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DESCRIPTION

TITLE OF THE INVENTION:
COATING FILM REMOVING EQUIPMENT AND COATING FILM REMOVING
METHOD

Field

[0001] The present invention relates to a coating film
removing equipment and a coating film removing method
capable of efficiently removing a coating film on a surface
of a thermoplastic resin film.

Background

[0002] While a plastic is used in various fields, a
plastic such as a microplastic is considered to be a cause
of marine pollutions, and reduction of environmental load
by a plastic is urgently needed.

In recent years, with evolution of Internet of Things
(IoT), the number of electronic devices mounted on
computers and smartphones, such as CPU, has increased, and
as a result, the number of multilayer ceramic capacitors
(MLCCs) required to drive the electronic devices has also
rapidly increased. A general method for manufacturing this
MLCC includes a step of forming a ceramic green sheet layer
on a release film obtained by forming a release layer on a
plastic base film using the release film as a carrier
sheet, and a step of removing the ceramic green sheet layer
to form a ceramic green sheet. In these steps, the release
film from which the ceramic green sheet has been removed is
discarded as an unnecessary material.

[0003] That is, an increase in the number of release
films as a waste due to a rapid increase in the number of
manufactured MLCCs in recent years is an environmental

problem, and efforts for reuse of a base film have been
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activated. 1In order to reuse the discarded release film,
it is only required to obtain a regenerated film by
collecting the release film, pulverizing the collected
release film, forming the pulverized release film into
resin chips, and then remelting the resin chips to form a
film.

However, a component of a release layer contained in
the release film generally has a different composition from
a component constituting the base film from a viewpoint of
releasability. Therefore, when the release film with the
release layer is remelted as it is to form a regenerated
film, the component of the release layer is present as a
foreign substance, and therefore stable film formation
cannot be performed.

As a method for removing a release component from a
release film, Patent Literature 1 discloses a method in
which a release film including a water-soluble resin layer
formed between a base film and a release layer is immersed
in a warm water tank for two seconds or more, and then a
surface of the release film is rubbed with a brush roll to
remove the release layer.

Citation List

Patent Literature

[0004] Patent Literature 1: JP 2004-363140 A

Summary

Technical Problem

[0005] However, the coating film removing method
disclosed in Patent Literature 1 may cause a problem that a
coating film removed by the brush roll is reattached to a
release film being conveyed and is conveyed to a subsequent
step, and the coating film is mixed into a collected film
or contaminates a roll in the subsequent step.

In addition, the coating film removing method
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disclosed in Patent Literature 1 may cause a problem that a
water—-soluble resin removed by the brush roll floats in the
warm water tank, the water—-soluble resin is dissolved in
warm water, a resin concentration in the warm water
increases with lapse of a removing treatment time, and
initial removing ability cannot be continuously exhibited.

Since these problems occur more significantly as a
film conveyance speed increases, it is necessary to
periodically clean the device, to reduce the film
conveyance speed, to shorten the length of the film to be
treated at one time, and the like in order to solve the
problems. In this case, removing treatment ability per
unit time is largely reduced, and the removing treatment
cannot be efficiently performed.
[0006] Therefore, an object of the present invention is
to provide a coating film removing equipment that removes a
coating film from a traveling film and a coating film
removing method, the device and the method suppressing
reattachment of a removed film to a base film and
deterioration of removing ability due to elution of at
least a part of a coating film component into a cleaning
liquid even when the amount of the removed coating film
increases due to lapse of a removing treatment time or an
increase in film conveyance speed.
Solution to Problem
[0007] A coating film removing equipment of the present
invention that solves the above problems is a coating film
removing equipment for removing a coating film from a
coated film including the coating film on at least one
surface of a base film, and includes:

a cleaning tank;

a supply device configured to supply a cleaning liquid

to the cleaning tank;
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a conveyance device configured to convey the coated
film in a longitudinal direction of the coated film such
that the coated film passes through the cleaning tank;

a suction box in which at least an edge in contact
with the coated film is disposed in the cleaning tank, the
suction box being configured to surround a part of a
conveyance path of the coated film with a gap through which
a film can pass;

a removing mechanism disposed in the suction box, the
removing mechanism being configured to remove the coating
film from the coated film; and

a discharge device for discharging the cleaning liquid
and the removed coating film from the suction box to an
outside of the cleaning tank.

[0008] In the coating film removing equipment of the
present invention, preferably, the discharge device
includes a removal device for removing a foreign substance
from a discharge liquid, and is configured to supply the
discharge liquid from which the foreign substance has been
removed to the cleaning tank.

A coating film removing equipment according to another
aspect of the present invention that solves the above
problems is a coating film removing equipment for removing
a coating film from a coated film including the coating
film on at least one surface of a base film, and includes:

two or more cleaning tanks disposed side by side in a
conveyance direction of the coated film;

a supply device configured to supply a cleaning liquid
to at least the cleaning tank disposed most downstream in
the conveyance direction;

a conveyance device configured to convey the coated
film in a longitudinal direction of the coated film such

that the coated film sequentially passes through the



10

15

20

25

30

cleaning tanks;

suction boxes each in which at least an edge in
contact with the coated film is disposed in each of the
cleaning tanks, each suction box being configured to
surround a part of a conveyance path of the coated film
with a gap through which a film can pass;

removing mechanisms each disposed in each of the
suction boxes, each removing mechanism being configured to
remove the coating film from the coated film; and

discharge devices each for discharging the cleaning
liguid and the removed coating film from each of the
suction boxes to an outside of each of the cleaning tanks,
wherein

at least one of the discharge devices includes a
removal device for removing a foreign substance from a
discharge liquid, and is configured to supply the discharge
liquid from which the foreign substance has been removed to
another cleaning tank disposed on an upstream side of the
cleaning tank including the discharge device in the
conveyance direction.
[0009] A coating film removing method of the present
invention that solves the above problems is a coating film
removing method for removing a coating film from a coated
film including the coating film on at least one surface of
a base film, and includes:

supplying a cleaning liquid to a cleaning tank;

conveying the coated film in a longitudinal direction
of the coated film such that the coated film passes through
the cleaning liquid;

introducing the coated film into a suction box
disposed in the cleaning liquid, the suction box having a
gap through which a film can pass, and removing the coating

film by a coating film removing mechanism in the suction
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box; and

discharging the cleaning liquid and the removed
coating film in the suction box to an outside of the
cleaning tank.

[0010] In the coating film removing method of the
present invention, preferably, a foreign substance is
removed from the discharge liquid discharged from the
suction box, and then the discharge liquid from which the
foreign substance has been removed is supplied to the
cleaning tank.

A coating film removing method according to another
aspect of the present invention that solves the above
problems is a method for removing a coating film from a
coated film including the coating film on at least one
surface of a base film, and includes:

disposing two or more cleaning tanks side by side in a
conveyance direction of the coated film;

supplying a cleaning liquid to at least the cleaning
tank disposed most downstream in the conveyance direction;

conveying the coated film in a longitudinal direction
of the coated film such that the coated film sequentially
passes through the cleaning liquid in the cleaning tanks;

introducing the coated film into suction boxes each
disposed in the cleaning liquid in each of the cleaning
tanks, each suction box having a gap through which a film
can pass, and removing the coating film by a coating film
removing mechanism in the suction box;

discharging the cleaning liquid and the removed
coating film in each of the suction boxes to an outside of
each of the cleaning tanks; and

removing a foreign substance from a discharge liquid
discharged from at least one of the suction boxes, and then

supplying the discharge liquid from which the foreign
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substance has been removed to another cleaning tank
disposed on an upstream side of the cleaning tank including
the at least one of suction boxes in the conveyance
direction.
[0011] In the coating film removing method of the
present invention, a discharge amount of the discharge
liquid from the suction box is preferably set such that a
flow rate of the cleaning liquid at the gap through which
the coated film in the suction box goes out is higher than
a conveyance speed of the coated film.

Next, meanings of terms in the present invention will
be described.
[0012] The "gap through which a film can pass" refers to
both a gap through which the coated film passes and a gap
through which a base film obtained by removing a coating
film from the coated film passes.

The "discharge liquid" refers to a cleaning liquid
discharged from the suction box and a removed coating film.
The "foreign substance" refers to a coating film

removed from the coated film.

Advantageous Effects of Invention

[0013] According to the coating film removing equipment
and the coating film removing method of the present
invention, when a coating film is removed from a surface of
a coated film including the coating film on at least one
surface of a base film, it is possible to suppress
reattachment of a removed coating film to the base film and
deterioration of removing ability due to elution of at
least a part of a coating film component into a cleaning
ligquid.

Brief Description of Drawings

[0014] FIG. 1 is a schematic view of a coating film

removing equipment 101 according to a first embodiment of
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the present invention.

FIG. 2 is an enlarged view of a periphery of a suction
box of the coating film removing equipment of FIG. 1.

FIG. 3 is an arrow view of FIG. 2 as viewed in an X
direction.

FIG. 4 is a schematic view of a coating film removing
equipment 201 according to a second embodiment of the
present invention.

FIG. 5 is a schematic view of a coating film removing
equipment 301 according to a third embodiment of the
present invention.

FIG. 6 is a schematic view of a coating film removing
equipment 401 according to another embodiment of the
present invention.

Description of Embodiments

[0015] The present inventors have intensively studied a
method for suppressing reattachment of a removed coating
film to a base film and deterioration of removing ability
due to elution of at least a part of a coating film
component into a cleaning liquid when the coating film is
removed from a surface of a coated film including the
coating film on at least one surface of the base film, and
as a result, have found the following coating film removing
method and coating film removing equipment for a coated
film.

[0016] The coating film of the coated film is preferably
a coating film containing a water—-soluble resin in
consideration of an environmental load and the like. 1In
particular, as the water—-soluble resin, those containing at
least one of a water-soluble polyester-based resin, a
polyester urethane-based resin, an acrylic resin, an
ethylene ionomer-based resin, a polyvinyl alcohol-based

resin, a polyvinyl pyrrolidone-based resin, an ethylene-
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vinyl alcohol-based resin, and starch as a main component
are more preferable. The coating film containing a water-
soluble resin may be a single layer body containing a
water—-soluble resin, a layered product of two or more
layers containing a water-soluble resin, or a layered
product of a layer containing a water-soluble resin and a
layer not containing a water—-soluble resin.

[0017] As the coated film, a coating film-attached
release film containing a release component in addition to
a water—-soluble resin in a part of the coating film is
particularly preferable, and can efficiently exhibit a
coating film removing effect. The release component
mentioned here is a component that increases a contact
angle of a coating film surface with respect to water, that
is, reduces surface energy of the coating film. Examples
of the release component include: a curable silicone resin
such as a thermosetting silicone resin compound having
dimethylsiloxane as a main skeleton or a UV-curable
silicone resin compound cured by blending a
photopolymerization initiator with an organopolysiloxane
having an acryloyl group or a methacryloyl group and
irradiating the blended product with UV light; a compound
having a long chain alkyl group; and a compound having
fluorine. In the coating film, the water-soluble resin and
the release component may be mixed, or a layer containing
the water-soluble resin and a layer containing the release
component may be layered. In the case of the layerd
coating film, preferably, a layer containing the water-
soluble resin is formed immediately above a base film, and
then a layer containing the release component is formed on
an outermost surface. As the release component, it is
particularly preferable to use a thermosetting silicone

resin compound having dimethylsiloxane having high water
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permeability as a main skeleton.
[0018] [First Embodiment]

A desirable embodiment of the coating film removing
equipment of the present invention will be described with
reference to the drawings. Note that the following
description exemplifies one of embodiments according to the
present invention, the present invention is not limited
thereto, and various modifications can be made without
departing from the gist of the present invention.

[0019] FIG. 1 is a schematic view of a coating film
removing equipment 101 according to the first embodiment of
the present invention. First, a configuration of the
coating film removing equipment 101 of the present
invention will be described. The coating film removing
equipment 101 includes an unwinding device 4 that unwinds a
coated film 1 and a winding device 5 that winds a base film
2 from which a coating film has been removed. The coating
film removing equipment 101 further includes, between the
unwinding device 4 and the winding device 5, a conveyance
device 9 for the coated film 1 and the base film 2, a
cleaning tank 15 that stores a cleaning liquid 16, a
removing mechanism 19 that removes the coating film from
the coated film 1, a backup roll 17 of the removing
mechanism 19, and a suction box 18 surrounding a part of a
conveyance film and the removing mechanism 19. The backup
roll 17 and the suction box 18 form an inlet opening 20
which is a gap through which the coated film 1 passes, and
an outlet opening 21 which is a gap through which the base
film 2 passes. The coating film removing equipment 101
further includes a discharge pump 12 as a discharge device
that discharges the cleaning liquid 16 and a removed
coating film in the suction box, a liquid-feeding device 13

as a supply device that supplies the cleaning liquid 16 to
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the cleaning tank 15, and a supply nozzle 14.

[0020] A method for removing a coating film from the
coated film 1 using the coating film removing equipment 101
configured as described above will be described. The
coated film 1 has a coating film formed on one surface of
the base film 2. First, the coated film 1 wound in a roll
shape around a predetermined paper tube or the like is
attached to the unwinding device 4. At this time, the
coated film 1 is attached such that a coating film surface
of the coated film 1 is located on a side to be in contact
with the removing mechanism 19. Next, an edge of the
coated film 1 is connected to a lead film that is wound
around a paper tube of the winding device 5 in advance and
passes through a film conveyance path by an appropriate
means. The cleaning tank 15 is filled with the cleaning
liquid 16 in advance. Next, while the conveyance device 9
is operated to convey the film, the coating film is removed
by the removing mechanism 19, and the base film 2 is wound
by the winding device 5. At this time, the cleaning liquid
16 and the coating film in the suction box 18 are sucked
and discharged by the discharge pump 12, and the cleaning
liquid 16 is supplied to the cleaning tank 15 using the
liquid-feeding device 13 and the supply nozzle 14.

[0021] In order to stably convey the coated film 1 and
the base film 2 from which the coating film has been
removed, the conveyance device 9 preferably has a
configuration capable of performing tension cut, and
examples thereof include a configuration in which the
conveyance device 9 is nipped by a metal drive roll and a
rubber roll. In addition, since there is a high
possibility that the cleaning liquid 16 is attached to the
conveyance device 9, a stainless steel or surface-treated

conveyance device is suitably used for the conveyance
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device 9 as a rust prevention measure.

[0022] As the removing mechanism 19, a resin plate or
the like having a sharp edge in direct contact with the
coated film 1 to be conveyed can be used. The removing
mechanism 19 is not limited thereto. As the removing
mechanism 19, a metal plate having a sharp edge may be
disposed, or a resin or thin metal blade that is bent by
being pressed against the coated film 1, such as a blade,
may be disposed. Alternatively, a brush roll made of metal
or resin may be brought into direct contact with a surface
of the coating film of the coated film 1 by a mechanism
that rotates the brush roll in the same direction as a
conveyance direction or in the opposite direction, or the
coating film may be wiped by pressing a waste cloth or a
fabric against the coated film 1. In addition, in the
coating film removing equipment 101 according to an
embodiment of the present invention, the removing mechanism
19 is pressed against the coated film 1 at a position of
the backup roll 17 supporting the coated film 1 to remove
the coating film. However, the removing mechanism 19 may
be pressed against a tensioned conveyance film at a
position of a free span of the conveyed coated film 1 to
remove the coating film. A position where the removing
mechanism 19 is disposed may be any position as long as the
coating film can be removed after the coated film 1 is
immersed in the cleaning liquid 16 for a sufficient time,
and is not limited to a bottom of the cleaning tank 15 as
illustrated in FIG. 1. In addition, the removing mechanism
19 only needs to be disposed so as to face a surface of the
coating film of the coated film 1, and the position where
the removing mechanism 19 is disposed is not limited to a
lower surface side as illustrated in FIG. 1. In addition,

more preferably, the unwinding device 4 has a mechanism
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capable of coping with both an upward ejection and a
downward ejection such that conveyance can be performed
while a surface of the coating film of the coated film 1
faces the removing mechanism 19 by switching an unwinding
direction of the coated film 1 so as to be able to cope
with both a case where the coating film of the coated film
1 wound in a roll is located on an inner side of the roll
and a case where the coating film of the coated film 1
wound in a roll is located on an outer side of the roll.
[0023] The suction box 18 is a device for keeping the
removed coating film and a cleaning liquid 16a in which at
least a part of the coating film component is eluted and a
coating film component concentration is increased so as to
prevent diffusion of the cleaning liquid 16a into the
cleaning tank 15. By removing the coating film while
sucking and discharging the coating film and the cleaning
liquid 16a in the suction box 18 by the discharge pump 12,
it is possible to suppress reattachment of the coating film
to the base film 2 to be conveyed and an increase in
coating film component concentration of the cleaning liquid
16 in the cleaning tank 15. At this time, when a flow rate
of the cleaning liquid 16 flowing into the suction box 18
through the outlet opening 21 is small, the coating film or
the cleaning liquid 16a having a high coating film
component concentration in the suction box 18 may flow out
from the outlet opening 21 due to an accompanying flow of
the conveyance film. Therefore, the flow rate of the
cleaning liquid at the outlet opening 21 is preferably
larger than a speed of the conveyance film, and more
preferably 1.5 times or more the speed of the conveyance
film. When it is difficult to measure the flow rate of the
cleaning liquid at the outlet opening 21, a wvalue

calculated from the shape of each opening such as the inlet
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opening 20, the outlet opening 21, or a gap between the
backup roll 17 and the suction box 18 and a discharge
amount by the discharge pump 12 can be substituted.
Preferably, a flow volume passing through each opening is
calculated on the basis of a theoretical formula of a
pressure loss determined by the shape of each opening, and
divided by the cross-sectional area of each opening to
calculate the flow rate.
[0024] In addition, although the entire removing
mechanism 19 is included in the suction box 18 in FIG. 1,
the coating film removed by the removing mechanism 19 only
needs to be retained in the suction box, and only an edge
of the removing mechanism 19 may be in the suction box 18,
and the other portion may be out of the suction box 18.
When the inlet opening 20 and the outlet opening 21
are too small, the inlet opening 20 and the outlet opening
21 may come into contact with the conveyance film when the
conveyance film meanders or flutters. When the inlet
opening 20 and the outlet opening 21 are too large, the
flow rate at the outlet opening 21 is small, and the
coating film and the cleaning liquid 16a including a high
coating film component concentration in the suction box 18
easily flow out from the outlet opening 21 by an
accompanying flow of the conveyance film. Therefore, the
inlet opening 20 and the outlet opening 21 are preferably
as small as possible so as not to come into contact with
the conveyance film, and preferably determined
appropriately according to the magnitude of meandering or
fluttering of the conveyance film. For example, a distance
between the film and the suction box at each of the
openings is preferably 3 mm to 20 mm.
[0025] Here, the structure of the suction box 18 will be
described in detail with reference to FIGS. 2 and 3. FIG.
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2 1s a partially enlarged view of a periphery of the
suction box 18 of the coating film removing equipment of
FIG. 1, and FIG. 3 is an arrow view of FIG. 2 as viewed in
an X direction (downstream direction) (The removing
mechanism 19 is not illustrated in FIGS. 2 and 3.). As
illustrated in FIGS. 2 and 3, both ends of the suction box
18 in a film width direction may be in contact with the
backup roll 17, or may be in non-contact with the backup
roll 17 by forming a gap therebetween. In a case of non-
contact, the cleaning liquid also flows into the suction
box 18 from the gap, and therefore a flow rate passing
through the outlet opening 21 is small. Therefore, the gap
is preferably as small as possible, and for example, a
distance between the suction box 18 and the backup roll 17
at the gap is preferably 0.5 mm to 10 mm. The material of
the suction box 18 is not particularly limited, but is
preferably made of a metal or a resin having heat
resistance and rust resistance. When the suction box is
brought into contact with the backup roll 17, a material of
a contact portion is preferably a material having
slipperiness and low abrasion, such as polyacetal,
polyamide, or polytetrafluoroethylene.

[0026] In FIG. 1, the suction box 18 surrounds the
conveyance film and the removing mechanism 19 together with
the backup roll 17, but the suction box 18 alone may
surround the conveyance film and the removing mechanism 19.
For example, FIG. 6 is a schematic view illustrating
another embodiment of the present invention, and as
illustrated in FIG. 6, a box—-shaped suction box 18 may be
disposed at a position of a free span of a film to be
conveyed, and the film may be allowed to pass through an
inlet opening 20 which is a gap through which a coated film

1 passes and an outlet opening 21 which is a gap through
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which a base film 2 passes.

[0027] The size of the suction box 18 is not
particularly limited, but when the size is too large, it
takes time to suck and discharge the coating film floating
in the suction box 18, and the elution amount of a coating
film component increases, which increases a coating film
component concentration of the cleaning liquid. The size
of the suction box 18 is preferably a size with which the
discharge pump 12 can discharge the cleaning liquid having
a volume surrounded by the suction box 18 within two
minutes.

As the discharge pump 12, a liquid-feeding pump such
as a diaphragm pump or a gear pump can be used. In order
to suck and discharge not only the cleaning liquid 16
having a high coating film component concentration but also
the coating film removed from the coated film 1, a hose
pump capable of stably feeding a slurry is more preferable.
[0028] The supply nozzle 14 may be any nozzle such as a
spray or a slit nozzle. When the cleaning liquid 16 is
supplied to the cleaning tank 15, as illustrated in FIG. 1,
by supplying the cleaning liquid 16a while spraying the
cleaning liquid 16a onto the base film 2, even when the
coating film is reattached to the base film 2, the coating
film can be washed off, which is preferable. However, the
cleaning liquid 16 discharged from a spray, a nozzle, or a
pipe may be directly supplied to the cleaning tank 15
without spraying the cleaning liquid 16 onto the base film
2.

As the liquid-feeding device 13, a liquid-feeding pump
capable of feeding the cleaning liquid 16 can be used. As
the liquid-feeding pump, a pump similar to that used as the
discharge pump 12 can be used.

[0029] The cleaning tank 15 is a tank that is filled



10

15

20

25

30

17

with the cleaning liquid 16 and brings the cleaning liquid
16 into contact with a surface of the unwound coated film
1. The cleaning tank 15 may include a heating heater (not
illustrated) for heating the cleaning liquid 16. A time
during which the coated film 1 conveyed to the cleaning
tank 15 is in contact with the cleaning liquid 16 before
reaching the removing mechanism 19 is preferably long, and
is preferably two seconds or more. In order to adjust the
contact time, a roll may be disposed in the cleaning tank
15, and the base film 1 may be folded back and conveyed in
the cleaning tank 15.

[0030] The backup roll 17 is a roll for supporting the
coated film 1 when the coating film is removed by the
removing mechanism 19, and is preferably a smooth metal
roll.

[0031] The unwinding device 4 is a device that unwinds
the coated film 1, and fixes and attaches the coated film 1
wound in a roll shape around a paper tube or the like to a
rotation shaft. The rotation shaft is connected to a
powder clutch or the like, and has a structure capable of
controlling idling of the coated film 1 at the time of
unwinding.

[0032] The winding device 5 is a device that winds the
base film 2, and preferably can control a winding tension
with, for example, a torgue motor so as to prevent sagging
of the base film 2.

[0033] In the cleaning ligquid 16, the higher the
temperature, the faster an elution speed of the coating
film component. That is, in order to improve a cleaning
effect, the temperature of the cleaning liquid 16 is
preferably 40°C or higher. 1In order to suppress a
dimensional change and flatness deterioration of the base

film 2 due to heat, the temperature of the cleaning liquid
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16 to be applied to the coated film 1 is preferably 150°C
or lower. Therefore, the cleaning liquid 16 is preferably
40°C to 150°C. 1In addition, any solvent exhibits an effect
thereof as long as the solvent can elute the coating film
component, but water is preferably used in order to reduce
an environmental load. For heating the cleaning liquid 16,
the supply nozzle 14 may include a heat source such as a
cartridge heater, or a tank (not illustrated) that stores
the cleaning liquid 16 may be heated. However, any means
may be used as long as the cleaning liquid 16 can be
heated, and the means is not limited thereto. The material
of the supply nozzle 14 preferably has heat resistance in
order to discharge the heated cleaning ligquid 16, and metal
or a resin having heat resistance is suitably used.

[0034] It is more preferable to completely remove the
cleaning liquid 16 from the base film 2 which has been
wound by the winding device 5 and from which the coating
film has been removed in order to stably form a film as a
regenerated film after remelting the base film 2, and a
drying device (not illustrated) may be disposed between the
supply nozzle 14 and the winding device 5. The drying
device only needs to be disposed before winding, and may be
disposed either before or after the driving device 9.

[0035] In addition, in order to check the quality of the
base film 2 from which the coating film has been removed,
an inspection machine (not illustrated) that detects
residues of the coating film and environmental foreign
substances attached in the process may be disposed before
the winding device 5. The inspection machine only needs to
be selected according to the properties of the base film 2,
and an inspection machine using transmitted light or
reflected light is suitably used. In addition, a marking

device (not illustrated) for recording the positions of
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residues of the coating film or environmental foreign
substances attached in the process, detected by the
inspection machine may be disposed between the inspection
machine and the winding device 5. A marking method by the
marking device may be any method as long as the position of
a detection target can be marked, such as a pen, a seal, or
a laser. By marking residues of the coating film or
environmental foreign substances attached in the process,
the marked place can be removed before remelting.
Therefore, a regenerated film can be more stably formed,
and deterioration in quality of the regenerated film can be
prevented.

[0036] [Second Embodiment]

FIG. 4 is a schematic view of a coating film removing
equipment 201 according to a second embodiment of the
present invention. The coating film removing equipment 201
includes a removal device 202, an adjustment valve 203, and
a supply nozzle 14 in addition to a discharge pump 12 as a
discharge device for a cleaning liquid 16a and a removed
coating film from a suction box 18. 1In the present
embodiment, since a discharge liquid discharged from the
discharge pump 12 is reused and supplied to a cleaning tank
15, cost of the cleaning liquid can be further reduced than
cost of the coating film removing equipment 101 of FIG. 1.
In addition, when the discharge liquid is reused, foreign
substances are removed by the removal device 202 from the
discharge liquid discharged by the discharge pump 12, and
then the discharge liquid is supplied to the cleaning tank
15 via the supply nozzle 14, whereby it is possible to
suppress reattachment of the coating film to the base film
2.

[0037] Of the discharge liquid discharged by the
discharge pump 12, the amount of the discharge liquid to be
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reused is preferably adjusted by the adjustment valve 203.
At this time, the amount of the cleaning liquid in the
cleaning tank 15 is preferably kept constant by supplying
the fresh cleaning liquid 16 in the same amount as the
discharge liquid which has not been reused from a liquid-
feeding device 13 to the cleaning tank 15 via the supply
nozzle 14. The larger the amount of the discharge liquid
to be reused, the higher a coating film component
concentration of the cleaning liquid 16 in the cleaning
tank 15 and the lower removing ability. Therefore, the
amount of the discharge liquid to be reused is preferably
determined so as to satisfy required removing ability while
checking a removing state of the base film 2.

[0038] The removal device 202 is a device for removing
the coating film from the discharge liquid, and a filter, a
continuous centrifuge, or the like can be used. When a
filter is used, the coating film component is eluted from
the coating film captured over time into the cleaning
liquid flowing through the filter, which causes an increase
in coating film component concentration in the cleaning
liguid to be supplied to the cleaning tank 16. Therefore,
the filter is preferably replaced periodically.

Since the other components are the same as those of
the coating film removing equipment 101 of FIG. 1,
description of the components common to those of the
coating film removing equipment 101 is omitted.

[0039] [Third Embodiment]

FIG. 5 is a schematic view of a coating film removing
equipment 301 according to a third embodiment of the
present invention. The coating film removing equipment 301
includes, between an unwinding device 4 and a winding
device 5, conveyance devices 9 and 9' for a coated film 1

and a base film 2, cleaning tanks 15 and 15' that store
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cleaning liquids 16 and 16', respectively, removing
mechanisms 19 and 19' that remove a coating film from the
coated film 1, backup rolls 17 and 17', suction boxes 18
and 18' that surround a part of a conveyance film and the
removing mechanisms 19 and 19', respectively, inlet
openings 20 and 20' which are gaps through which the coated
film 1 passes, outlet openings 21 and 21' which are gaps
through which the base film 2 passes, discharge pumps 12
and 12' that discharge the cleaning liquids 16 and 16' and
the removed coating film in the suction boxes, and supply
nozzles 14 and 14'. The backup roll 17' and the suction
box 18' form the inlet opening 20' and the outlet opening
21' which are gaps through which the coated film 1 passes,
and the backup roll 17 and the suction box 18 form the
inlet opening 20 which is a gap through which the coated
film 1 passes and the outlet opening 21 through which the
base film 2 passes.

[0040] In the present embodiment, a discharge liquid
discharged from the cleaning tank 15 on a downstream side
by the discharge pump 12 is reused and supplied to the
cleaning tank 15' on an upstream side via the supply nozzle
14'. At this time, the entire discharge liquid may be
reused, or only a part thereof may be reused. When only a
part is reused, an adjustment valve is preferably disposed
on an upstream side of a removal device 202 to adjust the
amount of the discharge liquid to be reused as in the
coating film removing equipment 201 of FIG. 2. At this
time, a fresh cleaning liquid may be supplied to the
cleaning tank 15' by another supply means or the discharge
amount of the discharge pump 12' may be adjusted such that
the cleaning liquid amount of the cleaning tank 15' is
constant. In the present embodiment, since the coating

film of the coated film 1 is removed in two stages of the
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removing mechanisms 19 and 19', the amount of removing per
time can be reduced. As a result, the amount of the
coating film generated in the suction boxes 18 and 18' is
small, and a coating film removing effect can be maintained
high by further suppressing reattachment of a removed
coating film to the base film 2 and an increase in coating
film component concentration in the cleaning liquid in the
cleaning tank 15 on a downstream side.

[0041] In addition, the removing mechanism 19 and the
removing mechanism 19' do not need to be the same, and the
suction box 18 and the suction box 18' do not need to be
the same. For example, either one of the suction boxes 18
and 18' may have a structure of a suction box illustrated
in FIG. 6.

Since the other components are the same as those of
the coating film removing equipment 101 of FIG. 1 and the
coating film removing equipment 202 of FIG. 2, description
of common components is omitted.

[Examples]

[0042] Hereinafter, the present invention will be
described with reference to Examples, but the present
invention is not necessarily limited thereto.

[0043] <Coated film>

On a polyethylene terephthalate base film having a
thickness of 30 pum and a width of 300 mm, a polyvinyl
alcohol resin coating film having a thickness of 0.1 pum was
formed as a layer containing a water-soluble resin. On the
polyvinyl alcohol resin coating film, a curable silicone
resin coating film having a thickness of 0.1 um was further
formed as a layer containing a release component to prepare
a coated film.

[0044] <Method for evaluating removing>
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Evaluation of removing was measured by the following
method using a commercially available dyne pen (surface
energy: 30 or 70 mN/m). When a pattern was drawn on a
sample surface with a dyne pen in an environment of a room
temperature of 23°C and the state was maintained for four
seconds or more, it was determined that surface energy of
the sample surface was higher than surface energy of the
dyne pen. When the curable silicone resin as the release
component of the coated film remains on the surface, the
surface energy is less than 30 mN/m. Therefore, a reagent
of any dyne pen is repelled on the sample surface, and the
drawn pattern cannot be retained. On the other hand, when
the coating film of the curable silicone resin as the
release component is removed and the polyvinyl alcohol
resin is exposed, the surface energy is 70 mN/m or more.
Therefore, any dyne pen can retain the drawn pattern. When
the coating films of the curable silicone resin as the
release component and the water-soluble polyvinyl alcohol
resin are both removed and polyethylene terephthalate is
exposed, the surface energy is 43.8 mN/m. Therefore, the
drawn pattern of the 30 mN/m dyne pen is retained, but the
drawn pattern of the 70 mN/m dyne pen cannot be retained.
Whether or not the coating film of the coated film could be
removed was determined by the above evaluation method.
[0045] <Method for evaluating reattachment of foreign
substance to film>

Behavior of the removed coating film was wvisually
observed, and presence or absence of reattachment of the
removed coating film to the base film was checked. 1In
addition, the number of removed coating films reattached to
the base film and brought into the winding unit was counted
by a line camera disposed immediately before the winding

unit, the number of removed coating films brought into a
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collected film per 100 m of film traveling was calculated
from a film conveyance speed and a travel time, and it was
determined whether or not mixing of the removed coating
films into the collected film due to reattachment of the
removed coating films could be suppressed.

[0046] <Removing of coating film from coated film>
[Example 1]

The coating film of the coated film 1 was removed
using the coating film removing equipment 101 illustrated
in FIG. 1. The coated film 1 was set in the unwinding
device 4 of the coating film removing equipment 101,
conveyed to the cleaning tank 15 at a conveyance speed of
50 m/min by the driving device 9, and brought into contact
with warm water (40°C) as the cleaning liquid 16. Next,
the coating film was removed by bringing the coating film
into contact with a plastic doctor blade (Hi-POM series
manufactured by FUJI SHOKO CO., LTD., thickness: 1.25 mm)
having a sharp resin edge as the removing mechanism 19, and
the base film 2 from which the coating film had been
removed was wound by the winding device 5. At this time,
the amount of the cleaning liquid in the cleaning tank was
set such that a time during which the coated film 1
conveyed to the cleaning tank 15 was in contact with the
cleaning liquid 16 before reaching the removing mechanism
19 was two seconds. The suction box 18 was made of
polytetrafluoroethylene, and as illustrated in FIG. 5, both
ends of the suction box 18 in a film width direction were
brought into contact with the backup roll 17. The inlet
opening 20 and the outlet opening 21 each had a
quadrangular shape, and each had a length of 320 mm in a
film width direction and a length of 5 mm in a film
thickness direction. The supply amount of the cleaning

liquid 16 by the liquid-feeding device 13 and the discharge
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amount of the cleaning liquid 1l6a by the discharge pump 12
were each 0.18 m3/min, and at this time, a calculated value
of a flow rate of the cleaning liquid 16 at the outlet
opening 21 was 56 m/min.

The coating film was continuously removed for ten
minutes using the present device and then the base film was
checked. As a result, both the coating films of the
curable silicone resin as the release component and the
water—-soluble polyvinyl alcohol resin could be removed. In
addition, the number of coating films reattached to the
base film was 2.

[0047] [Example 2]

As illustrated in FIG. 4, the coating film was removed
by the same device as in Example 1 except that a part of a
discharge liquid discharged from the discharge pump 12 was
filtered by the removal device 202 and then supplied to the
cleaning tank 15 for reuse. As the removal device 202 for
removing the coating film, a continuous centrifuge (SSE20
manufactured by GEA Japan Ltd.) was used. In addition, the
adjustment valve 203 was adjusted such that 30% of the
discharge liquid was reused and the remaining 70% was
discarded, and the same amount of a fresh cleaning liquid
as the discarded discharge liquid was fed from the liquid-
feeding device 13.

While the other conditions were the same as in Example
1, the coating film was continuously removed for ten
minutes, and then the base film was checked. As a result,
the coating films of the curable silicone resin as the
release component and the water-soluble polyvinyl alcohol
resin were both removed. In addition, the number of
coating films reattached to the base film was 2.

[0048] [Example 3]

The coating film of the coated film 1 was removed



10

15

20

25

30

26

using the coating film removing equipment 301 illustrated
in FIG. 5. The same devices as in Example 1 were used for
the unwinding device 4, the winding device 5, the
conveyance devices 9 and 9', the cleaning tanks 15 and 15°',
the removing mechanisms 19 and 19', the backup rolls 17 and
17', the suction boxes 18 and 18', the discharge pumps 12
and 12', the liquid-feeding device 13, and the supply
nozzles 14 and 14' constituting the coating film removing
equipment 301. The same continuous centrifuge as in
Example 2 was used as the removal device 202.

The coating film was removed under the same conditions
as in Example 1 except that the amount of the cleaning
liquid in the cleaning tank was set such that a time during
which the coated film 1 conveyed to the cleaning tanks 15
and 15' was in contact with the cleaning liquids 16 and 16'
before reaching the removing mechanism 19 and 19',
respectively, was one second. At this time, a calculated
value of a flow rate of the cleaning liquid at each of the
outlet openings 21 and 21' was 56 m/min.

The coating film was continuously removed for ten
minutes using the present device and then the base film was
checked. As a result, both the coating films of the
curable silicone resin as the release component and the
water-soluble polyvinyl alcohol resin could be removed. In
addition, the number of coating films reattached to the
base film was O.

[0049] [Example 4]

A conveyance speed was 70 m/min, and the inlet opening
20 and the outlet opening 21 each had a length of 3.6 mm in
a film thickness direction. A time during which the coated
film 1 conveyed to the cleaning tank 15 was in contact with
the cleaning liquid 16 before reaching the removing

mechanism 19 was 1.4 seconds. The coating film was removed
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in the same manner as in Example 1 except for the above.
At this time, a calculated value of a flow rate of the
cleaning liquid at the outlet openings 21 was 78 m/min.

The coating film was continuously removed for ten
minutes using the present device and then the base film was
checked. As a result, the curable silicone resin as the
release component could be removed, but the coating film of
the water-soluble polyvinyl alcohol resin remained. 1In
addition, the number of coating films reattached to the
base film was 8.

[0050] [Example 5]

A conveyance speed was 70 m/min, and the inlet
openings 20 and 20' and the outlet openings 21 and 21' each
had a length of 3.6 mm in a film thickness direction. A
time during which the coated film 1 conveyed to the
cleaning tank 15 was in contact with the cleaning liquid 16
before reaching the removing mechanism 19 was 1.4 seconds.
The coating film was removed in the same manner as in
Example 3 except for the above. At this time, a calculated
value of a flow rate of the cleaning liquid at each of the
outlet openings 21 and 21' was 78 m/min.

The coating film was continuously removed for ten
minutes using the present device and then the base film was
checked. As a result, both the coating films of the
curable silicone resin as the release component and the
water-soluble polyvinyl alcohol resin could be removed. In
addition, the number of coating films reattached to the
base film was O.

[0051] [Example 6]

The coating film was removed in the same manner as in
Example 1 except that the inlet opening 20 and the outlet
opening 21 each had a length of 7 mm in a film thickness

direction. At this time, a calculated value of a flow rate
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of the cleaning liquid at the outlet openings 21 was 40
m/min.

The coating film was continuously removed for ten
minutes using the present device and then the base film was
checked. As a result, the curable silicone resin as the
release component could be removed, but the coating film of
the water-soluble polyvinyl alcohol resin remained. 1In
addition, the number of coating films reattached to the
base film was 7.

[0052] [Example 7]

The coating film was removed in the same manner as in
Example 1 except that the inlet opening 20 and the outlet
opening 21 each had a length of 3.6 mm in a film thickness
direction. At this time, a calculated wvalue of a flow rate
of the cleaning liquid at the outlet openings 21 was 78
m/min.

The coating film was continuously removed for ten
minutes using the present device and then the base film was
checked. As a result, both the coating films of the
curable silicone resin as the release component and the
water-soluble polyvinyl alcohol resin could be removed. 1In
addition, the number of coating films reattached to the
base film was O.

[0053] [Comparative Example 1]

The coating film was removed in the same manner as in
Example 1 except that the suction box 18 was not disposed
and the cleaning liquid and the removed coating film in the
cleaning tank 15 were discharged from a bottom surface of
the cleaning tank 15 by the discharge pump 12.

When the coating film was removed using the present
device, the coating film was floating in the cleaning tank
from an initial stage of removing. The coating film was

continuously removed for five minutes as it was and then
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the base film was checked. As a result, the curable
silicone resin as the release component could be removed,
but the coating film of the water-soluble polyvinyl alcohol
resin remained. In addition, the number of coating films
reattached to the base film was 40. When the coating film
was further continuously removed for five minutes (that is,
when the coating film was continuously removed for ten
minutes after the start of removing,), the number of
coating films floating in the cleaning tank increased, and
the number of coating films reattached to the base film was
300. Both the polyvinyl alcohol resin and the curable
silicone resin remained on the base film.

[0054] The coating film removing results of the coated
films in the above Examples and Comparative Example are
summarized in Table 1. In whether or not coating film
removing occurred in the Table, "Coating film removing
occurred" means that both the polyvinyl alcohol resin and
the curable silicone resin which are coating films on the
base film were removed from the base film, and the coated
film was separated into the coating films and the base
film. In addition, "Part of coating film remained" means
that, out of the coating films on the base film, only the
curable silicone resin located on a surface layer was
removed, and the polyvinyl alcohol resin remained on the
base film and was not separated from the base film. 1In
addition, "Coating film remained" means that both the
polyvinyl alcohol resin and the curable silicone resin
which are coating films on the base film remained on the
base film, and the coating films were not separated from
the base film.

[0055]

Table 1
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Whether or not coating
film removing occurred

Convey- | Flow rate 0: Coating film l\:gmg\eﬂragf
ance at outlet removing occurred coating films
speed opening | a: Part of coating film reattached

[m/min] [m/min] remained :

x: Coating film [pieces/100 m]
remained
Example 1 50 56 o 2
Example 2 50 56 o 2
Example 3 50 56 o 0
Example 4 70 78 A 8
Example 5 70 78 o 0
Example 6 50 40 A 7
Example 7 50 78 o 0
After lapse of 5 Af;i;{ftzz_efg 5
Comparative 50 ) minutes: a After la S'e of
Example 1 After lapse of 10 10 mi P ,
minutes: X minutes:
300
[0056] [Comparison between Examples 1 to 3 and

Comparative Example 1]

It could be confirmed that Examples 1 to 3 of the

present invention were superior to Comparative Example 1 as

a conventional technique in the evaluation of whether or

not coating film removing occurred and the number of

coating films reattached,
no decrease in coating
increase in the number

base film due to lapse

From this,

it has been

and in Examples 1 to 3,

there was

film removing performance or

of coating films reattached to the

of the removing treatment time.

demonstrated that it is important to

dispose a suction box and to suck and remove the coating

film and the cleaning liquid in the suction box as in

Examples 1 to 3 in order to suppress reattachment of the

removed coating film and deterioration of removing ability

due to elution of at least a part of the coating film

component into the cleaning liquid.

[0057]

[Comparison between Examples 1 and 2]
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Example 2 had performance equal to Example 1 in the
evaluation of whether or not coating film removing occurred
and the number of coating films reattached although the
amount of a fresh cleaning liquid used was reduced in
Example 2 as compared with Example 1. From this, it has
been demonstrated that by filtering the discharge liquid
discharged from the discharge pump by the removal device
and supplying the filtered discharge liquid to the cleaning
tank, cost of the cleaning liquid can be reduced while
maintaining the above performance.

[0058] [Comparison among Examples 1, 3, 4, and 5]

In Example 3 in which two cleaning tanks were used, it
was possible to visually confirm that the amount of the
coating film floating in the cleaning tank was smaller and
the number of coating films reattached was smaller than
those in Example 1 in which one cleaning tank was used. 1In
addition, in Examples 4 and 5 in which both conveyance
speeds were increased, it was confirmed that Example 5 in
which two cleaning tanks were used was superior to Example
4 in which one cleaning tank was used in not only the
number of coating films reattached but also evaluation of
whether or not coating film removing occurred. From this,
it has been demonstrated that by performing removing using
a plurality of cleaning tanks, it is possible to suppress
reattachment of the removed coating film to the base film
and to suppress an increase in the concentration of the
coating film component in the cleaning tank on a downstream
side to suppress deterioration of removing ability.

[0059] [Comparison among Examples 1, 6, and 7]

It was confirmed that Example 1 in which the flow rate
at the outlet opening was larger than the conveyance speed
was better in the evaluation of whether or not coating film

removing occurred and the number of coating films
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reattached than that in Example 6 in which the flow rate at
the outlet opening was smaller than the conveyance speed.
In addition, in Example 7 in which the flow rate at the
outlet opening was further increased to a value 1.5 times
or more the conveyance speed, the number of coating films
reattached was further reduced. From this, it has been
demonstrated that it is important to increase the flow rate
at the outlet opening in order to suppress reattachment of
the removed coating film and deterioration of removing
ability due to elution of the coating film into the
cleaning liquid.
Industrial Applicability
[0060] The present invention can be applied to a coating
film removing equipment and a coating film removing method
from a coated film in which a coating film is formed on a
base film such as a resin film, a paper film, or a metal
film, but the present invention is not limited to these
applications.
Reference Signs List
[0061] 1 COATED FILM

2 BASE FILM

4 UNWINDING DEVICE

5 WINDING DEVICE

9 CONVEYANCE DEVICE

12, 12' DISCHARGE PUMP

13 LIQUID-FEEDING DEVICE

14, 14' SUPPLY NOZZLE

15, 15" CLEANING TANK

16, 16', 16a CLEANING LIQUID

17, 17' BACKUP ROLL

18, 18" SUCTION BOX

19, 19" REMOVING MECHANISM

20, 20' INLET OPENING
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21, 21' OUTLET OPENING

101, 201, 301, 401 COATING FILM REMOVING EQUIPMENT
202 REMOVAL DEVICE

203 ADJUSTMENT VALVE
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CLAIMS
[Claim 1]

A coating film removing equipment for removing a
coating film from a coated film including the coating film
on at least one surface of a base film, the coating film
removing equipment comprising:

two or more cleaning tanks disposed side by side in a
conveyance direction of the coated film;

a supply device configured to supply a cleaning liquid
to at least the cleaning tank disposed most downstream in
the conveyance direction;

a conveyance device configured to convey the coated
film in a longitudinal direction of the coated film such
that the coated film sequentially passes through the
cleaning tanks;

suction boxes each disposed in each of the cleaning
tanks, each suction box being configured to surround a part
of a conveyance path of the coated film with a gap through
which a film can pass;

removing mechanisms each in which at least an edge in
contact with the coated film is disposed in each of the
suction boxes, each removing mechanism being configured to
remove the coating film from the coated film; and

discharge devices each for discharging the cleaning
liquid and the removed coating film from each of the
suction boxes to an outside of each of the cleaning tanks,
wherein

at least one of the discharge devices includes a
removal device for removing a foreign substance from a
discharge liquid, and is configured to supply the discharge
liguid from which the foreign substance has been removed to
another cleaning tank disposed on an upstream side of the

cleaning tank including the discharge device in the
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conveyance direction.
[Claim 2]

A coating film removing equipment for removing a
coating film from a coated film including the coating film
on at least one surface of a base film, the coating film
removing equipment comprising:

a cleaning tank;

a supply device configured to supply a cleaning liquid
to the cleaning tank;

a conveyance device configured to convey the coated
film in a longitudinal direction of the coated film such
that the coated film passes through the cleaning tank;

a suction box in which at least an edge in contact
with the coated film is disposed in the cleaning tank, the
suction box being configured to surround a part of a
conveyance path of the coated film with a gap through which
a film can pass;

a removing mechanism disposed in the suction box, the
removing mechanism being configured to remove the coating
film from the coated film; and

a discharge device for discharging the cleaning ligquid
and the removed coating film from the suction box to an
outside of the cleaning tank.

[Claim 3]

The coating film removing equipment according to claim
2, wherein the discharge device includes a removal device
for removing a foreign substance from a discharge liquid,
and is configured to supply the discharge liquid from which
the foreign substance has been removed to the cleaning
tank.

[Claim 4]
A coating film removing method for removing a coating

film from a coated film including the coating film on at
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least one surface of a base film, the coating film removing
method comprising:

disposing two or more cleaning tanks side by side in a
conveyance direction of the coated film;

supplying a cleaning liquid to at least the cleaning
tank disposed most downstream in the conveyance direction;

conveying the coated film in a longitudinal direction
of the coated film such that the coated film sequentially
passes through the cleaning liquid in the cleaning tanks;

introducing the coated film into suction boxes each
disposed in the cleaning liquid in each of the cleaning
tanks, each suction box having a gap through which a film
can pass, and removing the coating film by a coating film
removing mechanism in the suction box;

discharging the cleaning liquid and the removed
coating film in each of the suction boxes to an outside of
each of the cleaning tanks; and

removing a foreign substance from a discharge liquid
discharged from at least one of the suction boxes, and then
supplying the discharge liquid from which the foreign
substance has been removed to another cleaning tank
disposed on an upstream side of the cleaning tank including
the at least one of suction boxes in the conveyance
direction.

[Claim 5]

A coating film removing method for removing a coating
film from a coated film including the coating film on at
least one surface of a base film, the coating film removing
method comprising:

supplying a cleaning liquid to a cleaning tank;

conveying the coated film in a longitudinal direction
of the coated film such that the coated film passes through

the cleaning liquid;
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introducing the coated film into a suction box
disposed in the cleaning liquid, the suction box having a
gap through which a film can pass, and removing the coating
film by a coating film removing mechanism in the suction
box; and

discharging the cleaning liquid and the removed
coating film in the suction box to an outside of the
cleaning tank.

[Claim 6]

The coating film removing method according to claim 5,
wherein a foreign substance is removed from a discharge
liguid discharged from the suction box, and then the
discharge liquid from which the foreign substance has been
removed is supplied to the cleaning tank.

[Claim 7]

The coating film removing method according to any one
of claims 4 to 6, wherein a discharge amount of the
discharge liquid from the suction box is set such that a
flow rate of the cleaning liquid at the gap through which
the coated film in the suction box goes out is larger than

a conveyance speed of the coated film.



