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(57) ABSTRACT

A porous ceramic substrate is disclosed that is fabricated from
biosoluble ceramic fibers. Porosity and permeability of the
substrate is provided by intertangled biosoluble fibers, that
can be formed into a honeycomb form substrate through an
extrusion process. The fibrous structure is formed from mix-
ing biosoluble fibers with additives that include a bonding
agent, and a fluid to provide an extrudable mixture. The
structure is sintered at a temperature that exceeds the glass
formation temperature of the bonding agent, but less than the
maximum operational limits of the biosoluble fiber, to form a
structure that has sufficient strength and porosity to provide
for filtration and/or as a catalytic host.

20 Claims, 3 Drawing Sheets
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METHOD AND APPARATUS FOR AN
EXTRUDED CERAMIC BIOSOLUBLE FIBER
SUBSTRATE

BACKGROUND OF THE INVENTION

The present invention related generally to porous ceramic
substrates useful for filtration and/or high temperature chemi-
cal reaction processing, such as a catalytic host. The invention
more particularly relates to a substantially biosoluble fiber-
based ceramic substrate and methods for producing the same.

Ceramic honeycomb substrates are commonly used in
industrial automotive applications where inherent material
stability and structural integrity are needed at elevated oper-
ating temperatures. Ceramic honeycomb substrates provide
high specific surface area for effective filtration and support
for efficient catalytic reactions. For example, in automotive
applications, ceramic substrates are used in catalytic convert-
ers to host catalytic oxidation and reduction of exhaust gases,
and to filter particulate emissions.

Fiber-based ceramic substrates can be produced to provide
a highly porous yet chemically and mechanically durable
substrate for high temperature applications. Commonly
owned U.S. Pat. No. 6,946,013, and commonly-owned U.S.
patent application Ser. Nos. 11/323,429 filed Dec. 30, 2005,
Ser. No. 11/322,777 filed Dec. 30, 2005, and Ser. No. 11/323,
430 filed Dec. 30, 2005, all incorporated by reference herein,
describe various methods and applications for highly porous
fiber-based substrates. The raw materials used to fabricate
such substrates may be subject to regulations in some juris-
dictions that require special handling and/or hazardous prod-
uct labeling. To avoid the effect of regulatory controls, and to
minimize the potential for exposure to potentially hazardous
materials by those involved in the manufacture of such sub-
strates, ceramic fibers having compositions that are deemed
to be biosoluble, i.e., soluble within a human or living organ-
ism, can be used.

Biosoluble fibers have been developed for use as a replace-
ment for refractory ceramic fibers. These fibers can be exon-
erated from classification as a hazardous material, under cur-
rently-known regulatory directives. These biosoluble
replacements are typically intended for insulation and refrac-
tory applications, where strength and chemical durability is
not a primary concern. However, when implemented as the
primary constituent in a porous ceramic substrate for high
temperature filtration and/or chemical reaction processing
using known methods of fabrication, the reduced strength and
durability of these fibers detracts from the performance of the
substrate in intended applications.

Accordingly, there is a need for a biosoluble fiber-based
ceramic substrate that can be manufactured using methods to
produce a substrate that provide sufficient strength and dura-
bility for high temperature filtration and/or chemical reaction
processing.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a biosoluble fiber-based
ceramic substrate and methods of manufacture of the same.
Accordingly, the object ofthe invention is directed at methods
and processes for forming a biosoluble fiber-based structure
and apparatuses or formed shapes having a porous fibrous
structure from biosoluble fibers.

Specifically, the invention is directed at an extruded hon-
eycomb substrate that is formed from biosoluble fibers. The
honeycomb substrate has an array of channels forming walls
between adjacent channels, with the wall formed from inter-
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tangled biosoluble fibers. The strength of the substrate is
derived from the biosoluble fibers and bonds between over-
lapping and adjoining fibers within the structure. Bonding
agents, such as precursors to glass, glass-ceramic and
ceramic, are included to provide reaction-formed or sintered
bonds.

An aspect of the invention is to provide mechanical, chemi-
cal, and thermal durability to the biosoluble fiber through the
formation of bonds between the fibers. In one aspect, the
coefficient of thermal expansion of the bond is substantially
the same as the coefficient of thermal expansion of the bio-
soluble fiber.

The present invention is directed at methods to produce a
porous substrate using biosoluble fibers. In this aspect of the
invention, biosoluble fibers are mixed with additives and a
fluid to form an extrudable mixture. The extrudable mixture is
extruded into a green substrate that is then cured to form the
porous substrate. An inorganic additive is included in the
extrudable mixture, that is used to reaction-form bonds
between the biosoluble fibers during the curing process.

In yet another aspect of the invention, a filter is provided
that includes an extruded honeycomb substrate having inter-
tangled fibers composed of silica and an alkali metal com-
pound or an alkali-earth metal compound, such as calcium,
magnesium or boron oxide compounds.

These and other features of the present invention will
become apparent from a reading of the following descrip-
tions, and may be realized by means of the instrumentalities
and combinations particularly pointed out in the appended
claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The drawings constitute a part of this specification and
include exemplary embodiments of the invention, which may
be embodied in various forms.

FIG. 1 is an image representation of the microstructure of
a substrate according to the present invention.

FIG. 2 is a flowchart of the method according to the present
invention.

FIG. 3 is a flowchart of the curing step of the method of the
present invention.

FIG. 4 is a depiction of various honeycomb substrates
according to the present invention.

FIG. 5 is a cross-sectional representation of a filtration
device that contains a honeycomb substrate according to the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

Detailed descriptions of examples of the invention are pro-
vided herein. It is to be understood, however, that the present
invention may be exemplified in various forms. Therefore, the
specific details disclosed herein are not to be interpreted as
limiting, but rather as a representative basis for teaching one
skilled in the art how to employ the present invention in
virtually any detailed system, structure or manner.

Refractory Ceramic Fibers (RCF) are commonly known as
aluminosilicate ceramic materials that along with fibrous
glass and mineral wool, are generally classified as synthetic
vitreous fibers. When humans are exposed to synthetic vitre-
ous fibers suspended in air, irritation of the eyes, nose, throat,
and lung can occur. These exposure effects are reversible, and
such effects disappear once exposure ceases. Unlike asbestos,
synthetic vitreous fibers have not been linked to the cause of
disease in humans, though animal studies show that repeat-






