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DESCRIPTION

TITLE OF THE INVENTION
PRETREATMENT MIXING AND STIRRING DEVICE, GYPSUM
SLURRY MANUFACTURING APPARATUS, BUILDING BOARD
MANUFACTURING APPARATUS, PRETREATMENT CALCINED GYPSUM
MANUFACTURING METHOD, GYPSUM SLURRY MANUFACTURING METHOD,
BUILDING BOARD MANUFACTURING METHOD

TECHNICAL FIELD
[0001] The present invention relates to pretreatment
mixing and stirring devices, gypsum slurry manufacturing
apparatuses, building board manufacturing apparatuses,
pretreatment calcined gypsum manufacturing methods, gypsum
slurry manufacturing methods, and building board

manufacturing methods.

BACKGROUND ART
[0002] Gypsum slurry used as the raw material for a
gypsum board or the like, is prepared by mixing calcined
gypsum, water, and various kinds of additives in some
cases, for example.
[0003] When preparing the gypsum slurry by adding the
water to the calcined gypsum, the gypsum may become
refined to generate a large amount of fine grains. If the
large amount of fine grains of the calcined gypsum are
generated and a surface area of the calcined gypsum
increases, a hydration amount of the calcined gypsum
becomes extremely large, and gypsum products, such as
gypsum boards or the like, manufactured using the gypsum
slurry, may require a long time and a large amount of
energy to dry and remove excess moisture from the gypsum

products.
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[0004] Accordingly, as disclosed in Patent Document 1,
for example, a heal treatment is conventionally performed
using a rapidly rotating beater, a bladed bender, or the
like, to mix the calcined gypsum with the water in a range
of 1% to 10% by weight ratio. By mixing the calcined
gypsum with the water by the heal treatment, it is
possible to prepare the gypsum slurry while reducing the
generation of fine grains of the calcined gypsum.

[0005] In addition to the heal treatment, a
pretreatment is conventionally performed in advance to mix
the calcined gypsum and the various kinds of additives,
such as colorants or the like, using the bladed blender or

the like.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS
[0006] Patent Document 1l: Japanese Laid-Open Patent
Publication No. S55-37499

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION
[0007] However, a mixer, such as the bladed blender or
the like, which is conventionally used for pretreating the
calcined gypsum, needs to mix the calcined gypsum and the
additives, such as the water or the like, while kneading
up the calcined gypsum and the additives in a height
direction, which requires a large amount of energy.
Moreover, when scaling up such a mixer according to the
manufacturing scale, there is a problem in that an even
larger amount of energy is required, or the like.
[0008] The present invention is conceived in view of
the problem of the prior art described above, and it is

one object according to one aspect of the present
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invention to provide a pretreatment mixing and stirring

device which can reduce energy consumption.

MEANS OF SOLVING THE PROBLEM
[0009] In order to solve the problem described above
according to one aspect of the present invention, there is
provided a pretreatment mixing and stirring device,
arranged at a stage preceding a slurry formation mixing
and stirring device which forms a gypsum slurry by
kneading a calcined gypsum and water, and performing a
pretreatment by mixing a calcined gypsum with one or more
kinds of additives selected from liquids and powders,
includes

a cylindrical housing having a top plate, a bottom
plate arranged to oppose to the top plate, a side plate
arranged between the top plate and the bottom plate, and a
mixing and stirring region where the calcined gypsum and
the additive are mixed and stirred in an interior
surrounded by the top plate, the bottom plate, and the
side plate;

a disk-shaped rotating plate arranged inside the
housing;

a rotating drive shaft, penetrating the top plate or
the bottom plate of the housing, and coupled to the
rotating plate;

a calcined gypsum supply port, arranged in the top
plate, and configured to supply the calcined gypsum to the
mixing and stirring region; and

an additive supply port, arranged in one of or both
of the top plate and the side plate, and configured to

supply the additive to the mixing and stirring region.

EFFECTS OF THE INVENTION
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[0010] According to one aspect of the present
invention, it is possible provide a pretreatment mixing
and stirring device which can reduce the energy

consumption.

BRIEF DESCRIPTION OF DRAWINGS
[0011] FIG. 1 is a perspective view of an external
appearance of a pretreatment mixing and stirring device
according to the present embodiment.

FIG. 2 is a partial or interrupted perspective
view of an internal structure of the pretreatment mixing
and stirring device according to the present embodiment.

FIG. 3 is a top view illustrating an example of
a configuration of a rotating plate and a scraper when
viewed in a state where a top plate is removed.

FIG. 4 is a side view of a portion of the
rotating plate having tooth profiles.

FIG. 5 is a perspective view of the scraper.

FIG. 6 is a diagram for explaining a gypsum
slurry manufacturing apparatus according to the present
embodiment.

FIG. 7 is a diagram for explaining a building
board manufacturing apparatus according to the present

embodiment.

MODE OF CARRYING OUT THE INVENTION
[0012] Embodiments of the present invention will now be
described with reference to the accompanying drawings,
however, the present invention is not limited to the
following embodiments, and various modifications and
substitutions may be made to the following embodiments
without departing from the scope of the present invention.

[Pretreatment Mixing and Stirring Device]
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An example of a structure of a pretreatment
mixing and stirring device according to the present
embodiment will be described.

[0013] The pretreatment mixing and stirring device
according to the present embodiment relates to a
pretreatment mixing and stirring device, arranged at a
stage preceding a slurry formation mixing and stirring
device which forms a gypsum slurry by kneading a calcined
gypsum and water, and performs a pretreatment by mixing
the calcined gypsum with one or more kinds of additives
selected from liquids and powders. The pretreatment
mixing and stirring device according to the present
embodiment may have the structure including the following.
[0014] A cylindrical housing has a top plate, a bottom
plate arranged to oppose to the top plate, a side plate
arranged between the top plate and the bottom plate, and a
mixing and stirring region where the calcined gypsum and
the additive are mixed and stirred in an interior
surrounded by the top plate, the bottom plate, and the
side plate.

A disk-shaped rotating plate is arranged inside
the housing.

[0015] A rotating drive shaft penetrates the top plate
or the bottom plate of the housing, and is coupled to the
rotating plate.

[0016] A calcined gypsum supply port is arranged in the
top plate, and is configured to supply the calcined gypsum
to the mixing and stirring region.

[0017] An additive supply port is arranged in one of or
both of the top plate and the side plate, and is
configured to supply the additive to the mixing and
stirring region.

[0018] Conventionally, a mixer, such as the bladed
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blender or the like, which is popularly used to pretreat
the calcined gypsum, needs to mix the calcined gypsum and
the additives, such as the water or the like, while
kneading up the calcined gypsum and the additives in the
height direction, thereby requiring a large amount of
energy, as described above. On the other hand, the
pretreatment mixing and stirring device according to the
present embodiment can rotate the disk-shaped rotating
plate arranged inside the cylindrical housing, and mix and
stir the calcined gypsum and the additive supplied to the
mixing and stirring region, using a centrifugal force.

For this reason, because the calcined gypsum or the like
need not be kneaded up in the height direction, unlike the
conventionally used mixer, such as the bladed blender or
the like described above, it is possible to reduce the
energy required for the stirring, and the pretreatment
mixing and stirring device can have a reduced energy
consumption.

[0019] An example of a structure of the pretreatment
mixing and stirring device according to the present
embodiment will be described hereinafter, with reference
to FIG. 1 to FIG. 5.

[0020] FIG. 1 is a perspective view of an external
appearance of a pretreatment mixing and stirring device 10
according to the present embodiment. FIG. 2 is a partial
or interrupted perspective view of the internal structure
of the pretreatment mixing and stirring device 10
according to the present embodiment. In addition, FIG. 3
is a top view illustrating an example of a configuration
of a rotating plate and a scraper when viewed in a state
where a top plate is removed. In FIG. 3, the illustration
of an additive supply piping, a discharge port, or the

like arranged on an outer circumference of a side plate
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113 is omitted. FIG. 4 is a side view of a portion of the
rotating plate having tooth profiles, and is a side view
of a rotating plate 22 viewed in a direction along an
arrow A in FIG. 3. FIG. 5 is a perspective view of the
scraper. The same components are designated by the same
numerals, and a description thereof will be omitted.
[0021] As illustrated in FIG. 1 and FIG. 2, the
pretreatment mixing and stirring device 10 according to
the present embodiment may include a housing 11 having a
top plate 111, a bottom plate 112 arranged to oppose the
top plate 111, and a side plate 113 arranged between the
top plate 111 and the bottom plate 112. The housing 11
has a mixing and stirring region 21 where the calcined
gypsum and the additive are mixed and stirred in an
interior surrounded by the top plate 111, the bottom plate
112, and the side plate 113 (refer to FIG. 2).

[0022] The housing 11 may have a flat cylindrical
shape. For this reason, the top plate 111 and the bottom
plate 112 may have a plate shape, and a circular shape as
illustrated in FIG. 1, for example. The side plate 113
may have a circular shape when viewed from in a vertical
direction from above a top surface of the top plate 111.
[0023] The top plate 111 and the bottom plate 112 are
arranged with a predetermined separation in a height
direction, because the side plate 113 is arranged between
the top plate 111 and the bottom plate 112. For this
reason, the mixing and stirring region 21 (refer to FIG.
2) where the supplied calcined gypsum and additive are
mixed, is formed inside the housing 11, as described
above.

[0024] An internal pressure adjusting means or the
like, which is not illustrated, may be provided at any

part of the housing 11, such as on the top plate 111, for
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example, in order to prevent an excessive increase in an
internal pressure of the mixing and stirring region 21,
for example, inside the pretreatment mixing and stirring
device 10.

The housing 11 may have the rotating plate 22
having a disk shape (refer to FIG. 2). The rotating plate
22 is arranged to be rotatable. In the pretreatment
mixing and stirring device 10 according to the present
embodiment, the calcined gypsum and the additive supplied
to the mixing and stirring region 21 by rotating the
rotating plate 22 in a direction of an arrow R in FIG. 1,
for example, may be caused to flow in a circumferential
direction at an outer peripheral region due to action of
the centrifugal force.

[0025] As described above, because the rotating plate
22 mixes and stirs the calcined gypsum and the additive
supplied to a top surface 22A thereof, by applying the
centrifugal force to the calcined gypsum and the additive,
the rotating plate 22 may be arranged so that a constant
separation is provided between the top surface 22A of the
rotating plate 22 and a bottom surface 111A of the top
plate 111.

[0026] The size of the rotating plate 22 is not
particularly limited. However, the size of the rotating
plate 22 is preferably selected so that a diameter of the
rotating plate 22 approximately matches a diameter of an
inner circumference of the side plate 113, in order to
uniformly mix the calcined gypsum and the additive
supplied inside the housing 11. However, when the
rotating plate 22 is rotated, a clearance may be provided
between the rotating plate 22 and an inner peripheral
surface of the side plate 113 so as not to make contact

with each other.
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[0027] The rotating plate 22 illustrated in FIG. 2 is a
plate having a circular shape and a smooth outer
circumference, but the rotating plate 22 is not limited to
thereto. The rotating plate 22 may have a large number of
tooth profiles 31 along an outer circumference thereof, as
illustrated in FIG. 3, for example. By providing the
tooth profiles 31 in this manner, it is possible to more
uniformly mix the calcined gypsum and the additive.

[0028] As illustrated in FIG. 3 and FIG. 4, the tooth
profiles 31 may be formed by providing cutouts 32 in the
rotating plate 22. Accordingly, the rotating plate 22 may
have the cutouts 32 and the tooth profiles 31 arranged in
the outer peripheral region of the rotating plate. As
illustrated in FIG. 3, the tooth profiles 31 and the
cutouts 32 may be alternately arranged along the outer
circumference of the rotating plate 22.

[0029] As illustrated in FIG. 4, the tooth profile 31
is preferably configured so that an angle 6 between a
surface 31A of the tooth profile 31, positioned in front
along the rotating direction of the rotating plate 22, and
a lower end surface 31B of the tooth profile 31, is 90
degrees or less. More preferably, the tooth profile 31 is
configured so that the angle 6 described above is less
than 90 degrees. The lower end surface 31B of the tooth
profile 31 may be referred to as a lower end surface of
the rotating plate 22. Because the surface 31A of the
tooth profile 31, positioned in the front along the
rotating direction of the rotating plate 22, has the shape
described above, the calcined gypsum and the additive
which fall in gaps between the inner peripheral surface of
the side plate 113 and the cutouts 32, and between the
inner peripheral surface of the side plate 113 and the

rotating plate 22, as the rotating plate 22 rotates, are
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pushed up by the tooth profiles 31 so as to more uniformly
stir the calcined gypsum and the additive. In addition,
because the surface 31A of the tooth profile 31,
positioned in the front along the rotating direction of
the rotating plate 22, has the shape described above, it
is possible to cause the calcined gypsum or the like to
particularly flow by pushing up the calcined gypsum or the
like above the top surface of the rotating plate 22 of the
inner peripheral surface of the side plate 113. Hence, it
is possible to remove the calcined gypsum or the like
adhered on the inner peripheral surface of the side plate
113, by the pushed up calcined gypsum or the like.
Further, if additive supply ports 16A and 16B or the like
are provided at the inner peripheral surface of the side
plate 113, it is possible to reduce adhesion of the
calcined gypsum or the like onto the additive supply ports
16A and 16B, or the like. A lower limit value of the
angle 6 described above is not particularly limited, but
may be 10 degrees or greater, for example.

[0030] The rotating plate 22 is not limited to such a
configuration, and for example, a plurality of pins or the
like may be arranged on the top surface 22A,
perpendicularly to the top surface 22A, so as to more
uniformly mix the supplied calcined gypsum or the like.
When arranging the plurality of pins on the top surface
227 of the rotating plate 22, the pins may be arranged
along the outer circumference of the rotating plate 22 at
constant intervals, or may be arranged along a diametrical
direction of the rotating plate 22. The rotary plate may
be provided with the tooth profiles 31 described above,
and may further have the pins arranged thereon.

[0031] The rotating plate 22 is rotatably arranged

inside the housing 11 as described above, and in order to
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rotate the rotating plate 22, a rotating drive shaft 13,
which penetrates the top plate 111 or the bottom plate 112
of the housing 11, may be connected to the rotating plate
22.

[0032] In the example illustrated in FIG. 1, a circular
opening 12 is provided in a central region of the top
plate 111 of the housing 11, and an enlarged lower end 13A
of the vertical rotating drive shaft 13 penetrates the
circular opening 12. As illustrated in FIG. 2, a lower
end surface of the enlarged lower end 13A is fixed to a
center portion of the top surface 22A of the rotating
plate 22. An opening, similar to that described above,
may be formed in the bottom plate 112 of the housing 11,
for the purposes of connecting the rotating drive shaft to
the rotating plate 22.

[0033] The rotating drive shaft 13 may be connected to
a rotation drive device which is not illustrated, such as
a motor or the like, for example, and the rotating drive
shaft 13 may be rotated in a direction of an arrow R, for
example, so as to rotate the rotating plate 22 according
to the rotation of the rotating drive shaft 13. A
variable speed gear or the like may be provided between
the rotation drive device which is not illustrated and the
rotating drive shaft 13, as required.

[0034] A rotating speed of the rotating drive shaft 13
and the rotating plate 22 is not particularly limited, and
may be set arbitrarily according to amounts or the like of
the calcined gypsum and the additive which are supplied,
and the rotating speed may be 200 rpm or higher and 600
rpm or lower, for example.

[0035] As illustrated in FIG. 1, a calcined gypsum
supply port 14 configured to supply the calcined gypsum to

the mixing and stirring region 21 may be provided in the
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top plate 111 of the housing 11. For example, a through
hole may be formed in the top plate 111, for use as the
calcined gypsum supply port 14. As illustrated in FIG. 1,
a calcined gypsum supply pipe 15 may be connected to the
calcined gypsum supply port 14 as illustrated in FIG. 1,
and the calcined gypsum may be supplied to the mixing and
stirring region 21 via the calcined gypsum supply pipe 15
and the calcined gypsum supply port 14. The calcined
gypsum supply pipe 15 may be connected to a calcined
gypsum storage tank or the like which is not illustrated,
for example, and configured to supply the calcined gypsum
from the storage tank.

[0036] In addition, the additive supply ports 16A and
16B for supplying the additive to the mixing and stirring
region 21 may be provided in one of or both of the top
plate 111 and the side plate 113 of the housing 11. For
example, through holes may be formed in the top plate 111
and the side plate 113 for use as the additive supply
ports 16A and 16B.

[0037] By providing the additive supply ports in the
top plate, it is possible to add the additive to the
calcined gypsum flowing in the mixing and stirring region
21, and the uniformly stir and mix the calcined gypsum and
the additive.

[0038] In addition, by providing the additive supply
ports 16A and 16B in the side plate 113, it is possible to
add the additive to the calcined gypsum which moved to the
outer circumference side of the mixing and stirring region
21, by the centrifugal force applied from the rotating
plate 22. By adding the additive from the additive supply
ports 16A and 16B provided in the side plate 113, it is
possible to apply a pressure in a direction toward the

center of the rotating plate 22, with respect to the
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calcined gypsum and the additive flowing in the mixing and
stirring region 21. For this reason, it is possible to
reduce adhesion of the calcined gypsum or the like onto a
periphery or the like of the additive supply ports 16A and
16B at the inner peripheral surface of the side plate 113.
[0039] The additive supply ports may be provided in one
of the top plate and the side plate, or in both of the top
plate and the side plate.

[0040] The additive supply ports 16A and 16B are
preferably arranged above the top surface 22A of the
rotating plate 22, as illustrated in FIG. 2, for example.
By arranging the additive supply ports 16A and 16B above
the top surface 22A of the rotating plate 22, it is
possible to supply the additive directly to the calcined
gypsum or the like flowing on the top surface 22A of the
rotating plate 22. Further, the calcined gypsum or the
like flowing on the top surface 22A of the rotating plate
22 flows in the circumferential direction at the outer
peripheral region due to the centrifugal force, and
circulates on the inner peripheral surface of the side
plate 113. For this reason, if the additive supply ports
16A and 16B are provided in the side plate 113, it is
possible to remove the calcined gypsum or the like adhered
to the inner peripheral surface of the side plate 113,
including vicinities of the additive supply ports 16A and
16B, or prevent adhesion of the calcined gypsum or the
like onto the inner peripheral surface of the side plate
113. That is, by arranging the additive supply ports 16A
and 16B above the top surface 22A of the rotating plate
22, it is possible to supply the additive directly to the
calcined gypsum or the like. Further, if the additive
supply ports 16A and 16B are provided in the side plate

113, it is possible to remove the calcined gypsum adhered
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to the vicinities of the additive supply ports 16A and
16B, or to reduce adhesion of the calcined gypsum onto the
side plate 113.

[0041] Providing the additive supply ports 16A and 16B
above the top surface 22A of the rotating plate 22 means
that at least a portion of the additive supply ports 16A
and 16B is located at a height position higher than or
equal to the position of the top surface 22A of the
rotating plate 22. Lower end surfaces of the additive
supply ports 16A and 16B are more preferably located at a
height position higher than or equal to the position of
the top surface 22A of the rotating plate 22. That is,
the additive supply ports 16A and 16B in their entirety
are further more preferably located at a height position
higher than or equal to the position of the top surface
22A of the rotating plate 22. In addition, when providing
a plurality of additive supply ports, all of the additive
supply ports are preferably arranged above the top surface
of the rotating plate.

[0042] The additive supply ports 16A and 16B may be
provided in the side plate 113 as described above, and
when providing the additive supply ports 16A and 16B in
the side plate 113, the additive supply ports 16A and 16B
may be arranged below an upper end of the side plate 113.
[0043] A flow rate, a pressure, or the like of the
additive added from the additive supply ports 16A and 16B
are not particularly limited. If the additive supply
ports 16A and 16B are provided in the side plate 113, the
flow rate or the like of the additive is preferably
adjusted so that the additive moves in a direction toward
the center of the rotating plate 22 in the mixing and
stirring region 21, for example. That is, the flow rate

or the like of the additive is preferably selected so that
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the addition of the additive to the mixing and stirring
region 21 is not inhibited by being pushed by the calcined
gypsum or the like flowing in the mixing and stirring
region 21.

[0044] A plurality of additive supply ports 16A and 16B
may be provided, and the additive supply ports 16A and 16B
may be provided at the two locations illustrated in FIG.
1, for example, or may be provided at three or more
locations. In addition, only one additive supply port may
be provided. The additive supply pipes 17A and 17B may be
connected to the additive supply ports 16A and 16B, and
the additive in the additive storage tank may be supplied
via the supply pipes.

[0045] The kind of additive supplied from the additive
supply ports 16A and 16B is not particularly limited, and
for example, one or more kinds of additives may be
selected from liquids and powders as described above, and
various additives, such as water, a colorant, an aromatic,
or the like, may be used. Because the heal treatment may
be suitably performed particularly in the pretreatment
mixing and stirring device according to the present
embodiment, the additive is preferably water. If the
plurality of additive supply ports is provided as
described above, the kind of additive supplied from the
additive supply ports may be different or may be the same
for each additive supply port.

[0046] Regions where the calcined gypsum supply port 14
and the additive supply ports 16A and 16B are arranged are
not particularly limited. For example, when providing the
discharge port 18 which will be described later, the
housing 11 may be divided by a straight line L1, and a
straight line L2 perpendicular to the straight line L1,

into regions Al through A4 in an order from the discharge
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port 18 along the rotation direction of the rotating drive
shaft 13 and the rotating plate 22. As illustrated in
FIG. 1, the straight line Ll is a line passing through an
end of the discharge port 18 on a downstream side along
the rotating direction, and the center of the rotating
drive shaft 13. As illustrated in FIG. 1, the regions Al
through A4 are arranged from the discharge port 18 in the
order of the region Al, the region A2, the region A3, and
the region A4 along the rotating direction of the rotating
drive shaft 13 or the like. 1In this case, the calcined
gypsum supply port 14 is preferably arranged in the region
Al, and the additive supply ports 16A and 16B are
preferably arranged in the region A2. After the calcined
gypsum is supplied by providing the calcined gypsum supply
port 14 in the region Al, the calcined gypsum is gradually
conveyed in a direction of the outer circumference of the
rotating plate 22 by the centrifugal force caused by the
rotation of the rotating plate 22. Then, after the
calcined gypsum reaches the region A2 and the additive
from the additive supply ports 16A and 16B is added with
respect to the calcined gypsum which is spread to a
certain extent, the calcined gypsum and the additive are
thoroughly mixed in the regions A3 and A4, and a gypsum
mixture may be discharged outside the housing 11 via the
discharge port 18 provided in the region A4.

[0047] The amount of the calcined gypsum supplied from
the calcined gypsum supply port 14, and the amount of
additive supplied from the additive supply ports 16A and
16B are not particularly limited, and the amounts may be
arbitrarily selected according to the kind of additive,
the content of the pretreatment performed, or the like.
However, because the pretreatment mixing and stirring

device 10 according to the present embodiment is intended
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for the pretreatment before preparing the gypsum slurry
using the calcined gypsum, it is preferable not to
excessively add the additive. In the pretreatment mixing
and stirring device 10 according to the present
embodiment, a ratio of the additive is preferably 0.01
parts or greater and 10 parts or less, with respect to 100
parts of the calcined gypsum, for example.

[0048] In addition, the pretreatment mixing and
stirring device 10 according to the present embodiment may
also have the discharge port 18 configured to discharge
the gypsum mixture mixed and stirred in the mixing and
stirring region 21. When using the pretreatment mixing
and stirring device 10 according to the present embodiment
in a batch process, a discharge port may not be provided,
but when using the pretreatment mixing and stirring device
10 according to the present embodiment in a continuous
process, the discharge port 18 may be provided as
described above. The discharge port 18 may be provided at
a location capable of discharging the gypsum mixture, that
is, the pretreatment calcined gypsum, mixed in the mixing
and stirring region 21, and the discharge port 18 may be
provided in the bottom plate 112 or the side plate 113,
for example.

[0049] The discharge port 18 may be provided on either
one of the bottom plate 112 and the side plate 113, but
may also be provided on both the bottom plate 112 and the
side plate 113.

[0050] Because the suitable positional relationship of
the discharge port 18, the calcined gypsum supply port 14,
and the additive supply ports 16A and 16B is already
described above, a description of the same will be
omitted.

[0051] A vertical chute 19 or the like may be connected
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to the discharge port 18, as required.

[0052] The pretreatment mixing and stirring device
according to the present embodiment may further have a
scraper.

[0053] More particularly, scrapers 231 through 233
having at least one bar shape may further be arranged in
the mixing and stirring region 21, above the top surface
of the rotating plate 22, as illustrated in FIG. 2 and
FIG. 3, for example.

[0054] In this case, first ends 231A, 232A, and 233A of
the scrapers 231 through 233 may be arranged in the
central region of the rotating plate 22, and second ends
231B, 232B, and 233B, the opposite to the first ends 231A,
2327, and 233A, may be arranged on the outer circumference
side of the rotating plate 22.

[0055] More particularly, an annular base 24 may be
provided concentrically with the enlarged lower end 13A of
the rotating drive shaft 13, for example. The first ends
231A through 233A of the scrapers 231 through 233 may be
fixed to a top surface of the annular base 24 by screws or
the like. The annular base 24 may be fixed to the
rotating plate 22, and the annular base 24 and the
scrapers 231 through 233 may be configured to rotate with
rotation of the rotating plate 22.

[0056] A gap is preferably formed between top surfaces
of the scrapers 231 through 233 and the bottom surface
111A of the top plate 111 (refer to FIG. 2), so that the
top plate 111 and the scrapers 231 through 233 preferably
do not interfere with one another.

[0057] The scrapers 231 through 233 may be arranged so
that the top surfaces of the scrapers 231 through 233 are
positioned near the bottom surface 111A of the top plate
111. 1In this case, the scrapers 231 through 233 are
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preferably configured to be able to remove the calcined
gypsum or the like adhered to the bottom surface 111A of
the top plate 111.

[0058] The second ends 231B through 233B of the
scrapers 231 through 233 may be arranged near the inner
peripheral surface of the side plate 113, and is
preferably configured to be able to remove the calcined
gypsum or the like adhered to the inner peripheral surface
of the side plate 113.

[0059] The particular shape of the scrapers 231 through
233 is not particularly limited. For example, as
illustrated in FIG. 5, a cross section 51 perpendicular to
a longitudinal direction of the scraper 231 may have an
isosceles trapezoidal shape having two chamfered corners.
This cross section may have an arbitrary shape, such as an
isosceles trapezoidal shape without chamfering, a semi-
circular shape, or the like.

[0060] A sprayed film may be formed on, or a ceramic
plate may be attached to, a portion of or all of the
surface of the scraper to reduce abrasion wear, as
required.

[0061] In the example illustrated in FIG. 2 and FIG. 3,
three linear scrapers 231 through 233 are arranged,
however, the scrapers are not limited to such. For
example, one or two scrapers may be arranged, or four or
more scrapers may be arranged. The scraper may have a
shape including one or a plurality of bent portions along
the longitudinal direction. If the pretreatment mixing
and stirring device according to the present embodiment
has a plurality of scrapers, the plurality of scrapers may
have the same shape, or may include scrapers having
different shapes.

[0062] By arranging the scrapers 231 through 233 as
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described above, it is possible to even more uniformly mix
the calcined gypsum and the additive. Further, it is
possible to particularly reduce the adhesion of the
calcined gypsum or the like onto the bottom surface 111A
of the top plate 111 and the inner peripheral surface of
the side plate 113, for example.

[0063] The pretreatment calcined gypsum, which is the
gypsum mixture obtained using the pretreatment mixing and
stirring device according to the present embodiment, may
be supplied to the slurry formation mixing and stirring
device configured to prepare the gypsum slurry, for
example. The pretreatment calcined gypsum, which is the
gypsum mixture, does not become a gypsum slurry, and is
the gypsum mixture in powder form, because the amount of
the additive added is small even if the additive is a
liquid such as water, for example. For this reason, the
pretreatment mixing and stirring device according to the
present embodiment may be arranged at a stage preceding
the slurry formation mixing and stirring device, that is,
on the upstream side of the manufacturing process, and may
be connected to the slurry formation mixing and stirring
device via a pipe or the like. However, a screw conveyor,
which is a transporter, a grinding mill, which adjusts a
grain size or the like of the pretreatment calcined
gypsum, as required, or the like, may be arranged between
the pretreatment mixing and stirring device according to
the present embodiment, and the slurry formation mixing
and stirring device. An entoleter mill, a tube mill, or
the like, for example, may be used for the grinding mill.
[0064] According to the pretreatment mixing and
stirring device according to the present embodiment
described above, the calcined gypsum and the additive
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by rotating the rotating plate, to perform the
pretreatment of the calcined gypsum. For this reason,
compared to the conventional pretreatment which uses the
bladed blender or the like to stir the calcined gypsum
while kneading up the calcined gypsum in the height
direction, it is possible to reduce the amount of energy
consumed per unit mass of the calcined gypsum to be
pretreated to one-half or less, for example.

[0065] Further, according to the pretreatment mixing
and stirring device according to the present embodiment,
if water is used as the additive, it is possible to more
uniformly mix the calcined gypsum and the water, which is
the additive, compared to the conventional pretreatment
which uses the bladed blender or the like. For this
reason, it 1is possible to greatly improve the efficiency
of the heal treatment of the calcined gypsum, and greatly
increase the amount of the heal treatment of the calcined
gypsum.

[0066] When scaling up the mixer, such as the bladed
blender or the like, used for the conventional
pretreatment, it is difficult from the viewpoint of the
cost or the like to achieve the scaling up due to problems
such as the even larger amount of energy required for the
process. For this reason, the amount of calcined gypsum
which can be subjected to the heal treatment is
conventionally limited, and if a large amount of calcined
gypsum is to be used, the calcined gypsum subjected to the
heal treatment is mixed with the calcined gypsum not
subjected to the heal treatment, for use as a slurry
preparation calcined gypsum. When the slurry is prepared
using the slurry preparation calcined gypsum, it is
difficult to reduce the moisture required for the mixing

and stirring during the preparation of the slurry, because
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the extent of refining the calcined gypsum in the slurry
becomes inconsistent. As a result, a long time and a
large amount of energy are required to dry and remove
excess moisture from the gypsum product, such as a gypsum
board or the like manufactured using the slurry.
[0067] On the other hand, according to the pretreatment
mixing and stirring device according to the present
embodiment, if water is used as the additive, it is
possible to greatly improve the efficiency of the heal
treatment of the calcined gypsum, and greatly increase the
amount of the heal treatment of the calcined gypsum, as
described above. For this reason, by using the
pretreatment mixing and stirring device according to the
present embodiment, a large amount of calcined gypsum can
be efficiently and uniformly subjected to the heal
treatment, without the conventional limitation on the
amount of calcined gypsum which can be subjected to the
heal treatment. Further, when gypsum slurry is prepared
using the pretreatment calcined gypsum which is subjected
to the heal treatment using the pretreatment mixing and
stirring device according to the present embodiment, and
the gypsum product, such as the gypsum board or the like,
is manufactured, it is possible to reduce the moisture
required for the mixing and stirring during the
preparation of the slurry. As a result, it is possible to
reduce the time and energy required to dry and remove the
excess moisture from the gypsum product, such as the
gypsum board or the like.
[Gypsum Slurry Manufacturing Apparatus]

Next, a gypsum slurry manufacturing apparatus
according to the present embodiment will be described.
[0068] The gypsum slurry manufacturing apparatus

according to the present embodiment includes
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a pretreatment mixing and stirring device described
above, and

a slurry formation mixing and stirring device
configured to form a slurry by kneading the calcined
gypsum subjected to the pretreatment by the pretreatment
mixing and stirring device, and the water.
[0069] As illustrated in FIG. 6, a gypsum slurry
manufacturing apparatus 60 according to the present
embodiment may include the pretreatment mixing and
stirring device 10, and a slurry formation mixing and
stirring device 61. In FIG. 6, each component, such as
the pretreatment mixing and stirring device 10, is
illustrated in a simplified manner.
[0070] The particular structure of the slurry formation
mixing and stirring device 61 is not particularly limited,
and a pin type mixer, a scraper type mixer, or the like,
conventionally used to manufacture the gypsum slurry by
mixing the pretreatment calcined gypsum and water, may be
used. The slurry formation mixing and stirring device may
add and mix an arbitrary additive, other than the calcined
gypsum and the water.
[0071] According to the gypsum slurry manufacturing
apparatus according to the present embodiment, the
pretreatment may be uniformly performed with respect to
the calcined gypsum, while reducing the amount of energy
consumption, by providing the pretreatment mixing and
stirring device 10. For this reason, according to the
gypsum slurry manufacturing apparatus according to the
present embodiment, it is possible to reduce the amount of
energy required to manufacture the gypsum slurry.
[0072] Further, if the heal treatment is performed in
the pretreatment mixing and stirring device 10 using the

water as the additive, the calcined gypsum and the water,
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which is the additive, can be mixed more uniformly, and it
is possible to greatly improve the efficiency of the heal
treatment of the calcined gypsum, and greatly increase the
amount of the heal treatment of the calcined gypsum.
Moreover, by using such pretreatment calcined gypsum, it
is possible to reduce the moisture required when preparing
the gypsum slurry in the slurry formation mixing and
stirring device 61. As a result, it is possible to reduce
the time and energy required to dry and remove the excess
moisture from the gypsum product, such as the gypsum board
or the like, manufactured using the gypsum slurry obtained
by the gypsum slurry manufacturing device according to the
present embodiment.

[0073] The pretreatment mixing and stirring device 10
can perform the pretreatment by mixing the calcined gypsum
and the additive as described above, however, the calcined
gypsum may adhere onto the bottom surface 111A of the top
plate 111 by hydration hardening or flocculation, for
example, and the calcined gypsum may be discharged without
being sufficiently shredded (the gypsum adhered by
hydration hardening or flocculation will hereinafter be
referred to as “gypsum waste”). When the gypsum waste is
supplied to the slurry formation mixing and stirring
device 61, the gypsum waste may remain in the gypsum
slurry, causing a problem such as a paper tear or the
like, in which a board lining paper tears during the
manufacturing of the gypsum board.

[0074] Hence, the gypsum slurry manufacturing device 60
according to the present embodiment preferably further
includes a gypsum waste reducing section 62 configured to
reduce and remove the gypsum waste, located on an upstream
side along a conveying direction of the pretreatment

calcined gypsum than a pretreatment calcined gypsum supply
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port 611 of the slurry formation mixing and stirring
device 61. The pretreatment calcined gypsum supply port
611 refers to an opening through which the pretreatment
calcined gypsum is supplied into the slurry formation
mixing and stirring device 61.
[0075] That is, the gypsum slurry manufacturing
apparatus 60 according to the present embodiment
preferably further includes the gypsum waste reducing
section 62 configured to reduce and remove the gypsum
waste, arranged between the discharge port 18 of the
pretreatment mixing and stirring device 10 and the
pretreatment calcined gypsum supply port 611 of the slurry
formation mixing and stirring device 61. The gypsum waste
reducing section 62 may be provided at the discharge port
18 of the pretreatment mixing and stirring device 10, or
at the pretreatment calcined gypsum supply port 611 of the
slurry formation mixing and stirring device 61, or on a
pipe or a transporter connecting the discharge port 18 and
the pretreatment calcined gypsum supply port 611. The
transporter refers to a device, such as the screw conveyor
or the like, configured to transport (convey) the
pretreatment calcined gypsum.
[0076] A particular structure of the gypsum waste
reducing section 62 is not particularly limited, but the
gypsum waste reducing section 62 may include one or more
kinds of devices selected from a net, a sieve, a grinding
mill, a trommel, or the like, for example. Examples of
the grinding mill include the entoleter mill, the tube
mill, or the like, for example.
[Building Board Manufacturing Apparatus]

Next, a building board manufacturing apparatus

according to the present embodiment will be described.

[0077] As illustrated in FIG. 7, a building board
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manufacturing apparatus 70 according to the present
embodiment includes the gypsum slurry manufacturing
apparatus 60 described above.

[0078] The building board manufacturing apparatus 70
according to the present embodiment may include a molding
section 71, a rough cutting section 81, a drying section
82, a cutting section 83, a loading section 84, or the
like, in addition to the gypsum slurry manufacturing
apparatus 60.

[0079] The molding section 71 may have a molding
machine 72, and supply the gypsum slurry between surface
cover lining paper 73 and back cover lining paper 74, to
mold the gypsum slurry into a predetermined shape by the
molding machine 72.

[0080] In the molding section 71, the surface cover
lining paper (board lining paper) 73, which is a surface
material, is conveyed along a production line from the
right side toward the left side in FIG. 7.

[0081] The slurry formation mixing and stirring device
61 of the gypsum slurry manufacturing apparatus 60
described above may be arranged at a predetermined
position associated with a conveying line of the surface
cover lining paper 73 being conveyed, such as above or
beside the conveying line, for example. The pretreatment
mixing and stirring device 10, the gypsum waste reducing
section 62, or the like may be connected to the slurry
formation mixing and stirring device 61 and arranged at
arbitrary locations.

[0082] Foams may be added from gypsum slurry
distribution ports 612A, 612B, and 612C, as required, to
obtain a gypsum slurry having an arbitrary density by
adjusting the amount of foams added. For example, a first

gypsum slurry 75 and a second gypsum slurry 76 having
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different densities may be prepared, by adjusting the
amount of foams added.

[0083] The first gypsum slurry 75 which is obtained, is
supplied through delivery pipes 771 and 772, onto the
surface cover lining paper (board lining paper) 73 and the
back cover lining paper (board lining paper) 74 on the
upstream side of the roll coater 78 along the conveying
direction. The first gypsum slurry 75 on the surface
cover lining paper 73 and the first gypsum slurry 75 on
the back cover lining paper 74 respectively reach a
spreader of the roll coater 78, and are spread by the
spreader. The roll coater 78 includes a coating roll 781,
a backing roll 782, and a waste removal roll 783, and the
first gypsum slurry 75 is spread by these rolls.

[0084] A thin layer of the first gypsum slurry 75 is
formed on the surface cover lining paper 73. Similarly, a
thin layer of the first gypsum slurry 75 is formed on the
back cover lining paper 74. FIG. 7 illustrates an example
in which the first gypsum slurry 75 is coated on the
surface cover lining paper 73 and the back cover lining
paper 74 using the roll coater 78, but the application of
the first gypsum slurry 75 is not limited to such a
coating. For example, the first gypsum slurry 75 may be
coated on only one of the surface cover lining paper 73
and the back cover lining paper 74 using the roll coater
78. Alternatively, the first gypsum slurry 75 may be
disposed only at a side end of the surface cover lining
paper 73.

[0085] The surface cover lining paper 73 is conveyed as
it is, and the back cover lining paper 74 is turned by a
turning roller 79 in the direction of the conveying line
of the surface cover lining paper 73. Then, both the
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paper 74 reach the molding machine 72. The second gypsum
slurry 76 is supplied from the slurry formation mixing and
stirring device 61 through a pipe 773, between the thin
layers formed on the surface cover lining paper 73 and the
back cover lining paper 74.

[0086] The gypsum slurry is then molded by the molding
machine 72, to form a molded body. The formed molded body
of the gypsum slurry undergoes hydration hardening during
the process of conveying the molded body.

[0087] FIG. 7 illustrates an example in which the first
gypsum slurry 75 and the second gypsum slurry 76 are
manufactured by a single slurry formation mixing and
stirring device 61, but the formation of the gypsum slurry
is not limited to such. For example, two slurry formation
mixing and stirring devices 61 may be provided, and the
first gypsum slurry 75 and the second gypsum slurry 76 may
be manufactured by the two slurry formation mixing and
stirring device 61, respectively.

[0088] Further, the present invention is not limited to
the embodiment which uses the first gypsum slurry and the
second gypsum slurry, and for example, one kind of gypsum
slurry may be manufactured and supplied onto the board
lining paper.

[0089] As described above, the building board
manufacturing apparatus 70 according to the present
embodiment may further include the rough cutting section
81, the drying section 82, the cutting section 83, the
loading section 84, or the like, on the downstream side of
the molding section 71.

[0090] The rough cutting section 81 is a component
configured to molded body of the gypsum slurry molded by
the molding section 71, and may include a cutting means,

such as a rotary cutter or the like. The rough cutting
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section 81 can cut the molded body of the gypsum slurry
according to the size of a dryer, a heating furnace, or
the like included in the drying section 82.

[0091] The drying section 82 may include the dryer and
the heating furnace. The drying section 82 may forcibly
dry the molded body of the gypsum slurry into a hardened
gypsum body. The drying section may be configured to dry
the molded body of the gypsum slurry by natural drying,
without using the drier or the like.

[0092] The cutting section 83 may include a cutter.
The cutting section 83 may cut the molded body of the
gypsum slurry or the hardened gypsum body according to the
size of the product.

[0093] The loading section 84 may include a lifter or
the like, for example, and may stack the building boards
cut by the cutting section 83, to be stored in a storage,
or to be loaded into trucks or the like for shipment.
[0094] The building board manufacturing apparatus
according to the present embodiment manufactures the
gypsum board as an example of the building board, but the
present invention is not limited to such an embodiment.
The building board manufacturing apparatus according to
the present embodiment may manufacture various kinds of
building boards, by modifying the board lining paper,
which is the surface material, to a non-woven glass fiber
(glass tissue), a glass mat, or the like, and arranging
such a modified surface material on the surface, or
embedding the modified surface material near the surface,
for example. More particularly, it is possible to
manufacture one or more kinds of building boards selected
from a glass mat gypsum board, a non-woven glass fiber-
containing gypsum board, a gypsum board prescribed by JIS
A 6901 (2014), a gypsum board which is lighter or heavier
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than the gypsum board prescribed by JIS A 6901 (2014), or
the like, for example.
[0095] Particularly because the gypsum boards are
popularly used, the building board manufactured by the
building board manufacturing apparatus according to the
present embodiment is preferably the gypsum board.
[Pretreatment Calcined Gypsum Manufacturing Method]
Next, a pretreatment calcined gypsum
manufacturing method according to the present embodiment
will be described.
[0096] The pretreatment calcined gypsum manufacturing
method according to the present embodiment manufactures a
pretreatment calcined gypsum by mixing a calcined gypsum
and one or more kinds of additives selected from liquids
and powders, and may include the following processes.
[0097] The pretreatment calcined gypsum manufacturing
method according to the present embodiment may be
performed using the pretreatment mixing and stirring
device described above. For this reason,
[0098] A raw material supply process supplies the
calcined gypsum from the calcined gypsum supply port, and
the additive from the additive supply port.
[0099] A mixing and stirring process rotates the
rotating plate by rotating the rotating drive shaft, to
mix and stir the calcined gypsum and the additive.
[0100] The pretreatment mixing and stirring device may
have a cylindrical housing having a top plate, a bottom
plate arranged to oppose to the top plate, a side plate
arranged between the top plate and the bottom plate, and a
mixing and stirring region where the calcined gypsum and
the additive are mixed and stirred in an interior
surrounded by the top plate, the bottom plate, and the

side plate, as described above. The pretreatment mixing
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and stirring device may also have a calcined gypsum supply
port, arranged in the top plate, and configured to supply
the calcined gypsum to the mixing and stirring region, and
an additive supply port, arranged in one of or both of the
top plate and the side plate, and configured to supply the
additive to the mixing and stirring region.
[0101] The pretreatment calcined gypsum manufacturing
method according to the present embodiment can manufacture
the pretreatment calcined gypsum using the pretreatment
mixing and stirring device 10 described above. Each of
the processes will be described.

(Raw Material Supply Process)

A raw material supply process supplies the
calcined gypsum and the additive to the mixing and
stirring region 21 provided inside the housing 11 of the
pretreatment mixing and stirring device 10.

[0102] The calcined gypsum may be supplied from the
calcined gypsum supply port 14 provided in the top plate
111 of the housing 11. 1In addition, the additive may be
supplied from the additive supply ports 16A and 16B
provided in either one of or both of the top plate 111 and
the side plate 113 of the housing 11. By supplying the
additive from the additive supply ports 16A and 16B
provided on either one of or both of the top plate 111 and
the side plate 113 of the housing 11, the additive can be
added to the calcined gypsum and uniformly mixed and
stirred during the mixing and stirring process which will
be described later.

[0103] In particular, by providing the additive supply
ports 16A and 16B in the side plate 113 of the housing 11,
the additive can be added to the calcined gypsum which
moved to the outer circumference side of the mixing and

stirring region 21 due to the centrifugal force applied by
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the rotating plate 22 during the mixing and stirring
process. By adding the additive from the additive supply
ports 16A and 16B provided in the side plate 113, it is
possible to apply a pressure in a direction toward the
center of the rotating plate 22, with respect to the
calcined gypsum and the additive flowing in the mixing and
stirring region 21. For this reason, it is possible to
reduce adhesion of the calcined gypsum or the like onto
the periphery or the like of the additive supply ports 16A
and 16B at the inner peripheral surface of the side plate
113.

[0104] The additive supply ports 16A and 16B are
preferably arranged above the top surface 22A of the
rotating plate 22, as illustrated in FIG. 2, for example.
This is because the additive can be supplied directly to
the calcined gypsum or the like flowing on the top surface
22A of the rotating plate 22, by arranging the additive
supply ports 16A and 16B above the top surface 22A of the
rotating plate 22. Further, the calcined gypsum or the
like flowing on the top surface 22A of the rotating plate
22, flows in the circumferential direction at the outer
peripheral region due to the centrifugal force, and
circulates on the inner peripheral surface of the side
plate 113. For this reason, when the additive supply
ports 16A and 16B are provided in the side plate 113, it
is possible to remove the calcined gypsum or the like
adhered to the inner peripheral surface of the side plate
113, including the vicinities of the additive supply ports
16A and 16B, or prevent the calcined gypsum or the like
from adhering to the inner peripheral surface of the side
plate 113. That is, by arranging the additive supply
ports 16A and 16B above the top surface 22A of the
rotating plate 22, it is possible to add the additive
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directly to the calcined gypsum or the like. Further, by
providing the additive supply ports 16A and 16B in the
side plate 113, it is possible to remove the calcined
gypsum adhered in the vicinities of the additive supply
ports 16A and 16B, or prevent the calcined gypsum or the
like from adhering to the inner peripheral surface of the
side plate 113.

[0105] Providing the additive supply ports 16A and 16B
above the top surface 22A of the rotating plate 22 means
that at least a portion of the additive supply ports 16A
and 16B is located at a height position higher than or
equal to the position of the top surface 22A of the
rotating plate 22. It is further preferable that the
lower end surfaces of the additive supply ports 16A and
16B are located at a height position higher than or equal
to the position of the top surface 22A of the rotating
plate 22. That is, it is further preferable that the
additive supply ports 16A and 16B in their entirety are
located at a height position higher than or equal to the
position of the top surface 22A of the rotating plate 22.
In addition, when providing a plurality of additive supply
ports, for example, it is preferable that all of the
additive supply ports are arranged above the top surface
of the rotating plate.

[0106] The flow rate, the pressure, or the like of the
additive added from the additive supply ports 16A and 16B
are not particularly limited. If the additive supply
ports 16A and 16B are provided in the side plate 113, the
flow rate or the like of the additive is preferably
adjusted so that the additive moves in the direction
toward the center of the rotating plate 22 in the mixing
and stirring region 21, for example. That is, the flow

rate or the like of the additive is preferably selected so
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that the addition of the additive to the mixing and
stirring region 21 is not inhibited by being pushed by the
calcined gypsum or the like flowing in the mixing and
stirring region 21.

[0107] A plurality of additive supply ports 16A and 16B
may be provided, and the additive supply ports 16A and 16B
may be provided at the two locations illustrated in FIG.
1, for example, or may be provided at three or more
locations. In addition, only one additive supply port may
be provided. The additive supply pipes 17A and 17B may be
connected to the additive supply ports 16A and 16B, and
the additive in the additive storage tank may be supplied
via the supply pipes.

[0108] The kind of additive supplied from the additive
supply ports 16A and 16B is not particularly limited, and
for example, one or more kinds of additives may be
selected from liquids and powders as described above, and
various additives, such as water, a colorant, an aromatic,
or the like, may be used. Because the heal treatment may
be suitably performed particularly in the pretreatment
calcined gypsum manufacturing method according to the
present embodiment, the additive is preferably water. If
the plurality of additive supply ports is provided as
described above, the kind of additive supplied from the
additive supply ports may be different or may be the same
for each additive supply port.

[0109] In the raw material supply process, the amount
of the calcined gypsum supplied from the calcined gypsum
supply port 14, and the amount of the additive supplied
from the additive supply ports 16A and 16B, are not
particularly limited, and the amounts may be arbitrarily
selected according on the kind of the additive, the

content of the pretreatment to be performed, or the like.
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However, because the pretreatment calcined gypsum
manufacturing method according to the present embodiment
is intended for the pretreatment before preparing the
gypsum slurry using the calcined gypsum, it is preferable
not to excessively add the additive. For this reason, in
the raw material supply process, a ratio of the additive
is preferably 0.01 parts or greater and 10 parts or less,
with respect to 100 parts of the calcined gypsum, for
example.
(Mixing and Stirring Process)

In the mixing and stirring process, the disk-
shaped rotating plate 22 arranged inside the housing 11
may be rotated by rotating the rotating drive shaft 13
which penetrates the top plate or the bottom plate of the
housing and connects to the rotating plate 22, to thereby
mix and stir the calcined gypsum and the additive.
[0110] As described above, in the pretreatment mixing
and stirring device 10, the calcined gypsum and the
additive supplied to the mixing and stirring region 21 may
be caused to flow in the circumferential direction at the
outer peripheral region due to the centrifugal force, to
be mixed and stirred, by rotating the rotating plate 22 in
the direction of the arrow R illustrated in FIG. 1, for
example.
[0111] As described above, the rotating plate 22 may be
a disk-shaped plate having a smooth outer circumference,
and may have a large number of tooth profiles 31 along the
outer circumference, as illustrated in FIG. 3, for
example. By providing the tooth profiles 31 in this
manner, the calcined gypsum and the additive can be mixed
more uniformly. The preferred shape of the tooth profiles
31 is as described above, and thus, a description thereof

will be omitted.
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[0112] For example, a plurality of pins or the like may
be arranged on the top surface 22A, perpendicularly to the
top surface 22A, so as to more uniformly mix the supplied
calcined gypsum or the like. When arranging the plurality
of pins on the top surface 22A of the rotating plate 22,
the pins may be arranged along the outer circumference of
the rotating plate 22 at constant intervals, or may be
arranged along the diametrical direction of the rotating
plate 22. The rotary plate may be provided with the tooth
profiles 31 described above, and may further have the pins
arranged thereon.

[0113] The rotating speed of the rotating drive shaft
13 and the rotating plate 22 is not particularly limited,
and may be set arbitrarily according to the amounts or the
like of the calcined gypsum and the additive which are
supplied, and the rotating speed may be 200 rpm or higher
and 600 rpm or lower, for example.

[0114] As described above, the scrapers 231 through 233
having at least one bar shape may further be arranged in
the mixing and stirring region 21, above the top surface
of the rotating plate 22.

[0115] In this case, the first ends 231A, 232A, and
233A of the scrapers 231 through 233 may be arranged in
the central region of the rotating plate, and the second
ends 231B, 232B, and 233B, the opposite to the first ends
231A, 2327, and 233A, may be arranged on the outer
circumference side of the rotating plate.

[0116] By arranging the scrapers 231 to 233 in this
manner, it is possible to more uniformly mix the calcined
gypsum and the additive. In addition, it is possible to
particularly reduce the adhesion of the calcined gypsum or
the like to the bottom surface 111A of the top plate 111

and the inner peripheral surface of the side plate 113,
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for example.
[0117] In FIG. 2 and FIG. 3, three linear scrapers 231
to 233 are illustrated, however, the scrapers are not
limited to such. For example, one or two scrapers may be
arranged, or four or more scrapers may be arranged. The
scraper may have a shape including one or a plurality of
bent portions along the longitudinal direction. If the
pretreatment mixing and stirring device has a plurality of
scrapers, the plurality of scrapers may have the same
shape, or may include scrapers having different shapes.
[0118] The pretreatment calcined gypsum manufacturing
method according to the present embodiment is described
heretofore, separately for each of the raw material supply
process, and the mixing and stirring process. However,
the raw material supply process, and the mixing and
stirring process may be performed continuously, or
simultaneously.
[0119] The pretreatment calcined gypsum manufacturing
method according to the present embodiment may be
configured to include processes other than the raw
material supply process and the mixing and stirring
process described above. For example, the other processes
may include a discharge process which will be described in
the following.

(Discharge Process)

In the discharge process, the gypsum mixture
produced in the mixing and stirring process may be
discharged from the discharge port 18.

[0120] Hence, the pretreatment calcined gypsum, which
is the gypsum mixture formed in the mixing and stirring

region 21 of the pretreatment mixing and stirring device
10, may be recovered. The pretreatment calcined gypsum,

which is the gypsum mixture, does not become a gypsum
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slurry, and is the gypsum mixture in powder form, because
the amount of the additive added is small even if the
additive is a liquid such as water, for example.

[0121] As described above, by providing the discharge
port 18, which is an opening, in the bottom plate 112 or
the side plate 113, the gypsum mixture flowing in the
mixing and stirring region 21 can be naturally discharged
via the discharge port 18. For this reason, if the
discharge port 18 is closed by a predetermined component
or the like, for example, the discharge process can be
performed by removing the predetermined component.

[0122] According to the pretreatment calcined gypsum
manufacturing method according to the present embodiment
described heretofore, the pretreatment of the calcined
gypsum is performed using the pretreatment mixing and
stirring device described above. Accordingly, compared to
the conventional pretreatment which uses the bladed
blender or the like to stir the calcined gypsum while
kneading up the calcined gypsum in the height direction,
it is possible to reduce the amount of energy consumed per
unit mass of the calcined gypsum to be pretreated to one-
half or less, for example.

[0123] In addition, according to the pretreatment
calcined gypsum manufacturing method according to the
present embodiment, if water is used as the additive, it
is possible to greatly improve the efficiency of the heal
treatment of the calcined gypsum, and greatly increase the
amount of the heal treatment of the calcined gypsum. For
this reason, by using the pretreatment calcined gypsum
manufacturing method according to the present embodiment,
a large amount of calcined gypsum can be efficiently and
uniformly subjected to the heal treatment, without the

conventional limitation on the amount of calcined gypsum
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which can be subjected to the heal treatment. Moreover,
when gypsum slurry is prepared using the pretreatment
calcined gypsum which is subjected to the heal treatment
using the pretreatment calcined gypsum manufacturing
method according to the present embodiment, and the gypsum
product, such as the gypsum board or the like, is
manufactured, it is possible to reduce the moisture
required for the mixing and stirring during the
preparation of the slurry. As a result, it is possible to
reduce the time and energy required to dry and remove the
excess moisture from the gypsum product, such as the
gypsum board or the like.

[Gypsum Slurry Manufacturing Method]

Next, a gypsum slurry manufacturing method
according to the present embodiment will be described.
[0124] The gypsum slurry manufacturing method according
to the present embodiment may include a gypsum slurry
preparing process which prepares the gypsum slurry by
kneading the pretreatment calcined gypsum, obtained by the
pretreatment calcined gypsum manufacturing method
described above, with water.

[0125] In the gypsum slurry preparing process, the
gypsum slurry may be prepared by kneading the pretreatment
calcined gypsum and water, and in some cases also various
kinds of additives, using a known slurry formation mixing
and stirring device.

[0126] The gypsum slurry which is obtained may be used
as the raw material for various kinds of gypsum products,
such as the gypsum board or the like, as required.

[0127] The gypsum slurry manufacturing method according
to the present embodiment may further perform a milling
process or the like to grind the pretreatment calcined

gypsum using the entoleter mill, the tube mill, or the
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like, in order to adjust the grain size or the like of the
pretreatment calcined gypsum, as required, after the
pretreatment calcined gypsum manufacturing method
described above, that is, after the mixing and stirring
process.
[0128] The gypsum slurry manufacturing method according
to the present embodiment may further include a gypsum
waste reduction process which reduces the gypsum waste in
the pretreatment calcined gypsum after the pretreatment
calcined gypsum manufacturing method, that is, after the
mixing and stirring process. The gypsum waste reduction
process may reduce or remove the gypsum waste from the
pretreatment calcined gypsum, using one or more kinds of
devices selected from the net, the sieve, the grinding
mill, the trommel, or the like, for example. Examples of
the grinding mill include the entoleter mill, the tube
mill, or the like, for example.

[Building Board Manufacturing Method]

Next, a building board manufacturing method
according to the present embodiment will be described.
[0129] The building board manufacturing method
according to the present embodiment may include a building
board manufacturing process which manufactures the
building board, using the gypsum slurry obtained by the
gypsum slurry manufacturing method described above.

[0130] More particularly, the building board may be
manufactured using the building board manufacturing
apparatus described above, for example. For this reason,
a description of some parts of the building board
manufacturing apparatus, already described above, will be
omitted.

[0131] The building board manufacturing process may

include a molding process which forms the gypsum slurry
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obtained by the gypsum slurry manufacturing method
described above into an arbitrary shape, to form the
molded body of the gypsum slurry, for example.

[0132] In addition, the building board manufacturing
process may further include a rough cutting process which
roughly cuts the molded body of the gypsum slurry obtained
in the molding process, a drying process which dries the
molded body of the gypsum slurry into the hardened gypsum
body, a cutting process, a loading process, or the like,
as required.

[0133] The rough cutting process cuts the molded body
of the gypsum slurry formed in the molding process, and
may be performed by the rotary cutter or the like
according to the dryer, the heating furnace, or the like
used in the drying process.

[0134] The drying process may forcibly dry the molded
body of the gypsum slurry, into the hardened gypsum body,
for example. The drying process may obtain the hardened
gypsum body by drying the molded body of the gypsum slurry
by natural drying, without forcibly drying the molded body
of the gypsum body.

[0135] The cutting process cuts the molded body of the
gypsum slurry or the hardened gypsum body, according to
the size of the product, using the cutter or the like, for
example.

[0136] The loading process stacks the manufactured
hardened gypsum bodies using the lifter or the like, to be
stored in the storage, or to be loaded into trucks or the
like for shipment.

[0137] The kind of the building board manufactured by
the building board manufacturing method according to the
present embodiment is not particularly limited.

[0138] The building boards manufactured by the building
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board manufacturing method according to the present
embodiment include one or more kinds of building boards
selected from a glass mat gypsum board, a non-woven glass
fiber-containing gypsum board, a gypsum board prescribed

by JIS A 6901 (2014), a gypsum board which is lighter or
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heavier than the gypsum board prescribed by JIS A 6901
(2014), or the like, for example.

[0139] Particularly because the gypsum boards are
popularly used, the building board manufactured by the
building board manufacturing apparatus according to the
present embodiment is preferably the gypsum board.
[0140] Although the embodiments of the pretreatment
mixing and stirring device, the gypsum slurry
manufacturing device, the building board manufacturing
device, the pretreatment calcined gypsum manufacturing
method, the gypsum slurry manufacturing method, and the
building board manufacturing method are described
heretofore, the present invention is not limited to the
embodiments described above. Various modifications and
variations may be made within the scope of the subject
matter of the present invention recited in the claims.
[0141] This application is based upon and claims
priority to Japanese Patent Application No. 2019-077352,
filed on April 15, 2019, the entire contents of which are

incorporated herein by reference.

DESCRIPTION OF THE REFERENCE NUMERALS
[0142]
10 Pretreatment mixing and stirring device
11 Housing
111 Top plate
112 Bottom plate
113 Side plate
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13 Rotating drive shaft

14 Calcined gypsum supply port

16A, 16B Additive supply port

18 Discharge port

21 Mixing and stirring region

22 Rotating plate

22A Top surface

231 to 233 Scraper

231A to 233A First end

231B to 233B Second end

60 Gypsum slurry manufacturing apparatus
61 Slurry formation mixing and stirring device
62 Gypsum waste reducing section

70 Building board manufacturing apparatus
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CLAIMS

1. A pretreatment mixing and stirring device
configured to perform a pretreatment by mixing a calcined
gypsum with one or more kinds of additives selected from
liquids and powders, comprising:

a cylindrical housing having a top plate, a bottom
plate arranged to oppose to the top plate, a side plate
arranged between the top plate and the bottom plate, and a
mixing and stirring region in an interior surrounded by
the top plate, the bottom plate, and the side plate;

a disk-shaped rotating plate arranged inside the
housing;

a rotating drive shaft, penetrating the top plate or
the bottom plate of the housing, and coupled to the
rotating plate;

a calcined gypsum supply port, arranged in the top
plate, and configured to supply the calcined gypsum to the
mixing and stirring region; and

an additive supply port, arranged in one of or both
of the top plate and the side plate, and configured to
supply the additive to the mixing and stirring region,

wherein the rotating plate mixes and stirs the
calcined gypsum and the additive in the mixing and
stirring region when rotated by the rotating drive shaft,
thereby producing a pretreatment calcined gypsum which is
a gypsum mixture in powder form,

wherein the calcined gypsum supply port and the
additive supply port are configured to supply the calcined
gypsum and the additive, respectively so that a ratio of
the additive is 0.01 parts or greater and 10 parts or

less, with respect to 100 parts of the calcined gypsum.
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2. The pretreatment mixing and stirring device
as claimed in claim 1, further comprising:

a discharge port configured to discharge the gypsum
mixture which is mixed and stirred in the mixing and
stirring region,

wherein the discharge port is provided in the bottom

plate or the side plate.

3. The pretreatment mixing and stirring device
as claimed in claim 1 or 2, wherein the additive supply
port is arranged above a top surface of the rotating

plate.

4. The pretreatment mixing and stirring device
as claimed in any one of claims 1 to 3, further
comprising:

at least one rod-shaped scraper arranged above a top
surface of the rotating plate and inside the mixing and
stirring region,

wherein one end of the scraper is arranged in a
central region of the rotating plate, and the other end of
the scraper, opposite the one end, is arranged on an outer

circumference of the rotating plate.

5. The pretreatment mixing and stirring device
as claimed in any one of claims 1 to 4, wherein
the rotating plate has a cutout portion and a teeth

portion arranged in an outer peripheral region of the
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rotating plate, and

an angle between a surface of the teeth portion
positioned in front along a rotating direction of the
rotating plate, and a lower end surface of the teeth

portion is 90 degrees or less.

6. A gypsum slurry manufacturing apparatus
comprising:
the pretreatment mixing and stirring device according
to any one of claims 1 to 5; and
a slurry formation mixing and stirring device
configured to form the gypsum slurry by kneading the
calcined gypsum, pretreated by the pretreatment mixing and

stirring device, and water.

7. The gypsum slurry manufacturing apparatus as
claimed in claim 6, further comprising:

a gypsum waste reducing section, arranged between the
discharge port of the pretreatment mixing and stirring
device and a pretreatment calcined gypsum supply port of
the slurry formation mixing and stirring device,

configured to reduce and remove gypsum waste.

8. A building board manufacturing apparatus
comprising:
the gypsum slurry manufacturing apparatus according

to claim 6 or 7.

9. A pretreatment calcined gypsum manufacturing
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method for manufacturing a pretreatment calcined gypsum,
which is a gypsum mixture in powder form by mixing a
calcined gypsum and one or more kinds of additives
selected from liquids and powders using a pretreatment
mixing and stirring device comprising a cylindrical
housing having a top plate, a bottom plate arranged to
oppose to the top plate, a side plate arranged between the
top plate and the bottom plate, and a mixing and stirring
region in an interior surrounded by the top plate, the
bottom plate, and the side plate; a disk-shaped rotating
plate arranged inside the housing; a rotating drive shaft,
penetrating the top plate or the bottom plate of the
housing, and coupled to the rotating plate; a calcined
gypsum supply port, arranged in the top plate, and
configured to supply the calcined gypsum to the mixing and
stirring region; and an additive supply port, arranged in
one of or both of the top plate and the side plate, and
configured to supply the additive to the mixing and
stirring region, the pretreatment calcined gypsum
manufacturing method comprising:

a raw material supply process which supplies the
calcined gypsum from the calcined gypsum supply port, and
the additive from the additive supply port; and

a mixing and stirring process which rotates the
rotating plate by rotating the rotating drive shaft, to
thereby mix and stir the calcined gypsum and the additive
in the mixing and stirring region,

wherein the raw material supply process supplies the
calcined gypsum and the additive so that a ratio of the
additive is 0.01 parts or greater and 10 parts or less,

with respect to 100 parts of the calcined gypsum.
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10. The pretreatment calcined gypsum
manufacturing method as claimed in claim 9, further
comprising:

a discharge process which discharges the gypsum
mixture produced by the mixing and stirring process via a
discharge port of the pretreatment mixing and stirring

device.

11. A gypsum slurry manufacturing method
comprising:

a gypsum slurry preparing process which prepares a
gypsum slurry by kneading the pretreatment calcined gypsum
manufactured by the pretreatment calcined gypsum
manufacturing method according to any one of claims 9 to

10, and water.

12. A building board manufacturing method
comprising:
a building board manufacturing process which
manufactures a building board using the gypsum slurry
manufactured by the gypsum slurry manufacturing method

according to claim 11.

13. The building board manufacturing method as
claimed in claim 12, wherein the building board is a

gypsum board.



