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FIG. 2

is adapted to at least partially surround an item to be insulated, and wherein
the material provides thermal insulation and reduces amplitude of temperature
fluctuations on the item to be insulated.
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NONWOVEN FIBER STRUCTURE FOR USE AS AN INSULATOR

FIELD
{001} The present teachings relate generally to a fibrous material for providing insulation,
and more particularly, 1o a nonwoven fibrous material structure for providing thermal insulation
capabilifies.

BACKGROUND

{002] A transportation battery {e.g., a baltery for a vehicle) can be affected by ambient
temperature fluctuations, particularly where vehicles are exposed 1o drastic temperature changes.
The life of the battery degrades over time as a function of the magnitude and frequency of these
temperature fluctuations.

{603} In an attempt to protect against these drastic temperature fluctuations, insulation
materials may be used  Bxisting insulafors include foam materials, such as open-cell
polyurethane foams or closed-cell elastomeric foams, or fiberglass. However, these insulators
lack the flexibility to tune the insulation propertiss.

{D04] The foam materials are produced to a single density due to its homogeneous
formulation, so thickness and weight are coupled. Foam materials may alse have a temperature
resistance that is lower than desired. Melamine foam, for example, is commoniy used as an
insulation material. However, the material is brittle, creates a lot of dust, is typically manufactured
with unsafe chemicals (and is toxic itself before it fully reacts), and doss not mald well. s raw
material supply is limited, as the materials are costly, and they can only be obtained in particular
dimensions. Open cell polyurethane foams are also commonly used. However, polyurethane
has a low temperature resistance, where the maximum temperature it can withstand is about 120
degrees C to about 130 degrees C. Due to the lower temperature desistance, the polyurethane
foams can degrade guickly when regularly exposed o exireme temperatures. The foams may be
made from {oic ingredients, may be heavy, or may have a reduced thermoacoustic performance
fevel. The celltdar structures of foams, such as melamine or urethane foams, may aiso 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.
{005] Furthermore, fiberglass may have a higher thermal conductivity than desired due
to the nsaturally higher conductivity of glass. Due to the reduced flexibility in tuning insulation
properties, manufacturers have to over-design the battery to ensure that the battery maintains a
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minimally accepted maximum potential over the quoted life {e.g., the warranty period} of the
battery.

[0086] it is therefore desired to insulate a battery or other tem requiring insulation to
reduce the amplitude, and thus the impact, of temperature fluctuations to enhance the longevity
of the battery or other item to be insuilated. 1 is also desired o reduce the amount of time the
hattery or other em to be insulated experiences extreme temperatures, such as the highest or
time the battery or item {0 be insulated sees extreme temperatures may aiso be less {eqg,, the
time above or below a certain extreme temperature should be less). It is also desired to provide
a structure that allows the battery {o last longer by holding its maximum potential or maximum
charge capability over a longer period of time. [t is also desired (o provide an insulator material
having lower {i.e., better) thermal conductivity 1o provide thermal insulating benefits. It may also
be desirable 1o provide an insulator that is more easily tuned or muodified (e.qg., during the
manufacturing process) 1o provide the desired thermal insulating characteristics. #t, therefore,
may als¢ be desirable 1o provide an insulation material that has more degrees of freedom for
tuning. It may aiso be desirable o provide an insulator that provides greater predictability in
insulation so that manufacturers can produce smaller andfor lighler-weight batteries with the
ahility 1o predict that the battery life {e.g., maximum charge potential) will nat drop as much or as
quickly over time due to the insulation material surrounding the battery. it may also be desirable
to provide an insulator that is easily shaped to form a structure capable of receiving or being
sacured around an iem © be insulated, such as a battery. Furthermare, it may be desirable to
provide an insulation material that also provides acoustic characleristics, such as (o absorb
additional sound coming from an engine, to improve the averall noise levels of a vehide, toreduce
vibrational effecis on the item o be insulated (e.g., & battery) o improve performance and
fongevity of the battery. 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.
It may also be desirable 1o provide a flexgble material, a material made with less toxic or non-toxic
materials, a2 moldable material, or a combination thereof.

SumMmary
[007] The present {eachings meet one or more of the above nseds by the improved
devices and methods described herein. The present teachings provide improved insulation with
a fibrous structure having a fiber matrix. The fiber matrix comprises a lofted fibrous nonwoven
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material. The lofted fibrous nonwoven material may be adapted {o at least partially surround an
ftem {o be insulated. The material may provide thermal insulation and reduce the amplitude of
temperature fluctuations on the item fo be insulated. The material may reduce the amount of time
the battery or other item {0 be insulated experiences extreme temperatures, such as the highest
ar lowest temperature of the temperature fluctuations. By reducing the temperature fluctuations,
the ime the hattery or item 10 be insulated sees exireme temperatiures may also he less (e.g., the
itemn to be insulated may be an outdoor transportation battery. The fiber matrix may include fibers
selected from polyester fibers, polybutylene terephthalate (PBT), polyethviene terephthalate
{PET), co-polyester/polyester (CoPET/PET) adhesive bicomponent fibers, polyacrylonitrile
{PAN), oxidized polyacrylonifrile (Ox-PAN, OPAN, or PANQX}, aramid, olefin, polyamide, imide,
polyetherketone (PEK), polyetheretherketone (PEEK), polyethersulfone (PES), mineral, ceramic,
patural or another polymeric fiber, or any combination thereof. The fiber matrix and/or other layers
of the material may include inerganic fibers, The fibers forming the fiber matrix may have non-
may have IR reflective properties. The IR reflective fibers may include metallized fibers. One or
more layers of the material may be IR reflective. Metallization of the fibers or at least a portion of
a layer of the fibrous structure may be performed by distributing metal atoms on the surface of
the fibers. The fibers may be generally vertically or near-vertically oriented. The fibers may be
generally oriented in a Z-shape, an S-shape, or a C-shape when viewing a cross section or the
thickness of the fiber matri. The fiber malrix may be compressad to alter the orientation of the
fibers {e.4., to tune the thermal insulation of the fibrous structure). The fiber matrix, or the fibrous
structure, may be compressed by about 25% or more. The fiber malix may be formed by
distributing fibers via an air laying process. The fiber matrix may be formed by distributing and
arranging fibers via a carding and lapping process. The fiber matrix may include one or more
additives selected from recycled waste, virgin {non-racycled) materials, binders, fillers {e.q.,
mineral fillers), adhesives, powders, thermoset resing, coforing agents, flame retardants, and
longer staple fibers, or a combination thereof. The fibrous structure, or one or more layers thereof,
may be thermoformable. The fibrous structure may include one or more flexible portions, one or
more perforated portions, one or more thermoformed edges, or the like to allow the fibrous
structure 0 be positionad at least partially around the ftem to be insulated. The fibrous structure
may include one or more fasteners for securing the fibrous structure within an assembly, for
securing the fibrous structure o the item to be insulated, or for holding the fibrous structure in a
desired shape. The fibrous structure may include one or more adhesives for securing the fibrous
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structire within an assembly, for securing the filrous structure to the Hem to be insulated, or for
holding the fibrous structure in a desired shape.

[008] Any combination of the following features of the nonwoven material are also within
the scope of the teachings herein.

{009] The present teachings, therefore, provide a tunable insulator that may be 3D
moidable, allow for mechanical features fo be in-sitt molded, allow for mechanical value-add
attributes such as fastening/assembly mechamsms and folding or bending functionality. The
present teachings may also provide for the ability to obtain a high-loff material at a relatively low
weight with good resiliency and thickness retention, in combination with unique fibers, facings,
and physical modifications to the three-dimensional structure {e.q., via processing), 1o create good
thermal insulation capabilities versus fraditional insuiation materials.

DESCRIPTION OF THE DRAWINGS
{6010] Fig. 1 is a cross-sectional view of an exemplary nomwoven fibrous structure in
accordance with the present teachings.
[0011] Fig. 2 is a cross-sectional view of an exemplary nonwoven fibrous structure that
has beean gauged down in accordance with the present teachings.
{0012] Fig. 3 is a side view of an exemplary nonwaoven fibrous stucture in accordance
with the present teachings that has not been compressed.
[0013] Fig. 4 is a side view of an exemplary nonwoven fibrous structure in accordance
with the present teachings with medium comprassion.
{0014] Fig. 5 is a side view of an exemplary nonwoven firous structure in accordance
with the present teachings with high compression,

DETAILED DESCRIPTION
{00185] The explanations and illustrations presented herein are intended 1o acquaint others
skifled 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
raguirements of a particular use. Accordingly, the specific embadiments 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 delermined not with reference 1o the description herein, but should
instead be determined with reference {o the appended claims, along with the full scope of
equivalents to which such claims are entitled. The disclosures of all articles and references,
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including patent applications and publications, are incorporated by reference for all purposes.
Other combinations are also possibie as will be gleaned from the following claims, which are also
hereby incorporated by reference into this written description.

[0016] insutation materials, such as fibrous structures, may have a wide range of
applications, such as in automaotive applications, generator set engine compariments, commercial
vehicle engines, in-cab areas, construction equipment, agriculfure equipment, architectural
applications, flooring, floormat underlayments, and even heating, ventilating and air conditioning
{(HVAC) applications. Insulation materials may be used for machinery and equipment insulation,
motor vehicle insulation, domestic appliance insulation, dishwashers, and commercial walt and
ceiling panels. insulation material may be used in an engine cavity of g vehicle, on the inner
and/or outer dash panels, or under the carpeting in the cabin, for example. insulation materials
may ailso 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
jocated). The insulation material may also serve as a sound attenuation material in a vehicle,
attenuating sound originating from outside a cabin of a motor vehicle and propagating foward the
inside of the cabin.

o017} The present teachings envision the use of a fibrous structure for providing
insulation. For example, the fibrous structure as described herein may be atleast partially formed
or wrapped around a battery or another item to be insulated. The fibrous structure may be shaped
to surround a plurality of sides of the battery or other item to be insulated. While balteries are
specifically referenced herein, it is to be understoad that the fibrous structure disclosed herein
can be used 1o provide insulation to other Hems, and this disclosure is not limited to use with
hatteries. For example, other applications may include, but are not imited to, in-cabin insulation
and/or external heat shielding for transportation and off-highway vehicles; thermoacoustic
insulation In generator sets, air compressors, HVAC unils, or other stationary or mobile
mechanical unit where heat or noise is generated. The fibrous structure may be formed into the
shape of a box or ¢ther enclosure, The fibrous struciure may be maldable or otherwise shaped,
thereby allowing for mechanical features to be in-situ molded or for allowing fastening or assembly
mechanisms to be included. The fibrous structure may have folding and/or bending functionality
{i.e., (o aliow the structure 1 be secured ground the item {o be insulated). The fibrous structure
includes a fiber matrix. The fiber matrix may be alofied, nonwoven material. The fibrous structure
may include a plurality of layers (e.g., higher density materials, porous limp sheets, fabrics, scrims,
meshes, etc.). The layers may be attached to each other by one or more lamination processes,
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one or more adhesives, heat sealing, sonic or vibration welding, pressure welding, or a
combination thereof.

[6018] The fibrous structure may include a fiber matrix. The fiber matrix may provide
sufficient insulation by itself. The fiber matrix may have one or more layers located thereon or
sagured thereto to enhance insulation, sound absorption, structural properties, protection o the
item o be insulated, infrared reflectivity, temperature and/or flame resistance, or any combination
thereof. The layers on the fibrous matrix 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 laver {e.q., vertical or near-vertical orientation). The fibrous
structure may be of 3 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, layers,
physical modifications o the three-dimensional structure (e.g., via processing), orientation of
fibers, or a combination thereof, may exhibit good thermal insulation capabilities versus traditional
insufation materials.

[0019] The fibrous structure may include a fiber matnx that functions 1o provide insulation,
acoustic absorption, structural support andfor protection to the item around which the fibrous
structure is formed or positioned. The fiber matrix can be adjusted based on the desired
properties. For example, the fber malrix may be tuned o provide a desired weight, thickness,
compression resistance, or other physical attributes. The fiber malrix may be tuned {0 provide a
desired thermal conductivity. The fibrous malrix may be formed from nonwoven fibers. The
fibrous matrix may thus be g nonwoven structure. The fibrous matrix may be g lofted material.
The fibers forming the fiber matrix may be a unigue mixture of vertically or near-vertically oriented
fibers. The fibers forming the fiber matrix may be a unigue milure of fibers having a generally Z-
shape, C-Shape, or §-shape, which may be formed by compressing fibers having a vertical or
near-vertically orientation.

{0020] The material fibers that make up a fiber matyix {or at least a portion of the fiber
matrix) may have an average linear mass density of about 0.5 denier or greater, about 1 denier
or greater, or about & denier or greater. The maternial fibers that make up the fiber matrix {or at
least a portion of the fiber matrix) may have an average linear mass density of about 25 denier or
less, about 20 denier or less, or aboul 15 denier or less. Fibers may be chosen based on
considerations such as cost, resiliency, desired thermal conductivily, infrared reflectivity,
temperature and/or flame resistance, or the likke. For example, a coarser blend of fibers (8.q., &
blend of fibers having an average denier of about 12 denier) may help maintain thickness of the
matrix during molding so that the fiber may fill the thickest areas of the mold. This blend of fibers
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may provide resiliency to the fiber matrix. A finer blend may be used, for example, if thermal
conductivity may be further controlled. The fibers may have a staple length of about 1.5
millimeters or greater, or even up to about 70 millimeters or greater (e.q., for carded fibrous webs).
For example, the length of the fibers may be bstween about 30 millimeters and about 65
millimeters. The fibers may have an average or conynaon length of about 50 to 60 millimeters
staple length, or any length typical of those used in fiber carding processes. Short 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 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). Fibers of differing lengihs
may be combined to provide desired insulation and/or acoustic properties. The fiber length may
vary depending on the application; the insulation properties desired; the acoustic properties
desirad; 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 andior any other
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 pare size {o be more readily contralied in
order to achieve desirable characteristics (e.g., acoustic and/or insulation characteristics).

{0021} The fibers forming the fiber matrix may be natural or synthetic fibers. Suitable
natural fibers may include cotfton, jute, wool, cellulose, glass, and ceramic fibers. Suitable
synthetic fibers may include polyester, polypropyviens, polvethylene, Nylon, aramid, #nide,
acrylate fibers, or combination thereof. The fiber matrix material may comprise polyesier fibers,
such as polyethylene terephthalate (PET), pdlybudylene terephthalate (PBT), and ¢o-
polyester/polyester {CoPET/PET) adhesive bi-component fibers. The fibers may include
polyacrylonitrile {(PAN), oxidized polyacrylonitrile {Ox-FAN, OPAN, or PANQOX), olefin, polyamide,
polyetherketone (PEK), polyetherstherketone {PEEK), polyether sulfone (PES), or other
polymeric fibers, The fibers may include mineral or ceramic fibers. The fibers may be formed of
any material that is capable of being carded and lapped into a three-dimensional structure. The
fibers may be 100% virgin fibers, or may contain fibers regenerated from posteconsumer waste
{for exampie, up to about 80% fibers regenerated from postconsumer waste or even up to 100%
fibers regenerated from postconsumer waste). The fibers may have or may provide improved
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
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matrix may inclide or confain engineersd aerogel structures {o impart additional thermal
insulating benefits.

[0022) The fibers forming the fiber matrix and/or one or more other layers {e.g., a scrim)
may include an inorganic material. The inorganic material may be any material capable of
withstanding temperatures of about 250 °C or greater, about 500 *C ar greater, about 750 °C or
greater, abowut 1000 “C or greater. The inorganic material may be a malerial capable of
withstanding temperatures up to about 1200 °C {e.g., up to about 1150 °C). The inorganic fibers
may have a limiting oxygen index {(LOY via ASTM D2836 or {SO 4589-2 for example that is
indicative of low flame or smoke. The LG of the inorganic fibers may be higher than the LOI of
standard binder fibers. For example, the LOI of standard PET bicomponent fibers may be about
20 {o about 23. Therefore, the LO! 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 amound of about 80 percent by weight or greater, about 70 percent by
weight or greater, about 80 percent by weight or greater, or about 80 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 malrix is formed. Where a fiber is needed o bend
more easily, a crimped fiber may be used. The inorganic fibers may be ceramic fibers, glass
fibbars, mineral-based fibers, or a combination thereof. Ceramic fibers may be formed from
polysilicic acid (2.g., Slaloxol or Bialoxid), or derivatives of such. For example, the inorganic fibers
may be based on an amorphous aluminum oxide containing polysilicic acid. Sioxane, silane,
and/or silanol may be added or reacted into the fiber matrix {o impart additional functionality.
These maodifiers could include carbon-containing components.

{0023] The fibers, or al least a portion of the fibers, may have high infrared reflectance or
fow emissivity. At least some of the fibers may be metallized {o provide infrared (IR} radiant heat
reflection. An entire laver of the material may be infrared reflective. To provide heat reflective
properties to andfor protect the fiber matrix, the fibers or one or more lavers {(or a portion thereof)
of the fibrous structure may be metalized. For example, fibers may be sluminized. The fibers
themselvas may he infrared reflective {e.g., 50 that an additional metallization or aluminization
aluminization processes can be performed by depositing metal atoms onto the fibers and/or one
or more layers of the fibrous structure. As an example, aluminization may be established by
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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.

{0024] The metallization may provide a desired reflectivity or emissivity,. The metallized
fibers may be about 50% IR reflective or more, about 85% IR reflective or more, or about 80% IR
reflective or more. The metallized fibers may be about 100% IR reflective or less, about 98% IR
reflective or less, or about 88% IR reflective or less. For example, the emissivity range may be
about 0.01 or more or about 0.20 or less, or 98% to about 80% IR reflective, respectively.
Emissivity may change over time as o, dirl, degradation, and the like may impact the fibers in
the application.

[0025] QOther coatings may be applied to the fibers, metallized or not, to achieve desired
properties. Cleophobic and/or hydrophobic treatments may be added. Flame retardants may be
added. A cofrosion resistant coating may be gpplied 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.

{0026] The fiber matrix {or any other layer of the fibrous structure} may include a binder
or binder fibers. Binder may be prasent 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
hinder could be generally powder-like, spherical, or any shape capable of baing received within
inferstitial spaces between other fibers {e.q., 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
256 °C or greater. The fibers may be high-temperature thermoplastic materials. The fibers may
include one or more of polyamideimide {PA1), high-performance polyamide (HPPA), such as
Nvions: polyimide (Pl polyketone; polysulfone derivatives; polycyciohexane dimethyl-
terephthalate (PCT); fluoropolymers; polyetherimide (PEI; polvbenzimidazole {PBY); polyethylene
terephthalate (PET); polvbulylens terephthalate (FRBT); polyphenylene sulfide; syndiotactic
polystyrene; polyetherether ketone (PEEK); polyphenylene sulfide (PPS), polyether imide {PEl);
and the like. The fiber matrix may include polyacrylate and/or epoxy {e.g.. thermosset andior
thermoptastic type) fibers. The fiber matrix may include a multi-binder system. The fiber matrix
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may include one or more sacrificial binder materials and/or binder materials having a lower
melting temperature than the inorganic fibers.

[0027) The fiber matrix (or any other layer of the fibrous structure} may include a plurality
of bi-component fibers. The bi-component fibers may be a thermoplastic lower melt bi-component
fiber. The bi-component §bars may have 3 lower melting temperaturs than the other fibers within
the mixiure {e.¢., a lower melling temperature than common or staple fibers). The bi-component
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, {abricated, installed as a cut or molded patd, or the like 1o provide insulation
properties, acoustic absorption, or both. The bi-component fibers may include & core material
and a sheath material around the core material. The sheath material may have a lower meiting
point than the core material. The web of Sbrous 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-
is heated to soften the sheath material of the bi-component may depend upon the physical
properties of the sheath material. For a polyethylene or polypropylens sheath, 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 polvbutvlene terephihalate (PBT) sheath, for example, may melt at about 180
degrees C o about 200 degrees C. The bi-component fibers may be formed of short lengths
chopped from extruded H-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
fess, or about 35% or less.

{0028]) 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
{e.q., mineral fillers), adhesives, powders, thermoset resins, coloring agents, flame retardants,
ionger staple fibers, sic., withowt limitation. Any, a portion, or all of the fibers used in the matyix
could be of the low Hame andfor smicke emitling type (e.9., for compliance with flame and smoke
{0029] In some applications, the use of shorter fibers may have advantages for forming
an insulation material that may also exhibit acoustic absorption properties. The selected air flow
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resistivity achieved using short fibers may he significantly higher than the air flow resistivity of a
conventional nonwoven material comprising substantially only conventional staple fibers having
a long fength 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 shaort fibers being able o 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 onfo 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
fabyrinthine 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 nomwoven materials without unacceptably  sacrificing
performance.

[0030] The 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 formatlion, or a combination thereof. Through these processes, the fibers may be
oriented in a generally vertical direction or near-vertical direction {e.q., in a direction generally
perpendicuiar 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
jofted matrix may be engineesred for oplimum weight, thickness, physical atiributes, thermal
conductivity, insulation properiies, acoustic absorption, or a combination thereof

{0031] The fibrous web may bhe formed, at least in part, through a carding process. The
carding process may separate {ufts of material into individual fibers. During the carding process,
the fibers may be aligned in substantially paraliel orientation with each other and a carding
machine may be used o produce the web.

{0032] A carded web may undergo a lapping process 1 produce the lofied fiber matrix.
The carded web may be rotary lapped, cross-lapped or vertically lapped, to form a voluminous or
jofted nonwoven material. The carded web may be vertically lapped according to processes such
as “Struto” or "V-Lap", for example. This consiruction provides a web with relafive high structural
infegrity in the direction of the thickness of the fiber malrix, thereby minimizing the probability of
the web falling apart during application, or in use, and/or providing comprassion resistance {o 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
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vertical crass-section {(e.g., through the thickness of the material} and may enable the production
of a lower mass fiber matrix, especially with lofting o a higher thickness without adding significant
amounts of fiber to the matrix. it is contemplated that a small amount of hollow conjugate fiber
{i.e., in a small percentage) may improve lofting capability and resiliency o improve insulation,
sound absorption, or both. Buch an arrangement also provides the ability to achieve a low density
web with a relatively low hulk density.

[0033] 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 (o form a web. The deposition of the fibers may be performed by means of
pressure of 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
may provide a generally random orientalion 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.

{0034] The fiber matrix formed {(2.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 malrix may have a near vertical orientation, wherein near vertical is measured as within
ahott £ 20 degrees from vertical, about £ 10 degrees from vertical, or about £ 5 degrees from
vegtical, The orientation of fibers may be altered after the carding, lapping, andfor air laying. This
vertical {e.g., via veriical lapping;} or near-vertical orieniation 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 contempiated that the fiber orientation may
be altered to tune the thermal conductivity or insulation capabiliies. The fiber matrix may be
compressed, gauged, thermoiormed, or the like, {0 a reduced thickness. The fiber matrix may be
comprassed 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% of less, or about 80% or less. When the
thickness is reduced, this may cause the fibers to become non-vertical. For exampte, the fibers
or reduction of thickness. A non-vertical fiber orientation {e.g., due to compression, gauging, or
thermoforming) may reduce the direct short-circuit type of conductive heat transfer from one

12



WO 2018/156691 PCT/US2018/019112

surface of the fiber matrix to the other through the fiber filaments. Such non-vertical fiber
orientation may aiso provide for blocking of a direct convective heat transfer path for heat flow
through the fiber matrix. As such, a non-vertical (e.q., Z-type, C-type, or S-type) shape may create
a baffle effect to conductive and/or convective heat transport. While shapes are referred {o herein
as Z-type, C-type, or S-type, the non-veartical 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 irregudar
contour, or may be other types of non-vertical orientations.

{0035] The fiber matrix, the fibers forming the fiber matrix, the resulting fibrous struciure,
or a combination thereof, may be used to form a thermoformable nonwoven material, which
indicates 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 thermoformable
nonwoven material may be heated and thermoformed into a specifically shaped thermoformed
product. The nonwoven matenial may have a varying thickness {and therefore g varied or non-
planar profile} along the length of the material. Areas of lesser thickness may be adapted to
provide controlied flexibility to the fibrous structure, such as to provide an area that is folded (1o
produce a box or other enclosure surrounding the item {o be insulated} or otherwise shaped, such
as o form a cormner or angled portion (e.g., to serve as the vertex between two thicker partions of
the material} to allow the fibrous structure 1o be shaped. The fibrous structure may be shaped
{e.g., by folding, bending, thermoforming, molding, and the like) {o produce a box-like structure or
a structure that is capable of at least partially surrounding the item to be insulated, such as a
hattery. The fibrous structure may include an inner surface, which faces the Hem o be insulated,
and the inner surface may be shaped to generally match the shape of the item to be insulalad so
that the fibrous structure can be installed around the item or so that the item can be received
within the fibrous structure.

{00386] 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 matix 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, or a combination thereof. The one or more layers may be formed
from metals, fibrous material, polymers, or 8 combination thereof. A skin may be formed by
meilting a portion of the layer by applving heat in such a way that only a portion of the layer, such
as the top surface, melts and then hardens {o 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
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structurel. The ability 10 combine layers and skins of matenals having different properties may
aliow the fibrous structure {0 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 conveclive properties), structural properties, or a
combination thereof. The one or mare layers may be secured 1o each other or o 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 act as a moisture barrier 1o keep moisture in
{e.g., within the inner walls of the fibrous structure) or t0 keep moisture out (e.g., away from the
ftem {0 be insulated). The one or more {ayers 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 lavers 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
hinding layers fogsether, or both. 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.q., if the fibrous structure is located in an area that is exposed to high temperatures) andior
may be able {o withstand slevated temperatures. One or more fibrous structure layers may
provide stiffness to the fibrous structure. Additional stiffness, structural properties, comprassion
resistance, compression resiliency, or a combination thereof, may be provided by additional layers
{ar one or more jayers in combination with the one or more fibrous matrix layers). One or more
fibraus struciure layers may provide flexibility and/or softness o the fibrous composite.

{6037 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 aiso be employed to form or may
be included within any of the additional layers of the fibrous structure, such as facing layers andfor
scrim layers. Any of the materials described herein may be combined with other materials
described herein (e.g., in the same layer or in different lavers 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 materals, 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
combinagtion thereof, may be chosen based on the desired properties of each material {e.4g.,
infrared reflectivity, insulation properties, conductive properties, convective propertias), 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,
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the desired weight, density andior 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), the heat and/or flame resistance, 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, t¢ reduce
convective heat fransfer for heat flow through the fibrous structure, or both. One or more fibrous
structure layers may be any material known to exhibit sound absorption characteristics, insulation
characteristics, or both. One or more fibrous structure layers may be at least partially formed as
a web of material {e.q., a fibrous web). One or more fibrous structure layers may be formed from
nonwoven material, such as short fiber nonwoven materials, One or more fibrous structure layers
may be a porous bulk absorber (&.g., a lofted porous bulk absorber formed by a carding andfor
lapping process). One or more fibrous structure layers may be formed by air laying. One or more
of the fibrous structure layers may be able to withstand high temperatures andfor flame at least
temporarily, The fibrous structure may be formed into a generally flat sheeat. The fibrous structure
{e.9., a5 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 enginesred 3D structure. It is clear from these potential
fayers that there is great flexibility in creating an insulation material that mests the specific needs
of an end user, customeyr, installer, and the like.

{0038] The one or more layers may be located on or altached to the fiber matrix. Layers
may be directly attached to the fiber matrix. Layers may be attached indirectly to the fiber matrix
{a.g., via an adhesive layer andior another layer therehelween). For sxample, the fibrous
structure may include one or more facing layers. Any or all of the lavers, such as a facing layer
or an intermediate layer (e.g., a layer between two fiber malrix lavers) may function o 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 pariicles or substances. For example, the fiber malrix may have g facing
fayver on the side of the fiber matrix that faces the item 10 be insulated {e.g., a battery). The fiber
matrix may have a facing layer located on the side of the fiber matrix that faces away from the
item to be insulated. The fiber matrix may be sandwiched between twe {or more} facing andior
scrim 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, reinforced foils {e.q., reinforced aluminum foil},
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woven or nonwoven scrims, fiberglass, norganic fibers, or other materials. The facings or
intermediate layers may be metalized or include fibers that are metalized. One or more facings
and/or intermediate layers may be IR reflective. For example, fibers forming the facing layer {e.g.,
if formed as a scrim) or the surface itself may be metallized to impart infrared reflectivity, thus
groviding an improved thermal insulating value 1o the overall fibrous structure. One or more facing
fayers and/or intermediate layers may be moldable {e.g., 10 allow the fibrous structure or parts
thereof to he shaped into a three-dimensional shape). The fibrous structure may be free of a
scrim, facing layer, intermediate layer, or a combination thereof.

{0039] The layers of material forming the fibrous structure {e.q., one or more facing layers)
may be bonded togsther to create the finished fibrous siructure. One or more layers may be
bonded {ogether by elements presentin the layers. For example, the binder fibers in the layers
may serve to bond the layers together. The outer lavers (i.e., the sheath) of bi-component fibers
in one of more layers may soften and/or melt upon the application of heat, which may cause the
fibers of the individual layers 1o adhere {0 each other andfor 1o adhere {0 the fibers of other layers.
may be used to join two or more layers. The adhesives may be a powder or may be applied in
strips, sheats, or as a liquid, for example. The one or more layers may be secured to 2ach other
using any other process suitable for the intended use, such as heal sealing, sonic or vibration
welding, pressure welding, the like, or a combination thereof,

{0040} The fotal 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 4.5 mm
ar mere, about 1 mm or more, or about 1.5 nmam or more. The {otal thickness may be about 300
mm or less, about 250 mim or less, or about 175 mm or less. For example, the thickness may be
in the range of abowt 2 mm to about 155 mm or about 4 mm {o sbout 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 lavers as well. For example, two lofied layers in the fibrous
structure may have different thicknesses. The fibrous structure may be tuned 1o provide desired
insulation characteristics and/or more general broad band sound absorption by adjusting the
specific air flow resistance and/or the thickness of any or alf of the layers.

{0041] A fibreus structure or one or more layers thereof (2.g., nonwoven material) may be
formed to have a thickness and densily selected according to the required physical, insulative,
and air permeability properies desired of the finished fibrous layer (andfor 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
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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 constifute. 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 {0 represent the packing densily of the fibers.

{0042] Insutation 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 instaliation into the end user, installer, or customer's
assembly. The finished fibrous structure, or one or more {ayers thereof, may be flat die cut. The
finished fibrous structure, or ong or more layers thereof, may be pinch formed (e.g., so the edge
heated so it forms a bead}. The finished fibrous structure, or one or more layers thereof, may
have one or more perforations, patterns, thinned portions, andfor thermoformed portions {e.g.,
thermoformed edges) to enable the fibrous structure, or layers therecf, {0 be folded andior
desired shape, such as one or more fasteners {e.g., screws, snaps, staples, ping, nuts, and the
fike), one or more {abs or projections (which may be integrally formed with the fibrous structure)
fitting into an opposing opening, one of more hooks, one or mare haok and eye fasteners, one or
raore adhesives, one or more zZippers, one or more clamps and/or clamping devices, one or more
molded andfor melted sections {e.g., to melt fibers, causing them to bind together}, the like, or a
combination thereof. The fibrous structure, or one or more layers thereo!, may be formed into
any shape. For example, the fibrous structure, ar one or more lavers thereof, may be molded
{e.q., inte a three-dimensional shape} {0 generally match the shape of the area o which it will be
instalied 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.

{0043) The fibrous structure can be tuned to exhibit a desired thermal conductivity, Based
on the processes smployed for creating the fibrous structure and/or the fibers selected, thermal
conductivity can be altered. For exampile, 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 orf thermoformed o have a lower thickness. During the gauging or thermoiforming, the
vertical structure of the fibers may become non-vertical {e.g., having a Z-shape, C-shape, or 8-
shape). The non-vertical or Z-shaps, 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 shori-circuit type of
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conductive heat transfer from one side of the matrix or structure o the other through vertical fiber
fitaments. 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.

{0044] The insulation material as described hergin may also provide sound absorption
characteristics. With fibrous materials, air flow resistance and air flow resistivity are mportant
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 Rayis) by the thickness {in meters) to derive the air flow resistivity measured
in Rayls/im. ASTM standard C522-87 and 130 standard 90563 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 {o specify the air flow
rasistance; howsver other methods and units of measurement are equally valid. Within the context
of the described {eachings, air fow resistance and air flow resistivity can be assumed o 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.  Alr permeability should be
managed to ensure predictable and consistent performance. This may be achieved through
rmanagement 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
he achieved by combining plural nomwoven materials of differing densities together o form a
composite product,

{0045] Insutation, sound absormtion, or both, ¢an be tuned by adding one or more layers
to the fibrous structure. These layers may have different levels of thermal conductivity. These
fayers may have different levels of specific air flow resistance. In a muiti-layer fibrous struciure,
some fayers 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
muiti-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
an, or is adiacent {o one or more layers of a different specific air flow resistance {e.q., a lower air
flow resistance).

{00486] A low density fibrous material, which may be one or more of the fibrous structure
fayers, may be designed to have a low density, with a finished thickness of about 1.5 mm or more,
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about 4 mm or more, about & 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 fess, or about 50 mm or less. The fibrous material, which may be one or more
of the fibrous structure fayers, may be formed as a relatively thick, low density nonwoven, with a
bulk density of 10 kg/m® or more, about 15 kg/m® or more, or about 20 kg/m® or more, The thick,
jow density nonwoven may have a bulk density of about 200 kg/m® or less, about 100 kgim® or
less, or about 60 kg/m® or less. The fibrous material {e.g., serving as one or more fibrous structure
fayers) thus formed may have an air flow resistivity of about 400 Rayis/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 abowt 200,000 Ravis/m or less, about 150,000 Rayis/m or less, or about 100,000
Rayls/m or less. Low density fibrous composite materials may even have an air How resistivity of
up to about 275,000 Rayls/m.

{60471 Additionat sound absorption may also be provided by a skin layer on the fibrous
composiie layer {e.g., by an in-sity skinning process). A skin layer of the fibrous composite may
provide additional air flow resistance {or air flow resistivity} {o the fibrous composite. For example,
the skin layer may have an air flow resistivity of about 100,000 Rayls/m or higher, about 275,000
Rayls/m o higher, 1,000,000 Rayis/m or higher, or even 2,000,000 Rayls/m or higher.

{0048] The fibrous structure may cover at least a portion of an tem to be insulated. The
fibrous structure may be secured at least partially around an item to be insulated. The fibrous
sfructure may be secured within an assembly, such as an automotive assembly. The fibrous
structure may be secured to the ilem (o be insulated. One or maore fibrous structure layers may
attach directly to a wall, surface of a substrate, surface of the item {0 be insulated, or a
combination thereof The fibrous structure may be atlached 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 {o 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 1o a substrate, another portion of the fibrous structure, another fibrous
sfructure, or a combination thereof, The fastener, adhesive, or other means of altachment may
be able to withstand the elements to which i is exposed {e.q.. temperature Huctuations).
Fasteners may include, it are not limited to, screws, nails, pins, bolls, friction-fii fasteners,
snaps, hook and eye fasteners, zippers, clamps, the like, or a combination thereof, Adhesives
may include any type of adhesive, such as a tape malerial, a peel-and-stick adhesive, a pressure
sensifive adhesive, a hot melt adhesive, the ke, or a combination thereof. The fastener or
adhesive, for example, that joins portions of the fibrous structure together may allow the fibrous
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structure (o enclose or at least partially surround the item o be insulated and may hald 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 a vehicle assembly, to hold the fibrous
structure in place within the assembiy.

{0049] The one or more fasieners 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 fastensr portion (6.9., at one end of the fibrous structure},
and a corresponding opening or female-type fastener portion {e.q., on the opposing end of the
fibrous structure) that can be received within the male-type fastener portion to hold the fibrous
sfructure in a desired position. When the fibrous structure is to be formed into the desired shape
{e.q., to surround the item o 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 1o be insulated, the ends of the fibrous structure can be secured together to hold
the fibrous structure in position around the item o be insulated.

[0050] The adhesive may be a pressure sensitive adhesive (PSA)Y. The PSA may be
focated o 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 {o 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 {o be insulated, which may allow the fibrous
structure 10 be secured {o 2 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
andfor position. The PSA may be located between one or more layers of the fibrous structure
{e.9., to join one or more layers). The PSA may be applied from a roll and laminated to at leasta
portion of the fibrous structure. A release liner may camry the PSA. Prior to installation of the
fibrous structure, the release liner may be removed from the PSA o gllow the fibrous structre fo
be adhered {o 8 substrate, the item 1o be insulated, or 10 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 intermitient coaling may be
applied in strips or in any pattern, which may be achieved by hot-melf coating with a slot die, for
example, although it can also be achieved by coating with a patterned roller or a series of solenoid
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activated narrow siot coating heads, for example, and may also include water and solvent based
coatings, in addition to hot-meit coating. Where the PSA coaling is applied intermiftently, the
spacing of the strips or other shapse may vary depending on the properties of the fibrous structure.
For exampie, a lighter fibrous material may need less PSA to hold the material in place. A wider
spacing of 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 subsirate {o be lifted easily when i
is to be peeled away {o adhere the fibrous structure material to another surface. The pressure
sensifive adhesive substance may be an acryvlic 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 o about 75
microns, for exampie. 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 a result of irradiation or another curing method. For example, the PSA substance may comprise
RSA substance may be cured without UV curing. For example, the PSA could be a solvent or
emudsion acrylic which may not require UV cwing.

{0051) The finished fibrous structures provide advantages over traditional insulation
and/or sound absorption materials. For example, finished fibrous structures may be able o be
molded. The finished fibrous structures may be flexible. The fibrous structures may not be as
brittle as melaming, for example. The finished fibrous structure may have more accessible andior
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
aliows for evaporation of moisture prior to development of any mokd or mildew, for example, The
finished fibrous structure 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, ioft of the malrix, direction of the fibers within the
matrix, and the like)}, chemistry, method of bonding, and the like. His cantemplated that the fibrous
structure may have any of the following advantages over other matenials traditionaily 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
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comprassion resistance and performance stability {versus mineral wool, for example), easier
fabrication and insialiation (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 foxicity (versus resonated natural fiber and fiberglass type products, for
example); improved flexibilily andior softness {versus a3 honeycomb struciure, for example);
improved ability t0 mold info a desired shape (versus a honeycomb structure, for example);
improved ability fo tune more parameters in the absorption matrix, such as fibers, layers,
thickness, and bulk density {versus & honeycomb structure, for example);, and structural
properties, such as by providing a desired stiffness to the material.

{0052] Turning now {¢ the figures, Figure 1 #lustrales a cross-sectional view of an
exemplary fibrous structure 10. The fibrous structure 10 includes a fiber matrix 12, which has
generally vertically orlented or near-vertically oriented fibers. The fiber matrix 12 may include IR
reflective fibers. The fibers may be metallized (e.q., aluminized) or may be otherwise IR reflective.
The fibrous structure 10 also includes an optional facing layer 14, which may be a film {e.q.,
reinforced; or @ nonwoven or woven scrim, for example. The optional facing layer 14 may be IR
heat reflective. The oplional facing layer 14 may be punciure-resistant. The filrous structure 10
also includes an optional second layer 18 on the opposing side of the fiber mairix 12, which may
be a second facing material or may be a pressure sensitive adhesive. The optional second layer
16 may be the same material as the optional facing layer 14, or may be different.

{60531 Figure 2 #lustrates a cross-sactional view of g gauged down fibrous structure 10,
such as the fibrous structure 10 of Figure 1, which has baen compressed with heat and pressure
to produce a structure having a smaller thickness. The gauged down filrous structure 10" includes
a fiber matrix 12" having a fiber orientation having a generally Z-shape (though other shapes are
contemplated), which occurs due to the gauging down of previously vertically oriented or near-
vertically oriented fibers. The gauged down fibrous structure 10" also includes an optional facing
fayer 14, which may be a film (e.g.. petforgted or impermeable); foll {e.g., perforated or
impermsable)}, which may be plain or reinforced; or a nonwoven or woven scrim, for example.
The optional facing layer 14 may be IR heat reflective. The optional facing layer 14 may be
punciure-resistani. The gauged down fibrous structure 10 also includes an optional second layer
16 on the oppasing side of the fiber matrix 12°, which may be a second facing material or may be
a pressure sensitive adhesive. The optional second layer 16 may be the same material as the
optional facing layer 14, or may be different.
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{0054] Figures 3, 4, and 5 are photographs of a side view of exemplary fibrous structures
structure with no compression. The fibers are generally vertically oriented. Figure 4 flustrates a
fibrous structure with medium compression. Medium compression may be about 10%
compression to about 30% compression. The fibers are oriented in a slight C-shapa. Figure 5
lustrates a fibrous structure with high compression. High compression may be comprassion that
is abotd 30% or greater. The fibers are oriented to have generally non-vertical orientations, such
as strong Z-shapes and strong S-shapes.

{Hfustrative Examples

[0055] The following examples are provided to illustrate the disclosed fibrous structure
and layers thereof, bul are not intended to limit the scope thereof.

{00586] Example 1

[0057] A fibrous matrix is prepared {o create a fine denier composiie of vertically lapped
polyester fibers. The fibers of sach sample composite tested have an average fiber denier of
about 2.1, The fibers have a range of about 1.4 denier o abowt 3.0 denier. The composite
samples are prepared according to the details of Table 1 below, and each sample is a very fine
PET fiber composite, with or without a thin functional facing. Because the facing is thin, the data
shows that the facing does not affect the thermal conductivity of the sample. The composites are
compraessed and the thermal conductivity is measured according to ASTM C518 (Standard Test
Method for Steady-Blate Thermal Transmission Properties by Means of the Heat Flow Meater
Apparatus). Thermal conductivity is provided in Table 1 as a k-value, where the lower the k-value,
the lower the thermal conductivity, which is advantageous for insulation. A k-value below about
0.28 BTU at 22.5 degrees C is satisfactory, and values at or below about 0.26 BTU at 225
degrees C is parficularly desirable. Some samples lested include two layers of composite
material, indicated in Table 1 by “2 x.”" Some samples tested were prepared by two passes through
a lamination process, indicated by “two-pass.” in the Composite Details in Table 1, the reference
to "mm” is the target laminated thickness.

{0058] Comparative Example 1 is g cross-lapped polyethylene terephthalate composite
with a target thickness of 22mm and a weight of 250 g/m*. Comparative Example 2 is an open
cell polyurethane foam with a density of 2 1b/f® with two metallized PET facings. Comparative
Example 3 is a plain melamine foam having a density of @ kg/im®. Comparative Example 4 is an
open cell polyurethane foam with a density of 2 IbA with a metallized PET facing. Comparative
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Example 5 is an open ¢l polyurethane foam with a density of 1.6 AP with a polyurethane film

facing.
[0059] Table 1
Composite Detalls Approx. Tested % k-value (BTU)
Lapped Thickness Compression | @225C
{Pre- {Laminated) from Lapped
Laminated) | {inm) to Laminated
Thickness
{mm}
Very fine PET fiber composite | 30 29 3 Q.27830
Very fine PET fiber composite | 32 286 11 0.27885
Very fine PET fiber camposite, | 55 481 11 0.26720
1-Pass, 51mm, 1200gsm, no
PSA
Very fine PET fiber composite, | 28 243 13 0.27247
25mm, 800gsm
Very fine PET fiber composite | 32 24.4 24 0.27586
Very fine PET fiber composite | 32 242 24 0.27267
veryfine PET fiber composite 128 =~ | 208 b % L 026768
Very fine PET fiber composite, | 36 24.7 31 0.24536
2 x 12.5mm. mPET outer face
Very fine PET fiber composite, | 36 243 33 0.24730
2 x 12.5mm, mPET oufer face
+ mPET in middle
Very fine PET fiber composite, | 38 23.9 34 024252
2 x 12.5mm, no facing or
middie 8im
Very fine FET fiber composite, | 38 18.8 48 0.24342
18mm, 2x400gsm = 800gsm,
wopass oo
Very fing PET fiber composite, | 28 14.3 49 0.26438
14-16mm, 600gsm
Very fine PET fiber composite, | 58 24.8 55 0.24834
1-Fass, Pressed Down to
25mm.i200gsmy | 4 b b
Very fine PET fiber composite, | 56 238 57 0.24037
2 x 28mm = 56mm,
compresseddownto25mm | % b
 Very fine PET fibercomposite |28 =~~~ 1118 1 8 1 023884
Comparative Exampile 1 21.8 21.8 0 0.31712
Comparative Example 2 8 6 0 0.24806
Comparative Example 3 259 2589 o 0.23787
Comparative Example 4 28.1 26.1 0 D.268297
Comparative Example 5 51.3 513 0 0.26824
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{ooen] Example 2

[ooe1] A fibrous matrix is prepared to create a coarse denier composite of vertically
lapped polyester fibers. The fibers of each composite sample tested have an average fiber denier
of about 5 denier. The fibers have a range of about 1.4 denier to about 156.0 denier. The sample
composites are preparad according to the details of Table 2 below, and each sample is a madium-
fing PET fiber composite, with or without a thin funclional facing.. The composites are
compressed and the thermal conductivity is measured according to ASTM C518 (Standard Test
Meathod for Steady-State Thermal Transmission Froperties by Means of the Heat Flow Meter
Apparatus). Thermal conductivity is provided in Table 2 as a k-value, where the lower the k-value,
the lower the thermal conductivity, which is advantageous for insulation. A k-value below about
0.28 BTU at 22.5 degrees C is satisfactory, and values at or below about 0.26 BTU at 22.5
degrees C is particularly desirable. In the Composite Details in Table 2, the reference to “'mm” is
the target laminated thickness.

{0062] Comparative Exampie 1 is a cross-lapped polyethylene terephthalate composite
with a target thickness of 22mm and a weight of 250 g/m*. Comparative Example 2 is an open
cell polyurethane foam with a density of 2 Ib/t® with two metallized PET facings. Comparative
Example 3 is a plain melamine foam having a density of 9 kgim®. Comparative Exampls 4 is an
open cell polyurethane foam with a density of 2 b/fP with a metallized PET facing. Comparative
Example 5 is an open cell polyurathane foam with a density of 1.6 IbAP with a polyurethane film

facing.
[0063] Table 2
Sample Composite Approx. Tested % k-value
Lapped Thickness Compression | (BTWU)
{Pre- {Laminated) from Lapped | @ 22.5
Laminated} | {mm) to Laminated | C
Thickness
{mmj)
Medium-fine PET fiber composite, | 55 48.6 10 02728
S1mm, 1200gsm, no PSA, no 5
Facing
Medium-fine PET fiber composite, | 28 22.8 19 0.2748
25mim, 500gsm 8
Medium-fine PET fiber composite, | 22 17.6 20 0.2713
20mm, 300gsm, no PSA &
Medium-fine PET fiber composite, |28 212 24 0.2766
A9mm, 500gsm, nePSA Vo 3
Medium-fine PET fiber composite, | 28 12.3 31 0.2703
19mm, 700gsm, no PSA 2
Medium-fine PET fiber composite, |18 11.8 34 0.2558
18mm, 250gsm, no PSA 3
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Medium-fine PET fiber composite, | 28 18.4 35 0.2604
20mm, 500gsm, no PSA 7
Medium-fine PET fiber composite, |18 11.8 36 0.2559
10mm, 250gsm, no PSA 7
Medium-fine PET fiber composite, | 85 249 55 0.2621
Stmm taken down to 25mm, 4
1200gsm, plain
Comparative Exampiet 218 21.8 0 0.3171
2
Comparative Example 2 & 5 ] (3.2480
8
Comparative Example 3 259 259 a 02378
7
Comparative Example 4 26.1 26.1 4] 0.2628
7
Comparative Example § 513 513 0 0.2682
S N S BU. . S
[0064] The examples show the effect of thermal conductivity as a function of the

comprassion of the three-dimensional fiber matrix. A drop in thermal conductivity is experienced
with the compression of the sample. Compression of the sample provides a non-vertical
arientation of the fibers, forming the Z-shape, C-shape, or S-shape cross-section, and when
comprassed by about 30% or more, there is a noficeable drop in k-value. The samples {ested
exhibited & lower thermal conductivity or similar thermal conductivity to the Comparative
Examples, showing that the fiber matrices as described herein, even with minimal compression,
outperform traditional insulation materials or perform as well as traditional insulation materials
without the disadvantages of these traditional materials, such as briteness, toxicity, inability to
mold, higher weight, slow-drying, and quicker degradation, for exampile.

{0065] The compression of the fiber matrix of the present teachings reduces the free
volume {e.g., reducing the size of the interstitial spaces) between the fibers, thus reducing the
amount of localized convective heat fransfer within the matrix. The non-vertical fibers create a
more restrictive conduction path from one side o the other (e.g., through the thickness) versus a
pre-comprassed vertical fiber. When the fibers are made non-vertical, there may be more fiber-
to-fiber interaction, creating localized resistiances 1o conduction between fiber-to-fiber contact
points.

[00686] While the present {eachings pettain to a thermoformable or otherwise shaped
material, it is contemplated that the insulator may be formed from a plurality of individual fibrous
structures secured together, For example, individual fibrous structures may be joined together to
form a box or partial box shape. These fibrous structures may be joined via one or more fasteners,
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ohe or more adhesives, one or more hinges {or materials, such as a facing layer joining two
contempiated that the fibrous structure may cover only a portion of an item 1o be insulated. The
fibrous structure may cover ong or more sides of the item to be insulated. For example, the
fibraus structure may generally be a sheet that lays over the item to be insulated. The fibrous
structure may be secured {0 a substrate so that the Hem 10 be insulated is essentially sandwiched
between the fibrous structure and the substrate,

{0067} 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 ail values
from the lower value to the upper valug 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 o 85, 22 10 88, 4310 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 loweast
value, and the highest value enumerated are to be expressly stated in this application in a similar
raanner. Unless otherwise stated, all ranges include both endpoints and all numbers between the
endpoints. The use of "aboul” or “approximately” in connection with a range applies to both ends
of the range. Thus, “about 20 to 30" is intended t¢ cover "about 20 {0 about 307, inclusive of at
feast the specified endpoints. The term “consisting essentially of {o describe a combination shall
include the elements, ingredients, components or sleps identified, and such other slements
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
sssentiaily of the elements, ingredients, components or steps, Pliral elements, ingredients,
components or steps can be provided by a single integrated slement, 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 *@” or "ong” to
describe an element, ingredient, component or step is not intended {o foreclose additional
alements, ingredients, components or steps.
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CLAIMS

What is claimed is;

1.

93]

An article comprising:
a fibrous structure including a fiber matrix comprising a lofled fibrous nonwoven material,
wherein the lofted fibrous material is adapted to at least partially surround
an item to be insulated, and
wherein the matenal provides thermal insulation and reduces amplitude of
temperature fluctuations on the item 1o be insulated andfor reduces time at which
the item to be insulated experiences a highest or jowest temperature of the
temperature fluctuations.

The article of claim 1, wherein the item to be insulated s an cutdoor transpartation
batiery.

The article of claim 1 or claim 2, wherein the fiber matrix includes fibers selected from
selected from polyester fibers, polybutylane terephihalate (PBT), polyethylene
ferephthalate (PET), co-polyester/polyester (CoPET/RPET) adhesive bicomponent fibers,
polyacrylonifrile (PAN), oxidized polyacrylonitrile {Ox-PAN, OPAN, or PANQX}, aramid,
olefin, polyamide, imide, polyetherketone (PEK), polystheretherketone (PEEK},
polyethersulfone (PES), mineral, ceramic, natural or another polymeric fiber, or any
combination thereof.

The article of any of the preceding claims, wherein the fiber malrix includes fibers of non-
circutar or non-cylindrical geometries.

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

The article of any of the preceding claims, wherein the fiber malrix includes fibers having
IR reflective properties.

The article of claim 6, wherein the fibers having IR reflective properties include
metallized fibers.

28



WO 2018/156691 PCT/US2018/019112

8. The article of claim 7, wherein metallization of the metallized fibers is performed by
distributing metal atoms on the surface of the fibers.

8. The article of any of the preceding claims, wherein the fiber matrix includes fibers that
are generally vertically or near-vertically oniented.

10. The arlicle of any of claims 1 {o 8, wherein the fiber matrix includes fibers that are
generally oriented in a Z-shaps, an S-shape, or a C-shape over the thickness of the fiber
matrix.

11. The article of any of the praceding ¢laims, wherein the fiber malrix is compressed to alter
orientation of the fibers.

12. The article of any of the preceding claims, wherein the fiber matrix is compressed by
about 25% or more.

13. The article of any of the preceding claims, wherein the fiber matrix is formed by
distribuiting fibers via an air laying process.

14, The article of claims 1 to 12, wherein the fiber matrix is formed by distributing fibers via a
carding and lapping process.

15. The article of any of the preceding ¢laims, wherein the fiber matrix includes one or more
additives selected from recycled waste, virgin {non-recycled) materials, binders, fillers
{e.g., mineral fillers), adhesives, powders, thermoset resins, coloring agents, flame
retardants, and longer staple fibers.

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

17. The article of any of the preceding claims, wherein the fibrous structure includes one or
more flaxible portions o allow the fibrous structure o be positioned at least partially

around the ttem 1o be insulated,

18. The ardicle of any of the preceding ¢laims, wherein the fibrous structure includes one or
more fasteners for securing the fibrous structure within an assembly, for securing the
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19,

20.

21

22.

fibrous structure to the Hem {0 be nsulated, or for halding the fibrous structure ina

desired shape.

The article of any of the preceding claims, wherein the fibrous structure includes one or
more adhesives for securing the fibrous structure within an assembly, for securing the
fibrous structure to the tem {0 be insulated, or for halding the fibrous structure in a
desired shape.

The article of any of the preceding claims, wherein one or more layers of the fibrous
structure includes one or more inorganic materials.

The article of claim 20, wherein the inorganic materials are selected from ceramic fibers,
glass fibers, mineral-based fibers, or a combination thereof.

The article of any of the preceding claims, wherein one or more layers of the fibrous
structure is IR reflective.
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