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A heat generating body (11) Includes a polyimide resin film base material (12), a metal nanowire layer (14) arranged Iin a planar
manner along one side of the polyimide resin film base material (12), and an electrode (5) connected electrically to the metal
nanowire layer (14). The electrode (5) Is connected electrically to the metal nanowire layer (14) via a polythiophene resin film layer
(18). The heat generating body (11) also Includes a triacetate resin film layer (13) arranged on the side of the polyimide resin film
base material (12) on which the metal nanowire layer (14) Is provided and formed of triacetate resin as an insulating material. The
heat generating body (11) also Includes a spacer portion (16) arranged between the metal nanowire layer (14) and the triacetate

resin film layer (13) and capable of forming an enclosed space (17) between the metal nanowire layer (14) and the triacetate resin
film layer (13).
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ABSTRACT OF THE DISCLOSURE

A heat generating body (11) includes a polyimide
resin film base material (12), a metal nanowire layer
(14) arranged 1n a planar manner along one side of the
polyimide resin film base material (12), and an
electrode (5) connected electrically to the metal
nanowire layer (14). The electrode (5) is connected
electrically to the metal nanowire layer (14) via a
polythiophene resin film layer (18). The heat
cenerating body (11) also includes a triacetate resin
film layer (13) arranged on the side of the polyimide
resin film base material (12) on which the metal
nanowire layer (14) 1is provided and formed of
triacetate resin as an insulating material. The heat
senerating body (11) also includes a spacer portion
(16) arranged between the metal nanowire layer (14)
and the triacetate resin film layer (13) and capable of
forming an enclosed space (17) between the metal

nanowire layer (14) and the triacetate resin film layer

(13).
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HEAT GENERATING BODY

BACKGROUND
|Field of the Invention]
[0001] The present 1nvention relates to a heat
cenerating body. Specifically, the present invention
involves, for example, a heat generating body to be
installed on a window to suppress freezing and/or

condensation on the window.

|[Background Art]
[0002] Heat generating bodies that electrically
generate heat are commonly used.

For example, a heat generating body may be
mounted on the outer surface of a container to prevent
freezing of or heat liquid within the container, or a
heat generating body may be wound around fluid
piping that needs to be kept warm to prevent the fluid
temperature from decreasing.

[0003] Heat generating bodies that use an
electrically heated wire are also well known.

For example, a hea‘t generating portion of a
heater as shown 1n Fig. 7 1s described in Patent
Document 1.

That 1s, the heat generating portion 111
described 1in Patent Document 1 includes a lower side

material 111B, an electrically heated wire 111A, and
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an upper side material 111C.

[0004] The electrically heated wire 111A 1s wired
into a predetermined serpentine pattern and mounted
on the upper surface of the lower side material 111B
and arranged to generate heat through energization
thereof. The upper side material 111C is formed of
the same material as the lower side material 111B and
bonded to entirely cover the upper surface of the
lower side material 111B on which the electrically

heated wire 111A 1s wired.

[Citation List]

[Patent Literaturel

[0005] Patent Document 1: Japanese Patent No.
3890334

SUMMARY OF THE INVENTION

[Technical Problem]
[0006] However, such a heat generating portion
using an electrically heated wire as described 1in
Patent Document 1 1s heated gradually and
non-uniformly from the periphery of the electrically
heated wire. As a result, 1t takes time to reach a
desired high temperature.

There 1s also a possibility of disconnection at a
bent portion of the electrically heated wire.

[0007] The present 1nvention has been made 1n
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view of the above-described circumstances and an
object thereof is to provide a heat generating body
that can reach a desired high temperature within a

short period of time.

[Solution to Problem]!

[0008] In order to achieve the foregoing object, a
heat generating body according to the present
invention includes a base material, a conductive layer
arranged in a planar manner along the base material
and formed of a conductive material, and an electrode
connected electrically to the conductive layer.

[0009] The conductive layer being thus arranged
in a planar manner along the base material and
formed of a conductive material and the electrode
being thus connected electrically to the conductive-
layer allows a current to flow through the conductive
layer for uniform heat generation 1n the planar
direction.

[0010] Also, in the heat generating body according
to the present invention, the base material may be a
resin plate or a resin film, and the conductive layer
may be a wire mesh.

[0011] In this case, since both the base material
and the conductive layer are flexible, the heat
cenerating body can be installed along any object with

various shapes.
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The wire mesh can also reduce the surface
resistance value significantly.
[0012] Also, in the heat generating body according
to the present invention 1in which the base material 1s
a resin plate or a resin film, the conductive material
may be at least one selected from a mixture of a
carbon-containing substance and a metal, a
carbon-containing substance, and a conductive
polymer.
[0013] In this case, since both the base material
and the conductive layver are flexible, the heat
cenerating body can be installed along any object with
various shapes.
[0014] Further, the heat cenerating body
according to the present invention may 1nclude an
insulating layer arranged on the side of the base
material on which the conductive layer 1s provided
and formed of an insulating material.
10015] In this case, the strength 1ncreases and
breakage 1s less likely to occur.

Since this also provides a structure 1n which the
electrode 1s sandwiched between the base material
and the 1insulating layer, the electrode can be

protected and unexposed.
10016} The heat generating body according to the
present invention may also include a spacer portion

arranged between the conductive layer and the
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insulating layer or a pair of insulating layers and
capable of forming an enclosed space between the
conductive layer and the insulating layer or the pair
of insulating layers.

[0017] In this case, the enclosed space can
increase the adiabaticity and thereby suppress the
occurrence of condensation.

[0018] Also, in the heat generating body according
to the present invention, the base material may have a
rectangular plate shape, and the electrode may be
connected electrically to the conductive layer along

the edge of a long side of the base material.

[0019] In this case, the resistance value can be
reduced.
[0020] Also, in the heat generating body according

to the present 1invention, the electrode may be
connected electrically to the conductive layer via a
conductive polymer.

[0021] In this case, the conductive layvyer and the
electrode come into close contact and integrate tightly
with each other at the 1nterface therebetween,
whereby poor conduction 1s less likely to occur.
[0022] Also, in the heat generating body according
to the present 1nvention, the base material, the
conductive layver, and the 1nsulating layer may be
translucent.

[0023] In this case, 1t 1s possible to 1nstall the
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heat generating body on any object that 1s necessary

to be translucent.

[Effect of the Invention]
10024] The heat generating body according to the
present 1nvention can reach a desired high

temperature within a short period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

10025] Fig. 1 1s a schematic view showing an
example of a heat generating body according to a first
embodiment to which the present invention 1s applied.

Fig. 2 1s a schematic cross-sectional view
showing a cross-section taken along the line A-A 1n
Fig. 1.

Fig. 3 1s a schematic <cross-sectional view
s.howing a first example of a heat generating body
according to a second embodiment to which the
present invention is applied.

Fig. 4 1s a schematic <cross-sectional view
showing a second example of the heat generating body
according to the second embodiment to which the
present invention 1s applied.

Fig. 5 1s a schematic cross-sectional view
showing a third example of the heat generating body

according to the second embodiment to which the

present invention 1s applied.
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Fig. 6 1s a schematic view showing a common
electrically heated wire-i1ncluded glass as a
comparative counterpart.

Fig. 7 1s a schematic exploded view showing a

conventional heat generating body.

DESCRIPTION OF THE (PREFERRED)
EMBODIMENTS

[0026] Embodiments of the present invention will
hereinafter be described with reference ¢to the
accompanying drawings for understanding of the
present invention.

Fig. 1 is a schematic view showing an example of
a heat generating body according to a first
embodiment to which the present invention is applied.
Fig. 2 1s a schematic cross-sectional view showing a
cross-section taken along the line A-A 1n Fig. 1.
[0027] The heat generating body 1 according to the
present invention shown in Figs. 1 and 2 includes a
rectangular plate-like glass base material 2. The
gclass base material 2 has a thickness of 3 mm. Here,
the glass base material 1s an example of the base
material.
[0028] The heat generating body 1 according to the
present 1nvention also 1includes a metal film 4
arranged 1in a planar manner along one side of the

glass base material 2. Here, the metal layer 1s an
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example of the conductive layer.

Also, the metal film 4 1s formed through metal
deposition on the glass base material 2. Here, the
metal is an example of the conductive material.
[0029] The metal used for formation of the metal
film 4 is, for example, indium tin oxide (ITO), gold
(Au), éilver (Ag), copper (Cu), zinc oxide (ZnO), or tin
oxide (SnOz2).

[0030] The metal film 4 also has a thickness of 800
to 1200 angstroms and, more specifically, 1000
angstroms.

The metal film 4 also has a surface resistance
value of 50 Q/cm?2 or less, preferably 30 /cm?2 or less,
and more preferably 10 Q/cm?2.

[0031] The metal film, which has a surface
resistance value of 50 Q/cm?2 or less, 1s likely to have
a flow of electricity and thereby can reach a high
temperature with a lower voltage.

[0032] The heat generating body 1 according to the
present invention also includes electrodes 5 connected
electrically to the metal film 4. Also, the electrodes
5 are each composed of a copper fo1l.

In the example shown 1n Fig. 1, the electrodes 5
are also provided, respectively, on both sides of the
metal film 4 along the edges of the opposed long sides
of the glass base material 2 and at approximately the

center of the metal film 4.
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[003 3] Here, the electrode may not necessarily be
provided at approximately the center of the
conductive layer. It 1s also desirable that the
electrode provided at approximately the center of the
conductive layer may be as narrow as possible to
ensure good visibility.
[0034] The electrodes 5 are each connected
electrically to the metal film 4 via a polyacetylene
resin film laver 9.

Here, the polvacetylene resin film 1s an example
of the conductive polymer.
[0035] Since each electrode is connected
electrically to the conductive layer via a conductive
polymer such as a polyacetylene resin {film, the
conductive layver and each electrode come 1nto close
contact and integrate tightly with each other at the
interface therebetween, whereby poor conduction 1s
less likely to occur.
100361 The electrodes 5 are each connected to a
power cable 7. Each power cable 7 1s also connected

to a power source 8 arranged to supply power through

each power cable 7 to each electrode 5.
[0037] The heat generating body 1 according to the

present 1nvention also includes a glass plate 3
arranged on the side of the glass base material 2 on
which the metal film 4 1s provided and formed of glass

as an insulating material. The glass plate 3 has a
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thickness of 3 mm.

Here, the glass plate 1s an example of the
insulating layer.

[0038] The glass plate 3 also has a rectangular
plate-like shape.

Also, the glass base material 2 and the glass
plate 3 have approximately the same area.

A butyl compound, for example, may also be
applied from the end faces of the glass base material 2
to the end faces of the glass plate 3 to provide
waterproofness.

[0039] An EVA (ethylene-vinyl acetate copolymer)
resin film adhesive layvyer 6 1s also arranged between
the glass base material 2 and the glass plate 3, so that
the glass base material 2, on which the metal film 4
and the electrodes 5 are mounted, and the glass plate
3 adhere to each other.

[0040] That 1s, the metal film 4, the electrodes 5,
the EVA resin film adhesive layer 6, and the
polyvacetylene resin film layer 9 are positioned

between the glass base material 2 and the glass plate

3.
[0041] It is noted that 1in the partially notched
portion of Fig. 1, the EVA resin film adhesive layer 1s

not shown.

1004 2] Instead of the EVA resin film, a PVA

(polyvinyl alcohol) resin film or a PVB (polyvinyl

10
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butyral) resin film, for example, may also be arranged
as an adhesive layer.

However, the EVA resin film 1is preferably
arranged as an adhesive layer to further 1ncrease the
water resistance of the heat generating body.

1004 3] Here, the conductive layer may not
necessarily be arranged on only one side of the base
material, but may of course be arranged on both sides
of the base material.

[0044] The heat generating body according to the
present 1nvention may not necessarily 1nclude an
insulating layer.

However, the heat generating body according to
the present 1nvention ©preferably 1ncludes an
insulating layer to have an i1ncreased strength to be
less likely to be broken and also provide a structure 1n
which the electrodes are sandwiched between the base
material and the 1nsulating layer, whereby the
electrodes can be protected and unexposed.

(0045] The electrodes may not mnecessarily be
connected electrically to the conductive layer along
the edges of the long sides of the base material.

However, the resistance value can preferably be
reduced compared to the case where the electrodes are
connected electrically to the conductive layer along

the edges of the short sides because the resistance

value 1s inversely proportional to the length of the

11
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base material.

[0046] The electrodes may not mnecessarily be
composed of a copper foil, but may of course be
composed of another metal such as 1ndium tin oxide
(ITO) or a silver foil.

[004 7] Each electrode may mnot mnecessarily be
connected electrically to the conductive layer via a
conductive polymer; but may be connected electrically
to the conductive layer with, for example, thermal
compression or adhesive.

However, 1f the electrodes are preferably
connected electrically to the conductive layer via the
conductive polymers, the conductive layer and the
electrodes come 1nto close contact and 1ntegrate
tightly with each other at the interfaces
therebetween, whereby poor conduction 1s less likely
to occur.

[0048] Besides the form of a thin film such as a
metal film, the conductive layer may also have the
form of a mesh such as a wire mesh.

Specifically, the wire mesh 1s, for example, a

metal nanowire. Also, the metal composing the wire
mesh is, for example, indium tin oxide (ITO), gold,

silver, copper, or nickel.
[0049] Further, if the conductive layer is a wire
mesh, the surface resistance value can be suppressed

very low. For example, the surface resistance value

12
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may also be 10 /cm? or less.
The wire mesh 1s also resistant to bending and
folding and can withstand even 180-degree folding.
The wire mesh, which can be thermally deformed,
may also be deformed freely to fit the 1nstallation
site, whereby the heat generating body can be
installed 1n various locations.
[0050] Specifically, the conductive material
forming the conductive layer 1s at least one selected
from, for example, a mixture of a carbon-containing
substance and a metal, a carbon-containing
substance, that 1s, carbon, and a conductive polymer.
[0051] Specifically, the carbon-containing
substance 1s, for example, carbon nanotube.
Specifically, the conductive polymer 1s, for
example, polyethylene dioxythiophene (PEDOT) or
polypyrrole (PPy).
[0052] Also, the mixture of a carbon-containing
substance and a metal 1s an adhesive paste.
Specifically, the metal used for the mixture of a
carbon-containing substance and a metal 1s, for
example, gold, silver, copper, nickel, or metal oxide.
Specifically, the metal oxide 1s, for example,
lead oxide, zinc oxi1de, silicon oxide, boron oxide,
aluminum oxide, yttrium oxide, or tfitanium oxide.
[0053] Gold, silver, copper, nickel, metal oxide, or

carbon microscopic particles may also be used.

13
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The microscopic particles also have a grain size
of several to tens of nanometers. The smaller the
graln size, the finer the wiring can be made, while the
larger the grain size, the lower the resistance value
can be made. Specifically, the grain size 1s desirably
50 nm or less.

[0054] Also, the conductive layer, if not formed of
a metal film but a wire mesh, an adhesive paste as a
mixture of a carbon-containing substance and a metal,
a carbon-containing substance, that 1s, carbon, or a
conductive polymer, 1s more resistant to 1tmpact, less
likely to be scarred, and less likely to have an
increased surface resistance value than metal films.

[0055] Also, arranging the conductive layer 1n a

planar manner on the base material using the metal

composing the wire mesh, the mixture of a
carbon-containing substance and a metal, the
carbon-containing substance, or the conductive

polymer may 1nclude the following methods.
There are, for example, a method of dissolving
one of these conductive materials with solvent having

a relatively low boiling point, coating the base
material with the solution with the conductive

material dissolved therein, and then heating the base
material to a solvent evaporation temperature, a
method of bonding one of these conductive materials

to the base material 1n a planar manner through

14
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so-called adhesive processing such as UV curing and

thermal curing, and a printing method.

[0056] In the case of a metal film, the frequency ot

‘occurrence of a fine crack, that 1s, a microcrack would

be high.

Also, since sputtering used for formation of a
metal film would cause the base material to have a
high temperature, trving to form a metal film on a
resin base material could potentially deform the base
material unintentionally.

Also, 1n the case of formation of a metal film, 1t

would be necessary to use relatively large-sized
equlipment.
[005 7] In addition, in order to lower the surface
resistance value, 1t would be necessary to thicken the
metal film through sputtering. If the film 1s
thickened, vyellowing common to metal films will
occur, lowering the transmittance.

The reduction 1n the transmittance would then
make 1t difficult to install the heat generating body at
a site where a high transmittance 1s required, such as
on a window.

[0058] On the other hand, 1n the case of arranging
the conductive layer 1n a planar manner on the base
material using the metal composing the wire mesh,
the mixture of a carbon-containing substance and a

metal, the carbon-containing substance, or the

15
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conductive polymer, a printing method or a
wet-coating method may be used to arrange the
conductive layer relatively easily.

Also, since the printing method and the
wet-coating method do not cause the base material to
have a temperature as high as through sputtering, a
resin base material such as a resin plate or a resin
film can be adopted.

10059] Then, 1f a resin base material such as a
resin plate or a resin film can be adopted, the base
material with a conductive layer provided thereon can
be deformed freely and thus the heat generating body
can be 1nstalled along an object to be heated.

10060 ] For example, automobiles have
three-dimensionally curved windows, on which flat
and undeformable heat generating bodies such as
those 1ncluding a glass base material with a metal
film provided thereon cannot be 1nstalled.

On the other hand, heat generating bodies

including a resin plate base material or a resin film
base material with a wire mesh, for example, provided
thereon as a conductive layver can be 1nstalled
precisely along the windows by deforming the base
material using a heat gun or the like. This 1s
because of both the flexibility of the base material

and the flexibility of the conductive layer.

[0061] In particular, 1f the base material and the

10
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insulating layer are transparent and the conductive
layer 1s a wire mesh, the heat generating bodies can
be installed on, for example, automobile windows with
a surface re.sistance value of 10 @/cm?2 or less with the
transmittance being kept at 90% or higher, although
depending on the mesh width.

10062] Also, 1in the case where the conductive layer
is arranged 1n a planar manner on the base material
using the mixture of a carbon-containing substance
and a metal, the carbon-containing substance, or the
conductive polymer, the conductive layer arranged
can be with high translucence. Accordingly, 1f the
base material and/or the 1nsulating layer are
transparent, the heat generating body according to
the present 1nvention can preferably be 1nstalled on
any object that 1s necessary to be translucent, such as
a window.

006 3] Also, 1in the case of 1nstalling the heat
generating body according to the present invention on
an object that 1s necessary to be translucent, such as

a window, the electrodes are preferably as narrow as

possible.
[0064] Fig. 3 1s a schematic cross-sectional view

showing a first example of a heat generating body
according to a second embodiment to which the
present 1invention 1s applied.

The heat generating body 11 according to the

17
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present 1nvention shown 1n Fig. 3 1ncludes a
polyimide resin film base material 12. Here, the
polyimide resin film base material 1s an example of
the base material.

[0065] The heat generating body 11 according to
the present 1nvention also includes a metal nanowire
layer 14 arranged 1n a planar manner along one side of
the polyimide resin film base material 12. Here, the
metal nanowire 1s an example of the wire mesh and the
wire mesh 1s an example of the conductive layer.

The metal nanowire layer 14 1s also formed by a

printing method on the polyimide resin film base
material 12.
[0066] The heat generating body 11 according to
the present 1nvention also 1ncludes electrodes 5
connected electrically to the metal nanowire layer 14.
Also, the electrodes 5 are each composed of a copper
foil.

It 1s noted that the power cable and the power

source are not shown.

[0067] The electrodes 5 are also provided,
respectively, on both sides of the metal nanowire
layer 14 along the opposed edges of the polyimide
resin film base material 12 and at approximately the

center of the metal nanowire layer 14.

(006 8] The electrodes 5 are each connected

electrically to the metal nanowire layer 14 via a

18
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polythiophene resin film layer 18.

Here, the polythiophene resin film 1s an example
of the conductive polymer.
[0069] The heat generating body 11 according to
the present invention also 1ncludes a triacetate resin
film layer 13 arranged on the side of the polyimide
resin film base material 12 on which the metal
nanowilre laver 14 1s provided and formed of triacetate
resin as an insulating material.

Also, the triacetate resin film layer 1s an
example of the 1nsulating layer.
[0070} The heat generating body 11 according to
the present invention also 1ncludes a spacer portion
16 arranged between the metal nanowire layer 14 and
the triacetate resin film layer 13 and capable of
forming an enclosed space 17 between the metal
nanowilre layer 14 and the triacetate resin film layer
13.

As shown 1n the figure, the spacer portion 16 1s

also arranged outside the electrodes 5.
0071} An EVA resin film adhesive layer 6 1s also

arranged between one side of the spacer portion 16
and the metal nanowire layer 14, whereby the one side
of the spacer portion 16 and the metal nanowire layer

14 adhere to each other.

007 2] An EVA resin film adhesive layer 6 is also

arranged between the other side of the spacer portion

19
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16 and the triacetate resin film layer 13, whereby the

other side of the spacer portion 16 and the triacetate
resin film layer 13 adhere to each other.
007 3] That is, the enclosed space 17 1is a space
surrounded by the metal nanowire layer 14, the
triacetate resin film layver 13, and the spacer portion
16.
[0074] A desiccant 1s also placed within the spacer
portion 16, although not shown.

This desiccant dries the air within the enclosed
space 17.
[0075] The thus formed enclosed space 17 can
increase the adiabaticity and thereby suppress
occurrence of condensation.
[0076] Also, inert gas such as argon gas or
tryptone gas may of course be encapsulated within the
enclosed space 17 or the enclosed space 17 may be
evacuated to increase the adiabaticity.
1007 7] Fig. 4 is a schematic cross-sectional view
showing a second example of the heat generating body
acco'rding to the second embodiment to which the
present invention 1s applied.

The heat generating body 11 according to the
present 1nvention shown 1n Fig. 4 1ncludes a
polyimide resin film base material 12.

l0078] The heat generating body 11 according to

the present 1nvention also includes a first metal

20
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nanowilre layer 14A arranged 1n a planar manner
along one side of the polyimide resin film base
material 12 and a second metal nanowire layer 14B
arranged 1n a planar manner along the other side of
the polyimide resin film base material 12.

[0079] The first metal nanowire layer 14A and the
second metal nanowire layer 14B are also formed by a
printing method on the polyimide resin film base
material 12.

[0080] The heat generating body 11 according to
the present 1nvention also includes a first triacetate
resin film layver 13A adhering via an EVA resin film
adhesive laver 6 to the first metal nanowire layer 14A
that 1s arranged 1n a planar manner along one side of
the polyimide resin film base material 12.

[0081] The heat generating body 11 according to
the present 1nvention also 1includes electrodes 5
connected electrically to the second metal nanowire
layer 14B that 1s arranged 1n a planar manner along

the other side of the polyimide resin film base
material 12. Also, the electrodes 5 are each

composed of a copper fo1il.
It 1s noted that the power cable and the power

source are not shown.
[0082] The electrodes 5 are also provided,
respectively, on both sides of the second metal

nanowlre layer 14B along the opposed edges of the
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polyimide resin film base material 12 and at
approximately the <center of +the second metal
nanowilre layer 14B.

[008 3] The electrodes 5 are each connected
electrically to the second metal nanowire layer 148
via a polythiophene resin film layer 18.

[0084] The heat generating body 11 according to
the present 1nvention also i1ncludes a second
triacetate resin film layer 13B arranged on the side of
the polyimide resin film base material 12 on which the
second metal nanowire layer 14B 1s arranged with the
electrodes 5 provided thereon.

[0085] An EVA resin film adhesive layer 6 1s also
arranged between the second metal nanowire layer
14B with the electrodes 5 provided thereon and the
second triacetate resin film layer 13B.

The second metal nanowire layer 14B with the
electrodes 5 provided thereon and the second
triacetate resin film layer 13B then adhere to each
other.
|0086] That 1s, the second metal nanowire layer
14B, the polythiophene resin film layer 18, the
electrodes 5, and the EVA resin film adhesiVe layer 6
are positioned between the polyimide resin film base

material 12 and the second triacetate resin film layer

13B.

[0087] The heat generating body 11 according to
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the present invention also includes a third triacetate
resin film layer 13C arranged on the side of the second
triacetate resin film laver 13B, opposite to the
electrodes 5, which adheres to the second metal
nanowire layer 14B with the electrodes 5 provided
thereon.

[0088]  The heat generating body 11 according to
the present invention also includes a spacer portion
16 arranged between the second triacetate resin film
laver 13B and the third triacetate resin film layer
13C.

[0089] An EVA resin film adhesive layer 6 1s also
arranged between one side of the spacer portion 16
and the second triacetate resin film layer 13B,
whereby the one side of the spacer portion 16 and the
second triacetate resin film layer 13B adhere to each
other.

100901 An EVA resin film adhesive layer 6 is also
arranged between the other side of the spacer portion
16 and the third triacetate resin film layer 13C,
whereby the other side of the spacer portion 16 and
the third triacetate resin film layer 13C adhere to
each other.

[0091] The spacer portion 16 can then form an
enclosed space 17 between the second triacetate resin
film layer 13B and the third triacetate resin film
layer 13C.
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[0092] That 1s, the enclosed space 17 1s a space
surrounded by the second triacetate resin film‘ layer
13B, the third triacetate resin film layer 13C, and the
spacer portion 16.

[0093] A desiccant 1s also placed within the spacer
portion 16, although not shown.

This desiccant dries the air within the enclosed

space 17.
[0094] Fig. 5 is a schematic cross-sectional view
showing a third example of the heat generating body
according to the second embodiment to which the
present invention i1s applied.

The heat generating body 11 according to the

present i1invention shown in Fig. 5 1ncludes a
polyimide resin film base material 12.
[0095] The heat generating body 11 according to
the present invention also 1ncludes a first metal
nanowire layer 14A arranged 1n a planar manner
along one side of the polyimide resin film base
material 12 and a second metal nanowire layer 148
arranged 1n a planar manner along the other side of
the polyimide resin film base material 12.

The first metal nanowire layer 14A and the
second metal nanowire layer 14B are also formed by a
printing method on the polyimide resin film base
material 12.

[0096] The heat generating body 11 according to
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the present invention also includes a first triacetate
resin film layer 13A arranged on the side of the first
metal nanowire layer 14A that is arranged 1n a planar
manner along one side of the polyimide resin film base
material 12.

[0097] The heat generating body 11 according to
the present invention also i1ncludes a first spacer
portion 16A arranged between the first metal

nanowire layer 14A and the first triacetate resin film

layer 13A.

[0098] An EVA resin film adhesive layer 6 1s also
arranged between one side of the first spacer portion
16A and the first metal nanowire layer 14A, whereby
the one side of the first spacer portion 16A and the
first metal nanowire layer 14A adhere to each other.
[0099] An EVA resin film adhesive layer 6 is also
arranged between the other side of the first spacer
portion 16A and the first triacetate resin film layer
13A, whereby the other side of the first spacer portion

16A and the first triacetate resin film layer 13A
adhere to each other.

[0100] The first spacer portion 16A can then form
a first enclosed space 17A between the first metal

nanowire layer 14A and the first triacetate resin film

Jlayer 13A.
[0101] That is, the first enclosed space 17A 1s a

space surrounded by the first metal nanowire layer
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14A, the first triacetate resin film layer 13A, and the
first spacer portion 16A.
[0102] The heat generating body 11 according to
the present invention also includes electrodes 5
connected electrically to the second metal nanowire
layer 14B. Also, the electrodes 5 are each composed
of a copper foil.

It is noted that the power cable and the power
source are not shown.
[0103] The electrodes 5 are also provided,
respectively, on both sides of the second metal
nanowire layer 14B along the opposed edges of the
polyimide resin film base material 12 and at
approximately the center of the second metal
nanowilre layer 14B.
[0104] The electrodes 5 are each connected
electrically to the second metal nanowire layer 14B
via a polythiophene resin film layer 18.
[0105] The heat generating body 11 according to

the present 1invention also 1includes a second
triacetate resin film laver 13B arranged on the side of

the polyimide resin film base material 12 on which the
second metal nanowire layer 14B 1s arranged with the

electrodes 5 provided thereon.
[0106] The heat generating body 11 according to
the present invention also includes a second spacer

portion 16B arranged between the second metal
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nanowire layer 14B and the second triacetate resin
film layer 13B.

As shown in the figure, the second spacer portion
16B is also arranged outside the electrodes 5.
[0107] An EVA resin film adhesive layer 6 1s also
arranged between one side of the second spacer
portion 16B and the second metal nanowire layer 14B,
whereby the one side of the second spacer portion 16B
and the .second metal nanowire layver 14B adhere to
each other.
[0108] An EVA resin film adhesive layer 6 1s also
arranged between the other side of the second spacer
portion 16B and the second triacetate resin film layer
13B, whereby the other side of the second spacer
portion 16B and the second triacetate resin film layer
13B adhere to each other.
[0109] The second spacer portion 16B can then
form a second enclosed space 17B between the second
metal nanowire layer 14B and the second triacetate
resin film layer 13B.
[0110] That is, the second enclosed space 17B is a
space surrounded by the second metal nanowire layer
14B, the second triacetate resin film layer 13B, and
the second spacer portion 16B.
[0111] A desiccant 1s also placed within each of
the first spacer portion 16A and the second spacer

portion 16B, although not shown.
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This desiccant dries the air within each of the
first enclosed space 17A and the second enclosed space
17B.

[0112] [Experimental Examplel

Next, for a heat generating body 1 according to a
first embodiment of the present 1nvention and a
common electrically heated wire-included glass, the
class plate was electrically heated and the
temperature of the glass plate was measured every 5
minutes.

Fig. 6 1s a schematic view showing a common
electrically heated wire-included glass as a
comparative counterpart.

[0113] The electrically heated wire-included glass
200 shown in Fig. 6 includes a rectangular planar
class plate 201 and a planar heater plate 203 mounted
on one side of the glass plate 201.

[0114] A serpentine electrically heated wire 202 is
also provided 1n the heater plate 203.

The electrically heated wire 202 1s also
connected via a connector 205 to a power cable 204 for
supplying power from a power source not shown to the
electrically heated wire 202.

[0115] Also, the glass plate 3 of +the heat
cenerating body 1 according to the present invention

has the same area as the glass plate 201 of the

electrically heated wire-included glass 200.
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[0116] The metal film 4 of the heat generating

body 1 according to the present invention was then
supplied with power via the electrodes 5 and the glass
plate 3 was heated for 20 minutes, during which the

5 temperature of the glass plate 3 was measured every 5

minutes. The results are shown i1in Table 1 as a
practical example.
The electrically heated wire 202 of the

electrically heated wire-included glass 200 was also

plate 201 was

10 supplied with power and the glass
heated for 20 minutes, during which the temperature
of the glass plate 201 was measured every 5 minutes.
The results are shown 1in Table 1 as a comparative

example.

15 [0117] Also, the voltage applied to the heat
cenerating body 1 according to the present invention
was 30 V, while the voltage applied to the electrically
heated wire-included glass 200 was 100 V.

[0118] [Table 11
Initial |5 10 15 20
value minutes | minutes |minutes [minutes
later later later later
Practical
21°C 31°C 36.0°C 38.0°C 40.5°C
example
Comparative
21°C 25°C 26.5°C 27.5°C 28.0°C
example
20 [0119] As can be found from Table 1, for the heat
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cenerating body 1 according to the present 1nvention,
the temperature of the glass plate 3 exceeded 30°C as
soon as b minutes after the start of the power supply,
while for the electrically heated wire-included glass
200, the temperature of the glass plate 201 did not
exceed 30°C even 20 minutes after the start of the
power supply.

[0120] As described heretofore, since the heat
gcenerating body according to the present 1nvention
includes the conductive layer arranged 1in a planar
manner along the base material and formed of a
conductive material and the electrode connected
electrically to the conductive layer, it 1s possible to
cause a current to flow through the conductive layer
for uniform heat generation in the planar direction.
[0121] Accordingly, the heat generating body
according to the present invention can reach a desired
high temperature within a shorter period of time than
a conventional electrically heated wire-based heat
generating body.

[0122] In particular, adopting a resin base
material such as a resin plate or a resin film and then
arranging the conductive layer 1n a planar manner on

the base material using the metal composing the wire
mesh, the mixture of a carbon-containing substance
and a metal, the carbon-containing substance, or the

conductive polymer allows the heat generating body
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according to the present invention to be 1nstalled
along a sterically curved object.

[0123] The heat generating body according to the
present invention also includes highly transparent
resin films such as a polyimide resin film and a
triacetate resin film and also 1ncludes a metal
nanowire layer having a high transmittance and
flexibility as the conductive layer.

Accordingly, the heat generating body according
to the present invention can be i1installed on, for
example, three-dimensionally curved automobile
windows to suppress freezing and/or condensation
thereon and thereby to ensure visibility in cold
climates and/or during cold months for 1ncreased
safety.

[0124] The heat generating body according to the
present invention can also be applied to, for example,
building windowpanes, partitions, bathroom mirrors,
automobile windows, railcar windows, vessel
windows, motorcycle windscreens, meter panels,
thermal insulation windows of laboratory equipment,

and heaters of laboratory equipment.

DESCRIPTION OF REFERENCE NUMERALS

10125] 1: Heat generating body, 2: Glass base
material, 3: Glass plate, 4. Metal fi1lm, 5:
Electrode, 6: EVA resin film adhesive layer, 7:
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Power cable, 8: Power source, 9: Polyacetylene resin
film layer, 11: Heat generating body, 12 Polyimide
resin film base material, 13: Triacetate resin film
layer, 13A: First triacetate resin film layer, 13B:
Second triacetate resin film layer, 13C: Third
triacetate resin film layer, 14: Metal nanowire layer,
14A: First metal nanowire layer, 14B: Second metal
nanowire layer, 16: Spacer portion, 16A: First spacer
portion, 16B: Second spacer portion, 17: Enclosed
space, 17A: First enclosed space, 17B: Second

enclosed space, 18: Polythiophene resin film layer
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WHAT IS CLAIMED I8:

1. A heat generating body comprising:

a base material comprising a resin plate or resin
film, wherein said base material further comprises a
first and a second side, wherein the second side of the
base material lies opposite to the first side of the base
material;

a conductive layer arranged 1n a planar manner
along the {first side and second side of the base
material lies opposite to the first side of the base
material, and wherein said conductive layer 1s formed
of a conductive material;

an electrode connected electrically to the
conductive layer:;

at least two 1nsulating layers, wherein each
insulating layer 1s arranged on the side of the base
material on which the conductive layer 1s provided
and formed of an 1insulating material; and

a first spacer portion and a second spacer

portion, wherein each of the spacer portions are

arranged between the conductive laver and the
insulating layer or a pair of insulating layers and
each of the spacer portions are capable of forming an

enclosed space between the conductive layvyer and the
Iinsulating layer or a pair of insulating layers; and
wherein the conductive layer comprises a first

metal nanowire layer and a second metal nanowire
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layver, wherein the {first metal nanowire layer 1s
arranged in a planar manner along the first side of
the base material and the second metal nanowire
layer 1s arranged 1n a planer manner along the second
5 si1de of the base material, and

wherein the first spacer portion 1s arranged on
the first side of the base material and the second
spacer portion is arranged on the second side of the
base material.

10 2. The heat generating body according to
claim 1, wherein the first and second metal nanowire
layer comprise indium tin oxide (ITO), gold, silver,
copper, or nickel.

3 . The heat generating body according to

15 claim 2, wherein the surface resistance value of the
conductive layer 1s 10 @/cm? or less.

4. The heat generating body according to any
one of claims 1 to 3, wherein
the base material has a rectangular shape, and
20 the electrode 1s connected electrically to the

conductive layer along the edge of a long side of the

base material.

5. The heat generating body according to

claim 1, wherein
25 the electrode 1s connected electrically to the
conductive layer via a conductive polymer.

6. The heat generating body according to

34
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claim 1, wherein

the base material, the conductive layer, and the
insulating layer are translucent.

7. The heat generating body according to
claim 3, the carbon containing substance 1s carbon
nanotube.

8. The heat generating body according to
claim 3, wherein the mixture of the carbon-containing
substance and the metal 1s an adhesive paste.

9. The heat generating body according to
claim 3 or 8, wherein the metal in the mixture 1is
selected from the group consisting of gold, silver,
copper, nickel, and metal oxide.

10. The heat generating body according to
claim 9, wherein the metal oxide 1s selected from the
group consisting of lead oxide, zinc oxide, silicon
oxide, boron oxide, aluminum oxide, yttrium oxide,
and titanium oxide.

11. The heat generating body according to any
one of claims 3 to 10, wherein the conductive polymer

18 polyethylene dioxythiophene (PEDOT) oY

polypyrrole (PPy).
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