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Abstract:

The present invention provides an apparatus and a method for treating cleaning liquid waste that is
discharged during the electrode production process of a lithium ion secondary battery, namely a
treatment apparatus for cleaning liquid waste and a treatment method for cleaning liquid waste, said
apparatus and method being capable of efficiently separating liquid components and solid
components from each other, and being capable of sufficiently recovering the liquid components for
volume reduction.A treatment apparatus for cleaning liquid waste according to the present invention
is provided with: a stirring tank 6 serving as a stirring means for stirring cleaning liquid waste; a
liquid sending line that takes out the cleaning liquid waste from the stirring tank; and a thin film
evaporator 7 serving as an evaporative separation means for separating solid components by
evaporating cleaning liquid in the cleaning liquid waste. With respect to a treatment method for
cleaning liquid waste according to the present invention, cleaning liquid waste is stirred by a stirring
means, and the cleaning liquid waste in a state where the solid components are diffused is fed to an
evaporative separation means, 50 that cleaning liquid in the cleaning liquid waste is evaporated.



DESCRIPTION
TREATMENT APPARATUS FOR WASTE CLEANING LIQUID AND
TREATMENT METHOD FOR WASTE CLEANING LIQUID

Technical Field
[0001]

The present invention relates to a treatment apparatus for
waste cleaning liqguid and a treatment method for waste cleaning
liguid. More specifically, the present invention relates to a treatment
apparatus and a treatment method, which efficiently separate, into a
liquid component and a solid component, a waste cleaning liquid
discharged from a process of producing an electrode of a lithium-ion
secondary battery, and facilitate a collection process.

Background Art
[0002]

In a process of producing an electrode of a lithium-ion
secondary battery, a base material is coated with an electrode material
constituted of: an active substance such as a 1ithium compound
including lithium cobalt oxide, lithium manganate, and the like; a
binder such as polyvinylidene fluoride; and N-methyl-2-pyrrolidone
(hereinafter, abbreviated as “NMP”)} as a solvent. A resultant thus
formed is calcined to produce a positive electrode. Further, a base
material 1s coated with an electrode material constituted of' a lithium
compound containing carbon, titanium or the like: a binder such as

polyvinylidene fluoride; and water as a solvent. A resultant thus
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formed is calcined to produce a negative electrode.
[0008]

Moreover, in such an electrode production process, a
preparation tank for use in preparation is cleaned in conjunction with
a preparation operation of the electrode material. In that case, the
NMP is usually used as a cleaning liquid in a preparation tank in a
positive electrode production process, and water is usually used as a
cleaning liguid 1n a preparation tank 1in a negative electrode
production process. Then, in a lot of cases, each of waste cleaning
liquids discharged from these preparation tanks is contained in a
portable container such as an intermediate bulk container (IBC), is
conveyed to a treatment plant, and 1s disposed of there.

[0004]

Incidentally, in such an electrode production process as
described above, a large amount of the cleaning liquid 1s used for the
electrode material to be cleaned and removed from the preparation
tank, and a total amount of the generated waste cleaning liquid 1s
conveyed by the portable container, and 1s disposed of. Accordingly, the
treatment of the waste cleaning liguid largely affects electrode
production cost. Hence, in the electrode production process, desirably,
the waste liquid 1s reduced 1n volume as much as possible by
separating the electrode material that is a solid component from the
waste cleaning liquid, and further, the NMP used as the cleaning
liguid 1s collected.

[0005]
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The waste cleaning liquid discharged from the electrode
production process 1s a suspension of the cleaning liquid and the
electrode material, and treatment by evaporation separation is
concelved 1n order to separate such a liquid component and such a
solid component. Then, as the separation treatment by evaporation,
for example, there are a method using such a distillation apparatus as
for use also in purifying the NMP (refer to Patent Literature 1), a

method using a thin film evaporator (refer to Patent Literature 2), and

the like.

Citation List

Patent Literature

[0006]

Patent Literature 1: JP 2011-56484 A
Patent Literature 2: JP 2007-99690 A

Summary of Invention
Technical Problem
[0007]

The waste cleaning liquid discharged from the process of
producing an electrode of a lithium-ion secondary battery is such a
suspension as described above, in which the solid component is easy to
precipitate due to a large specific gravity thereof. Accordingly, when
the separation treatment i1s attempted by evaporation, blockages occur

in flow paths, instruments and the like, through which the waste
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cleaning liquid 1s introduced to an evaporation device, and in an
instrument and the like in the evaporation device, and actually, there
occurs a problem that it 1s difficult to treat the waste cleaning liquid
smoothly and continuously. Hence, in the electrode production process,
desired is an achievable technique capable of surely separating the
liguid component and the solid component from each other.

[0008]

The present invention has been made 1n view of the above-
described actual circumstances. It is an object of the present invention
to provide a treatment apparatus and a treatment method, which
treat the waste cleaning liquid discharged from the process of
producing an electrode of a lithium-1ion secondary battery, in which the
liguid component and the solid component are efficiently separated
from each other, the liquid component can be sufficiently collected,

and the waste liquid can be subjected to volume reduction treatment.

Solution to Problem
[0009]

In order to solve the above-described problem, in the present
invention, when the waste cleaning liguid discharged from the
electrode production process 1s supplied to evaporation separating
means to separate the solid component by evaporation, the waste
cleaning liquid is stirred in advance by stirring means to evenly
diffuse the solid component, and 1s supplied to the evaporation

separating means in a state in which the solid component 1s diffused,
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whereby the solid component 1s prevented from being retained and
adhered 1n and to the flow paths and the devices. Further, when the
waste cleaning liquid is supplied to the evaporation separating means,
the waste cleaning liquid is heated up to a predetermined temperature
in addition to the stirring of the waste cleaning liquid, whereby
evaporation efficiency in the evaporation separating means is
increased.

[0010]

That is, the present invention is constituted of two aspects. A
first aspect is that a treatment apparatus that treats a waste cleaning
liquid discharged from a process of producing an electrode of a
lithium-ion secondary battery, the waste cleaning liquid being a
suspension of an electrode material that is a solid component and a
cleaning liquid, the treatment apparatus including: stirring means for
stirring the waste cleaning liquid introduced from the electrode
production process; a liquid feed line that takes out the waste cleaning
liguid from the stirring means; and evaporation separating means for
evaporating the cleaning liguid 1n the waste cleaning liquid to
separate the solid component, the evaporation separating means heing
supplied with the waste cleaning liquid by the liquid feed line, being
characterized in that the waste cleaning liquid 1s supplied to the
evaporation separating means by the liquid feed line while stirring the
waste cleaning liquid by the stirring means.

[0011]

Moreover, a second aspect of the present invention is a waste
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cleaning liquid treatment method of treating, by a treatment
apparatus, a waste cleaning liquid discharged from a process of
producing an electrode of a lithium-ion secondary battery, the waste
cleaning liguid being a suspension of an electrode material that is a
solid component and a cleaning liquid, being characterized in that the
treatment apparatus includes: stirring means for stirring the waste
cleaning liguid introduced from the electrode production process; a
liquid feed line that takes out the waste cleaning liguid from the
stirring means: and evaporation separating means for evaporating the
cleaning liquid in the waste cleaning liquid to separate the solid
component, the evaporation separating means heing supplied with the
waste cleaning liguid by the liquid feed line, and 1n the treatment
method, the waste cleaning liquid is stirred by the stirring means, the
waste cleaning liquid 1s supplied to the evaporation separating means
1n a state 1n which the solid component 1s diffused, and in the
evaporation separating means, the cleaning liguid in the waste

cleaning liquid 1s evaporated to separate the solid component.

Advantageous Effects of Invention
[0012]

In accordance with the present invention, the waste cleaning
liquid 1s supplied to the evaporation separating means in a state in
which the solid component is diffused. Accordingly, the blockages in
the flow paths and the instruments due to the solid component can be

prevented. Moreover, the waste cleaning liquid is heated up to a



predetermined temperature in addition to the stirring of the waste
cleaning liquid, whereby the evaporation efficiency by the evaporation
separating means can be further increased. Accordingly, separation
efficiency of the liquid component and the solid component can be
increased, and a high-boiling-point component and a peroxide can be
suppressed from being generated. Then, 1n accordance with the
present invention, the volume reduction treatment of the waste liquid
becomes possible, and accordingly, production cost of the electrode can

be further reduced.

Brief Description of Drawings
[0013]

Fig. 1 1s a flow diagram showing a main configuration of a
treatment method for waste cleaning liquid and a treatment
apparatus for waste cleaning liquid according to the present
Invention.

Fig. 2 is a longitudinal cross-sectional view showing a
structure of a stirring tank as an example of stirring means for use 1n
the present invention.

Fig. 3 is a longitudinal cross-sectional view showing a
structure of an example of a thin film evaporator as evaporation

separating means for use in the present invention.

Description of Embodiments

[0014]
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Referring to the drawings, a description will be given of an
embodiment of a treatment apparatus for waste cleaning liquid
(hereinafter, abbreviated as a “treatment apparatus”) according to the
present invention and a treatment method for waste cleaning liquid
using the treatment apparatus (hereinafter, abbreviated as a
“treatment method”) according to the present invention.

[0015]

The present invention 1s applied 1n order to treat a waste
cleaning liquid discharged from a process of producing an electrode of
a lithium-ion secondary battery. The above-described waste cleaning
liquid 1s a suspension of an electrode material that i1s a solid
component and of a cleaning liquid, and the waste cleaning liquid
discharged from a preparation tank in a positive electrode production
process contains the NMP for use in cleaning as a main component,
and a solid component and a binder contained in the electrode
material. Moreover, a waste cleaning liquid discharged from a
preparation tank in a negative electrode production process includes
water for use 1in cleaning as a main component, and a solid component,
and a binder contained in the electrode material.

[0016]

First, the treatment apparatus of the present invention will be
described. The treatment apparatus of the present invention is applied
for each of the waste cleaning liquids discharged from the respective
electrode production steps. In the following embodiment, a description

will be given of an example of the treatment apparatus applied to the



CA 03154180 2022-4-8

treatment of the waste cleaning liguid that is discharged from the
positive electrode production process and contains the NMP. Note
that, in Figs. 1 to 3 showing the treatment apparatus, valves, a
thermometer, a liquid level gauge and a control device are omitted.
[0017]

As shown 1n Fig. 1, the treatment apparatus of the present
invention includes: stirring means for stirring the-waste cleaning
liquid introduced from the electrode production process; a liquid feed
line that takes out the waste cleaning liquid from the stirring means:
and evaporation separating means for evaporating the cleaning liguid
in the waste cleaning liquid to separate the solid component, the
evaporation separating means being supplied with the waste cleaning
liguid by the liquid feed line, in which the waste cleaning liquid is
supplied to the evaporation separating means by the liquid feed line
while stirring the waste cleaning liguid by the stirring means.

[0018]

In usual, in a subsequent stage to the electrode production
process, the waste cleaning liguid 1s reserved 1n a conventional
portable container 40 from a preparation tank (not shown) of a coating
apparatus through a flow path 10 for discharging the waste cleaning
liguid. Then, in the treatment apparatus, through a subject liquid
supply line constituted of a flow path 11, a pump 31 and a flow path
12, the waste cleaning liquid is introduced into the above-described

stirring means from the portable container 40.

[0019]
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As the stirring means, a stirring tank 6 as shown is
mentioned. As will be described later, the stirring tank 6 1s disposed 1n
order to disperse the solid component in the waste cleaning liquid
supplied to the above-described evaporation separating means. As the
stirring tank 6, a tank having an appropriate structure can be used as
long as 1t 1s provided with a stirring device such as a rotating wing or
a screw capable of stirring the waste cleaning liquid. Further,
preferably, the stirring tank 6 includes heating means in order to
increase fluidity of the waste cleaning liguid supplied to the above-
described evaporation separating means.

[0020]

Specifically, as shown 1in Fig. 2, the stirring tank 6 includes: a
tank body 60 having a stirring wing 62 therein: and a heating
instrument, for example, a jacket 61 disposed on an outer
circumferential portion of the tank body. The tank body 60 1s a
hermetically sealed container with an approximate internal capacity
of 5 to 20 m?, is provided, on an upper end side thereof, with a subject
liquid 1nlet 60a 1nto which the above-described flow path 12 1s
connected, and is provided, on a lower end side thereof, with a subject
liguid outlet 60b 1nto which a flow path 13 to be described later 1s
connected. The stirring wing 62 disposed in a vicinity of a bottom
portion of the tank body 60 is configured to be rotatable by a drive
shaft inserted from an upper end of the tank body 60. The jacket 61 1s
a heating oven that circulates vapor as a heating medium on the outer

circumferential portion of the tank body 60, is provided with a heating
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medium supply port 61a on an upper end portion thereof, and is
provided with a heating medium discharge port (drain) 61b on a lower
end portion thereof.

[0021]

Further, though not shown, the stirring tank as the stirring
means may include a stirring device with another structure. For
example, in the tank body, the stirring tank may include a circulation
line by a pump. Such a stirring device by a pump is constituted by
connecting sequentially a flow path that drains the waste cleaning
liquid from the bottom portion of the tank body, a pump and a flow
path that recirculates the waste cleaning liquid to an upper portion of
the tank body. Further, like the above-described stirring tank 6,
preferably, the stirring tank includes heating means such as a jacket
disposed on an outer circumferential portion of the tank body, and is
constituted to be capable of heating the waste cleaning liguid in the
above-described tank body. Further, as the stirring means, a screw
pump that transfers the suspension while stirring the same, or the
like can also be used.

[0022]

Note that, as the heating means in the above-described
stirring means, a variety of heat exchangers such as a heater disposed
in the inside can be used as well as such an instrument as the jacket,
which is disposed on the outer circumferential portion of the tank.
Then, though not shown, the waste cleaning liguid 1s heated up to a

predetermined temperature by the above-described heating means.
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For example, the temperature of the waste cleaning liquid in the tank
body 60 1s detected by a temperature sensor provided in the stirring
tank 6 and the control device of the treatment apparatus, and the
heating means 1s constituted to be capable of heating the waste
cleaning liquid in the tank body 60 to 40 to 90°C, preferably 70 to
90°C.

[0023]

As shown 1n Fig. 1, the above-described liquid feed line that
takes out the waste cleaning liquid from the stirring tank 6 and
supplies the same to the above-described evaporation separating
means 1s constituted of the flow path 13, a pump 32, a flow path 14,
and a flow path 15. Moreover, in order to increase the fluidity of the
waste cleaning liquid supplied to the evaporation separating means
and to approximate the temperature of the waste cleaning liquid to
the evaporation temperature, preferably, the liquid feed line 1s added
with a heating device 51 downstream of the pump 32, that is, between
the flow path 14 and the flow path 15. By such a heating device 51,
the waste cleaning liquid to be fed 1s made capable of being heated to
60 to 100°C, preferably 80 to 100°C. Note that a variety of heat
exchangers including a spiral-type one can be used as the heating
device 51.

[0024]

Incidentally, in the case of collecting the waste cleaning liguid

containing the NMP by evaporation, preferably, the waste cleaning

liguid 1s evaporated at a temperature as low as possible and for a

12
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residence time as short as possible in order to suppress a high-boiling-
point component and a peroxide from being generated. Accordingly, in
the present invention, a thin film evaporator as an example, is used as
the above-described evaporation separating means for evaporating the
waste cleaning liquid and separating the solid component. The thin
film evaporator 1s a known device that forms a thin film of a subject
liguid on an evaporation surface and heats the same and performs
purification, enrichment and the like of the subject liquid. In usual,
the thin film evaporator is operated under a reduced pressure
condition, and can evaporate a liquid component at a relatively low
temperature. Specifically, the downflow-type thin film evaporator 7
shown in Fig. 3 1s used as such a thin film evaporator.

[0025]

The thin film evaporator 7 shown in Fig. 3 includes: a
cylindrical evaporator body 70 supplied with the waste cleaning liquid
from one end portion thereof; a rotating blade 72 disposed along a
centerline of the evaporator body; and heating means disposed on an
outer circumferential portion of the evaporator body 70. The thin film
evaporator 7 is provided with a structure to form a thin film of the
waste cleaning liquid that is the subject liquid on an inner
circumferential surface of the evaporator body 70, and to scrape off a
remaining solid component by the rotating blade 72 and discharge
them from other end portion of the evaporator body 70.

[0026]

In the thin film evaporator 7, the evaporator body 70 is a

13
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metallic cylindrical container with an approximate heat transfer area
of 2 to 10 m?, and the inner circumferential surface thereof 1s used as
the evaporation surface. An upper end portion of the evaporator body
70 1s constituted as a subject liquid supply/discharge portion. The
waste cleaning liquid is supplied through a subject liquid inlet 70a
connected to the flow path 15, and the vapor (NMP) separated from
the waste cleaning liquid is discharged through a vapor outlet 70b
connected to the flow path 16.

[0027]

The rotating blade 72 is disposed in a spiral shape as an
example along a drive shaft 73 inserted into the center of the
evaporator body 70, and a tip end portion of the rotating blade 72 1s
constituted 1n a state of substantially contacting the inner
circumferential surface of the evaporator body 70. The drive shaft 73
1s supported by a bearing provided 1n an upper lid 74 on the upper end
of the evaporator body 70, and by a bearing provided in a bottom lid
75 on the lower end of the evaporator body 70. Moreover, the bottom
lid 75 1s provided with slits 75¢ which drop the solid component that 1s
sludge downward, and the thin film evaporator 7 is constituted to
discharge the solid component from a sludge discharge port 76
connected to a flow path 23 to be described later.

[0028]

As the heating means on the outer circumferential portion of

the evaporator body 70, in usual, used 1s a jacket 71 that circulates

vapor as a heating medium. Like the above-mentioned stirring tank 6,

14



CA 03154180 2022-4-8

the jacket 71 is a heating oven that circulates the vapor of the
evaporator body 70, and 1s provided with a heating fluid inlet 71a on
an upper end portion thereof, and 1s provided with a heating fluid
outlet (drain) 71b on a lower end portion thereof.

[0029]

As shown 1n Fig. 1, in the treatment apparatus, in order to
reduce a pressure in a system thereof by a vacuum pump 34 to be
described later, the solid component separated by the thin film
evaporator 7 is taken out into a sludge collection container 8 through
the flow path 23 and is tentatively reserved therein. Then, a flow path
24, a pump 35, and a flow path 25, which constitute an unloading line,
are connected to a bottom portion of the sludge collection container 8.
Through the unloading line, the solid component in the sludge
collection container 8 1s transferred to a portable container 41 for
unloading.

[0030]

Meanwhile, the above-mentioned flow path 16 as a vapor
collection line 1s connected to the subject liguid supply/discharge
portion of the above-described thin film evaporator 7, and a condenser
52 18 disposed downstream of the flow path 16. Then, in the treatment
apparatus, the vapor of the NMP separated by the thin film
evaporator 7 is liquefied by the condenser 52, and the liqguefied NMP
1s collected to a separated liquid collection container 9 through the
flow path 17. Note that a variety of heat exchangers such as a multi-

pipe-type heat exchanger can be used as the condenser 52.
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[0031]

Like the above-mentioned sludge collection container 8, the
separated liquid collection container 9 is disposed in order to maintain
the inside of the system in a pressure reduction state. A liquid
withdrawal line constituted of a flow path 18, a pump 33, a flow path
19, a cooler 53, and a flow path 20 1s connected to a bottom portion of
the separated liquid collection container 9. In the treatment
apparatus, the NMP 1n the separated liquid collection container 9 1s
stored in a collected liguid storage tank 42 through the liguid
withdrawal line. The cooler 53 is disposed 1n order to cool, to room
temperature, the NMP stored in the collected liquid storage tank 42.
As the cooler 53, a variety of heat exchangers such as a multi-pipe-
type heat exchanger can be used.

[0032]

Moreover, 1n the treatment apparatus, 1n order to promote the
evaporation in the thin film evaporator 7 by reducing the pressure in
the system of the treatment apparatus itself, for example, an upper
portion of the separated liquid collection container 9 is connected to
the vacuum pump 34 through a flow path 21. Further, in order to
prevent the invasion of air into the system, and to suppress the
generation of the peroxide in the NMP, a flow path 22 for supplying
inert gas such as nitrogen is connected, for example, to the above-
described flow path 21.

[0033]

Next, the treatment method of the present invention, which

16
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uses the above-described treatment apparatus, will be described. The
waste cleaning liguid discharged from the electrode production
process, for example, such a waste cleaning liquid that is discharged
from the coating apparatus in the positive electrode production
process and contains the NMP as a main component is reserved 1n the
portable container 40 through the flow path 10.

[0034]

In the treatment method of the present invention, first, the
waste cleaning liguid in the portable container 40 is introduced into
the stirring tank 6 as an example of stirring means through the flow
path 11, the pump 31 and the flow path 12. An introduction amount of
the waste cleaning liquid into the stirring tank 6 is set, for example, to
100 to 500 kg/hour though the introduction amount varies depending
on a scale of the electrode production process. Moreover, when the
treatment apparatus is operated, the vacuum pump 34 is actuated to
reduce the pressure in the system to 1 to 10 kPaA while supplying
nitrogen as an example into the system through the flow path 22.
[0035]

Subsequently, when a liquid level of the waste cleaning liquid
reaches a predetermined height in the stirring tank 6, the stirring
wing 62 1s rotated to stir the waste cleaning liquid, whereby the solid
component in the waste cleaning liguid 1s diffused. Moreover, at the
same time, the vapor for heating is supplied to the jacket 61 to heat
the-waste cleaning liquid in the stirring tank 6 to 40 to 90°C,

preferably, 70 to 90°C. Thus, the fluidity of the waste cleaning liquid
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can be increased to approximate the temperature thereof to the
evaporation temperature. Then, while being stirred in the stirring
tank 6, the waste cleaning liguid is supplied to the thin film
evaporator 7 as evaporation separating means through the flow path
13, the pump 32, the flow path 14 and the flow path 15, which
constitute the liquid feed line.

[0036]

Moreover, when the waste cleaning liguid 1s supplied to the
thin film evaporator 7, then in the above-described liquid feed line, the
waste cleaning liquid 1s further heated to 60 to 100°C, preferably 80 to
100°C by the heating device 51. Thus, the fluidity of the waste
cleaning liquid can be maintained, and the temperature of the waste
cleaning liquid can be further approximated to the evaporation
temperature. That 1s, in the treatment method of the present
1invention, the waste cleaning liguid 1s supplied to the thin film
evaporator 7 in a state in which the solid component in the waste
cleaning liquid is diffused and viscosity of the waste cleaning liquid 1s
decreased, whereby the blockages in the flow paths and the
instruments are prevented. In addition, the waste cleaning liquid is
supplied to the thin film evaporator 7 in a state in which the
temperature of the waste cleaning liquid 1s approximated to the
evaporation temperature, whereby the function of the thin film
evaporator 7 1s sufficiently exerted.

[0037]

In the thin film evaporator 7, the rotating blade 72 is rotated

18
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while the waste cleaning liquid is being supplied to the evaporator
body 70. Moreover, at that time, the vapor for heating 1s supplied to
the jacket 71, and the evaporator body 70 1s heated, for example, to
100 to 130°C. Thus, in the thin film evaporator 7, the thin film of the
waste cleaning liquid is formed on the inner surface of the evaporator
body 70, and the evaporation of the cleaning liquid 1s accelerated. In
the treatment method of the present invention, as described above, the
waste cleaning liqguid supplied to the thin film evaporator 7 1s stirred
and heated to approximate the temperature thereof to the evaporation
temperature. Accordingly, the evaporation efficiency in the thin film
evaporator 7 can be further increased.

[0038]

In the thin film evaporator 7, the thin film of the waste
cleaning liquid 1s formed as described above, whereby the cleaning
liguid 1in the waste cleaning liquid 1s evaporated to separate the solid
component. Then, the separated solid component 1s continuously
scrapped off by the rotating blade 72, and is discharged downward
from the evaporator body 70 through the sludge discharge port 76.
Moreover, the NMP obtained by the evaporation is collected from the
vapor outlet 70b in the upper end of the evaporator body 70.

[0039]

The solid component discharged from the thin film evaporator
7 by such an evaporation separating operation of the thin film
evaporator 7, that is, the solid component containing the electrode

material is collected to the sludge collection container 8 through the
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flow path 23. The solid component collected to the sludge collection
container 8 can be taken out to the portable container 41 as an
example through the unloading line constituted of the flow path 24,
the pump 35, and the flow path 25.

[0040]

Moreover, the vapor collected from the thin film evaporator 7
by the evaporation separating operation of the thin film evaporator 7,
that 1s, the vapor of the NMP 1s introduced into the condenser 52
through the flow path 16 and is liquefied in the condenser, and in
addition, the liquid NMP is reserved 1n the separated liquid collection
container 9 through the flow path 17. Then, the NMP in the separated
liquid collection container 9 can be stored in the collected liquid
storage tank 42 through the flow path 18, the pump 33, the flow path
19, and the flow path 20. Moreover, when the liquid 1s fed to the
collected liquid storage tank 42, the NMP 1s cooled down to room
temperature by the cooler 53 interposed between the flow path 19 and
the flow path 20. The NMP in the collected liquid storage tank 42 can
be reused by further being purified by a variety of conventional
evaporation methods.

[0041]

As described above, in the present invention, the waste
cleaning liquid is stirred in advance in the stirring tank 6 to evenly
diffuse the solid component, and i1s supplied to the thin film
evaporator 7 that 1s the evaporation separating means in a state in

which the solid component is diffused. Accordingly, the solid
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component can be prevented from being retained and adhered in and
to the flow paths and the devices, and the instruments can be
prevented from being blocked by the solid component. Moreover, when
the waste cleaning liquid is supplied to the thin film evaporator 7, the
waste cleaning liquid is heated up to a predetermined temperature in
addition to the stirring of the waste cleaning liguid, whereby the
viscosity of the waste cleaning liquid is decreased. Accordingly, the
solid component can be further suppressed from being retained in the
flow paths and the devices. In addition, the temperature of the waste
cleaning liquid is raised, whereby the evaporation efficiency in the
thin film evaporator 7 can be improved. Accordingly, the separation
efficiency of the liguid component and the solid component can be
increased, and the high-boiling-point component and the peroxide can
be suppressed from being generated. Further, in accordance with the
present invention, the volume reduction treatment of the waste liguid
becomes more possible, and accordingly, production cost of the
electrode can be further reduced.

[0042]

Note that, similarly to the treatment of the waste cleaning
liquid discharged from the positive electrode production process as
described above, the present invention can also be applied to
treatment of a waste cleaning liquid that is discharged from the
negative electrode production process and contains water as a
cleaning liquid. Since water can be collected by the evaporation

separating means, this can he treated with ease without affecting an
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environment, and in the same way, the volume reduction treatment of

the waste liquid can be further implemented.

Examples
[0043]
Example:

The waste cleaning liquid discharged from the preparation
tank in the positive electrode production process was treated by the
apparatus in Fig. 1, and an experiment was performed, in which the
NMP was separated and collected, and a residue containing the
electrode material was collected. A heat transfer area (a substantial
evaporation area) in the evaporator body 70 of the thin film
evaporator 7 was set to 0.5 m2. Then, the NMP collected to the
separated liquid collection container 9 was weighed, and a volume
reduction rate of the waste cleaning liquid was confirmed. Main
operation conditions and the volume reduction rate are as shown in
Table 1, and blockages in pipes and instruments during the operation
were hot recognized.

[0044]
Comparative example:

The waste cleaning liquid discharged from the coating
apparatus in the positive electrode production process was supplied to
a thin film evaporator 7 similar to that in Example, and was subjected
to the evaporation separating treatment. At that time, a conveying

line constituted of only flow paths and pumps was used, and the waste
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cleaning liguid was directly supplied to the thin film evaporator 7 to
the portable container 40. Then, after the operation was started, the
conveying line was blocked, and a continuous operation was not able

to be performed.

[0045]
[Table 1]
Example 1 Example 2

Treatment amount (ml/min) 100 to 140 160 to 230
Initial temperature of waste a1 a9
cleaning liquid (°C)
Operation pressure in system p p
(kPaA)
Evaporation temperature when
supplied to thin film evaporator 135 145
(°C)
Operation temperature of thin

: 95 95
film evaporator (°C)
Volume reduction rate (%) 90 90

Industrial Applicability
[0046]

The treatment apparatus for waste cleaning liquid and the
treatment method for waste cleaning liquid according to the present
invention can efficiently separate the liquid component and the solid
component from the suspension, can sufficiently collect the liguid
component and can subject the liguid component to the volume
reduction treatment, and accordingly, are suitable for the treatment of

the waste cleaning liquid that 1s discharged from the process of
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producing the electrode of the lithium-ion secondary battery and

contains the electrode material easy to precipitate.

Reference Signs List

[0047]

40 Portable container
41 Portable container
51 Heating device

52 Condenser

53 Cooler

6 Stirring tank

60 Tank body

61 Jacket (heating means)
62 Stirring wing (stirring means)
7 Thin film evaporator (evaporation separating means)

70 Evaporator body

71 Jacket (heating means)

72 Rotating blade

76 Sludge discharge port

8 Sludge collection container

9 Separated liquid collection container
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CLAIMS:

1. A treatment apparatus for waste cleaning liquid that treats a
waste cleaning liquid discharged from a process of producing an
electrode of a lithium-ion secondary battery, the waste cleaning liquid
being a suspension of an electrode material that is a solid component
and a cleaning liquid, the treatment apparatus for waste cleaning
liquid including: a tank body having stirring means for stirring the
waste cleaning liquid introduced from the electrode production process
therein; a liquid feed line that takes out the waste cleaning liquid
from the tank body; and evaporation separating means for
evaporating the cleaning liquid in the waste cleaning liquid to
separate the solid component, the evaporation separating means being
supplied with the waste cleaning liquid by the liquid feed line,

being characterized in that heating means capable of heating
the waste cleaning liquid in the tank body to 40 to 90°C is disposed on
the outer circumferential portion of the tank body, and a heating
device capable of heating the waste cleaning liquid supplied to the
evaporation separating means to 60 to 100°C is added to the liquid
feed line.
2. The treatment apparatus for waste cleaning liquid according
to claim 1, being characterized in that the stirring means is a stirring
wing.
3. The treatment apparatus for waste cleaning liquid according
to claim 1, being characterized in that the tank body has a circulation

line by a pump.
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4. The treatment apparatus for waste cleaning liquid according
to claim 1, being characterized in that the evaporation separating
means is a thin film evaporator.

5. The treatment apparatus for waste cleaning liquid according
to claim 1, being characterized in that the evaporation separating
means is a thin film evaporator, and the thin film evaporator includes:
a cylindrical evaporator body having one end portion from which the
waste cleaning liquid is supplied; a rotating blade disposed along a
centerline of the evaporator body; and heating means disposed on an
outer circumferential portion of the evaporator body, and is provided
with a structure to scrape off, by the rotating blade, a solid component
adhered to an inner circumferential surface of the evaporator body
and discharge the solid component from other end portion of the
evaporator body.

6. The treatment apparatus for waste cleaning liquid according
to claim 1, being characterized in that the cleaning liquid is N-methyl-
2-pyrrolidone (hereinafter, abbreviated as ’NMP”) and the waste
cleaning liquid contains NMP used for cleaning as a main component.
7. A treatment method for waste cleaning liquid of treating, by a
treatment apparatus, a waste cleaning liquid discharged from a
process of producing an electrode of a lithium-ion secondary battery,
the waste cleaning liquid being a suspension of an electrode material
that is a solid component and a cleaning liquid, being characterized in
that the waste cleaning liquid treatment apparatus includes: a tank

body having stirring means for stirring the waste cleaning liquid
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introduced from the electrode production process therein; a liquid feed
line that takes out the-waste cleaning liquid from the tank body; and
evaporation separating means for evaporating the cleaning liquid in
the waste cleaning liquid to separate the solid component, the
evaporation separating means being supplied with the waste cleaning
liquid by the liquid feed line, and in the treatment method, the waste
cleaning liquid is stirred by the stirring means, the waste cleaning
liquid is supplied to the evaporation separating means in a state in
which the solid component is diffused, and in the evaporation
separating means, the cleaning liquid in the waste cleaning liquid is
evaporated to separate the solid component, the waste cleaning liquid
in the tank body is heated to 40 to 90°C, and the waste cleaning liquid
supplied to the evaporation separating means is heated to 60 to 100°C.
8. The treatment method for waste cleaning liquid according to
claim 7, being characterized in that the cleaning liquid is NMP and
the waste cleaning liquid contains NMP used for cleaning as a main

component.
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FIG.2
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FIG.3
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