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(57) Abstract: A flexible and substantially
crack resistant intumescent, non-intumescent,
or hybrid mounting mat material for use in
mounting fragile structures includes at least
one intumescent, non-intumescent or hybrid
layer containing inorganic fibers and reinforc-
ing layer applied to the layer. Also provided is
an exhaust gas treatment device including a
housing, a fragile catalyst support structure
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making a mounting mat for an exhaust gas
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gas treatment device incorporating the mount-
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EXHAUST GAS TREATMENT DEVICE

TECHNICAL FIELD

A device for the treatment of exhaust gases is provided, such as
automotive catalytic converters or diesel particulate traps, having a fragile catalyst
support structure mounted within a housing by a flexible and substantially crack

resistant mounting mat disposed between the housing and the fragile structure.

BACKGROUND

Exhaust gas treatment devices for treating exhaust gases of automotive
engines are used to effect the oxidation of carbon monoxide and hydrocarbons and

the reduction of oxides of nitrogen present in the exhaust gases.

An automotive catalytic converter generally includes an outer metallic
housing and a fragile catalyst support structure that is held within the outer
metallic housing by a mounting mat. The mounting mat is positioned between the
inner surface of the outer metallic housing and the outer surface of the fragile
catalyst support structure. The fragile catalyst support structure is commonly
referred to in the art as a “monolith”. The monolith may be made from a ceramic
or metallic material. The mounting mat provides thermal insulation and a holding
pressure sufficient for maintaining the fragile catalyst support structure in proper

position during the operation of the catalytic converter.
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A diesel particulate trap is used in automobiles that utilize diesel fuel. The
diesel particulate trap generally includes an outer metallic housing and a fragile
particulate filter structure that is held within the outer metallic housing by a
mounting mat. The mounting mat is positioned between the inner surface of the
housing and the outer surface of the particulate filter. Like the catalytic converter,
the mat provides thermal insulation and a holding pressure for maintaining the
particulate filter in proper position within the outer metallic housing during

operation of the diesel particulate filter.

As noted hereinabove, the. catalyst support structure of the catalytic and
the diesel particulate filter are often very fragile. In fact, these structures can be
so fragile that even small shockloads or stresées are often sufficient to crack or
crush them. In order to protect the fragile structures from thermal and mechanical
shock and other stresses noted above, as well as to provide thermal insulation and
a gas seal, and to hold the fragile structures in place within the housing, it is
known to position at least one ply or layer of mounting or support material within
the gap between the fragile structure and the housing. Thus, the mounting mats
that are positioned between the outer housing and the fragile catalyst support
structure or particulate filter in the automotive exhaust gas treatment device are
capable of exhibiting high temperature resistance and are capable of exerting the
requisite holding pressure to maintain the catalyst support structure or particulate

filter in proper position during the operation of the device.

An exhaust gas treatment device is made by wrapping the mounting mat
around at least a portion of the perimeter of the fragile catalyst support structure
or diesel particulate filter and locating the wrapped structure within a housing.
During the wrapping of the catalyst support structure or diesel particulate filter,
the mounting mat must be bent around the fragile catalyst support structure.
Tensile stresses are exerted on the mounting mat which can result in cracking or
tearing of the mounting mat. For intumescent mats, flaking of the vermiculite in
the mat may also occur. As can be appreciated, the problem is exacerbated when

heavy basis weight mounting mats are used to wrap the fragile structures or when
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the wrap is around a tight radius, such as for oval-shaped structures.
Consequently, there is a need for a mounting mat material which is flexible and
substantially crack resistant, while still providing the desired thermal insulation

and holding pressure performance.
SUMMARY

Provided is a substantially crack resistant mounting mat for an exhaust gas
treatment device comprising an intumescent, non-intumescent, or hybrid layer
having opposite facing major surfaces and a reinforcing layer, such as a
reinforcing coating, applied to at least a portion of at least one of said major

surfaces.

Also provided is an exhaust gas treatment device comprising a housing, a
fragile catalyst support structure mounted within said housing, and a mounting
mat disposed in a gap between said housing and said fragile catalyst support
structure, wherein said mounting mat comprises an intumescent, non-intumescent,
or hybrid layer having opposite facing major surfaces and a reinforcing layer, such
as a reinforcing coating, applied to at least a portion of at least one of said major

surfaces.

Additionally provided is a method for making a mounting mat for holding
a fragile catalyst support structure within the housing of an exhaust gas treatment
device comprising providing or preparing an intumescent, non-intumescent, or
hybrid layer having opposite facing major surfaces and applying a reinforcing
layer, such as a reinforcing coating, to at least a portion of at least one of said

major surfaces of said intumescent or non-intumescent sheet layer.

Further provided is a method of making a device for treating exhaust gases
comprising wrapping a mounting mat comprising .an intumescent, non-
intumescent, or hybrid layer having opposite facing major surfaces and a

reinforcing layer, such as a reinforcing coating, applied to at least a portion of at
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least one of said major surfaces around a portion of a fragile catalyst support
structure for treating exhaust gases and locating the wrapped fragile catalyst
support structure within a housing, whereby the mounting mat holds the fragile

structure resiliently within the housing.

Further provided is an end cone for an exhaust gas treatment device
comprising an outer metallic end cone, an inner metallic end cone, and end cone
insulation disposed between said outer and inner metallic end cones, said end cone
insulation comprising an intumescent, non-intumescent, or hybrid layer having
opposite facing major surfaces and a reinforcing layer, such as a reinforcing

coating, applied to at least a portion of at least one of said major surfaces

'BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a fragmentary, elevational view of a catalytic converter

containing a mounting mat according to the present invention.

FIG. 2 is a graph showing the distribution of reinforcing coating applied to

an inorganic fibrous mounting mat.

DETAILED DESCRIPTION

A mounting mat for exhaust gas treatment device applications is disclosed.
The mounting mat includes at least one ply or sheet that is comprised of heat
resistant inorganic fibers. According to certain illustrative embodiments, the
méunting mat may optionally include an intumescent material. The mounting mat
includes opposite facing major surfaces where at least one of the surfaces has a
reinforcing coating applied thereto. The reinforcing coating imparts crack
resistance to the mounting mat. The reinforcing coating is applied to the

mounting mat in an amount to impart crack resistance, while still providing the

desired thermal insulation properties, friction, and holding pressure performance

across a wide temperature range. That is, the reinforcing coating imparts crack

resistance without substantially altering or affecting the performance properties of
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the properties of the mounting mat.

A device for treating exhaust gases is also provided. The device includes
an outer metallic housing, at least one fragile structure that is mounted within the
housing by a mounting mat that is disposed between the inner surface of the
housing and the outer surface of the fragile structure. The term "fragile structure"
is intended to mean and include structures such as metal or ceramic monoliths or
the like which may be fragile or frangible in nature, and would benefit from a

mounting mat such as is described herein.

Catalyst structures generally include one or more porous tubular or
honeycomb-like structures mounted by a thermally resistant material within a
housing. Each structure includes anywhere from about 200 to about 900 or more
channels or cells per square inch, depending upon the type of exhaust treating
device. A diesel particulate trap differs from a catalyst structure in that each
channel or cell within the particulate trap is closed at one end or the other.
Particulate is collected from exhaust gases in the porous structure until
regenerated by a high temperature burnout process. Non-automotive applications
for the mounting mat may include catalytic converters for industrial emission.

(exhaust) stacks such as those used in chemical plants.

One illustrative form of a device fér treating exhaust gases is designated
by the numeral 10 in FIG. 1. It should be understood that the mounting mat is not
intended to be limited to use in the device shown in FIG. 1, and so the shape is
shown only as an illustrative embodiment. In fact, the mounting mat could be
used to mount or support any fragile structure suitable for treating exhaust gases,

such as a diesel catalyst structure, a diesel particulate trap, or the like.

Catalytic converter 10 may include a generally tubular housing 12 formed
of two pieces of metal, for example, high temperature resistant steel, held together
by flange 16. Alternatively, the housing may include a preformed canister into

which a mounting mat-wrapped fragile structure is inserted. Housing 12 includes
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an inlet 14 at one end and an outlet (not shown) at its opposite end. The inlet 14
and outlet are suitably formed at their outer ends whereby they may be secured to
conduits in the exhaust system of an internal combustion engine. Device 10
contains a fragile structure, such as a frangible ceramic monolith 18, which is
supported and restrained within housing 12 by a mounting mat 20. Monolith 18
includes a plurality of gas pervious passages that extend axially from its inlet end
surface at one end to its outlet end surface at its opposite end. Monolith 18 may
be constructed of any suitable refractory metal or ceramic material in any known
manner and configuration. Monoliths are typically oval or round in cross-

sectional configuration, but other shapes are possible.

The monolith is spaced from inner surfaces of the housing by a distance or
a gap, which may vary according to the type and design of the device utilized, for
example, a catalytic converter, a diesel catalyst structure, or a diesel particulate
trap. This gap is filled with a mounting mat 20 to provide resilient support to the
ceramic monolith 18. The resilient mounting mat 20 provides both thermal .
insulation to the external environment and mechanical support to the fragile
structure, thereby protecting the fragile structure from mechanical shock across a

wide range of exhaust gas treatment device operating temperatures.

In general, the mounting mat includes inorganic fibers, optionally
intumescent material, and binder. The composition of the mounting mat 20 is
sufficient to provide a holding pressure capability to resiliently hold the fragile
catalyst support structure 18 within a housing 12 of an exhaust gas treatment

device 10 throughout a wide temperature range.

Any heat resistant inorganic fibers may be utilized in the mounting mat so
long as the fibers can withstand the mounting mat forming process, can withstand
the operating temperatures of the exhaust gas treatment devices, and provide the
minimum holding pressure performance for holding fragile structure within the
exhaust gas treatment device housing at the operating temperatures. Without

limitation, suitable inorganic fibers that may be used to prepare the mounting mat



20

25

WO 2010/120380 PCT/US2010/001149

UNF.P.9528

and exhaust gas treatment device include high alumina polycrystalline fibers,
refractory ceramic fibers such as alumino-silicate fibers, alumina-magnesia-silica
fibers, kaolin fibers, alkaline earth silicate fibers such as calcia-magnesia-silica
fibers and magnesia-silica fibers, S-glass fibers, S2-glass fibers, E-glass fibers,

quartz fibers, silica fibers and combinations thereof.

According to certain embodiments, the heat resistant inorganic fibers that
are used to prepare the mounting mat comprise ceramic fibers. Without limitation,
suitable ceramic fibers include alumina fibers, alumina-silica fibers, alumina-
zirconia-silica fibers, zirconia-silica fibers, zirconia fibers and similar fibers. A
useful alumina-silica ceramic fiber is commercially available from Unifrax I LLC
(Niagara Falls, New York) under the registered trademark FIBERFRAX. The
FIBERFRAX ceramic fibers comprise the fiberization product of about 45 to-
about 75 weight percent alumina and about 25 to ‘about 55 weight percent silica.
The FIBERFRAX fibers exhibit operating temperatures of up to about 1540°C and
a melting point up to about 1870°C. The FIBERFRAX fibers are easily formed

into high temperature resistant sheets and papers.

The alumina/silica fiber may comprise from about 40 weight percent to
about 60 weight percent Al,O3 and about 60 weight percent to about 40 weight
percent SiO,. The fiber may comprise about 50 weight percent Al,O3 and about
50 weight percent SiO,. The alumina/silica/magnesia glass fiber typically
comprises from about 64 weight percent to about 66 weight percent SiO,, from
about 24 weight percent to about 25 weight percent Al,Os, and from about 9
weight percent to about 10 weight percent MgO. The E-glass fiber typically
comprises from about 52 weight percent to about 56 weight percent SiO;, from
about 16 weight percent to about 25 weight percent CaO, from about 12 weight
percent to about 16 weight percent Al,O3, from about 5 weight percent to about 10

weight percent B,Oj3, up to about 5 weight percent MgO, up to about 2 weight

percent of sodium oxide and potassium oxide and trace amounts of iron oxide and

fluorides, with a typical composition of 55 weight percent SiO3, 15 weight percent
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Al O3, 7 weight percent B,03, 3 weight percent MgO, 19 weight percent CaO and

traces of the above mentioned materials.

Without limitation, suitable examples of biosoluble alkaline earth silicate
fibers that can be used to prepare a mounting mat for an exhaust gas treatment
device include those fibers disclosed in U.S. Patent Nos. 6,953,757, 6,030,910,
6,025,288, 5,874,375, 5,585,312, 5,332,699, 5,714,421, 7,259,118, 7,153,796,
6,861,381, 5,955,389, 5,928,075, 5,821,183, and 5,811,360, which are

incorporated herein by reference.

According to certain embodiments, the biosoluble alkaline earth silicate
fibers may comprise the fiberization product of a mixture of oxides of magnesium
and silica. These fibers are commonly referred to as magnesium-silicate fibers.
The magnesium-silicate fibers generally comprise the fiberization product of
about 60 to about 90 weight percent silica, from greater than 0 to about 35 weight
percent rﬁagnesia and 5 weight percent or less impurities. According to certain
embodiments, the heat treated alkaline earth silicate fibers comprise the
fiberization product of about 65 to about 86 weight percent silica, about 14 to
about 35 weight percent magnesia and 5 weight percent or less impurities.
According to other embodiments, the heat treated alkaline earth silicate fibers
comprise the fiberization product of about 70 to about 86 weight percent silica,
about 14 to about 30 weight percent magnesia, and 5 weight percent or less
impurities. A suitable magnesium-silicate fiber is commercially available from
Unifrax I LLC (Niagara Falls, New York) under the registered trademark
ISOFRAX. Commercially available ISOFRAX fibers generally comprise the
fiberization product of about 70 to about 80 weight percent silica, about 18 to

about 27 weight percent magnesia and 4 weight percent or less impurities.

According to certain embodiments, the biosoluble alkaline earth silicate
fibers may comprise the fiberization product of a mixture of oxides of calcium, .
magnesium and silica. These fibers are commonly referred to as calcia-magnesia-

silica fibers. According to certain embodiments, the calcia-magnesia-silica fibers
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comprise the fiberization product of about 45 to about 90 weight percent silica,
from greater than 0 to about 45 weight percent calcia, from greater than 0 to about
35 weight percent magnesia, and 10 weight percent or less impurities. Useful
calcia-magnesia-silicate fibers are commercially available from Unifrax 1 LLC
(Niagara Falls, New York) under the registered trademark INSULFRAX.
INSULFRAX fibers generally comprise the fiberization product of about 61 to
about 67 weight percent silica, from about 27 to about 33 weight percent calcia,
and from about 2 to about 7 weight percent magneéia. Other suitable calcia-
magnesia-silicate fibers are commercially available from Thermal Ceramics
(Augusta, Georgia) under the trade designations SUPERWOOL 607,
SUPERWOOL 607 MAX and SUPERWOOL HT. SUPERWOOL 607 fibers
comprise about 60 to about 70 weight percent silica, from about 25 to about 35
weight percent calcia, from about 4 to about 7 weight percent magnesia, and trace
amounts of alumina. SUPERWOOL 607 MAX fibers comprise about 60 to about
70 weight percent silica, from about 16 to about 22 weight percent calcia, and
from about 12 to about 19 weight percent magnesia, and trace amounts of
alumina. SUPERWOOL HT fiber comprise about 74 weight percent silica, about

24 weight percent calcia and trace amounts of magnesia, alumina and iron oxide.

Suitable silica fibers useful in the production of a mounting mat for an
exhaust gaé treatment device include those leached glass fibers available from
BelChem Fiber Materials GmbH, Germany, under the trademark BELCOTEX,
from Hitco Carbon Composites, Inc. of Gardena California, under the registered
trademark REFRASIL, and from Polotsk-Steklovolokno, Republic of Belarus,
under the designation PS-23(R).

The BELCOTEX fibers are standard type, staple fiber pre-yarns. These
fibers have an average fineness of about 550 tex and are generally made from
silicic acid modified by alumina. The BELCOTEX fibers are amorphous and
generally contain about 94.5 silica, about 4.5 percent alumina, less than 0.5
percent sodium oxide, and less than 0.5 percent of other components. These

fibers have an average fiber diameter of about 9 microns and a melting point in
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the range of 1500° to 1550°C. These fibers are heat resistant to temperatures of

up to 1100°C, and are typically shot free and binder free.

The REFRASIL fibers, like the BELCOTEX fibers, are amorphous
leached glass fibers which have a high silica content for providing thermal
insulation for applications in the 1000° to 1100°C temperature range. These fibers
are between about 6 and about 13 microns in diameter, and have a melting point
of about 1700°C. The fibers, after leaching, typically have a silica content of
about 95 percent by weight. Alumina may be present in an amount of about 4%

by weight with other components being present in an amount of 1% or less.

The PS-23 (R) fibers from Polotsk-Steklovolokno are amorphous glass
fibers high in silica content and are suitable for thermal insulation for applications
requiring resistance to at least about 1000°C. These fibers have a fiber length in

the range of about 5 to about 20 mm and a fiber diameter of about 9 microns.

These fibers, like the REFRASIL fibers, have a melting point of about 1700°C.

The intumescent material that may be incorporated into the mounting mat
includes, without limitation, unexpanded vermiculite, ion-exchanged vermiculite, .
heat treated vermiculite, expandable graphite, hydrobiotite, water-swelling
tetrasilicic flourine mica, alkaline metal éilicates, or mixtures thereof. The
mounting mat may include a mixture of more than on type of intumescent
material. The intumescent material may comprise a mixture of unexpanded
vermiculite and expandable graphite in a relative amount of about 9:1 to about 1:2

vermiculite:graphite, as described in U.S. Patent No. 5,384,188.

The mounting mat also includes a binder or mixture of more than one type
of binder. Suitable binders include organic binders, inorganic binders and
mixtures of these two types of binders. According to certain embodiments, the
intumescent mounting mat, includes one or more organic binders. The organic
binders may be provided as a solid, a liquid, é solution, a dispersion, a latex, an

emulsion, or similar form. The organic binder may comprise a thermoplastic or

10
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thermoset binder, which after cure is a flexible material that can be burned out of
an installed mounting mat. Examples of suitable organic binders include, but are
not limited to, acrylic latex, (meth)acrylic latex, copolymers of styrene and
butadiene, vinylpyridine, acrylonitrile, copolymers of acrylonitrile and styrene,
vinyl chloride, polyurethane, copolymers of vinyl acetate and ethylene,
polyamides, silicones, and the like. Other resins include low temperature, flexible
thermosetting resins such as unsaturated polyesters, epoxy resins and polyvinyl

esters.

The organic binder may be included in the mounting mat in an amount of
greater than 0 to about 20 weight percent, from about 2.5 to about 15 weight
percent, from about 5 to about 12.5 weight percent or from about 7.5 to about 10

weight percent, based on the total weight of the mounting mat.

The mounting mat may include polymeric binder fibers instead of, or in
addition to, a resinous or liquid binder. These polymeric binder fibers may be
used in amounts to aid in binding the heat resistant inorganic fibers together.
Suitable examples of binder fibers include polyvinyl alcohol fibers, polyolefin
fibers such as polyethylene and polypropylene, acrylic fibers, polyester fibers,

ethyl vinyl acetate fibers, nylon fibers and combinations thereof.

Typically, the organic binder is a sacrificial binder employed to initially
bond the fibers together. By "sacrificial,” it is meant that the organic binder will
eventually be burned out of the mounting mat, leaving only the inorganic fibers,
optionally intumescent material and optionally clay as the mounting mat for

supporting the fragile structure within the metallic housing.
In addition to organic binders, the mouhting mats may also include

inorganic binder material. Without limitation, suitable inorganic binder materials

include colloidal dispersions of alumina, silica, zirconia, and mixtures thereof.

11
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The mounting mat may be produced in ahy way known in the art for
forming sheet-like materials. For example, conventional paper-making processes,
either hand laid or machine laid, may be used to prepare the intumescent sheet
material. A handsheet mold, a Fourdrinier paper machine, or a rotoformer paper

machine can be employed to make the intumescent sheet material.

For example, using a papermaking process, the inorganic fibers,
intumescent material, and antioxidant may be mixed together with a binder or
other fibers capable of acting as a binder to form a mixture or slurry. The slurry
of components may be flocculated by adding a flocculating agent to the slurry.
The flocculated mixture or slurry is placed onto a papermaking machine to be
formed into a ply or sheet of fiber containing paper. The sheet is dried by air
drying or oven drying. For a more detailed description of standard papermaking
techniques employed, see U.S. Patent No. 3,458,329, the disclosure of which is

incorporated herein by reference.

Alternatively, the plies or sheets may be formed by vacuum casting the
slurry. According to this method, the slurry of components is wet laid onto a
pervious web. A vacuum is applied to the web to extract the majority of the
moisture from the slurry, thereby forming a wet sheet. The wet plies or sheets are
then dried, typically in an oven. The sheet may be passed through a set of rollers

to compress the sheet prior to drying.

In other embodiments, the fibers may be processed into a mounting mat by
conventional means such as dry air layering. The mat at this stage has very little
structural integrity and is very thick relative to conventional catalytic converter
and diesel trap mounting mats. The resultant mat can therefore be dry needled, as

is commonly known in the art, to densify the mat and increase its strength.
Where the dry air layering technique is used, the mat may be alternatively

processed by the addition of a binder to the mat by impregnation to form a

discontinuous fiber composite. In this technique, the binder is added after

12
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formation of the mat, rather than forming the mat prepreg as noted hereinabove
with respect to the conventional papermaking technique. This method of

preparing the mat aids in maintaining fiber length by reducing breakage.

A reinforcing coating is applied to a surface of the mounting mat.
According to certain embodiments, the reinforcing coating is applied to one of the
major surfaces of the mounting mat. According to other embodiments, the
reinforcing coating may be applied to both major surfaces. The reinforcing
coating may be applied in either a continuous or discontinuous patterns.
According to certain illustrative embodiments, the reinforcing coating is applied
in a continuous fashion on one or both major surfaces of the mounting mat. The
continuous coating is applied to the surface of the mounting mat in a substantially

uniform manner across the entire surface of the mounting mat.

The reinforcing coating that is applied to one or both major surfaces of the
mounting mat generally comprises an organic material. The organic material of
the reinforcing coating is separate than the sacrificial organic binder material that
is included within the mounting mat. According to certain illustrative
embodiments, the reinforcing coating comprises an organic latex. Organic latex
that may be used as the reinforcing layer comprises an acrylic latex. Without
limitation, a suitable acrylic latex that may be used as the reinforcing coating is
commercially available from (Lubrizol Advanced Materials, Inc.; Cleveland,

Ohio, USA) under the trade designation HYCAR26083.

The reinforcing coating is applied to the mounting mat in an amount
sufficient to increase the crack resistance of the mounting mat as compared to the
same mounting mat without the reinforcing coating. While the reinforcing
coating is applied to the mounting mat in an amount sufficient to increase the
crack resistance of the mat, the presence of the reinforcing coating does not
appreciably alter or affect the performance properties of the mounting mat (ie,
holding pressure performance, cold friction, cold compression, etc). The

reinforcing coating comprising the acrylic latex is applied to the mounting mat in

13
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an amount from about 0.01 to about 2 weight percent based on the dry weight of

" the mounting mat. Without limitation, and merely by way of illustration, the

acrylic latex is applied to the mounting mat at an amount of about 0.25 weight

percent based on the total dry weight of said mounting mat.

The reinforcing coating may also include a suitable antioxidant additive.
Suitable examples of antioxidant materials include primary antioxidants,
secondary antioxidants, multifunctional antioxidants, and combinations thereof.
Without limitation, non-limiting examples of primary antioxidants include
sterically hindered phenolics and secondary aromatic amines. Suitable sterically
hindered phenolics are commercially available from Elikochem (Villejust, France)
under the trade designation Wingstay, from RT Vanderbilt (Norwalk CT) under
the trade designations Agerite Resin and Vanox, and from Ciba Specialty:

Chemicals (High Point, NC) under the trade designation Irganox.

Suitable examples of secondary antioxidants include organophosphorus
compounds which decompose peroxides and hydroperoxides into stable, non-
radical products and thiosynergists which are very efficient for long-term thermal
aging applications. Multifunctional antioxidants optimally combine primary and
secondary antioxidant functions in one antioxidant compound. According to
certain embodiments, blends of hindered phenolics and thiosynergist antioxidants
may be used as the antioxidant material for the exhaust gas treatment device

mounting mat.

The antioxidant material may be provided in the form of dispersions or
emulsions of primary or mixtures of primary and secondary antioxidants. Suitable
antioxidant dispersions are commercially available from Akron Dispersions
(Akron, Ohio) under the trade designation Bostex, from Aquaspersions (West
Yorkshire, UK) under the trade designation Aquanox, from Tiarco Chemical
(Dalton, GA) under the trade designation Octolite, and from Great Lakes
Chemical Co. (Indianapolis, IN) under the trade designations Lowinx, Durad and
Anox.

14
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Illustrative examples of antioxidant dispersions include Bostex 24, which
is a dispersion of Wingstay L. and Bostex 362A, which is 50% Wingstay L /
DTDTDP synergist (a thiosynergist/secondary antioxidant). = The thermal
degradation temperature for Wingstay L (the antioxidant contained in the Bbstex
362A dispersion) is greater than about 300°C and the autoignition temperature is

about 440°C.

A particularly suitable antioxidant is commercially available from Akron
Dispersions (Akron, Ohio) under the trade designation Bostex 362A. According
to certain illustrative embodiments, the antioxidant material is pre-complexed
with the organic binder material pridr to addition to the remaining components of

the mounting mat.

The reinforcing coating material may also include a coating detection
additive. Without limitation the coating detection additive comprises an ultra-
violet light detectable dye. The ultra-violet light detectable dye may be included
in the reinforcing coating composition in an amount from about 0.01 to about 0.5
weight percent based on the dry weight of the mounting mat. According to certain
illustrative embodiments, the ultra-violet light detectable dye is present in an
amoﬁnt of about 0.03 weight percent based on the total weight of said mounting

mat.

The flexible 'reinfo'rcing coating may be applied to the one or more major
surfaces of the mounting mat by one of brushing, dipping, immersing, or spraying.
Without preference or limitation, the flexible reinforcing coating may be applied
to the one or more major surfaces of the mounting mat by a spray coating process.
The spray coating process involves the use of a plurality of spray nozzles to
provide a light, but uniform reinforcing coating across the surface(s) of the
mounting mat. The spray coating process permits the application of a very light
coating of the reinforcing coating, such as an acrylic latex, to the surfaces of the
mounting mat. The layer of reinforcing coating is applied in an amount that does
not appreciably alter or compromise the thermal insulation, the holding pressure

performance, the cold compression performance, and the cold friction
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performance of the mounting mat. However, the reinforcing coating is applied at
a level to impart substantial crack resistance to the mounting mat. Thus, neither
the total binder content or the thickness of the mounting mat are substantially

increased.

The mounting mat may comprise one or more layers. The mounting mat
may comprise one non-intumescent layer or one intumescent layer. Alternatively,
the mounting mat may comprise multiple layers comprising more than one non-
intumescent layer or more than one intumescent layer. Additionally, the mounting
mat may comprise multiple layers comprising a combination of at least one non-
intumescent layer and at least one intumescent layer. Further embodiments of the
mounting mat may comprise multiple layers comprising at least one intumescent
layer that is sandwiched between at least two non-intumescent layers. Further
embodiments of the mounting mat may comprise multiple layers comprising at
least one non-intumescent layer sandwiched between at least two intumescent
layers. For mounting mats comprised of multiple layers, the reinforcing coating
layer may be applied to one or more of the major surfaces of only one of the
layers of the mounting. Alternatively, the reinforcing coating layer may be
applied to one or more of the major surfaces of more than one of the layers of the
mounting mat composite. According to certain embodiments, the reinforcing
coating layer may be applied to one or more of the major surfaces of each of the

layers of the composite mounting mat.

The coated mounting mat can be cut, such as by die stamping, to formr
mounting mats of exact shapes and sizes with reproducible tolerances. The
mounting mat 20 exhibits suitable handling properties upon densification as by
needling or the like, meaning it can be easily handled and is rot so brittle as to
crumble in one's hand like many other fiber blankets or mats. It can be easily and
flexibly fitted or wrapped around the fragile structure 18 or like fragile structure
without cracking, and then disposed within the catalytic converter housing 12.
Generally, the mounting mat-wrapped fragile structure can be inserted into a
housing or the housing can be built or otherwise fabricated around the mounting

mat-wrapped fragile structure.
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EXPERIMENTAL

The following ekamples are set forth merely to further illustrate the effect
of the treatment of the surfaces of a mounting mat with a reinforcing coating. The
illustrative examples should not be construed as limiting the mounting mat,
exhaust gas treatment device incorporating the mounting mat, or the methods of

making the mounting mat or the exhaust gas treatment device in any manner.

A sample reinforcing coating was prepared with 95% water, 4.5%
HYCAR 26083 acrylic latex, and 0.5% BOSTEX 362A antioxidant. A layer of
the reinforcing coating (0.25% of mat weight) was spray coated onto the mat to
substantially increase the crack resistance. A 0.03% level of UV dye was
included in the acrylic latex so that a determination of amount coated could be
made using a UV detector. The mat used for the testing was a sample of an
intumescent exhaust gas treatment devices mounting mat commercially available
under the registered trademark ISOMAT® AVS5 from Unifrax 1 LLC (Niagara
Falls, NY, USA). The sample mats are comprised of biosoluble inorganic fibers,
vermiculite and sacrificial organic binder, and has a basis weight of about 2900

g/m’.

A load that is capable of exerting a maximum force of 250N was used in

the evaluation. The force (in Newtons) needed to crack coated and uncoated

mounting mats are set forth below in Table I:
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Table I
Example | Coating No Coating
1 250 4
2 250 4
3 250 17
4 250 2
5 250 5
6 250 4
7 250 5
8 250 4
9 250 2
10 250 15
11 250 6
12 250 15
13 250 9
14 250 3

As shown in Table I, above, the force (in Newtons) to crack the uncoated
mat was from 2 to 17 N. However, with the application of the acrylic latex-based
reinforcing coating to the mounting mat, the amount of force required to crack the
mounting mat was at least 250N. Therefore, the reinforcing coating layer
imparted a substantial crack resistance as compared to uncoated mats of identical

composition.

The holding pressure, cold compression and cold friction performance of
intumescent mounting mats having a reinforcing coating thereon were evaluated

and compared to mounting mats without the application of such a coating.
To evaluate the holding pressure performance of the mounting mats,

intumescent mounting mats with and without the application of a reinforcing

coating were subjected to mechanical cycling. The test mats were placed between
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two heated blocks. The two blocks are heated to different temperatures as shown
in Table II. The top heated block is moved to open the gap by either 1% or 3% of
the initial gap width and then closed over a given period of time wherein the gap
was opened (a “cycle”). After 1000 cycles, the residual minimum holding
pressure exerted by the mounting mat was calculated. The results of the

mechanical cycling tests are set forth in Table II below:

Table 11
Sample Pmin 1000 Pmin 1000
0.50 gbd 0.50 gbd
400/200°C 800/400°C
Target >50 kPa >50 kPa
C1 (no coating) 55 60.1
2 (coating) 54.2 59.7

As can be seen, the mounting mats having the crack resistant coating
applied thereon achieve a Pmin 1000 of greater than 50 kPa as tested. The
holding pressure performance of the mounting mat having a reinforcing coating

applied thereon was virtually identical to the performance of the mounting mats

. without the reinforcing coating. These results indicate that the inclusion of a

reinforcing coating improves crack resistance without sacrificing holding pressure

performance.
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Another excellent indicator of the holding pressure performance of the
mounting mats is the push-out force. The push-out force is a measure of the
amount of force required to push the fragile catalyst support structure or substrate
(ie, the monolith) out of the exhaust gas treatment device outer housing. To
perform the test, the exhaust gas treatment device is assembled by positioning the
mounting mat around the fragile catalyst support structure and locating the fragile
catalyst support structure within the housing with the mounting mat disposed in
the gap between the fragile catalyst support structure and the outer steel housing.
For this test, the fragile catalyst support structures were wrapped with the
mounting mat and installed in the outer steel housing using a commonly
performed cahning technique known as tourniquet mounting. The housing used
on this test was stainless steel SS409 housing. The fragile catalyst support
structure was then pushed out of the housing using mechanical testing equipment,
such as the Instron or MTS. The amount of force needed to push the fragile
catalyst support structure out of the outer steel housing was recorded. This test
was performed on a mounting mat that was treated with the reinforcing coating on
the interior shell or housing side of an exhaust gas treatment device, on the
substrate side of the fragile structure, and on a mounting mat that was not treated
with the reinforcing coafing. The results of this testing -are set forth in Table III

below.

Table 111

Sample Coating Coated Side Gap (mm) Gap Bulk Push-Out
Density Force (N)

~ (g/em?)
1 Yes Interior shell 4.32 0.66 4060
2 Yes Substrate side 4.26 0.67 4247
3 No " Not Coated 4.44 0.65 4202

As shown in Table III above, mounting mats that were coated on either the
interior shell side or the substrate side with the reinforcing coating exhibited

push-out force values which were comparable to that of the mounting mat which
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was not coated with the reinforcing coating. Therefore, mounting mats treated
with the reinforcing coating possess similar values for holding pressure
performance as those mats not treated with the reinforcing coating. These results
further indicate that the inclusion of a reinforcing coating improves crack

resistance without sacrificing holding pressure performance.

To evaluate the cold compression performance of the mounting mats,
intumescent mounting mats with and without the reinforcing coating were cut into
2 inch by 2 inch samples. The basis weight of the samples was measured and
recorded. A sample of mat was placed between two plates and was held at room
temperature. A target gap was calculated based on the target gap bulk density of
the mat being tested. The top plate of the test apparatus was lowered at 25.4
mm/minute until the target gap was reached. The peak pressure once the target
gap was reached was measured. The mat was held at the target gap for 300

seconds and the residual pressure was measured.
The results of the cold compression tests are set forth in Table IV below:

Table IV

Sample Cold Compression Cold Compression Peak
0.5 gbd 0.75 gbd

Target >125 kPa <1600 kPa

C1 (no coating) 153 1240

2 (coating) 147 1232

As shown in Table 1V, cold pressure performance of the mouhting mat

having a reinforcing coating applied thereon was very similar to the cold pressure
performance of the mounting mats without the reinforcing coating. These results
indicate that the inclusion of a reinforcing coating improves crack resistance

without sacrificing cold pressure performance.
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To evaluate the cold friction performance of the mounting mats,
intumescent mounting mats with and without the reinforcing coating were cut into
2 inch by 2 inch samples. The weights of the mat samples were measured and
recorded. A pair of mat samples were aligned with a piece of stainless steel plate
located between them, and this assembly was placed in a vise. The vise was
closed with enough force to reach the target gap bulk density, and the peak load
was recorded. After a 5 minute period, the residual load was measured and
recorded. The stainless steel plate was pushed down between the mat samples and
the force exerted during this displacement was recorded. The results of the cold

friction tests are set forth in Table V below:

Table V

Sample Cold Friction Steel Cold Friction Steel
0.5 gbd 0.75 gbd

C1 (no coating) 0257 025

2 (coating) 0.265 0.241

As shown in Table V, cold friction performance of the mounting mat
having a reinforcing coating applied thereon was very similar to the cold friction
performance of the mounting mats without the reinforcing coating. These results
indicate that the inclusion of a reinforcing coating improves crack resistance

without sacrificing cold friction performance.

From the results shown in Tables I-V, the inclusion of a reinforcing
coating on a surface of the mounting mat provides a very flexible mounting mat
and improves the crack resistance of the mounting mat, without substantially

affecting or altering the performance properties of the mounting mat.
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The distribution of reinforcing coating on the surface of an inorganic
fibrous mounting mat was evaluated. A tray having the dimensions of about 15
inches long by about 60 inches wide was divided into a plurality of substantially
equal size compartments. An approximately 2 inch by 2 inch piece of
commercially available exhaust gas treatment device mounting mat comprising
inorganic fibers and no organic binder sold by Unifrax I LLC (Niagara Falls, NY,
USA) under the trade designation CC-MAX 8 HP were weighed and placed
within each compartment of the tray. The tray was placed on the coating machine
in a position that would be occupied by a .mounting mat during normal
commercial production. The coating system was turned on and the reinforcing
coating comprising an organic latex was applied to the surfaces of the mounting
mat pieces located within the tray for a known length of time. The amount and
distribution of the reinforcing latex coating applied to the mounting mat pieces
was determined. The amount of the reinforcing latex coating is reported in FIG. 2
as LOI Added and the distribution of the reinforcing latex coating across all of the

pieces of mounting mat within the tray is reported as Avg. LOI Added.

The mounting mats can be die cut and are operable as resilient supports in
a thin profile, providing ease of handling, and in a flexible form, so as to be able
to provide a total wrap of the catalyst support structure, if desired, without
cracking. Alternatively, the mounting mat may be integrally wrapped about the
entire circumference or perimeter of at least a portion of the catalyst support
structure. The mounting mat may also be partially wrapped and include an end-
seal as currently used in some conventional converter devices, if desired, to

prevent gas by-pass.

The mounting mats described above are also useful in a variety of
applications such as conventional automotive catalytic converters for, among
others, motorcycles and other small engine machines, and automotive pre-
converters, as well as high temperature spacers, gaskets, and even future

generation automotive underbody catalytic converter systems.
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The mounting mats described above can also be used in catalytic
converters employed in the chemical industry which are located within exhaust or
emission stacks, including those which contain fragile honeycomb type structures

that need to be protectively mounted.

While the mounting mat and exhaust gas treatment device have been
described in connection with various illustrative embodiments, it is to be
understood that other similar embodiments may be used or modifications and
additions may be made to the described embodiments for performing the same
function disclosed herein without deviating therefrom. The embodiments
described above are not necessarily in the alternative, as various embodiments
may be combined to provide the desired characteristics. Therefore, the mounting
mat and exhaust gas treatment device should not be limited to any single.
embodiment, but rather construed in breadth and scope in accordance with the

recitation of the appended claims.
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CLAIMS:

1. A substantially crack resistant mounting mat for an exhaust gas treatment
device comprising:
at least one layer having opposite facing major surfaces; and
a reinforcing layer applied to at least a portion of at least one of
said major surfaces,
wherein the reinforcing layer does not substantially affect the

performance properties of the mounting mat.

2. The mounting mat of claim 1, wherein said layer comprises inorganic
fibers.
3. The mounting mat of claim 2, wherein said inorganic fibers are selected

from the group consisting of high alumina polycrystalline fibers, ceramic fibers,
mullite fibers, glass fibers, biosoluble fibers, quartz fibers, silica fibers, and

mixtures thereof,

4. ~ The mounting mat of claim 3, wherein the high alumina polycrystalline
fibers comprise the fiberization product of about 72 to about 100 weight percent

alumina and about 0 to about 28 weight percent silica.

5. The mounting mat of claim 3, wherein the ceramic fibers comprise
alumino-silicate fibers comprising the fiberization product of about 45 to about 72

weight percent alumina and about 28 to about 55 weight percent silica.

6. The mounting mat of claim 3, wherein the biosoluble fibers comprise
magnesia-silica fibers comprising the fiberization product of about 65 to about 86
weight percent silica, from about 14 to about 35 weight percent magnesia and

about 5 weight percent of less impurities.
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7. The mounting mat of claim 3, wherein the biosoluble fibers comprise
calcia-magnesia-silica fibers comprising the fiberization product of about 45 to
about 90 weight percent silica, greater than 0 to about 45 weight percent calcia,

and greater than 0 to about 35 weight percent magnesia.

8. The mounting mat of claim 1, wherein said layer comprises an
intumescent material selected from the group consisting of unexpanded
vermiculite, ion exchanged vermiculite, heat treated vermiculite, expandable
graphite, hydrobiotite, water-swelling tetrasilicic flourine mica, alkaline metal

silicates, or mixtures thereof.

9. The mounting mat of claim 8, wherein the intumescent material comprises

unexpanded vermiculite.

10. The mounting mat of claim 1, wherein said reinforcing coating comprises

an organic latex.

11. The mounting mat of claim 10, wherein said organic latex comprises an

acrylic latex.

12. The mounting mat of claim 11, wherein said acrylic latex is applied to said
mounting mat in an amount from about 0.01 to about 2 weight percent based on

the dry weight of the mounting mat.
13. The mounting mat of claim 12, wherein said acrylic latex is applied to said
mounting mat in an amount of about 0.25 weight percent based on the total dry

weight of said mounting mat.

14. The mounting mat of claim 1, wherein said reinforcing coating is applied

as a continuous coating to at least one major surface of said mounting mat.
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15. The mounting mat of claim 14, wherein said continuous coating is

substantially uniform across said major surface of said mounting mat.

16. The mounting mat of claim 1, wherein coating further comprises an ultra-
violet light detectable dye in an amount from about 0.01 to about 0.5 weight

percent based on the weight of the mounting mat

17. The mounting mat of claim 1, wherein said reinforcing coating further

comprises an antioxidant.

18. The mounting mat of claim 17, wherein said antioxidant is selected from
the group consisting of primary antioxidants, secondary antioxidants,

multifunctional antioxidants, and combinations thereof.

19. The mounting mat of claim 1, wherein said layer comprises at least two
layers.
20. The mounting mat of claim 19, wherein said layer may comprise (a) at

least one non-intumescent layer and at least one intumescent layer, or (b) at least
two intumescent layers, or (c) at least two non-intumescent layers, or (d) an
intumescent layer sandwiched between two non-intumescent layers, or (¢) a non-

intumescent layer sandwiched between two intumescent layers.

21. An exhaust gas treatment device comprising:
a housing;
a fragile catalyst support structure mounted within said housing;
and
the mounting mat of claim one of claim 1 to 20 disposed in a gap

between said housing and said fragile catalyst support structure.
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22.

The exhaust gas treatment device of claim 21, wherein the device

comprises a catalytic converter or diesel particulate trap.

23.

A method for making the mounting mat of any one of claims 1 to 20 for

holding a fragile catalyst support structure within the housing of an exhaust gas

treatment device comprising:

24.

providing or preparing an intumescent, non-intumescent, or hybrid
layer having opposite facing major surfaces; and
applying a flexible reinforcing layer to at least a portion of at least

one of said major surfaces of said layer.

The method of claim 23, wherein said flexible reinforcing coating is

applied to said mounting mat by one of brushing, dipping, immersing, or spraying.

25.

26.

A method of making a device for treating exhaust gases comprising:
wrapping the mounting mat of any one of claim 1 to 20 around a
portion of a fragile catalyst support structure for treating exhaust gases;
and A
locating the wrapped fragile catalyst support structure within a
housing, whereby the mounting mat holds the fragile structure resiliently

within the housing.

An end cone for an exhaust gas treatment device comprising:

outer metallic cone;

an inner metallic cone; and

cone insulation disposed between said outer and inner metallic end
cones, said cone insulation comprising an intumescent, non-intumescent,
or hybrid layer having opposite facing major surfaces and a reinforcing
layer applied to at least a portion of at least one of said major surfaces,
wherein the reinforcing layer does not substantially affect the performance

properties of the mounting mat.
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