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(534) Title: MULTILAYER MOUNTING MAT FOR POLLUTION CONTROL DEVICES

(57) Abstract: A multilayer mount-
ing mat (20) for an exhaust gas treat-
ment device (10) including high tem-
perature resistant inorganic fibers,
optionally organic binder, and op-
tionally intumescent material. A plu-
rality of the mounting mat plies con-
tain a substantial proportion of the
inorganic fibers oriented in the x-y
plane of the mounting mat. An ex-
haust gas treatment device includes a
housing (12), a fragile catalyst sup-
port structure (18) resiliently mount-
ed within the housing, and the multi-
layer mounting mat disposed in a gap
between the housing and the fragile
catalyst support structure.
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MULTILAY ER MOUNTING MAT FOR POLLUTION CONTROL DEVICES

A mat 1s provided for use 1n an exhaust gas treatment device, such as catalytic
converters and dicscl particulate traps that arc uscd 1n automotive cxhaust systecms. The
mat may be used as a mounting mat to mount a fragile structure within an outer housing
of an exhaust gas treatment device or as thermal msulation 1n an end cone of the exhaust
gas treatment device. A device 1s also provided for the treatment of exhaust gases, such
as a catalytic converter or a diesel particulate trap. The device may include a fragile
structure mounted within a housing by a mounting mat that 1s disposed in a gap between
the housing and the fragile structure, or may include the mat as thermal insulation in its

end cone section.

Exhaust gas treatment devices are used on automobiles to reduce atmospheric
pollution from engine emissions. Examples of widely used exhaust gas treatment
devices include catalytic converters, diesel particulate traps and other pollution control

devices.

A catalytic converter for treating exhaust gases of an automotive engine includes
a housing, a fragile catalyst support structure for holding the catalyst that 1s used to effect
the oxidation of carbon monoxide and hydrocarbons and the reduction of oxides of
nitrogen, and a mounting mat disposed between the outer surface of the fragile catalyst
support structure and the inner surface of the housing to resiliently hold the fragile

catalyst support structure within the housing.

Another type of exhaust gas treatment device 1s a selective catalyst reduction
unit; the active portion of a sclective catalyst reduction unit compriscs a fragilc substrate,
coatcd with a catalyst to promotc chcemical rcduction and climination of undesired

products 1n the exhaust stream.

Another type of exhaust gas treatment device 1s a NOy trap; the active portion of
a NOy trap comprises a fragile catalytic substrate comprising alkali or alkaline earth
materials. The trap operates mm a cyclic manner; cycling between a “sorption” process
and a ‘“‘regeneration” process. During sorption the substrate intakes NOy species and

traps them on the surface of the catalytic substrate as nitrate species. During
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rcgenceration, a reducing matcrial 1s introduced nto the NOy trap and the nitrate specics

are removed from the substrate and reduced to nitrogen.

A diesel particulate trap for controlling pollution generated by diesel engines
generally includes a housing, a fragile particulate filter or trap for collecting particulate
from the diesel engine emissions, and a mounting mat that 1s disposed between the outer
surface of the filter or trap and the inner surface of the housing to resiliently hold the

[ragile (ilter or trap structure within the housing.

The fragile structure generally comprises a monolithic structure manufactured
from a frangible material of metal or a brittle, ceramic material such as aluminum oxide,
silicon dioxide, magnesium oxide, zirconia, cordierite, silicon carbide and the like.
These materials provide a skeleton type of structure with a plurality of gas flow channels.
These monolithic structures can be so fragile that even small shock loads or stresses are
often sufficient to crack or crush them. In order to protect the fragile structure from
thermal and mechanical shock and other stresses noted above, as well as to provide
thermal 1nsulation and a gas seal, a mounting mat 1s positioned within the gap between

the fragile structure and the housing.

The mounting mat materials employed should be capable of satistying any of a
number of design or physical requirements set forth by the {fragile structure
manulacturers or the exhaust gas treatment device manulaclurers. For example, the
mounting mat material should be capable ol exerting an ellective residual holding
pressure on the fragile structure, even when the exhaust gas treatment device has
undergone wide temperature fluctuations, which causes significant expansion and
contraction of the metal housing 1n relation to the fragile structure, which 1n turn causes

significant compression and release cycles for the mounting mats over a period of time.

Ceramic and metallic substrates used 1in exhaust gas treatment devices are most
often mounted within a metal housing with an inorganic fiber based mounting mat. This
mounting mat matcrial may contain only morganic fibcrs. Howcvcer, the mounting mat
material may also contain other types of fibers, organic binders, morganic fillers and/or

intumescent materials.
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The mounting mat must function across a widc rangc of opcrating tcmpceraturcs
to effectively hold the substrate 1n position. Substrates are subjected to axial forces
acting on the substrate due to vibrations. The mounting mat also compensates for the
fact that the metal housing expands more or less than the substrate itself. Various
exhaust gas treatment devices operate throughout a temperature range of ambient
conditions at about 20°C to about 1200°C. Therefore, mounting mats must provide

robust holding pressure performance across this wide temperature range.

FIG. 1 shows a fragmentary view of an illustrative exhaust gas treatment device

including the subject mounting mat.

A multilayer mounting mat for use 1n exhaust gas treatment device applications 1s
provided. The mounting mat includes multiple plies comprising heat resistant inorganic
fibers, and optionally an organic binder, typically adapted to be sacrificially burned out,
wherein at least one, or a plurality of the mounting mat plies comprise a substantial
proportion or majority of their inorganic fibers oriented in the x-y plane of the mounting
mat. According to certain embodiments, at least one mounting mat ply may optionally

include an intumescent material.

A device for treating exhaust gases i1s also provided. The device includes an
outer metallic housing, at least one fragile structure that 1s mounted within the housing
by a mounting mat that 1s disposed between the mner surlace ol the housing and the
outer surface ol the [ragile structure. The term "[ragile structure” 1s 1ntended to mean
and 1nclude structures such as metal or ceramic monoliths or the like which may be
fragile or frangible 1n nature, and would benefit from a mounting mat such as 1s

described herein.

Catalytic converter catalyst structures generally include one or more porous
tubular or honeycomb-like structures mounted by a thermally resistant material within a
housing. Each structure may include from about 200 to about 900 or more channels or
cclls per squarc inch, depending upon the type of cxhaust gas trcatment device. A dicscl
particulate trap differs from a catalytic converter structure 1 that each channel or cell
within the particulate trap 1s closed at one end. Particulate 1s collected from exhaust

gases 1n the porous structure until regenerated by a high temperature burnout process.
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Non-automotive applications for thc mounting mat may includc catalytic convcrters for

chemical industry emission (exhaust) stacks.

One 1llustrative form of a device for treating exhaust gases 1s designated by the
numeral 10 in FIG. 1. It should be understood that the mounting mat 1s not intended to
be limited to use 1n the device shown in FIG. 1, and so the shape 1s shown only as an
tllustrative embodiment. In fact, the mounting mat could be used to mount or support
any [ragile struclure suitable [or (reating exhaust gases, such as a diesel catalyst

structure, a diesel particulate trap, or the like.

According to certain 1llustrative embodiments, catalytic converter 10 may include
a 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 1s mserted. Housing 12
includes 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 1n the exhaust system of an internal combustion engine. Device 10 contains a
fragile structure, such as a frangible ceramic monolith 18, which 1s 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 at one end to 1ts outlet at 1ts
opposite end. Monolith 18 may be constructed of any suitable refractory metal or
ceramic malterial in any known manner and conliguration. Monoliths are typically oval

or round 1n cross-sectional conliguration, but other shapes are possible.

The monolith 1s spaced from mner surfaces of the housing by a distance or a gap,
which will 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 1s
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
fragilc structurc from mcchanical shock across a wide range of cxhaust gas trcatment

device operating temperatures.
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In gencral, the mounting mat includes multiple plics comprising heat resistant
inorganic fibers, and may include an organic binder optionally adapted to be sacrificially
burned out, wherem at least one ply, or a plurality of the mounting mat plies, comprise a
substantial proportion of the inorganic fibers oriented 1n the x-y plane of the mounting
mat. The mounting mat 20 1s capable of providing a holding pressure sufficient 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.

Typically, wet laid intumescent or non-intumescent mats are produced as a single
layer on a papermaking device, such as a rotoformer. It has been found that the
performance or holding force of the mounting mat can be significantly improved if the mat
1s made of multiple plies, or layers, produced separately. For example, the performance of
a single layer 1000 g/m~ basis weight mounting mat can be improved by producing 10
layers at 100 g/m” basis weight each, and combining them to make a multi-ply mounting

mat of 1000 g/m” (gsm) basis weight.

Wet laid mats are typically more uniform in basis weight and thickness distribution
than dry laid mats. In a wet laid system, with the aid of high dilution levels and dispersing
chemicals, a uniform sheet can be produced. However, when the mounting mat 1s
produced as a single, thick layer of a given basis weight, a majority of fibers are oriented,
or are laid up, 1n directions other than the desired x-y plane of the sheet. This phenomenon
results 1 a reduction 1n the load bearing capacity ol the mounting mat. By producing
multiple thin layer sheets and combining them to achieve the target basis weight and
thickness, the majority of the fibers can be forced to lie in the x-y plane, increasing the

overall performance of the mounting mat product.

The orientation in which fibers are laid up inside the mounting mat affects the
performance of the mat. Ideally, all fibers are oriented 1n the x-y plane of the mounting
mat to maximize performance or holding pressure. To dispose all or most fibers in the x-y
plane, the mat would theoretically need to be just 1 fiber thick, ensuring that there were no
fibers crisscrossing vertically through the (thickncess of the) mat structurc. The thicker or
heavier the mounting mat becomes, the more fibers are oriented in directions other than x-
y plane. These fibers that are 1n other than the x-y plane orientation theoretically do not

bear any load, and thus do not contribute to holding pressure. Typical non-intumescent
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mounting mats arc about 1200 gsm or morc. At that weight, the mats arc 8 mm or more 1n
thickness, and have many fibers oriented in directions other than the x-y plane of the

mounting mat.

A process to achieve a large proportion of fibers oriented n the x-y plane 1n a thick
and/or heavy mounting mat, includes producing individual thin plies or layers, and
combining multiple layers to produce a mounting mat of the desired basis weight and/or
thickness. In this way, a majority ol the [ibers would be oriented in the x-y plane or
direction, providing a greater load bearing surface of fibers by decreasing the percentage of
vertically oriented, non-weight bearing fibers. The resulting mounting mat would have a
higher modulus and a much higher performance than a single layer mounting mat of the

same basis weight and/or thickness.

In certain embodiments, the individual intumescent or non-intumescent fibrous
plies or layers may have a thickness of about 3 mm e¢ach, and a basis weight of from about
30 to about 50 grams per square meter (gsm) each. After the individual plies are laid up or
laminated and the stack of about 10 or more layers are processed, such as by needling
(discussed below) by way of example and not of limitation, the resulting multilayer mat

may have a thickness of about 10 mm, and a basis weight of 1500 gsm.

The high temperature resistant morganic fibers utilized in the subject mounting
mat can withstand the mounting mat [orming process, withstand the operating
temperatures ol the exhaust gas treatment devices, and provide the mimimum 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 and exhaust gas treatment device
include high alumina polycrystalline fibers; mullite fibers; refractory ceramic fibers such
as alumino-silicate fibers or kaolin fibers; alumina-zirconia-silica fibers; alumina-
magnesia-silica fibers such as S-glass fibers or S2-glass fibers; chopped leached glass
high silica fibers; biosoluble 1norganic fibers, including but not lmmited to biosoluble
alkalinc carth silicatc fibcrs such as calcia-magncsia-silica fibers or magncsia-silica

fibers; or combinations thereof.
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According to ccrtain cmbodiments, the high tcmpceraturc resistant inorganic fibers
that are used to prepare the mounting mat comprise ceramic fibers comprising alumina.
Without limitation, suitable ceramic fibers include alumma fibers, mullite fibers,
alumino-silicate fibers, alumina-zirconia-silica fibers, and similar fibers. High alumina
polycrystalline fibers may comprise the fiberization product of from about 72 to about
100 weight percent alumina and from 0 to about 28 weight percent silica. A suitable
alumino-silicate ceramic fiber 1s commercially available from Unifrax I LLC (Niagara
Falls, New York) under the registered trademark FIBERFRAX. The FIBERFRAX®
ceramic fibers comprise the fiberization product of a melt comprising from about 45 to
about 75 weight percent alumina and from 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 can be easily formed into

high temperature resistant sheets and papers.

In certain embodiments, refractory ceramic fiber (RCF) such as alumino-silicate
fiber may comprise from about 40 weight percent to about 60 weight percent Al,O; and
from about 60 weight percent to about 40 weight percent S10,, and 1 some
embodiments, from about 47 to about 53 weight percent alumina and from about 47 to
about 53 weight percent silica. The RCF fibers are a fiberization product that may be

blown or spun from a melt of the component materials.

Alumina-zirconia-silica (ibers comprise the [iberization product ol alumina, silica
and zirconia, 1n certain embodiments 1n the amounts of [rom about 29 to about 31
percent by weight alumina, from about 33 to about 55 percent by weight silica, and from

about 135 to about 17 weight percent zirconia.

Alumina/silica/magnesia glass fiber typically comprises from about 64 weight
percent to about 66 weight percent S10,, from about 24 weight percent to about 25

welght percent Al,Os, and from about 9 weight percent to about 11 weight percent MgO.

In ccrtain cmbodiments, the mounting mat compriscs mcelt-formed, amorphous,
high-temperature resistant leached glass fibers having a high silica content. By the term
“high silica content,” 1t 1s meant that the fibers contain more silica than any other

compositional mgredient 1n the fibers. In fact, the silica content of these fibers after
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[caching arc typically grcater than any other glass fibers containing silica, including S-
glass fibers, except crystalline quartz derived fibers or pure silica fibers. In one
embodiment, 1t will be appreciated that the mounting mat may be devoid of intumescent

materials, sol gel-derived glass silica fibers and/or backing or reinforcing layers.

Generally, the leached glass fibers will have a silica content of at least 67 percent
by weight. In certain embodiments, the leached glass fibers contains at least 90 percent
by weight, and 1n certain ol these, [rom about 90 percent by weight to less than 99
percent by weight silica. The average fiber diameter of these leached glass fibers may be
greater than at least about 3.5 microns, and often greater than at least about 5 microns.
On average, the glass fibers typically have a diameter of about 9 microns, up to about 14

mICrons.

Examples of leached glass fibers high 1n silica content and suitable for use in the
production of a mounting mat for a catalytic converter or other known exhaust gas-
treatment device include those leached glass fibers available from BelChem Fiber
Materials GmbH, Germany, under the trademark BELCOTEX and from Hitco Carbon
Composites, Inc. of Gardena Californmia, 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 [ineness ol aboul 550 tex and are generally made [rom silicic acid
modified by alumina. The BELCOTEX f[ibers 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 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 high in silica content for providing thermal insulation for applications in the 1000”
to 1100°C tcmpceraturc range. Thesc fibers arc between about 6 and about 13 microns 1n
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
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amount of about 4 percent by weight with other components being present in an amount

of 1 percent or less.

The PS-23 (R) fibers from Polotsk-Steklovolokno arc amorphous glass fibers
high 1n 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.

Suitable high temperature resistant biosoluble morganic fibers that may be used
include, without limitation, alkaline earth silicate fibers, such as calcia-magnesia-silicate
fibers or magnesia-silicate fibers, calcia-aluminate fibers, potassia-calcia-aluminate

[ibers, potlassia-alumina-silicate [ibers, or sodia-alumina-silicate [ibers.

The term “biosoluble” morganic fibers refer to morganic fibers that are soluble or
otherwise decomposable in a physiological medium or 1n a simulated physiological
medium, such as sitmulated lung fluid, saline solutions, buffered saline solutions, or the
like. The solubility of the fibers may be evaluated by measuring the solubility of the
fibers 1n a simulated physiological medium over time. Biosolubility can also be
estimated by observing the effects of direct implantation of the fibers in test animals or
by the examination of animals or humans that have been exposed to fibers, 1.e.

biopersistence.

A method for measuring the biosolubility (i.e. the non-durability) of the fibers in
physiological media 1s disclosed in U.S. Patent No. 5,874,375 assigned to Unifrax I LLC,
and which 1s incorporatcd herein by reference. Other methods are suitable for cvaluating
the biosolubility of morganic fibers. According to ccrtain embodiments, the biosoluble
fibers exhibit a solubility of at least 30 ng/cm’-hr when exposed as a 0.1 g sample to a
0.3 ml/min flow of simulated lung fluid at 37°C. According to other embodiments, the
biosoluble inorganic fibers may exhibit a solubility of at least 50 ng/cm”-hr, or at least
100 ng/cm*-hr, or at least 1000 ng/cm-hr when exposed as a 0.1 g sample to a 0.3

ml/min flow of simulated lung fluid at 37°C.
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Another approach to estimating the biosolubility of fibers is based on the

1

composition of the fibers. For example, Germany classifies respirable inorganic oxide

i

fibers based on a compositional index (KI value). The KI value is calculated by a
summation of the weight percentages of alkaline and alkaline-earth oxides and
subtraction of two times the weight percent of aluminum oxide in inorganic oxide fibers.

lnergamic fibers that are biosoluble cypically have a KI valus of about 40 or greater.

Without limitation, suitable exampies of biosoluble aikaline 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, 5,874,3'::?"5,
5,985,312, 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

According to certaim embeduments, the bilosoluble alkziine earth silicate fbers

may comprise the {iberizaetion product of 2 mixture of oxides of magnesium and silica.

These fibers are commenly referred to as magnesium-silicate fibers. The magnesium-

silicate fibers generally comprise the fiberization product of from about 0 to about 0

' B ~

waight percent silic

o greater than O to about 35 weight percent magnesia and 3

Q.s)

weight percent or less impunities. According to certain embodimenss, the alkaline earth

silicate fibers comprise the fiberization product of from about 63 10 about 86 weight

percent silica, from about 14 to abeut 35 weight percent magnesia and 5 weisht vercent

p—

or less impurities. According to other embodiments, the alkaline earth silicate fibers
comprise the fibenzation product of from about 70 to about 36 weight percent silica,

from about [4 to about 30 weight percent magnesia, and 3 weight percent or less

impurities. A suitable magnesium-silicate fiber is commerciallv available from Unifrax I

LLC (Niagara Falls, New York) under the registered trademark ISOFRAX.

Commercially available ISOFRAX ® fibers generaily comprise the fiberization product

of from about 70 to about §0 wezight percent silica, from abour 13 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 caicia-magnesia-silicate fibers comprise the

10
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fibcrization product of from 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. In certain embodiments, biosoluble

calcia-magnesia-silica fibers comprise from about 15% to about 35% CaO, from about

2.5% to about 20% MgQ, and from about 60% to about 70% S10,.

Useful calcia-magnesia-silicate fibers are commercially available from Unifrax I
LLC (Niagara Falls, New York) under the registered trademark INSULFRAX.
INSULFRAX ® fibers generally comprise the fiberization product of from 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 magnesia. 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 from about 60 to about 70 weight percent
stlica, from about 25 to about 35 weight percent calcia, and from about 4 to about 7
welght percent magnesia, and trace amounts of alumma. SUPERWOOL® 607 MAX
fibers comprise from 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 alumima. SUPERWOOL® HT fibers comprise from about 74 weight
percent silica, from about 24 weight percent calcia and trace amounts of magnesia,

alumina and 1ron oxide.

According (o certain embodiments, the biosoluble alkaline earth silicate [ibers
may comprise the fiberization product of a mixture of oxides of calcium and aluminum.
According to certain embodiments, at least 90 weight percent of the calcia-aluminate
fibers comprise the fiberization product of from about 50 to about 80 weight percent
calcia, from about 20 to less than 50 weight percent alumina, and 10 weight or less
percent impurities. According to other embodiments, at least 90 weight percent of the
calcia-aluminate fibers comprise the fiberization product of from about 50 to about 80
welght percent alumina, from about 20 to less than 50 weight percent calcia, and 10

wcight pereent or Iess impuritics.
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According to ccrtain cmbodiments, the biosoluble alkalinc carth silicate fibers
may compris¢ the fiberization product of a mixture of oxides of potassium, calcium and
alumimmum. According to certain embodiments, the potassia-calcia-aluminate fibers
comprise the fiberization product of from about 10 to about 50 weight percent calcia,
from about 50 to about 90 weight percent alumina, from greater than 0 to about 10

welght percent potassia, and 10 weight percent or less impurities.

The biosoluble [ibers are typically amorphous morganic or glass [ibers that may
be melt-formed, are fibers of high chemical purity (greater than about 98%) and may

have an average diameter in the range of from about 1 pm to about 10 um, and in certain

embodiments, in the range of from about 2 um to about 4 um. While not specifically

required, the fibers may be beneficiated, as 1s well known 1n the art.

The intumescent material that may optionally be incorporated into the mounting
mat may include, without Iimitation, unexpanded vermiculite, 1on-exchanged
vermiculite, heat treated vermiculite, expandable graphite, hydrobiotite, water-swelling
tetrasilicic flourne mica, alkaline metal silicates, or mixtures thercof. The intumescent
material may be present in the mounting mat in the amount of from about 10% to about
60% by weight of the final mat. The mounting mat may include a mixture of more than
one type of intumescent material. The intumescent material may comprise a mixture of
unexpanded vermiculite and expandable graphite in a relative amount of from about 9:1

to about 1:2 vermiculite:graphite, as described in U.S. Palent No. 5,384,188,

In some embodiments, the mounting mat may comprise a substantially non-
expanding multilayer sheet of high temperature resistant inorganic fibers and optionally a
binder. By “substantially non-expanding” is meant that the sheet does not readily
expand upon the application of heat as would be expected with an mmtumescent sheet or
paper. Of course, some expansion of the sheet does occur based upon its thermal
coefficient of expansion. The amount of expansion, however, 1s insubstantial as
compared to the expansion which occurs based upon intumescent properties. It will be
apprcciated that this type of mounting mat may bc substantially devoid of intumcscent

materials.
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The mounting mat comprisc onc or morc organic binders. The organic bindcrs
may be provided as a solid such as a binder powder, a liquid, a solution, a dispersion, a
latex, an emulsion, or similar form. The organic binder may comprise a thermoplastic or
thermoset binder, which after cure 1s a flexible material that can be burned out of an
installed mounting mat. Examples of suitable organic binders include, but are not
[imited to, acrylic latex, (meth)acrylic latex, copolymers of styrene and butadiene,
vinylpyridine, acrylonitrile, copolymers of acrylonitrile and styrene, vinyl chloride,
polyurethane, copolymers ol vinyl acetate and ethylene, polyamides, and the like. Other
resins 1nclude 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 from
greater than 0 to about 20 weight percent, in certain embodiments from about 0.5 to
about 15 weight percent, in other embodiments from about 1 to about 10 weight percent
and 1n some embodiments from about 2 to about 8 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 resmous or liquid binder. These polymeric binder fibers may be used in amounts
ranging from greater than 0 to about 20 percent by weight, in certain embodiments from
about 1 to about 15 weight percent, and in other embodiments from about 2 to about 10
welght percent, based upon the total weight of the mounting mat, to aid in binding the
heal resistant 1norganic [ibers together. Suitable examples ol binder [ibers 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 1s a sacrificial binder employed to 1nitially bond the
fibers together. By “sacrificial,” 1t 1s meant that the organic binder will eventually be
burned out of the mounting mat as the temperature of the mounting mat increases
towards opcrating tcmpcraturcs, Icaving the morganic fibers, and optionally intumescent
material as components of the mounting mat for supporting the fragile structure within

the metallic housing.
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Solvents for the binders can include watcr, or a suitable organic solvent, such as
acetone. Solution strength of the binder in the solvent (if used) can be determined by
conventional methods based on the binder loading desired and the workability of the

binder system (viscosity, solids content, etc.).

In certain embodiments, the multilayer mounting mat may further comprise at
least one of colloidal stlica, colloidal alumina, colloidal zirconia, or combinations
thereol. The colloidal inorganic oxide may be added to the mounting mat in an amount
from about 0.1 weight percent to about 10 weight percent, based on the total weight of

the mounting mat.

The mounting mat material may be produced in any way known 1n 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 sheet material. A handsheet mold,
a Fourdrinier paper machine, or a rotoformer paper machine can be employed to make

the sheet material.

For example, using a papermaking process, the morganic fibers, organic binder,
and optionally intumescent material, may be mixed together to form a mixture or slurry.
The fibrous components may be mixed at a consistency or solids content of from about
0.25% to about 5% (0.25-5 parts solids to 99.75-95 parts water). The slurry of
components may be diluted with waler to enhance [ormation, and may be [locculated by
adding a [locculating agent and dramage retention aid chemicals and optionally other
additives 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. A stack of multiple
wet plies or sheets are then dried, such as 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 1s incorporated herein by reference.

Alternatively, the plies or sheets may be formed by vacuum casting the slurry.
According to this mcthod, the slurry of componcnts 1s wet laid onto a pervious web., A
vacuum 18 applied to the web to extract the majority of the moisture from the slurry,

thereby forming a wet ply or sheet. A stack of multiple wet plies or sheets are then
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dricd, typically in an oven. The stack of plics or sheets may be passcd through a sct of

rollers to compress the stack prior to or after drying.

In one embodiment of the process for making the subject mounting mat, a ply or
layer comprising the high temperature resistant fibers, optionally organic binder and
optionally intumescent material, 1s wet-laid on a rotoformer, and multiple plies or layers of
the still wet paper or sheet are stacked and processed through a “needler”, prior to being
[ed through a drymng oven. This process may include needle punching the (ibers so as (o
intertwine and entangle a portion of them, while still wet with the aqueous paper-making
solution or slurry, prior to drying the sheet. The resulting mounting mat 1s therefore

strengthened as compared to prior art mounting mats of similar thickness and density.

In typical fiber needling operations (usually immediately after the fiberizing step),
a lubricating liquid (normally an oil or other lubricating organic material) 1s used to
prevent fiber breakage and to aid in fiber movement and entanglement. In one
embodiment of the process, the water from the wet-forming, paper-making process may be
used to aid the process of needling. Alternatively, the wet laid sheets may be dried prior to

the needling process.

By needling, it 1s meant any operation that will cause a portion of fibers to be
displaced from their orientation within the paper or sheet, and extend for some length
between the opposing surlaces ol the paper or sheet. A needling apparatus typically
includes a horizontal surface on which a web ol [ibers 1s laid or moves, and a needle
board which carries an array of downwardly extending needles. The needle board
reciprocates the needles into, and out of, the web, and reorients some of the fibers of the
web 1nto planes substantially transverse to the surfaces of the web. The needles can push
fibers through the web from one direction, or for example, by use of barbs on the
needles, can both push fibers from the top and pull fibers from the bottom of the web.
There 1s typically provided physical entanglement of a minor portion of the fibers by full
or partial penetration of the fiber paper or sheet by the barbed needles.

Additionally or alternatively, hydro-entangling methods may be used to
intertwine and entangle the fibers. In a hydro-entanglement process, small, high

intensity jets of water are impinged on a layer or sheet of loose fibers, with the fibers

15



10

15

20

25

30

(CA 02782413 2012-05-30

WO 2011/084475 PCT/US2010/060493

bcing supported on a perforated surface, such as a wire screen or perforatcd drum. The
liquid jets cause the fibers, being relatively short and having loose ends, to become
rearranged, with at least some portions of the fibers becoming physically entangled,

wrapped, and/or intertwined around each other.

After the needling or hydro-entangling of the still wet paper or vacuum-cast mat,
the mat may optionally be pressed, and 1s dried in an oven, for example but not

[im1tation, at about 80°C to about 700°C.

The wet needling step allows even brittle fiber to be woven without significant
breakage. The wet needling [urther provides high strength, even aller the organic binder
has been burned out, such as 1n the imitial operation of the vehicle, which results 1n the
mat remaining durable even under vibration conditions experienced by an automotive

exhaust system.

It 1s notcd that single mounting mat plics may bc too low 1n density for casy usc
in certain applications. Therefore, they may undergo further densification mnvolving
stacking the thin plies and processing by any manner known 1n the art to provide a higher
density. One such manner of densification as discussed above 1s to needle punch the
fibers so as to intertwine and entangle a portion of the fibers. Additionally or
alternatively, hydro-entangling methods may be used, as discussed 1n detail hereinabove.
Another alternative 1s to press the fibers into a mat form by rolling them through press
rollers. Any of these methods of densification of the multi-ply mats or a combination of
these methods can be readily used to obtain a mounting mat of the correct and desired

form.

Regardless of which of the above-described techniques are employed, the
composite can be cut, such as by die stamping, to form mounting mats of exact shapes
and sizes with reproducible tolerances. The mounting mat 20 exhibits suitable handling
propcertics upon densification, such as by ncedling or the like, meaning 1t can be casily
handled and 1s not so brittle as to crumble 1n 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
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housing or thc housing can be built or othcrwisc fabricated around the mounting mat-

wrapped fragile structure.

The following examples are set forth merely to further illustrate the mounting
mat and exhaust gas treatment device. The 1llustrative 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 1n

any manner.

Comparative Example 1

Using a handsheet mold, a 1600 gsm single layer of mounting mat was produced.
The mat was made up primarily of RCF and a minor amount of organic binder. The
handsheet was dried and then pressed to a target thickness of 9 mm. The target thickness

save the mat a density of approximately 180 kg/m’.

Example 2

Using a handsheet mold, 10 sheets of mounting mat at 160 gsm cach were
produced. Every sheet was made up primarily of RCEF and a minor amount of organic
binder fiber. The ten handsheets were dried and pressed together to form a 1600 gsm
multilayer mat at the target thickness of Example 1. The target thickness gave the
multilayer mat a density of approximately 180 kg/m’.

Example 3

Using a rotoformer, two 725 gsm sheets were produced. The sheets were made
primarily of RCF and a minor amount of additional high temperature resistant 1mnorganic
fiber. The two sheets were then combined and densified using needle punching. After
needle punching the multilayer mat was calcined and mechanically rolled down to a target

thickness of 8.5 mm. The target thickness gave mat a density of 172 kg/m’.

Example 4

Using a rotoformcr, four 350 gsm shccts were produced. The shects were made
primarily of RCF and a minor amount of additional high temperature resistant mnorganic
fiber. The four sheets were then combmed and densified using needle punching. After

needle punching the multilayer mat was calcimed and mechanically rolled down to target
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thickness of Examplc 3. The target thickness gave the multilayer mat a density of 172
kg/m’.

Example 5

Using a rotoformer, eight 175 gsm sheets were produced. The sheets were made
primarily of RCF and a minor amount of additional high temperature resistant inorganic
fiber. The eight sheets were then combined and densified using needle punching. After
needle punching, the multilayer mat was calcmed and mechanically rolled down (o the

target thickness of Example 3. The target thickness gave the multilayer mat a density of

172 kg/m’.

Testing

The various samples produced as described 1n the above examples were tested for
performance using a 1000 cycle test. The tests were performed for 1000 mechanical
cycles of a standard 1000 cycle gap expansion test conducted at a hot face temperature of
900°C and a cold face temperature of 550°C. The gap expansion was maintained at 8%

and the test mat gap bulk density was 0.3 g/cm’.

By the term “cycle” 1t 1s meant that the gap between the monolith (i.e., fragile
structure) and housing 1s opened and closed over a specific distance and at a
predetermined rate. In order to simulate realistic conditions, the expansion of the gap
between a housing and a [ragile structure ol a given diameter may be determined by
calculating the coellicient ol thermal expansion of a conventional housing al a
temperature of, for example, about 900°C. A final mat basis weight 1s then selected that
will meet the criteria of the test, and provide a target minimum holding force after 1000
cycles. It will be appreciated that one of ordinary skill in the art will be able to conduct
this 1000 cycle test employing these parameters without undue experimentation. That 1s,
the above set parameters will enable one of ordinary skill in the art to make a like
comparison of the effective holding pressure of a mat regardless of the characteristics of

the mat or the size of the gap.
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The minimum holding pressurc of cach of the cxamples after 1000 cycles 1s

reported 1n Table 1 below.

Table 1
Comparative Example 1 (Single Layer) 13.6 kPa
Example 2 ( 10 Layers) 17.8 kPa
Example 3 ( 2 Layers) 28 kPa
Example 4 ( 4 Layers) 36 kPa
Example 5 ( 8 Layers) 40 kPa

The multilayer mat of Example 2, having an increased proportion of fibers oriented
in the x-y plane of the mat, demonstrated an increase of holding pressure of 30% over the
single layer mounting mat of Comparative Example 1. Increasing the number of mat plies,
which have an increased proportion of fibers oriented m the x-y plane of the mat, while
maintaining the target thickness of a corresponding single ply mat, demonstrated an

increase of 20-30% 1n holding pressure for the multilayer mats of Examples 3-5.

These mats are advantageous to the catalytic converter and diesel particulate trap
industry. The mounting mats can be die cut and are operable as resilient supports 1n a
thin profile, providing ease of handling, and 1n a flexible form, so as to be able to provide
a total wrap of the catalyst support structure, 1f desired, without cracking. Alternatively,
the mounting mat may be integrally wrapped about the entire circumference or perimeter
ol at least a portion ol the catalyst support structure. The mounting mat may also be
partially wrapped and include an end-seal as currently used 1n some conventional

converter devices, 1f desired, to prevent gas by-pass.

The mounting mats described above are also useful 1n a variety of applications
such as conventional automotive catalytic converters for, among others, motorcycles and
other small engine machines, and automotive preconverters, as well as high temperature
spacers, gaskets, and even future generation automotive underbody catalytic converter
systems. Generally, they can be used 1n any application requiring a mat or gasket to
cxcrt holding pressurce at room tempcerature and, more importantly, to provide the ability
to maintain the holding pressure at elevated temperature, including during thermal

cycling.
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The subject mounting mat material described above may be used as cnd conce
insulation 1n an exhaust gas treatment device. According to certain embodiments, an end
cone for an exhaust gas treatment device 1s provided. The end cone generally comprises
an outer metallic cone, an 1inner metallic cone and end cone msulation that 1s disposed

within the gap or space between the outer and inner metallic end cones.

According to other embodiments, the end cone may comprise an outer metallic
cone and at least one layer ol cone 1msulation that 1s positioned adjacent to the mner
surface of the outer metallic cone. According to these embodiments, the end cone
assembly 1s not provided with an inner metallic cone. Rather, the cone insulation 1s
rigidized 1n a known manner to provide a self-supporting cone structure that 1s resistant

to the high temperature gases flowing through the device.

An exhaust gas treatment device including at least one end cone 1s provided. The
exhaust gas treatment device may comprise a housing, a fragile structure positioned
within the housing, an inlet and an outlet end cone assembly for attaching exhaust pipes
to the housing, each end cone assembly comprising an inner end cone housing, an outer
end cone housing, and end cone 1nsulation. The subject multilayer mounting mat may be
disposed as end cone nsulation, positioned between the inner and outer cone housings of

the double walled end cone assemblies of an exhaust gas treatment device.

The mounting mats described above can also be used 1n catalytic converters
employed 1n 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.

A first embodiment of the present subject matter includes a multilayer mounting
mat for an exhaust gas treatment device comprising: high temperature resistant inorganic
fibers; optionally organic binder; and optionally an intumescent material; wherein the
mat 1s formed from multiple plies of fibrous sheets; and wherein the majority of fibers in
at Icast onc fibrous shcct arc oricntcd within the x-y planc of thc at Icast onc fibrous

sheet.
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The multilayer mounting mat of the first cmbodiment may further includc that the
majority of fibers 1n a plurality of the plies of fibrous sheets are oriented within the x-y

plane of the plurality of plies of fibrous sheets.

The multilayer mounting mat of either or both of the first or subsequent

embodiments described above may further include that the fibrous sheets are wet laid.

The multilayer mounting mat ol any ol the [irst or subsequent embodiments
described above may further include that a minor portion of the fibers are physically
entangled within the multilayer mounting mat by at least one of wet-needling, dry-

needling, hydro-entanglement or pressing.

The multilayer mounting mat of any of the first or subsequent embodiments
described above may further include that the mmorganic fibers are at least one of high
alumina polycrystalline fibers, refractory ceramic fibers, mullite fibers, alumina-zirconia-
silica fibers, alumina-magnesia-silica fibers, glass fibers, high temperature resistant
biosoluble fibers, leached glass silica fibers, or combinations thereof. The high alumina
polycrystalline fibers may comprise the fiberization product of from about 72 to about
100 weight percent alumina and from about 0 to about 28 weight percent silica. The
refractory ceramic fibers may comprise alumino-silicate fibers comprising the
fiberization product of from about 45 to about 75 weight percent alumina and from about
25 to about 55 weight percent silica. The biosoluble [ibers may comprise magnesia-
stlica [1ibers comprising the [iberization product ol [rom about 65 to about 86 weight
percent silica, from about 14 to about 35 weight percent magnesia and about 5 weight
percent or less impurities. The biosoluble fibers may comprise calcia-magnesia-silica
fibers comprising the fiberization product of from about 45 to about 90 weight percent
silica, from greater than 0 to about 45 weight percent calcia, and from greater than 0 to

about 35 weight percent magnesia.

The multilayer mounting mat of any of the first or subsequent embodiments
dcscribed above may further include that the mtumcscent material 1s at Icast onc of
unexpanded vermiculite, 10n exchanged vermiculite, heat treated vermiculite, expandable
graphite, hydrobiotite, water-swelling tetrasilicic flourine mica, alkalme metal silicates,

or mixtures thereof. The mtumescent material may comprise unexpanded vermiculite.
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The multilayer mounting mat of any of the first or subscquent cmbodiments
described above may further include that the organic binder comprises at least one of
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, unsaturated polyesters,

epoxy resins and polyvinyl esters, and mixtures thereof.

The multilayer mounting mat ol any ol the [irst or subsequent embodiments
described above may further include that wherein the organic binder comprises at least
on¢ of polyvinyl alcohol fibers, polyolefin fibers, polyethylene fibers, polypropylene
fibers, acrylic fibers, polyester fibers, ethyl vinyl acetate fibers, nylon fibers, and

combinations thereof.

The multilayer mounting mat of any of the first or subsequent embodiments
described above may further comprise at least one of colloidal silica, colloidal alumina,

colloidal zirconia, or combinations thereof.

A second embodiment of the present subject matter includes a process for
producing the multilayer mounting mat of any of the first or subsequent embodiments
described above, comprising preparing a wet paper or sheet comprising the high
temperature resistant fibers, optionally an organic binders and optionally mmtumescent
material; stacking multuple plies ol the wet paper or sheet together, and ntertwining or
entangling a portion ol the [ibers between plies within the stack ol wetl paper or sheet

plies prior to drying.

The method of the second embodiment may further include that said intertwining
or entangling comprises at least one of needle punching or hydro-entangling the stack of

wet paper or sheet plies.

A third embodiment of the present subject matter includes an exhaust gas
trcatment dcvice comprising: a housing; a fragilc structurc resilicntly mounted within the
housing; and a mounting mat disposed 1n a gap between the housing and the fragile
structure, wherein the mounting mat 1s the mounting mat of any of the first or subsequent

embodiments described above.
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The cxhaust gas trcatment device of the third ecmbodiment may further includc

that the device 1s a catalytic converter or diesel particulate trap.

A fourth embodiment of the present subject matter includes an end cone for an
exhaust gas treatment device comprising: an outer metallic cone; an inner metallic cone;
and cone 1nsulation disposed between said outer and inner metallic end cones, said cone
insulation comprising the multilayer mounting mat of any of the first or subsequent

embodiments described above.

A fifth embodiment of the present subject matter includes an end cone for an
exhaust gas treatment device comprising: an outer metallic cone; and self-supporting
cong 1nsulation comprising the multilayer mounting mat of any of the first or subsequent
embodiments described above; wherein the cone insulation 1s disposed adjacent to the

inner surface of said outer metallic end cone.
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CLAIMS

1. A multilayer mounting mat for an exhaust gas treatment device comprising:
high temperature resistant inorganic fibers:
optionally organic binder; and
optionally an intumescent material;
wherein the mat is formed from multiple plies of wet laid fibrous sheets:
wherein the majority of fibers in each of a plurality of the multiple plies of wet laid fibrous
sheets are oriented within the x-y plane of each such fibrous sheet; and
wherein a minor portion of the fibers are physically entangled within the multilayer

mounting mat by at least one of wet-needling, dry-needling, hydroentanglement or pressing.

2. The multilayer mounting mat of claim 1, wherein the Inorganic fibers are at least one of
high alumina polycrystalline fibers, refractory ceramic fibers, mullite fibers, alumina-zirconia-

silica fibers, alumina-magnesia-silica fibers, glass fibers, high temperature resistant biosoluble

fibers, leached glass silica fibers, or combinations thereof.

3. T'he multilayer mounting mat of claim 2, wherein the high alumina polycrystalline fibers
comprise the fiberization product of from about 72 to about 100 weight percent alumina and from

about 0 to about 28 weight percent silica.

4. The multilayer mounting mat of claim 2, wherein the refractory ceramic fibers comprise

alumino-silicate fibers comprising the fiberization product of from about 45 to about 75 weight

percent alumina and from about 25 to about 55 weight percent silica.

J. The multilayer mounting mat of claim 2, wherein the biosoluble fibers comprise magnesia-
silica fibers comprising the fiberization product of from about 65 to about 86 weilght percent silica,

from about 14 to about 35 weight percent magnesia and about 5 welght percent or less impurities.

6. The multilayer mounting mat of claim 2, wherein the biosoluble fibers comprise calcia-
magnesta-silica fibers comprising the fiberization product of from about 45 to about 90 welght

percent stlica, from greater than 0 to about 45 weight percent calcia, and from greater than 0 to

about 35 weight pcrcent magnesia.
24
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7. The multilayer mounting mat of claim 1, wherein the intumescent material is at least one of
unexpanded vermiculite, ion exchanged vermiculite, heat treated vermiculite, expandable graphite,

hydrobiotite, water-swelling tetrasilicic flourine mica, alkaline metal silicates, or mixtures thereof,

8. 'The multilayer mounting mat of claim 7, wherein the intumescent material comprises

unexpanded vermiculite.

9. The multilayer mounting mat of claim 1, wherein the organic binder comprises at least one of
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, unsaturated polyesters, epoxy resins and

polyvinyl esters, or mixtures thereof.

[0. The multilayer mounting mat of claim 1, wherein the organic binder comprises at least one of
polyvinyl alcohol fibers, polyolefin fibers, polyethylene fibers, polypropylene fibers, acrylic

hibers, polyester fibers, ethyl vinyl acetate fibers, nylon fibers, or combinations thereof

I'1. The multilayer mounting mat of claim 1, further comprising at least one of colloidal silica,

colloidal alumina, colloidal zirconia, or combinations thereof.

12. A process for producing the multilayer mounting mat according to any one of claims
I-11 comprising preparing a wet paper or sheet comprising the high temperature resistant fibers,
optionally an organic binders and optionally intumescent material: stacking multiple plies of the wet
paper or sheet together, and intertwining or entangling a portion of the fibers between plies within

the stack of wet paper or sheet plies prior to drying.

13. The process of claim 12 wherein said intertwining or entangling comprises at least one of

needle punching or hydro-entangling the stack of wet paper or sheet plies.
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I4. An exhaust gas treatment device comprising;
a housing;
a fragile structure resiliently mounted within the housing; and

a mounting mat disposed in a gap between the housing and the fragile structure, wherein

the mounting mat is defined in any one of claims 1-11.

[5. The exhaust gas treatment device of claim 14, wherein the device is a catalytic converter or

diesel particulate trap.

16. An end cone for an exhaust gas treatment device comprising:

an outer metallic cone:

an inner metallic cone; and

cone 1nsulation disposed between said outer and inner metallic end cones, said cone

insulation comprising the multilayer mounting mat according to any one of claims 1-11.

17. An end cone for an exhaust gas treatment device comprising:

an outer metallic cone; and

self-supporting cone insulation comprising the multilayer mounting mat according

to any one of claims 1-11;

wherein the cone insulation is disposed adjacent to an inner surface of said outer metallic

end cone.
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