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ABSTRACT
Provided is a gypsum-based board producing
apparatus including: a mixer configured to prepare a
gypsum slurry; a foaming apparatus; and a pump
configured to convey foam generated by the foaming
apparatus to the mixer, wherein the pump is a positive

displacement pump.
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DESCRIFTION
TITLE OF THE INVENTION
GYPSUM-BASED BOARD MATERIAL PRODUCING

APPARATUS

TECHNICAL FIELD
The present invention relates to a gypsum-

based board material producing apparatus.

BACKGROUND ART

Conventionally, a gypsum-based board material
such as a reinforce gypsum board, a normal hard gypsum
board, a glass-fiber-nonwoven-fabric-containing gypsum
plate, or a glass mat gypsum board, has an excellent
performance in a fireproof property or fire resistance,
a sound insulation property, a heat insulation property,
a workability, an economical property, and the like, and
hence, has been used widely.

A gypsum-based board material can be produced
by molding a gypsum slurry and hardening the molded body
of the gypsum slurry. Note that when a gypsum slurry is
molded to form a molded body, a base paper for a board,
a glass fiber nonwoven fabric or the 1like can be
disposed on the surface of the molded body or in the
vicinity of the surface, as needed.

A gypsum slurry can be prepared by a mixer or
the like mixing and stirring calcined gypsum, water and,
as needed, further various additive agents such as
adhesive, and in some cases, by further adding foam so
as to be at a predetermined specific gravity. Hence, a
gypsum-based board material producing apparatus that is

used to produce a gypsum-based board material includes a
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mixer (a mixing and stirring machine) that mixes raw
materials of a gypsum slurry, a foaming apparatus that
generates foam, and the like.

In recent years, a lightweight gypsum-based
board material obtained by adding foam to a gypsum
slurry and including voids dsrived from the foam is
widely produced. In a case where such a gypsum-based
board material obtained by adding foam to a gypsum
slurry and including voids derived from the foam is
produced, if the foam is not uniformly dispersed in the
gypsum slurry and the foam is agglomerated and unevenly
distributed, a local expansion, defect, or the like of
the surface of the gypsum-based board material may occur.

Hence, various investigations have been made
on mixers that enable to uniformly disperse foam in a
gypsum slurry.

For example, Patent Document 1 discloses a
mixer that includes: a flattened and circular housing
provided with an annular wall on its periphery; a rotary
disk located in the housing to rotate in a predetermined
rotational direction; a slurry outlet port opening on
the annular wall to discharge from the housing, gypsum
slurry mixed in the housing; a hollow connector section
with an open end connected to the slurry outlet port and
another open end connected to a substantially vertical
and cylindrical slurry delivery conduit; and a foam
feeding port for feeding foam to the gypsum slurry. The
foam feeding port is provided on the annular wall on an
upstream side of the slurry outlet port in the
rotational direction s0 as to feed the foam to the
gypsum slurry immediately before the gypsum slurry
enters the slurry outlet port, or provided on the hollow

connector section so as to feed the foam to the gypsum
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slurry flowing in the hollow connector section.

Further, Patent Document 2 discloses a mixer
that includes a mixing area for preparing gypsum slurry;
a slurry delivery section for delivering the gypsum
slurry from the mixing area; and a feeding port of foam
or a foaming agent for feeding the gypsum slurry in the
mixing area and/or the gypsum slurry in the slurry
delivery section with the foam or foaming agent under
pressure. The mixer is configured to supply the gypsum
slurry with the foam mixed therein, to gypsum boards or
a production line for gypsum boards. The feeding port
has a partition member for dividing an ejecting region
of the port, and the partition member divides the
ejecting region into a plurality of openings that
simultaneously supply the foam or foaming agent to the
gypsum slurry.

In the disclosed Patent Documents 1 and 2
described above, a mixer and a foaming apparatus (a
frothing apparatus) that supplies foam are directly
connected by, for example, a pipe, and a method of
controlling the amount of foam generated by the foaming
apparatus to control the amount of foam added to a

gypsum slurry is adopted.

[Related~Art Documents]

(Patent Document 1] International Publication Pamphlet
No. WO 2004/103663

[Patent Document 2] International Publication Pamphlet
No. WO 2015/093209

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

However in a case of controlling the amocunt
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of foam generated by a foaming apparatus to control the
amount of feoam added to a gypsum slurry, for example,
due to an effect of a pressure fluctuation according to
a minute change in the residual amount of a gypsum
slurry in a mixer, there may be a case in which a minute
change occurs in the amount of foam added to the gypsum
slurry.

Although such a change in the amount of foam
added to the gypsum slurry due to a pressure fluctuation
in a mixer is very small, in recent years, it is
required to control the specific gravity of a gypsum-
based board material with high accuracy. Because the
specific gravity of a gypsum—-based board material varies
mainly depending on the amount of foam added to a gypsum
slurry, a gypsum-based board material producing
apparatus 1s required that can precisely control an
amount of foam added to a gypsum slurry regardless of an
effect of a pressure fluctuation in a mixer or the like.

In view of the above-described problem,
according to one aspect of the present invention, an
object 1is to provide a gypsum-based board material
producing apparatus that can precisely control an amount

of foam added to a gypsum slurry.

MEANS FOR SOLVING THE PRCBLEM

In order to solve the above-described problem,
one aspect of the present invention provides a gypsum—
based board producing apparatus including: a mixer
configured to prepare a gypsum slurry; a foaming
apparatus; and a pump configured to convey foam
generated by the foaming apparatus to the mixer, wherein

the pump is a positive displacement pump.
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ADVANTAGEOUS EFFECTS OF THE INVENTIOCN

According to one aspect of the present
invention, it 1is possible to provide a gypsum-based
board material producing apparatus that can precisely

control an amount of foam added to a gypsum slurry.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a gypsum-based
board material producing apparatus according to an
embodiment of the present invention;

FIG. 2 1s a perspective view of a mixer
according to the embodiment of the present invention;

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

FIG. 4 is a cross-sectional view of the mixer
according to the embodiment of the present invention;

FIG. b5A 1is an explanatory diagram of a
difference in shape of voids derived from foam in a
gypsum-based board material depending on a type of a
pump according to the embodiment of the present
invention;

FIG. 5B 1is an explanatory diagram of a
difference in shape of voids derived from foam in a
gypsum-based board material depending on a type of a
pump according to the embodiment of the present
invention;

FIG. 5C 1is an explanatory diagram of a
difference in shape of voids derived from foam in a
gypsum-based board material depending on a type of a
pump according to the embodiment of the present
invention;

FIG. 6 is an explanatory diagram of a molding
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unit according to the embodiment of the present
invention;

FIG. 7A illustrates a frequency distribution
of board weights of gypsum boards according to Example
1;

FIG. 7B illustrates a frequency distribution
of thicknesses of the gypsum boards according to Example
1;

FIG. 8A illustrates a frequency distribution
of board weights of gypsum boards according - to
Comparative Example 1; and

FIG. 8B illustrates a frequency distribution
of thicknesses of the gypsum boards according to

Comparative Example 1.

MODE FOR CARRYING OUT THE INVENTION

In the following, embodiments for carrying
out the present invention are described with reference
to the accompanying drawings. However, the present
invention 1is not limited to the embodiments described
below, and various variations and modifications of the
embodiments described below may be made without
departing from the scope of the present invention.

A configuration example of a gypsum-based
board material producing apparatus according to the
present embodiment will be described.

A gypsum-based board material producing
apparatus according to the present embodiment can
include a mixer configured to prepare a gypsum slurry; a
foaming apparatus; and a pump configured to convey foam
generated by the foaming apparatus to the mixer, wherein
the pump can be a positive displacement pump. '

A gypsum-based board material producing
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apparatus according to the present embodiment will be
described with reference to FIG. 1.

FIG. 1 illustrates a schematic view of a
gypsum-based board material producing apparatus 10
according to the present embodiment. As illustrated in
FIG. 1, the gypsum-based board material producing
apparatus 10 according to the present embodiment can
include a mixer 11 that prepares a gypsum slurry, a
foaming apparatus 12, a pump 13 that conveys and
introduces, to the mixer 11, foam generated by the
foaming apparatus 12.

For example, as illustrated in FIG. 1 the
foaming apparatus 12 and the pump 13 can be connected by
a pipe 141, and the pump 13 and the mixer 11 can be
connected by a pipe 142. The foaming apparatus 12, the
pump 13, and the mixer 11 can be connected in series by
the pipes 141 and 142. Then, the foam generated in the
foaming apparatus 12 can be supplied to the pump 13
through the pipe 141, and further can be supplied from
the pump 13 to the mixer 11 through the pipe 142. That

~is, the pump 13 can be disposed between the foaming

apparatus 12 and the mixer 11 in the conveying path of
the foam.

Note that although the pipes 141 and 142 are
not particularly limited, for example, a tubular body
made of metal or of resin, specifically, for example, a
pipe made of metal or of resin, a hose, or the like can
be used as the pipes 141 and 142.

BEach member will be described below.

First, a configuration example of the nixer
11 will be descriked.

The mixer 11 is not particularly limited, and

various mixers that are mixers capable of mixing raw
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materials to prepare a gypsum slurry can be used as the
mixer 11.

The mixer 11 <can include a raw material
supply part, a mixing area, and a slurry delivery part.

Therefore, for example, the mixer 11 can
include, as the raw material supply part, a powder
supply port (not illustrated) for supplying a powder
component into the mixing area and a liquid supply port
{not illustrated) for supplying a liguid component into
the mixing area. The powder supply port can be
connected to, for example, a powder supply pipe 111A for
supplying the powder component. Further, the liguid
supply port can be connected to a liquid supply pipe
111B for supplying the liquid component. Note that a
part or the entirety of the powder supply pipe 111A and
the liquid supply pipe 111B can constitute a part of the
raw material supply unit.

Then, a gypsum slurry can be prepared by
stirring and mixing, in the mixing area, the powder
component and the liquid component supplied from these
supply pipes.

A specific configuration example of the mixer
11 will be descriked with reference to FIG. 2 to FIG. 4.

FIG. 2 is a perspective view illustrating an
entire structure of the mixer 11, and FIG. 3 is a cross-
sectional view taken along 1line A-A’ of FIG. 2 and
illustrates an internal structure of the mixer 11. FIG.
4 is a cross-sectional view taken along line B-B’ of FIG.
2 and illustrates an internal structure of the mixer 11.
Note that the same reference numerals are attached to
the same members. Note that in FIG. 4, description of
the powder supply pipe 111A is omitted. As illustrated

in FIG. 2, the mixer 11 <can include a flattened
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cylindrical housing 21. The housing 21 can include an
upper plate 211 having a horizontal disk shape, a lower
plate 212 having a horizontal disk shape, and a
peripheral wall 213 arranged at a peripheral portion
between the upper plate 211 and the lower plate 212.
The upper plate 211 and the lower plate 212 are
separated by a predetermined distance in the vertical
direction, and form a mixing area 2la (see FIG. 3 and
FIG. 4) in the mixer 11 so that a powder component P and
a liguid component L supplied into the housing 21 of the
mixer 11 can be mixed. A circular opening portion 2111
is formed at a center part of the upper plate 211, such
that an enlarged lower end portion 221 of a rotatable
shaft 22 perpendicular to the upper plate 211 can pass
through the circular opening portion 2111.

The rotatable shaft 22 can be connected, for
example, to a rotation driving device (nct illustrated)
such as an electric motor, and can be rotated in the
clockwise direction indicated by y in the figure, for
example. Note that if desired, a transmission or the
like may be provided between the rotation driving device
(not illustrated) and between the rotatable shaft 22.

The powder supply pipe 111A for supplying,
into the mixing area Z2la, the powder component P to be
mixed in the mixer 11 can be connected to the upper
plate 211. Further, the liquid supply pipe 111B for
supplying, into the mixing area 21a, the liguid
component L to be mixed in the mixer 11 can also be
connected to the upper plate 211.

Note that in order to prevent an internal
pressure in the mixer 11, for example, in the mixing
area 2la from excessively increasing, an internal

pressure adjustor or the like (not illustrated) may be
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provided on a part of the housing 21, for example, on
the upper plate 211.

The powder component P and the liguid
component I, are not particularly limited, and can be
selected as desired in accordance with a gypsum-based
board material to be produced. For example, as the
powder component P, for example, various additive agents
may be included such as calcined gypsum, an adhesion
improving agent, an inorganic fiber, a lightweight
aggregate, a refractory material, a setting modifier, a
setting accelerator, a water reducing agent, a foam
diameter adjusting agent, a water repellent, etc. Also,
as the liquid component L, for example, various additive
agents may be included such as water, a liquid setting
modifier, a setting accelerator, a water reducing agent,
a foam diameter adjusting agent, a water repellent, etc.
Here, although an example is illustrated in which one
powder supply pipe 111A and one liquid supply pipe 111B
are arranged, it is not limited to such an embodiment,
and a plurality of powder supply pipes and a plurality
of liquid supply pipes may be provided as needed.

The structure inside the housing 21 of the
mixer 11 will be described with reference to FIG. 3 and
FIG. 4. A rotary disk 23 is rotatably arranged in the
housing 21. A center portion of the rotary disk 23 is
fixed to the lower end surface of the enlarged lower end
portion 221 of the rotatable shaft 22. Therefore, the
rotary disk 23 can rotate together with the rotatable
shaft 22, for example, in the y direction.

The rotary disk 23 can include a large number
of tooth-shaped portions 231 on its outer peripheral
area. A plurality of lower pins 232 can be fixed

perpendicularly to the upper surface of the rotary disk
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23 on the tooth-shaped portions 231. Further, on an
area inward with respect to the tooth-shaped portions
231 of the rotary disk 23, a plurality of lower pins 233
can be fixed to be perpendicular to the upper surface of
the rotary disk 23.

As illustrated in FIG. 4, a plurality of
upper pins 2112, which hang in the mixing area 2la, can
be fixed to the upper plate 211. The lower pins 233 and
the upper pins 2112 are alternately arranged in the
radial direction of the rotary disk 23 so that, when the
rotary disk 23 rotates, the lower pins 233 and the upper
pins 2112 can relatively move to mix and stir the
materials of the gypsum slurry introduced in the housing
21.

At the time of preparing the gypsum slurry, a
rotation driving device (not illustrated) of the mixer
11 is driven to transmit driving force to the rotary
disk 23 through the rotatable shaft 22 and the enlarged
lower end portion 221 such that the rotary disk 23 can
rotate in the vy direction. At that time, the powder
component P and the liquid component L, which are the
raw materials of the gypsum slurry, can be supplied from
the powder supply pipe 111A and the liquid supply pipe
111B into the mixing area 2la simultaneocusly. While
being stirred and mixed, the powder component P and the
liquid component L, which are the raw materials of the
gypsum slurry and supplied into the mixing area 21a, are
pressed outwardly and forwardly in the rotation
direction by the action of centrifugal force and by the
tooth-shaped portions 231 and move .outwardly on the
rotary disk 23 to flow in the circumferential direction
at the peripheral area.

Here, as 1illustrated 1in FIG. 3, it is
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possible to provide, on the peripheral wall 213, the
slurry delivery part 25 and fractionation ports 24a and
24b for extracting, to the outside the mixer 11, the
gypsum slurry prepared by mixing the powder component P
with the liguid component L in the mixing area 2la of
the mixer 11. Note that the slurry delivery part 25 and
the fractionation ports 24a and 24b may be provided on
the lower plate 212.

As illustrated in FIG. 3 and FIG. 4, for
example, fractionation pipes 241a and 241b are
respectively connected to the fractionation ports 24a
and 24b such that the prepared gypsum slurry can be
supplied to, for example, a molding machine or the like
via the fractionation pipes 24la and 241b. Note that,
although an example is jllustrated here in which foam is
not added to the gypsum slurry taken out at the
fractionation ports 24a and 24b, but it is not limited
to such an embodiment. For example, as is
conventionally known, foam may also be added at the
fractionation ports 24a and 24b to add the foam to the
prepared gypsum slurry. Note that in a case where foam
is added to a gypsum slurry at the fractionation ports
24a and 24b, the foam may be directly supplied and added
from the foaming apparatus 12 to the fractionation ports
24a and 24b, for example.

The slurry delivery part 25 can include a
slurry delivery port 251 provided on the peripheral wall
213, a hollow connection part 252 connected to the
slurry delivery port, and a vertical chute 253.

In addition, a foam supply port 143 for
supplying, to the gypsum slurry, foam conveyed by the
pump 13 can be disposed (opened) on the slurry delivery

part 25. Specifically, for example, the foam supply
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port 143 can be disposed (opened) on the hollow
connection part 252 of the slurry delivery part 25. The
pipe 142 connected to the pump 13 described above is
connected to the slurry delivery part 25 at the foam
supply port 143, and can be connected via the foam
supply port 143 to the slurry delivery part 25, for
example, to the hollow connection part 252.

With such a configuration, it is possible to
add foam M to the gypsum slurry, prepared in the mixing
area 2la, immediately after flowing to the hollow
connection part 252 via the slurry delivery port 251.
The gypsum slurry, to which the foam has been added,
further advances toward the vertical chute 253 at the
downstream side, and the foam can be uniformly dispersed
in the gypsum slurry by a rotational motion along the
inner peripheral wall surface in the vertical chute 253.

Note that in a case where foam is added at
the slurry delivery part 25, it is not limited to an
embodiment in which the foam supply port 143 is disposed
on the hollow connection part 252 and the pipe 142 is
connected to the foam supply port 143. For example, a
foam supply port may be provided at the downstream side
with respect to the hollow connection part 252, and the
pipe 142 may be connected to the foam supply port.

Also, the pipe 142 connecting the pump 13 and
the mixer 11 and the foam supply port 143 are not
limited to an embodiment that is connected to the slurry
delivery part 25 of the mixer 11, and, for example, as
illustrated by the dotted line in FIG. 3, they may be a
pipe 142’ and a foam supply part 143’ connected to the
peripheral wall 213. According to such a method of
supplying foam, the foam is added to the gypsum slurry

immediately before being discharged from the mixing area
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2la via the slurry delivery port 251, and it is possible
to prepare the gypsum slurry to which the foam has been
added as in a case where the pipe 142 is connected to
the hollow connection part 252.

As described above, the gypsum slurry, in
which the foam has been added and dispersed at the
slurry delivery part 25, the mixing area 2la, or the
like, <can flow down the wvertical chute 253 and be
supplied to a molding machine or the like. Note that
although FIG. 2 and FIG. 4 illustrate an embodiment in
which a short cylindrical straight pipe is used as the
vertical chute 253, the vertical chute 253 1is not
limited to such an embodiment. For example, a part may
be cylindrical as illustrated in FIG. 2 and FIG. 4, and,
at the downstream side in the conveying direction of the
gypsum slurry supplied to a molding machine, a hose like
desired shape may be used. In this case, at the
downstream side with respect to the vertical chute 253,
a bent portion, a curved portion, or the 1like may be
included in accordance with the layout of the mixer 11
and a molding unit 16. Further, 1in place of the
vertical chute 253, a chute having a hose shape can be
connected to the hollow connection part 252, That 1is,
it is possible to connect a chute having a hose shape
directly to the hollow connection part 252 without
providing the vertical chute 253. In this case,
similarly to the case of the vertical chute 253, it is
possible to uniformly disperse foam in the gypsum slurry
in the chute having a hose shape. Also, the chute
having a hose shape may include a bent portion, a curved
portion, or the like in accordance with the layout of
the mixer 11 and the molding unit 16.

Although a configuration example of the mixer
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11 has been described above, the mixer 11 is not limited
to such an embodiment. It is possible to use various
types of mixers that can prepare a gypsum slurry by
mixing a powder component P and a liquid component L,
which are raw materials, and that can add foam to the
prepared gypsum slurry.

Next, the foaming apparatus 12 will be
described. In the foaming apparatus 12, for example,
foam can be generated (produced) by using a foaming
agent. Therefore, as illustrated in FIG. 1, a foaﬁing
agent supply pipe 121A for supplying a foaming agent, an
air supply pipe 121B for supplying air, and the like can
be connected to the foaming apparatus 12. Note that a
water supply pipe or the like for supplying water (not
illustrated) may ke provided as needed. i

In the foaming apparatﬁs 12, a method of
generating foam from a foaming agent is not particularly
limited, and a pre-foaming method such that air is blown
into a foaming agent may be used, for example.

In a case of generating foam by the pre-
foaming method, the foaming apparatus 12 can include a
foaming agent receiving tank that mainly receives a
foaming agent stock solution. Note that the foaming
agent supply pipe 121A described above can be connected
to the foaming agent receiving tank.

Also, the foaming apparatus 12 may further
include a pump for pumping a constant amount of the
foaming agent stock solution from the foaming agent
receiving tank, and a foaming part that blows compressed
air into the foaming agent stock solution pumped from
the foaming agent receiving tank and stirs an obtained
mixture of the foaming agent stock solution and air to

generate foam from the foaming agent stock solution.
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Note that the above described air supply pipe 121B can
be connected to the foaming part.

A method of generating foam from a foaming
agent 1is not limited to an embodiment in which
compressed air is blown into a foaming agent stock
solution and an obtained mixture of the foaming agent
stock solution and air is stirred.

For example, foam may be generated by, after
diluting in advance a stock solution of a foaming agent
with water so as to be at a predetermined dilution rate
to prepare the fcaming agent diluted solution, blowing
air ‘into the foaming agent diluted solution, and
stirring an obtained mixture of the foaming agent
diluted solution and air.

In this case, the foamihg apparatus 12 may
further include a water tank for storing water and a
pump for pumping out a constant amount of water from the
water tank. Also, the foaming apparatus 12 may further
include a diluting tank for diluting the foaming agent
with water so as to be at a predetermined dilutionkrate
to make a diluted aqueous solution of a foaming agent
stock solution, and a pump for pumping out a constant
amount of the foaming agent diluted solution.

In a foaming part of the foaming apparatus 12,
a method of stirring a mixture of a foaming agent stock
solution or a foaming agent diluted solution and air is
not particularly limited, and for example, a shear force
generated by high-speed stirring may be applied to stir
and generate foam. It is alsc possible to stir by
causing a mixture of a foaming agent stock solution or a
foaming agent diluted solution and air to pass into fine
granular beads.

Note that in order to obtain a constant
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amount of foam by improving the quantitative precision
for the foaming agent, water, and air, a known flowmeter
may be provided in the way of a pipeline for delivering
each substance s0 as to automatically control the rate
of flow of each substance based on the detection wvalue
by the flowmeter. The foaming agent used in the foaming
apparatus 12 1is not particularly limited, and anionic,
cationic, non-ionic and amphoteric surface active agents
may be used, which agents are conventionally used to
produce gypsum-based materials. The foaming agent is
preferably an anionic surface active agent.
Particularly preferable examples of the foaming agent
include sulfates of alkyls, alkyl aryls, alkyl ethers,
alkyl aryl ethers, polyoxyethylene alkyl ethers
(polyethyleneoxide alkyl ethers), and polyoxyethylene
polyoxypropylene alkyl ethers {polyethyleneoxide
polypropyleneoxide alkyl ethers) etc.

The amount of foam generated by the foaming
apparatus 12 1is not particularly limited. It 1is
preferable that the amount of foam generated by the
foaming apparatus 12 per unit time is greater than or
equal to the amount of foam conveyed by the pump 13 to
the mixer 11 per unit time. This 1is because if the
amount of foam generated by the foaming apparatus 12 per
unit time is less than the amount of foam conveyed by
the pump 13 to the mixer 11 per unit time, there is a
possibility that a before-foamed foaming agent supplied
into the foaming part of the foaming apparatus 12 is
conveyed by the pump 13.

Although the foam generated by the foaming
apparatus 12 may be directly conveyed to the mixer 11
via the pump 13, & service tank (buffer), which is not

illustrated, may be provided between the foaming
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apparatus 12 and the pump 13 such that the foam is
stored in the service tank. Note that the location
where the service tank is provided is not particulafly
limited. For example, the service tank may be provided
in the foaming apparatus 12 or the like.

In a case where the foam generated by the
foaming apparatus 12 is directly conveyed to the mixer
11 via the pump 13 and the amount of foam generated by
the foaming apparatus 12 per unit time is less than the
amount of foam ccnveyed by the pump 13 per unit time,
the foam may be stored in the pipe 141 or the like.

Note that in such a case where the foam is
stored in the pipe 141 or a service tank, so as to
prevent an internal pressure in these members from
excessively increasing, it is preferable to provide a
unit for releasing the foam, such as a back pressure
valve 122, for when the pressure becomes equal to or
higher than a predetermined pressure. Note that
although FIG. 1 illustrates an example in which the back
pressure valve 127 is connected to the foaming apparatus
12, the unit for releasing the foam is not limited to
such an embodiment, and may be connected to for example,
the pipe 141, a service tank or the like.

Instead of the unit for releasing the foam or
in addition to the unit for releasing the foam, a
pressure meter, which is not illustrated, can be
provided at the pipe 141 or the service tank, and a
control unit 15 that controls the foaming apparatus 12
can be provided. In this case, when the pressured
detected by the pressure meter becomes egual to or
higher than a certain level, the control unit 15 can
perform control to stop the foaming apparatus 12

generating the foam until the pressure detected by the
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pressure gauge drops.

Next, the pump 13 will be described.

As described above, a conventional gypsum—-
based board material producing apparatus has a
configuration in which an foaming apparatus and a mixer
are connected directly by a pipe, and has a problem in
which, due to a minute pressure fluctuation in the mixer,
an additive amount of foam also fluctuates. Then, the
inventors of the present invention have conducted
investigations, and found that by arranging, between the
foaming apparatus 12 and the mixer 11, the pump 13
separately from the foaming apparatus 12 and the mixer
11, it is possible to suppress the effect of a minute
pressure fluctuation in the mixer, and to control
precisely the amount of foam added to a gypsum slurry.

It is considered that this is because a
minute pressure fluctuation in the mixer 11 can be
controlled against by supplying, to the mixer 11 by the
pump 13, the foam generated by the foaming apparatus 12.
However, .depending on types of pumps, due to its
structure, there is a possibility that an excessive
pressure is applied to foam, deformed foam is added to a
gypsum slurry, and foam is broken.

Hence, as a result of further investigations
on pumps to be used, it was found that, depending on
types of pumps, when a gypsum slurry to which foam has
been added is hardened to form a gypsum hardened body,
the shapes of voids derived from foam contained in the
gypsum hardened bedy differ.

Differences in the shapes of voids derived
from foam contained in gypsum-based board materials
obtained by hardening the gypsum slurry to which the

foam has been added according to types of used pumps
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will be described with reference to FIG. 53 to FIG. 5C.

FIG. 5A is a view, enlarged by a scanning
electron microscope (SEM), of a cross section of a
gypsum-based board material obtained by hardening the
gypsum slurry, to which the foam has been added, and
prepared by the gypsum-based board material producing
apparatus 10 in which a screw pump, which is a rotary
pump among positive displacement pumps, is arranged as
the pump 13 between the foaming apparatus 12 and the
mixer 11.

Further, FIG. 5B is a view, similarly
enlarged, of a cross section of a gypsum-based board
material generated in a manner similar to that of the
gypsum-based board material of FIG. 5A except that a
diaphragm pump, which is a reciprocating pump among
positive displacement pumps, is used as the pump 13.

Note that a positive displacement pump is a
pump that changes the wvolume of a fluid substance
material such as a slurry in a fixed space volume by
reciprocating motion or rotary motion, gives energy to
the fluid substance, and conveys the fluid substarnce.
Among such positive displacement pumps, a rotary pump is
a pump that sucks and discharges a fluid substance by
rotary motion of a rotating component, and among such
positive displacement pumps, a reciprocating pump is a
pump that sucks and discharges a fluid substance by
reciprocating motion of a component.

FIG. 5C is a view, similarly enlarged, of a
cross section of a gypsum-based board material generated
in a manner similar to that of the gypsum—-based board
material of FIG. 5A except that a volute pump, which is
a centrifugal pump that rotates an impeller in a casing

to apply energy to a liquid using a centrifugal force,
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is used as the pumrp 13.

It can be confirmed that the wveoids 51 and 52
derived from foam in the gypsum-based board materials
generated by using the positive displacement pumps as
the pumps 13 illustrated in FIG. 5A and FIG. 5B have a
substantially spherical shape and their sizes are also
substantially uniform. 1In contrast, it can be confirmed
that a void 53 derived from foam in the gypsum-based
board material generated by using a volute pump that is
a centrifugal pump as the pump 13 illustrated in FIG. 5C
is amorphous, and has a variation in its size in
comparison with the cases of the gypsum-based board
materials of FIG. 5A and FIG. 5B. Note that for every
case, the operating conditions of the pump were changed
to generate gypsum-based board materials, and the
analysis was carried out similarly, but the same
tendency was obtained.

When the gypsum~-based board material
illustrated in FIG. 5C is produced, the foam is added to
a gypsum slurry by using a volute pump as described, and
it is considered that, by the volute pump, a strong
external force is applied to the foam generated by a
foaming apparatus, and the foam in a deformed state is
added to the gypsum slurry. When the foam in a deformed
state is added to the gypsum slurry as described above,
because the foam tends to aggregate easily, the size of
the foam in the gypsum slurry varies.

For this reason, 1t is considered that, when
a volute pump that is not a positive displacement pump
is used as the pump 13, as illustrated in FIG. 5C, the
shape of the void 53 derived from the foam is amorphous
and variations in the size are observed.

Note that although FIG. 5C illustrates the
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microscopic analysis results of a gypsum-based board
material, if foam aggregates and large foam is generated
in the gypsum slurry when a gypsum-based board material
is produced as 1illustrated in FIG. 5C, there is a
possibility that, in the obtained gypsum-based board
material, extremely large voids derived from the foam
occur and a part of gypsum appears to be missing. Also,
there is a possibility that, due to the large foam
generated in the gypsum slurry, an expansion may occur
in a surface covering material such as board base paper
arranged on the surface of the gypsum-based board
material.

With respect to the above, the positive
displacement pumps used in generating the gypsum-based
board materials illustrated in FIG. 5A and FIG. 5B can
convey the foam from the foaming apparatus to the mixer
without applying an excessive force to the foamn,
regardless of the operating conditions. Therefore, as
illustrated in FIG. 5A and 5B, it is possible to obtain
the gypsum-based board materials including the voids 51
and 52, derived from the foam, having a substantially
spherical shape and that are substantially uniform in
size.

Among positive displacement pumps, a rotary
pump 1is a pump that performs a suction and discharge
operation by rotary motion of a rotor or a gear, and in
particular, can add foam to a gypsum slurry without
applying an excessive force to the foam. Hence, as
illustrated in FIG. 5A, in a case where a rotary pump 1is
used as the pump 13, in particular, it is possible to
suppress, in a gypsum slurry, the foam from being
deformed and the foam from aggregating together. In

addition, an occurrence of foam Dbreakage «can be
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suppressed.

Therefore, as i1llustrated in FIG. 5A, in
particular, in the obtained gypsum-based board material,
the voids derived from the foam have a substantially
spherical shape and the size of the voids derived from
the foam can also be made substantially uniform.
Further, in the obtained gypsum-based board material, it
is possible to suppress extremely large voids from
occurring in a gypsum core and an expansion from
occurring in a surface covering material.

From the above described investigation
results, it 1s possible to preferably use, as the pump
13, a positive displacement pump that can convey the
foam produced by the foaming apparatus 12 without
applying an excessive force to the foam. Specifically,
it is possible to use a reciprocating pump, such as a
diaphragm pump or a piston pump, or a rotary pump, =such
as a gear pump, a vane pump, a screw pump.

As the pump 13, in particular, a rotary pump
can be used preferably, and a screw pump can be used
more preferably. A screw pump is é type of a pump that
transports an object using one or more screw type rotors.

In a screw pump, a screw type rotor rotates
in a stator such that a series of independent sealed
spaces called cavities are created in gaps between the
rotor and the stator. Then, by the rotator rotating in
the stator, the cavities move towards the discharge side
while generating a strong suction force such that
transport can be made without adding an excessive force
to foam.

According to such a screw pump, because a
constant transport quantity can be realized without

pulsation, the amount of foam added to a gypsum slurry
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can be controlled particularly precisely, and such a
screw pump can be used more preferably as the pump 13 as
described above.

Among screw pumps, a uniaxial screw pump can
be particularly preferably used. As a uniaxial screw
pump, for example, a uniaxial eccentric screw pump {(MONO
pump (registered trademark) which may be called MOYNO
pump) is known and can be preferably used.

As described above, in a gypsum-based board
material producing apparatus according to the present
embodiment, the pump 13 can be arranged between the
foaming apparatus 12 and the mixer 11. In this case,
although the distance between the foaming apparatus 12
and the pump 13 and the distance between the pump 13 and
the mixer 11 are not particularly limited, in terms of
suppressing the effect of a pressufe fluctuation in the
mixer 11 with respect to a supply of foam, it is
preferable that the pump 13 is arranged as close to the
mixer 11 as possikle.

Therefore, it 1is preferable that a length L2
of the pipe 142 that connects the pump 13 and the mixer
11 is shorter a length L1 of the pipe 141 that connects
the foaming apparatus 12 and the pump 13. This is
because it is preferable to arrange the pump 13 in the
vicinity of the mixer 11 as described above.

As described above, conventionally, a foaming
apparatus and a mixer are directly connected by a pipe.
Therefore, it is impossible to supply foam to the mixer
side unless the pressure at the foaming apparatus side
is higher than that at the mixer side. Conversely, when
the foaming apparatus foams foam, because the pressure
greatly affects the amount and the shape of the foam to

be generated, it is impossible to extremely increase the
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pressure at the foaming apparatus side. Further,
receiving a pressure fluctuation of the mixer, there is
a possibility that the amount and the shape of foam
generated by the foaming apparatus are affected.

With respect to the above, in the gypsum-
based board material produéing apparatus 10 according to
the present embodiment, by a feeding function of the
pump 13, a constant amount cof foam can be supplied from
the foaming apparatus 12 to the mixer 11 irrespective of
the pressure between the foaming apparatus 12 and the
mixer 11. More specifically, even if either one of the
pressure at the foam suction port 131 (see FIG. 1) of
the pump 13 and the pressure at the foam discharge port
132 of the pump 13 is higher than the other, it is
possible to supply a constant amount of foam from the
foam supply port 143 provided on the mixer 11. Also,
the supply amount of fcoam is not affected by a pressure
fluctuation from the mixer side.

Therefore, in the gypsum-based board material
producing apparatus 10 according to the present
embodiment, a pressure at the foam suction port 131 and
a pressure at the foam discharge port 132 are not
particularly limited.

Note that the foam suction port 131 of the
pump 13 referred to here is an opening portion through
which the pump 13 sucks the foam conveyed from the
foaming apparatus 12, and the pipe 141, which connects
the foaming apparatus 12 and the pump 13, is connected
to the pump 13 at the foam suction port 131. Also, the
foam discharge port 132 of the pump 13 referred to here
is an opening portion through which the pump 13
discharges the foam conveyed from the foaming apparatus

12, and the pipe 142, which connects the pump 13 and the
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is connected to the pump 13 at the

Although members included in the gypsum-based

board material producing apparatus 10 according to the

present embodiment have

gypsum—-based board

been described above, the

material producing apparatus 10

according to the present embodiment may include wvarious

members as needed other than the foaming apparatus 12,

the pump 13,

apparatus

and the mixer 11 described above.

The gypsum-based board material producing

10 according to the present embodiment may

include the molding unit 16 as illustrated in FIG. 1,

for ex

ample.

A configuration example of the molding

unit 16 will be described with reference to FIG. 6.

Note that the same reference numerals are attached to

the members

that are common to the members described

with reference to the drawings so far.

The molding unit 16 can mold and process the

gypsum slurry prepared by the mixer 11 into a gypsum-

based board material having a desired shape and size.

board)

A front face cover base paper (base paper for

61 that is a surface material is conveyed along a

production line from a right side to a left side in the

figure.

The mixer 11 can be arranged at a

predetermined position associated with a conveyance line,

for example,

Because the mixer

above or laterally to a conveyance line.

11 has already been described, its

detailed description is omitted.

A gypsum slurry 63 obtained in the mixer 11

is extracted from the fractionation ports 24a and 24b of

the mixer, and supplied,

paper

(board base paper)

onto the front face cover base

61 and a back face cover base
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paper (board base paper) 62 through the fractionation
pipes 24la and 241b at upstream sides in the conveying
directions of the roll coaters 64.

The gypsum slurry €3 supplied onto each of
the front face cover base paper 61 and the back face
cover base paper 62 reaches spreading parts of the roll
coaters 64 and is spread by the spreading parts. Note
that the roll coaters 64 can include applying rolls €41,
backing rolls 642, and residue removing rolls 643. When
the cover base papers pass between the applying rolls
641 and the backing rolls 642, it is possible to spread
the gypsum slurry 63 on the front face cover base paper
61 and the back face cover base paper 62.

In this way, both a thin layer of the gypsum
slurry 63 and a marginal area are formed on the front
face cover base paper 61. Further, a thin layer of the
gypsum slurry 63 is similarly formed on the back face
cover base paper 62. Note that although FIG. 6
illustrates an example in which the roll coaters 64 are
used to apply the gypsum slurry 63 to the front face
cover base paper 61 and the back face cover base paper
62, but it is not limited to such an embodiment. For
example, the gypsum slurry 63 may be applied to only one
of the front face cover base paper ¢l and the back face
cover base paper 62 by using a roll coater 64. Further,
the gypsum slurry 63 can be disposed only at the =ide
edges of the front face cover base paper 61.

The front face cover Dbase paper 61 1is
conveyed without changing the direction. The back face
cover base paper 62 is turned by a turning roller 65 to
the conveying line direction of the front face cover
base paper 61. Then, both the front face cover base

paper 61 and the back face cover base paper 62 reach the
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molding machine 66.

A gypsum slurry 67 to which the foam has been
added is supplied from the mixer 11 wvia the slurry
delivery part 25 to the front of the molding machine 66.
A staying gypsum slurry 161, supplied from the mixer 11
and is the gypsum slurry 67 containing the foam, staying
in front of the molding machine 66, 1is molded by the
molding machine 66 to be a layer between the thin layers
formed on the front face cover base paper 61 and the
back face cover kase paper 62 such that a molded body
can be formed.

As described above, the molded body of the
gypsum slurry that is a continuous stacked body having a
structure of three layers made of the front face cover
base paper 61, the gypsum slurry, and the back face
cover base paper 62 is formed.

Although the foam is added to only the gypsum
slurry 67 that is supplied from the slurry delivery part
25 in the embodiment described as an example here, as is
conventionally known, foam may also be added at the
fractionation port 24a and/or the fractioration port 24b
to the gypsum slurry to make the gypsum slurry
containing the foam. Note that in a case where the foam
is added to the gypsum slurry at the fractionation ports
24a and 24b, the foam can be directly supplied and added
from the foaming apparatus 12 to the fractionation ports
24a and 24b, for example.

After keing molded into a desired shape by
the molding machine 66, through a hydration reaction,
calcined gypsum (hemihydrate gypsum) in the gypsum
slurry forms acicular crystals of dihydrate gypsum, sets,
solidifies, hardens, and becomes a gypsum-based bcard

material.
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Note that although an example is described
here in which the molding unit produces a gypsum board,
it is not limited to such an embodiment.

Examples of the gypsum-based board material
include a gypsum board, a glass mat gypsum board, a
glass—fiber-nonwoven-fabric-containing gypsum board, a
slag gypsum board, and the like. At the molding unit,
the board base paper, which is a surface material, may
be replaced with a glass fiber nonwoven fabric (glass
tissue), a glass mat, or the like in accordance with a
gypsum-based board material to be produced such that the
glass fiber nonwoven fabric, the glass mat, or the like
may be arranged to be embedded on the surface or close
to the surface, or molding can be performed without
using a surface material.

There may be a case in which, upon the supply
amount of the gypsum slurry 67 from the mixer 11
fluctuating, the volume of the staying gypsum slurry 161
fluctuates. According to the investigations by the
inventors of the present invention, there may be a case
in which, after being molded into a desired thickness in
the molding machine 66, the thickness of the molded body
being conveyed minutely fluctuates in response to a
change in the volume of the staying gypsum slurry 161.
If the thickness of the molded body fluctuates, the
thickness of an obtained gypsum-based board material may
also fluctuate. Therefore, in order to produce gypsum-—
based board materials whose thicknesses are precisely
controlled, it is preferable to keep the volume of the
staying gypsum slurry 161 substantially constant.

Hence, it is preferable that a gypsum-based
board material producing apparatus according to the

present embodiment includes, in addition to a molding
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machine that molds a gypsum slurry prepared by the mixer

1, a sensor 17 that detects a change in a volume of the

gypsum slurry staying in front of the molding machine,

as illustrated in FIG. 1, for example.

Then, it 1is

preferable to include the control wunit 15 that controls

the supply amount of foam from the foaming apparatus 12

to the mixer 11 based on the change in the volume of the

gypsum slurry staying in front of the molding machine 66,

which is the detection result of the sensor 17

As a method of controlling the volume of the

staying gypsum slurry 161, for example, a method of

controlling the supply amounts of the powder component P

and the liquid component L to be supplied to the mixer

11, and a method of controlling the supply amount of

foam to the mixer 11 are considered.

In the former case, a time that is in

accordance with a staying time of raw materials in the

mixer is required from starting to control the supply

amounts of the raw material to be supplied to the mixer

11 to changing of the volume of the gypsum slurry to be

supplied to the staying gypsum slurry 161 in front of

the molding machine 66. 1In contrast, in the latter case,

the foam is added in the vicinity of the slurry delivery

part, which is the outlet of the mixer 11 as described

above. Therefore, it is possible to reduce a time from

starting of control to changing of the
gypsum slurry to be supplied to the

slurry in front of the molding machine.

volume of the

staying gypsum

Therefore, as described above, it is

preferable that the control unit 15

controls, in

response to a detection result at the sensor 17 that

detects a change in the volume of the

staying in front of the molding machine,

gypsum slurry

the amount of
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foam supplied from the from the foaming apparatus 12 to
the mixer 11.

The supply amount of foam from the foaming
apparatus 12 to the mixer 11 can be controlled, for
example, by operating conditions of the pump 13 and
operating conditions of the foaming apparatus 12.

As long as the control unit 15 is configured
to control the operating conditions of the pump 13 and
the like based on a detection result from the sensor 17
as described above, its specific configuration is not
particularly limited. For example, as indicated by the
dotted lines in FIG. 1, when producing a gypsum-based
board material, the control unit 15 may be configured to
control members constituting the gypsum-based board
material producing apparatus 10 other than the foaming
apparatus 12 and the pump 13 described above. That 1is,
the control unit 15 may be configured to control the
mixer 11, the above described molding unit 16, the
sensor 17, and the like.

Also, for example, a control unit 15 may be
provided with respect to each member included in the
gypsum-based board material producing apparatus 10 such
that communication and the like can be performed between
the control units provided for the respective members.

A configuration of the sensor 17 is also not
particularly limited. As a sensor, which can detect a
change in the volume of the staying gypsum slurry 161 in
front of the molding machine 66, for example, a sensor
such as a noncontact type sensor that can detect a
change 1in the distance between the sensor 17 and the
surface of the staying gypsum slurry 161, or a contact
type and/or noncontact type sensor that can measure the

amount of the staying gypsum slurry, can be used
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The gypsum-based board material producing
apparatus according to the present embodiment may
include various members and units as needed other than
the members described above.

For example, in addition to the molding unit
16, at the downstream side with respect to the molding
unit 16, for example, a rough cutter that roughly cuts
the molded body molded by the molding machine 66, a
drying unit that dries surplus moisture in the molded
body molded by the molding machine 66, a cutting unit
that cuts the produced gypsum-based board material, a
conveying unit that conveys the produced gypsum-based
board material, and the like can be arranged.

Although FIG. 1 illustrates an example in
which one mixer 11 is provided, it is not limited to
such an embodiment, and a plurality of mixers 11 may be
provided, for example.

In a case where a plurality of mixers 11 are
provided and a gypsum slurry 63 without containing foam
and a gypsum slurry 67 containing foam are produced as
described with respect to the molding unit illustrated
in FIG. 6, the gypsum slurry 63 and the gypsum slurry 67
may be prepared by different mixers.

In a case where the gypsum-based board
material producing apparatus 10 includes a plurality of
mixers 11, it is preferable that, to a mixer that adds
foam to a gypsum slurry among the plurality of mixers 11,
the foaming apparatus 12 and the pump 13 are connected
as described above.

According to the gypsum-based board material
producing apparatus according to the present embodiment
described above, because the pump is provided between

the foaming apparatus and the mixer, the amount of foam
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added to the gypsum slurry can be precisely controlled
regardless of a change in internal pressure in the mixer.

Further, because the gypsum-based bocard
material producing apparatus according to the present
embodiment, as described above, can precisely control
the amount of added foam to the gypsum slurry, for
example, the gypsum-based board material producing
apparatus according to the present embodiment can be
preferably used to produce a gypsum-based board material
having a specific gravity of 0.4 or more and 0.7 or less
and containing a large number of foam-derived voids.
Examples

In the following, specific Examples will be
described. However, the present invention is not
limited these specific Examples.

[Example 1]

Using the gypsum—~based board material
producing apparatus 10 illustrated in FIG. 1, 100 gypsum
boards having a board thickness of 12.5 mm, a width of
909 mm, and a length of 1820 mm defined in JIS A €901
(2014) were produced, and the produced gypsum boards
were evaluated with respect to wvariations in the
thickness and weight.

Here, a procedure of generating the gypsum
boards of the present Example will be described with
reference to FIG. 1 to FIG. 4 and FIG. 6.

First, a procedure of producing a gypsum
slurry to be supplied to the gypsum boards will be
described.

In the present Example, the gypsum slurry was
prepared by using the foaming apparatus 12, the pump 13,
and the mixer 11 included in the gypsum-based bocard

material producing apparatus 10 illustrated in FIG. 1.
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Then, the prepared gypsum slurry was molded by the
molding unit 16 to produce the gypsum boards.

As illustrated in FIG. 1, the foaming
apparatus 12 and the pump 13, and the pump 13 and the
mixer 11 are respectively connected by the pipes 141 and
142, and the pump 13 is provided between the foaming
apparatus 12 and the mixer 11 in the conveying path of
the foam. The foam produced by the foaming apparatus 12
was conveyed to the mixer 11 by the pump 13. ©Note that
the length L1 of the pipe 141 and the length L2 of the
pipe 142 were configured such that L2 < LI.

To the foaming apparatus 12, the foaming
agent supply pipe 121A and the air supply pipe 1Z1B,
which are illustrated in FIG. 1, and a water supply pipe,
which 1s not illustrated, are connected. 1In the foaming
apparatus, a foaming agent receiving tank, a water tank,
a dilution tank, and a foaming part are arranged, the
foaming agent supply pipe 121A is connected to the
foaming agent receiving tank, and the water supply pipe
is connected to the water tank.

Then, the foaming agent supplied to the
foaming agent receiving tank and water supplied to the
water tank were each pumped out by the pump to be
supplied to the dilution tank, and the foaming agent
diluted solution was prepared in the dilution tank.
Next, the foaming agent diluted solution was supplied to
the foaming part from the inside of the dilution tank by
the pump, and air was supplied from the air supply pipe
121B connected to the foaming part to form a mixture of
the foaming agent diluted solution and air, and a shear
force was applied to the mixture to generate foam.

Note that a foaming agent containing an alkyl

ether sulfate as a main component was used.
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As the pump 13, a uniaxial eccentric screw
pump was used that is a type of a rotary pump among
positive displacement pumps. During producing gypsum
boards, the operating conditions of the foaming
apparatus 12 and the pump 13 were controlled such that
the pressure at the foam suction port 131 of the pump 13
was higher than the pressure at the foam discharge port
132 of the pump 13. Note that although a pressure
difference between the pressure at the foam suction port
131 of the pump 13 and the pressure at the foam
discharge port 132 of the pump 13 is not particularly
limited, it was confirmed in advance that gypsum boards
can be normally produced in a case where the pressure
difference is greater than or equal to 0.0¢1 MPa and less
than or equal to 0.20 MPa. 1In the present Example, the
operating conditions were controlled such that the
pressure difference between the pressure at the foam
suction port 131 of the pump 13 and the pressure at the
foam discharge port 132 of the pump 13 was set to be
0.05 Mpa.

The mixer 11 has a configuration similar to
that illustrated in FIG. 2 to FIG. 4, and includes a raw
material supply part, a mixing area, and a slurry
delivery part.

The raw material supply part includes a
powder supply port (not illustrated) for supplying a
powder component and a ligquid supply port (not
illustrated) for supplying a liquid component. The
powder supply port and the ligquid supply port are
respectively connected to the powder supply pipe 111A
and the liquid supply pipe 111B.

Then, the gypsum slurry was prepared by

stirring and mixing, in the mixing area 21la, the powder
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component and the liquid component supplied from the raw
material supply part. Because an configuration in the
mixing area 2la has already been described, its
description is omitted here.

Then, the prepared gypsum slurry was taken
out from the fractionation ports 24a and Z4b provided on
the peripheral wall 213 of the housing 21 of the mixer
11 and the slurry delivery part 25 to be supplied to the
molding unit 16.

Note that the slurry deliver& part 25
includes the slurry delivery port 251 provided on the
peripheral wall 213, the hollow connection part 252
connected to the slurry delivery port, and the vertical
chute 253.

The foam supply port 143 is disposed (opened)
on the hollow connection part 252 of the slurry delivery
part 25, and the pipe 142 connected to the foam
discharge port 132 of the pump 13 is connected to the
foam supply port 143. At the hollow connection part 252,
the foam from the pump 13 was added to the gypsum slurry.

Note that at the slurry delivery part 25, the
foam was added such that the specific gravity of the
gypsum core was 0.65.

As the powder component to be a raw material
of the gypsum slurry, calcined gypsum, a setting
modifier, a water reducing agent, and an adhesion
improving agent werev used and mixed such that, with
respect to 100 parts by mass of the calcined gypsum, the
setting modifier was at 1 parts by mass, the water
reducing agent was at 0.3 parts by mass, and the
adhesion improving agent was at 0.5 parts by mass.

As the liquid component to be a raw material

of the gypsum slurry, water was used and supplied such
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that, with respect to 100 parts by mass of the calcined
gypsum in the powder component, water was at 70 parts by
weight.

As described above, the gypsum slurry was
continuously prepared by the foaming apparatus 12, the
pump 13, and the mixer 11, and the gypsum slurry was
supplied to the molding unit 16. Note that the gypsum
slurry to which the foam has been added is supplied from
the slurry delivery part 25 and the gypsum slurry to
which the foam has not been added is supplied from the
fractionation ports 24a and 24b.

Next, with reference to FIG. 6, a procedure
of molding, by the molding unit 16, a gypsum slurry to
generate gypsum boards will be described.

The front face cover base paper (board base
paper) 64 is continuously conveyed along the production
line from the right side to the left side of FIG. 6. 1In
the present example, 200 g/m° of board base paper was
used as both the front face cover base paper 61 and the
back face cover base paper 62 described later below.

The gypsum slurry obtained in mixer 11 was
supplied onto the front face cover base paper 61 and the
back face cover base paper 62 from the fractionation
ports 24a and 24b through the fractionation pipes 241la
and 242a at upstream sides of the conveying directions
of the roll coaters 64.

The gypsum slurry 63, to which foam has not
been added, on each of the front face cover base paper
61l and the back face cover base paper 62 reached the
spreading parts of the coaters 64 and was spread by the
spreading parts. Both a thin layer of the gypsum slurry
63 and a marginal region are formed on the front face

cover base paper 61. Similarly, a thin layer of the
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gypsum slurry 63 is formed on the back face cover base
paper 62.

The front face cover base paper 61 is
conveyed without changing the direction. The back face
cover base paper 62 is turned by the turning roller 65
to be conveyed in the conveying line direction of the
front face cover kase paper 61.

Then, both the front face cover base paper 61
and the back face cover base paper 62 reach the molding
machine 66. Here, the gypsum slurry 67, to which the
foam has been added, is supplied via the slurry delivery
part 25 between the thin layers formed on the respective
board base papers that are the front face cover base
paper 61.and the back face cover base paper 62.

By passing through the molding machine 66, a
continuous stacked body is formed in which a layer
formed of the gypsum slurry 63 and the gypsum slurry 67
is arranged between the front face cover base paper 61
and the back face cover base paper 62. The stacked body
was molded such that the thickness of ths gypsum board
becomes 12.5 mm.

Note that the sensor 17 that detects a change
in the volume of the staying gypsum slurry 161 that is a
gypsum slurry staying in front of the molding machine 66
was provided. Then, based on the detection result of
the sensor 17, the supply amount of foam that 1is
supplied from the pump 13 to the mixer 11 was controlled
by control unit 15 such that the volume of the staying
gypsum slurry 161 is kept constant during producing
gypsum boards. Specifically, when the wvolume of the
staying gypsum slurry 161 decreased, the supply amount
of foam from the pump 13 to the mixer 11 was increased,

and when the volume of the staying gypsum slurry 161
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increased, the supply amount of foam from the pump 13 to
the mixer 11 was decreased.

Note that, as the sensor 17, a noncontact
type sensor that can detect a change in the distance
between the sensor 17 and the surface of the staying
gypsum slurry 161 was used.

The obtained molded body was hardened in the
process of conveyance. The molded body that has been
hardened reaches a rough cutter (not illustrated). The
rough cutter cuts the continuous stacked body into a
board~shaped body having a predetermined length. Then,
the Dboard-shaped body including a core material
consisting mainly of gypsum covered by base paper is
formed. That is, a semi-finished product of the gypsum
board is formed.

The roughly cut stacked body further passed
through a dryer (not illustrated) and was forcibly dried
so as to remove excess water (drying step) .
Subsequently, the stacked body was cut into a product
with a predetermined length so as to produce the gypsum
board.

With respect to the obtained 100 gypsum
boards, their thicknesses, and the board weight per
board were measured, and their variations were evaluated.
The results are indicated in FIG. 7A and FIG. 7B.

FIG. 7A illustrates the frequency and the
cumulative number (%) with respect to the board weights
of the gypsum boards. FIG. 7B illustrates the frequency
and the cumulative number (%) with respect to the
thicknesses of the gypsum boards.

[Comparative Example 1]
Except that the pump 13 was not provided, 100

gypsum boards were produced in a manner similar to that
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of Example 1

Note that, in Comparative Example 1, because
the pump 13 was not provided, the foaming apparatus 12
and the mixer 11 were directly connected by a pipe. The
amount of foam supplied from the foaming epparatus 12 to
the mixer 11 was controlled by a supply amount of raw
materials such as a foaming agent and the like to be
supplied to the foaming apparatus. '

With respect to the obtained 100 gypsum
boards, their thicknesses, and the board weight per
board were measured, and their variations were evaluated.
The results are indicated in FIG. 8A and FIG. 8B.

FIG. 8A illustrates the frequency and the
cumulative number (%) with respect to the board weights
of the gypsum boards. FIG. 8B illustrates the frequency
and the cumulative number (%) with respect to the
thicknesses of the gypsum boards.

According to the results indicated in FIG. 7TA,
FIG. 7B, FIG. 8A, and FIG. 83, it could be confirmed
that the wvariation in board weights, that is, the
distribution width was smaller in Example 1 than that in
Comparative Example 1. Further, a same tendency was
confirmed with respect to the thicknesses of the boards.
It 1is considered that this is because the specific
gravities of the gypsum boards could be kept
substantially constant in Example 1, because the pump 13
was arranged between the foaming apparatus 12 and the
mixer 11, and the amount of foam added to the gypsum
slurry could be precisely controlled.

The <c¢ross section of the gypsum board
obtained in Example 1 was evaluated with a laser
microscope, and it could be confirmed that voids derived

from the foam added to the gypsum slurry had a
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substantially spherical shape and their sizes were
substantially uniform. It is considered that this is
because using, as a pump, a uniaxial eccentric screw
pump, which is a type of a rotary pump among positive
displacement pumps, makes it possible to suppress, when
the pump conveys the foam, the foam from deforming
without adding excessive force to the foam.

Although gypsum-based board material
producing apparatuses have been described above with
reference to the embodiments and the like, the present
invention is not limited to the above-described
embodiments and the like. Various wvariations and
modifications may be made within tThe scope of the

present invention recited in claims.

DESCRIPTION OF THE REFERENCE NUMERAL

10 gypsum-based board material producing apparatus
11 mixer

12 foaming apparatus

13 pump

15 control unit

17 sensor

66 molding machine

Date Recue/Date Received 2023-03-23
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CLAIMS

1. A gypsum-based board producing apparatus
comprising:

a mixer configured to prepare a gypsum
slurry;

a foamer;

a pump configured to convey foam generated by
the foamer to the mixer;

a first pipe having a first length that
connects the pump and the mixer; and

a second pipe having a second length that
connects the foamer and the pump;

wherein the pump 1s a positive displacement
pump; and

wherein the first length is shorter than the

second length.

2. The gypsum-based board producing apparatus
according to claim 1, wherein the pump is disposed
between the foamer and the mixer in a convevyance path of

the foam.

3. The gypsum-based board producing apparatus
according to claim 1 or 2,

wherein the mixer includes a raw material
supply part, a mixing area, and a slurry delivery part,
and

wherein a foam supply port for supplying, to
the gypsum slurry, the foam conveyed by the pump is

Date Recue/Date Received 2023-03-23
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disposed on the slurry delivery part.

4. The gypsum-based board producing apparatus
according to any one of claims 1 to 3, wherein the pump

is a rotary pump.

5. The gypsum-based board producing apparatus

according to claim 4, wherein the pump is a screw pump.

6. The gypsum-based board producing apparatus
according to claim 5, wherein the screw pump 1is a

uniaxial screw pump.

7. The gypsum-based board producing apparatus
according to any one of c¢laims 1 to 6, further
comprising:

a molder configured to mold the gypsum slurry
prepared by the mixer;

a sensor configured to detect a change in a
volume of the gypsum slurry staying in front of the
molder; and

a control unit configured to control a supply
amount of foam from the foamer to the mixer based on a

detection result at the sensor.

Date Recue/Date Received 2023-03-23
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