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DESCRIPTION

TITLE OF THE INVENTION

BOARD FOR BUILDING WITH MAGNETIC LAYER

TECHNICAL FIELD

[0001] The present invention relates to a board for

building with a magnetic layer.

BACKGROUND ART

[0002] There has been a need for attaching a printed
sheet, etc., to a wall, etc., by a magnetic material,
such as a magnet, in a school building of a school or
commercial facilities, for example. For this reason,
there has been a need for a construction material that
can attract a magnet, as a construction material for
forming a wall, etc.

[0003] As a construction material that can attract a
magnet, a construction material has been known such that
a thin steel plate is placed on a surface of the
construction material.

[0004] For example, Patent Document 1 discloses a
posting wall in which a thin steel plate is interposed
between a wallpaper and a base material so that a

product can be held by attraction force of a magnet.

[Related-Art Documents]
[Patent Document]
[0005]

[Patent Document 1] Japanese Unexamined Utility Model

Publication No. 6-78983

SUMMARY OF THE INVENTION
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PROBLEM TO BE SOLVED BY THE INVENTION

[0006] However, 1f a steel plate is placed and fixed
on a surface of a construction material, it may be
difficult to perform processing, such as cutting, on the
construction material.

[0007] One of major advantages of a board for
building is that it can be easily cut and processed
using a cutter, a round saw, etc., and that it can be
cut and processed to have a desired shape at a
construction site. However, a problem with the
construction material with the steel plate placed on the
surface thereof is that the advantage may be negated.
[0008] In addition, in the case of the posting wall
disclosed in Patent Document 1, it is necessary to
perform construction such as attaching a steel plate to
a surface of a base material at a site. However, such
construction is also a problem because a number of
processes increases.

[0009] In view of the above-described problem with
the related art, according to an aspect of the present
invention, an object is to provide a board for building
with a magnetic layer that can attract a magnet and that

can be easily cut and processed to have a free shape.

MEANS FOR SOLVING THE PROBLEM

[0010] According to an aspect of the present
invention to solve the above-described problem, there is
provided a board for building with a magnetic layer
including the board for building; the magnetic layer
that covers at least a part of a surface of the board
for building, wherein the magnetic layer includes a

magnetic material and an inorganic binder.
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ADVANTAGEOUS EFFECTS OF THE INVENTION

[0011] According to an aspect of the present
invention, there can be provided a board for building
with a magnetic layer that can attract a magnet and that

can be easily cut and processed to have a free shape.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a perspective view of a board for
building with a magnetic layer according to an
embodiment of the present invention;

FIG. 2 is a diagram illustrating a magnet
attraction test of a board for building with a magnetic
layer according to an embodiment of the present
invention;

FIG. 3 is a cross-sectional view of a wall
structure according to an embodiment of the present
invention;

FIG. 4 is a perspective view of a wall structure
according to an embodiment of the present invention;

FIG. 5 is a diagram illustrating a method of
evaluating attraction force of a magnet pair to a 1 mm
steel plate used in Experimental Example 1;

FIG. 6 is a diagram illustrating a sample for an
adhesion test prepared for an adhesion test in
Experimental Example 2; and

FIG. 7 is a diagram illustrating an evaluation of

occurrence of rust in Experimental Example 6.

MODE FOR CARRYING OUT THE INVENTION

[0013] While embodiments of the invention are
described below with reference to the accompanying
drawings, the invention is not limited to the following

embodiments, and various modifications and substitutions
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may be made to the following embodiments without
departing from the scope of the invention.

[Board for building with magnetic layer]

An example of a configuration of a board for
building with a magnetic layer according an embodiment
is described.

[0014] A board for building with a magnetic layer
according to the embodiment may include the board for
building; and a magnetic layer that covers at least a
part of a surface of the board for building. The
magnetic layer may include a magnetic material and an
inorganic binder.

[0015] In the following, an example of a
configuration of a board for building with a magnetic
layer according to an embodiment is specifically
described.

[0016] As illustrated in FIG. 1, a board for
building with a magnetic layer 10 according to the
embodiment may include a board for building 11 and a
magnetic layer 12 that covers at least a part of a
surface of the board for building 11.

[0017] Note that, although an example is illustrated
in which the magnetic layer is formed on the entire
surface of one main surface 1lla of the board for
building 11 in the board for building with the magnetic
layer 10 illustrated in FIG. 1, it suffices if a
magnetic layer is formed on a part that is required to
be able to attract a magnetic material, such as a magnet,
and the magnetic layer is not limited to the example.
For example, a magnetic layer may be formed to cover a
part of the one main surface lla. In addition to the
one main surface 1lla, a magnetic layer may also be

disposed on a part of the other main surface 11b or the
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whole of the other main surface 1lb, or a part of the
side surface or the whole of the side surface.

[0018] Furthermore, a shape of the magnetic layer
need not have a continuous surface shape. The shape of
the magnetic layer may be, for example, a linear shape,
a dot shape, etc. The board for building with the
magnetic layer according to the embodiments may also
have a plurality of discrete magnetic layers.

[0019] Each component included in the board for
building with the magnetic layer according to the
embodiment is described below.

[0020] The board for building 11 is not particularly
limited, and various types of boards for building can be
used. Examples include a fiber-reinforced cement plate,
a glass mat gypsum board, a board including gypsum mixed
with glass fiber non-woven fabric, a cement board
including glass fiber, a calcium silicate board
including fiber, a gypsum board that is specified in JIS
A 6901 (2014), a gypsum board that is lighter or heavier
than the gypsum board specified in JIS A 6901 (2014) (in
the following, the above-described gypsum board
specified in JIS and the gypsum board that is lighter or
heavier than the gypsum board specified in JIS are
collectively referred to as "gypsum board"), a gypsum
plate, a slag gypsum board, a resin board, etc.
Accordingly, the board for building 11 may preferably be,
for example, a fiber-reinforced cement plate, a glass
mat gypsum board, a plate including gypsum including
glass fiber non-woven fabric, a cement plate including
glass fiber, a calcium silicate board including fiber, a
gypsum board, a gypsum plate, a slag gypsum board, or a
resin board.

[0021] The board for building with the magnetic
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layer according to the embodiment can preferably be used,
especially, as a material that forms a wall of a
building. Since the board for building with the
magnetic layer is widely used as a wall material, the
board for building with the magnetic layer may more
preferably be a gypsum board. Here, a gypsum board
means the above-described gypsum board specified in JIS
A 6901 (2014), or a gypsum board that is lighter or
heavier than the gypsum board specified in JIS A 6901
(2014). Note that the gypsum board that is lighter than
the gypsum board specified in JIS A 6901 (2014) may
preferably be, for example, a gypsum board having a
specific gravity of greater than or equal to 0.3 and
less than 0.65.

[0022] The magnetic layer 12 may include a magnetic
material and an inorganic binder.

[0023] The magnetic layer 12 is a layer provided so
that a magnetic material, such as a magnet, can be
attracted, and, by including a magnet material, the
magnetic layer 12 can attract a magnetic material, such
as a magnet.

[0024] A type of magnetic material included in the
magnetic layer 12 is not particularly limited, and
various types of magnetic materials that can attract a
magnetic material, such as a magnet, by magnetic force
can be used. As a magnetic material, a material is
preferable that can strongly attract a magnetic material,
such as a magnet, with a small amount of addition, and
that exhibits ferromagnetic properties, at least, at an
environmental temperature for using the board for
building with the magnetic layer. As the environmental
temperature for using the board for building with the

magnetic layer, for example, a temperature range that is



10

15

20

25

30

—7-

higher than or equal to -20 °C and lower than or equal
to 50 °C can be considered. Note that, a material that
exhibits ferromagnetic properties means a material
(substance) having a magnetic moment as a whole, and
means a material that has a spontaneous magnetization
even in an environment with no external magnetic field.
For this reason, a material that exhibits ferromagnetic
properties includes a ferrimagnetic material.

[0025] As the magnetic material, iron powder 1is
particularly preferable because the cost is particularly
low and stability is excellent. A type of iron powder
is not particularly limited. However, one or more types
selected from, for example, iron oxide powder, reduced
iron powder, or atomized iron powder may preferably be
used. In particular, when iron powder is used as the
magnetic material, the magnetic material may preferably
include atomized iron powder.

[0026] A particle diameter of the magnetic material
is not particularly limited, and a magnetic material
having any particle diameter may be used. For the
magnetic layer of the board for building with the
magnetic layer according to the embodiment, a magnetic
material having a particle diameter that is generally
used may preferably be used, and, for example, a
magnetic material having an average particle diameter of
greater than or equal to 20 um and less than or equal to
200 pm may preferably be used.

[0027] Note that, in this specification, the average
particle diameter means a particle diameter at a
cumulative wvalue of 50% in a particle diameter
distribution determined by a laser
diffraction/scattering method, and the average particle

diameter is an average particle diameter based on a
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volume, that is, the volume average particle diameter.
[0028] A ratio, etc., of a magnetic material
included in the magnetic layer is not particularly
limited. For example, the ratio, etc., may be
arbitrarily selected according to magnetic properties of
the magnetic material, or capability, etc., of
attracting a magnetic material required for the board
for building with the magnetic layer. For example, in
the magnetic layer, content per unit area of the
magnetic material may preferably be greater than or
equal to 0.3 kg/m?. The reason is that, by setting the
content per unit area of the magnetic material in the
magnetic layer to be greater than or equal to 0.3 kg/m?,
a magnetic material, such as a magnet, can be attracted
on a surface of the board for building with the magnetic
layer by sufficient attraction force. 1In particular,
from a perspective of enhancing the attraction force of
a magnetic material, such as a magnet, content per unit
area of the magnetic material in the magnetic layer may
more preferably be greater than or equal to 0.8 kg/m?,
and furthermore preferably greater than or equal to 1.0
kg/m2.

[0029] An upper limit value of the content per unit
area of the magnetic material in the magnetic layer is
not particularly limited, and can be arbitrarily
selected depending on, for example, the magnetic
properties of the magnetic material, the attraction
force required for the board for building with the
magnetic layer, the cost, etc. The content of the
magnetic layer per unit area of the magnetic material
may preferably be less than or equal to 10 kg/mZ2.

[0030] Note that the unit area in the content per

unit area of the magnetic material in the magnetic layer
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means a unit area on a plane opposite to a plane of the
magnetic layer 12 facing the board for building 11.
[0031] In addition, density of the magnetic layer
may preferably be greater than or equal to 2.0 g/cm?3,
and more preferably greater than or equal to 2.5 g/cm3.
The reason is that, by setting the density of the
magnetic layer to be greater than or equal to 2.0 g/cm3,
the attraction force of the magnet can be particularly
increased, and the magnetic layer can more reliably
attract a magnetic material, such as a magnet.

[0032] The upper limit of the density of the
magnetic layer 1is not particularly limited. For example,
the upper limit of the density of the magnetic layer may
be arbitrarily selected in accordance with the
attraction force and cost, etc., required for the board
for building with the magnetic layer. The density of
the magnetic layer may preferably be, for example, less
than or equal to 5.0 g/cm3.

[0033] The inorganic binder included in the magnetic
layer is not particularly limited, and various types of
inorganic binders may be used. By using an inorganic
binder, noncombustibility can be enhanced compared to a
case in which an organic binder is used. Accordingly,
by providing only one layer of a magnetic layer, the
board for building with the magnetic layer according to
the embodiment can meet a requirement on
noncombustibility. In addition, by using an inorganic
binder, oxidation of the magnetic material can be
suppressed, and stability of the magnetic material can
be enhanced.

[0034] As an inorganic binder, for example, one or
more types selected from an inorganic silicate system, a

phosphate system, a silica sol system, etc., may
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preferably be used.

[0035] Note that, as described above, by using an
inorganic binder in the magnetic layer, the
noncombustibility of the board for building with the
magnetic layer can be enhanced compared to a case in
which an organic binder is used. Accordingly, it is
preferable not to use an organic binder as the binder of
the magnetic layer, and it is preferable not to include
an organic binder in the magnetic layer. Among the
inorganic binders, the inorganic silicate-based binder
also functions as a noncombustible material, so that an
inorganic silicate-based binder may preferably be used,
particularly in applications in which enhancement of
noncombustibility is required. For example, an alkali
metal silicate binder may be preferably used as the
inorganic silicate-based binder.

[0036] The content of the inorganic binder included
in the magnetic layer is not particularly limited, and
the content of the magnetic layer can be arbitrarily
selected depending on the strength, etc., required for
the magnetic layer. For example, the magnetic layer may
preferably include an inorganic binder so that the
inorganic binder is greater than or equal to 1 part by
mass and less than or equal to 35 parts by mass with
respect to 100 parts by mass of the magnetic material.
The magnetic layer may more preferably include an
inorganic binder so that the inorganic binder is greater
than or equal to 1 part by mass and less than or equal
to 15 parts by mass with respect to 100 parts by mass of
the magnetic material.

[0037] The reason is that, by setting the content of
the inorganic binder to be greater than or equal to 1

part by mass with respect to 100 parts by mass of the
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magnetic material, the magnetic layer can be formed to
have a uniform film shape, and the adhesion to the board
for building with the magnetic layer, as a base, can be
enhanced. Furthermore, by setting the content of the
inorganic binder to be less than or equal to 35 parts by
mass with respect to 100 parts by mass of the magnetic
material, cracks can be prevented from occurring in the
magnetic layer. Here, the cause of occurrence of cracks
in the magnetic layer is not clear. However, it is
assumed that, when a content ratio of an inorganic
binder is too large, a total shrinkage amount of the
magnetic layer becomes large during hardening of a
coating material including a magnetic material, which is
the raw material of the magnetic layer.

[0038] The magnetic layer may include any component
other than the magnetic material and the inorganic
binder.

[0039] The magnetic layer may further include, for
example, an inorganic additive.

[0040] The inorganic additive may preferably be one
or more types selected from talc, gypsum, calcium
carbonate, magnesium oxide, magnesium hydroxide,
aluminum oxide, barium sulfate, kaolin, etc.

[0041] By adding an inorganic additive, the fluidity
of the coating material including the magnetic material
used for forming the magnetic layer can be enhanced, and
the surface of the magnetic layer can be particularly
smoothed. Furthermore, for the inorganic additives
exemplified above, since all of the materials are white,
by including the inorganic additives in the magnetic
layer, or by including the inorganic additives and
pigments described below, the surface of the magnetic

layer of the board for building with the magnetic layer
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may be made closer to white.

[0042] The particle diameter of the inorganic
additive to be used is not particularly limited. However,
for example, the average particle diameter may
preferably be greater than or equal to 0.1 pm and less
than or equal to 50 um, and more preferably greater than
or equal to 1 pm and less than or equal to 30 um.

[0043] When an inorganic additive is added, the
amount of the inorganic additive included in the
magnetic layer can be selected depending on the type of
the inorganic additive to be used, the particle diameter,
etc., and is not particularly limited. When the
magnetic layer includes an inorganic additive, for
example, the magnetic layer may preferably include the
inorganic additive at a ratio such that, with respect to
100 parts by mass of the magnetic material, the
inorganic additive is greater than or equal to 0.5 parts
by mass and less than or equal to 30 parts by mass; more
preferably greater than or equal to 1 part by mass and
less than or equal to 20 parts by mass; and furthermore
preferably greater than or equal to 5 parts by mass and
less than or equal to 10 parts by mass. Note that, if
the content of the inorganic additive is less than 0.5
parts by mass or greater than 30 parts by mass relative
to 100 parts by mass of the magnetic material, the
fluidity of the coating material including the magnetic
material may be lowered during formation of the magnetic
layer. As the fluidity of the coating material
including the magnetic material is lowered, pinholes,
which are traces of air bubbles, may be formed in the
magnetic layer. Even if pinholes are generated in the
magnetic layer, there is no change in the attraction

force of the magnet of the magnetic layer. However, if
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the surface is finished with a paint, the aesthetic
appearance of the magnetic layer may be damaged. 1In
contrast, as described above, the content of the
inorganic additive may preferably be set to be greater
than or equal to 0.5 parts by mass and less than or
equal to 30 parts by mass relative to 100 parts by mass
of the magnetic material, so that generation of pinholes
in the magnetic layer can be particularly suppressed.
[0044] The magnetic layer may also contain a rust-
preventive agent. By including a rust-preventive agent
in the magnetic layer, discoloration of the magnetic
material included in the magnetic layer caused by
oxidization can be particularly suppressed and
occurrence of a change in the attraction force of the
magnetic material, such as a magnet, can be particularly
suppressed.

[0045] When the magnetic layer includes a rust-
preventive agent, the content is not particularly
limited. However, since the magnetic layer may react
with an inorganic binder to cause gelation depending on
the ingredients of the rust-preventive agent or the
amount of the rust-preventive agent added, the rust-
preventive agent may preferably be added to the extent
that the rust-preventive agent does not affect other
ingredients.

[0046] When the magnetic layer includes a rust-
preventive agent, the magnetic layer may include the
rust—-preventive agent preferably at a ratio of greater
than or equal to 0.1% by mass, more preferably at a
ratio of greater than or equal to 0.3% by mass.

[0047] When the magnetic layer includes a rust-
preventive agent, an upper limit of the content is not

particularly limited. However, even if the rust-
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preventive agent is added excessively, there is no
significant change in the rust preventive effect, and
the strength of the magnetic layer may be lowered.
Accordingly, the magnetic layer may preferably include
the rust-preventive agent at a ratio of less than or
equal to 20% by mass relative to the magnetic material.
[0048] The type of the rust-preventive agent is not
particularly limited. However, the rust-preventive
agent may preferably include one or more types selected
from, for example, a water soluble or emulsion organic
acid-based rust-preventive agent, a chelate-based rust-
preventive agent, an organic acid amine-based rust-
preventive agent, a fatty acid-based rust-preventive
agent, and a nitrite-based rust-preventive agent.

[0049] However, as described above, by using an
inorganic binder, the board for building with the
magnetic layer according to the embodiment can suppress
oxidation of the magnetic material and enhance the
stability of the magnetic material. For this reason,
the magnetic layer of the board for building with the
magnetic layer according to the embodiment need not
include the rust preventing agent.

[0050] The magnetic layer may also include any other
additive, for example, a thickening agent, a defoaming
agent, a titanium oxide for adjusting the color of the
magnetic layer, one or more pigments selected from white
lead, zinc oxide, lithopone, etc., a filler material
(bulking material), or the like.

[0051] A Hunter whiteness degree (Wb) measured by a
color difference meter on the surface of the magnetic
layer may preferably exceed 25 because, for example,
when a wallpaper finish is performed by placing a

wallpaper on the surface of the board for building with
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the magnetic layer or a paint finish is performed by
applying paint, the color of the magnetic layer may be
prevented from penetrating through the surface of the
finished material and may become difficult to be seen.
Accordingly, the color tone of the magnetic layer may
preferably be adjusted by adding, for example, the
above-described inorganic additive or, in some cases,
the above-described pigment so that the Hunter whiteness
degree (Wb) of the surface of the magnetic layer becomes
greater than 25. Particularly, when an iron powder 1is
used as the magnetic material and the magnetic layer
does not include an inorganic additive or pigment, the
Hunter whiteness degree (Wb) of the surface of the
magnetic layer becomes approximately 3. Accordingly, as
described above, the color tone may preferably be
adjusted by adding an inorganic additive or pigment to
the magnetic layer. According to a study by the
inventors of the present invention, for example, when
0.5 parts by mass of talc, as an inorganic additive, and
2 parts by mass of titanium oxide, as a pigment, are
added to 100 parts by mass of iron powder included in a
magnetic layer, the Hunter whiteness degree (Wb) becomes
approximately 30. For this reason, when the magnetic
layer includes iron powder, the magnetic layer may
preferably include, with respect to 100 parts by mass of
iron powder, greater than or equal to 0.5 parts by mass
of an inorganic additive, such as talc, and greater than
or equal to 2 parts by mass of pigment, such as titanium
oxide.

[0052] As described above, the board for building
with the magnetic layer according to the present
embodiment may include any additive. However, from a

perspective of enhancing the noncombustibility of the
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board for building with the magnetic layer according to
the present embodiment, it is preferable that the
content of the organic compound of the magnetic layer be
suppressed. However, according to the study by the
inventors of the present invention, if the ratio of
organic compounds relative to 100 parts by mass of the
magnetic material in the magnetic layer is up to
approximately 5 parts by mass, there is almost no change
in the calorific value of the board for building with
the magnetic layer, and the noncombustibility is not
affected. Accordingly, the content ratio of the organic
compounds in the magnetic layer may preferably be, with
respect to 100 parts by mass of the magnetic material,
less than or equal to 5 parts by mass, more preferably
less than or equal to 2 parts by mass, and furthermore
preferably less than or equal to 1 part by mass.

[0053] The organic compounds included in the
magnetic layer are derived from any additive added to
the magnetic layer. Accordingly, by adjusting the
content ratio of the organic compounds in the additive
to be added to the coating material including the
magnetic material used to form the magnetic layer, the
content ratio of the organic compounds included in the
magnetic layer can be adjusted to be within a desired
range.

[0054] The thickness of the magnetic layer 12 is not
particularly limited. However, the thickness of the
magnetic layer 12 may preferably be greater than or
equal to 0.1 mm, and more preferably greater than or
equal to 0.3 mm.

[0055] An upper limit of the thickness of the
magnetic layer 12 is not particularly limited. However,

the upper limit of the thickness of the magnetic layer
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12 may preferably be, for example, less than or equal to
5.0 mm, and more preferably less than or equal to 2.0 mm.
[0056] In the board for building with the magnetic
layer according to the embodiment, a face of the

magnetic layer opposite to the face of the magnetic

layer facing the board for building may preferably be
exposed. That is, the face of the magnetic layer
opposite to the face of the magnetic layer facing the
board for building preferably does not include other
layers including a layer for enhancing noncombustibility.
The reason is that noncombustibility of the board for
building with the magnetic layer is sufficiently
enhanced by the magnetic layer including an inorganic
binder. Accordingly, there is no need to provide
additional layers to further enhance the
noncombustibility.

[0057] When a wall or the like is formed using the
board for building with the magnetic layer according to
the embodiment, a finishing material, such as wallpaper,
to be disposed on the surface of the magnetic layer, is
not included in the above-described other layers.
Accordingly, except for these finishing materials, in
the board for building with the magnetic layer, the face
of the magnetic layer opposite to the face of the
magnetic layer facing the board for building may
preferably be exposed.

[0058] So far, the components included in the board
for building with the magnetic layer according to the
embodiment are described. In the following, properties,
etc., of the board for building with the magnetic layer
are described.

[0059] A surface of the board for building with the

magnetic layer according to the embodiment may
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preferably be smooth.

[0060] Here, the smoothness of the surface (main
surface) of the board for building with the magnetic
layer according to the embodiment means that the
thickness variation is less than or equal to 500 um when
the thickness of the board for building with the
magnetic layer is measured at multiple points.

[0061] The thickness of the board for building with
the magnetic layer can be measured in the same manner as
specified in "a) Thickness" in "7.3.1 Size" in JIS A
6901 (2014). Specifically, the thickness can be
measured at six measurement positions at equal intervals
in an area that is within 25 mm from an end face of the
board for building with the magnetic layer, which is the
sample, and that is located inward from both side faces
of the board for building with the magnetic layer by a
distance that is greater than or equal to 80 mm.
Accordingly, it can be said that the surface is smooth
when the thickness variation at the six measured points
is less than or equal to 500 um.

[0062] The surface of the board for building with
the magnetic layer may preferably be smooth because, for
example, when the board for building with the magnetic
layer is used as a wall material, etc., a flat wall can
be formed. In addition, when the surface of the board
for building with the magnetic layer is smooth, the
following processes can be easily performed on the
surface of the board for building with the magnetic
layer: wallpaper pasting by pasting wallpaper (wallpaper
finish); paint finish by applying paint; cosmetic finish
by laminating; and decorative magnet finish by placing
decorative magnets. Note that the decorative magnet

finish refers to finishing a surface of a wall by
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attracting wallpaper, a decorative board, and decorative
paper, in which a magnet is disposed on one of the main
surfaces, to the board for building with the magnetic
layer.

[0063] In addition, in the board for building with
the magnetic layer according to the embodiment, the
thickness t may preferably meet the standard of JIS A
6901 (2014).

[0064] Meeting the standard JIS A 6901 (2014)
implies that the thickness of the board for building
with the magnetic layer belongs to any one of the
following ranges: greater than or equal to 9.5 mm and
less than or equal to 10.0 mm; greater than or equal to
12.5 mm and less than or equal to 13.0 mm; greater than
or equal to 15.0 mm and less than or equal to 15.5 mm;
greater than or equal to 16.0 mm and less than or equal
to 16.5 mm; greater than or equal to 18.0 mm and less
than or equal to 18.5 mm; greater than or equal to 21.0
mm and less than or equal to 21.5 mm; and greater than
or equal to 25.0 mm and less than or equal to 25.5 mm.
[0065] This means that, i1f the thickness t of the
board for building with the magnetic layer meets the
standard of JIS A 6901 (2014), the thickness of the
board for building with the magnetic layer meets the
same standard as the standard of the thickness of the
board for building that is normally used. It is
preferable to meet the standard because, for example,
even 1if a wall, etc., is formed by simultaneously using
the board for building with the magnetic layer according
to the embodiment and a normal board for building, a
flat wall without unevenness caused by the types of the
boards for building used, namely, a flat wall can be

easily formed without adjusting the thickness, etc.
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[0066] Similar to the board for building that is
more commonly used, the thickness t of the board for
building with the magnetic layer may preferably belong
to one range of the following ranges: greater than or
equal to 9.5 mm and less than or equal to 10.0 mm;
greater than or equal to 12.5 mm and less than or equal
to 13.0 mm; greater than or equal to 15.0 mm and less
than or equal to 15.5 mm; and greater than or equal to
21.0 mm and less than or equal to 21.5 mm.

[0067] Note that, here, the thickness t of the board
for building with the magnetic layer means the overall
thickness of the board for building with the magnetic
layer, as shown in Fig. 1. For example, when the board
for building with the magnetic layer is formed of the
board for building 11 and the magnetic layer 12, such as
the board for building 10 with the magnetic layer shown
in FIG. 1, the total of the thickness of the board for
building 11 and the thickness of the magnetic layer 12
is the thickness t of the board for building 10 with the
magnetic layer.

[0068] The thickness of the board for building with
the magnetic layer can be evaluated by the method
specified in JIS A 6901 (2014).

[0069] The board for building with the magnetic
layer according to the embodiment may preferably meet
quasi-noncombustibility performance. That is, the board
for building with the magnetic layer according to the
embodiment may preferably be qualified as a quasi-non-—
noncombustible material. Note that quasi-
noncombustibility is stipulated in Article 5, Item 5 of
the Building Standards Act Enforcement Order. In order
to be qualified as a guasi—-noncombustible material, the

material is required to meet the following requirements:
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when fire heat from a normal fire is applied, the
material does not burn for 10 minutes after the start of
heating; the material does not cause deformation,
melting, cracks, and any other damage, which are harmful
on fire prevention; and the material does not generate
smoke or gas, which is harmful for evacuation.

[0070] In addition, the board for building with the
magnetic layer according to the embodiment may
preferably meet the noncombustibility performance. 1In
other words, the board for building with the magnetic
layer may preferably be qualified as a noncombustible
material. Note that noncombustibility is stipulated in
Article 2, Item 9 of the Building Standards Act and the
Building Standard Act Enforcement Order Article 108-2.
In order to be gqualified as a noncombustible material,
the material is required to meet the following
requirements: when fire heat from a normal fire is
applied, the material does not burn for 20 minutes after
the start of heating; the material does not cause
deformation, melting, cracks, and any other damage,
which are harmful on fire prevention; and the material
does not generate smoke or gas, which is harmful for
evacuation. By the restriction on interior finish of
the Building Standards Act, building materials that can
be used depending on the use and scale of the building
are determined to be a gquasi-noncombustible material or
a noncombustible material. The board for building with
the magnetic layer according to the embodiment can be
adapted to the restriction on interior finish required
for the building to be used. Namely, the board for
building with the magnetic layer according to the
embodiment can be a quasi-noncombustible material or a

noncombustible material, so that the board for building
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with the magnetic layer can be used in buildings of any
application and scale.

[0071] As described above, the noncombustibility of
the board for building with the magnetic layer according
to the embodiment is enhanced by using an inorganic
binder in the magnetic layer. In some cases, in order
to further enhance the noncombustibility, a material
that does not easily burn can be used as a material of
the board for building and a material of the magnetic
layer. Specifically, for example, for a board for
building in which a magnetic layer is disposed, a board
for building that meets the quasi-noncombustibility
performance may be used or a board for building that
meets the noncombustibility performance may be used. By
selecting these materials in accordance with necessity,
the board for building with the magnetic layer may meet
the quasi—-noncombustibility performance or the
noncombustibility performance.

[0072] As described above, the board for building
with the magnetic layer according to the present
embodiment can attract magnetic materials, such as
magnets, by arranging the magnetic layer. The
attraction force of the magnet is not particularly
limited. However, for example, the attraction force
may preferably satisfy the following properties of a
magnet attraction test.

[0073] First, as shown in Fig. 2, the board for
building with the magnetic layer 21 according to the
embodiment is arranged so that a main surface 2la is
vertical. When one magnet 22 that includes a magnet
part with a diameter of 17 mm and that is provided with
attraction force of 3.5 N with respect to a 1 mm iron

plate is used and one sheet of A4 paper sheet 23 is
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attached to the main surface 2la by the one magnet 22,
the one magnet may preferably have attraction force that
prevents the A4 paper sheet from dropping. Here, the
arrangement in which the main surface 2la is vertical
implies that the main surface of the board for building
with the magnetic layer 21 having the plate-like shape,
i.e., the surface on which the magnet is attracted is
arranged to be vertical with respect to the horizontal
direction, such as the ground surface. In the following,
the same description has the same meaning.

[0074] In addition, the board for building with the
magnetic layer may more preferably be provided with
similar properties when wallpaper is disposed on the
main surface of the board for building with the magnetic
layer. Namely, the board for building with the magnetic
layer 21 in which the wallpaper is disposed on the main
surface 2la is arranged so that the main surface 2la is
vertical. When one magnet 22 that includes a magnet
part with a diameter of 17 mm and that is provided with
attraction force of 3.5 N with respect to a 1 mm iron
plate is used and one sheet of A4 paper sheet 23 is
attached to the main surface 2la by the one magnet 22,
the one magnet may preferably have attraction force that
prevents the A4 paper sheet from dropping.

[0075] Note that, when a wallpaper is disposed on
the main surface of the board for building with the
magnetic layer and a magnet attraction test is performed,
for example, a wallpaper having a thickness of 0.3 mm,
which is commonly used, may be used as the wallpaper.
For example, a vinyl cloth may be used as the wallpaper.
[0076] In any of the above-described magnet
attraction tests, an A4 sheet provided with a thickness

of 0.09 mm and a mass of 64 g/m? may be preferably used,
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as the A4 sheet. 1In addition to the magnet attraction
test, the A4 sheet provided with the above-described
thickness and mass may be preferably used as the A4
sheet.

[0077] When performing the magnetic attraction test
of any of the above-described magnet attraction tests, a
position at which the magnetic layer is arranged is not
particularly limited. However, the board for building
with the magnetic layer according to the present
embodiment exhibits sufficient attraction force to
attract the magnet by providing the magnetic layer to,
at least, a part of the surface of the board for
building. Accordingly, a magnetic layer may preferably
be provided at least in the portion at which the magnet
22 is to be arranged.

[0078] The position of the magnet 22 and the
position of the A4 sheet 23 are not particularly limited.
However, a distance L between the center of the magnet
22 and an upper end of the A4 sheet 23 may preferably be
3 cm, and the center of the magnet 22 may more
preferably be disposed at the center of the width
direction of the A4 sheet 23.

[0079] The board for building with the magnetic
layer according to the embodiment is described above.
The board for building with the magnetic layer according
to the embodiment can attract a magnetic material, such
as a magnet, by arranging a magnetic layer, at least, at
a part of the surface of the board for building.
Furthermore, since the magnetic layer is only disposed,
at least, at a part of the surface of the board for
building, the board for building can be easily cut and
processed into a desirable shape.

[0080] A board for building in which a steel plate
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is arranged and fixed on a surface, which has been used,
has a problem that fastening the board for building is
difficult because, due to the steel plate, driving a
screw or a nail is difficult. An additional problem is
that, when finishing with wallpaper or painting is made,
adhesion to the wallpaper or paint is lowered.

[0081] In contrast, according to the board for
building with the magnetic layer according to the
embodiment, since the magnetic layer is only disposed,
at least, at a part of the surface of the construction
surface material, nails, screws, etc., can be easily
driven. In addition, since, in the board for building
with the magnetic layer according to the embodiment, the
magnetic layer is only disposed, at least, at a part of
the surface of the board for building, as described
above, cracks can be prevented from occurring even if
nails, screws, etc., are driven. 1In addition, the
adhesion to the wallpaper or the paint can be
sufficiently enhanced.

[Method of manufacturing the board for building
with the magnetic layer]

Next, a configuration example of a method of
manufacturing the board for building with the magnetic
layer according to the embodiment is described. By the
method of manufacturing the board for building with the
magnetic layer according to the embodiment, the above-
described board for building with the magnetic layer can
be manufactured. Accordingly, a description of a matter
that is already described may be omitted.

[0082] The method of manufacturing the board for
building with the magnetic layer according to the
embodiment may include a magnetic layer forming step of

forming a magnetic layer by applying a coating material
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including a magnetic material, which includes the
magnetic material and an inorganic binder, to, at least,
a part of the surface of the board for building.

[0083] The coating material including the magnetic
material can be prepared by mixing the above-described
material of the magnetic layer, specifically the
magnetic material, the inorganic binder, with any
additive, such as an inorganic additive or an anti-rust
agent, if necessary. When the coating material
including the magnetic material is prepared, a
dispersion medium, such as water, for adjusting
viscosity may be added and mixed, if necessary.

[0084] The content per unit area of the magnetic
material of the magnetic layer and the density of the
magnetic layer can be adjusted according to the particle
size of the magnetic material in the coating material
including the magnetic material, and the content
(content ratio) of various components, such as the
magnetic material, kneaded water, and inorganic
additives. When a filler material (bulking material) is
added to the coating material including the magnetic
material, they can be adjusted by the amount (content)
of the filler material. For example, an aggregate, etc.,
may be used as the filler material.

[0085] The raw material used in the magnetic layer
forming step and the suitable amount to be added, the
content per unit area of the magnetic material of the
magnetic layer, and the suitable range, etc., of the
density are described above, and, thus, the description
is omitted.

[0086] In the magnetic layer forming step, a means
and a method of applying the coating material including

the magnetic material to at least a part of the surface
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of the board for building are not particularly limited.
However, coating may preferably be applied, so that a
magnetic layer formed has a uniform thickness.
Accordingly, in the magnetic layer forming process, the
coating material including the magnetic material may
preferably be applied to, at least, a part of the
surface of the board for building by any of a roll
coater, a flow coater, and a scraping method.

[0087] Here, the roll coater is a means for applying
the coating material including the magnetic material to
a rotating roller and forming a magnetic layer on the
surface of the board for building with the roller. The
flow coater is a means for flowing the coating material
including the magnetic material into a thin film on a
surface of the board for building from above the board
for building to be conveyed and forming a magnetic layer
on the surface of the board for building. In addition,
the scraping method is a means (method) of forming a
magnetic layer, for example, by scraping the coating
material including the magnetic material fed onto a
surface of the building plate by a blade, etc., and by
spreading the coating material to a desired thickness on
the surface of the board for building.

[0088] Note that, a magnetic layer with a desired
pattern may be formed on the board for building supplied
to the magnetic layer forming step by masking, in
advance, a part on which no magnetic layer is to be
formed.

[0089] The method of manufacturing the board for
building with the magnetic layer according to the
embodiment may include any step in addition to the
above-described magnetic layer forming step.

[0090] The method of manufacturing the board for
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building with the magnetic layer according to the
embodiment may further include, if necessary, a drying
step of drying the formed magnetic layer, a cutting step
of cutting the board for building with the magnetic
layer or the board for building as a raw material to a
desired size, etc.

[0091] A drying temperature in the drying process is
not particularly limited. However, for example, the
drying temperature may preferably be less than or equal
to 100 °C, more preferably less than or equal to 70 °C.
The reason is that, by setting the drying temperature to
be less than or equal to 100 °C, an occurrence of a
failure, such as an occurrence of a bend in board for
building with a magnetic layer or an occurrence of a
crack in a magnetic layer, can be suppressed.

[0092] Note that a lower limit value of the drying
temperature is not particularly limited. However, from
a perspective of productivity, the lower limit value may
preferably be set to be greater than or equal to 20 °C,
more preferably greater than or equal to 30 °C.

[Wall Structure]

Next, a configuration example of a wall structure
using the above-described board for building with the
magnetic layer is described with reference to Fig. 3 and
Fig. 4. Fig. 3 shows a cross—-sectional view of a
partition wall, that is the wall structure, in a plane
parallel to the height direction and perpendicular to a
main surface of the wall, and Fig. 4 shows a perspective
view of the partition wall. In Fig. 4, the depiction of
a ceiling light iron base in FIG. 3 is omitted so that
the structure of the partition wall can be easily seen.
[0093] The wall structure according to the

embodiment may include the above-described board for
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building with the magnetic layer. The following is a
specific configuration example.

[0094] The partition wall 30 shown in Fig. 3 1is
constructed on a floor slab Fl of reinforced concrete.
The lower end of the partition wall 30 is secured to the
floor slab F1l, and the upper end of partition wall 30 is
secured to a floor slab F2 of the reinforced concrete on
the upper floor. The shafts of the partition wall 30
are formed of a steel stud 31, a floor runner 321, and
an upper runner (ceiling runner) 322. The stud 31 is
formed of a channel-shaped member formed of light weight
steel, and the floor runner 321 and the upper runner 322
are formed of light weight groove-shaped steel. The
dotted line in FIG. 3 shows an inner wall of the stud 31.
The floor runner 321 and the upper runner 322 are
secured to the floor slabs F1 and F2, respectively, by
fasteners 33, such as anchor bolts, and a lower end and
an upper end of the stud 31 are secured by the floor
runner 321 and the upper runner 322, respectively. The
studs 31 are arranged in a wall core direction at
predetermined intervals (e.g., 455 mm intervals), each
of which is adjusted to be a size of approximately from
300 mm to 600 mm, and the studs 31 are vertically
arranged between the floor slabs F1 and F2.

[0095] A bottom board 34 is attached to both sides
of the stud 31 by screws 35, and an upper board 36 is
secured to the surface of the bottom board 34 by one or
more types selected from fasteners 37, such as staples,
and an adhesive. As the bottom board 34, a
noncombustible building material board may preferably be
used, such as a gypsum board specified by JIS A 6901
(2014), a gypsum board that is lighter or heavier than
the above-described gypsum board, a gypsum plate, a hard
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gypsum plate, a glass fiber-reinforced gypsum board, a
calcium silicate board, etc. Note that, in Fig. 3, a
part of the depiction of the screws 35 is omitted, for
the convenience of the depiction.

[0096] On the surface of the upper board 36, a
surface finish material 38 is applied, such as a paint
or a cloth.

[0097] A heat insulating material 39, such as glass
wool or rock wool, may be disposed inside the partition
wall 30. Then, a floor finishing material 40 may be
constructed on the floor slab F1l, and a baseboard 41 may
be attached to the lower edge of the partition wall 30.
As the baseboard 41, a general purpose ready-made
baseboard may be used, such as a vinyl baseboard.

[0098] Additionally, a ceiling light iron base 42
can be suspended from the floor slab F2 on the upper
floor. Then, a ceiling finishing material 43 can be
disposed on a surface of the ceiling light iron base 42.
[0099] The ceiling finishing material 43 connects to
an interior wall surface via a cut-off edge 44, such as
a ceiling edge. As the cut-off edge 44, a ready-made
cut—-off edge formed of a resin or a metal, a joiner, or
a processed wood may be used.

[0100] As shown in FIG. 4, the bottom boards 34 are
attached in the horizontal direction, and the upper and
lower bottom boards 34 are abutted against each other at
a horizontal joint 45. A plurality of horizontal joints
45 extends horizontally and in parallel, as joints of a
configuration of the abutting joints.

[0101] The upper boards 36 are attached in a
vertical direction and are interconnected wvia vertical
joints 46 in a desired joint form, such as a gap-type

joint, an abutting joint, a joint based on a joint
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method, etc. A plurality of vertical joints 46 extends
vertically and in parallel.
[0102] As the upper board 36, the above-described
board for building with the magnetic layer may be
preferably used. In addition, the vertical joint 46
between the upper boards 36 may be joined with a joining
material. Note that a portion of the upper boards 36
that form the partition wall 30 may be the board for
building with the magnetic layer, and the rest may be a
normal board for building without a magnetic layer.
[0103] As described above, as the upper board 36,
the above-described board for building with the magnetic
layer may preferably be used, so that the partition wall
that is the wall structure can be a wall that can
attract a magnetic material, such as a magnet.
[0104] Here, the example of the structure of the
partition wall is described, as a wall structure.
However, the wall structure according to the embodiment
is not limited to the partition wall, and the wall
structure according to the embodiment includes various
wall structures using the above-described board for
building with the magnetic layer. Furthermore, although
an example is described here in which the board for
building with the magnetic layer is secured to the
bottom board, the wall structure according to the
embodiment is not limited to this. The wall structure
according to the embodiment includes a wall structure in
which the board for building with the magnetic layer 1is
secured to a stud with a screw, etc.

[Example]
[0105] In the following, specific examples are
described. However, the present invention is not

limited to these examples.
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[Experimental example 1]

In the experimental example 1, a board for building
with a magnetic layer shown in FIG. 1 was manufactured,
and a magnet attraction test was performed.

[0106] First, a manufacturing condition of the board
for building with the magnetic layer is described.
[0107] As a board for building 11, a gypsum board
having a thickness of 12.0 mm x a width of 300 mm x a
length of 400 mm was prepared, and a magnetic layer 12
was formed on an entire surface of one of main surfaces
1la to obtain the board for building with the magnetic
layer 10.

[0108] The magnetic layer was formed by applying a
coating material including a magnetic material, which
was formed by mixing, with respect to 100 parts by mass
of iron powder, which is the magnetic material, 5 parts
by mass of an alkali metal silicate-based binder, which
is an inorganic binder, with water, to the main surface
of the board for building 11 by a scraping method so
that the thickness was 0.75 mm, and by drying the
coating material including the magnetic material.

[0109] As shown in Table 1, as the iron powder,
reduced iron powder was used in experimental example 1-1
to experimental example 1-5, atomized iron powder was
used in experimental examples 1-6 to experimental
example 1-10, and iron oxide powder was used in
experimental examples 1-11 to experimental example 1-15.
Note that, as the iron oxide powder, triiron tetroxide
powder was used. The average particle diameter of each
iron powder was 50 um.

[0110] The alkali metal silicate-based binder
included lithium silicate, sodium silicate, and zinc

borate.
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[0111] In each of experimental example 1-1 to
experimental example 1-15, the magnetic layer 12 was
formed, so that the content of iron powder, which is a
magnetic material, per unit area was the corresponding
value shown in Table 1. Specifically, for example, in
experimental example 1-1, experimental example 1-6, and
experimental example 1-11, the magnetic layer was formed
so that the content of iron powder, which is a magnetic
material of the magnetic layer, was 0.3 kg/m? per unit
area. Note that, when the magnetic layer 12 of each
experimental example was formed, by adjusting the amount
of water added to the coating material including the
magnetic material, the amount of iron powder included in
the magnetic layer 12 per unit area was adjusted to be a
desired value for each experimental example.

[0112] In each of the experimental examples, the
thickness of the magnetic layer was found to be within
the range of 0.75 mm £ 0.25 mm.

[0113] As shown in Fig. 2, in the magnet attraction
test, first, the board for building with the magnetic
layer 12 manufactured for each experimental example was
arranged, so that the main surface 2la was vertical.

One magnet 22, in which a diameter of the magnet part
was 17 mm, and which was provided with the attraction
force of 3.5 N to the 1 mm iron plate, was used, and a
A4 paper sheet 23 was attached to the main surface 21la
by the one magnet. Then, the number of the A4 paper
sheets 23 was increased until the A4 paper sheets 23
fell, and the number of the sheets - 1 at the time at
which the A4 paper sheets fell was evaluated as the
magnet attraction force of the board for building with
the magnetic layer.

[0114] Note that, as shown in Fig. 5, the magnet
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used in the magnet attraction test was attracted to an
iron plate 52 having the thickness of 1 mm, and a hook
511 connected to the magnet 51 was pulled along the
block arrow A at the speed of 3 mm/sec by an autograph,
which is not depicted, to measure the maximum strength.
The maximum strength was defined as the attraction force
to the 1 mm iron plate, and the same magnet was used in
the experimental examples.

[0115] Furthermore, when the magnet attraction test
shown in Fig. 2 was performed, the magnet was disposed
so that the distance L between the center of the magnet
22 and the upper end of the A4 paper sheet 23 was 3 cm,
and the center of the magnet 22 was positioned at the

center of the A4 paper sheet 23 in the width direction.

[0116] As the A4 paper sheet 23, an A4 paper sheet
having a thickness of 0.09 mm and a mass of 64 g/m? was
used.

[0117] Evaluation results are given in Table 1.
[0118] In Table 1, the numerical value below the

corresponding experimental example number shows the
result of the magnet attraction test.

[0119] Each of the experimental example 1-1 to
experimental example 1-15 is according to the embodiment.
[0120] [Table 1]
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From the results shown in Table 1, it can be
confirmed that when a magnetic layer including a
magnetic material and an inorganic binder is formed on
the surface of the board for building to obtain the
board for building with the magnetic layer, the board
for building with the magnetic layer has sufficient
magnet attraction force. 1In addition, when cutting was
attempted with a cutter, it was confirmed that the board
for building with the magnetic layer in any of the
experimental examples can be easily cut and processed
into a desired shape.

[Experimental example 2]

In the experimental example 2, the atomized iron
powder was used as the magnetic material, which has the
largest magnet attraction force when the content per
unit area of the magnetic material in the magnetic layer
in the experimental example 1 is the same. Then, the
amount of inorganic binder mixed was varied, or an
organic binder was used instead of an inorganic binder,
and the board for building with the magnetic layer was
manufactured similar to the case of the experimental
example 1.

[0121] Specifically, a gypsum board having a
thickness of 12.0 mm x a width of 300 mm x a length of
400 mm was prepared as the board for building, and a
magnetic layer was formed on the entire surface of one
of the main surfaces to obtain the board for building
with the magnetic layer.

[0122] The magnetic layer was formed by applying a
coating material including a magnetic material, which
was formed by mixing, with respect to 100 parts by mass
of the atomized iron powder, which is the magnetic

material, an inorganic binder or an organic binder
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having the ratio shown in Table 2, as a binder, and
water, to the main surface of the board for building 11
by a scraping method so that the thickness was 0.75 mm,
and by drying the coating material including the
magnetic material.

[0123] The same atomized iron powder as in
Experiment 1 was used.

[0124] In experimental example 2-1 to experimental
example 2-7, an alkali metal silicate-based binder,
which is an inorganic binder, was used as the binder.
Note that the alkali metal silicate-based binder that is
the same as that of the experimental example 1 was used.
In experimental examples 2-8, vinyl acetate resin, which
is an organic binder, was used as the binder.

[0125] In each of the experimental examples, the
magnetic layer 12 was formed, so that the content of
iron powder, which is a magnetic material, per unit area
was 2.0 kg/cm?2. Note that, when the magnetic layer 12
of each experimental example was formed, by adjusting
the amount of water added to the coating material
including the magnetic material, the amount of iron
powder included in the magnetic layer 12 per unit area
was adjusted to be a desired value.

[0126] In each of the experimental examples, the
thickness of the magnetic layer was found to be within
the range of 0.75 mm £ 0.25 mm.

[0127] Then, the magnet attraction test, adhesion
test, appearance test, and heat generation test were
performed on the manufactured board for building with
the magnetic layer.

[0128] Since the magnet attraction test is already
described in the experimental example 1, the description

is omitted here, and other evaluation methods are
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described.

(Adhesion test)

For performing the adhesion test, as shown in Fig.
6, a test sample 60 for the adhesion test was prepared
by attaching attachments 621 and 622 to a test piece 61
of the board for building with the magnetic layer. Note
that Fig. 6 shows a cross—-sectional view of the test
sample 60 for adhesion testing in a plane parallel to
the lamination direction of the test piece 61 of the
board for building with the magnetic layer and the
attachments 621 and 622.
[0129] For preparing the test sample 60 for the
adhesion test, a round saw was used to cut a test piece
61 of the board for building with the magnetic layer
produced in each experimental example. Specifically, a
cut was made perpendicular to the exposed surface of the
magnetic layer, and the test piece 61 of the board for
building with the magnetic layer was cut so as to be a
rectangular shape with a size of 4 cm x 4 cm when viewed
from above in the lamination direction of the magnetic
layer and the board for building.
[0130] A pair of attachments 621 and 622 having a 4
cm x 4 cm size of the surface to which the sample is to
be bonded were then bonded with epoxy resin to the
portion of the board for building 611 and the portion of
the magnetic layer 612 of the test piece 61 of the board
for building with the magnetic layer, respectively. 1In
this manner, the test sample 60 for the adhesion test
was prepared.
[0131] Subsequently, the attachment 621 was secured
and the other attachment 622 was pulled upwardly in FIG.
6 at a rate of 2 mm/min using an autograph (AG-X plus,

Shimadzu Corporation) to observe a broken part in the
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test piece 61 of the board for building with the
magnetic layer.

[0132] When the magnetic layer of the test piece 61
of the board for building with the magnetic layer was
broken, specifically, between the magnetic layer 612 and
the board for building 611, the adhesion between the
magnetic layer and the board for building was weak,
indicating that the adherence (adhesion) was not
sufficient. In addition, when the test piece 61 of the
board for building with the magnetic layer was broken at
the board for building 611, the adhesion between the
magnetic layer and the board for building was strong and
the adherence was sufficiently large.

(Appearance test)

The surface of the magnetic layer of the
manufactured board for building with the magnetic layer
was visually inspected to find out whether a crack was
generated.

(Heat generation test)

This was performed in accordance with the ISO 5660-
1 Cone Calorimeter Act. Evaluation was performed
according to 6. Determination in the Fire Resistance
Performance Test and Evaluation Work Procedures, 4.10.1
Noncombustibility Test Methods, and 4.11.1 Quasi-
noncombustibility Test Methods, Japan Research Institute.
[0133] In the evaluation of the heat generation test,
the heat generation test (quasi-noncombustibility)
indicates the total calorific wvalue, the maximum rate of
heat generation, and the presence or absence of crack
penetration during the 10 minutes after the start of
heating. The heat generation test (noncombustibility)
indicates the total calorific wvalue, the maximum rate of

heat generation, and the presence or absence of crack
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penetration during the 20 minutes after the start of
heating.

[0134] The experimental example 2-1 to the
experimental example 2-7 are according to the embodiment,
and the experimental example 2-8 is a reference example.
The evaluation results are shown in Table 2.

[0135] [Table 2]
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From the results shown in Table 2, it can be
confirmed that the board for building with the magnetic
layer according to any of the experimental example 2-1
to the experimental example 2-7 is provided with
sufficient magnet attraction force. 1In addition, when
cutting was attempted with a cutter, it was confirmed
that the board for building with the magnetic layer
according to any of the experimental examples can be
easily cut and processed into a desired shape.

[0136] Furthermore, in the experimental example 2-1
to the experimental example 2-7 using an inorganic
binder, the total calorific wvalue and the maximum
heating rate were suppressed compared to the
experimental example 2-8 using an organic binder,
confirming that the noncombustibility was enhanced.
[0137] Note that, if the total heat generation
during the 10 minutes after the start of heating is less
than or equal to 8 MJ/m?, the maximum heating rate does
not exceed 200 kw/m? continuously for more than 10
seconds, and there are no cracks or holes penetrating
into the rear surface, which is harmful for fire
prevention, the material is determined to be a quasi-
noncombustible material. Furthermore, 1f the same
requirements as those of the quasi-noncombustibility are
met for 20 minutes after the start of heating, the
material is determined to be a noncombustible material.
Accordingly, it was confirmed that the board for
building with the magnetic layer in each of the
experimental example 2-3 to the experimental example 2-7
was the noncombustible material. In addition, it was

confirmed that the board for building with the magnetic
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layer in each of the experimental example 2-2 to the
experimental example 2-7 was the quasi—-noncombustible
material.

[0138] In the adhesion test, in the experimental
example 2-1, in which the amount of inorganic binder
mixed was less than 1 part by mass compared to 100 parts
by mass of magnetic material, the broken part in the
adhesion test was the magnetic layer. Note that, since
the magnetic layer is thin, a break at the magnetic
layer means a break between the magnetic layer and the
board for building, that is, at the interface. In
contrast, in the experimental example 2-2 to the
experimental example 2-7, in which the amount of
inorganic binder mixed was greater than or equal to one
part by mass with respect to 100 parts by mass of the
magnetic material, it was confirmed that there was no
break at the interface between the magnetic layer and
the board for building, and that there was a break
inside the gypsum core, i.e., the board for building.
[0139] In the experimental example 2-1, the adhesion
between the magnetic layer and the board for building
was weaker compared to the experimental example 2-2 to
the experimental example 2-7. In other words, since the
adhesion was weak, the break occurred at the interface.
In other experimental examples 2-2 to 2-7, since the
adhesive strength between the magnetic layer and the
board for building was sufficiently large, the break
occurred at the gypsum core.

[0140] However, it was confirmed that, as in the
experimental example 2-7, if the amount of the inorganic
binder was too large, a crack could be generated in the
magnetic layer.

[Experimental example 3]
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In the experimental example 3, the atomized iron
powder was used as the magnetic material, which has the
largest magnetic attraction force when the content per
unit area of the magnetic material in the magnetic layer
was the same in the experimental example 1. Then, the
board for building with the magnetic layer was
manufactured using, as the coating material including
the magnetic material, a resultant obtained by adding a
predetermined amount of an inorganic additive to the
above-described magnetic material and the inorganic
binder, and the evaluation was performed.

[0141] Specifically, a gypsum board having a
thickness of 12.0 mm x a width of 300 mm x a length of
400 mm was prepared as the board for building, and the
board for building with the magnetic layer was obtained
by forming a magnetic layer on the entire surface of one
of the main surfaces.

[0142] The magnetic layer was formed by applying a
coating material including a magnetic material, which
was formed by mixing, with respect to 100 parts by mass
of the atomized iron powder, which is the magnetic
material, 5 parts by mass of an alkali metal silicate-
based binder, which is an inorganic binder, the
inorganic additive in the ratio shown in Table 3, and 20
parts by mass of water, to the main surface of the board
for building 11 by a scraping method so that the
thickness was 0.75 mm, and by drying the coating
material including the magnetic material.

[0143] Note that the atomized iron powder and the
alkali metal silicate-based binder were used which were
the same as those of the experimental example 1.

[0144] Talc with an average particle diameter of 16

um was used as the inorganic additive.
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[0145] In each of the experimental examples, the
magnetic layer 12 was formed so that the content of the
iron powder, which is the magnetic material, per unit
area was 2.0 kg/m2.

[0146] In each of the experimental example, it was
confirmed that the thickness of the formed magnetic
layer was within the range of 0.75 mm +* 0.25 mm.

[0147] Then, the magnet attraction test, the
adhesion test, the appearance test, and the heat
generation test were performed on the manufactured board
for building with the magnetic layer.

[0148] Since the magnet attraction test, the
adhesion test, and the heat generation test are already
described in the experimental example 1 or the
experimental example 2, the description is omitted here.
[0149] In the appearance test, the surface of the
magnetic layer was evaluated to find out whether a
pinhole was generated, which is a trace of air bubbles.
If a pinhole was visually confirmed, it was evaluated to
be present. If no pinhole was visually confirmed, it
was evaluated to be absent.

[0150] Each of the experimental example 3-1 to the
experimental example 3-6 1is according to the embodiment.
[0151] [Table 3]



—46—

NOT1VY1dN3d

INON INON INON INON INON INON o
379118n9
(/M) 31V | -NOONON)
62 12 o€ £z ¥z 22 ONILYIH | 1S3L NOIL
NOWIXVW | -V¥3N3D
(W/PIN) 3NTVA 1VY3H
9y 0 Ty Ty L't gy
QM,%U_MQ S1NSTY
NOIl
—VVAZ
SI1SIX3 | 3INON INON INON INON | SISIX3 | 1S3l IONVHVIdAY
3400 3400 3400 3400 34090 340D
NNSAAD | WNSAAD | WNSAAD | WNSAAD | WNSAAD | NNSJAD 1831 NOIS3HAV
(SL33HS) 1S3l
§ § g g § § NOLLOVHLLY LINDVIN
WLV OLLINOVI
. . 40 SSVYIN Ag S.1dVd 001 OL
0¥ 0e Ol g 50 b0 | 1934534 HLIM (SSYIN AS SLaVd)
INILNOO JALLIAAY DINVOHONI
9-¢ F1dNVXT | G- WYX | - FTdWYXT | €-C FTdWVYXT | ¢-€ FTdNYXT | 1-€ FTdNYX3

VINANTH34XA

VINANTH3dXA

VINAWTH3dXd

VINFWIY3dX3

IVINANTH3AXA

VINANTH34XA




10

15

20

25

30

47—

Based on the results shown in Table 3, it was
confirmed that the board for building with the magnetic
layer according to each of the experimental example 3-1
to the experimental example 3-6 had sufficient magnet
attraction force. 1In addition, when cutting was
attempted with a cutter, it was confirmed that the board
for building with the magnetic layer in each of the
experimental examples can be easily cut and processed
into a desired shape.

[0152] In the experimental examples 3-1 to the
experimental example 3-6, when the adhesion test was
performed, it was confirmed that a break occurred in the
board for building, i.e., in the gypsum core, and that
the adhesion between the magnetic layer and the board
for building was sufficiently strong.

[0153] In the experimental example 3-1 and the
experimental example 3-6, it was confirmed that a
pinhole was generated on the surface of the magnetic
layer. It can be considered that the amount of
inorganic additives added was insufficient or
excessively large, and the fluidity of the coating
material including the magnetic material was not
sufficient.

[0154] It was confirmed that the board for building
with the magnetic layer according to each of the
experimental example 3-1 to the experimental example 3-6
was the noncombustible material.

[Experimental example 4]

In the experimental example 4, the type of the
board for building was changed, and the board for
building with the magnetic layer shown in Fig. 1 was
manufactured and evaluated.

[0155] First, manufacturing conditions of the board
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for building with the magnetic layer are described.
[0156] As the board for building 11, the wvarious
types of boards for building shown in Table 4 were
prepared. FEach board for building had a thickness of
12.0 mm x a width of 300 mm x a length of 400 mm. The
board for building with the magnetic layer was obtained
by forming a magnetic layer on the entire surface of one
of the main surfaces.

[0157] The magnetic layer was formed by applying a
coating material including a magnetic material, which
was formed by mixing, with respect to 100 parts by mass
of the atomized iron powder, which is the magnetic
material, 5 parts by mass of an alkali metal silicate-
based binder, which is an inorganic binder and 20 parts
by mass of water, to the main surface of the board for
building 11 by a scraping method so that the thickness
was 0.75 mm, and by drying the coating material
including the magnetic material.

[0158] Note that the atomized iron powder and the
alkali metal silicate-based binder were used which were
the same as those of the experimental example 1.

[0159] In each of the experimental examples, the
magnetic layer 12 was formed so that the content of the
iron powder, which is the magnetic material, per unit
area was 2.0 kg/m2.

[0160] It was confirmed that the thickness of the
formed magnetic layer was within the range of 0.75 mm +
0.25 mm.

[0161] Then, the magnet attraction test, the
adhesion test, and the heat generation test were
performed on the manufactured board for building with
the magnetic layer.

[0162] Since the magnet attraction test, the
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adhesion test, and the heat generation test are already
described in the experimental example 1 or the

experimental example 2, the description is omitted here.
[0163] FEach of the experimental example 4-1 to the
experimental example 4-5 is according to the embodiment.
[0164] [Table 4]
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Based on the results shown in Table 4, it was
confirmed that the board for building with the magnetic
layer according to each of the experimental example 4-1
to the experimental example 4-5 had sufficient magnet
attraction force. 1In addition, when cutting was
attempted with a cutter, it was confirmed that the board
for building with the magnetic layer in each of the
experimental examples can be easily cut and processed
into a desired shape.

[0165] In the experimental examples 4-1 to the
experimental example 4-5, when the adhesion test was
performed, it was confirmed that a break occurred in the
board for building, i.e., in a base material, and that
the adhesion between the magnetic layer and the board
for building was sufficiently strong.

[0166] It was confirmed that the board for building
with the magnetic layer according to each of the
experimental example 4-1 to the experimental example 4-5
was a noncombustible material.

[Experimental example 5]

In the experimental example 5, the atomized iron
powder was used as the magnetic material, which has the
largest magnetic attraction force when the content per
unit area of the magnetic material in the magnetic layer
was the same in the experimental example 1. Then, the
board for building with the magnetic layer was
manufactured using, as the coating material including
the magnetic material, a resultant obtained by adding a
predetermined amount of an inorganic additive and
thickener to the above-described magnetic material and
the inorganic binder, and the evaluation was performed.
[0167] Specifically, a gypsum board having a
thickness of 12.0 mm x a width of 300 mm x a length of
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400 mm was prepared as the board for building, and the
board for building with the magnetic layer was obtained
by forming a magnetic layer on the entire surface of one
of the main surfaces.

[0168] The magnetic layer was formed by applying a
coating material including a magnetic material, which
was formed by mixing, with respect to 100 parts by mass
of the atomized iron powder, which is the magnetic
material, 5 parts by mass of an alkali metal silicate-
based binder, which is an inorganic binder, 5 parts by
mass of an inorganic additive, a modified polyacrylic
sulfonate, which is a thickening agent, in the ratio
shown in Table 5, and 20 parts by mass of water, to the
main surface of the board for building 11 by a scraping
method so that the thickness was 0.75 mm, and by drying
the coating material including the magnetic material.
[0169] Note that the atomized iron powder and the
alkali metal silicate-based binder were used which were
the same as those of the experimental example 1.

[0170] Talc with an average particle diameter of 16
um was used as the inorganic additive.

[0171] In each of the experimental examples, the
magnetic layer 12 was formed so that the content of the
iron powder, which is the magnetic material, per unit
area was 2.0 kg/m2.

[0172] In each of the experimental example, it was
confirmed that the thickness of the formed magnetic
layer was within the range of 0.75 mm + 0.25 mm.

[0173] Then, the magnet attraction test, the
adhesion test, and the heat generation test were
performed on the manufactured board for building with
the magnetic layer.

[0174] Since the magnet attraction test, the
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adhesion test, and the heat generation test are already
described in the experimental example 1 or the

experimental example 2, the description is omitted here.
[0175] Each of the experimental example 5-1 to the
experimental example 5-4 is according to the embodiment.
[0176] [Table 5]
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Based on the results shown in Table 5, it was
confirmed that the board for building with the magnetic
layer according to each of the experimental example 5-1
to the experimental example 5-4 had sufficient magnet
attraction force. 1In addition, when cutting was
attempted with a cutter, it was confirmed that the board
for building with the magnetic layer in each of the
experimental examples can be easily cut and processed
into a desired shape.

[0177] In the experimental examples 5-1 to the
experimental example 5-4, when the adhesion test was
performed, it was confirmed that a break occurred in the
board for building, i.e., in the gypsum core, and that
the adhesion between the magnetic layer and the board
for building was sufficiently strong.

[0178] It was confirmed that the board for building
with the magnetic layer according to each of the
experimental example 5-1 to the experimental example 5-4
was noncombustible material. In addition, it was
confirmed that, if the mixed amount of the thickener,
which was an organic compound, was approximately less
than or equal to 5 parts by mass with respect to 100
parts by mass of the magnetic material, there was no
significant change in the total calorific value, and the
noncombustibility was not significantly affected.

[Experimental example 6]

In the experimental example 6, the atomized iron
powder was used as the magnetic material, which has the
largest magnetic attraction force when the content per
unit area of the magnetic material in the magnetic layer
was the same in the experimental example 1. Then, the

board for building with the magnetic layer was
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manufactured using, as the raw material of the coating
material including the magnetic material, in addition to
the above-described magnetic material, a predetermined
amount of an inorganic additive, and an inorganic binder
or an organic binder, as the binder, and the evaluation
was performed.

[0179] Specifically, a gypsum board having a
thickness of 12.0 mm x a width of 300 mm x a length of
400 mm was prepared as the board for building, and the
board for building with the magnetic layer was obtained
by forming a magnetic layer on the entire surface of one
of the main surfaces.

[0180] The magnetic layer was formed by applying a
coating material including a magnetic material, which
was formed by mixing, with respect to 100 parts by mass
of the atomized iron powder, which is the magnetic
material, 5 parts by mass of talc, 5 parts by mass of
the inorganic binder (the experimental example 6-1) or
the organic binder (the experimental example 6-2), as a
binder, and 20 parts by mass of water, to the main
surface of the board for building 11 by a scraping
method so that the thickness was 0.75 mm, and by drying
the coating material including the magnetic material.
[0181] The atomized iron powder was used which was
the same as that of the experimental example 1.

[0182] Talc with an average particle diameter of 16
um was used as the inorganic additive.

[0183] In the experimental example 6-1, an alkali
metal silicate-based binder, which is an inorganic
binder, was used as the binder. As the alkali metal
silicate—-based binder, the binder was used that was the
same as that of the experimental example 1. In the

experimental example 6-2, vinyl acetate resin, which is
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an organic binder, was used as the binder.

[0184] In each of the experimental examples, the
magnetic layer 12 was formed so that the content of the
iron powder, which is the magnetic material, per unit
area was 2.0 kg/m2.

[0185] In each of the experimental example, it was
confirmed that the thickness of the formed magnetic
layer was within the range of 0.75 mm +* 0.25 mm.

[0186] Then, generation of rust was evaluated for
the manufactured board for building with the magnetic
layer.

[0187] In order to evaluate the generation of rust,
as shown in Fig. 7, a board for building with a magnetic
layer 71 in the experimental example 6-1, a board for
building with a magnetic layer 72 in the experimental
example 6-2, and a petri dish 73 with 100 mL of water
were placed in a sealed container 74, and the sealed
container was placed in a constant temperature bath set
at 40 °C to visually check whether rust was generated in
the magnetic layer.

[0188] The results are shown in Table 6. Note that
the experimental example 6-1 is according to the
embodiment, and the experimental example 6-2 is a
reference example.

[0189] [Table 6]
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According to the results shown in Table 6, it was
confirmed that rust did not occur in the board for
building with the magnetic layer in the experimental
example 6-1 using the inorganic binder even at 14 days
after the start of the test. However, rust was observed
in the board for building with the magnetic layer in the
experimental example 6-2 using the organic binder 7 days
after the start of the test.

[0190] From the above-described results, it was
confirmed that, by using an inorganic binder as a binder,
a magnetic material of a magnetic layer can be prevented
from oxidizing, and generation of rust, etc., can be
suppressed without adding the rust preventing agent.
[0191] Though the results of the magnet attraction
test are not shown, it was confirmed that the board for
building with the magnetic layer according to each of
the experimental example 6-1 and the experimental
example 6-2 had sufficient magnet attraction force. 1In
addition, when cutting was attempted with a cutter, it
was confirmed that the board for building with the
magnetic layer in each of the experimental examples can
be easily cut and processed into a desired shape.

[0192] The board for building with the magnetic
layer is described above by the embodiments, etc.
However, the present invention is not limited to the
above—-described embodiments, etc. Various modifications
and variations can be made within the gist of the
present invention described in the scope of the claims.
[0193] The present application is based on and
claims priority to Japanese Patent Application No. 2018-
190511 filed on October 5, 2018, and the entire content
of Japanese Patent Application No. 2018-190511 is

incorporated herein by reference.
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[Description of Symbols]

[0194]
10, 21, 71 Board for building with magnetic layer

11, 611 Board for building
12, 612 Magnetic layer
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CLAIMS

1. A board for building with a magnetic layer
comprising:

the board for building; and

the magnetic layer that covers at least a part of a
surface of the board for building,

wherein the magnetic layer includes a magnetic

material and an inorganic binder.

2. The board for building with the magnetic layer
according to claim 1, wherein the magnetic layer
includes, with respect to 100 parts by mass of the
magnetic material, the inorganic binder at a ratio that
is greater than or equal to 1 part by mass and less than

or equal to 35 parts by mass.

3. The board for building with the magnetic layer
according to claim 1 or 2, wherein, the magnetic layer
further includes, with respect to 100 parts by mass of
the magnetic material, an inorganic additive at a ratio
that is greater than or equal to 0.5 parts by mass and

less than or equal to 30 parts by mass.
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4. The board for building with the magnetic layer
according to any one of claims 1 through 3, wherein, in
the magnetic layer, content of the magnetic material per

unit area is greater than or equal to 0.3 kg/m2.

5. The board for building with the magnetic layer
according to any one of claims 1 through 4, wherein the
board for building is a fiber-reinforced cement board, a
glass mat gypsum board, a glass fiber nonwoven gypsum-
including board, a glass fiber-mixed cement board, a
fiber-mixed calcium silicate board, a gypsum board, a

gypsum plate, a slag gypsum board, or a resin board.

6. The board for building with the magnetic layer
according to any one of claims 1 through 5, wherein, in
the magnetic layer, a content ratio of an organic
compound is less than or equal to 5 parts by mass with

respect to 100 parts by mass of the magnetic material.

7. The board for building with the magnetic layer

according to any one of claims 1 through 6, wherein a
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face of the magnetic layer opposite to a face of the

magnetic layer on the board for building is exposed.

8. The board for building with the magnetic layer
according to any one of claims 1 through 7, wherein a
thickness of the board for building with the magnetic
layer is any one of: greater than or equal to 9.5 mm and
less than or equal to 10.0 mm; greater than or equal to
12.5 mm and less than or equal to 13.0 mm; greater than
or equal to 15.0 mm and less than or equal to 15.5 mm;
greater than or equal to 16.0 mm and less than or equal
to 16.5 mm; greater than or equal to 18.0 mm and less
than or equal to 18.5 mm; greater than or equal to 21.0
mm and less than or equal to 21.5 mm; and greater than

or equal to 25.0 mm and less than or equal to 25.5 mm.

9. The board for building with the magnetic layer
according to any one of claims 1 through 8, wherein the
board for building with the magnetic layer meets quasi-

noncombustibility performance.

10. The board for building with the magnetic layer
according to any one of claims 1 through 8, wherein the

board for building with the magnetic layer meets
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noncombustibility performance.



