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(57) Abstract: A nonwoven composite for high temperature applications requiring low flammability, smoke, and/or toxicity, including a
fibrous structure having one or more nonwoven material layers including a fiber matrix. The fiber matrix is formed from inorganic fibers
in an amount of about 60 percent by weight or greater. The inorganic fibers in the fiber matrix are adapted to withstand temperatures
of up to about 1150 °C.
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NONWOVEN COMPOSITE FOR HIGH TEMPERATURE APPLICATIONS REQUIRING LOW
FLAMMABILITY, SMOKE, AND TOXICITY

FIELD
[001] The present teachings relate generally to a fibrous material capable of
withstanding high temperatures, and more particularly, a fibrous material capable of being used

in applications requiring low flammability, low smoke, low toxicity, or a combination thereof.

BACKGROUND

[002] Industry is looking for new ways to provide structural properties, cushioning,
insulation, or sound absorption while still having good fire and smoke retardance and physical
strength. In a building, vehicle, or aircraft, for example, it is important that the materials used
meet fire and flammability standards. Fire and flammability standards are important in
establishing building codes, insurance requirements, and the safety of people in the buildings or
vehicles. The government also regulates materials used in these buildings, vehicles, and
aircrafts. For example, the Federal Aviation Administration requires that interior components,
such as passenger seat material, cabinets, interior side wall panels, interior ceilings, partitions,
and certain exposed surfaces meet certain flammability standards. The amount of smoke that
develops upon exposure of the materials to a flame is also important.

[003] Typical materials used for providing insulation or sound absorption or structural
properties include open cell polyurethane foam and elastomeric foams. However, these materials
can only survive temperatures between about 120 °C and about 150 °C. Other materials, such
as fiberglass and melamine foam, are used when temperatures exceed 150 °C. However, these
materials come at an increased cost, with increased difficulty in handling. These materials also
pose health and safety issues and material robustness and/or performance issues. In addition,
these materials may still have lower temperature resistance than needed. Melamine foam will
deform and degrade quite severely at temperatures of about 180 °C to about 200 °C, which
causes issues with delamination, acoustic and/or thermal insulation performance, and aesthetics.
Melamine foam is also brittle, creates a lot of dust, is typically manufactured with unsafe chemicals
(and is toxic itself before it fully reacts), and may not mold well. Its raw material supply is limited,
as the materials are costly, and they can only be obtained in particular dimensions. Fiberglass is
known to be brittle or fracture when handled and when exposed to heavy vibrations, which causes
glass fibers to fall out of the matrix, thereby degrading the material and its effectiveness.

Fiberglass also commonly uses a phenolic binder, which is known to be toxic. Fiberglass with
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phenolic binder is also known to degrade over time when exposed to humidity, thereby requiring
replacement.

[004] These foam or fiberglass materials also lack the flexibility to tune the insulation
properties. The foams may be made from toxic ingredients, may be heavy, or may have a reduced
thermoacoustic performance level. The cellular structures of foams, such as melamine or
urethane foams, may also hold moisture. This may result in the development of mold or mildew
or odors within the foam. Furthermore, foam may conduct heat more, or insulate less, when there
is a presence of moisture. In addition, by holding moisture, the materials increase in weight,
causing adhesives holding the materials in place to fail. Many of these adhesives are waterborne,
and will also absorb some of the moisture and weaken if the material stays wet for too long.
[005] Mineral wool, Rockwool, or superwool are very high temperature materials, which
are cross laid. However, these materials have issues with compression, fracturing, degradation,
and handling during assembly and during operation in the application.

[006] Therefore, there remains a need for a material having a higher temperature
resistance (e.g., up to about 1150 °C) that is capable of also withstanding handling without
degradation or fracturing. There remains a need for materials to be used, for example, in vehicles,
aircrafts, or buildings, which meet required flammability, smoke, and/or toxicity standards. There
also remains a need for a material that is safe and/or easier to handle (e.g., without the need for
certain protective equipment, without the concern of glass contamination in skin, eyes, and lungs,
or both). There remains a need for a material that provides thermoacoustic insulation. It is also
desired to provide an insulator material having lower (i.e., equal or better) thermal conductivity to
provide thermal insulating benefits. It may also be desirable to provide an insulator that is more
easily tuned or modified (e.g., during the manufacturing process) to provide the desired thermal
insulating characteristics. I, therefore, may also be desirable to provide an insulation material
that has more degrees of freedom for tuning. It may also be desirable to provide a material that
is easily shaped to form a structure that can fit within a desired or intended space. It may be
desirable to have a material that is flexible so the material is capable of bending or conforming
around corners and bends in the area to which the material will be installed. It is also desired to
have easier installation of the material and reduced chances of material delamination due to
stress points in the bend areas. Furthermore, it may be desirable to provide a structure that is
capable of providing acoustic characteristics, such as to absorb sound to improve the overall
noise levels of a vehicle or aircraft. It may also be desirable to provide a material that dries more
quickly or does not retain moisture to reduce or prevent mold or mildew from developing within

the material and to reduce or prevent adhesive delamination. It may also be desirable to provide
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a material that does not degrade over time, thereby extending the life of the material (e.g., as
compared to fiberglass). It may also be desirable to provide a flexible material, a lighter weight
material, a material made with less toxic or non-toxic materials, a moldable material, or a

combination thereof.

SUMMARY

[007] The present teachings meet one or more of the above needs by the improved
devices and methods described herein. The present teachings provide a fibrous structure, where
the combination of fiber type and vertical three dimensional structure yields unique properties,
such as good fire and smoke retardance, physical strength, and thermal insulation value. The
fibrous structure includes one or more nonwoven material layers including a fiber matrix. The
fiber matrix includes inorganic fibers in an amount of about 60 percent by weight or greater, 65
percent by weight or greater, 70 percent by weight or greater, or 80 percent or greater. The fiber
matrix may be 100 percent inorganic fibers. The inorganic fibers within the fiber matrix are
adapted to withstand temperatures up to about 1125 °C. The one or more nonwoven material
layers may be formed by vertical lapping, rotary lapping, or cross lapping. The one or more
nonwoven material layers may be formed by pleating of a nonwoven layer. The fiber matrix may
be formed by distributing fibers via an air laying process. The inorganic fibers may be ceramic
fibers, silica-based fibers, glass fibers, or a combination thereof. The inorganic fibers may be
formed from polysilicic acid (e.g., Sialoxol or Sialoxid), ceramic and/or silica-based type or further
derivative (siloxane containing) fibers. The inorganic fibers may be fibers based on an amorphous
aluminum oxide containing polysilicic acid.

[008] The fiber matrix may include a polymeric binder. The polymeric binder may be a
bicomponent binder. The polymeric binder may comprise polybutylene terephthalate (PBT);
polyethylene terephthalate (PET), including modified PET or co-PET; polyamides, such as Nylon;
a blend of polyamide/PET or polyamide/PBT; or a combination thereof; and optionally includes a
sheath that is amorphous, crystalline, or partially crystalline. The polymeric binder may volatilize
away or burn upon exposure to high temperatures, while the inorganic fibers remain. The
polymeric binder may have a softening and/or melting temperature of about 110 °C or greater,
about 210 °C or greater, or about 230 °C or greater. The polymeric binder may have a softening
and/or melting temperature of about 250 °C or less. The remainder of the fiber matrix may be
binder and/or filler material. The binder may be present in the fiber matrix in an amount of about
40 percent by weight or less, about 30 percent by weight or less, about 20 percent by weight or

less, or about 10 percent by weight or less. The fiber matrix may be free of binder. For example,
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if inorganic fibers having different melting temperatures are combined, and the temperature during
processing (e.g., via an oven, sintering process, or the like) exceeds the melting temperature of
the lowest melt temperature fibers, this may cause those fibers to melt and bind the fibers of the
matrix having a higher melting temperature, thereby thermobonding the material. Therefore, itis
contemplated that the fiber matrix, or any other layer of the fibrous structure, may be free of
organic binder.

[009] The fibers of the fiber matrix may be arranged to form a series of loops extending
from one surface of the fiber matrix to an opposing surface in the thickness direction. The fibers
of one or more surfaces of the fiber matrix may be mechanically entangled to join peaks of the
loops of together. Binder within the fiber matrix may be activated at the surface of the fiber matrix
by an infrared heating system, a hot air stream, or a laser beam, for example. The fibrous
structure may include one or more films, facings, scrims, skins, fabrics, or a combination thereof
laminated to one or more sides of the one or more nonwoven material layers. The one or more
layers may be secured to each other through heat sealing, sonic or vibration welding, pressure
welding, the like, or a combination thereof. The one or more films, facings, scrims, skins, or
fabrics may have a temperature resistance that is greater than or equal to the temperature
resistance of the polymeric binder fibers. The fibrous structure may include two or more
nonwoven material layers comprising a fiber matrix. The fibrous structure may include a scrim
between the two or more nonwoven material layers. The fibers of the fiber matrix may be generally
vertically or near-vertically oriented. The fibers of the fibrous structure or fiber matrix may be
oriented about £ 45 degrees from vertical (e.g., in the thickness direction). The fibers of the fibrous
structure or fiber matrix may have two or more layers with a combination of fiber orientations. The
fibers may be in different vertical orientations. The fibers may be in a combination of vertical
orientations and horizontal orientations. For example, one fiber matrix layer may have generally
vertically oriented fibers and another matrix layer may have generally horizontally oriented fibers.
The fiber matrix may include fibers that are generally oriented in a Z-shape, an S-shape, or a C-
shape over the thickness of the fiber matrix. The resulting fibrous structure may be
thermoformable.

[0010] The present teachings provide a high-temperature, non-flammable, low smoke
release, and low toxicity material with improved lightweight performance. The material may be
useful for aircraft insulation, seating, automotive vehicle insulation, building or construction

materials, and the like.

DESCRIPTION OF THE DRAWINGS
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[0011] Fig. 1 is a side or cross-sectional view of an exemplary composite material in
accordance with the present teachings.
[0012] Fig. 2 is a side view of an exemplary composite material, in accordance with the

present teachings.

[0013] Figs. 3A and 3B are fibers under a visible compound light microscope before and
after aging to 900 °C.
[0014] Fig. 4 illustrates a lapped composite material and a lapped and mechanically

entangled composite material in accordance with the present teachings.

[0015] Fig. 5 illustrates an enlarged top view of a lapped and mechanically entangled
composite material in accordance with the present teachings.

[0016] Fig. 6 illustrates a comparison of materials upon exposure to a flame.

[0017] Fig. 7 is a graph showing the relationship between the Flame Spread Index and

Smoke Development Index based on the amount of inorganic fiber used in the composite.

DETAILED DESCRIPTION

[0018] The explanations and illustrations presented herein are intended to acquaint others
skilled in the art with the teachings, its principles, and its practical application. Those skilled in the
art may adapt and apply the teachings in its numerous forms, as may be best suited to the
requirements of a particular use. Accordingly, the specific embodiments of the present teachings
as set forth are not intended as being exhaustive or limiting of the teachings. The scope of the
teachings should, therefore, be determined not with reference to the description herein, but should
instead be determined with reference to the appended claims, along with the full scope of
equivalents to which such claims are entitled. The disclosures of all articles and references,
including patent applications and publications, are incorporated by reference for all purposes.
Other combinations are also possible as will be gleaned from the following claims, which are also
hereby incorporated by reference into this written description.

[0019] Insulation materials, structural materials, or acoustic absorption materials, such as
fibrous structures, may have a wide range of applications, such as in aviation applications,
automotive applications, generator set engine compartments, commercial vehicle engines, in-cab
areas, construction equipment, agriculture equipment, architectural applications, flooring,
floormat underlayments, and even heating, ventilating and air conditioning (HVAC) applications.
These materials may be used for machinery and equipment insulation, motor vehicle insulation,
domestic appliance insulation, dishwashers, and commercial wall and ceiling panels. Insulation

material may be used in an engine cavity of a vehicle, on the inner and/or outer dash panels, or
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under the carpeting in the cabin, for example. Insulation materials may also provide other benefits,
such as sound absorption, compression resiliency, stiffness, structural properties, and protection
(e.g., to an item around which the insulation material is located). The insulation material may also
serve as a sound attenuation material in an aircraft or a vehicle, attenuating sound originating
from outside a cabin and propagating toward the inside of the cabin. The materials as disclosed
herein may be useful for aircrafts, such as primary insulation, or interior components of an aircraft,
such as the seat cushions. The materials as disclosed herein may also be useful for filtration,
such as hot gas filtration.

[0020] The present teachings envision the use of a fibrous structure that is fire retardant,
smoke retardant, safe and/or easier to handle (e.g., without the need for certain items of protective
equipment), has a low toxicity (e.g., as compared to pure glass fibers and phenolic resonated
shoddy), or any combination thereof. The fibrous structure may be used for acoustic and/or
thermal insulation, for providing compression resistance, for providing a material that reduces or
eliminates the possibility of mold or mildew therein. The fibrous structure may provide long-term
structure stability for long-term acoustic and/or thermal performance. The fibrous structure may
provide long-term resistance to humid environments or may be able to withstand temperature and
humidity variations and fluctuations.

[0021] The present teachings envision the use of a fibrous structure for providing
insulation. Applications may include, but are not limited to, fuselage acoustic and/or thermal
insulation, in-cabin insulation and/or external heat shielding for aircrafts, transportation and off-
highway vehicles; thermoacoustic insulation in generator sets, air compressors, HVAC units, or
other stationary or mobile mechanical unit where heat or noise is generated. For example, the
fibrous structure as described herein may be located within an engine bay area of a transportation,
off-highway, or industrial unit. The fibrous structure may be located near high temperature radiant
heat sources or open flame sources. The fibrous structure may be shaped to fit within the area
to be insulated. The fibrous structure may be formed into the shape of a box or other enclosure
or partial enclosure. The fibrous structure may be moldable or otherwise shaped. The fibrous
structure may allow for mechanical features to be in-situ molded or allow for fastening or assembly
mechanisms to be included. The fibrous structure may have folding and/or bending functionality
(i.e., to allow the structure to be secured within an area to be insulated). The fibrous structure
may include a fiber matrix. The fiber matrix may be a lofted, nonwoven material. The fibrous
structure may include a plurality of layers (e.g., higher density materials, porous limp sheets,
fabrics, scrims, facings, films, meshes, adhesives, etc.). The layers may be attached to each

other by one or more lamination processes, one or more adhesives, or a combination thereof.
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[0022] The fibrous structure may include a fiber matrix. The fiber matrix may have one or
more layers located thereon or secured thereto to enhance insulation, sound absorption,
structural properties, protection to the item or area to be insulated, compression resistance, or
any combination thereof. The layers on the fibrous structure may be one or more facing layers.
The fibrous structure may include one or more layers that have a high loft (or thickness), at least
in part due to the orientation of the fibers of the layer (e.g., vertical or near-vertical orientation, or
within about £ 45 degrees from vertical). The fibrous structure may be of a relatively low weight
yet still exhibit good resiliency and thickness retention. The fibrous structure, due to factors such
as, but not limited to, unique fibers, facings, physical modifications to the three-dimensional
structure (e.g., via processing), orientation of fibers, or a combination thereof, may exhibit good
thermal insulation capabilities or thermal conductivity (e.g., lower) versus traditional insulation
materials.

[0023] The fiber matrix, or parts thereof, may retard fire and/or smoke. The fiber matrix,
or parts thereof, may be capable of withstanding high temperatures without degradation (e.g.,
temperatures up to about 1150 °C). The fiber matrix may provide structural properties or may
provide physical strength to the fibrous structure. The fiber matrix may provide insulative
properties. The fiber matrix may function to provide high temperature resistance, acoustic
absorption, structural support and/or protection to the area within which the fibrous structure is
located.

[0024] The fiber matrix can be adjusted based on the desired properties. For example,
the fiber matrix may be tuned to provide a desired temperature resistance, weight, thickness,
compression resistance, or other physical attributes. The fiber matrix may be tuned to provide a
desired thermal resistance. The fiber matrix may be tuned to provide a desired thermal
conductivity. The fiber matrix may be tuned to provide desired properties, such as flame or fire
retardance, smoke retardance, reduced toxicity, or the like. The fiber matrix may be formed from
nonwoven fibers. The fiber matrix may thus be a nonwoven structure. The fiber matrix may be a
lofted material. The fibers forming the fiber matrix may be a unique mixture of vertically or near-
vertically oriented fibers. The fibers forming the fiber matrix may be a unique mixture of fibers
having a generally Z-shape, C-Shape, or S-shape, which may be formed by compressing fibers
having a vertical or near-vertically orientation. The fibers may be in a three-dimensional loop
structure. The loops may extend through the thickness direction from one surface of the matrix
to an opposing surface of the matrix. The fibers forming the fiber matrix may have an orientation
within about + 60 degrees from vertical, about £ 50 degrees from vertical, or about + 45 degrees

from vertical. Vertical may be understood to be relative to a plane extending generally transverse
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from the longitudinal axis of the fibrous structure (e.g., in the thickness direction). Therefore, a
vertical fiber orientation means that the fibers are generally perpendicular to the length of the
fibrous structure (e.g., fibers extending in the thickness direction). The fibers forming the fiber
matrix may be generally horizontally oriented (e.g., fibers extending in the length and/or width
direction). The fibrous structure may include one or more fiber matrix layers. For example, the
fibrous structure may include a fiber matrix having fibers that are generally vertically oriented and
another fiber matrix having fibers that are generally horizontally oriented (e.g., via cross-lapping
or air-laying processes).

[0025] The material fibers that make up a fiber matrix may be chosen based on
considerations such as temperature resistance, desired thermal conductivity, stiffness, resiliency,
cost, desired resistance to long-term humidity exposure, or the like. The materials forming the
fiber matrix may be a blend of fibers. Any of the fibers selected for the fiber matrix may be capable
of being carded and lapped into a three-dimensional structure. Fibers of differing lengths and/or
deniers may be combined to provide desired properties, such as insulation and/or acoustic
properties. The fiber length may vary depending on the application; the temperatures to which
the fibrous structure is to be exposed; the insulation properties desired; the acoustic properties
desired; the type, dimensions and/or properties of the fibrous material (e.g., density, porosity,
desired air flow resistance, thickness, size, shape, and the like of the fiber matrix and/or any other
layers of the fibrous structure); or any combination thereof. The addition of shorter fibers, alone
or in combination with longer fibers, may provide for more effective packing of the fibers, which
may allow pore size to be more readily controlled in order to achieve desirable characteristics
(e.g., acoustic and/or insulation characteristics).

[0026] At least some of the fibers forming the fiber matrix may be of an inorganic material.
The inorganic material may be any material capable of withstanding temperatures of about 250 °C
or greater, about 500 °C or greater, about 750 °C or greater, about 1000 °C or greater. The
inorganic material may be a material capable of withstanding temperatures up to about 1200 °C
(e.g., up to about 1150 °C). The fibers of the fiber matrix may include a combination of fibers
having different melting points. For example, fibers having a melting temperature of about 900 °C
may be combined with fibers having a higher melting temperature, such as about 1150 °C. When
these fibers are heated above the melting temperature of the lower melt temperature fibers (e.g.,
exceeding 900 °C), the lower melt temperature fibers may melt and bind to the higher temperature
fibers. The inorganic fibers may have a limiting oxygen index (LOI) via ASTM D2836 or ISO 4589-
2 for example that is indicative of low flame or smoke. The LOI of the inorganic fibers may be

higher than the LOI of standard binder fibers. For example, the LOI of standard PET bicomponent
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fibers may be about 20 to about 23. Therefore, the LOI of the inorganic fibers may be about 23
or greater. The inorganic fibers may have an LOI that is about 25 or greater. The inorganic fibers
may be present in the fiber matrix in an amount of about 60 percent by weight or greater, about
70 percent by weight or greater, about 80 percent by weight or greater, or about 90 percent by
weight or greater. The inorganic fibers may be present in the fiber matrix in an amount of about
100 percent by weight or less. The inorganic fibers may be selected based on its desired stiffness.
The inorganic fibers may be crimped or non-crimped. Non-crimped organic fibers may be used
when a fiber with a larger bending modulus (or higher stiffness) is desired. The modulus of the
inorganic fiber may determine the size of the loops when the matrix is formed. Where a fiber is
needed to bend more easily, a crimped fiber may be used. The inorganic fibers may be ceramic
fibers, silica-based fibers, glass fibers, mineral-based fibers, or a combination thereof. Ceramic
and/or silica-based fibers may be formed from polysilicic acid (e.g., Sialoxol or Sialoxid), or
derivatives of such. For example, the inorganic fibers may be based on an amorphous aluminum
oxide containing polysilicic acid. The fibers may include about 99% or less, about 95% or less,
or about 92% or less SiO,. The remainder may include —OH (hydroxyl or hydroxy) and/or
aluminum oxide groups. Siloxane, silane, and/or silanol may be added or reacted into the fiber
matrix to impart additional functionality. These modifiers could include carbon-containing
components.

[0027] The inorganic fibers of the fiber matrix may have an average linear mass density
of about 0.4 denier or greater, about 0.6 denier or greater, or about 0.8 denier or greater. The
inorganic fibers of the fiber matrix may have an average linear mass density of about 2.0 denier
or less, about 1.7 denier or less, or about 1.5 denier or less. Other fibers of the fiber matrix (e.g.,
bicomponent binder) may have an average linear mass density of about 1 denier or greater, about
1.5 denier or greater, or about 2 denier or greater. Other fibers of the fiber matrix (e.g.,
bicomponent binder) may have a linear mass density of about 20 denier or less, about 17 denier
or less, or about 15 denier or less. The inorganic fibers of the fiber matrix may have a length of
about 20 mm or greater, about 27 mm or greater, or about 34 mm or greater. The inorganic fibers
of the fiber matrix may have a length of about 200 mm or less, about 150 mm or less, or about
130 mm or less. A combination of fibers having varying lengths may be used. For example, a
combination of about 67 mm and about 100 mm lengths may be used. Varying lengths may be
advantageous in some instances, as there may be natural cohesion of the fibers due to the length
difference of the fibers, the type of fibers, or both. The blend of fibers of the fiber matrix may have
an average denier size of about 4 denier or greater, about 5 denier or greater, or about 6 denier

or greater. The blend of fibers of the fiber matrix may have an average denier size of about 10
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denier or less, about 8 denier or less, or about 7 denier or less. For example, the average denier
size may be about 6.9 denier.

[0028] The fiber matrix may include fibers blended with the inorganic fibers. For example,
the fiber matrix may also include natural or synthetic fibers. Suitable natural fibers may include
cotton, jute, wool, cellulose, glass, silica-based, and ceramic fibers. Suitable synthetic fibers may
include polyester, polypropylene, polyethylene, Nylon, aramid, imide, acrylate fibers, or
combination thereof. The fiber matrix material may comprise polyester fibers, such as
polybutylene terephthalate (PBT), polyethylene terephthalate (PET), and co-polyester/polyester
(CoPET/PET) adhesive bi-component fibers. The fibers may include polyacrylonitrile (PAN),
oxidized polyacrylonitrile (Ox-PAN, OPAN, or PANOX), olefin, polyamide, polyetherketone (PEK),
polyetheretherketone (PEEK), polyethersulfone (PES), or other polymeric fibers. The fibers may
be selected for their melting and/or softening temperatures.

[0029] The fibers may be 100% virgin fibers, or may contain fibers regenerated from
postconsumer waste (for example, up to about 90% fibers regenerated from postconsumer waste
or even up to 100% fibers regenerated from postconsumer waste). The fibers may have or may
provide improved thermal insulation properties. The fibers may have relatively low thermal
conductivity. The fibers may have geometries that are non-circular or non-cylindrical to alter
convective flows around the fiber to reduce convective heat transfer effects within the three-
dimensional structure. The fiber matrix may include or contain engineered aerogel structures to
impart additional thermal insulating benefits. The fiber matrix may include or be enriched with
pyrolized organic bamboo additives. The fibers blended with the inorganic fibers may be
sacrificial upon exposure to certain temperatures. For example, if the fiber matrix is exposed to
a temperature of about 250 °C or greater, the fibers may volatilize away, leaving only the inorganic
fibers.

[0030] The fibers, or at least a portion of the fibers, may have high infrared reflectance or
low emissivity. At least some of the fibers may be metallized to provide infrared (IR) radiant heat
reflection. To provide heat reflective properties to and/or protect the fiber matrix, the fibers may
be metalized. For example, fibers may be aluminized. The fibers themselves may be infrared
reflective (e.g., so that an additional metallization or aluminization step may not be necessary).
Metallization or aluminization processes can be performed by depositing metal atoms onto the
fibers. As an example, aluminization may be established by applying a layer of aluminum atoms
to the surface of fibers. Metalizing may be performed prior to the application of any additional
layers to the fiber matrix. It is contemplated that other layers of the fibrous structure may include

metallized fibers in addition to, or instead of, having metallized fibers within the fiber matrix.
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[0031] The metallization may provide a desired reflectivity or emissivity. The metallized
fibers may be about 50% IR reflective or more, about 65% IR reflective or more, or about 80% IR
reflective or more. The metallized fibers may be about 100% IR reflective or less, about 99% IR
reflective or less, or about 98% IR reflective or less. For example, the emissivity range may be
about 0.01 or more or about 0.20 or less, or 99% to about 80% IR reflective, respectively.
Emissivity may change over time as oil, dirt, degradation, and the like may impact the fibers in
the application.

[0032] Other coatings may be applied to the fibers, metallized or not, to achieve desired
properties. Oleophobic and/or hydrophobic treatments may be added. Flame retardants may be
added. A corrosion resistant coating may be applied to the metalized fibers to reduce or protect
the metal (e.g., aluminum) from oxidizing and/or losing reflectivity. IR reflective coatings not
based on metallization technology may be added.

[0033] The additional fibers may be short fibers blended with the inorganic fibers. Short
fibers, such as binder fibers, may be used (e.g., alone or in combination with other fibers) in any
nonwoven processes, such as the formation of air laid fibrous webs. For example, some or all of
the fibers, particularly the binder fibers, may be a powder-like consistency (e.g., with a fiber length
of about 2 millimeters to about 3 millimeters, or even smaller, such as about 200 microns or
greater or about 500 microns or greater).

[0034] The fiber matrix (or any other layer of the fibrous structure) may include a binder
or binder fibers. Binder may be present in the fiber matrix in an amount of about 40 percent by
weight or less, about 30 percent by weight or less, about 25 percent by weight or less, or about
15 percent by weight or less. The fiber matrix may be substantially free of binder. The fiber matrix
may be entirely free of binder. While referred to herein as fibers, it is also contemplated that the
binder could be generally powder-like, spherical, or any shape capable of being received within
interstitial spaces between other fibers (e.g., inorganic fibers) and capable of binding the fiber
matrix together. The binder may have a softening and/or melting temperature of about 180 °C or
greater, about 200 °C or greater, about 225 °C or greater, about 230 °C or greater, or even about
250 °C or greater. The fibers may be high-temperature thermoplastic materials. The fibers may
include one or more of polyamideimide (PAIl); high-performance polyamide (HPPA), such as
Nylons; polyimide (Pl); polyketone; polysulfone derivatives; polycyclohexane dimethyl-
terephthalate (PCT); fluoropolymers; polyetherimide (PEI); polybenzimidazole (PBI); polyethylene
terephthalate (PET); polybutylene terephthalate (PBT), polyphenylene sulfide; syndiotactic
polystyrene; polyetherether ketone (PEEK); polyphenylene sulfide (PPS), polyether imide (PEI);

and the like. The fiber matrix may include polyacrylate and/or epoxy (e.g., thermoset and/or
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thermoplastic type) fibers. The fiber matrix may include a multi-binder system. The fiber matrix
may include one or more sacrificial binder materials and/or binder materials having a lower
melting temperature than the inorganic fibers.

[0035] The fiber matrix (or any other layer of the fibrous structure) may include a
plurality of bi-component fibers. The bi-component fibers may act as a binder within the fiber
matrix. The bi-component fibers may be a thermoplastic lower melt bi-component fiber. The bi-
component fibers may have a lower melting temperature than the other fibers within the mixture
(e.g., a lower melting temperature than the inorganic fibers, common staple fibers, or both). The
bi-component fiber may be of a flame retardant type (e.g., formed from or including flame retardant
polyester). The bi-component fibers may enable the fiber matrix to be air laid or mechanically
carded, lapped, and fused in space as a network so that the material may have structure and
body and can be handled, laminated, fabricated, installed as a cut or molded part, or the like to
provide insulation properties, acoustic absorption, structural properties, fire retardant properties,
smoke retardant properties, low toxicity, or a combination thereof. The bi-component fibers may
include a core material and a sheath material around the core material. The sheath material may
have a lower melting point than the core material. The web of fibrous material may be formed, at
least in part, by heating the material to a temperature to soften the sheath material of at least
some of the bi-component fibers. The temperature to which the fiber matrix (or other layer of the
fibrous structure) is heated to soften the sheath material of the bi-component may depend upon
the physical properties of the sheath material. Some fibers or parts of the fibers (e.g., the sheath)
may be crystalline, or partially crystalline. Some fibers or parts of the fibers (e.g., the sheath) may
be amorphous.

[0036] For a polyethylene or polypropylene sheath, for example, the temperature may be
about 140 degrees C or greater, about 150 degrees C or greater, or about 160 degrees C or
greater. The temperature may be about 220 degrees C or less, about 210 degrees C or less, or
about 200 degrees C or less. Bi-component fibers having a polyethylene terephthalate (PET)
sheath or a polybutylene terephthalate (PBT) sheath, for example, may melt at about 180 degrees
C to about 240 degrees C (e.g., about 230 degrees C). The bi-component fibers may be formed
of short lengths chopped from extruded bi-component fibers. The bi-component fibers may have
a sheath-to-core ratio (in cross-sectional area) of about 15% or more, about 20% or more, or
about 25% or more. The bi-component fibers may have a sheath-to-core ratio of about 50% or
less, about 40% or less, or about 35% or less.

[0037] The fibers of the fiber matrix may be blended or otherwise combined with suitable

additives such as other forms of recycled waste, virgin (non-recycled) materials, binders, fillers
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(e.g., mineral fillers), adhesives, powders, thermoset resins, coloring agents, flame retardants,
longer staple fibers, etc., without limitation. Any, a portion, or all of the fibers used in the matrix
could be of the low flame and/or smoke emitting type (e.g., for compliance with flame and smoke
standards for transportation). Powders or liquids may be incorporated into the matrix that impart
additional properties, such as binding, fire/smoke retarding intumescent, expanding polymers that
work under heat, induction or radiation, which improves acoustic, physical, thermal, and fire
properties.

[0038] In some applications, the use of shorter fibers, or the use of a combination of fibers,
may have advantages for forming a fire retardant material that may also exhibit acoustic
absorption properties. The selected air flow resistivity achieved using short fibers may be
significantly higher than the air flow resistivity of a conventional nonwoven material comprising
substantially only conventional staple fibers having a long length of, for example, from at least
about 30 mm and less than about 100 mm. Without being limited by theory, it is believed that this
unexpected increase in air flow resistance may be attained as a result of the short fibers being
able to pack more efficiently (e.g., more densely) in the nonwoven material than long fibers. The
shorter length may reduce the degree of disorder in the packing of the fibers as they are dispersed
onto a surface, such as a conveyor, or into a preformed web during production. The more ordered
packing of the fibers in the material may in turn lead to an increase in the air flow resistivity. In
particular, the improvement in fiber packing may achieve a reduced interstitial space in between
fibers of the nonwoven material to create a labyrinthine structure that forms a tortuous path for air
flow through the material, thus providing a selected air flow resistance, and/or selected air flow
resistivity. Accordingly, it may be possible to produce comparatively lightweight nonwoven
materials without unacceptably sacrificing performance.

[0039] The fibers, particularly the inorganic fibers, forming the fiber matrix may be formed
into a nonwoven web using nonwoven processes including, for example, blending fibers, carding,
lapping, air laying, mechanical formation, or a combination thereof. Through these processes,
the fibers may be oriented in a generally vertical direction or near-vertical direction (e.g., in a
direction generally perpendicular to the longitudinal axis of the fiber matrix). The fibers may be
opened and blended using conventional processes. The resulting structure formed may be a
lofted fiber matrix. The lofted matrix may be engineered for optimum weight, thickness, physical
attributes, thermal conductivity, insulation properties, acoustic absorption, or a combination
thereof.

[0040] The fibrous web may be formed, at least in part, through a carding process. The

carding process may separate tufts of material into individual fibers. During the carding process,
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the fibers may be aligned in substantially parallel orientation with each other and a carding
machine may be used to produce the web.

[0041] A carded web may undergo a lapping process to produce the lofted fiber matrix.
The carded web may be rotary lapped, cross-lapped, or vertically lapped, to form a voluminous
or lofted nonwoven material. The carded web may be vertically lapped according to processes
such as “Struto” or “V-Lap”, for example. This construction provides a web with relative high
structural integrity in the direction of the thickness of the fiber matrix, thereby minimizing the
probability of the web falling apart during application, or in use, and/or providing compression
resistance to the fibrous structure when it is installed around the item to be insulated. Carding
and lapping processes may create a nonwoven fiber layer that has good compression resistance
through the vertical cross-section (e.g., through the thickness of the material) and may enable the
production of a lower mass fiber matrix, especially with lofting to a higher thickness without adding
significant amounts of fiber to the matrix. The lapped material may have a generally pleated
structure. A small amount of hollow conjugate fiber (i.e., in a small percentage) may improve
lofting capability and resiliency to improve insulation, sound absorption, or both. Such an
arrangement also provides the ability to achieve a low density web with a relatively low bulk
density.

[0042] Non-crimped inorganic fibers may run through the carding and lapping process
and form a three-dimensional structure due to the natural cohesiveness of the fibers. Using fibers
having different lengths (e.g., fibers having 67 mm length and fibers having 100 mm length) may
also allow for the formation of the three-dimensional matrix by creating more fiber end to filament
contact points, for improved cohesiveness. The modulus of the inorganic fiber is larger than
organic fibers. As such, the inorganic fiber may not bend as easily, thereby allowing the creating
of larger loops in the vertical three-dimensional structure. The large vertical three-dimensional
loop structure, combined with the high bending modulus of the inorganic fiber, may enable the
creation of a very high loft or thickness at a relatively low basis weight. This provides advantages
in light-weighting and material cost control in applications.

[0043] The fiber matrix may be formed by an air laying process. This air laying process
may be employed instead of carding and/or lapping. In an air laying process, fibers are dispersed
into a fast moving air stream, and the fibers are then deposited from a suspended state onto a
perforated screen to form a web. The deposition of the fibers may be performed by means of
pressure or vacuum, for example. An air laid or mechanically formed web may be produced. The
web may then be thermally bonded, air bonded, mechanically consolidated, the like, or

combination thereof, to form a cohesive nonwoven insulation material. While air laying processes
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may provide a generally random orientation of fibers, there may be some fibers having an
orientation that is generally in the vertical direction so that resiliency in the thickness direction of
the material may be achieved.

[0044] The fiber matrix formed (e.g., via carding and lapping or via air laying) may have a
generally vertical fiber orientation, where vertical is defined as extending along the thickness of
the material between the top surface and the bottom surface of the material or extending generally
along a transverse plane extending through the cross-section of the material. The fibers of the
fiber matrix may have a near vertical orientation, wherein near vertical is measured as within
about + 20 degrees from vertical, about £ 10 degrees from vertical, or about + 5 degrees from
vertical. The orientation of fibers may be altered after the carding, lapping, and/or air laying. This
vertical (e.g., via vertical lapping) or near-vertical orientation of fibers (e.g., via rotary lapping) may
produce a fiber matrix with sufficient insulation capabilities or sufficient thermal conductivity to
meet the needs of the application. However, it is also contemplated that the fiber orientation may
be altered to tune the thermal conductivity or insulation capabilities. For example, the fiber
orientation may be altered to provide a measurement of about £ 60 degrees from vertical, about
+ 50 degrees from vertical, or about + 45 degrees from vertical. The fiber matrix may be
compressed, gauged, thermoformed, laminated, or the like, to a reduced thickness. The fiber
matrix may be compressed by 10% or more, about 20% or more, or about 30% or more. The
fiber matrix may be compressed by about 70% or less, about 65% or less, or about 60% or less.
When the thickness is reduced, this may cause the fibers to become non-vertical. For example,
the fibers may have a general Z-type, C-type, or S-type shape through the cross section after
compression or reduction of thickness. A non-vertical fiber orientation (e.g., due to compression,
gauging, laminating, or thermoforming) may reduce the direct short-circuit type of conductive heat
transfer from one surface of the fiber matrix to the other through the fiber filaments. Such non-
vertical fiber orientation may also provide for blocking of a direct convective heat transfer path for
heat flow through the fiber matrix. As such, a non-vertical (e.g., Z-type, C-type, or S-type) shape
may create a baffle effect to conductive and/or convective heat transport. While shapes are
referred to herein as Z-type, C-type, or S-type, the non-vertical orientation of fibers is not limited
to these shapes. The shapes could be a combination of these types, may be free-form shapes
having an irregular contour, or may be other types of non-vertical orientations.

[0045] The fiber matrix may undergo additional processes during its formation. For
example, during pleating of the matrix, it is contemplated that the lapped matrix can be in-situ
horizontally needled with barbed pusher bar pins. Fibers of the fiber matrix (e.g., surface fibers)

may be mechanically entangled to tie the fibers together. This may be performed by a rotary tool,
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with the top of the head having a grit-type finish to grab and twist or entangle the fibers as it spins.
The fibers (e.g., the surface of the fiber matrix), then, can be entangled in the machine direction
(e.g., across the tops of the peaks of the loops after lapping). Itis contemplated that these rotating
heads of the tool can move in both the x and y directions. The top surface of the fiber matrix, the
bottom surface of the fiber matrix, or both surfaces may undergo the mechanical entanglement.
The entanglement may occur simultaneously or at separate times. The process may be
performed without binder, with minimal binder, or with a binder of about 40% by weight or less of
the web content. The mechanical entanglement may serve to hold the fiber matrix together, for
example, by tying the peaks of the three-dimensional loops together. This process may be
performed without compressing the fiber matrix. The resulting surface of the fiber matrix may
have improved tensile strength and stiffness of the vertical three-dimensional structure. The ability
to tie the top surface to the bottom surface may be influenced by the fiber type and length, as well
as the lapped structure having an integrated vertical three-dimensional loop structure from top to
bottom. The mechanical entanglement process may also allow for mechanically tying fabrics or
facings to the top and/or bottom surface of the lapped fiber matrix. The surface of the material
may instead, or in addition to mechanical entanglement, be melted by an IR heating system, a
hot air stream, or a laser beam, for example, to form a skin layer.

[0046] The fiber matrix, the fibers forming the fiber matrix, the resulting fibrous structure,
or a combination thereof, may be used to form a thermoformable nonwoven material. The vertical
three-dimensional structure may allow for a higher degree of thermoforming detail, as the radius
of curvature around a thick-to-thin transition area may be tighter, due the nature of vertical pleats
being able to slide or shift beside one another in the thickness direction when under mold pressure
and heat. The fiber matrix may be a nonwoven material that may be formed with a broad range
of densities and thicknesses and that contains a thermoplastic and/or thermoset binder. The
binder in the matrix may allow for the product to be thermobonded and formed into a stiffer
structure. This may allow for facings and/or adhesives to be laminated to the structure. It is
contemplated that the fiber matrix or fibrous structure may be thermoformed without binder due
the nature of the cohesive attractiveness of the inorganic fibers in the matrix. The thermoformable
nonwoven material may be heated and thermoformed into a specifically shaped thermoformed
product. The nonwoven material may have a varying thickness (and therefore a varied or non-
planar profile) along the length of the material. Areas of lesser thickness may be adapted to
provide controlled flexibility to the fibrous structure, such as to provide an area that is folded (to
produce a box or other enclosure surrounding the item to be insulated) or otherwise shaped, such

as to form a corner or angled portion (e.g., to serve as the vertex between two thicker portions of

16



WO 2019/018508 PCT/US2018/042658

the material) to allow the fibrous structure to be shaped. The fibrous structure may be shaped
(e.g., by folding, bending, thermoforming, molding, and the like) to produce a box-like structure,
a structure that is capable of at least partially surrounding an item to be insulated, or to fit within
a desired area, such as within an engine bay. The fibrous structure may include an inner surface,
which faces the item to be insulated, and the inner surface may be shaped to generally match the
shape of the item to be insulated so that the fibrous structure can be installed around the item or
so that the item can be received within the fibrous structure.

[0047] The fibrous structure may include one or more layers. A fibrous structure may be
formed solely from the fiber matrix. The fibrous structure may include the fiber matrix and one or
more additional layers. The fibrous structure may include two or more fiber matrix layers. The
fibrous structure may include one or more lofted layers, one or more skin layers, one or more
facing layers, one or more foils, one or more films, or a combination thereof. The one or more
layers may be formed from metals, fibrous material, polymers, or a combination thereof. A skin
may be formed by melting a portion of the layer by applying heat in such a way that only a portion
of the layer, such as the top surface, melts and then hardens to form a generally smooth surface.
The fibrous structure may include a plurality of layers, some or all of which serve different
functions or provide different properties to the fibrous structure (when compared to other layers
of the fibrous structure). The ability to combine layers and skins of materials having different
properties may allow the fibrous structure to be customized based on the application. The
additional layers may function to provide additional insulation properties, protection to the fiber
matrix or other layers, infrared reflective properties, conductive properties (or reduction of
conductive properties), convective properties (or reduction of convective properties), structural
properties, or a combination thereof. The one or more layers may be secured to each other or to
the fiber matrix through lamination, heat sealing, sonic or vibration welding, pressure welding, the
like, or a combination thereof. The one or more layers may have a temperature resistance that is
greater than or equal to the temperature resistance of the binder fibers. The one or more layers
may include a lower temperature fabric, scrim, or film between two fiber matrix layers. The fiber
matrix layers may provide protection to the middle layer, thereby keeping it from burning and/or
reaching its melting or softening temperature. The one or more layers may have a melting or
softening temperature that is greater than the temperatures to which the layers would be exposed
while installed in an assembly. The one or more layers may act as a moisture barrier to keep
moisture in (e.g., within the inner walls of the fibrous structure) or to keep moisture out (e.g., away
from the item to be insulated). The one or more layers may be a hydrophobic layer which may

have a certain porosity to allow for the composite structure to acclimate to air pressure changes
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without bursting. Such layer may be especially important in applications such as aerospace
insulation. The one or more layers may act as a chemical barrier or as a barrier to keep dirt, dust,
debris, or other unwanted particles or substances away from the item to be insulated. For
example, one or more fibrous structure layers may provide insulation. One or more fibrous
structure layers may include one or more adhesive materials (e.g., as part of the fibers of the layer
or as a separate element in or on the layer) for binding the fibers together, for binding layers
together, or both. It is contemplated that any adhesives may be of a type that may melt, flow,
bond, re-solidify upon cooling, or a combination thereof. One or more fibrous structure layers
may support a skin layer, other material layer, or both. One or more fibrous structure layers may
provide heat resistance (e.g., if the fibrous structure is located in an area that is exposed to high
temperatures). One or more fibrous structure layers may provide stiffness to the fibrous structure.
Additional stiffness, structural properties, compression resistance, compression resiliency, or a
combination thereof, may be provided by additional layers (or one or more layers in combination
with the one or more fiber matrix layers). One or more fibrous structure layers may provide
flexibility and/or softness to the fibrous composite.

[0048] Any of the fibers or materials as discussed herein, especially with respect to the
fiber matrix and/or processes of forming the fiber matrix, may also be employed to form or may
be included within any of the additional layers of the fibrous structure, such as facing layers and/or
scrim layers. For example, an inorganic fiber-based paper scrim may be another layer of the
structure. Any of the materials described herein may be combined with other materials described
herein (e.g., in the same layer or in different layers of the fibrous structure). The layers may be
formed from different materials. Some layers, or all of the layers, may be formed from the same
materials, or may include common materials or fibers. The type of materials forming the layers,
order of the layers, number of layers, positioning of layers, thickness of layers, or a combination
thereof, may be chosen based on the desired properties of each material (e.g., infrared reflectivity,
insulation properties, conductive properties, convective properties, compression and/or puncture
resistance), the insulation properties of the fibrous structure as a whole, the heat transfer
properties of the fibrous structure as a whole, the desired air flow resistive properties of the fibrous
structure as a whole, the desired weight, density and/or thickness of the fibrous structure (e.g.,
based upon the space available where the fibrous composite will be installed), the desired
flexibility of the structure (or locations of controlled flexibility), or a combination thereof. The layers
may be selected to provide varying orientations of fibers, which may reduce conductive heat
transfer from one side of the fibrous structure to the other through the fibers, to reduce convective

heat transfer for heat flow through the fibrous structure, or both. One or more fibrous structure
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layers may be any material known to exhibit sound absorption characteristics, insulation
characteristics, flame retardance, smoke retardance, or a combination thereof. One or more
fibrous structure layers may be at least partially formed as a web of material (e.g., a fibrous web).
One or more fibrous composite layers may be formed from nonwoven material, such as short fiber
nonwoven materials. One or more fibrous composite layers may be formed from a woven
material. One or more fibrous composite layers may be formed by thermally melting the surface
of a fiber matrix to form a skin layer. One or more layers may be a fabric, a film, a foil, or a
combination thereof. One or more fibrous structure layers may be a porous bulk absorber (e.g.,
a lofted porous bulk absorber formed by a carding and/or lapping process). One or more fibrous
structure layers may be formed by air laying. The fibrous structure may be formed into a generally
flat sheet. The fibrous structure (e.g., as a sheet) may be capable of being rolled into a roll. The
fibrous structure (or one or more of the fibrous structure layers) may be an engineered 3D
structure. It is clear from these potential layers that there is great flexibility in creating a material
that meets the specific needs of an end user, customer, installer, and the like.

[0049] The one or more layers may be located on or attached to the fiber matrix. Layers
may be directly attached to the fiber matrix. Layers may be attached indirectly to the fiber matrix
(e.g., via an adhesive layer and/or another layer therebetween). For example, the fibrous
structure may include one or more facing layers. Any or all of the layers, such as a facing layer
or an intermediate layer (e.g., a layer between two fiber matrix layers) may function to provide
additional insulation, protection to the fiber matrix, infrared reflective properties, structural
properties, or a combination thereof. The layer may serve as a barrier for moisture, chemicals,
dust, debris, or other particles or substances. For example, the fiber matrix may have a facing
layer on the side of the fiber matrix that faces the source of heat within the assembly or the interior
of a cabin. The fiber matrix may have a facing layer located on the side of the fiber matrix that
faces away from the source of heat within the assembly or away from the interior of a cabin, for
example. The fiber matrix may be sandwiched between two (or more) facing layers. A layer (e.g.,
of a different composition) may be sandwiched between two layers of fiber matrix. A facing layer,
or an intermediate layer, may be generally coextensive with the side of the fiber matrix. The
facing layer, or an intermediate layer, may instead cover or be attached to only a portion of a side
of the fiber matrix. The facings or intermediate layers may include solid films, perforated films,
solid foils, perforated foils, woven or nonwoven scrims, or other materials. Facings or
intermediate layers may be formed from polybutylene terephthalate (PBT); polyethylene
terephthalate (PET), polypropylene (PP), cellulosic materials, or a combination thereof. Facings

or intermediate layers may be formed from nonwoven material, woven material, or a combination
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thereof. The facings or intermediate layers may include silica-based fibers, polysilicic acid fibers,
minerals, ceramic, fiberglass, aramids, or a combination thereof. Films may include
polyetheretherketone (PEEK), polyethersulfone (PES), polyetherketone (PEK), urethane,
polyimide, or a combination thereof. Any of the materials described herein for forming the fiber
matrix may be used to form one or more of the facings or intermediate layers as described herein.
Fibers forming the facing layer (e.g., if formed as a scrim) or the surface itself may be metallized
to impart infrared reflectivity, thus providing an improved thermal insulating value to the overall
fibrous structure. Any of the layers may have a thermal resistance capable of withstanding the
temperatures to which the layers will be exposed.

[0050] For example, the present teachings contemplate a fiber matrix layer (e.g., alapped
fiber matrix layer) sandwiched between two layers. One layer may be a film layer (e.g., PEEK
film or any other material as described herein for possible fiber materials). On the opposing side
of the fiber matrix layer may be an air flow resistive layer. This layer may be hydrophobic. This
layer may be a spunbond (S) material, a spunbond and meltblown (SM) material, or a spunbond
+ meltblown + spunbond (SMS) nonwoven material. Such a composite material may provide a
combination of performance, including a built-in pressure release mechanism to allow the material
to acclimate as pressure changes. This may be particularly useful in insulation blankets for
aircrafts, as pressure in the cabin changes.

[0051] The layers of material forming the fibrous structure (e.g., one or more facing layers)
may be bonded together to create the finished fibrous structure. One or more layers may be
bonded together by elements present in the layers. For example, the binder fibers in the layers
may serve to bond the layers together. The outer layers (i.e., the sheath) of bi-component fibers
in one or more layers may soften and/or melt upon the application of heat, which may cause the
fibers of the individual layers to adhere to each other and/or to adhere to the fibers of other layers.
Layers may be attached together by one or more lamination processes. The layers may be
combined by operations such as heat sealing, sonic or vibration welding, pressure welding, the
like, or a combination thereof. One or more adhesives may be used to join two or more layers.
The adhesives may be a powder or may be applied in strips, sheets, or as a liquid, for example.
The vertical three-dimensional structure may enable a facing or other layer to be tied to a fiber
matrix layer (e.g., mechanically, thermally, or with an adhesive). Because the vertical loop is
continuous through the thickness of the structure, the fabric or facing may be tied on the top and
the bottom of the structure. One or more layers may be in-situ bonded to the fiber matrix. For

example, a scrim, with or without adhesive, can be fed through a lapping machine, and the fiber
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matrix can be lapped onto the scrim. The scrim and fiber matrix can then be in-situ bonded in the
V-lap oven.

[0052] The total thickness of the fibrous structure may depend upon the number and
thickness of the individual layers. It is contemplated that the total thickness may be about 0.5 mm
or more, about 1 mm or more, or about 1.5 mm or more. The total thickness may be about 300
mm or less, about 250 mm or less, or about 175 mm or less. For example, the thickness may be
in the range of about 2 mm to about 155 mm or about 4 mm to about 30 mm. It is also
contemplated that some of the individual layers may be thicker than other layers. The thickness
may vary between the same types of layers as well. For example, two lofted layers in the fibrous
structure may have different thicknesses. The fibrous structure may be tuned to provide desired
fire retardance, smoke retardance, insulation characteristics and/or more general broad band
sound absorption by adjusting the specific air flow resistance and/or the thickness of any or all of
the layers.

[0053] A fibrous structure or one or more layers thereof (e.g., nonwoven material) may be
formed to have a thickness and density selected according to the required physical, insulative,
and air permeability properties desired of the finished fibrous layer (and/or the fibrous structure
as a whole). The layers of the fibrous structure may be any thickness depending on the
application, location of installation, shape, fibers used (and the lofting of the fiber matrix layer), or
other factors. The density of the layers of the fibrous structure may depend, in part, on the specific
gravity of any additives incorporated into the material comprising the layer (such as nonwoven
material), and/or the proportion of the final material that the additives constitute. Bulk density
generally is a function of the specific gravity of the fibers and the porosity of the material produced
from the fibers, which can be considered to represent the packing density of the fibers.

[0054] Insulation properties, acoustic properties, or both, of the fibrous structure (and/or
its layers) may be impacted by the shape of the fibrous structure. The fibrous structure, or one
or more of its layers, may be generally flat. The finished fibrous structure may be fabricated into
cut-to-print two-dimensional flat parts for installation into the end user, installer, or customer’s
assembly. The fibrous structure may be formed into any shape. For example, the fibrous
structure may be molded (e.g., into a three-dimensional shape) to generally match the shape of
the area to which it will be installed or the item to which it is meant to insulate. The finished fibrous
structure may be molded-to-print into a three-dimensional shape for installation into the end user,
installer, or customer’'s assembly.

[0055] The one or more layers of fiber matrices may be compressed, which may reduce

the free volume (e.g., reducing the size of the interstitial spaces) between the fibers, thus reducing
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the amount of localized convective heat transfer within the matrix. The orientation of the fibers,
being vertical, non-vertical, curved, slanted, or a combination thereof, may create a more
restrictive conduction path from one side to the other (e.g., through the thickness) versus a
completely vertical fiber. When the fibers are made non-vertical or having a varying orientation,
there may be more fiber-to-fiber interaction, creating localized resistances to conduction between
fiber-to-fiber contact points.

[0056] The fibrous structure can be tuned to exhibit a desired thermal conductivity. Based
on the processes employed for creating the fibrous structure and/or the fibers selected, thermal
conductivity can be altered. For example, if the fiber matrix is purely vertically lapped or slightly
off-vertical (e.g., via rotary lap), the thermal conductivity may be higher than if the composite is
gauged or thermoformed to have a lower thickness. During gauging or thermoforming, the vertical
structure of the fibers may become non-vertical (e.g., forming an angle with the vertical axis, or
having a Z-shape, C-shape, or S-shape). The non-vertical or Z-shape, C-shape, or S-shape as
seen through a cross section or side view of the fiber matrix (or fibrous structure) may reduce the
direct short-circuit type of conductive heat transfer from one side of the matrix or structure to the
other through vertical fiber filaments. The same occurs for blocking the direct convective heat
transfer path for heat flow through the vertical structure. The non-vertical or Z-shape of the fibers
may create a baffle effect to conductive and/or convective heat transport.

[0057] The insulation material as described herein may also provide sound absorption
characteristics. With fibrous materials, air flow resistance and air flow resistivity are important
factors controlling sound absorption. Air flow resistance Air flow resistance is measured for a
particular material at a particular thickness. The air flow resistance is normalized by dividing the
air flow resistance (in Rayls) by the thickness (in meters) to derive the air flow resistivity measured
in Rayls/m. ASTM standard C522-87 and ISO standard 9053 refer to the methods for
determination of air flow resistance for sound absorption materials. Within the context of the
teachings herein, air flow resistance, measured in mks Rayls, will be used to specify the air flow
resistance; however other methods and units of measurement are equally valid. Within the context
of the described teachings, air flow resistance and air flow resistivity can be assumed to also
represent the specific air flow resistance, and specific air flow resistivity, respectively. Acoustic
materials for sound absorption may have a relatively high air flow resistance to present acoustic
impedance to the sound pressure wave incident upon the material. Air permeability should be
managed to ensure predictable and consistent performance. This may be achieved through
management of fiber sizes, types, and lengths, among other factors. A homogeneous, short fiber

nonwoven textile may be desirable. In some applications, desirable levels of air permeability may
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be achieved by combining plural nonwoven materials of differing densities together to form a
composite product.

[0058] Insulation, sound absorption, fire retardance, smoke retardance, toxicity, or a
combination thereof, can be tuned by adding one or more layers to the fibrous structure. These
layers may have different levels of thermal conductivity. These layers may have different levels
of specific air flow resistance. In a multi-layer fibrous structure, some layers may have a lower air
flow resistance while other layers may have a higher air flow resistance. The layering of layers
having different air flow resistive properties may produce a multi-impedance acoustic mismatched
profile through the entire fibrous structure, which provides improved noise reduction capability of
the fibrous structure. Therefore, the layers (or skins) may be arranged so that a layer (or skin) of
higher specific air flow resistance is joined to, or formed on, or is adjacent to one or more layers
of a different specific air flow resistance (e.g., a lower air flow resistance).

[0059] A fibrous material, which may be one or more of the fibrous structure layers, may
be designed to have a low density, with a finished thickness of about 1.5 mm or more, about 4
mm or more, about 5 mm or more, about 6 mm or more, or about 8 mm or more. The finished
thickness may be about 350 mm or less, about 250 mm or less, about 150 mm or less, about 75
mm or less, or about 50 mm or less. The fibrous material, or one or more layers thereof (e.g., the
fiber matrix), may have a weight per area of about 25 grams per square meter (GSM) or greater,
about 50 GSM or greater, about 100 GSM or greater, or about 150 GSM or greater. The fibrous
material, or one or more layers thereof, may have a weight per area of about 500 GSM or less,
about 350 GSM or less, or about 200 GSM or less. The fibrous material, which may be one or
more of the fibrous structure layers, may be formed as a relatively thick, low density nonwoven,
with a bulk density of 10 kg/m3 or more, about 15 kg/m? or more, or about 20 kg/m? or more. The
thick, low density nonwoven may have a bulk density of about 200 kg/m? or less, about 100 kg/m3
or less, or about 60 kg/m? or less. The fibrous material (e.g., serving as one or more fibrous
structure layers) thus formed may have an air flow resistivity of about 400 Rayls/m or more, about
800 Rayls/m or more, or about 100 Rayls/m or more. The fibrous composite material may have
an air flow resistivity of about 200,000 Rayls/m or less, about 150,000 Rayls/m or less, or about
100,000 Rayls/m or less. Low density fibrous composite materials may even have an air flow
resistivity of up to about 275,000 Rayls/m.

[0060] Additional sound absorption may also be provided by a skin layer on the fibrous
composite layer (e.g., by an in-situ skinning process). A skin layer of the fibrous composite may

provide additional air flow resistance (or air flow resistivity) to the fibrous composite. For example,
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the skin layer may have an air flow resistivity of about 100,000 Rayls/m or higher, about 275,000
Rayls/m or higher, 1,000,000 Rayls/m or higher, or even 2,000,000 Rayls/m or higher.

[0061] The fibrous structure may cover at least a portion of an item to be insulated. The
fibrous structure may be secured at least partially around an item to be insulated. The fibrous
structure may be secured within an assembly, such as an aircraft or automotive assembly. The
fibrous structure may be secured to the item to be insulated. One or more fibrous structure layers
may attach directly to a wall, surface of a substrate, surface of the item to be insulated, or a
combination thereof. The fibrous structure may be attached via a fastener, adhesive, or other
material capable of securing the fibrous structure to a wall, substrate, or item to be insulated. The
securing of the fibrous structure to itself or to another surface may be repositionable or permanent.
The fibrous structure may include one or more fasteners, adhesives, or other known materials for
joining a fibrous structure to a substrate, another portion of the fibrous structure, another fibrous
structure, or a combination thereof. The fastener, adhesive, or other means of attachment may
be able to withstand the elements to which it is exposed (e.g., temperature fluctuations).
Fasteners may include, but are not limited to, screws, nails, pins, bolts, friction-fit fasteners,
shaps, hook and eye fasteners, zippers, clamps, the like, or a combination thereof. Adhesives
may include any type of adhesive, such as a tape material, a peel-and-stick adhesive, a pressure
sensitive adhesive, a hot melt adhesive, the like, or a combination thereof. The fastener or
adhesive, for example, that joins portions of the fibrous structure together may allow the fibrous
structure to enclose or at least partially surround the item to be insulated and may hold the fibrous
structure in that position. The fibrous structure may include one or more fasteners or adhesives
to join portions of the fibrous structure to another substrate. For example, the fibrous structure
may be secured to a portion of the assembly, such as an aircraft or vehicle assembly, to hold the
fibrous structure in place within the assembly.

[0062] The one or more fasteners may be separately attached to or integrally formed with
one or more layers of the fibrous structure. For example, the fibrous structure may include one
or more tabs, projections, or a male-type fastener portion (e.g., at one end of the fibrous structure),
and a corresponding opening or female-type fastener portion (e.g., on the opposing end of the
fibrous structure) that can be received within the male-type fastener portion to hold the fibrous
structure in a desired position. When the fibrous structure is to be formed into the desired shape
(e.g., to surround the item to be insulated), the end of the fibrous structure can be attached to the
opposing end, thereby forming an enclosure. For example, if the fibrous structure is wrapped
around an item to be insulated, the ends of the fibrous structure can be secured together to hold

the fibrous structure in position around the item to be insulated.
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[0063] The adhesive may be a pressure sensitive adhesive (PSA). The PSA may be
located on any part of the fibrous structure. For example, the PSA may be located on an inner
surface of the fibrous structure that faces the item to be insulated, which may allow the fibrous
structure to be attached to the item to be insulated. The PSA may be located on an outer surface
of the fibrous structure that faces away from the item to be insulated, which may allow the fibrous
structure to be secured to a wall or surface within the assembly, such as a vehicle assembly. The
PSA may be located on a portion of the fibrous structure that contacts another portion of the
fibrous structure (or another fibrous structure) so that the fibrous structure holds its desired shape
and/or position. The PSA may be located between one or more layers of the fibrous structure
(e.g., to join one or more layers). The PSA may be applied from a roll and laminated to at least a
portion of the fibrous structure. A release liner may carry the PSA. Prior to installation of the
fibrous structure, the release liner may be removed from the PSA to allow the fibrous structure to
be adhered to a substrate, the item to be insulated, or to another portion of the fibrous structure,
for example. It is contemplated that the release liner may have a high tear strength that is easy to
remove to provide peel-and-stick functionality and to ease installation. The PSA may coat a
portion of the fibrous structure. The PSA may coat an entire side or surface of the fibrous
structure. The PSA may be coated in an intermittent pattern. The intermittent coating may be
applied in strips or in any pattern, which may be achieved by hot-melt coating with a slot die, for
example, although it can also be achieved by coating with a patterned roller or a series of solenoid
activated narrow slot coating heads, for example, and may also include water and solvent based
coatings, in addition to hot-melt coating. Where the PSA coating is applied intermittently, the
spacing of the strips or other shape may vary depending on the properties of the fibrous structure.
For example, a lighter fibrous material may need less PSA to hold the material in place. A wider
spacing or gap between the strips can facilitate easier removal of the substrate, as a person can
more readily find uncoated sections that allow an edge of the substrate to be lifted easily when it
is to be peeled away to adhere the fibrous structure material to another surface. The pressure
sensitive adhesive substance may be an acrylic resin that is curable under ultraviolet light, such
as AcResin type DS3583 available from BASF of Germany. A PSA substance may be applied to
substrate in a thickness of about 10 to about 150 microns, for example. The thickness may
alternatively be from about 20 to about 100 microns, and possibly from about 30 to about 75
microns, for example. Other types of PSA substance and application patterns and thicknesses
may be used, as well as PSA substances that can be cured under different conditions, whether
as aresult of irradiation or another curing method. For example, the PSA substance may comprise

a hot-melt synthetic rubber-based adhesive or a UV-curing synthetic rubber-based adhesive. The
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PSA substance may be cured without UV curing. For example, the PSA could be a solvent or
emulsion acrylic which may not require UV curing. While PSA adhesives are discussed herein,
other adhesives are also contemplated. For example, the material could be secured using a wet
(water-based) emulsion adhesive.

[0064] The finished fibrous structures provide advantages over traditional insulation
and/or sound absorption materials. For example, the finished fibrous structure is a high
temperature composite (e.g., up to about 1150 °C) that is fire retardant, smoke retardant, has low
toxicity (e.g., as compared to pure glass fiber and phenolic resonated shoddy), that is safe to
handle, or a combination thereof. The material may not be a handling or respiratory hazard.
There may be no need for extra fire blockers, as the organic fiber and three-dimensional structure
are adequate at fire and smoke retarding, though fire blockers could be added if desired. The
material may not be bound with smelly or toxic binders (such as phenolic binder), thereby avoiding
odors and air quality issues when used indoors. The finished fibrous structure may function with
multiple benefits in a single structure (e.g., acoustic and thermal insulation, fast drying, non-
molding or non-mildewing, compression resistant, or a combination thereof). The material is
tunable, as the thickness, density, fiber blend, facings, scrims, or other layers can be used to
achieve desired acoustic, thermal, and fire/smoke performance more efficiently than other
materials. The material may be able to withstand handling, fabrication, and application better
(e.g., as compared with mineral wool and melamine foam). The finished fibrous structure, even
if the binder has been burned away, will stay in form and will continue to perform. In contrast,
fiberglass without binders (e.g., after a fire or high thermal event), will fall apart and not perform.
Finished fibrous structures may be able to be molded. Compression force deflection and
indentation force deflection may be enhanced (e.g., as compared with a horizontally laid
structure). The inorganic fiber blended with a binder may yield a material that is cheaper but
performs equally or better than traditional flame/smoke retardant fibers such as aramids,
polyacrylonitrile, polyimide, polyether sulfone, and polyether ether ketone. The finished fibrous
structures may be flexible. The fibrous structures may not be as brittle as melamine, for example.
The finished fibrous structure may have more accessible and/or less expensive raw materials.
The finished fibrous structures may be non-toxic or contain less toxic materials than foams such
as melamine foam or polyurethane foams. The finished fibrous structures may be able to dry
faster than other materials, such as foam. The finished fibrous structures may allow water or
moisture to move through the open spaces between the fibers. The open spaces may have a
higher surface area (e.g., than other materials such as foams), which allows for evaporation of

moisture prior to development of any mold or mildew, for example. The finished fibrous structure
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comprises a material whose properties can be adjusted via many methods. Adjustment can be
made by altering thickness, density, fiber matrix (e.g., types of fibers, lengths of fibers, distribution
of fibers, loft of the matrix, direction of the fibers within the matrix, and the like), chemistry, method
of bonding, and the like. Itis contemplated that the fibrous structure may have any of the following
advantages over other materials traditionally used: better non-acoustic properties, such as better
temperature resistance, hydrolytic stability, compression resistance, and mold/mildew resistance
(versus foams and natural fiber, for example); better compression resistance and performance
stability (versus mineral wool, for example); easier fabrication and installation (versus traditional
nonwoven materials having a separately formed and installed facing layer or perforated metal
panels, for example); easier molding and creation of a lower VOC and/or lower toxicity (versus
resonated natural fiber and fiberglass type products, for example); improved ability to mold into a
desired shape; improved ability to tune more parameters in the absorption matrix, such as fibers,
layers, thickness, and bulk density; and structural properties, such as by providing a desired
stiffness to the material.

[0065] Turning now to the figures, Figure 1 illustrates an exemplary nhonwoven composite
10 in accordance with the present teachings. The composite 10 includes a first bulk layer 12 and
a second bulk layer 14. These layers may be made of the same materials, densities, thicknesses,
and the like, or may be different. The first bulk layer 10 includes a facing layer 16. The facing
layer 16 may be a scrim, an in-situ skin layer, or another layer. Sandwiched between the first
bulk layer 12 and the second bulk layer 14 is a middle layer 18. The middle layer 18 may be a
scrim, an in-situ skin layer, or another layer, and may be the same as or different from the facing
layer 16. On the opposing surface of the second bulk layer 14 is a backing layer 20. The backing
layer 20 may be a scrim, an in-situ skin layer, or another layer, and may be the same as or different
from the facing layer 16, middle layer 18, or both.

[0066] While Figure 1 illustrates a multi-layered structure having two bulk layers and
additional layers on opposing surfaces of the bulk layers, the present teachings also contemplate
a fibrous structure having fewer bulk layers (e.g., a system having a single bulk layer and
optionally one or more facing and/or backing layers) or a fibrous structure having greater than two
bulk layers (e.g., a system having three bulk layers, four bulk layers, or more, with optional
additional layers, such as scrims or skins, therebetween or thereon) formed by adding additional
lofted layers, additional layers having high specific air flow resistances, additional layers capable
of withstanding high temperatures (e.g., temperatures up to about 1150 °C) or another type of
material, such as a material that provides acoustic, structural, or thermal properties. While the

figure illustrates an alternating layered system (e.g., with bulk layers sandwiched between other
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scrim or skin layers), it is contemplated that other configurations are possible. For example, two
or more bulk layers may be located directly adjacent to each other. Two or more optional facing
layers (e.g., film, foil, scrim, and/or PSA) may be located directly adjacent to each other.

[0067] Figure 2 is a side view of a bulk layer, illustrating the structure and orientation of
the fibers, having a generally C-shaped configuration with visible looped structures. The size of
the loops may depend upon the type of fibers used. For example, inorganic fibers may have a
larger modulus than organic fibers. Therefore, the inorganic fiber may not bend as easily, thereby
allowing the creation of larger loops in the vertical three-dimensional structure. This large vertical
three-dimensional loop structure, combined with the high bending modulus of the inorganic fiber,
may enable the creation of a very high loft, or thickness, at a relatively low basis weight, which
may allow for lightweighting and material cost control.

[0068] Figures 3A and 3B are microscope photos of a fibrous structure taken from a visible
compound light microscope. Figure 3A shows the larger diameter PET bicomponent binder fibers
(15 denier) with the inorganic fibers. Figure 3B shows the fibrous structure after exposure to 900
°C for about 20 minutes. This post-aged image shows that the PET has dissipated or volatilized
away, leaving the inorganic fibers. The fibrous structure remains looped together, even after
exposure to such temperatures.

[0069] Figure 4 shows a lapped fibrous structure 42 and a lapped and entangled fibrous
structure 44. The surface of the lapped and entangled fibrous structure 44 is mechanically
entangled across the tops of the peaks of the loops in the machine direction, thereby essentially
tying the fibers at the surface together. Figure 5 illustrates an enlarged surface of the lapped and
entangled figure structure. The peaks of the loops extend in one direction, and the peaks are

joined together by the mechanical entanglement in a generally perpendicular direction.

[0070] lllustrative Examples

[0071] The following examples illustrate the temperature resistance, flame retardance,
and thermal insulation of materials in accordance with the present teachings.

[0072] Example 1

[0073] Two lapped fibrous structure samples are prepared. The first fibrous structure 52
is made up of about 60% by weight inorganic fiber and about 40% by weight PET bicomponent
binder. The second fibrous structure 54 is made up of about 80% by weight inorganic fiber and
about 20% by weight PET bicomponent binder. Each fibrous structure is exposed to a blowtorch

for 15 seconds.
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[0074] Figure 6 illustrates the fibrous structures after being torched with a blowtorch. As
seen by the dark circle on the first sample 52, based on the amount of organic binder present,
some charring occurs. The material, however, does not burn and sustain an active flame after
removal of the blowtorch ignition flame. The second fibrous structure 54 withstands the
temperature of the blowtorch and has not burned in the experiment. The flammable binder
component will carbonize and char for a material containing such binders. The degree of
carbonizing and charring will depend upon the amount of binder present in the blend. The
example illustrates how fire retardant the matrix is, even with about 40% by weight binder present.
[0075] Example 2

[0076] Three lapped fibrous structure samples are prepared. The first sample is made up
of about 75% by weight inorganic fiber and about 25% by weight 2 denier bicomponent binder.
The second sample is made up of about 65% by weight inorganic fiber and about 35% by weight
2 denier bicomponent binder. The third sample is made up of up of about 60% by weight inorganic
fiber and about 40% by weight 15 denier PET bicomponent binder.

[0077] Each sample is placed on a metal plate or directly on an oven rack. The samples
are allowed to bake in the oven at 250 °C for 42 days (or 6 weeks or 1008 hours). The samples
are removed and evaluated for degradation, delamination, dimensional change, and other modes
deemed for gross failure.

[0078] The material of the first sample survives the heat aging without degradation. The
sample becomes slightly stiffer, but not brittle, which is attributed to more of the thermoplastic
binder in the system activating at the elevated temperature. The material is still pliable, can be
handled, and does not crumble or fall apart. Based on the testing, this material would survive and
be acceptable in an insulation application.

[0079] The material of the second sample survives the heat aging without degradation.
The sample becomes slightly stiffer, but not brittle, which is attributed to more of the thermoplastic
binder in the system activating at the elevated temperature. The material is still pliable, can be
handled, and does not crumble or fall apart. Based on the testing, this material would survive and
be acceptable in an insulation application.

[0080] The material of the third sample survives heat aging without degradation. The
sample becomes slightly stiffer, but not brittle, which is attributed to more of the thermoplastic
binder in the system activating at the elevated temperature. The material is still pliable, can be
handled, and does not crumble or fall apart. Based on the testing, this material would survive and
be acceptable in an insulation application.

[0081] Example 3
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[0082] Fibrous composite samples are prepared by vertically lapping different blends of
fibers. The samples are shown in Table 1. The samples are tested using UL723 (Steiner Tunnel)
or ASTM EB84 for Horizontal Flame/Smoke Development. For a sample to pass, the flame spread
index (FSI) is less than or equal to 25, and the smoke development index (SDI) is less than or
equal to 50. The samples are also evaluated using UL94 standards, where VO indicates that
burning stops within 10 seconds on a vertical specimen, and drips of particles are allowed as long
as they are not inflamed; and where HF-1 indicates that burning stops within two seconds, the
afterglow is less than 30 seconds, and no burning drips are allowed. Figure 7 is a graph showing
the relationship between the percent of inorganic fiber used and the FSI and SDI. The facing
layer in one sample is formed from is a needlepunched fabric of a blend of PET and Rayon with

a phenolic fire retardant resin on the back.
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Table 1.

Sample Inorganic | PET | Density | Thickness | F51 | SDI { Pass? | UL94 | UL94 HF-
Description Fiber % | Bico | {gim? () Vo 1

%
Oxidized 70 30 3060 25 25 1 70 No
polyacrylonitrile
{Ox-PAN)
fibers and PET
bicomponent
binder (PET
Bico)
Ox~PAN fibers 85 15 300 13 15 1 30 i Yes iPass~|Pass ~
and PET Bico Didnot | Did  not
with a facing ignite | ignile
layer
Ox-FAN fihers 85 15 300 13 & ¥ Yes | Pasgs ~|Fass  w
and PET Bico Didnot | Did  not
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ignite | ignite
Silica-hasad 75 25 340 13 g g Yes | Pass~Pass -~
fibers and PET Didnot | Did  not
Bico ignite | ignite
Silica-based 85 35 250 13 g 170 No | Pass -~ | Pass -
fibers and PET Didoot | Did not
Bico ignite | ignite
Silica-based 65 35 300 13 15105 Yes
fibers and PET
Bico with
INESSUTe
sensitive
adhesive
bondedto a
metal panel
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[0083] The results indicate that the silica-based fiber performs better for flame
development and smoke release. The blend of silica-based and PET fibers will pass the ASTM
E84 25/50 requirement. The facing compromises performance, so it is prudent to ensure the
proper engineered facing is used and the entire system (composite) is evaluated for performance.
[0084] Example 4

[0085] Fibrous composite samples are prepared by lapping different blends of fibers. The
samples are shown in Table 2. Some of the samples are compressed. The thermal conductivity
of each sample is measured according to ASTM C518 (Standard Test Method for Steady-State
Thermal Transmission Properties by Means of the Heat Flow Meter Apparatus). Thermal
conductivity is provided in Tables 2 and 3 as a k-value, where the lower the k-value, the lower the
thermal conductivity. The samples are vertically lapped unless otherwise noted. The samples of
Table 2 have a higher pleat frequency and more tightly packed fiber matrix than the samples of
Table 3. The samples of Table 3 also may have larger denier binder. The Sample Details provide
the amount of inorganic fibers, bicomponent binder fiber and surface density of the sample. The
samples of Table 2 that are indicated as carded are taken directly from the card, so the fibers are
all laying horizontal in the machine direction.

[0086] The results illustrate that the conductivity can be varied or tuned, depending on
specifications. The conductivity is a function of the density of the material and the amount that it
is compressed when it is gauged down from lapped thickness to finished thickness (e.g., in the
laminator). The ability to alter the conductivity by compressing is believed to be, at least in part,
due to the change in orientation of the fibers (e.g., from vertical to non-vertical orientation (e.g.,

z-shaped, c-shaped, s-shaped, and the like)).
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Table 2.
Tested Fiber Core | Fiber Core kvalue
1 Thickness Surface Cubic . 2
Sample Details {Laminated) Density Density (BTU.‘lélé'hg.g: i
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, mm) | (gmd) | kgmy) | @ZST
85 wi% organic fiber, 15 wi% 2 deniey
bicompanent binder; 290 g/mé 13.0 241 18.5 (.26968
75 wi% inorganic fiber; 25 wi% 2 denier
bicomponentbinder, 310g/m?* 1 24  ¥8) 2571 026515
65 wi% inorganic fiber; 35 witk 2 denier
bicomponent binder, 300 g/im® 16.4 282 17.8 0.26168
85 widt inorganic fiber; 35 with 2 denier
_bicomponent binder, 180¢g/im* 1 LER S LLEEN 48 0.28995
8% wi% inorganic fiber, 15 wi% 2 denier
bicompaenent binder; 206 g/m*; carded 7.4 290 38.2 0.22769
75 wi% inorganic fiber; 25 wi% 2 denier
bicomponent binder, 320 g/m?; carded 75 333 44 4 0.22417
65 witt inorganic fiber; 35 wit 2 denier
bicormponent binder, 300 g/m?; carded 12.8 304 238 0.23814
Table 3.
Approx,
ngped Tested % Fiber Fiber _
{Pre- Thickness | Compression Core Core kovalue
Sample Details ) o Surface | Cubic | (BTU.in/hr.ft2°F)
Laminated) | (Laminated} | from Lapped Density | Density @22.5°C
Thickness i) to Laminated o ¥ ) ' )
‘ {a/m?} | (kgim)
{mm)
Metallized Scrim,
PET Spunbond;
80 g/m? {3.291 (.3 0 80 274.8 (.28514
B0 wi% organic
fiber; 40 wi% 15
denier
bicomponen
binder; 300 g/m? 20 10.7 46 245 228 0.28046
60 wi¥% inorganic
fiber; 40 wite 15
denier
bicomponent
binder; 300 g/im?® 20 11.1 45 238 21.5 0.27778
80 wi% inorganic
fiber; 40 wid 15
denier
hicomponsant
binder880g/m* | 0 30} 264 12 885§ 281 029815
80 wi% inorganic
fiber, 40 wi% 15
denier
bicompanent
hinder; 844 g/m® 40 28.7 28 703 238 0.29589
80 wi% inorganic
fiber; 20 wi% 15
denier 0} 454 286 | £ 461§ LER 0.31487
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hicomponsant
hinder; 500 g/m¥;
Spunbond-
Maltblown-

Spunbond (SMS)

B0 wi% inorganic
fiber, 20 wi% 15
denier
bicomponant
binder; 250 gim?;
Spunbond-~
Meltblown-
Spunbond (SMS)

16.5

3g

313

19.0

0.2686%9

80 wi% inorganic
fiber; 40 wi% 15
denier
bicomponent
binder; 250 g/m?

]
-1

22.5

17

273

12.1

0.34932

60 wi% inorganic
fibar; 46 wit 15
denier
bicomponant
binder; 450 g/m?

45

353

22

550

156

0.33044

60 wi% inorganic
fiber; 40 wit 15
denier
hicomponent
binder, 300 g/ny,
2 layers

40

19.8

50

483

24.4

0.27620

60 wi% inorganic
fiber; 40 wi% 15
denier
hicomponant
hinder; 300 g/m®
2 layers with
metallized sorim

40

211

47

583

26.6

0.26887
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[0087] The results of Table 2 show that thermal conductivity is a function of fiber
orientation. While at least some of the samples are not cross-lapped, the structures can be
deformed so the fiber orientation is altered in the cross-direction (e.g., forming a z-, ¢c-, and/or s-
shape). Itis also possible to air lay the fibers in a non-vertical direction.

[0088] The results of Table 3 further illustrate that the less compressed data exhibits
higher thermal conductivity values, indicating that the more vertical the fiber orientation, the higher
the thermal conductivity. The results indicate that conductivity is also a function of density. As
the material gets very low in density, the structure becomes more open and allows more
convective heat transfer in the matrix, which accelerates heat transfer, causing the apparent
thermal conductivity of the matrix to get worse. The sample with the lowest density produces the
results having the highest thermal conductivity. This sample is was minimally compressed, so
the fibers are in a near-vertical orientation, also leading to the higher thermal conductivity. The
ability to modify the orientation of the fibers and the density of the structure allows for tuning the
material to achieve a desired thermal conductivity based on the application. Table 3 also
illustrates that the metalized scrim helps slightly in reducing thermal conductivity, which may be
due to IR reflection inside the middle of the composite.

[0089] While the present teachings pertain to a thermoformable or otherwise shaped
material, it is contemplated that the fibrous structure may be formed from a plurality of individual
fibrous structures secured together. For example, individual fibrous structures may be joined
together to form a three-dimensional shape. These fibrous structures may be joined via one or
more fasteners, one or more adhesives, one or more hinges (or materials, such as a facing layer
joining two individual structures and acting as a hinge), the like, or a combination thereof.

[0090] Parts by weight as used herein refers to 100 parts by weight of the composition
specifically referred to. Any numerical values recited in the above application include all values
from the lower value to the upper value in increments of one unit provided that there is a
separation of at least 2 units between any lower value and any higher value. As an example, if it
is stated that the amount of a component or a value of a process variable such as, for example,
temperature, pressure, time and the like is, for example, from 1 to 90, preferably from 20 to 80,
more preferably from 30 to 70, it is intended that values such as 15 to 85, 22 to 68, 43 to 51, 30
to 32, etc. are expressly enumerated in this specification. For values which are less than one, one
unit is considered to be 0.0001, 0.001, 0.01, or 0.1 as appropriate. These are only examples of
what is specifically intended and all possible combinations of numerical values between the lowest

value, and the highest value enumerated are to be expressly stated in this application in a similar
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manner. Unless otherwise stated, all ranges include both endpoints and all numbers between the
endpoints. The use of “about” or “approximately” in connection with a range applies to both ends
of the range. Thus, “about 20 to 30” is intended to cover “about 20 to about 30", inclusive of at
least the specified endpoints. The term “consisting essentially of’ to describe a combination shall
include the elements, ingredients, components or steps identified, and such other elements
ingredients, components or steps that do not materially affect the basic and novel characteristics
of the combination. The use of the terms “comprising” or “including” to describe combinations of
elements, ingredients, components or steps herein also contemplates embodiments that consist
essentially of the elements, ingredients, components or steps. Plural elements, ingredients,
components or steps can be provided by a single integrated element, ingredient, component or
step. Alternatively, a single integrated element, ingredient, component or step might be divided
into separate plural elements, ingredients, components or steps. The disclosure of “a” or “one” to
describe an element, ingredient, component or step is not intended to foreclose additional

elements, ingredients, components or steps.
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CLAIMS

What is claimed is:

1. An article comprising:
a fibrous structure including one or more nonwoven material layers comprising a fiber
matrix;
wherein the fiber matrix comprises inorganic fibers in an amount of about 60
percent by weight or greater, and wherein at least the inorganic fibers in the fiber matrix

are adapted to withstand temperatures of up to about 1150 °C .

2. The article of claim 1, wherein one or more nonwoven material layers are formed by

vertical lapping, rotary lapping, or cross lapping.

3. The article of claim 1, wherein one or more nonwoven material layers are formed by air

laying or mechanical pleating.

4. The article of any of the preceding claims, wherein the inorganic fibers are present in the

nonwoven material layer an amount of about 65 percent by weight or greater.

5. The article of any of the preceding claims, wherein the inorganic fibers are present in the

nonwoven material layer an amount of about 70 percent by weight or greater.

6. The article of any of the preceding claims, wherein the inorganic fibers are present in the

nonwoven material layer an amount of about 80 percent by weight or greater.

7. The article of any of the preceding claims, wherein the inorganic fibers are ceramic fibers

and/or silica-based fibers.

8. The article of claim 7, wherein the ceramic fibers and/or silica-based fibers are formed
from polysilicic acid (Sialoxol or Sialoxid), may contain traces of other minerals, other
types of ceramic and/or silica-based fibers, and any modifications with compounds of

siloxane/siloxyl, silane, and silanol.

9. The article of any of the preceding claims, wherein the inorganic fibers are fibers based

on an amorphous aluminum oxide containing polysilicic acid.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The article of any of the preceding claims, wherein the fiber matrix includes a polymeric

binder.

The article of claim 10, wherein the polymeric binder is a bicomponent binder.

The article of claim 10 or 11, wherein the polymeric binder comprises polybutylene
terephthalate (PBT); polyethylene terephthalate (PET), including modified PET or co-
PET, polyamides, such as Nylon; a blend of polyamide/PET or polyamide/PBT; or a
combination thereof; and optionally includes a sheath that is amorphous, crystalline, or

partially crystalline.

The article of any of claims 10 to 12, wherein the polymeric binder volatilizes away upon

exposure of the article to high temperatures.

The article of any of claims 10 to 13, wherein the polymeric binder has a softening

and/or melting temperature of about 110 °C or greater.

The article of any of claims 10 to 14, wherein the polymeric binder has a softening

and/or melting temperature of about 210 °C or greater.

The article of any of claims 10 to 15, wherein the polymeric binder has a softening

and/or melting temperature of about 250 °C or less.

The article of any of the preceding claims, wherein the remainder of the fiber matrix

comprises binder and/or filler.

The article of any of the preceding claims, wherein the binder is present in the fiber

matrix in an amount of about 40 percent by weight or less.

The article of any of the preceding claims, wherein the binder is present in the fiber

matrix in an amount of about 30 percent by weight or less.

The article of any of the preceding claims, wherein the fiber matrix is free of binder.
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21

22.

23.

24.

25.

26.

27.

28.

29.

30.

. The article of any of the preceding claims, wherein the fibers are arranged to form a

series of loops extending from one surface of the fiber matrix to an opposing surface in

the thickness direction.

The article of claim 21, wherein fibers of one or more surfaces of the fiber matrix are

mechanically entangled to join peaks of the loops of together.

The article of claim 21, wherein fibers of the one or more surfaces of the fiber matrix are

melted by IR heating, hot air stream, or a laser beam to form a skin-like outer layer.

The article of any of the preceding claims, wherein the fibrous structure includes one or
more films, facings, scrims, skins, fabrics, or a combination thereof laminated to one or

more sides of the one or more nonwoven material layers.

The article of claim 24, wherein the one or more films, facings, scrims, skins, or fabrics
have a temperature resistance that is greater than or equal to the temperature

resistance of the polymeric binder fibers.

The article of claim 24, wherein the one or more films, facings, scrims, skins, or fabrics
have a temperature resistance that is less than or equal to the temperature resistance of

the polymeric binder fibers.

The article of any of the preceding claims, wherein the article includes two or more

nonwoven material layers comprising a fiber matrix.

The article of claim 27, wherein the article includes a scrim between the two or more

nonwoven material layers.

The article of any of the preceding claims, wherein the article includes a nonwoven
material layer comprising a fiber matrix sandwiched between a film layer and a
hydrophobic, air flow resistive spunbond (S) layer, a spunbond and meltblown (SM)

layer, or a spunbond + meltblown + spunbond (SMS) layer.

The article of any of the preceding claims, wherein the fiber matrix includes fibers of low

flame and/or smoke emitting type.
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31

32.

33.

34.

35.

36.

. The article of any of the preceding claims, wherein the fiber matrix includes fibers having

a limiting oxygen index according to ASTM D2836 or ISO 4589-2 of 25 or greater.

The article of any of the preceding claims, wherein the fibers of the fibrous structure are

oriented about + 45 degrees from vertical (e.g., in the thickness direction).

The article of any of the preceding claims, wherein the fiber matrix includes fibers that

are generally vertically or near-vertically oriented.

The article of any of the preceding claims, wherein the fiber matrix includes fibers that
are generally oriented in a Z-shape, an S-shape, or a C-shape over the thickness of the

fiber matrix.

The article of any of the preceding claims, wherein the fiber matrix is formed by

distributing fibers via an air laying process.

The article of any of the preceding claims, wherein the fibrous structure is

thermoformable.
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