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(57) Abréegée/Abstract:

The present invention relates to a method for molding a highly heat-resistant sound absorbing and screening material, and more
specifically, to a method for molding a highly heat-resistant sound absorbing and screening material, which uses a sound
absorbing material comprising 20 to 80 parts by weight of a fiber material of which the limiting oxygen index (LOI) Is at least 25%
and of which the heat resistance temperature Is at least 200°C, and 20 to 80 parts by weight of a thermosetting binder resin of
which the heat resistance temperature is at least 200°C, wherein the highly heat-resistant sound absorbing and screening material
IS Installed on an engine cylinder block and a vehicle body panel above a muffler of a vehicle. The method for molding the highly
heat-resistant sound absorbing and screening material comprises: a releasing agent coating step of coating a releasing agent
Inside a hot die; a hot compression molding step of fixing a shape; and a cold compression step of stabilizing the shape. The highly
heat-resistant sound absorbing and screening material molded according to the method can reduce noise Inside a vehicle by
blocking radiated noise, which Is generated from an engine and an exhaust system, from belng transferred into the inside of the
vehicle through the panel of the vehicle body, can maintain the shape even in high heat over 200°C generated from the engine and
the exhaust system, and can satisfy flame retardant properties of UL 94V-0.
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ABSTRACT

The present invention relates to a method for molding a highly heat-resistant sound
absorbing and insulating material, which uses a sound absorbing material containing 20-80 parts
by weight of a fiber material having a limiting oxygen index (LOI) of 25% or greater and a heat
resistance temperature of 200 °C or greater and 20-80 parts by weight of a thermosetting binder
resin having a heat resistance temperature of 200 °C or greater and 1s installed on an engine
cylinder block and an automotive body panel above a muffler of a vehicle. More specifically,
the method includes a releasing agent coating step of coating a releasing agent inside a hot die, a
hot compression molding step of fixing a shape, and a cold compression step of stabilizing the
shape.

The highly heat-resistant sound absorbing and insulating material molded according to
the method can reduce the noise inside a vehicle by blocking radiatevd noise, which is generated
from an engine and an exhaust system, from being transferred to the inside of the vehicle through
an automotive body panel, can maintain its shape even under a high-temperature environment of
200 °C or greater generated by the engine and the exhaust system, and can satisfy UL 94V-0

flame retardancy.

22730413.1
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METHOD FOR MOLDING HIGHLY HEAT-RESISTANT SOUND ABSORBING AND

SCREENING MATERIAL

BACKGROUND

(a) Technical Field

The present invention relates to a method for molding a highly heat-resistant sound
absorbing and insulating material, which uses a sound absorbing material containing 20-80 parts
by weight of a fiber material having a limiting oxygen index (LOI) of 25% or greater and a heat
resistance temperature of 200 °C or greater and 20-80 parts by weight of a thermosetting binder
resin having a heat resistance temperature of 200 °C or greater and 1s installed on an engine
cylinder block and an automotive body panel above a muffler of a vehicle. More specifically,
the method includes a releasing agent coating step of coating a releasing agent inside a hot die, a
hot compression molding step of fixing a shape, and a cold compression step of stabilizing the

shape.

(b) Background Art

Various noises are generated while driving a vehicle. The vehicle noise 1s mainly

generated from an engine or an exhaust system and 1s transferred to the inside of a vehicle by air.

A sound absorbing and insulating material 1s used to reduce the noise generated from the engine
and the exhaust system from being transferred to the inside of the vehicle. An insulation dash,

a dash 1solation pad and the like are used to block the noise radiating from the engine from being

transterred to the inside of the vehicle, and a tunnel pad, a floor carpet and the like are used to

22730413.1
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block the noise generated from the exhaust system and the floor from being transferred to the
inside of the vehicle.

As sound absorbing materials for a vehicle, Korean Patent Publication No.
2004-0013840 discloses a 20-mm thick sound absorbing and insulaﬁng material having a PET
fiber layer in which a synthetic resin film layer having a thickness of 40-100 um in the
lengthwise direction is inserted, and Korean Patent Publication No. 2002-0089277 discloses a
process for preparing a sound absorbing insulation material of a nonwoven fabric form by cutting
and beating a polyester fiber and an acrylic fiber, mixing with a lpw-melting—point polyester
fiber at a specific ratio, and molding and heating the same. And, Korean Patent Publication No.
2006-0043576 discloses a method of coating at least one of a top layer and a bottom layer of a
polyester (PET ) felt with a resin, using a mixture fiber of a low-melting-point fiber (LMF) and a
regular fiber.

However, for the existing insulation dash and insulation hood, although a resin felt using
phenol powder as a binder, or a glass wool or semicrystalline polyurethane foam product using a
phenol resin as a binder can be molded simply by a hot compression molding process within 60

seconds, they cannot maintain their shape under a high-temperature environment of 200 °C or

greater or do not have superior flame retardancy. For this reason, they cannot be directly
installed on an engine cylinder block or an automotive body panel above a muffler.

Further, a dash 1solation pad, a tunnel pad and a floor carpet using a low-melting-point
polyethylene terephthalate (LM-PET) -‘iber, which is a thermoplastic binder, have poor flame
retardancy. Although a thermosetting binder resin having a heat resistance temperature of 200

°C or greater has to be used for direct installation on an engine cylinder block or an automotive

22730413.1
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body panel above a muffler, product molding is impossible through pre-heating followed by cold

compression molding.

SUMMARY
The present invention is directed to providing a method for molding a highly
heat-resistant sound absorbing and insulating material which does not change in shape under a
high-temperature environment of 200 °C or greater as being adjacent to the noise source of an
engine or an exhaust system, and satisfies UL 94V-0 flame retardancy.
The present invention 1s also directed to providing a method for reducing noise by
applying the sound absorbing and insulating material to a noise generating device.
In one aspect, the present invention provides a method for molding a highly heat-resistant
sound absorbing and insulating material, including: 1) a releasing agent coating step of coating a
releasing agent inside a hot die; i1) a hot compression molding step of fixing a shape of a sound
absorbing material by installing a sound absorbing material containing 20-80 parts by weight of a
fiber material having a limiting oxygen index (LOI) of 25% or greater and a heat resistance

temperature of 200 °C or greater and 20-80 parts by weight of a.-thermosetting binder resin

having a heat resistance temperature of 200 °C or greater on the hot die coated with the releasing

agent; and 111) a cold compression step of stabilizing the shape of the compressed sound

absorbing material.
In an exemplary embodiment of the present invention, in the releasing agent coating step
), a spray-up type releasing agent prepared by diluting an emulsion with water to a concentration

of 10-90% may be uniformly coated onto top and bottom surfaces inside the hot die in an amount

22730413.1
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of 20-100 g/m’.

In another exemplary embodiment of the present invention, the emulsion may be one or
more selected from the group consisting of a silicon-based emulsion and a fluorine-based
emulsion.

In an exemplary embodiment of the present invention, in the hot compression molding
step 11), the sound absorbing material may be installed on the hot die coupled with a hot press
and hot compression may be performed at é pressure of 60-200 kgf/cm” for 60-300 seconds with
the surtface temperature of the hot die maintained at 150-230 °C to fix its shape.

In another exemplary embodiment of the present invention, the sound absorbing material
may contain a nonwoven fabric containing a fiber material and a thermosetting binder resin
which 1s located in the same layer as the nonwoven fabric and is impregnated in the nonwoven
fabric while maintaining a three-dimensional structure inside the nonwoven fabric, the
thermosetting binder resin being distributed uniformly on the entire fiber yarn of the nonwoven
fabric and forming smaller-sized vent holes as compared to before the impregnation of the
binder.

In another exemplary embodiment of the present invention, the sound absorbing material

may be prepared by immersing the nonwoven fabric in a thermosetting binder resin solution,
compressing at a pressure of 1-20 kgf/cmz.

In another exemplary embodiment of the present invention, the sound absorbing material
may be one in which 1-300 parts by weight of the thermosetting binder resin is impregnated
based on 100 parts by weight of the nonwoven fiber.

In another exemplary embodiment of the present invention, the fiber material may be

227730413.1
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one or more selected from the group consisting of an aramid fiber, a polyphenylene sulfide (PPS)
fiber, an oxidized polyacrylonitrile (oxi-PAN) fiber, a polyimide (PI) fiber, a polybenzimidazole
(PBI) fiber, a polybenzoxazole (PBO) fiber, a polytetraﬂuoroethylene. (PTEE) fiber, a polyketone
(PK) fiber, a metallic fiber, a carbon fiber, a glass fiber, a basalt fiber, a silica fiber and a ceramic
fiber.

In another exemplary embodiment of the present invention, the fiber material may be
one or more selected from the group consisting of a meta-aramid (m-aramid) fiber and a
para-aramid (p-aramid) fiber.

In another exemplary embodiment of the present invention, the nonwoven fabric may be
a single-layer nonwoven fabric formed of an aramid fiber having a fineness of 1-15 denier and a
thickness of 3-20 mm.

In another exemplary embodiment of the present invention, the nonwoven fabric may
have a density of 100-2000 g/m”.

In another exemplary embodiment of the present invention, the thermosetting binder
resin may contain an epoxy resin, 1-20 wt% of a curing agent based on the weight of the epoxy

resin, 1-10 wt% of a catalyst based on the weight of the epoxy resin and 10-40 wt% of a flame

retardant based on the weight of the epoxy resin.
In another exemplary embodiment of the present invention, the epoxy resin may be one

or more selected from the group consisting of bisphenol A diglycidyl ether, bisphenol F
diglycidyl ether, polyoxypropylene diglycidyl ether, phosphazene diglycidyl ether, phenol
novolac epoxy, o-cresol novolac epoxy and bisphenol A novolac epoxy.

In an exemplary embodiment ot the present invention, in the cold compression step 1i1),

22730413.1
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the sound absorbing material may be installed on a cold die coupled with one selected from the
group consisting of a cold press and a compression jig and cold compression may be performed
for 5 seconds or greater with the surface temperature of the cold die maintained at 20-40 °C.

In another exemplary embodiment of the present invention, the cold compression may
be performed for 30-60 seconds.

In another aspect, the present invention provides a method for reducing noise of a noise

generating device, including: 1) identifying the three-dimensional shape of a noise generating

device; 11) molding a sound absorbing and insulating material by the method so as to correspond

partially or entirely to the three-dimensional shape of the device; and ii1) bringing the sound
absorbing and insulating material adjacent to the noise generating device.

In an exemplary embodiment of the present invention, the device may be a motor, an
engine or an exhaust system.

In an exemplary embodiment of the present invention, said bringing the sound absorbing
and 1nsulating material adjacent to the noise generating device may include closely attaching the
sound absorbing and insulating material to the noise generating device, installing the sound

absorbing and 1nsulating material to be spaced apart from the noise generating device or molding

the sound absorbing and insulating material as a part of the noise generating device.
The method for molding a highly heat-resistant sound absorbing and insulating material
according to the present invention provides a highly heat-resistant sound absorbing and

insulating material which is installed adjacent to a noise source of an engine or an exhaust

system and reduces noise radiating from the engine or the exhaust system.

22730413.1
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a flow chart describing a method for molding a hi ghly heat-resistant sound
absorbing and insulating material according to an exemplary embodiment of the present
invention.

FIG. 2 shows electron microscopic images (x 300) of nonwoven fabrics before and after
impregnation of a thermosetting binder resin. FIG. 2(A) is an image of a nonwoven fabric
prepared by needle punching. FIGS. 2(B) and 2(C) show images of binder-impregnated
nonwoven tabrics. FIG. 2(B) is an image of a binder-impregnated nonwoven in which 20 parts
by weight of a thermosetting binder resin is impregnated in 80 parts by weight of a nonwoven
fabric, and FIG. 2(C) is an image of a binder-impregnated nonwoven fabric in which 50 parts by
weight of a thermosetting binder resin is impregnated in 50 parts by weight of a nonwoven
fabric.

FIG. 3 schematically shows an example wherein a sound absorbing and insulating
material 1s molded and applied to a noise generating device of a vehicle. FIG. 3(a) shows an
image of a sound absorbing and insulating material molded for use in a vehicle engine, and FIG.

3(b) shows an i1mage of the sound absorbing and insulating material installed on a part of a

vehicle engine.

FIG. 4 schematically shows an example wherein a sound absorbing and insulating

material 1s applied to a noise generating device of a vehicle to be spaced apart from the noise
generating device. FIG. 4(a) shows an image of a sound absorbing and insulating material
molded for use in a lower part of a vehicle, and FIG. 4(b) shows an image of the sound absorbing

and 1nsulating material installed on a lower part of a vehicle.

22730413.1
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FIG. 5 compares the sound-absorbing performance of a sound absorbing and insulating
material depending on the density of a nonwoven fabric.

FIG. 6 compares the heat-insulating performance of a highly heat-resistant sound
absorbing and insulating material manufactured according to a method for molding a highly
heat-resistant sound absorbing and insulating material according to an exemplary embodiment of

the present invention with that of an existing aluminum heat-insulating plate.

DETAILED DESCRIPTION

Hereinatter, specific exemplary embodiments of the present invention will be described
in detail. However, they are only intended to describe the present invention in detail such that
those of ordinary skill in the art to which the present invention belongs can easily carry out the
invention and the technical idea and scope of the present invention are not limited by them.

A method for molding a highly heat-resistant sound absorbing and insulating material
according to the present invention includes: a releasing agent coating step S101 of coating a
releasing agent inside a hot die; a hot compression molding step S103 of fixing a shape of a

sound absorbing material; and a cold compression step S105 of stabilizing the shape.

In the releasing agent coating step S101, a spray-up type releasing agent prepared by
diluting an emulsion with water to a concentration of 10-90% is uniformly coated onto top and

bottom surfaces inside the hot die in an amount of 20-100 g/m*. The releasing agent serves to
prevent the highly heat-resistant sound absorbing and insulating material from being attached to
the hot die during molding. When the coating amount of the releasing agent is less than 20

g/m?, severe fluffing may occurs as the highly heat-resistant sound absorbing and insulating

22730413.1
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material becomes attached to the hot die. And, when the coating amount of the releasing agent
greater than 100 g/mz, the surface of the highly heat-resistant sound absorbing and insulating
material may be contaminated. Accordingly, the above-described range is preferred.

Specifically, the emulsion may be one or more selected from the group consisting of a
silicon-based emulsion and a fluorine-based emulsion.

In the hot compression molding step S103, a sound absorbing material containing 20-80
parts by weight of a fiber material having a limiting oxygen index (LOI) of 25% or greater and a
heat resistance temperature of 200 °C or greater and 20-80 parts by weight of a thermosetting
binder resin having a heat resistance temperature of 200 °C or greater is installed on the hot die,
which 1s coupled with hot press, and hot compression is performed at a pressure of 60-200
kgf/cm? for 60-300 seconds with the surface temperature of the hot die maintained at 150-230 °C.
As a result, the shape of the highly heat-resistant sound absorbing and insulating material is fixed.
When the surface temperature of the hot die is below 150 °C, exfoliation may occur as the
thermosetting binder resin existing in the core part of the highly heat-resistant sound absorbing
and 1nsulating material is not cured. And, when the surface temperature of the hot die is above

230 °C, discoloration may occur due to the browning of the thermosetting binder resin, thereby

causing a problem in appearance quality. When the pressure is less than 60 kgf/cm?, exfoliation

may occur at the volume part of the highly heat-resistant sound absorbing and insulating material.

And, when the pressure is greater than 200 kgf/cmz, a problem 1n appearance quality may occur
as the surface of the compressed part of the highly heat-resistant sound absorbing and insulating
material becomes slippery. When the hot compression time is less than 60 seconds, exfoliation

may occur as the thermosetting binder resin existing in the core part of the highly heat-resistant

22730413.1
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sound absorbing and insulating material is not cured. And, when the hot compression time is
greater than 300 seconds, a problem in appearance quality may occur as discoloration occurs due
to the browning of the thermosetting binder resin and as the surface of the compressed part of the
highly heat-resistant sound absorbing and insulating material becomes slippery. Accordingly,
the above-described ranges are preferred.

In the present invention, as a fiber material constituting the sound absorbing material, a
heat-resistant fiber having a limiting oxygen index (LOI) of 25% or greater and a heat resistance
temperature of 200 °C or greater is used. The heat-resistant fiber may be any one that has
superior durability so as to endure high-temperature and ultra-high-temperature conditions.
Specifically, a heat-resistant fiber having a limiting oxygen index (LOI) of 25-80% and a heat
resistance temperature of 200-3000 °C may be used. More specifically, a heat-resistant fiber
having a limiting oxygen index (LOI) of 25-70% and a heat resistance temperature of 200-1000
°C may be used. And, the heat-resistant fiber may have a fineness of 1-15 denier, specifically
1-6 denier, and a yarn length of 20-100 mm, specifically 40-80 mm.

As the fiber material, one known as 'superfiber' in the related art may be used.
Specitically, the superfiber may be one or more selected from the group consisting of an aramid
fiber, a polyphenylene sulfide (PPS) fiber, an oxidized polyacrylbnitrile (oxi-PAN) fiber, a
polyimide (PI) fiber, a polybenzimidazole (PBI) fiber, a polybenzoxazole (PBQO) fiber, a
polytetrafluoroethylene (PTFE) fiber, a polyketone (PK) fiber, a metallic fiber, a carbon fiber, a
glass tiber, a basalt fiber, a silica fiber and a ceramic fiber. Specifically, an aramid fiber may be

used as the heat-resistant fiber in the present invention. Specifically, a meta-aramid (m-aramid)

fiber, a para-aramid (p-aramid) fiber or a mixture thereof may be used as the heat-resistant fiber

10
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in the present invention. The fiber material is a base material of the highly heat-resistant sound
absorbing and insulating material and serves to reduce noise transferred to the inside of a vehicle
by absorbing the noise radiating from an engine or an exhaust system.

Although a heat-resistant fiber 1s used as the fiber material constituting the sound
absorbing material in the present invention, another fiber may be further included in addition to
the yarn of the heat-resistant fiber for the purpose of cost reduction, weight decrease,
functionality, and the like. That is to say, although the sound absorbing material of the present
invention 18 prepared from a heat-resistant fiber as a yarn, it is not limited to a sound absorbing
material consisting only of a heat-resistant fiber. The heat-resistant fiber yarn included in the
sound absorbing material of the present invention may be included in an amount of 30-100 wt%,
more specifically 60-100 wt%, based on the total weight of the fiber material.

In the present invention, a nonwoven fabric prepared by needle punching to have a
thickness of 3-20 mm and a density of 100-2000 g/m* may be used as the fiber material.
Sound-absorbing performance may vary depending on the thickness and density of the
nonwoven tabric. It 1s expected that the sound-absorbing performénce will be increased with
increasing thickness and density of the nonwoven fabric. When considering the industrial
application, and the like of the sound absorbing and insulating material of the present invention,
it 18 preferred that the nonwoven fabric has a thickness of 3-20 mm. When the thickness of the
nonwoven fabric is less than 3 mm, the durability and moldability of the sound absorbing and
insulating material may be unsatisfactory. And, when the thickness is greater than 20 mm,
productivity may decrease and production cost may increase during manufacturing and processing

the nonwoven fabric. In addition, the density of the nonwoven fabric may be 100-2000 g/mz,

11
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specifically 200-1200 g/m?, more specifically 300-800 g/m?, in the aspects of performance and

cost. The nonwoven fabric may be formed by stacking a web of 30-100 g/m” which is formed by
carding 2- to 12-fold and continuously performing up-down preneedling, down-up needling and
up-down needling, thereby forming physical bridges and providing the desired thickness, binding
strength and other desired physical properties. The needle used to perform the needling may be a
barb-type needle, having a working blade of 0.5-3 mm and a needle length (crank outside-to-point
distance) of 70-120 mm. Specifically, the needle stroke may be 30-350 times/m°. More
specifically, the fineness of the yarn for the nonwoven fabric may be 1.5-8.0 denier, the thickness
of the pile layer may be 6-13 mm, the needle stroke may be 120-250 times/m®, and the density of
the nonwoven fabric may be 300-800 g/m”.

The sound absorbing material of the present invention further contain a thermosetting
binder resin in addition to the fiber material.

Specifically, a 'binder-impregnated nonwoven fabric' which contains a nonwoven fabric
containing 30-100 wt% of a heat-resistant fiber based on the total weight of the nonwoven fabric,
a thermosetting binder resin which is located in the same layer as the nonwoven fabric and is

impregnated in the nonwoven fabric while maintaining its three-dimensional shape may be used

as the sound absorbing material of the present invention. The thermosetting binder resin, which
1s impregnated in the nonwoven fabric, is distributed uniformly on the entire fiber yarn surface of

the nonwoven fabric and maintains or further forms irregular vent holes, thereby maintaining the
intrinsic three-dimensional shape of the nonwoven fabric.
The nonwoven fabric has a structure in which fibers are randomly arranged in three

dimensions, although there may be some variations depending on the manufacturing method.

12
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Therefore, the inside of the nonwoven fabric may have a very complicated, three-dimensionally
interconnected labyrinth structure, which is formed by regularly or irregularly arranged fibers,
may be, rather than bundles of independent capillary tubes. Thus, the nonwoven fabric formed
by needle punching may have urregular vent holes (microcavities) formed as the yarns containing
the heat—fesistant fiber loosely cross one another. When the nonwoven fabric is immersed in a
thermosetting binder resin solution, the binder may be finely and uniformly distributed and
attached on the surface of the nonwoven fabric yarns, thereby forming smaller-sized vent holes as
compared to before the impregnation. The formation of fine vent holes in the internal structure of
the nonwoven fabric provides an extended resonance path of noise, and thus, provides improved
sound-absorbing performance. When the thermosetting binder resin forms a three-dimensional
network structure as it is cured, the sound-absorbing performance can be further improved by
forming more and finer vent holes inside the nonwoven fabric. Accordingly, since the nonwoven
fabric may maintain the intrinsic three-dimensional shape as the thermosetting binder resin is
uniformly impregnated into the nonwoven fabric, and additionally, since more fine vent holes
(microcavities) may be formed as the thermosetting binder resin is cured, the sound absorbing and

insulating material of the present invention may have remarkably improved sound-absorbing

performance due to the maximized noise absorption through the increased resonance of noise in
the nonwoven fabric.

The thermosetting binder resin is a material which has entirely different physical and
chemical properties when compared with the heat-resistant fiber used as the fiber material in the
present invention. Therefore, when the thermosetting binder resin is impregnated in the

nonwoven fabric formed of the thermoplastic heat-resistant fiber, an interfacial layer is formed

13
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through edge-to-edge contact due to the difference in properties and, as a result, the vent holes of
the nonwoven fabric remain open. That 1s to say, the thermosetting binder resin impregnated
into the nonwoven fabric formed of the heat-resistant fiber can maintain the three-dimensional
structure 1nside the nonwoven fabric.

In addition, the thermosetting binder resin is curable by light, heat or a curing agent and
its shape does not change even under a high-temperature condition. Accordingly, in accordance
with the present invention, the shape of the sound absorbing material can be maintained even
under a high-temperature condition after molding by employing the heat-resistant fiber and the
thermosetting binder resin under specific conditions.  As a‘ consequence, when the
binder-impregnated nonwoven fabric wherein the thermosetting binder resin is impregnated in
the nonwoven fabric formed of a heat-resistant fiber as the sound absorbing material is used,
molding into a desired shape is possible during the curing of the thermosetting binder resin and
the shape can be maintained even under a high-temperature condition.

Specifically, the thermosetting binder resin may be an epoxy resin. The epoxy resin is
one of thermosetting binder resins and 1s cured into a polymer martial having a

three-dimensional network structure. Accordingly, since the epoxy resin forms a network

structure and another vent holes when cured 1nside the nonwoven fabric, additional fine vent holes

may be formed 1nside the nonwoven fabric and the sound-absorbing performance may be further

improved.
The epoxy resin may be one or more epoxy resin selected from the group consisting of
bisphenol A diglycidyl ether, bisphenol B diglycidyl ether, bisphenol AD diglycidyl ether,

bisphenol F diglycidyl ether, bisphenol S diglycidyl ether, polyoxypropylene diglycidyl ether,
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bisphenol A diglycidyl ether polymer, phosphazene diglycidyl ether, bisphenol A novolac epoxy,
phenol novolac epoxy resin and o-cresol novolac epoxy resin.  More specifically, the epoxy resin
may have an epoxy equivalent of 70-400. When the epoxy equivalent is too low, intermolecular
binding may be too weak to form the three-dimensional network structure or the physical
properties of the sound absorbing and insulating material may become unsatisfactory because of
reduced adhesion with the heat-resistant fiber. In contrast, when the epoxy equivalent is too high,
the sound-absorbing performance may be unsatisfactory because an excessively dense network
structure 1s formed.

When the curing is carried out in the presence of a curing agent, a more complicated
three-dimensional network structure may be formed, and thus, the sound-absorbing effect may be
further improved. In detail, a three-dimensional network-structured polymer may be formed as
the epoxide groups or hydroxyl groups of the epoxy resin react with the functional groups of the
curing agent such as amine groups or carboxylic acid groups to form covalent crosslinkages. The
curing agent serves as a catalyst that catalyzes curing reaction and is involved in the reaction and
linked to the chemical groups of the epoxy resin. Accordingly, the size and physical properties of

the vent holes may be controlled by selecting different curing agents. |

The thermosetting binder resin may further contain commonly used additives such as a

curing agent and a catalyst and solvents in addition to the epoxy resin. Specifically, the

thermosetting binder resin may contain an epoxy resin, 1-20 wt% of a curing agent based on the
weight of the epoxy resin, 1-10 wt% of a catalyst based on the weight of the epoxy resin and
10-40 wt% of a flame retardant based on the weight of the epoxy. resin. The thermosetting

binder resin serves as a material that binds the fiber material constituting the highly heat-resistant
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sound absorbing and insulating material and maintains the shape of the highly heat-resistant
sound absorbing and insulating material.

As the curing agent, a compound having a functional group that may readily react with
the functional groups of the thermosetting binder resin such as epoxide groups or hydroxyl groups
may be used. For example, an aliphatic amine, an aromatic amine, an acid anhydride, urea, an
amide, 1midazole, etc. may be used as the curing agent. As specific examples of the curing
agent, one or more selected from the group consisting of diethyltoluenediamine (DETDA),
diaminodiphenylsulfone (DDS), boron trifluoride-monoethylamine (BF;-MEA),
diaminocyclohexane (DACH), methyltetrahydrophtalic anhydride (MTHPA),
methyl-5-norbornene-2,3-dicarboxylic anhydride (NMA), .dicyandiamide (Dicy),
2-ethyl-4-methylimidazole may be used. More specifically, an aliphatic amine- or amide-based
curing agent may be used due to improved crosslinking ability and very superior chemical
resistance and weather resistance. In particular, dicyandiamide (Dicy) may be used in
consideration of crosslinking ability, flame retardancy, heat resistance, storage stability,
processability, and the like. Since dicyandiamide (Dicy) has a high melting point above 200 °C,
1t may provide superior storage stabilirv after being mixed with the epoxy resin and may ensure
sufficient processing time for curing and molding.

In the present invention, a catalyst that facilitates the curing of the thermosetting binder
resin used as the binder may be used. The catalyst may be one or more selected from the group
consisting of urea, dimethylurea, a tetraphenylborate salt of quaternary DBU, and quaternary
phosphonium bromide. The catalyst may be contained in the binder-containing solution.

In addition, various additives, for example, a flame retardant, a heat resistance improver, a

16
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water repellent and the like may be used to provide additional functionalities to the sound
absorbing and insulating material. The additive may be contained in the binder solution, and thus,
no additional surficial material for prov:ding functionalities to the sound absorbing and insulating
material 1s necessary. The flame retardant may be a melamine, a phosphate, a metal hydroxide,
and the like. Specifically, the flame retardant may be one or more selected from the group
consisting of melamine, melamine cyanurate, melamine polyphosphate, phosphazene, ammonium
polyphosphate, and the like. More specifically, the flame retardant may be melamine, which
enhances flame retardancy and heat resistance simultaneously. The heat resistance 1mprover
may be alumina, silica, talc, clay, glass powder, glass fiber, metal powder, and the like. And, one
or more fluorine-based water repellent may be used as the water repellent. In addition, additives
commonly used in the related art may be selected depending on desired purposes. The solvent
may be one or more selected from the group consisting of a ketong:, a carbonate, an acetate, a
cellosolve, and the like. Specifically, the solvent may be one or more selected from the group
consisting of acetone, methyl ethyl ketone (MEK), methyl isobutyl ketone (MIBK), dimethyl
carbonate (DMC), ethyl acetate, butyl acetate, methyl cellosolve, ethyl cellosolve, and butyl

cellosolve.

The content of the thermosetting binder resin in the sound absorbing material may be

controlled by the compression pressure during the immersion in the binder solution and the

temperature during drying. Specifically, the compression may be performed at a pressure of
1-20 kgf/cm® using a commonly used compression roller. As a result, a binder-impregnated
nonwoven fabric having a density of 1,000-3,000 g/m“ may be formed. Specifically, the

compression may be performed using a compression roller, e.g., a mangle roller, at a pressure of
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5-15 kgf/em® to form a binder-impregnated nonwoven fabric having a density of 1,000-2,000

g/m”.

And, the drying may be performed in an oven at 70-200 °C, specifically 100-150 °C, for
1-10 minutes.

The content of the thermosetting binder resin in the sound absorbing material may
determine the size, shape and distribution of the vent holes inside the sound absorbing and
insulating material. Accordingly, the sound-absorbing property and-mechanical property of the
sound absorbing and insulating material may be controlled therewith. Specifically, the
compressed and dried binder-impregnated nonwoven may contain 1-300 parts by weight, more
specifically 30-150 parts by weight, of the thermosetting binder resin based on 100 parts by
weight of the nonwoven material.

FIG. 2 shows electron microscopic images showing the three-dimensional shape of
nonwovens fabric before and after impregnation of a thermosetting binder resin.

FI1G. 2 (A) 18 an electron microscopic image showing the internal structure of a nonwoven
fabric before impregnation of a thermosetting binder resin. It.can be seen that heat-resistant

fiber yarns cross each other to form irregular vent holes. Fig. 2 (B) and (C) are electron

microscopic images showing the internal structure of the nonwoven fabric after impregnation of a

thermosetting binder resin. It can be seen that the binder is finely and uniformly distributed and

attached to the heat-resistant fiber yarns and that the content of the binder on the yarn surface

increases as the content of the binder increases.
As can be seen from the electron microscopic images of FIG. 2, in the sound absorbing
and 1nsulating material of the present invention, the thermosetting binder resin is uniformly

distributed on the surface of the heat-resistant fiber yarns constituting the nonwoven fabric.

18
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In the cold compression step S105, the highly heat-resistant sound absorbing material
the shape of which 1s fixed in the hot compression molding step S103 is installed on a cold die
coupled with one selected from the group consisting of a cold press and a compression jig and
then cold compression is performed for > seconds or longer with the surface temperature of the
cold die maintained at 20-40 °C. In this step, the shape of the highly heat-resistant sound
absorbing and insulating material which has been loosely fixed in the hot compression molding
step 5103 1s stabilized. It costs a lot to maintain the surface temperature of the cold die at 20 °C
or less. And, when the surface temperature of the cold die is greatgr than 40 °C, the rigidity of
the highly heat-resistant sound absorbing and insulating material may decrease. Accordingly, the
above-described range is preferred. When the cold compression time is less than 5 seconds, the
shape of the highly heat-resistant sound absorbing and insulating material may not be stabilized
completely.  Accordingly, to ensure product rigidity and quality stabilization, the cold
compression time may be maintained for 5 seconds or greater, in particular, for 30-60 seconds.

The present invention also provides a method for reducing noise of a noise generating
device, including: 1) identifying the three-dimensional shape of a noise generating device; 11)
molding a sound absorbing and insulating material by the method according to any of claims 1 to
15 so as to correspond partially or entirely to the three-dimensional shape of the device; and iii)
bringing the sound absorbing and insul~ting material adjacent to the noise generating device.

The device refers to any noise generating device including a motor, an engine, an
exhaust system, and the like. However, the device of the present invention would not be

lIimited to the motor, engine, exhaust system and the like. The sound absorbing and insulating

material may be manufactured to correspond partially or entirely to the three-dimensional
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structure of the device. Since the sound absorbing and insulating material of the present
invention may be molded during the curing of the thermosetting bindér resin, the sound absorbing
and msulating material of the present invention may be molded to correspond partially or entirely
to the three-dimensional shape of the device.

As used herein, the expression “adjacent” may mean closely attaching the
sound-absorbing material to the noise generating device, installing the sound absorbing and
insulating material to be spaced apart from the noise generating device or molding the sound
absorbing and insulating material as a part of the noise generating device. Further, the
expression “adjacent” in the present invention may include installing the sound-absorbing
material on a member (e.g., another sound absorbing and insulating material) connected to the
noise generating device.

FIG. 3 and FIG. 4 schematically show representative examples wherein the sound
absorbing and insulating material of the present invention is applied to a noise generating device
of a vehicle.

FIG. 3 schematically shows an example wherein the sound absorbing and insulating

material 1s molded and applied as a part of a noise generating device of a vehicle. (a) shows an

image of the sound absorbing and insulating material molded for use in a vehicle engine, and (B)
shows an 1mage of the sound absorbing and insulating material installed on a part of a vehicle
engine.

And, FIG. 4 schematically shows an example wherein the sound absorbing and

Insulating material is applied to a noise generating device of a vehicle to be spaced apart from

the noise generating device. (a) shows an image of the sound absorbing and insulating material
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molded for use in a lower part of a vehicle, and (B) shows an image of the sound absorbing and
insulating material installed on a lower part of a vehicle.

As described above, since the sound absorbing and insulating material of the present
invention has superior sound-absorbing performance, flame retardancy, heat resistance and
heat-1nsulating property, it can exert its inherent sound absorbing and insulating effect when
applied to a noise generating device maintained not only at normal temperatures but also at hi gh

temperatures of 200 °C or greater without deformation of the molded product.

EXAMPLES

Hereinatter, a method for preparing a sound absorbing material used to manufacture a
highly heat-resistant sound absorbing and insulating material according to the present invention
and a method for molding the sound absorbing and insulating material using the sound absorbing
material will be described through preparation examples and examples.

| Preparation Examples] Preparation of sound absorbing material

Preparation Example 1. Epoxy resin-impregnated aramid laminated sound absorbing

material

A sound absorbing material was prepared by spraying an epoxy-based thermosetting
binder resin onto one side of a sound absorbing material containing 67 parts by weight of a

meta-aramid (m-aramid) fiber and 33 parts by weight of an epoxy-based thermosetting binder
resin and having a surface density 450 g/m?, to 30 g/m?, and laminating thereon another sound
absorbing material containing 67 parts by weight of a meta-aramid (m-aramid) fiber and 33 parts

by weight of an epoxy-based thermosetting binder resin and having a surface density of 450
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227730413.1



10

11

12

13

14

15

16

17

18

19

20

21

22

CA 02890349 2015-05-06

CA Application
Blakes Ref: 11897/00002

g/m”.

Preparation Example 2. Aramid nonwoven fabric sound absorbing material

A meta-aramid short fiber having a limiting oxygen index (LOI) of 40%, a heat resistance
temperature of 300 °C, a fineness of 2 denier and a length of 51 mm was beaten by air blowing and
formed into a web of 30 g/m” by carding method. The web was stacked by overlapping 10-fold
on a conveyor belt operated at 5 m/min using a horizontal wrapper. An aramid nonwoven fabric
having a density of 300 g/m” and a thicﬂkness of 6 mm was prepared by continuously performing
up-down needling, down-up needling and up-down needling with a needle stroke of 150 times/m”.

Preparation Example 3. Epoxy resin-impregnated aramid nonwoven fabric sound
absorbing material

The aramid nonwoven fabric prepared in Preparation Example 2 was immersed in a
binder solution with 1 dip 1 nip (pick-up rate = 300%). The binder solution contained 8 wt% of
bisphenol A diglycidyl ether, 2 wt% of bisphenol A diglycidyl ether polymer, 0.2 wt% of
dicyandiamide, 0.02 wt% of dimethylurea, 10 wt% of melamine cyanurate and 79.78 wt% of
dimethyl carbonate, based on the total weight of the binder solution. A binder-impregnated

nonwoven fabric of 1,500 g/m2 was prepared by compressing the aramid nonwoven fabric at a

pressure of 8 kgf/cm” using a mangle roller. The organic solvent was removed by drying the
binder-impregnated nonwoven fabric at 150 °C such that 300 g/m” of the binder remained. As a
result, a thermosetting felt of 600 g/m* was prepared.

Preparation Example 4. Epoxy resin-coated aramid nonwoven fabric sound absorbing

material

The aramid nonwoven fabric prepared in Preparation Example 2 was coated with an
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epoxy resin such that the coating amount of the binder was 50 parts by weight based on 100 parts
by weight of the nonwoven and then dried at 150 °C.

The coating solution contained 8 wt% of bisphenol A diglycidyl ether, 2 wt% of
bisphenol A diglycidyl ether polymer, 0.2 wt% of dicyandiamide, 0.02 wt% of dimethylurea, 10
wt% of melamine cyanurate and 79.78 wt% of dimethyl carbonate.

Preparation Example 5. Thermoplastic resin-impregnated aramid nonwoven sound
absorbing material

A thermoplastic resin-impregnated aramid nonwoven fabric was prepared by immersing
the aramid nonwoven fabric prepared in Preparation Example 2 in a thermoplastic binder resin
solution.

The thermoplastic binder resin solution contained 10 wt% of polyethylene resin, 10 wt%
of melamine cyanurate and 80 wt% of dimethyl carbonate (DMC), based on the total weight of
the thermoplastic binder solution.

Preparation Example 6. Epoxy resin-impregnated PET nonwoven fabric sound absorbing
material

A polyethylene terephthalate (PET) nonwoven fabric having a density of 300 g/m2 and a
thickness of 6 mm was prepared by needle punching as described in Preparation Example 3, which
was then immersed in a binder solution to prepare an epoxy resin-impregnated PET nonwoven
fabric.

The binder solution contained 8 wt% of bisphenol A diglycidyl ether, 2 wt% of bisphenol

A diglycidyl ether polymer, 0.2 wt% o f dicyandiamide, 0.02 wt% of dimethylurea, 10 wt% of

melamine cyanurate and 79.78 wt% of dimethyl carbonate, based on the total weight of the binder
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solution.

|[Examples] Preparation of sound absorbing and insulating material

Example 1.

A spray-up type releasing agent prepared by diluting a silicon-based emulsion with
water to a concentration of 33% was uniformly coated onto top and bottom surfaces inside a hot
die in an amount of 60 g/m*. Then, the sound absorbing material prepared in Preparation
Example 1 was hot compression molded by compressing for 200 seconds at a pressure of 150
kgf/cm?® with the surface temperature of the hot die maintained at 19545 °C, thereby fixing the
shape of the sound absorbing material. Subsequently, the shape of the sound absorbing material
was stabilized by performing cold compression for 60 seconds the surface temperature of a cold
die coupled with a compression jig maintained at 30 °C. As a result, a highly heat-resistant
sound absorbing and insulating material was molded.

Examples 2-6.

Highly heat-resistant sound absorbing and insulating materials were molded in the same

manner as 1n Example 1, except that the sound absorbing materials prepared in Preparation

Examples 2-6 were used, respectively.

The PET nonwoven fabric of Preparation Example 6 showed thermal deformation due to

the reaction heat generated during the epoxy curing process and showed complete thermal

deformation during the hot compression molding process. As a result, molding to a desired
shape was impossible.
Comparative Example 1.

A highly heat-resistant sound absorbing and insulating material was molded in the same

24
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manner as in Example 1, except that the releasing agent was coated onto the top and bottom
surfaces inside the hot die in an amount of less than 20 g/mz.

Comparative Example 2.

A highly heat-resistant sound absorbing and insulating material was molded in the same
manner as in Example 1, except that the releasing agent was coated onto the top and bottom
surfaces inside the hot die in an amount exceeding 100 g/m”°.

Comparative Example 3.

A highly heat-resistant sound absorbing and insulating material was molded in the same
manner as in Example 1, except that the surface temperature of the hot die was maintained below
150 °C.

Comparative Example 4.

A highly heat-resistant sound absorbing and insulating material was molded in the same
manner as in Example 1, except that the surface temperature of the hot die was maintained above
230 °C.

The shape of the sound absorbing and insulating matertals molded in Example 1 and

Comparative Examples 1-4 is shown in Table 1.

Table 1
Comparative | Comparative | Comparative | Comparative
Example 1
Example 1 Example 2 Example 3 Example 4
Shape
Result No Surface Surface Peeling Surface

25
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abnormality fluffing whitening browning

As can be seen from Table 1, the highly heat-resistant sound absorbing and insulating
material molded according to the present invention has superior appearance quality.

To evaluate the performance of the highly heat-resistant sound absorbing and insulating
material prepared in Example 1, a 3rd gear W.O.T PG test was conducted on a diesel vehicle (U2
1.7).  The result 1s shown in Table 2. Further, a result of measuring noise inside the vehicle

under an 1dle neutral gear is shown in Table 3.

Table 2
3rd gear W.O.T 2,000-4,000 rpm
Product weight
Al (%) average
(2)
Front seat Back seat
Not installed 0 30 76
Installed 66 82 | 79.8
Table 3
Neutral gear 1dle 400-6,300 Hz
Product weight
dB(A) rms
(8)
Front seat - Back seat
Not 1nstalled 0 39 36.2
Installed 66 37.8 35.3

As can be seen from Table 2 and Table 3, when the highly heat-resistant sound
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absorbing and insulating material molded according to the method for molding a highly
heat-resistant sound absorbing and insulating material according to the present invention was
applied, booming noise was improved by 2-3.8% and the noise inside the vehicle was improved
by 0.9-1.2 dB(A) when 66 g of the highly heat-resistant sound absorbing and insulating material
was applied.

| Test Examples]

<Evaluation of physical properties of sound absorbing and insulating material>

The physical properties of the sound absorbing and insulating materials were measured
and compared as follows.

1. Evaluation of heat resistance-

To evaluate heat resistance, the sound absorbing and insulating material was aged in an
oven at 260 °C for 300 hours. After keeping at standard state (23+2 °C, relative humidity of
50+5%) for at least 1 hour, appearance was inspected and tensile strength was measured. The
appearance was visually inspected as to whether there was shrinkage, deformation, surface peeling,

flutfing or cracking. The tensile strength was measured for five sheets of randomly selected

dumbbell-type No. 1 test specimens at a speed of 200 mm/min under a standard condition.

2. Evaluation of thermal cycle

The durability of the sound absorbing and insulating material was evaluated by a thermal

cycle test. The durability was determined after performing five cycles.
1) Condition of one cycle
Room temperature — high temperature (150 °C x 3 hr) — room temperature — low

temperature (-30 °C x 3 hr) — room temperature — humid condition (50 °C x 95% RH).
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2) Durability evaluation standard

After the thermal cycle test, the change in appearance was inspected. For example,
surface damage, swelling, breaking and discoloring were inspected. If there was no change in
appearance, 1t was evaluated as ‘no abnormality’.

3. Evaluation of flame retardancy

The flame retardancy of the sound absorbing and insulating material was measured
according to the ISO 3795 flammability test.

4. Evaluation of nonflammability

The nonflammability of the sound absorbing and insulating material was measured
according to the UL94 vertical burn test.

5. Evaluation of sound-absorbing property

The sound-absorbing performance of the sound absorbing and insul'ating material was
measured acéording to ISO 354.

0. Evaluation of air permeability

1) Evaluation method

The test specimen was mounted on a Frazier-type tester and the amount of air flowing

through the test specimen vertically was measured. The area of the test specimen through which

air passed was 5 cm” and the applied pressure was set to 125 pascal (Pa).

Test Example 1. Comparison of properties of sound absorbing and insulating materials
depending on heat-resistant fibers
In Test Example 1, the physical properties of sound absorbing and insulating materials

prepared with different heat-resistant fiber yarns as sound absorbing materials were compared.
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The epoxy resin-impregnated nonwoven fabrics prepared in Preparation Example 3 were used as
the sound absorbing materials. For needle punching, yarns having a fineness of 2 denier and a
length of 51 mm were used (see Table 5). Then, the sound absorbing and insulating materials
were molded according to the method described in Example 1.

The results ot measuring the properties of the sound absorbing and insulating materials

prepared with different heat-resistant fibers as the sound absorbing materials are shown in Table 4

and Table 5.
Table 4
Yarn | Yarn 2 Yarn 3 Yarn 4 Yarn S Yarn 6 Yarn 7
Yarn matenal Aramid PPS Pl PBI PBO Oxi-PAN PK
Limiting oxygen
40 30 50 40 60 65 30
index
Yarn
Heat resistance
temperature 300 230 300 300 300 300 300
(*Cx 1 hr)
No No No No No No No
Heat Appearance abnormalit | abnormalit | abnormalit | abnormalit | abnormalit | abnormalit | abnormalit
resistan y y y Y y Y y
oo Tensile strength
200 180 220 200 210 210 200
(Kgflem?)
No No No No No No No
Therma
Appearance abnormalit | abnormalit | abnormalit | abnormalit | abnormalit | abnormalit | abnormalit
[ cycle
Y Y y y y y y
29
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Selt-extin | Self-extin | Self-extin | Self-extin | Self-extin | Self-extin | Self-extin
Flame retardancy
guishing guishing guishing guishing guishing guishing guishing
Nonflamm | Nonflamm | Nonflamm | Nonflamm | Nonflamm | Nonflamm | Nonflamm
Nonflammability
able able able able able able able
Table 5
Frequency Sound-absorbing rate
(Hz) Yarn 1 (aramid) | Yarn 2 (PPS) | Yarn 6 (oxi-PAN) Yarn 7 (PK)
400 0.08 0.05 0.08 0.05
500 0.10 0.06 0.09 0.06
630 0.16 0.09 0.13 0.08
300 0.23 0.15 0.22 0.19
1000 0.35 0.30 0.35 0.26
1250 0.44 0.39 0.45 0.37
1600 0.59 0.49 0.57 0.31
2000 0.70 0.66 0.68 0.48
2500 0.79 0.71 0.80 0.67
3150 0.83 0.80 0.85 0.78
4000 0.86 0.83 0.88 0.84
5000 0.99 0.95 0.92 0.83
6300 0.98 0.96 0.98 0.89
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3000 0.99 0.95 0.89 0.95

10000 0.98 0.97 0.99 0.95

As seen from Table 4 and Table 5, all the sound absorbing and insulating materials
prepared using heat-resistant fibers having a limiting oxygen index of 25% or greater and a heat
resistance temperature of 150 °C or greater showed satisfactory heat resistance, durability, flame
retardancy, nonflammability and sound-absorbing performance. Accordingly, it can be seen that
any commonly used heat-resistant fiber may be used as the sound absorbing material constituting
the sound absorbing and insulating material of the present invention.

Test Example 2. Comparison of properties of sound absorbing and insulating materials
depending on density of nonwoven fabrics

In Test Example 2, the physical properties of the sound absorbing and insulating materials
depending on the density of nonwoven fabrics were compared. Epoxy resin-impregnated
nonwoven fabrics were prepared according to the method of Preparation Example 3 as sound
absorbing materials. The density of the nonwoven fabrics was varied in the needle punching

step. Then, the sound absorbing and insulating materials were molded according to the method

described in Example 1. The sound-absorbing performance of the prepared sound absorbing
and insulating materials is shown in FIG. 5.

As seen from Fig. 5, the sound-absorbing performance of the sound absorbing and
insulating material was superior when the nonwoven fabric having a density of 600 g,/m2 was used
as compared to when the nonwoven fabric having a density of 300 g/m2 was used.

Test Example 3. Evaluation of sound-absorbing performance of sound absorbing and

insulating materials depending on binder application type
31
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In Test Example 3, the sound-absorbing performance of the sound absorbing and
insulating materials depending on the application type of the thermosetting binder resin in the
nonwoven tabric when preparing the sound absorbing material was compared.

That 1s to say, the sound-absorbing rate of the sound absorbing and insulating materials
prepared by applying the thermosetting binder resin to the nonwoven fabric by impregnation or
coating was measured. Table 6 shows the results of measuring the sound-absorbing rate for the
sound absorbing and insulating material prepared from a nonwoven fabric (Preparation Example
2), the sound absorbing and insulating material prepared from a thermosetting binder
resin-impregnated nonwoven fabric (Preparation Example 3) and the sound absorbing and
insulating material prepared from a thermosetting binder resin-coated nonwoven fabric

(Preparation Example 4).

Table 6
Sound-absorbing rate
Frequency Preparation Example 3 Preparation Example 4
Preparation Example
(Hz) (binder-impregnated | (binder-coated nonwoven
2 (nonwoven fabric)
nonwoven fabric) | fabric)
400 0.01 0.08 0.02
500 0.03 0.10 0.03
630 0.12 0.16 0.05
300 0.16 0.23 0.08
1000 0.26 0.35 0.12
32
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1250 0.32 0.44 0.15
1600 0.39 0.59 0.22
2000 0.48 0.70 0.29
2500 0.64 0.79 0.40
3150 0.63 0.83 0.57
4000 0.72 0.86 0.68
5000 0.80 0.99 0.77
6300 0.78 0.98 0.82
8000 0.89 0.99 0.98
10000 0.90 0.98 0.98

As seen from Table 6, the sound absorbing and insulating material of Preparation
Example 3 prepared using the thermosetting binder resin-impregnated aramid nonwoven fabric
as the sound absorbing material exhibits superior sound-absorbing rate in all frequency ranges as
compared to Preparation Example 2 (wherein aramid nonwoven fabric was used as the sound
absorbing material). In contrast, the sound absorbing and insulating material of Preparation
Example 4 wherein the thermosetting binder resin-coated nonwoven fabric was used exhibits
lower sound-absorbing rate in the frequency range of 400-5000 Hz as compared to Preparation
Example 2.

Test Example 4. Evaluation of heat-insulating performance of binder-impregnated sound

absorbing and insulating materials

In Test Example 4, the heat-insulating performance of the sound absorbing and insulating
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materials prepared in Example 2 (wherein the aramid nonwoven fabric was used as the sound
absorbing material) and Example 3 (wherein the thermosetting binder resin-impregnated aramid
nonwoven fabric was used as the sound absorbing material) was evaluated. After applying heat
of 1000 °C from one side of a 25-mm thick sound absorbing and insulating material sample for 5
minutes, temperature was measured on the opposite side of the sample.

The temperature measured on the opposite side of the sound absorbing and insulating
material was 250 °C for Example 2 and 350 °C for Example 3. Accordingly, it can be seen that
use of the thermosetting binder resin-impregnated fiber material as the sound absorbing material
provides improved heat-insulating performance.

These results show that the sound absorbing and insulating material of the present
invention has very superior heat-insulating property.

Test Example 5. Comparison of heat-insulating performance with aluminum
heat-insulating plate .

In Test Example 5, the heat-insulating performance of the sound absorbing and insulating
material of Example 2 was compared with that of an aluminum heat-insulating plate. While

applying the same heat from one side of the sound absorbing and insulating material and the

heat-insulating plate at 250 °C, the temperature at the opposite side was measured with time. The
results are shown in Fig. 6.

As seen from Fig. 6, the sound absorbing and insulating material according to the present
invention exhibited better heat-insulating performance by 11 °C or greater as compared to the

aluminum heat-insulating plate.

Test Example 6. Comparison of properties of sound absorbing and insulating materials

34
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Sound absorbing materials weie prepared as described in Preparation Example 2. The

epoxy resin-impregnated aramid nonwoven fabric was dried to have different contents of the

thermosetting binder resin. The thermosetting binder resin content was represented as parts by

weight of the binder included in the sound absorbing and insulating material based on 100 parts by

weight of the dried nonwoven fabric.

The results of comparing the mechanical properties and sound-absorbing rate of the sound

absorbing and insulating materials of prepared with different thermosetting binder resin contents

are shown 1n Table 7 and Table 8.

Table 7

Physical properties of sound absorbing and insulating materials with different

binder contents
Binder content (parts by
0 10 50 100 200
weight)
Air permeability
500 380 350 320 210
(mL/cm™ S)
Tensile strength (kg/cm?) 40 60 200 240 310
Flammability Nontlammable|Nontlammable|Nonflammable NonflammableNonflammable
Table 8

Frequency (Hz)

different binder contents

Sound-absorbing rate of sound absorbing and insulating materials with

22730413.1
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0 part by 10 parts by | 50 parts by | 100 parts by | 200 parts by
% 34 (Hz)
weight weight weight weight weight
400 0.01 0.01 0.08 0.06 0.02
500 0.03 0.04 0.10 0.‘09 0.04
630 0.12 0.14 0.16 0.15 0.09
300 0.16 0.17 0.23 0.25 0.11
1000 0.26 0.26 0.35 0.30 0.14
1250 0.32 0.34 0.44 0.42 0.17
1600 0.39 0.41 0.59 0.54 0.22
2000 0.48 0.55 0.70 0.58 0.35
2500 0.64 0.68 0.79 0.67 0.44
3150 0.63 0.69 0.83 0.72 0.52
4000 0.72 0.77 0.86 0.75 0.53
5000 0.80 0.83 0.99 0.79 0.57
6300 0.78 0.88 0.98 0.80 0.63
38000 0.89 0.91 0.99 0.90 0.70
10000 0.90 0.92 0.98 O.‘92 0.71
1 From Table 7 and Table 8, 1t can be seen that the impregnation of the thermosetting

2 binder resin in the nonwoven fabric which is used as the sound absorbing material provides

3 1mproved sound-absorbing rate. In addition, it can be seen that the sound-absorbing rate of the

36

22730413.1



10

11

12

sound absorbing and insulating material may be controlled with the content of the thermosetting

binder resin.

Test Example 7. Comparison of properties of sound absorbing and insulating materials

depending on types of binders

Sound absorbing and insulating materials wherein 50 parts by weight of a binder was
impregnated based on 100 parts by weight of an aramid nonwoven fabric were prepared

according to the method of Preparation Example 3. The resins described in Table 9 were used

as the binder.

The results of comparing the mechanical properties and sound-absorbing rate of the sound
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absorbing and insulating materials prepared with different binders are shown in Table 9.

Table 9

Sound-absorbing rate of sound absorbing and insulating materials with different binders

22730413.1

Binder resin Epoxy Phenol Urea Melamine Polyurethane
Heat resistance
temperature (°C x 1 300 260 190 300 200
hr)
Tensile strength
200 [A3 180 130 170
(kg/cm®)
Flame retardancy | Self-extinguishing | Self-extinguishing | Self-extinguishing | Self-extinguishing | Self-extinguishing
Flammability Nonflammable Nontlammable Nontlammable Nonflammable Nonflammable
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WHAT IS CLAIMED IS:

1. A method for molding a highly heat-resistant sound absorbing and insulating
material, comprising:

1) a releasing agent coating step of coating a releasing agent inside a hot die;

11) a hot compression molding step of fixing a shape of a sound absorbing material by
installing a sound absorbing material comprising, based on the total weight of the sound
absorbing material, 20-80 parts by weight of a fiber material having a limiting oxygen index
(LOI) of 25% or greater and a heat resistance temperature of 200 °C or greater and 20-80 parts
by weight of a thermosetting binder resin having a heat resistance temperature of 200 °C or
greater on the hot die coated with the releasing agent; and

111) a cold compression step of stabilizing the shape of the compressed sound absorbing

matenal.

2. The method for molding a highly heat-resistant sound absorbing and insulating

material according to claim 1, wherein, in the releasing agent coating step i), a spray-up type

releasing agent prepared by diluting an emulsion with water to a concentration of 10-90% is

uniformly coated onto top and bottom surfaces inside the hot die in an amount of 20-100 g/m”.

3. The method for molding a highly heat-resistant sound absorbing and insulating
material according to claim 2, wherein the emulsion is one or more selected from the group

consisting of a silicon-based emulsion and a fluorine-based emulsion.

38
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4, The method for molding a highly heat-resistant sound absorbing and insulating
material according to claim 1, wherein, in the hot compression molding step ii), the sound
absorbing material 1s installed on the hot die coupled with a hot press and hot compression is
performed at a pressure of 60-200 kgf/cm” for 60-300 seconds with the surface temperature of

the hot die maintained at 150-230 °C to fix its shape.

3. The method for molding a highly heat-resistant sound absorbing and insulating
material according to claim 1, wherein the sound absorbing material comprises a nonwoven
fabric comprising a fiber material and a thermosetting binder resin which is located in the same
layer as the nonwoven fabric and is impregnated in the nonwoven while maintaining a
three-dimensional structure inside the nonwoven fabric, the thermosetting binder resin being
distributed uniformly on the entire fiber yarn of the nonwoven fabric and forming smaller-sized

vent holes as compared to before the impregnation of the binder.

6. The method for molding a highly heat-resistant sound absorbing and insulating

material according to claim 5, wherein the sound absorbing material is prepared by immersing

the nonwoven fabric in a thermosetting binder resin solution, compressing at a pressure of 1-20

kef/cm® and then drying at 70-200 °C.

7. The method for molding a highly heat-resistant sound absorbing and insulating

material according to claim 6, wherein the sound absorbing material is one in which 1-300 parts
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by weight of the thermosetting binder resin is impregnated based on 100 parts by weight of the

nonwoven ftabric.

8. The method for molding a highly heat-resistant sound absorbing and insulating
material according to claim 5, wherein the fiber material is one or more selected from an aramid
fiber, a polyphenylene sulfide (PPS) fiber, an oxidized polyacrylonitrile (oxi-PAN) fiber, a
polyimide (PI) fiber, a polybenzimidazole (PBI) fiber, a polybenzoxazole (PBO) fiber, a
polytetrafluoroethylene (PTFE) fiber, a polyketone (PK) fiber, a metallic fiber, a carbon fiber, a

glass fiber, a basalt fiber, a silica fiber and a ceramic fiber.

9. The method for molding a highly heat-resistant sound absorbing and insulating
material according to claim 8, wherein the fiber material is one or more selected from the group

consisting of a meta-aramid (m-aramid) fiber and a para-aramid (p-aramid) fiber.

10. The method for molding a highly heat-resistant sound absorbing and insulating

material according to claim 5, wherein the nonwoven fabric is a single-layer nonwoven fabric

formed of an aramid fiber having a fineness of 1-15 denier and a thickness of 3-20 mm.

11. The method for molding a highly heat-resistant sound absorbing and insulating

material according to claim 5, wherein the nonwoven fabric has a density of 100-2000 g/m”.

12. The method for molding a highly heat-resistant sound absorbing and insulating

4()

22730413.1



CA 02890349 2015-05-06

CA Application
Blakes Ref: 11897/00002

material according to claim 1, wherein the thermosetting binder resin comprises an epoxy resin,
1-20 wt% of a curing agent based on the weight of the epoxy resin, 1-10 wt% of a catalyst based
on the weight of the epoxy resin and 10-40 wt% of a flame retardant based on the weight of the

€pOXYy resin.

13. The method for molding a highly heat-resistant sound absorbing and insulating
material according to claim 12, wherein the epoxy resin comprises one or more selected from the
group consisting of bisphenol A diglycidyl ether, bisphenol F diglycidyl ether, polyoxypropylene
diglycidyl ether, phosphazene diglycidyl ether, phenol novolac epoxy, o-cresol novolac epoxy

and bisphenol A novolac epoxy.

14. The method for molding a highly heat-resistant sound absorbing and insulating
material according to claim 1, wherein, in the cold compression step iii), the sound absorbing
material 1s 1nstalled on a cold die coupled with one selected from the group consisting of a cold
press and a compression jig and cold compression is performed for 5 seconds or greater with the

surface temperature of the cold die maintained at 20-40 °C.

15. The method for molding a highly heat-resistant sound absorbing and insulating

material according to claim 1, wherein, in the cold compression step iii), the cold compression is

perfofmed for 30-60 seconds.

16. A method for reducing noise of a noise generating device, comprising:

41

22730413.1



CA 02890349 2015-05-06

CA Application
Blakes Ref: 11897/00002

1) identifying the three-dimensional shape of a noise generating device;

11) molding a sound absorbing and insulating material by the fnethod according to any of
claims 1 to 15 so as to correspond partially or entirely to the three-dimensional shape of the
device; and

111) bringing the sound absorbing and insulating material adjacent to the noise generating

device.

17. The method for reducing noise of a noise generating device according to claim

16, wherein the device is a motor, an engine or an exhaust system.

18. The method for reducing noise of a noise generating device according to claim
16, wherein said bringing the sound absorbing and insulating material adjacent to the noise
generating device comprises closely attaching the sound absorbing and insulating material to the
noise generating device, installing the sound absorbing and insulating material to be spaced apart
from the noise generating device or molding the sound absorbing and insulating material as a

part of the noise generating device.

42
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