about 0.0l%-45% by 
Weight of slurry; 

a quantity of second phase, from about 0.0l%-75% by 
Weight of slurry, Wherein the second phase is in the 
form of ?bers or poWders selected from the group 
consisting of carbides, nitrides, borides, silicates, 
oxides, sulfates, aluminates, mixed oxides, mullite, 
Zirconia, magnesia, spinel, chrome oxide, yttria, car 
bon, aluminosilicate, kyanite, clay, bentonite, sudag 
lass, iron oxide, glass frit, titania, perlite, Zircon, ver 
miculite, silica, aluminum, iron, steel, Zinc, copper, 
barium sulfate, Zirconium diboride, calcium ?uoride, 
pyrophillite, baddeleyite, magnesium, heat resistant 
polymeric poWders or ?bers, and holloW or solid alu 
mina spheres, Zirconia spheres, ?llite spheres, and 
silica spheres; 

a quantity of one or more organic additives selected from 
a group of organic dispersants, binders, plasticiZers, 
drying aids, molding aids, preservatives, biocides, 
viscosity thinning aids, or viscosity thickening aids, 
from about 0.001% to 25% by Weight of slurry; 
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mixing the slurry With a phosphoric acid to produce a slip 
such that the molar ratio of total aluminum to total phos 
phorus from the phosphoric acid is betWeen 8 and about 
65 and Wherein the slurry is mixed at a temperature 
between 150 C. and less than 1000 C.; 

pouring the slip into a mold to form a green component by 
a process including chemical reaction bonding of said 
ceramic poWder under the in?uence of said phosphoric 
acid; and 

applying a heat treatment to the green component. 
51. A process for making a ceramic component compris 

ing: 
obtaining a slurry comprising 

a quantity of ceramic poWder having a mean particle siZe 
from about 1 micron to about 10 microns dispersed in 
Water or a mixture of Water and non-aqueous solvents; 
Wherein the ceramic poWder is present from about 
l0%-75% by Weight of slurry; the ceramic poWder 
being selected from the group consisting of alumina, 
alpha-alumina, boehmite, pseudoboehmite, diaspore, 
bauxite, beta-alumina, theta-alumina, gamma-alu 
mina, and aluminum hydroxide; 

a quantity of ?ber from about l%-60% by Weight of 
slurry, as a reinforcement phase; 

a quantity of second phase, from about l%-75% by 
Weight of slurry, Wherein the second phase is in the 
form of ?bers or poWders selected from the group 
consisting of carbides, nitrides, borides, silicates, 
oxides, sulfates, aluminates, mixed oxides, mullite, 
Zirconia, magnesia, spinel, chrome oxide, yttria, car 
bon, aluminosilicate, kyanite, clay, bentonite, sudag 
lass, iron oxide, glass frit, titania, perlite, Zircon, ver 
miculite, silica, aluminum, iron, steel, Zinc, copper, 
barium sulfate, Zirconium diboride, calcium ?uoride, 
pyrophillite, baddeleyite, magnesium, heat resistant 
polymeric poWders or ?bers, and holloW or solid alu 
mina spheres, Zirconia spheres, ?llite spheres, and 
silica spheres; 

a quantity of one or more organic additives selected from 
a group of organic dispersants, binders, plasticiZers, 
drying aids, molding aids, preservatives, biocides, 
viscosity thinning aids, or viscosity thickening aids, 
from about 1% to 25% by Weight of slurry; 

mixing the slurry With a phosphate containing reagent to 
produce a slip such that the molar ratio of total aluminum 
to total phosphorus from the reagent is betWeen 8 and 
about 65 and Wherein the slurry is mixed at a tempera 
ture between 150 C. and less than 1000 C.; 

pouring the slip into a mold to form a green component by 
a process including chemical reaction bonding of said 
ceramic poWder under the in?uence of said reagent; and 

applying a heat treatment to the green component. 
52. A process for making a ceramic component compris 

ing: 
obtaining a slurry comprising 

a quantity of ceramic poWder having a mean particle siZe 
from about 1 micron to about 10 microns dispersed in 
Water or a mixture of Water and non-aqueous solvents; 
Wherein the ceramic poWder is present from about 
l0%-75% by Weight of slurry; the ceramic poWder 
being selected from the group consisting of alumina, 
alpha-alumina, boehmite, pseudoboehmite, diaspore, 
bauxite, beta-alumina, theta-alumina, gamma-alu 
mina, and aluminum hydroxide; 
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a quantity of pore-former, from about 1%-45% by 
Weight of slurry; 

a quantity of second phase, from about 1%-75% by 
Weight of slurry, wherein the second phase is in the 
form of ?bers or powders selected from the group 
consisting of carbides, nitrides, borides, silicates, 
oxides, sulfates, aluminates, mixed oxides, mullite, 
Zirconia, magnesia, spinel, chrome oxide, yttria, car 
bon, aluminosilicate, kyanite, clay, bentonite, sudag 
lass, iron oxide, glass frit, titania, perlite, Zircon, ver 
miculite, silica, aluminum, iron, steel, Zinc, copper, 
barium sulfate, Zirconium diboride, calcium ?uoride, 
pyrophillite, baddeleyite, magnesium, heat resistant 
polymeric poWders or ?bers, and holloW or solid alu 
mina spheres, Zirconia spheres, ?llite spheres, and 
silica spheres; 

a quantity of one or more organic additives selected from 
a group of organic dispersants, binders, plasticiZers, 
drying aids, molding aids, preservatives, biocides, 
viscosity thinning aids, or viscosity thickening aids, 
from about 1% to 25% by Weight of slurry; 

mixing the slurry With a phosphate containing reagent to 
produce a slip such that the molarratio of total aluminum 
to total phosphorus from the reagent is betWeen 8 and 
about 65 and Wherein the slurry is mixed at a tempera 
ture betWeen 15° C. and less than 100° C.; 

pouring the slip into a mold to form a green component by 
a process including chemical reaction bonding of said 
ceramic poWder under the in?uence of said reagent; and 

applying a heat treatment to the green component. 

53. The process of claim 52, further comprising a quantity 
of ?ber from about 1%-60% by Weight of the slurry, as a 
reinforcement phase. 

54. The process of claim 52, Wherein the slurry is milled to 
aid in dispersing the ceramic poWder and the second phase in 
the slip. 
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55. The process of claim 1, Wherein the heat treated com 
ponent comprises a density ranging betWeen about 1.8 g/cc 
and about 2.7 g/cc. 

56. The process of claim 39, Wherein the heat treated form 
comprises a density ranging betWeen about 1 .8 g/ cc and about 
2.7 g/cc. 

57. The process of claim 47, Wherein the heat treated com 
ponent comprises a density ranging betWeen about 1.8 g/cc 
and about 2.7 g/cc. 

58. The process of claim 50, Wherein the heat treated com 
ponent comprises a density ranging betWeen about 1.8 g/cc 
and about 2.7 g/cc. 

59. The process of claim 51, Wherein the heat treated com 
ponent comprises a density ranging betWeen about 1.8 g/cc 
and about 2.7 g/cc. 

60. The process of claim 52, Wherein the heat treated com 
ponent comprises a density ranging betWeen about 1.8 g/cc 
and about 2.7 g/cc. 

61. The process of claim 1, Wherein the molar ratio of total 
aluminum to total phosphorus from the phosphoric acid is 
betWeen about 10 and about 25. 

62. The process of claim 39, Wherein the molarratio of total 
aluminum to total phosphorus from the phosphoric acid is 
betWeen about 10 and about 25. 

63. The process of claim 47, Wherein the molarratio of total 
aluminum to total phosphorus from the phosphoric acid is 
betWeen about 10 and about 25. 

64. The process of claim 50, Wherein the molarratio of total 
aluminum to total phosphorus from the phosphoric acid is 
betWeen about 10 and about 25. 

65. The process of claim 51, Wherein the molarratio of total 
aluminum to total phosphorus from the phosphoric acid is 
betWeen about 10 and about 25. 

66. The process of claim 52, Wherein the molarratio of total 
aluminum to total phosphorus from the phosphoric acid is 
betWeen about 10 and about 25. 

* * * * * 


