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A PORQUS STRUCTURAL UNIT AND A METHOD OF PREPARING THE

SAME

The present invention relates to a porous structural
unit used for an acoustic absorption material or a heat
5 insulation materia}. More particularly, it relates to a
porous structural unit having a porous layer wherein the
spec1f1c gravxty is contlnuously changed in the direction
of the thickness of the layer or of the surface of the
layer, and a method of preparing the same.

10 'There have been used as an acoustic absorption
material or a heat insulation material a porous material
such ‘as glass wool, rock wool, urethane foam and so on.
The porous materlal such as urethane foam, steel wool and
so on have been used as a filter for cleaning air. The

1s porous material,is widely used for the purpose of sound
deadening, heat insularing and air cleaning such as a
vacuum cleaner, a'cooling/warming air conditioner, an air
cleaner and so on’y Thereslswa,strqnqﬁdgmand from
manufacturers thg; the* porous ﬁate?zar Ee low cost and

20 high in performance as well as the minimum restrrctrve
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conditions (e.g. the shape be small).

Generally, an acoustic aBsorption material or an heat
insulation matefial is so constructed that an inner |
iining is attmched to a structural body made of a non-
gas—-permeable material. The structural body has
functions to shield sounds and to form a part of a flow
passage for air. A filter unit is formed by assembling a
porous material in a frame of a non-gas—permeable
material. The frame has a sealing effect so as not to
cause leakage of a £luid from the'periphery of the porous
material in the filter unit. The porous material -and the
non-gas—-permeable material can be prepared separately and
then assembled. Or, the porous material is formed by
using a foaming material and then, a parE of the surface
of the porous material is processed to have non-gas—
permeability.

The above-mentioned porous structural unit and the
method of preparing of the unit are disclosed in, for
exémSle, Japanese Unexamined Patent Publication
113172/1978 "vacuum cleaner", Japanese Examzned Patent
Publication 5213271983 "indoor unit of air conditioner®,
Japanese Unexaﬁgned Patent Publication 1045/1971 "multi-
cellular thermoplastic material, a complex consisting of
said material and a thermoplastic sheet layer, and a
method oflpreparihg the sémeé and.Japanése Unexamined
Patent Publication 19654/1973 “proceéé fér forming a

laminated soft outer layer".
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- In the conventional method of preparing a porous
structural unit, there were problems that a combination
of the-porous layer and a layer (e.g. a non—-gas—-permeable
layer) having’ a higher specific gravity required much
cost; the.method of using a foaming métérial required
additional cost because a side surface had to be made
non-gas-permeable, and it was difficult to obtain a
complicated configuration.

Further, the conventional porous structural unit had
problems that since it had a simple shape wherein the
porous layer having a uniform specific gravity and a
layer (e.g. a non-gas—permeable layer) having a higher
specific gravity were combined, it was difficult to give
the optimum distribution of spécific gravity and give the
optimum shape in order to further increase the
performance, and it was difficult to obtain good sound
absorption characteristic and good heat insulation
charaptéristic.

*éﬁe present invention is to eliminate the above-
menéioned problems. The first invéntion is to provide-‘a
method of preparing a porous structural unit wherein a
material includfng resin particles is used as a raw
material, and a 1ayer'(such as a non-gas-permeable layer)
having a higher specific gravity ahd a porous layer
having lower specific gravity are simultaneously formed
in one piece.

The first method of preparing a porous structural
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unit according to the first invention is characterized by

...4-..

comprising a step of putting a material including resin
particles into a space formed by first and second molds,
a step of progucing a temperature difference between the
first and.second molds,,a step of pressing the material
with the molds, and a step of heating at least one of the
molds to a temperature sufficient to soften the resin
particles in the material, whereby a layer having a
higher specific gravity produced at the high temperature
side of the molds and a porous layer having a lower
specific gravity produced at thé low temperature side are
formed in one piece. Accordingly, the material at the
high temperature side is molten or softened by heat at
the high temperature side of the mold and a pressure
between the first and second molds sb that a layer having
a higher specific gravity (e.g. a fusion layer) is
formed, and on the other and, at the low temperature
side, the resin particles are molten or bonded to.each
othe: 1n a seml—fluld s;ate so that a porous layer having
a 1852: spe01f1c gravity is formed. At the same time,
the both layers are melt-bqnded'or attached to each other
in one piece. “fhus, the above—ﬁentioned porous
structural uynit is formed. |

In the second method of preﬁaring a porous structural
unit according to the first tnvention, the ﬁaterial
including resin particles which is the same material as

used in the first method is heated and then, is pressed
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or is subjected to a shearing stress, whereby the

“‘

material at the high temperature side is deformed at its
surface portion by compression and the fusion is
accelerated teo thereby increase the specific gravity.

The second invention is to provide'a porous
structural unit with a porous layer in which there are
portions having different specific gravities, whereby
acoustic absorption characteristic and heat insulation
characteristic can be increased, and it is possible to
use the unit in a wide range.

In accordance with the porous'structural unit of the
second invention, it has a porous layer in which the
specific gravity is continuously changed in the direction
of the thickness of the layer or of the surface of the '
layer. Accordingly, the acoustic absorption
characteristic can be increased and the heat insulation
characteristic with respéct to radiagion and heat
conduction can be increased. |

Ih'érawingsz

Figures 1 and 2 are respectively cross—sectional

" views of porous structural units prepared by the method

of the first ig;ention;

Figure 3 is a longitudinal cross-sectional view of an
important portion of a vacuum cleaner in which the porous
structural unit as shown in Pigure 1 is used as a sound

absorption material;

Figure 4 is a cross—sectional view of a metal mold
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for explaining the method according to the first
invention;

Figure 5 is a side view partly cross-sectioned of the
porous structural unit prepared by using the mold shown
in Fiqure.4; |

FPigure 6 is a cross—sectional view of a metal mold
used for another method according to the first invention;

Figure 7 is a cross—sectional view of a metal mold
for explaining a method of preparing a porous structural
unit containing iron particles according to the first
invention;

Figures 8 and 9 are respectively longiﬁudinal cross-—
sectional views of a metal mold and a core metal mold
used for . another embodiment of the method of the first
invention; : .

Figufe 10 is a diégram'showing a relation of porosity-
to the thickness of the porous structural unit of an
embodiment acgording té the second invention;

;%igure li is a diagram showin§ characteristic curves
of éﬁé'vértical incidence sound absorption coefficient of
the pdroué'structural-units.having porosity curves shown
in Figure 10; #

Figure 12 is a cross-sectional view of a construction

for measuring the vertical incidence sound absorption

coefficient;

Figure 13 is a diagram showing a relation of porosity

to the thickness of the porous structural units prepared
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by the .method of the another embodiment of the second

-

i

invention;

Figure 14 is a diagram showing characteristic curves
of the vertiqgl incidence sound absorption coefficient of
5 the porous structural units having pordsity curves shown -
in Figure 13;
Figure 15 is a di#gram showing a relation of porosity
to the thickness of the porous structural units prepared

by the method of another embodiment of the second

10 invention;

Figure 16 is a diagram showing characteristic curves
of the vertical incidence sound absorption coefficient of
the porous structural units having the porosity curves
shown in Figure 15;

15 Figure 17 is a diagram showing fluctuation in the
vertical incidence sound absorption coefficient when the
shape of the granular material constituting the borous
layer of porous structural units;

‘Figure 18 is a diagram showing a relation of sound

20 abséfption coefficient to the diameter of the granular

material;

Figure 19 s a side view partly cross—sectioned of a
porous strqgtﬁral'unit having a layered structure
according to the second invention{

25 Figure 20 is a diagrém showing a relation of pérosity
to the thickness of the porous sérugtural units prepared

by the method according to the first invention;
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Figure 21 is a diagram for comparing_the vertical

incidence sound absorption coefficient of the porous

structural unit having the porosity curve shown in Figure

20 with that 9f a conventional porous structural unit;
Figure 22 is a diagram showing a felation of the

vertical incidence sound absorption coefficient of the

- porous structural units prepared by the method of the

present invention to frequency;

Figure 23 is a diagram showing the porosity of a
porous structural unit having a skin layer according to
the present invention;

Figure 24 is a diagram showing chafacteristic curve
of the vertical incidence sound.absorption coefficient of
the porous structural unit with the skin layer having the -
porosity curve shown in Figure 23;

Figure 25 is a diagram in a form of acoustic model of
a porous structural uﬁit to illustrate the effect of the
skin 1a2er; '

}?Figu:e 26:through 2% are respectively diagrams
shswing\poréus structural units having layered structu;és
according to the second invention;

Figure 29 i% a di#g:am showing a device for measuring
sound shielding characteristic; and

Figure 30 is a diagram showing the sound shielding
characteristic curves of two-porous structural units
according to the second invention.

{ Example of the porous structural unit of the second

e
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invention]

An embodiment of the porous structural unit according
to the second invention will be described.

Figures ], and 2 are respectively diagrams in a form
of model which show cross—sectioned views taken in the
direction of the thickness of the porous structural unit
according to an embodiment of the second'iﬁvention. In
Figures 1 and 2, a reference numeral 2 designates a layer
having a higher specific gravity, such as a fusion layer
which may be gas-permeab;e or non-gas-permeable, a
numeral 3 designates a porous layer having a lower
speéific gravity which is general;y. gas—-permeable.

The porous layer is so formed that the porosity is
continuously changed in the direction of the'thiqknéss.
A numeral 4 designates a skin layer having a specific
gravity between those of the layers 2 and 3. The skin
layer is a fusion layer habing a thickness of, for
instance, 100 pm or less. In the porous structural unit
1, the.fu51on layer 2 and the porous layer 3 are
1ntegrally formed Similarly, the fusion layer 2, the

porous layer 3 and the skin layer 4 are integrally

formed. #

When the porous structural qnit 1 is used as a sound
absorption material, the pprous'layer 3 is opposed to the
side éf a source of noise whereby the energy of sound is
absorbed and attenuated and sonic waves are prevented

from passing through the fusion layer 2.

THIS SHEET HAS BEEN
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Figure 3 is a cross-sectional view of an 1mportant
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part which shows the porous structural unit 1 is used as

" a sound absorption material for a vacuum cleaner. In

Figure 3, a rFference numeral 5 designates an outer frame
and a numeral 6 is a blower motor as a source of noise.
The porous structural unit 1 as a sound absorption
material is formed to surround the air discharge side of
the blower motor 6 wherein the porous layer 3 faces the
blower motor 6 and the fusion layer 2 faces the outside.
In Figure 3, arrow marks indicate flows of air stream in
the actuation of the vacuum cleaner. With the above-
mentioned constructioq, noises produced from the blower

motor 6 can be absorbed and interrupted by the porous

" structural unit 1 as a sound absorption material.

{ Method of prepéring theuporqus structural unit of the
Eirst invention]

A method of prepéring a porous structural unit in
which the gravity is continuously changed in the
dirgction of'ihe thickness of the layer or the surface of

the-layer, and the characteristics of the porous

. structural unit will be described.

Figure 4 igr a cross—-sectional view of a metal mold
which is uséd for preparing the porous structural unit as
shown in Figure 3. 1In Figure 4, a reference numeral 7
designates a recessed metal mold half made of a material
having good heat conduction such as aluminum. A numeral

8 designates a projecting metal mold half which is also

THIS SHEET HAS BEEN
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made of aluminum. Numeral 9, 10 designate heaters for
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elevating temperature for each of the metal mold halves
wherein the recessed metal mold half 7 is heated at a
higher Eempqrature than the projecting metal mold half 8.
{EXAMPLE 1-1 of the method of preparing a porous
structural unit]

Description will be made as to forming the porous
structural unit by using a granular material of

thermoplastic resin.

The temperature of a wall portion 1l of the recessed

metal mold half 7 is set at a temperature higher than
that softeﬁing the granular material as a raw material
put in a closed space 12 formed by the recessed metal
mold half 7 and the projecting metal mold half 8 but
lower than the temperature causing thermal decomposition,
usually at a temperature in a range of 150 - 240°C. The
temperature of a wall portion 13 in the projecting metal

mold half 8 is set at -a temperature lower thén,the

_temperature of the wall portion 11 of the recessed metal

mold half 7. for 1nstance at or near a temperature
softening the granular material as the raw material,

usually at. 70 -‘3;80°C. . Then, a granular material (of a

diameter of.-about 0.2 ~ 3 mm) of a thermoplastic resin

such as ABS resin (acrylonitrile-butadiene-sEyrene resin

having a softening temperature of 80 - 90°C) is put into °

the space between the metal mold halves 7, and then the

metal mold halves are closed while applying a pressure

] I THIS SHEET HAS BEEN
REPLACED
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and heat is applied for several tens seconds - several
hours. The heating is carried out at the set temperature
for the metal mold halves 7, 8 and a pressure is applied
at 1 kg/cm? T.Several tons/cm? while applying heat,

The granular material in contact with the wall
portion 11 heated at a higher temperature of the recessed
metal mold half 7 is molten so that a layer having a
higher specific gravity, i.e. a fusion layer 2 is finally
produced. The change of granular material from a gas-
permeable state to non-gas-permeable state depends on
degree of fusion. Since the temperature of the wall
portion 13 of the projecting metal mold half 8 is lower
than that of the wall portion 11, the granular material
filled in the portion from the wall'portion i3 to the
fusion layer 2 does not become the complete fluid state.
However, particles of the granular material are melt-
bonded at their contacting portions, and finally, a
porous layer 3 melt-bﬁnded t6 the fusion layer 2 is
produced. Aiéhough the porous layer 3 is normally gas-
permeable, it becomes a non—éas-pgrmeable state by mixing
a material such as a binder.

Thus, the Jayer héving a higher specific gravity and
the porousﬁlayer having a lower specific gravity can be .
simultaneously and integrally produced.

According to experiments; it was found that a desired
temperature‘difference was 10°C or higher in order to

obtain the complete melting state or a semi-fluid state

THIS SHEET HAS BEEN
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under the condition that the temperature of the wall

1“

pértion 11 of the recessed metal mold half 7 and the
temperature of wall portion 13 of the projecting metal
mold half 8 age set to be constant.

When the temperature of the wall portion 1l of the
recessed metal mold 7 is 150°C or lower, it is difficult.
to obtain the fusing state of the granular material, and
on the other hand, when it.is 240°C or higher, the
melting state is too excessive whereby it is difficult to
obtain a multi-layered structure. When the temperature
of the wail portion 13 of the recessed metal mold half 8
is 70°C or lower, a melt-bonding state of the particles
at their contacting portions does not occur and it is
difficult to melt-bond to each other. When it is 180°C
or higher, the melting stﬁte'qf the granular material
goes too far and it is difficult to form a porous layer.

When the diameter of the granular material, i.e.
resin particles is 0.2 mm or less, the borosity is too
sma;E“sb’that the function of the porous structural unit,
e.éé%écoustic absorption characteristic, heat insulation
characteristic and so on is- reduced. When the.diameter
is 3 mm or more’ the acoustic absorption characteristic
is reduced although the heat insulating characteristic
can be improved. ‘

When a presshre applied by the metal mold is 1 kg per
cm? or less, melt-bonding of the granular material

becomes unstable. On the other hand, the pressure is
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several tons/cm? or more, it is difficult to keep
accuracy in controlling temperature, and processability
is reduced.

When the granular material is heated by the metal
mold fof several tens seconds or less, the melt~bonding
state becomes insufficient. On the other hand, when the
heating time reaches several hours, the melting state
goes too far and the bouedary between the fusion layer
and the porous layer becomes unclear to thereby
deteriorate the characteristics.

The thickness and the degree of gas-permeability (in
a range from gas—-permeability to non—gas—permeability) of
the fusxon layer to be formed are changed by changing a
heating temperature and a heating time. Accordlngly, a
desired characteristic can be obtained by selecting the
conditions in order to obtain a desired porous structural
unit, '

IEXAMPLE 1-2 ef the method of preparing a porous
structural ueit]

Ein the above-mentioned Example 1-1, the temperature
of the wall portion 11 of the recessed metal mold.halﬁ 7

was set to 150%C, and the temperature of the wall portion

13 of the projecting metal mold half 8 was set to 100°C.

As an ABS resin, spherical particles having a diameter of
1 mm which is a granular material of thermoplastic resin

having a softening temperature of 86°C (GTR-40 (grade)

- manufactured by Denki Kagaku Kabushiki Kaisha)) were put

Kl
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were closed. The distance between the wall surfaces 11,
13 was 10 mm. After the metal mold was heated for 20
minutes, the metal mold halves 7, 8 were opened. A
pressure applied to the metal mold while heating was 100
kg/cm?. Thus obtained porous structural unit 1 is shown
in Figure 5. The thickness of the porous structural unit
1 was 10 mm; the thickness of the fusion layer 2 was
about 1 mm, and the thickness of the porous layer 3 was
about 9 mm. |
[EXAMPLE 1-3 6f the method of preparing a porous
structural unit]

In the above-mentioned Example 1-1, the temperature
of the wall portion 11 of the recessed metal mold half 7
was set to 180°C, and the temperature'of the wall portion
13 of the projecting metal mold half 8 was set to 130°C.
As an ABS resin, spherical particles having a diameter of
1 mm which is a granulaf.material of thermoplastic resin
having a softening temperature of 86°C (GTR-40 (grade)
manufactured by Denki Kagaku Kabushiki Kaisha)) were put.
in the metal mold, and the'metal'moid'halves 7, 8 were
closed. The d{stance-between_the wall surfaces 11, 13
was 10 ﬁm.f In this étate, the metal mold halves 7, 8
were ogenéd after 15 minutes have passed. A pressure
applied to the metal mold under the condition of heating
was 100 kg/cm?. The thicknesé of thus formed porous

structural unit 1 was 10 mm, the thickness of the fusion
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layer 2 was about 1 mm and the thickness of the porous
layer 3 was about 9 mm. In comparing the porous
structural unit of the Example 1-2, it was found that the
fusion of the, surface of the porous layer 3 is partly
accelerated and a skin layer of about 30 pm was formed.
As the granular material of thermoplastic resin, PP
(polypropylene), AS (acryl styrol), stfrol and so on may
be used. As a binder to be mixed with the granular
material of thermoplastic resin, methyl-ethyl-ketone
(MEK), cellulose, varnish, acetone may be used. The
bonding strength of the granula} material of the porous
structural unit is increased and the mechanical strength
is increased by spraying or mixing the above-mentioned
binder to the granular material. In.the above-mentioned.
Examples 1-1, 1-2 and 1-3, the raw material was put uﬁder.
the condition that the temperatures of the wall portions .
11, 13 of the high temperature and low temperature metal
mold halvés 7, 8 were maintained constant. However,
there:may be used for such a method that a raw material
is §h£ in the metal mold having the room temperature and '
the temperature of metal mold is increased to a
predetermined meperaéﬁre during which a mpld—sﬁaped
product is removed. In such method, a porous structural
unit havingfthe same quality can be'obtained;
Experiments reve#léd that the temperature difference
between the high temperature and low temperature metal

mold halves could be smgll, for instance 2°C. Of course,
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the temperature difference varied depending on

conditions, e.g., a material to be used, the size and the
shape of the material, a rate of raising temperature in
the metal mold halves, a pressure applied to the metal

mold halves and so on.

In order to fofm-a temperature difference between the
wall portion 11 of the recessed metal mold half 7 and the
wall portion 13 of the projecting metal ﬁold half 8, the
wall portion 13 of the projecting metal mold half 8 may
be formed of a material 14 which is a low heat conductive
material such as PBT (polybutyiene terephthaiate):resin,
FRP (fiber reinforced plastics) or the like as shown -in

Figure 6. The size of the metal mold halves 7, 8 can be

different although the material is the same. In short,

it is sufficient that a predetermined temperature

difference can be temporarily or constantly given to the
metal mold halves 7, 8 by selecting'suitably the heat
capacity of the mold halves and the calorie of the |
heaters which depend on the kind and ﬁhe size of the
maﬁérial used.

[EXAMPLE 2-1 of the method of preparing a pordus

structural unitj

A case qf'forming the porous structural unit by using
the_gfanula; matérial of thermoplastic resin will be
described. 1In the séme manner as the Example 1-1, the
temperature of wall portion 11 of the fgcessed.metal mold

half 7 was set to a température higher than that for
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softening the granular material but lower than the

thermal decomposition temperature. The temperature of
the wall pertion 13 of the projecting metal mold half 8
was around a temperature at which the granular material

is softened and which is lower than the temperature of

‘the wall portion 11 of the recessed metal mold half 7.

‘Then, particles having a diameter of about 0.2 - 3 mm as

a granular material of thermosetting resin such as
phenol, PBT (polybutylene terephthalate), PET
(polyethylene terephethalate) or the like were put in the
metal mold halves 7, 8 together with a binder such as .
cellulose, varnish and various adhesives in a mixed
state. The metal.mold”halves 7. 8 were cloeed while
applying a pressure, ‘and were heated for several minutes
- several hours. Heating operations were carried out at
the above-mentioned set temperature for the metal mold
halves 7, 8, and a pressure applied thereto was 1 kg /cm? fo
several tons/cm2 under the condition of heating.

Then, the granular material in contact with the wall

portlon 11 heated at a higher temperature of the recessed

‘ metal mold half 7 was softened and was melt-bonded to

each other by tpe binder so that it became a layer having
a higher specific gravity. The layer changes from a gas-—

permeable state to a non-gas-permeable state depending on

" a degree of the softening of -the granular material,

Since the temperature of the wall portion 13 of the

projecting metal mold half 8 is lower than that of the

rosssatn g
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wall portion 11, the granular material filled in the area
from the wall portion 13 to the higher specific gravity
layer 12 does not become the complete fluid state.
However, the particles are bonded to each other by the
binder at,their cdntacting portions and finally, the
porous layer 3 bonded to the higher specific gravity
layer 2 is formed in one piece. Although the porous
layef 3 is normally gas—permeable, it exhibits non-gas-
permeability when an amount of the binder mixed is much.
[EXAMPLE 2-2 of the method of preparing a porous
structural unit]

In the above-mentioned Example.z-l, the temperature
of the wall portion 11 of the recessed metal mold half 7
was set at 200°C, and the temperature of the wall portion
13 of the projecting metal mold half 8 was set at 150°C.
As a thermosetting resin, pafticles havidg a diameter of
1l mm of phenol resin (having a softening temperature of
190°C, MW-752 (grade) manufactured by Meiwé Kasei -
Kabush1k1 Kazsha) were put in the mold together with 15
wtg of powder cellulose as a binder. Then, the metal mold
halves 7, 8 were closed. The distance between the wall
surfaces 11, 1¥ was io mm. In this state, the heating
operations were maintained for 25 minutes, and then the
metal mold halves 7, 8 were opened. A pressure applied
to the metal mold halves unéer the condition of heating
was 150 kg/cm?. The thickness of the borous layer thus

formed was 10 mm, the thickness of the layer having a
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higher specific gravity was about 1 mm, and the thickness
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of the porous layer 3 was about 9 mm. A éranular
material obtained by coating a thermosetting resin with a
thermoplastia resin may bé used.

{EXAMPLE 3-1 of the method of preparing a porous

structural unit)

A case that the porous étructu:al unit is formed by
using a material including particles other than the
above-mentioned resin particles will be described.

Figure 7 is a cross—-sectional view of meﬁal mold
halves 7, 8 in a closed state wherein a material
including two kinds of particles are filled in the space
12 formed by the metal mold halves.

First, iron particles 15 having a longer diameter of
about 0.2 mm was filled in the recessed metal mold half 7
so that the thickness of the iron particle layer is about
1 mm. Then, ABS resin particles 16 having a longer
diameter of about 1l mm (whlch is the same as that.used in
Example 1- 2 of the method of preparing the porous
structural unit). were filled so that the thickness of the
ABS resin layer is abéut 2 mm higher than the height (10
mm) of the clofed space 12. The projecting metal mold
half 8 (Figure 7 shows a f£lat metal mold half) was
assembled in a close-contact séate to the recessed metal
mold half 7, whereby the layers of the iron particles 15
and the ABS resin pérticles 16 are compressed to thereby

form a packed layer comprising different kind of

-
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particles in the closed space 12. Under the above-
mentioned conditions, the temperature of the recessed
metal mold half is raised to 86°C higher than a
temperature qpich causes softening the ABS resin
particleé, more specifically 150°C, and the temperature
of the projecting metal mold half is raised to 100°cC,
Then, the both metal mold halves were heated for about 20
minutes. Since the melting point of the iron particles |
15 is about 1,500°C, and the shape of the iron particles
is kept as they are. On the other hand, the wall portion

11 of the recessed metal mold half 7 is heated at a high

‘temperature, and therefore, the iron particles contacting

thereto are also heated at a high temperature.
Accordingly, the ABS resin particles 16 in contact with
the iron pérticle layer are molten and the molten ABS
res%n particles floy to surround the iron particles 15.
Thus formed porou§ structural unit had its thickness of
10 mm wherein the fusion layer 4 in which the iron
partiples 15 are mixed had its thickness of about 1 mm
and’ the porous layer 3 had its thickness of about 9 mm.
The layers were iqtégrally formed to form a laminated

body. The spegific gravity of the fusion layer 2 is the

same as that of the ABS resin, i.e. 1.05 gr/cc when it

- does not contain the iron particles. However, when it

includes tﬂe iron particles the specific gravity of only
the fusion layer was 44 gr/cc as a result of measuremént.

In case that the porous layer of the porous

R i
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structural unit is used as a sound absorption material
and the fusion layer is used as a sound insulation
material, the sound interruption characteristic of the
sound insulagéon material is increased as the specific
gravity is large. Accordingly, the porous structural
unit obtained in this Example has excellent sound
interruption characteristic. 1In the conventional method,
it was necessary to increase the thickness of the
material or to attach a metallic material such as an iron
plate in order to increase the sound interruption
capability of a light materiai in specific gfavity such
as the ABS resin. 1In accordance with the method of the
present invention, however, the porous structural unit
w}th the fusion layer having a specific gravity further
higher than that of the porous layer by incorporating a
material having a high specific gravity at a portion to
be fused. -

Although the iron particles are used for particles to
be @@ggd wi;hithe fesin particles, the same effect can be
obtéﬁﬁed“by using particles of another metal, glass or a
material having a highef specific gravity.

Further, dgscription has been made as to improvement
of sound insulation characteristic. HBowever, in order to

obtain good.electromaghetic shielding effect or heat

‘conducting effect, a material such as aluminum effective

to electromagnetic shielding may be incorporated.

Further, glass fibers may be incorporated in the resin
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particles in order to improve the strength of the fusion
layer and the porous layer.

In the above-mentioned Examples 1l-1 through 3-1, the
granular material is molded by the application of
pressure and héat wherein a temperature difference is
given to the first and second metal mold halves to
thereby produce the porous layer and the fusion layer or
the skin layer. However, it is possible to form a porous
structural unit having such layeré even by pressing the
metal mold halves after the heating. This will bg
described hereinbelow. '

At first, a small compression force (1 kg/cm? or
lower) is given to the metal mold halves whereby
particles are closely contacted. Then heat is applied-
thereto. .In this condition, it is difficult to form a
fusion layer or a skin layer even though tﬂere is a
témperature differencé between the metal mold halves, and

only porous layer is produced. When the porous layer is

zcompressed under the condition of heatxng which is near a

.(‘5

“Eemperature at the time of the completzon of molding, a

deformation by compression'or fusion of a high’

- temperaturg portion of the porous layer is accelerated,

whereby a non-gas-permeable layer or a high specific

- gravity layer is formed in the porous layer. On the

other hand, a low temperature portion in the porous layer
becomes a low specific gravity layer in which a multi-

cellular layer is maintained. The granulaf material can
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be mold-shaped in the same manner as the above-mentioned
by utilizing a shear stress force due to a rotating or
reciprocating movement of the metal mold other than the
application of pressure.
{EXAMPLE 4-1 of the method of preparing a porous
structural unit] '

Now, description will be made as to a case that a

porous structural unit of a cylindrical form is molded by

using a granular material of thermoplastic resin as a raw

material.

Figure 8 is a cross—sectional view of a metal .mold
for explaining a method of preparing the cylindrical
porous structural unit. A reference numeral 31 is a

cylindrical metal mold made of aluminum, and a numeral 32

'designates a core metal mold in a round rod shape of

aluminum. The later has two portions having different
diameters as shown in Figure 9. Numerals 33, 34
designate covers or plugs of aluminum which are.fﬁtted to
both.ends of the cylirndrical metal mold 31 and have
opeﬁ&ngs at their central portion to allow the core metal
mold 32 to pass therethrough. A closed space in which

resin particlesg 35 are filled is formed by the

- cylindrical metal mold 31, the core metal mold 32 and the

covers 33, 34. In the metal mold having the construction
described above, the core metal mold is insetted in the
cylindrical metal mold 31 so that the closed space is

formed at the small diameter portion of the core metal

THIS SHEET.HAS BE! EK\J
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mold 32. Then, the cover B 34 is removed, and the resin

particles 35 are filled in the closed space defined by
the cylindrical metal mold 31, the cote metal mold 32 and
the cover A 33, and thereafter, the cover B 34 is fitted
to the cylindrical metal mold 31. Experiments by the
inventors of this application revealed that a compression
force to the resin particles 35 can not be uniformly
increased even by filling resin pafticleé 35 in volume
which is larger than the volume of the closed space and
by closing the cover B 34. Namely, although the resin
particles 35 near the cover B 34 receiQe'a compression
force by a bridging function of the paﬁticles when the
distance in the directioﬁ of compression is long, the
compression force.can.not be transmitted to a portion far
from the cover B 34. In a case of the metal mold having
a substantial length as shown in Figure 8, the
compression force in_the axial direction is only 1 kg/cm?
or lower. Further, a distribution in compression.force
in tyé longitﬁéinal direction rapidly changes whereby it
is SEfficult to control the compression force.
Accordingly,.in this embodiment, the resin particles was

filled so that.the compression force at the time of

closing the cover B 34 is 1 kg/cm?® or lower.

The inner diameter and the outer diameter of the
cylindrical metal mold were respectively 40 mm and 60 mm,

and the outer diameter portions of the smaller and larger

diameter portions of the core metal mold were
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Eespectively 29 mm and 31 mm. The inner diameter of the

metal mold was 23 mm. The distance between the inner end

surfaces of the covers A, B was 200 mm. An ABS resin

particles ha%ing a diameter of 1.7 mm were f£illed in a

manner as.described before, and the metal mold was heated

for about 1 hour in an electric furnace having an

atmospheric temperature of 220°C. The heat capacity of

the core metal mold was determined to be smaller than

that of the cylindtical metal mold, and the resin

particles near the core metal mold were heated at a

temperature higher than that near the cylindrical metal

mold. After a porous layer of the resin particles was

formed by heating, the metal mold was removed from the

electric furnace, and the core metal mold was drawn in

the direction of arrow mark as shown in Figure 8 before

the temperature of the metal mold decreased.

It was

found that during the drawing of the core metal mold, the

porous layer was compressed in its radial direction due

to the expansxon of the diameter of the core metal mold,

whefeby the porous layer in contact with or near the pore

metal mold heated at a high temperature was formed to

have a high speeific gravity, and a porous structural

unit having;a_distribution of specific gravity.cganging

in the direction of the thickness could be obtained in

the same manner as the above-mentioned Examples 1-1

through 3-1. It was further found that a shear stress

was applied to the surface portion of the porous layer
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owing to a frictional force produced between the core

metal mold and the porous layer by causing a reciprocal
movement of the core metal mold in the longitudinal
direction ang as a result, the porous structural unit
having its surface with a high specific'gravity could be
obtained.

It is clear that a distribution of specific gravity
can be formed in the axial direction by using a core
metal mold having a tapered diameter.

In the above-mentioned Examples 1-1 through 4-1,
resin particles having a tubular form, a cylindrical
form, a cubic form or other desired shape may be used_
other than the resin particles having a spherical form.
?hermoplastic resin particles with needle projections are
preferably used as a'granular_material because the needle
projections afe easily molten. In order to reduce the
weight of the porous structural unit, a hollow granular
material or a foamed granular material may be used as a
raw materlal. ?urtﬁer, short fibers may be incorporated
as a- re1nforc1ng material, or a thread-like thermoplastic
resin méterial may be incorporated as a binder to the
resin particless

In order to chénge the specific gravity of the porous
layer in thé porous.structural unit in the direction of
the surface of the porous layer, the temperature of the
metal mold at the low temperature side should be changed

in the above-mentioned direction of layer surface. The
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facing a higher temperature portion of the low
temperature side metai mold becomes large, and the
specific gravity of the portion facing a lower
temperature portion of the metal mold becomes small.
Since the above-mentioned method provides a molded porous
structural unit having a one—piece structure, a porous |
structural unit having a complicated shape can be easily
obtained by using a metal mold having the shape
corresponding to the porous structural unit.
(Effect of the first inventionf

In accordance with the method of preparing the porous

structural unit of the first invention which comprises a

‘step of putting a material including resin particles in a

space formed by first and second metal mold halves, a
step of imparting a temperature difference between the
first and second metal mold halves, a step of pressing
the_materiél with the metal mold halves and a step of
hegé&hﬁ at le;st one ofithe metal mold halves at a
teﬁﬁ?iaéute sufficient to softening the resin pérticleg,
a léyer having a higher specific gravity at the high
temperature sid® of tﬁe metal mold halves and a porous
layer having a iower_specific gravity at the low
teﬁperature side can be simultaneously and integially
mold-shaped. Accordingly, a-porous structural unit
having portions whose specific gravities are different

and having a complicated shape can be obtained with a low
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Further, in accordance with the invention, the

cost.

specific gravity of the surface portion of the material
at the high temperature side can be easily increased by
the application of a compression force or a shearing
stress to the material including the resin particles
while or after they are heated. |

The porous structural unit thué formed can be used in
various ways. For instance, the layer having a higher
specific gravity can bé used as a structural body such as
an outer frame for a machine. It reduces the number of
structural elements, the number of assembling steps and
so on. The porous structural unit of the present
invention has high utility. For instance, it is
pfeferably used for an acoustic absorption material, a
heat insulation material, a sliding bearing, a filter
unit and so on. |

In accordance with the present ihvention, since the

flrst .and second metal mold halves have different heat

\.ﬂ-
=" >

capapzties, a temperature difference between the both
mold halves can be'éffectiVely produced.

. Further, infaccordance with the present invention,
the bonding force betweeh resin particles in a granular
material can be strengthened by inéorpofating a binder in
the material including the resin particles, whereby the

mechanical strength of the porous structural unit can be

improved.
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material can be used as a raw material, whereby the
weight of the porous structural unit can be reduced.
Further,~by changing the specific gravity of the
porous layer in the direction of the thickness or the
surface of the porous layer, the characteristics, i.e.
the acoustic absorption characteristic of the porous
structural unit can be further improved.
[ characteristics of the porous layer of the second
invention] |
Various characteristics and applications of the
porous layer in a porous.structural unit wherein the
specific gravity of the porous layer is éontinuously

changed-in the direction of the thickness or the surface

" of the porous layer will be described.

(i) Acoustic absorption characteristic

Figure 10 is a diagram showing_a distr;bution'of
porosity (specific gravityf of each of the porous..
structural uﬁits in the direction of the thickness of the
péiéus'structural unit {(which are substantially
constituted by'porous iayer) which have a thickness of 10
mm formed in agrordance with the Example 1l-1.

In Figq;e 10, curved lines A and C show that each of
the porosity is substantially uniform in the direction of
the thickness, and that respectively have a pdrosity of
about 25% and a porosity of about 10%. A curved line B

shows that the porosity is distributed in the direction

I'k 1:') )) 141. i ’\.; i
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of the thickness and shows that the porosity continuoﬁsly
changes within a‘range of 10% -25%. When these porous-;
structural units are used as an acoustic absorption
material, th%ir acoustic absorption characteristic is the
most important factor.

Figure 11 shows a result of measuring the vertical
incidence sound absorption coefficient of three samples:
having respective porosity digtributions as shown in
Figure 10 in accordance with JIS Al405 "A method of
measuring the verticgl incidence sound absorption
coefficient of materials for buildings by a pipe method™.
For the sample of the curved line B having a distribution
of porosity in the direction of the thickness, the side
portion having a porosity of 10% is used as a surfacg for
£eceiving sound waves.

As is clear from Pigure 11, it was confirmed that the
sample (curved B) having a distribution of porosity
exhibited the best sound absorption coefficient.

The reason why the porous layer having -a distribution
of ﬁé?oéity shows good result is considered as follows.
In the ﬁethod of measurement ruled in the above-mentioned
JIS, a hard wall 36 is used for the back surface for a
test p;ece (a porous structural unit) 44 as shown in
Figure 12. "Accordingly, when sound waves 37 enter into
the porous structural unit 44, a speed of particles of
the sound waves 37 becomes 0 at the hard wall surface 36.

The particle speed becomes large near the incident

I Tr1s SHEBT Has - -
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surface which is away from the hard wall surface 36, and

the greatest particle speed is obtainable at the incident

surface 38. The principle that sound waves are absorbed

is as follows,. During the propagation of sound waves in

thin gaps.in the porous structural unit 44, an acoustic

energy is converted into a heat energy to be dissipated

by the effect of viscosity to the wall surface. On the

other hand, the effect of viscosity becomes remarkable as

the pérticle speed becomes large, and the porosity at the

incident surface of the porous body largely affects the

acoustic absorption characteristic of the entire portion.

As described above, as the porosity becomes small,

the gaps in the porous unit 44 becomes thin, whereby the

effect of viscosity becomes large.

However, when the

porosity is too small, it is difficult that the sound

waves enter into the pofous unit 44 and the sound

absorption coefficient decreases.

In Figures 10 and 11,

it is understood that the porosity of the sample of the

curved line A is too large and the porosity of the sample

‘-r

of the curved line C is too small, and accordingly the

_optlmum effect of viscosity can not be obtained. The

sample of the gprved line B shows that the surface for

receiving sound waves (the position to obtain the

greatest paitiéle speed) of the porous unit 44 has the

optimum porosity, and in addition, the porosity becomes

large toward the hard wall side, whereby it is possible

that the sound waves enter into the innermost portion of
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the porous unit 44 to thereby provide excellent acoustic

absorption characteristic.

Description will be made as to improvement in the
acoustic absorption characteristic by changing the
porosity (specific gravity) in the direction of the
surface of the porous structural unit. Figure 13 is a
diaéram showing that the porosity of three kinds of
sample changes. The porosity reduces in the order of
curved lines A+B+C. The acoustic absorption
characteristic of each of the samples is shown in Figure
14. In Figure 14, when the porﬁsity at the surface of
receiving sound wave is made small (which corresponds to
the curved line C), the sound absorption coefficient at a
low frequency region can be increased. Accordingly, Qood
acoustic absorption characteristic can be obtained in a
broad range of frequency band regions by forming a
distribﬂtion of the pordsity in the direction of the
surface of the poroﬁs structural unit. |

.. The acoustic absorption characteristic of a porous
stiﬁgtural unit having a thickness of 10 mm will be
described.

Figure 15 if'a diagram showing distributions of the
porosity of three samples, and Figure 16 is a diagram
showing thé:vertical incident sound absorétion
coefficient of.each.of the samples. These Figures show
that the acoustié absorption characteristic of the porous

structural unit having a thickness of 100 mm exhibits the

ﬂr“/”. T
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opposite characteristic to the porous unit having a

thickneés of 10 mm. Namely, the porous unit having a
thickneés of 100 mm exhibits good acoustic absorption
characteristic as the porosity becomes small toward the
hard wall.side (curved liné C). The reason is considered
as follows.

In the porous unit having a large thickness, a
distance for passing sound waves is long and the sound
waves are reflected during propagation. Since the
acoustic absorption characteristic is impéoved by
reducing a quantity of reflection, a good result is
obtainable by_eliminating this continuity between the
inherent aéoustic impedance (the product of the density
of air and a sound speed) of air through which sound
waves are passed to enter the porous unit and the
acoustic impedance of the porous unit. Namely, when the
thickness of the porous unit is large, excellent acoustic
absorption characteristic is obtainable by slightly
increésing the porosity of the porous unit facing air to
the;éﬁy adjust the acoustic impedance of the porous unit
to the inherent acoustic impedance of air and by reducing
gradually the gprosity toward the hard wall éide.

It was confirmed that the optimum distribution of the
porosity'ofﬁthe porous unit changes depending on the
thickness and that excéllent4acoustic absorption

characteristic can be obtained by forming the poroqs'unit

.to have a continuous change in distribution of the
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porosity. _
(ii)Heat insulation and heat retaining characteristic
The porous structural unit has been used as a heat
insulation material. It is well known that the porous
unit is used to insulate heat or keep warmth because air
contained in fine gaps in the porous unit transfers very
small amount of heat by convection and the surface area
to transmit heat of a solid which is a part of the porous
unit is small whereby heat conduction ability is low.
However, the porous unit is strongly influenced by
heat radiation, which substantially determines the heat
insulation characteristic of the porous unit. In order
to reduce heat conduction by radiation, an aluminum layer
was attached to the surface_of heat insulation material
to prevent radiant rays from entering in the porous unit.
However, in the conventional technique, productivity was
poor and there was further problem of a short lifetime

due to the peeling-off of the aluminum layer. Further,

_therbzhas been proposed to reduce the porosity of the

poréﬁs-unit to thereby improve heat conduction by
radiation. However, when the porosity is made small, the
heat conductiof becomes lérge, and accordingly, it is not
effective to improve heat insulation-heat retaining
characteristic as a whole.

In the porous structurél’unit according to the second
invention, the porosity (specific gravity) is changed. A

degree of changing the porosity can be selected as
REPLACED
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desired depending on usage. Accordingly, radiant rays
can be interrupted at the surface portion and heat
conduction can be small by making the porosity small at
the area near, the surface portion and by making the
porosity_large in the porous unit. Thus, a porous unit
having excellent heat insulation-heat retaining
characteristic can be obtained.
(iii) Oil containing bearing (sliding bearing)

An o0il containing bearing is formed by impregnating a
lubricating oil in a porous material and adapted to
supply oil without the necessit& of an external supply of
oil. Further, it is inexpensive. Accordingly, it is
didely used in a field that a load to the bearing is
small.

. Generally, in a forcibly oil~feeding type sliding
bearing, an o0il pressure of about 20 kg/cm? is produced
in an oil £ilm at the sliding surface when a shaft is
rotated; this raises the shaft and there occurs é.so-
called coﬁplefe lubricdtion (liquid lubrication) wherein
the{shaft does not directly contact with the bearing.

On the other hand, in the oil containing bearing,

even when an oal'preséure is produced, a part of the oil

~pressure escapes outside through the porous wall of the

bearing to'thereby reduce the oil pressure, whereby a so-~
called boundary lubrication wherein the shaft is locally
contact with the bearing is performed. Accordingly, the

friction coefficient of the oil containing bearing is as

b &
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high as 0.1 - 0.2 in comparison with a case of the
forcibly oil-feeding type bearing having a friction
coefficient of 0.02 - 0.05. The temperature rise in the
oil containiqg bearing is relatively high.

The allowable load of the oil containing bearing can
be improved by increasing the pressure of oil £ilm at the
sliding surface. For this purpose, a method wherein a
stream of oil is produced through a porous wall without
causing reduction of the oil pressure has been studied.
For instance, there has been proposed a method wherein
the surface portion of a bearin§ is constituted by a
layer having pores of a small diameter and the oil-
retaining portion is constituted by a layer having pores
of a large diameter. Namely, a lining layer having pores
of a small diameter is bonded to the oil retaining layef.
The lining layer prevents the 0il pressure from
decreasing. Suéh method is disclosed in, for instance,
"oilless bearing"” (by Kawasaki, published by the.AGNE, P,
87):;_3bwever, the proposed method has a problem that
pdé%%ﬁare discontinuous at connecting portion of the two
layéf;, and a self~oil~feeding résistance from the oil
retaininé layeéfto the iining laygr becomes ;arge,
whereby improvement of the bearing load is not
sufficient.; '

On the 6ther hand, in aceordance with the porous
structural unit of the second invention, the_diameter-of

pores in the porous layer for the bearing is made minimum

5 '”f*"
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at the surface portion of the bearing and the diameter of

the pores is made continuously or gradually increased
toward the bdttom portion. Accordingly, the pressure of
the oil film‘can be increased, a suitable amount of oil
can be retained, and excellent performance can be
obtained.

(iv)Filter material

The porous structural unit of the second invention
can be used as a filter. By using the structure wherein
the diameter of pores (porosity) is continuously changed,
dust in air can be removed in a continuous manner .while
reducing a possibility of causing clogging, and
efficiency of catching the dust is increased. A compact
single body type filter unit can be ﬁormed by using a
layer having pores of small diameter for the outside
layer of the filter.

The porous structural unit having a porous layer
wherein the porositﬁ (specific gravity) is continuously
changed can be utilized widely by taking an advantage
thg??é compiicated shape and a complicated material can
be used.

As the resip ﬁarticles for constituting the porous
layer, particles having a spherical shape are used in the
above-mentigned Examples. However, resin particies of a
tubular form, a cylindrical form, a cubic form or another
suitable form may be used. Thermoplastic resin éarticles

with needle-like projections can be preferably used

HIS S SHEET HAS BEEN
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because the needle-like projections are easily molten.

Furthef, in order to reduce the.weight of the porous
layer, a hollow granular material produced by foaming or
a foaming grﬁpulaf material may be used. Short fibers
may be mixed with resin particles. Further, a thread-
like thermoplastic resin may be incorporated as a binder.
It was found that further excellent characteristics,
especially the acoustic absorption characteristic could
be obtained by suitably selecting the shape and the
longer diameter of the granular material used for the
porous unit. Descriptién will be made as ﬁollows.
Figdre 17 is a diagram showing fluctuation in the
vertical incidence sound absorption coefficient of five
samples in a case that fhe shape of granular material is
changed. A curved line A is ﬁof a sample made of a

granular material of a cylindrical form wherein the

~ diameter is 0.8 mm and the length is 1 mm, and a curved

line B is for a sample made of a granular material of a

spherical form wherein the diameter is 1 mm. The

thiéﬁﬁéss of the porous layér of the samples is 10 mm and
a fféquency of 2 KHz is used to measure the sound
absorption coefficient. 1In Figure 17, it is understood
that the curveg line B using the spherical resin’
partiblés shows that there is .a small difference in the
characteristic of the samples and very stable. The
?eason is that a granular material in a spherical form

comes to contact with another at only one point and
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therefore, the state of the layer of the spherical

%

particles is uniform in the molded product. Thus, by
using spherical (or elliptic) particles, a further
preferable porous structural unit can be obtained in a
case that, stableness in the characteristics among samples
is required.

Further, it was found that the acoustic absorption
characteristic depended on the longer diameter of a
granular material. Figure 18 is a diagram showing the
relation of the longer diameter of a granular material to
the sound absorption coefficient of a product formed by
using the granular material. The thickness of a sample
is 10 mm and a frequency used for measurement is 2 KHz.
When the diameter of the granular material is too small
or too large, it is difficult that sound waves enter into
the porous material, or the inherent acoustic impedance
of the porous material does not coincident with the
inherent acoustic impedance of air to thereby redgce the
sound absorption coefficient. With respect to Figure 18,
it éaé found that the acoustic absorption characteristic
could be improved by determining the longer diameter of
the granular migerial to be in a range of 0.2 - 3.0 mm
for practical use, preferably, 1.0 - 2.0 mm.

Another;ﬁxample of the porous structural unit
according to the second invention will be describe@. The
porous structural unit comprises a porous layer wherein

the specific gravity is continuously changed in the
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direction of the thickness or the surface of the layer
and a solid layer having a porosity smaller than that of
the porous layer and a specific gravity greater than the
porous layer,, the porous layer and the solid layer being
laminated, When a thermoplastic resin particles are used
as a raw material for the eolid layer, it becomes a
fusion layer. The solid layer can be gas-permeable or
non~gas-permeable depending on a degree of fusion. When
a thermosetting resin particles are used as a material
for the solid layer, the solid layer becomes a layer
having a higher specific gravit} because the granular
material .is softened and is bonded with a binder. 1In
this case, the solid layer can be gas—-permeable or non-
gas—-permeable depending on a degree'of the softening of
ehe granular material.
(i) Porosity

Figure 20 is a diagram showing the porosity of a
mold-shaped porous structural unit wherein curved.lines
(Ex, 1-=2 and Ex. 1-3 respectively indicate a relation of
theiierosity'(%) to the thickness (mm) of the porous
structural units prepared according to Examples 1-2 and.
1-3. The fusigp layer 2 of the porous structural units
is non-gas-permeable. The porous layer of Ex. 1-2 is so
formed thae'the pofositf'is continuously changed in the
direction of the thickness, and the porosity is greatest
at the surface portion {low temperature side) the porous

layer 3 of Ex. 1-3 is so formed that the porosity is

7S BEEN
S BE
HIS SHEET HA

T REPLACED :

o



o~

..‘“

[}

10

15

20

25

. This Sheet Has Been Rep

e

42
continuously changed in the direction of the thickness,

and the porosity is greatest at the central portion of
the porous layer 3 while the porous layer is low at the
surface porti?n (low temperature side). Namely, the
porosity at the surface portion is between the greatest
porosity of the porous layer 3 and the porosity of the
fusion layer 2. This shows that a partially fused skin
layer 4 is formed. When the same material is used, the
specific gravity is large as the porosity is small.
(ii)éharacteristics of layered porous structural unit
When a porous structural unit is used for a sound
absorption material, the acoustic absorption
characteristic becomes a problem. Figure 21 is a diagram
for comparing the vertiﬁal incidence sound absorption
coefficient wherein the vertical incidence sound
absorption rate is obtained in accordance with the
before~-mentioned JIS Al405. A curved line Ex. 1-2 is for
the porous structural unit having a thickness of 10 mm

prepared according to Ex. 1-2 and a broken line is for a

conventional porous structural unit having a thickness of

10 mm in which urethane form is used for a sound

absorption material. It is found from Figure 21 that the

=5

vertical incidence sound absorption coefficient of the
porous structural unit formed by the method of Ex. 1-2
had the characteristic equivalent to or superior to that

of the conventional unit.

Figure 22 is a diagram showing the vertical incidence
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sound absorption coefficient similar to that of Figure

21. Curved lines Ex. 1-2 and Ex. 1-3 are respectively
for the porous structural units with a porous layer
having a thigkness of 10 mm which are formed in
accordance with the method of Example 1-2 and 1-3. 1In
Figure 22, the reason why Ex. 1-3 shows a good result
seems that the porosity at the surface portion is
suitébly provided. |

(iii) Effect of skin layer

Description will be made as to clarification of a
phenomenon wherein the acoustic absorption characteristic
is improved by a skin layer and the optimum thickness of
the skin layer..

An ABS resin was used as a raw material for the |
porous layer, and a sample of the porous layer having a
thickness of 10 mm was prepared in accordance with the
method of the aone—mentiQned Example 1-1.

. Figure 23 is a diagram sthing a result of
measurement of the-distribution of the porosity of the
sadgié, and Figure 24 is a_diagiam showing a relation of
the vertical incidence sound absorption coefficient to
frequency wherigﬁ the side haviné small pérosity of the
porous material is used as the surface for receiving
sound waves: .As is clear form the Figures, the sample
showed the greatest'sound'abéorptiﬁn coefficient at a low

frequency of 400 Hz yherein the greatest sound absorption

coefficient exceeded 90% which is an excellent
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was observed with a microscope to examine the porosity of
the surface for receiving sound waves. As a result, a
skin layer o§ substantially non—-gas-permeable having a
thickness,of about 30 pm at the surface portion was

found.

The above-mentioned phenomenon will be described with
reference to an acoustic model as shown in Figure 25.
The acoustic impedance (denoted by a character Z) of the
porous structural unit ié expressed by the following
equation (1):

2 = Tn + J@mg ¢ BXCA2 | 5op | (1)
Jjue

where rp is the acoustic resistance of the porous layer
3, ® is angular velocity, mp is the inertance of air of
the porous layer 3 and ¢ is the thickness of the porous
layer 3, p* is equivalent density of air in the porous
layer 3, C* is equivalent sound speed of air in the
porous layer 3 and m ig.surface density of the skin layer
4. |

.In order to obtain a frequency.wherein the sound
absorption coefficient assumes the greatest value, the
complex compodght in the equation (1) has to be 0. The

frequency £ is obtainable from the following equation
{2). . .

£ 1 [ _prcr? (2)
2n (mg+m) &
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Since the surface density m of the skin layer is far
greater than the inertance m, of the porous layer, the
frequency £ at which the greatest sound absorption
coefficient gan be obtained can be greatly reduced to a
low frequency region by providing.the skin layer, as is
clear from the equation. Since the sound absorption

coefficient of the porous layer is low at a low frequency

region, the provision of the skin layer is effective to

_improve the characteristic. Although- it has been well

known to obtain such effect by providing the skin layer,

there has been known that the skin layer is attached to

the porous material. Although reduction of the frequency

for obtaining the greatest sound absorption coefficient
can be attained by attaching the skin layer to the porous
material, the absolute value of the sound absorption

coefficient is reduced to 80% or lower. The reason can

- be considered as follows.

20

25

The acoustic impedance Z at the freqﬁency region to
obtain the.greétest sound absorption coefficient is
expressed as follows from the equation (1):

T Z =1, |
As is well known, when r, = pC (where p and C are

F 4
respectively the density and the sound speed of air), the

sound absdrﬁtion coefficient becomes 100%. However, the

conventional method of attaching the skin layer increases

a component of resistance at the bonding portion between
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the skin layer and the porous material. When the
component of resistance is inserted in series to the
acoustic resistance of the porous material, the above-
mentioned equation rnp = pC can not be satisfied and
fluctuation in the characteristic may result due to
unstableness derived from the bonding of the both
materials.

On the other hand, the present invention eliminates
the above-mentioned problem by mold—éhaping the skin
layer and the porous layer in one piece.

Several porous structural units were prepared .by
changing the thickness of the skin layer, and sound
absorption characteristic was examined for each of the
porous structural units. As a result, when the thickness
of the skin layer exceeds 100 pm, the skin layer acts as
an eiastic layer (as a spring).but not mass, and the
frequengy corresponding to the greétest sound absorption
coefficient rises on the contrary. Accordingly, it was
foundlthat'lod pm or lower was appropriate. .

' 86 far, the porous structural unit having a two-
layered structure has been described. However, a porous
structural unigwhaving three or more layers may be used.

Figure 26 is.a cross-sectional view of a porous
strucfurai Gﬁit la having a three-layered structure which

comprises a skin layer 4, a porous layer 3 and a non-gas-

permeable solid layer 2. As described before, since the

laminated structure of the skin layer 4 and the porous
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layer 3 has excellent sound absorption characteristic and

...47-.

the non-gas-permeable solid layer 2 is excellent sound
sﬁielding material, the porous structural unit can be
used as a stractural material performing both function of
sound absorption and sound shielding.

When it is used as a heat insulation-heat retaining
material, the skin layer 4 serves as a radiant ray
insulating material, the porous layer 3 serves as a heat
conduction insulating material and the solid layer 2
serves as a casing for a machine to be received therein.

Figure 27 is a diagram showing another embodiment of
the porous structural unit 1b.wherein a solid layer 2 is
sandwiched between two sets of a porous layer 3 and a
skin layer 4. The porous structural unit 1b can be
applied to a split type or a cgell type sound deadening
device. Figure 28 is a diagram showing an embodiment of
the sound deadening device wherein a plurality of ghe
structural units 1lb are érranged so as to divide the
1n31de of a duct 33 into a plurality of sections. The -
splxt (cell) type sound deadening device has excellent
sound deadening performance at a low frequency. Be51de
of the above-meptioned embodiment, the porous structural
unit of the present invention can be"used in various
fields and earious number of layers and various kinds of
material can be applied to the porous -structural unit of
the present invention.

Particles other than resin particles may be used for
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the granular material constituting the porous structural

unit of the present invention to obtain sufficient
function. An Example of the method of preparing the
porous structural unit is described the above-mentioned

Example 3-1.

Characteristics (sound shielding characteristic)

Figure 30 is a diagram showing the sound shielding
characteristic of the porous structural unit of the
preseht invention wherein a curved line Ex. 1-2 shows the
sound shielding characteristic of the porous structural
unit (without including iron pérticles) having a
thickness of 10 mm prepared according to the method as in
Example 1-2 and a curved line Ex. 3-1 shows the sound
shielding characteristic of the porous structural unit
(including iron particles) having a thickness of 10 mm
prepared by the method as in Example 3-1. These sound
shielding characteristics were measured by using a
characteristic measuring devicé as shown in PFigure 29.

The-porous structural tinit.l was put in a pipé body

-(héﬁing a diameter of 100 mm) 39. Microphones 40, 41

were arranged at both sides of the porods structural unit
1. Sounds werg.generéted from a speaker 42 placed at one
side of the pipe body 39. The other end of the pipe body
39 was cioééd and glass wool 43 was packed at the closed
end so as to have a length of ab&ut 100 mm so that the
sounds were reflected at the closed end. An acoustic

pressure level of the sounds entering in the porous
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structural unit was measured by the microphone 40. An

acoustic pressure level of the sound waves transmitting
thfough the porous structural unit was measured by the
microphone 41. A degree of sound shielding (dB) of the
5 porous structural unit was evaluated with a value
obtained by subtracting the sound pressure level of the
transmitting sound waves from the sound pressure level of
the incident sound waves.
Figure 30 shows improvement of a sound shielding

10 degree of about 10% by Ex. 3-1 (including iron particles)
ovef Ex. 1-2 (without iron particles) in the above— 
mentioned Example.

The case that iron particles are incorporated in

resin particles has been described. However, the same

15 effect can be obtained by using another metal or glass
which has a higher specific gravity. Further, although
description has been made as to improvement of the sound
shielding characteristic, a material such as aluminum may
be igcgrpo:ated to improve electromagnetid shielding

20 characteristic and heat conduction characteristic. In
addition, glass fibers may be incorporated in the resin
particles in order to improve the strength of the fusion

=7

layer and the porous layer.

(Effect of ‘the porous structural unit of the second

25 invention]

In accordance with the second invention, the pbrous

structural unit having excellent sound absorption
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characteristic and heat insulation characteristic can be

obtained since it has the porous layer in which the
specific gravity of the porous layer is continuously
changed in the direction of the thicknégs'or the surface
of the layer. |

In the second invention, the-granular material
constituting the porous layer in which the specific
gravity is gradually changed is spherical or elliptic
particles is used, and the diameter or the longer
diameter is in the range of 0.2 - 3.0 mm. Accordingly,
the characteristics can be furéher improved and a .stable
characteristics can be obtained.

Further, in accordance with the second inventioén, the
porous layer in which the specific gravity is changed and
the solid layer having a porosity smaller than that of
the porous layer are laminated wherein the solid layer is
melt-bonded with tﬁ; porous layer through the fusion
layer, and the fusion layer is made non-gas-permeable,
whereby the sound absorption characteristic and other
characteristics can be improved. In this structure,
siﬁce the boundary of the layers is melt-bonded, various
types of materjal can be uéed for the porous structural
unit.

In the.secona invention, a plurality of the porous
layefs 2 in which the-specific gravity is changeé and the
solid layers are combined, whereby the porous structural

unit having such combination can be used for various
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fields.
Further, the skin layer having the thickness of 100

pm or less is formed in the solid layer, whereby the
sound absorption characteristic and the heat insulation
characteristic of the porous structural unit can be
improved.

Further, the solid layer having a porosity smaller
than the porous layer is attached to one side surface of
the porous layer in which the specific gravity is
changed, and the skin layer having a thickness of 100 um
or less is attached to the other side surface of the
porous layer, whereby the characteristics can be further
improved, and in some case the porous structural unit
eaving the construction can be used for a casing for a
machine. . '

In the second invention, since the granular maperial
constituting the porous layer in which the specific
gravity is changed is constituted by a plurality of
dxfﬁerent shapes and materzals, functions as the porous

structural unit can be expanded
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1. A porous structural unit ¢ h a r acterized
by having a porous layer in which the'specific gravity
is continously changing in the direction of the thick-
ness of said layer or of the surface of said layer.

Clains |

2. The porous structural unit according to claim 1,
characterdized in that a granular material
constituting the porous layer is spherical or el-
liptic.

3 The porous structural unit according to claim 2,
characterized in that the length of the
major axis of the graqular material is in a range of
0.2 - 3.0 mm,

4. The porous structural unit according to one of claims
l1to3, characterized byan additional
solid layer having a porosity lower than that of said
porous lgyer.

5. The porous structural unit according to claim 4,
characterized in that said solid layer is

a fusion layer and is fusebonded to said porous layer.

F 4

6. The porodus structural unit_according to c;aim 5,
characterized in that said fusion layer

is non—air-permeable.

7. The porous structural unit according to one of claims
4 to6, characterized in that a plurality
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of the porous layers and Ehe solid layers are com-
bined.

The porous structural unit according to one of claims
4 to7, characterilzed in that said soclid
layer is a skin layer (4) having a thickness of 100 pm
or less.

The porous structural according to one of claims 1 to
7, characterizedin that one side surface
of said porous layer (3) is attached with the solid’
layer (2) having a porosity lower than that of said
porous layér, and the other side surface is attached
with a skin layer (4) having a thickness of 100 um or
less.

The porous structural unit according to one of claims
l1to9, characterized in that different
kinds of shape or material are used for a granular
material constifuting said porous layer.
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