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SOUND-INSULATING MATERIAL AND METHOD OF MANUFACTURING SAME

FIELD OF THE INVENTION

The present invention relates to an acoustic, or sound-insulating, material for use in
buildings and other installations. More particularly, the present invention relates to an

acoustic material made at least in part from natural fibers for sound insulation.

BACKGROUND

It is often desirous in the building industry to have effective sound insulation. The
density of living spaces is constantly increasing, with many living units fitting into a
single building, the condominium being one example of such a building. The people
inhabiting these spaces have high expectations for sound insulation, and they do not
wish for their comfort and peace of mind to be perturbed by noises emanating either

from outside the building, or from an adjacent living unit.

Some decorative elements which are known to enhance sound insulation, such as
carpets, rugs, and other floor and wall coverings, are less popular than they

traditionally were, which results in greater noise penetration within the living space.

To accommodate this need for greater sound insulation, building codes can require
that neighbouring living units be separated by a dividing wall or partition which
provides a minimal level of acoustic insulation. It is known to integrate an acoustic
material into wall assemblies, as well as into ceilings and floors, so as to provide
sound insulation between the two areas divided by these partitions. Such an acoustic
material can take many forms, such as semi-rigid or flexible panels, felts, and non-
woven wraps provided as rolls or bundles, to name but a few. These materials can be
installed between the structural mounts of the walls, or onto the mounts themselves,
before being covered up by the wall facings. This technique for installing the acoustic
material can assure a continuous covering of the entire surface of the wall without the

risk of material pile-up or other associated problems.



10

15

20

WO 2014/201558 PCT/CA2014/050566

These acoustic materials are sometimes made of fibers, either natural or synthetic,
and can be manufactured by known techniques (weaving, humid compression,
thermobonding, etc.). Some examples of natural fibers include wood fibers and
cotton, and examples of synthetic fibers include glass wool, polyester, polypropylene,
and rock wool. Each of these fibers is typically cylindrical in shape, being a “full” fiber,
and has its own acoustic qualities. When compared to synthetic fibers, natural fibers
have certain advantages like the relatively low amount of energy required to transform
them into the acoustic material, as well as a relatively low environmental impact while

still offering acoustic properties equivalent or superior to those of synthetic fibers.
The Applicant is aware of the following patent documents:

CA 2,100,133.

CN 102157146; CN 102174729; and CN 102285160.

DE 102010026295; and DE 202004007869.

EP 1788155.

FR 2971 275 A1.

GB 200807838; and GB 200910376.

JP 3135263 U.

KR 100753960; KR 20040048139; KR 20060036971; and KR 20100079298.
US 3,890,474; US 5,646,077; US 6,877,585 B2; and US 2004/0065507 .

WO 2004 107314; and WO 2007 100830.

Although acoustic materials have improved in the recent years, there is still a desire
or a need for acoustic materials able to achieve superior acoustic properties over
known natural and synthetic acoustic materials or at least similar acoustic properties

but at a lower cost.



10

15

20

25

WO 2014/201558 PCT/CA2014/050566

SUMMARY OF THE INVENTION

An object of the present invention is to provide an acoustic material that fulfills the
above mentioned need. Broadly described that object is achieved with a sound-
insulating material made at least in part of “hollow” or “tubular” fibers which can be
applied to walls, ceilings, floors, and other surfaces so as to improve the sound

absorption and/or insulation characteristics of these surfaces.

According to a first general aspect of the invention, there is provided a sound
insulating material for applying to a surface, comprising. a substrate layer; a first
fibrous layer fixed to the substrate layer, the first fibrous layer comprising hollow
fibers, the first fibrous layer having a first density and a first basis weight, and a
second fibrous layer fixed to the first fibrous layer, the second fibrous layer
comprising the hollow fibers, the second fibrous layer having a second density and a
second basis weight, the second density and the second basis weight each being of a

different value than the first density and the first basis weight, respectively.

In some implementations, the first density and first basis weight are of a greater value

than the second density and the second basis weight, respectively.
In some implementations, the hollow fibers are of a cylindrical form.

In some implementations, the hollow fibers have a length of between 20 mm and 40

mm.

In some implementations, the hollow fibers have a length of between 20 mm and 30

mm.

In some implementations, the hollow fibers have a diameter between 15 microns and

30 microns.

In some implementations, the hollow fibers have an external wall thickness between 1

micron and 2 microns.
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In some implementations, the hollow fibers have an external wall thickness of about

1.3 microns.

In some implementations, the substrate layer has a thickness of between 2 microns

and 200 microns.

In some implementations, the first fibrous layer has a thickness between 2 mm and
100 mm.

In some implementations, the second fibrous layer has a thickness between 2 mm

and 100 mm.

In some implementations, the first basis weight is between about 50 g/m? and about
700 g/m?.

In some implementations, the first basis weight is between about 50 g/m? and about
500 g/m?.

In some implementations, the second basis weight is between about 50 g/m? and
about 700 g/m?,

In some implementations, the second basis weight is between about 50 g/m? and
about 500 g/m?.

In some implementations, the first density is between 0.015 g/cm® and 0.35 g/cm®.
In some implementations, the first density is between 0.015 g/cm® and 0.175 g/cm?.

In some implementations, the second density is between 0.0026 g/cm® and 0.0375

glem?,
In some implementations, the hollow fibers comprise natural hollow fibers.
In some implementations, the natural hollow fibers comprise milkweed fibers.

In some implementations, the first fibrous layer and/or the second fibrous layer further

comprise at least one of hemp fibers and flax fibers.
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In some implementations, the first fibrous layer and/or the second fibrous layer further

comprise additional synthetic fibers.

In some implementations, the additional synthetic fibers comprise thermobonding

fibers.

In some implementations, the thermobonding fibers comprise polyethylene and/or

polypropylene.

In some implementations, the first fibrous layer comprises between about 70 wt% and
about 80 wt% of the hollow fibers and between about 20 wt% and about 30 wt% of

the additional synthetic fibers.

In some implementations, the second fibrous layer comprises between about 60 wt%
and about 70 wt% of the hollow fibers and between about 30 wt% and 40 wt% of the

additional synthetic fibers.

According to another general aspect of the invention, there is provided a method for
manufacturing a sound-insulating material, the method comprising: affixing a first
fibrous layer comprising hollow fibers onto a substrate layer, thereby forming a first
assembly; compressing the first assembly at a first compression temperature, thereby
forming a compressed first assembly; affixing a second fibrous layer comprising the
hollow fibers onto the compressed first assembly, thereby forming a second
assembly;, and compressing the second assembly at a second compression

temperature, thereby making the sound-insulating material.

In some implementations, the affixing of the first fibrous layer onto the substrate layer
comprises: coating the substrate layer with a first adhesive, thereby forming a coated
substrate layer; and placing the first fibrous layer onto the coated substrate layer,

thereby forming the first assembly.

In some implementations, the affixing of the second fibrous layer onto the
compressed first assembly comprises: coating the compressed first assembly with a

second adhesive, thereby forming a coated compressed first assembly; and placing
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the second fibrous layer onto the coated compressed first assembly, thereby forming

the second assembly.

In some implementations, the first compression temperature is between about 200
and about 250C.

In some implementations, the second compression temperature is between about 200
and about 250C.

In some implementations, there is provided a method for installing a sound-insulating

material on a surface to improve sound insulation.

In light of the above, it can be appreciated that the improved sound-insulating material
helps to reduce noise entering a space, such as living quarters for example. Such a
relatively thin and reliable sound-insulating material allows for dividing walls to be
kept to smaller widths, thereby maximising the available living space. Furthermore,
the optional use of natural fibers helps reduce the environmental impact of the
material, and may further allow it to be approved for use in environmentally-

responsible buildings.

Furthermore, such a sound-insulating material may, in some instances, outperform

minimal requirements by about 20%, and in some possible situations, by about 35%.

Moreover, the above-described method for manufacturing the material can help
reduce the cost and complexity of fabrication, while maintaining appropriate quality

control requirements.

The objects, advantages and other features of the present invention will become
more apparent upon reading of the following non-restrictive description of optional
embodiments thereof, given for the purpose of exemplification only, with reference to

the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cut-away view of an embodiment of the sound-insulating material

according to the present invention.

Figure 2 is a graph showing the acoustical performance of various materials,

including materials comprising milkweed fibers.

Figure 3 is a graph showing the acoustical coefficient of absorption at different

frequencies for various materials, including materials comprising milkweed fibers.

Figure 4 is a graph showing the acoustical coefficient of absorption at different
frequencies for various materials, including materials A to E comprising milkweed

fibers and thermobonding fibers.

Figure 5 is a graph showing the acoustical performance of various materials,

including materials A to E comprising milkweed fibers and thermobonding fibers.
Figure 6 is a x750 Scanning Electron Micrograph (SEM) showing milkweed fibers.

Figure 7 is a photograph of an embodiment of the sound-insulating material according

to the present invention.

Figure 8 is a photograph of another embodiment of the sound-insulating material

according to the present invention.

Figure 9 is a graph showing the acoustical coefficient of absorption at different

frequencies for material F.
Figure 10 is a graph showing the acoustical performance of material F

DETAILED DESCRIPTION

In the following description, the same numerical references refer to similar elements.
Furthermore, for the sake of simplicity and clarity, namely so as to not unduly burden

the figures with several references numbers, not all figures contain references to all
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the components and features of the present invention and references to some
components and features may be found in only one figure, and components and
features of the present invention illustrated in other figures can be easily inferred
therefrom. The embodiments, geometrical configurations, materials mentioned and/or

dimensions shown in the figures are preferred, for exemplification purposes only.

Moreover, although the sound-insulating material disclosed herein was primarily
designed to reduce noise penetration for surfaces in the construction industry, it may
be used with other types of devices and/or products, and in other field as for example
it can also be used in the field of road transport to insulate the walls of a trailer, a

motorhome, a van, an ambulance etc.

In addition, although the optional embodiments shown in the accompanying drawings
comprise various components and consist of certain geometrical configurations as
explained and illustrated herein, not all of these components and geometries are
essential and thus should not be taken in their restrictive sense, i.e. should not be

taken as to limit the scope of the present disclosure.
A Sound-Insulating Material

Broadly described, the sound-insulating material disclosed herein is a product which
can offer excellent sound insulation while being relatively easy to manufacture. In
some embodiments, the product is even more easy to manufacture as it is made
from sustainable natural resources. The sound-insulating material is made at least in
part from hollow fibers, and optionally from natural fibers, which can improve the

acoustic efficiency of the material.

Referring to Figure 1, the sound-insulating material 1 (or simply “material 17) is
intended to be applied to surfaces so as to improve the sound insulation
characteristics of these surfaces. The expressions “sound-insulating” or “sound
insulation” as used herein refer to the ability of the material 1 to prevent, reduce,
absorb, dampen, etc. the transmission of sound emanating from one side of the

material 1 to its other side. The term “surface” as used herein refers to any wall,
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ceiling, floor, barrier, or other similar structure which serves to define a space, and for
which it is desired to impart sound insulation. As such, the “surface” mentioned herein

is not limited to a particular shape or configuration.

The material 1 itself can take many forms depending on the application for which it is
intended. In one possible example, the layers of the material 1 can be assembled to
form a felt, which can be draped or applied to the surfaces, thereby improving their
sound insulation properties. In such an application, the material 1 can be used in a
partition wall in a living space, or in a floor or ceiling assembly separating two living
spaces, to name but a couple of examples, thereby helping to provide these spaces
with excellent acoustical absorption and insulation properties. In another possible
example, the material 1 can be installed in a continuous fashion on the interior of
exterior walls, thereby providing the space enclosed by these walls with improved
sound insulation characteristics. In yet another possible example, the material 1 can
be a flexible board or panel made to any suitable shape and size, which can be used
alone or applied to the surfaces. It is thus apparent that the material 1 is not limited to
a particular form, application, or installation, and can be manufactured or adapted for

the purpose which it will serve.

The material 1 has a substrate layer 2. The substrate layer 2 acts as a support for the
other layers, and provides a measure of structure to the material 1. The substrate
layer 2 can also be used to impart other desirable characteristics to the material 1,
such as resistivity to, or conductance of heat or electricity, for example. As such, the
substrate layer 2 can take any suitable form or shape, and be made of any suitable
material. In some possible embodiments, the substrate layer 2 consists of a
metallized polymer film, where the polymer film can be made from polyethylene,
polypropylene, and/or polyester, to name but a few materials. In other possible
embodiments, the substrate layer 2 can be made of successive layers of polymer film
which are combined with a relatively thin metallic sheet, such as one made out of
aluminum. Such a substrate layer 2 may increase the sound insulation properties of
the material 1 even further. The thickness of the substrate layer 2 can vary depending

on the application for which the material 1 is used. Indeed, it may be possible to
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increase the sound insulation properties of the material 1 by increasing the thickness
of the substrate layer 2. Some examples of thickness values for the substrate layer 2
range from about 2 to about 200 microns, but the thickness is not limited to this

range.

The material 1 also has a first fibrous layer 3 (or simply “first layer 3”) which is fixed to
the substrate layer 2. The terms “fiber’ or “fibrous” refer to a natural or synthetic
filament or thread which can be manipulated to form the layers of the material 1. The
term “layer’” as used herein to describe fibrous layers refers to an assembly of the
fibers into a given thickness or mat which can impart the desired sound insulating

properties.

The first layer 3 is formed at least in part by a plurality of hollow fibers. The
expression “at least in part” refers to the presence of the hollow fibers within the first
layer 3. For example, the hollow fibers can form a certain percentage of all the fibers
within the first layer 3, or can make up the entire first layer 3. In the optional
embodiment where the hollow fibers make up a certain percentage of all the fibers,
the remaining percentage can consist of non-hollow fibers, either synthetic or natural,
for example. The actual percentage of hollow fibers making up the first layer 3 can
vary depending upon numerous factors, such as the cost of the fibers, the intended
application of the material 1, the manner by which the material 1 will be installed, etc.
For example, in an embodiment, the first layer 3 can include between about 70 wt%
and about 80 wt% of hollow fibers, and between about 20 wt% to about 30 wt% of
non-hollow fibers. The non-hollow fibers may include natural and/or synthetic non-
hollow fibers. For example, in another embodiment, in the first layer 3, the hollow
fibers can make up about 80 wt% of the total mass of fibers.The first layer 3 contains
hollow fibers. The term “hollow fiber” refers to a fiber, either synthetic or natural,
which has a largely empty or void interior and which has a low density when
compared to non-hollow or “full” fibers. Such hollow fibers can advantageously
improve sound absorption as a result of their empty interiors, and also as a result of
their relatively low densities. Although hollow fibers can be produced from synthetic

source material, it can often be more cost-effective and environmentally friendly to

10
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produce these hollow fibers from natural materials. Hollow fibers made from natural
materials may demonstrate certain advantages over fibers made from synthetic
materials, in that natural fibers may require lower amounts of energy to assemble into
the material 1, and they may have fewer environmental impacts while still offering
similar or superior acoustic properties. One example of a hollow natural fiber is
milkweed fiber, which can provide beneficial acoustic properties. In some possible
embodiments, milkweed fiber (or asclepias syriaca) can take a cylindrical form, and
the individual fibers can measure between about 20 and about 40 mm, with a
diameter ranging from about 15 to about 30 microns, and an external wall thickness
of between 1 micron and 2 micron. The diameter and wall thickness can be seen, for
example on the photograph shown on Figure 6. For example, the external wall
thickness can be of about 1.3 microns. The hollow natural fibers can make up about

80 wt% of the total mass of fibers in the first layer 3.

Other natural fibers, which are not necessarily hollow, may also be used in the first
layer 3. Some examples of these natural materials include flax fiber, and hemp fiber,

but other natural materials and/or combinations of these can also be used.

The manner by which the hollow fibers are manipulated to form the first layer 3
provides the first layer 3 with a certain density, e.g. a first density, and a certain basis
weight, e.g. a first basis weight. The hollow fibers can be woven or non-woven,
depending on the application for which the material 1 is intended. The densities
described herein are a measure of mass of the fibers per volume of the fibrous layer.
For example, the first density can have a value ranging from about 0.015 g/cm® to
about 0.35 g/cm®, or from about 0.015 g/cm?® to about 0.175 g/cm?®. Other first density
values are possible. The basis weight (also known as “grammage”) denotes the mass
of the hollow fiber present in the first layer 3 per unit of area of the first layer 3. In
some possible embodiments, the basis weight of the first fibrous layer 3 can vary
between about 50 and about 700 g/m?, or between about 50 and about 500 g/m?. The
thickness of the fibrous layers can also vary. Some possible values for the thickness
include about 2 to about 100 mm. It will be appreciated that these values are given for

illustrative purposes only, and that they may have the same or different values

11
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discussed above, depending on the particular application for which the material 1 may

be used, for example.

Still referring to Figure 1, and as discussed above, the material 1 has a second
fibrous layer 4 (or simply “second layer 4”) fixed to the first layer 3. The second layer
4 is also made, at least in part, from a plurality of hollow fibers, such as the ones
described above. As with the first layer 3, the second layer 4 has a second basis
weight and a second density. Optionally, the second density has a value which is
lower than the value of the first density, and the second basis weight has a value
which is lower than the value of the first basis weight. For example, the second

density may have a value in the range of about 0.0026 g/cm?® to about 0.0375 g/cm®.

The density and basis weight of the fibrous layers 3, 4 can affect the acoustical
performance of the material 1. For example, the density of the fibrous layer is known
to effect the sound insulation of the material 1. As density values are increased, the
fibrous layer may have a greater tendency to reflect or deflect sound waves, thereby
preventing them from penetrating through the first layer 3. It can thus be appreciated
that, in the optional embodiment described above, the first layer 3, with its greater first
density value, is denser that the second fibrous layer 4. The first layer 3 will thus have
a greater tendency (when compared to second layer 4) to reflect or deflect oncoming
sound waves. The second layer 4, with its lower second density value, is less dense
that the first layer 3, and will thus have a greater tendency to diffuse or dampen the
intensity/energy of the oncoming sound waves, thereby improving the sound
absorption properties of the material 1. It can thus be appreciated that two measures
of acoustical insulation (i.e. sound insulation and sound absorption) are

advantageously addressed with first and second layers 3, 4.

In some optional embodiments, the material 1 can include only a single fibrous layer,
whose density and basis weight values vary. Further optionally, these values can vary
by decreasing in magnitude in a direction away from the substrate layer 2 or surface

against which the material 1 is installed.

12
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The basis weight value of the first and second layers 3, 4 can act as a multiplier of the

effect provided (i.e. insulation and absorption) by the density values.

The manner by which the first layer 3 is fixed to the substrate layer 2, and by which
the first layer 3 is fixed to the second layer 4, can vary. In some possible
embodiments, an example of which is shown in Figure 1, adhesives 5, 6 are used to
bond one side of a layer to a corresponding side of another layer. Optionally, the
adhesives 5, 6 can consist of liquid glue. Further optionally, the adhesives 5, 6 can be
adhesive webs, such as a thermoplastic adhesive web. Such adhesive webs can
consist of a planar but discontinuous material which, when exposed to heat, becomes
active and adheres to the targeted surfaces of the layers, thereby creating a link
between the layers and fixing them together. This material can be made from a base
of polymer EVA (Ethylene Vinyl Acetate), having a basis weight of about 24 g/m? In
the particular case where the first layer 3 is bonded to the substrate layer 2, the
adhesive web 5 can be based in a co-polyamide having a basis weight of about 20
g/m?. Other types of adhesives and/or adhesive webs can be used, such as those
having a polyester or polyethylene base, for example. In some possible
embodiments, an example of which is shown in Figure 1, a thermoplastic adhesive
web 5 is used to bond the substrate layer 2 to the first layer 3. Further optionally, an
inter-layer thermoplastic adhesive web 6 can be used to bond the first layer 3 to the

second layer 4.
Method for Manufacturing a Sound-Insulating Material

Having described examples of possible sound-insulating materials, an example of a
method for manufacturing such a material will now be discussed, in relation to the

optional use of hollow milkweed fiber for the first and second layers.

The hollow milkweed fibers can be prepared directly from clean harvested milkweed
after it has been processed to remove grains and other debris resulting from
harvesting. The milkweed fibers can be mixed with synthetic fibers, such as a bi-
component. The synthetic fibers used for thermal-bonding (i.e. thermobonding fibers)

can for example include a polypropylene center wrapped or surrounded in a sheath of

13
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polyethylene. The synthetic fibers can help to bond the natural fibers together
because the synthetic fibers can be melted under pressure and/or heat so as to
integrate the natural fibers with each other. In some optional embodiments, the
percentage of hollow fibers such as milkweed fibers within the first layer 3 can vary
between about 50 wt% and about 90 wt%, or between about 70 wt% and about 80
wt%. In some optional embodiments, the first layer can have a mixture of about 80
wt% natural fiber, and about 20%, by weight, synthetic fiber. In some optional
embodiments, the less dense second layer, can include between about 60 wt% and
about 70 wt% of hollow fibers such as milkweed fibers. In some optional
embodiments, the second layer may have a mixture consisting of about 70 wt% of
natural fiber, and about 30 wt% of synthetic fiber. More than two types of fibers can
be mixed depending on numerous factors such as the cost of fiber material, its
availability, and the intended application of the material. These mixed fibers can be
carded so as to disentangle, clean, and intermix them together, thus producing
unconsolidated first and second veils which will become the first and second layers

discussed above.

The method includes a first affixing step of affixing the first layer including the hollow
fibers onto the substrate layer, thereby forming a first assembly. The first affixing step
can include coating the substrate layer with an adhesive, such as the adhesive web
described above, for forming a coated substrate layer. The first affixing step can also
include placing the first layer (i.e. first veil) of hollow fibers onto the coated substrate
layer, thereby forming a first assembly of hollow fibers. Optionally, the veil which
forms the first layer may have a first basis weight in the range of about 50 to about

700 g/m?, or in the range of about 50 to about 500 g/m?.

The method also includes the step of compressing the first assembly at a first
compression temperature, thereby forming a compressed first assembly. In some
optional embodiments, the first assembly is placed into a press and heated to a
temperature in the range of about 200 to about 250°C. The fibers and the substrate

layer are pressed together under relatively high pressure for a bonding duration which

14
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allows the first layer to bond to the substrate layer, thereby forming the first assembly

which will remain integral.

The method also includes a second affixing step of affixing the second layer including

the hollow fibers onto the compressed first assembly.

In some optional embodiments, the second affixing step includes coating the
compressed first assembly with an adhesive, which can be performed in a manner
similar to the coating of the first layer, thereby forming a coated compressed first
assembly. The second fibrous layer can then be placed onto the coated compressed

first assembly, thereby forming a second assembly.

Alternatively, in other optional embodiments, the second affixing step can include
coating the second layer with an adhesive, which can be performed in a manner
similar to the coating of the first layer, thereby forming a coated second layer. The
coated second layer can then be placed onto the compressed first assembly, thereby

forming the second assembly.

In some optional embodiments, the second layer (i.e. second veil) can be prepared
similarly to the first layer, where a second unconsolidated veil having a basis weight
in the range of about 50 to about 700 g/m? or of about 50 to about 500 g/m? is
placed on an inter-layer thermoplastic adhesive web so as to form the second
assembly. This bonds the second layer to the first assembly. The second layer can
have a density and basis weight which differs from, or is the same as, the density and

basis weight of the first layer.

The method also includes compressing the second assembly at a second
compression temperature. In some optional embodiments, the second layer and the
first assembly are placed into a press and heated to a temperature in the range of
about 200 to about 250C, and further optionally to about 220C. The second
assembly is compressed under relatively high pressure for another bonding duration,
which can be similar or different than the previous bonding duration, and which binds

the second layer to the first assembly, thereby forming the material.
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The steps of the method described above can also be varied or their order changed,
as required. For example, the first layer can be coated with an adhesive so as to

receive thereon the second layer.

Such a sound-insulating material can be dimensioned and shaped in various ways. In
one possible embodiment, the material can be supplied as a roll about 1 m wide,
about 8 m long, and having a nominal thickness of about 10 mm. In another

embodiment, the material can be supplied as a rigid panel.
EXAMPLES
Example 1: preliminary test

Experiments were performed to compare the acoustical performance of materials
made from one layer of hollow milkweed fibers versus full flax, hemp, polyester and

glass wool fibers. The results are shown in Figure 2.

The test which generated the results of the graph was carried out in an acoustic
impedance tube, and used fibers of various densities, as shown in Figure 2. The test
aimed at determining the transmission losses at normal impedance (nSTL) for the
different fibers at various frequencies (Hz), each material having the same basis

weight of about 450 g/m? and thickness of 12.5 mm.

As can be seen, the losses in the material made from milkweed fibers were about 15
dB at all frequency levels, which are greater than the losses produced by the other
fibers. When compared to the other types of fibers at a same basis weight, the

milkweed fiber represents a significant gain in acoustic performance.
Example 2: preliminary test

Experiments were performed to compare the coefficient of acoustic absorption for
different types of fibers across a wide frequency range, and at different thicknesses.

The results are shown in Figure 3.
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The coefficient of acoustic absorption is a measure of each fiber’s ability to dissipate
acoustic energy, and values which are closer to 1 indicate greater sound insulation
capabilities. The fibers compared were various thicknesses of milkweed (one layer),
polyester (Acoustizol™) and glass wool, where each fiber had roughly the same basis
weight. As can be seen, the glass fiber had the highest coefficient value, but as
shown in Figure 2, had lower transmission losses. The various thicknesses of
milkweed fiber provided suitable coefficient values, while having the highest

transmission losses.
Example 3

Experiments were performed to compare the coefficient of acoustic absorption and
the acoustical performance of different materials across a wide frequency range. The
composition, basis weight and physical properties of the materials tested are shown

in Tables 1 to 5 below, and the results are shown in Figures 4, 5, 9 and 10.

Table 1. Composition and basis weight of Materials Ato C

Basis
weight Material A Material B Material C
(g/m?)
Total
basis 612.5 920 910
weight
Milkweed: 210 | Milkweed: 429 | Milkweed: 380
Layer 3 Thermobonding | Thermobonding | Thermobonding
fibers: 52.5 fibers: 184 fibers: 163
Milkweed: 137 | Milkweed: 107 | Milkweed: 149
Layer 4 Thermobonding | Thermobonding | Thermobonding
fibers: 59 fibers: 46 fibers: 64
Aluminum 110 110 110
substrate
Web
adhesive
between
substrate 20 20 20
and layer
3
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Web
adhesive
between 24 24
layers 3

and 4

24

Table 2: Density and thickness of the layers 3 and 4 of materials Ato C

Material A Material B

Material C

Layer 3

Thickness 5 12
(mm)

3.6

Layer 3
Density 0.053 0.051
(g/cm?)

0.015

Layer 4

Thickness 26 12
(mm)

22.6

Layer 4
Density 0.008 0.013
(g/cm?)

0.009

For layers 3 and 4 in materials A to C, the milkweed fibers had a mean length in the

range of about 20 mm to about 40 mm, and the thermobonding fibers (polyethylene-

polypropylene fibers) had a mean length of about 40 mm.

Table 4: basis weight of the comparative materials tested

Glass wool with aluminum film

Polyester with aluminum film
(Acoustizol™)

Basis weight
(g/m?) 1352

450

The glass wool with aluminum film had a thickness of about 1 inch (25.4 mm), and a

density of 0.05 glcm?®.

Table 5. Composition and basis weight of Material D (one layer of fibers)

Basis weight (g/m?) Material D
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Total basis weight 658
Milkweed: 410.4
Fiber layer Thermobonding fibers:
102.6

Aluminum substrate 110
Web adhesive

between substrate 35
and fiber layer

In material D, the milkweed fibers had a mean length in the range of about 20 mm to
about 40 mm, and the thermobonding fibers (polyethylene-polypropylene fibers) had

a mean length of about 40 mm.

Referring to Figures 4 and 9, the tests which generated the results of the graphs were
carried out in an acoustic impedance tube. The tests aimed to compare the coefficient
of acoustic absorption for different materials across a wide frequency range. It can be
seen that materials A to C have better acoustic absorption than polyester-based films.
Material A and material B have better acoustic absorption than glass wool. Material D
has only one layer including hollow fibers. The acoustic absorption of material D is
lower than the acoustic absorption of materials B and C, while being comparable to

the acoustic absorption of material A.

Referring to Figures 5 and 10, the tests aimed to compare the acoustic isolation for
different materials across a wide frequency range. It can be seen that materials A to
C have better acoustic isolation than polyester-based films. Further, material C has
better acoustic isolation than glass wool, and material B has an acoustic isolation
comparable to glass wool. It can also be seen that material D has a lower acoustic

isolation than materials B and C.

Materials A to C are also advantageous because of their lower basis weight
compared to glass wool, making them more convenient to install and handle than

glass wool.
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Figure 7 shows a photograph of an embodiment of the sound-insulating material of
the invention (material A), to be applied, for example to walls and other surfaces in

buildings.

Figure 8 shows a photograph of another embodiment of the sound-insulating material
of the invention (material C), to be used, for example as sound-insulating panels in

ambulances.

Table 6: Figure caption

Figure 2 12 milkweed
14 polyester + aluminum film (Acoustizol)
16 glass wool
18 flax
20 hemp
Figure 3 22 20 mm milkweed
24 15 mm milkweed
26 12.5 mm milkweed
14 polyester + aluminum film (Acoustizol)
16 glass wool
Figures 4-5 28 material A
30 glass wool + aluminum film
32 material B
34 material C
14 polyester + aluminum film (Acoustizol)
Figures 9-10 36 material D

Of course, numerous modifications could be made to the above-described

embodiments without departing from the scope of the disclosure.
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CLAIMS
A sound insulating material for applying to a surface, comprising:
a substrate layer;

a first fibrous layer fixed to the substrate layer, the first fibrous layer
comprising hollow fibers, the first fibrous layer having a first density and a

first basis weight; and

a second fibrous layer fixed to the first fibrous layer, the second fibrous
layer comprising the hollow fibers, the second fibrous layer having a
second density and a second basis weight, the second density and the
second basis weight each being of a different value than the first density

and the first basis weight, respectively.

The sound insulating material of claim 1, wherein the first density and first basis
weight are of a greater value than the second density and the second basis

weight, respectively.

The sound insulating material of claim 1 or 2, wherein the hollow fibers are of a

cylindrical form.

The sound insulating material of any one of claims 1 to 3, wherein the hollow

fibers have a length of between 20 mm and 40 mm.

The sound insulating material of claim 4, wherein the hollow fibers have a length

of between 20 mm and 30 mm.

The sound insulating material of any one of claims 1 to 5, wherein the hollow

fibers have a diameter between 15 microns and 30 microns.

The sound insulating material of any one of claims 1 to 6, wherein the hollow

fibers have an external wall thickness between 1 micron and 2 microns.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The sound insulating material of claim 7, wherein the hollow fibers have an

external wall thickness of about 1.3 microns.

The sound insulating material of any one of claims 1 to 8, wherein the substrate

layer has a thickness of between 2 microns and 200 microns.

The sound insulating material of any one of claims 1 to 9, wherein the first fibrous

layer has a thickness between 2 mm and 100 mm.

The sound insulating material of any one of claims 1 to 10, wherein the second

fibrous layer has a thickness between 2 mm and 100 mm.

The sound insulating material of any one of claims 1 to 11, wherein the first basis

weight is between about 50 g/m? and about 700 g/m?.

The sound insulating material of claim 12, wherein the first basis weight is

between about 50 g/m? and about 500 g/m?.

The sound insulating material of any one of claims 1 to 13, wherein the second

basis weight is between about 50 g/m? and about 700 g/m?.

The sound insulating material of claim 14, wherein the second basis weight is

between about 50 g/m? and about 500 g/m?.

The sound insulating material of any one of claims 1 to 15, wherein the first

density is between 0.015 g/cm® and 0.35 g/cm?®.

The sound insulating material of claim 16, wherein the first density is between
0.015 g/cm® and 0.175 g/lcm®.

The sound insulating material of any one of claims 1 to 17, wherein the second
density is between 0.0026 g/cm® and 0.0375 g/cm?.

The sound insulating material of any one of claims 1 to 18, wherein the hollow

fibers comprise natural hollow fibers.
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20.

21.

22.

23.

24,

25.

26.

27.

The sound insulating material of claim 19, wherein the natural hollow fibers

comprise milkweed fibers.

The sound insulating material of any one of claims 1 to 20, wherein the first
fibrous layer and/or the second fibrous layer further comprise at least one of

hemp fibers and flax fibers.

The sound insulating material of any one of claims 1 to 21, wherein the first
fibrous layer and/or the second fibrous layer further comprise additional synthetic

fibers.

The sound insulating material of any one of claims 1 to 22, wherein the additional

synthetic fibers comprise thermobonding fibers.

The sound insulating material of claim 23, wherein the thermobonding fibers

comprise polyethylene and/or polypropylene.

The sound insulating material of any one of claims 22 to 24, wherein the first
fibrous layer comprises between about 70 wt% and about 80 wt% of the hollow
fibers and between about 20 wt% and about 30 wt% of the additional synthetic

fibers.

The sound insulating material of any one of claims 22 to 25, wherein the second
fibrous layer comprises between about 60 wt% and about 70 wt% of the hollow

fibers and between about 30 wt% and 40 wt% of the additional synthetic fibers.
A method for manufacturing a sound-insulating material , the method comprising:

affixing a first fibrous layer comprising hollow fibers onto a substrate layer,

thereby forming a first assembly;

compressing the first assembly at a first compression temperature, thereby

forming a compressed first assembly;

affixing a second fibrous layer comprising the hollow fibers onto the

compressed first assembly, thereby forming a second assembly; and
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compressing the second assembly at a second compression temperature,

thereby making the sound-insulating material.

28. The method of claim 27, wherein the affixing of the first fibrous layer onto the

substrate layer comprises:

5 a. coating the substrate layer with a first adhesive, thereby forming a

coated substrate layer; and

b. placing the first fibrous layer onto the coated substrate layer, thereby

forming the first assembly.

29. The method of claim 28, wherein the affixing of the second fibrous layer onto the

10 compressed first assembly comprises:

a. coating the compressed first assembly with a second adhesive, thereby

forming a coated compressed first assembly; and

b. .placing the second fibrous layer onto the coated compressed first

assembly, thereby forming the second assembly.

15 30. The method of any one of claims 27 to 29, wherein the first compression

temperature is between about 200 and about 250C.

31. The method of any one of claims 27 or 30, wherein the second compression

temperature is between about 200 and about 250C.
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