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DESCRIPTION

METHOD FOR TREATING BALLAST WATER AND DEVICE FOR TREATING
BALLAST WATER USED THEREFOR

Technical Field
[0001} The present disclosure relates to a method for treating ballast water and a

device for treating ballast water used therefor.

Background Art

[0002] When ships such as tankers, large cargo ships, ete. sail with no oil or cargoes
or a small amount thereof being loaded, generally they sail with ballast water stored in
a ballast tank to ensure the stability and balance of the ships. Usually, the ballast
water is loaded thereinto by pumping up, for example, seawater at the port of
discharge and 1s discharged at the port of loading. Thus, since, for example, seawater
of the port of discharge is used for the ballast water, the ballast water contains, for
example, aquatic microorganisms Hving around the port of discharge, and the aquatic
microorganisms are discharged together with the ballast water at the port of loading.
[0003] Methods for treating ballast water are described in, for example, Patent
Document 1 and Patent Document 2. Patent Document 1 discloses an
electrolysis-type apparatus for treating ballast water that is provided with an
electrolytic cell for electrolyzing seawater, a circulating pump for connecting a ballast
tank and the electrolytic cell, and a control unit that controls the supply of
direct-current voltage to the electrolytic cell and that controls the circulating pump in
such a manner as to adjust the hypochlorous acid concentration in the ballast water to
annihilate marine microorganisms inside the ballast tank. Patent Document 2
discloses an electrolytic sterilizing apparatus for ship ballast water, wherein the
electrodes of the first-group electrode set, which come into first contact with flowing
water, are plate-shaped electrodes and the other-group electrode sets are mesh-shaped
electrodes.

Prior Art Documents

Patent Documents
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[0004] [Patent Document 1] JP 4478159 B
[Patent Document 2] JP 4723647 B

Disclosure of Invention

Problem to be Solved by the Invention

[0005] As described above, International Convention for the Control and
Management of Ships’ Ballast Water and Sediments was adopted and requires
mstallation of a device for treating ballast water, which resulted in more demand for
new technologies that can treat ballast water. Therefore, a novel method and device
for treating a liquid, which can be used for treating ballast water, are provided.

Means for Solving Problem

[0006] In one or more aspects, the present disclosure relates to a method for treating
a liquid, which includes a storage step including carrying out at least one of an aquatic
organism-inactivating treatment and a physical treatment using a centrifugal force,
with respect to a supply liquid to be supplied to a storage means located inside a
housing, and a discharge step including determining whether or not an aquatic
organism-inactivating treatment is required, carrying out the treatment based on the
result thus determined, and carrying out a physical treatment using a centrifugal force,
with respect to a discharge liquid to be discharged outside the housing from the
storage means.

[0007] In one or more aspects, the present disclosure relates to a method for treating
a hquid, which includes carrying out a physical treatment using a centrifugal force
with respect to a supply liquid to be supplied to a storage means located inside a
housing and storing it in the storage means disposed in the housing, wherein the flow
rate of the supply liguid flowing into a device for carrying out the physical treatment is
1 to 10 m/sec.

[0008] In one or more aspects, the present disclosure relates to a method for treating
a ligud, which includes carrying out a physical treatment using a centrifugal force
with respect to a discharge liquid to be discharged outside a housing from a storage
means located inside the housing, and discharging the discharge hquid that has been
subjected to the treatment ocutside the housing, wheremn the flow rate of the discharge

liguid flowing into a device for carrying out the physical treatment is 1 to 10 m/sec.
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[0009] In one or more aspects, the present disclosure relates to a device for treating a
Bquid, which is provided with an inactivating means for carryving out an aquatic
organism-inactivating treatment with respect to a supply liquid to be supplied to a
storage means located inside a housing and/or a discharge liquid to be discharged
outside the housing from the storage means, a physical means for carrying out a
physical treatment using a centrifugal force with respect to the supply liquid to be
supplied to the storage means located inside the housing and/or the discharge liquid to
be discharged outside the housing from the storage means, and a control unit for
determining whether or not the aquatic organism-inactivating treatment is required
with respect to the discharge liquid.

[0010] In one or more aspects, the present disclosure relates to a device for treating a
hquid, which ig provided with a physical means for carrying out a physical treatment
using a centrifugal force at an inlet flow rate of 1 to 10 m/sec with respect to a supply
liquid to be supplied to a storage means located inside a housing and/or a discharge
liguid to be discharged outside the housing from the storage means.

Eifects of the Invention

[0011} The present disclosure can provide, in one or more embodiments, a novel
method and device for treating a liquid, which can be used for treating ballast water.
Brief Description of Drawings

[0012] [FIG. 1] FIG. 1 is a schematic block diagram to be used for describing a
method for treating ballast water in Embodiment 1.

[FIG. 2] FIG. 2 is a schematic block diagram to be used for describing a method for
treating ballast water in Embodiment 2.

[FIG. 3] FIG. 38 is a schematic block diagram showing an example of the arrangement
of a centrifugal separator and a neutralizer addition means.

[FIG. 4] FIG. 4 is a schematic block diagram to be used for describing a method for
treating ballast water in Kmbodiment 3.

[FIG. 5] FIG. 5 is a schematic block diagram to be used for describing a method for
treating ballast water in Embodiment 4.

[FIG. 6] FIG. 6 is a schematic block diagram showing an example of the arrangement
of a centrifugal separator and an electrolysis unit 2.

[FIG. 7] FIG. 7 is a schematic block diagram to be used for describing a method for
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treating ballast water in Embodiment 5.

[FIG. 8] FIG. 8 is a schematic block diagram to be used for describing a method for
treating ballast water in Embodiment 6.

[FIG. 9] FIG. 9 is a schematic block diagram to be used for describing a method for
treating ballast water in Embodiment 7.

[FIG. 10] FIG. 10 is a schematic block diagram of test equipment that was used in
examples.

[FIG. 11] FIG. 11 is a schematic view to be used for describing the configuration of a
liquid cyclone.

[FIG. 12] FIG. 12 is a schematic view to be used for describing the setting angle of the
Iiquad cyclone.

Description of the Invention

f0013] The present disclosure may relate to one or more of the following
embodiments:

<1>  Amethod for treating a hiquid, including:

a storage step including carrying out at least one of an aquatic
organism-inactivating treatment and a physical treatment using a centrifugal force,
with respect to a supply liquid to be supplied to a storage means located inside a
housing, and

a discharge step including determining whether or not an aquatic
organism-mactivating treatment is required, carrying out the treatment hased on the
result thus determined, and carrying out a physical treatment using a centrifugal force,
with respect to a discharge liquid to be discharged outside the housing from the
storage means.
<2>The method according to the item <1>, wherein the inactivating treatment
includes mixing a substance capable of inactivating aquatic organisms into the supply
hquid or the discharge Liquid.
<3> The method according to the item <2>, wherein the mixing is carried out while
monitoring the concentration of the substance capable of inactivating aquatic
organisms in the liquid to be treated that is mixed therewith.
<4> The method according to the item <2> or <3>, wherein the substance capable of

mactivating aquatic organisms is a chlorine-containing substance.
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<5> The method according to the item <4>, including electrolyzing the supply liquid or
the discharge liquid to produce the chlorine-containing substance.
<6> The method according to the item <4> or <5>, including controlling the
concentration of the chlorine-containing substance to be 0.1 mg/L to 20 mg/L.
<7>The method according to any one of the items <2> to <6>, wherein whether or not
the inactivating treatment is required with respect to the discharge hiquid 1s
determined based on the concentration of the substance capable of inactivating aquatic
organisms in the discharge hiquid.
<& The method according to the item <7>, wherein when it is determined that the
Inactivating treatment is required with respect to the discharge liquid, the aquatic
organism-inactivating treatment is carried out with respect to the discharge liquid.
<9> The method according to any one of the items <1> to <8>, wherein the physical
treatment includes separating aquatic organisms with a shell whose height is at least
50 pm from the supply hiquid or the discharge hiquid using a centrifugal force or
stirring the supply liquid or the discharge liquid using a centrifugal force.
<10> The method according to the item <9>, wherein the flow rate of the hiquid flowing
into a device for carrying out the separating or stirring is 1 to 10 m/sec.
<11> The method according to any one of the items <1> to <10>, wherein the discharge
step includes adding, to the discharge hquid, a neutralizer that neutralizes the
substance capable of iInactivating aquatic organisms.
<12> A method for treating a hiquid, including carrying out a physical treatment using
a centrifugal force with respect to a supply liquid to be supplied to a storage means
located inside a housing and storing it in the storage means disposed in the housing,
wherein the flow rate of the supply liquid flowing into a device for carrying out
the physical treatment is 1 to 10 m/sec.
<13> The method according to the item <12>, wherein the physical treatment using a
centrifugal force is carried out with respect to a discharge hiquid to be discharged
outside the housing from the storage means.
<14> The method according to the item <12> or <13>, wherein the physical treatment
includes separating aquatic organisms with a shell whose height is at least 50 pm
from the supply liquid or the discharge hiquid using a centrifugal force or stirring the
supply iquid or the discharge liquid using a centrifugal force.
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<15> The method according to any one of the items <12> to <14>, including carrying
out an aquatic organism-inactivating treatment with respect to the supply liquid
and/or the discharge liguid.
<16> The method according to the item <15>, wherein the substance capable of
inactivating aquatic organisms is a chlorine-containing substance.
<17> The method according to the item <16>, including electrolyzing the supply hquid
or the discharge hiquid to produce the ehlorine-containing substance.
<18> The method according to any one of the items <15> to <17>, including
determining the addition of a neutralizer that neutralizes the substance capable of
Iactivating aquatic organisms based on the concentration of the substance capable of
imactivating aquatic organisms in the discharge hquad.
<19> The method according to the item <18>, including measuring the concentration
of the substance capable of inactivating agquatic orgamsms i the discharge Hiquid.
<20> A method for treating a liquid, including carrying out a physical treatment using
a centrifugal force with respect to a discharge liquid to be discharged outside a housing
from a storage means located inside the housing, and discharging the discharge hiquid
that has been subjected to the treatment outside the housing,

wherein the flow rate of the discharge hiquid flowing into a device for carrying
out the physical treatment is 1 to 10 m/sec.
<21> The method according to the item <20>, wherein the physical treatment includes
separating aquatic organisms with a shell whose height is at least 50 pm from a
supply hiquid or the discharge liquid using a centrifugal force or stirring the supply
hquid or the discharge liquid using a centrifugal force.
<22> The method according to the item <20> or <21>, including carrying out an
aquatic organism-inactivating treatment with respect to the supply iquid and/or the
discharge liquid.
<23> The method according to the item <22>, wherein the substance capable of
mnactivating aquatic organisms is a chlorine-containing substance.
<24> The method according to the item <23>, including electrolyzing the supply hquid
or the discharge hiquid to produce the chlorine-containing substance.
<25> The method according to any one of the items <22> to <24>, including

determining the addition of a neutralizer that neutralizes the substance capable of
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Inactivating aquatic organisms based on the concentration of the substance capable of
inactivating aquatic organisms in the discharge hiquid.

<26> The method according to the item <25>, including measuring the concentration
of the substance capable of inactivating aquatic organisms in the discharge Liquid.
<27> The method according to any one of the items <1> to <26>, wherein the storage
means is a ballast tank.

<28> A device for treating a liquid, including:

an inactivating means for carrying out an aguatic organism-inactivating
treatment with respect to a supply liquid o be supplied to a storage means located
inside a housing and/or a discharge liquid to be discharged outside the housing from
the storage means,

a physical means for carrying out a physical treatment using a centrifugal
force with respect to the supply liquid to be supplied to the storage means located
inside the housing and/or the discharge hquid to be discharged cutside the housing
from the storage means, and

a control unit for determining whether or not the aquatic
organism-inactivating treatment is required with respect to the discharge liquid.
<29> The device according to the item <28>, wherein the inactivating means includes
a means for mixing a substance capable of inactivating aquatic organisms.
<30> The device according to the item <29>, further including a monitoring means for
monitoring the concentration of the substance capable of inactivating aquatic
organisms in the supply liquid and the storage means,

wherein the control unit controls the mixing means based on the
concentration obtained by the monitoring means.
<31> The device according to the item <29> or <30>, wherein the substance capable of
inactivating aquatic organisms is a chlorine-containing substance.
<327 The device according to the item <31>, wherein the inactivating means is
provided with a treatment tank for producing the chlorine-containing substance from
the supply liquid or the discharge hiquid.
<33> The device according to the item <32>, wherein the treatment tank is provided
with an electrolytic cell for electrolyzing the supply liguid or the discharge liquid to

produce the chlorine-containing substance.
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<34> The device according to any one of the items <29> to <33>, further including a
neutralizing means for adding, to the discharge liquid, a neutralizer that neutralizes
the substance capable of inactivating aquatic organisms.
<35> The device according to any one of the items <28> to <34>, wherein the physical
means is a separation or stirring means using a centrifugal force.
<36> A device for treating a liquid, including a physical means for carrying out a
physical treatment using a centrifugal force at an inlet flow rate of 1 to 10 m/sec with
respect to a supply liquid to be supphed to a storage means located inside a housing
and/or a discharge liquid to be discharged outside the housing from the storage means.
<37> The device according to the item <36>, wherein the physical meansisa
separation or stirring means using a centrifugal force.
<38> The device according to the item <36> or <37>, further including an inactivating
means for carrying out an aquatic organism-inactivating treatment with respect to the
supply iquid to be supphed to the storage means located inside the housing and/or the
discharge liquid to be discharged outside the housing from the storage means.
<39> The device according to the item <38>, wherein the inactivating means includes
a means for mixing a substance capable of inactivating aguatic organisms.
<40> The device according to the item <39>, wherein the substance capable of
inactivating aquatic organisms is a chlorine-containing substance.
<41> The device according to the item <40>, wherein the inactivating means is
provided with a treatment tank for producing the chlorine-containing substance from
the supply hquid or the discharge liquad.
<42> The device according to the item <41>, wherein the treatment tank is provided
with an electrolytic cell for electrolyzing the supply liguid or the discharge hiquid to
produce the chlorine-containing substance.
<43> The device according to any one of the items <39> to <42>, further including a
neutrahzing means for adding, to the discharge liquid, a neutralizer that neutralizes
the substance capable of inactivating aquatic organisms.
<44> A method for treating a liquid, ncluding:

carrying out an aquatic organism-inactivating treatment by electrolyzing a
liquid taken in from cutside a housing to produce a chlorine-containing substance,

carrying out a separation treatment using a centrifugal force with respect to
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the treated iquad that has been subjected to the mactivating treatment, and

storing a supernatant obtained by the separation treatment in a storage
means located inside the housing.
<45> A method for treating a liquid, including:

carrying out an aguatic organism-inactivating treatment by discharging a
Liguid stored in a storage means located inside a housing from the storage means and
electrolyzing the liquid thus discharged to produce a chlorine-containing substance,

carrying out a separation treatment using a centrifugal force with respect to
the treated liquid that has been subjected to the inactivating treatment, and

discharging a supernatant obtained by the separation treatment to the
outside of the housing,

wherem the method includes, between the mnactivating treatment and the
separation treatment or between the separation treatment and the discharging to the
outside of the housing, mixing a neutralizer that neutralizes the chlorine-containing
substance.
<46> A method for treating a hquid, including?

a storage step including:

carrying out an aquatic organism-inactivating treatment A by electrolyzing a
liquid taken in from outside a housing to produce a chlorine-containing substance,

carrying out a separation treatment A using a centrifugal force with respect to
the treated liquid that has been subjected to the inactivating treatment A, and

storing a supernatant obtained by the separation treatment A in a storage
means located inside the housing, and

a discharge step including:

carrying out an aquatic organism-mactivating treatment B by electrolyzing
the liquid discharged from the storage means located inside the housing to produce a
chlorine-containing substance,

carrying out a separation treatment B using a centrifugal force with respect to
the treated liquid that has been subjected to the inactivating treatment B,

discharging a supernatant obtained by the separation treatment B to the
outside of the housing, and

mixing a neutralizer that neutralizes the chlorine-containing substance,
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between the inactivating treatment B and the separation treatment B or between the
separation treatment B and the discharging to the outside of the housing.

[0014] In the present specification, in one or more embodiments that are not
particularly limited, examples of the “housing” include ships and preferably ships in
general that are equipped with a ballast tank. In one or more of embodiments that
are not particularly limited, examples of the ships in general that are equipped with a
ballast tank mclude container ships, ro-ro ships, tankers, bulk carriers, chemical ships,
and car carriers. In the present specification, the “storage means located inside a
housing” is not limited as long as 1t is disposed inside a housing and capable of storing
at least a iquid, and in one or more embodiments that are not particularly Hmited,
examples thereof include ballast tanks and bilge tanks.

[0015] In the present specification, in one or more embodiments that are not
particularly imited, the “supply liquid to be supplied to a storage means” is a liquid
taken in from outside a housing and supplied to a storage means, and examples
thereof include a hiquid stored in a ballast tank as ballast water in a ballasting step.

in one or more embodiments that are not particularly limited, examples of the water
taken in from outside a housing include seawater, brackish water, and freshwater. In
the present specification, in one or more embodiments that are not particularly limited,
examples of “a discharge liquid to be discharged from a storage means to the outside of
a housing” include ballast water to be discharged from a ballast tank to the cutside of a
housing in a deballasting step.

[0016] In the present specification, in one or more embodiments, examples of “aquatic
organisms” include microorganisms living in the sea, a river, a lake, ete. and in
addition, velatively micro-sized aquatic organisms such as yeast, mold, phytoplankton
or zooplankton, eggs and spores of planktons, bacteria, fungi, viruses, algae, larvae of
shellfishes such as conches and bivalves, larvae of crustaceans such as crabs, etc.
Furthermore, examples thereof can include microorganisms and the above-mentioned
aquatic organisms that may live in an estuary, a river, a canal, etc. that are connected
to the sea.

[0017] In the present specification, in one or more embodiments, the “aquatic
orgamsm-inactivating treatment” denotes to destroy, kill or wound, kill, or sterilize at

least a part of aquatic organisms contained in a supply liquid or a discharge liquid
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(hereinafter, the supply liquid and the discharge liquid that are to be subjected to the
treatment are also referred to together as a "liquid to be treated”), preferably, for
example, to destroy, kill or wound, or sterilize, by a chemical treatment, at least a part
of aquatic organisms contained in a liquid to be treated. In one or more non-limiting
embodiments, the aguatic organism-inactivating treatment can be carried out by, for
example, mixing a substance capable of inaciivating aquatic organisms into a liquid to
be treated and irradiating the liquid to be treated with ultraviolet rays. Furthermore,
the mixing may be carried out while monitoring the concentration of the substance
capable of inactivating aguatic organisms in the liquid to be treated, into which the
substance is to be mixed. In the present specification, in one or more embodiments,
examples of the “substance capable of inactivating aquatic organisms” include
hydrogen peroxide, ozone, a chlorine-containing substance, and reactive oxygen species.
In one or more embodiments, examples of the chlorine-containing substance include
substances containing, for example, hypochlorous acid, chlorous acid, and chloric acid,
as well as ions and salts thereof. In one or more embodiments, the aquatic
organism-inactivating treatment can include a chlorine treatment using a
chlorine-containing substance. The inactivating treatment A is a treatment to be
carried out with respect to a liquid taken in from outside a housing, while the
mactivating treatment B is a treatment to be carried out with respect to a liquid
discharged from a storage means located inside the housing.

[0018] Tn one or more embodiments, mixing of a chlorine-containing substance into a
liquid to be treated can be carried out by, for example, electrolyzing the liquid to be
treated to produce a chlorine-containing substance. In one or more embodiments,
electrolyzing can be carried out using an electrolysis unit 2. In one or more
embodiments that are not particularly imited, the electrolysis unit 2 used for a
method for treating ballast water of the present disclosure 1s provided with an
electrolytic cell and a power unit. In one or more embodiments that are not
particularly limited, the electrolytic cell is configured in such a manner that a plurality
of electrodes {for example, an anode and a cathode) are arranged therein, the
electrodes are electrically connected to a power unit and are supplied with direct
current voltage, and thereby electrolysis is carried out.  The shape of the electrodes is

not particularly limited and can be any one of a rectangular shape, a circular shape, a
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cvlindrical shape, ete, and the electrode surface may be flat-shaped or mesh-shaped.
The electrode material is not particularly imited but is preferably titanium or
stainless steel and more preferably the anode is coated with a platinum-based metal
composite alloy. The voltage between the electrodes in the electrolysis unit 2 is not
particularly imited but in one or more embodiments, the voltage between the
electrodes is 5 V to 500 V per m? of electrode area. Preferably, the electrolysis is
carried out with respect to the whole amount of ballast water. It is possible to carry
out the electrolysis with respect to part of the ballast water to produce a
chlorine-containing substance and then put it into the rest of the ballast water. In
this case, however, a higher concentration of chlorine compounds must be produced as
compared to the case where the electrolysis is carried out with respect to the whole
amount of hallast water, and the electrolysis unit 2 is required to carry out a
circulating treatment and a cooling treatment. TFurthermore, a feeder for feeding the
substance to the rest of the ballast water 1s additionally required.

[0019] It is preferable that in one or more embodiments, mixing a chlorine-containing
substance into a hquad to be treated be carred out in such a manner that based on the
concentration of the chlorine-containing substance measured at the end of water
supply, the concentration of the chlorine-containing substance in a supply iquid stored
in a storage means 18 at least 0.1 mg/L and it 1s 20 mg/L, or lower in terms of reducing
the impact on epoxy coatings of pipes, the storage means, ete.  In one or more
embodiments, mixing of a chlorine-containing substance into a liquid to be treated
may include controlling the concentration of the chlorine-containing substance to be
0.1 mg/L to 20 mg/L.

[0020] In the present specification, in one or more embodiments that are not
particularly limited, examples of the “physical treatment using a centrifugal force”
include separating or collecting, from a liquid to be treated, at least part of aquatic
organisms contained in the liquid to be treated, using a centrifugal force. When the
physical treatment using a centrifugal force is carried out, for example, aquatic
organisms that are difficult to be inactivated by the aquatic organism-inactivating
treatment can be separated or collected efficiently. In one or more embodiments,
examples of the aquatic organisms to be separated or collected include aquatic

organisms with a shell whose height is at least 50 pm and aquatic organisms with a
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shell whose aspect ratio (shell length/shell height) is 0.1 to 10. In the present
disclosure, in one or more embodiments, a phrase “with a shell” denotes a shell
covering the outside of a shellfish and a hard substance composed of calcareous, efc.

In one or more embodiments, examples of the aquatic organisms with a shell whose
height is at least 50 pm include bivaives (Pelecypoda) and conches (Gastropoda) with a
shell height of at least 50 pm.  In the present disclosure, the “shell height” denotes the
longest linear length from the upper end (usually, the apex of the shell) to the lower
end of a shell. In the present disclosure, the “shell length” denotes the longest linear
length from the front end to the rear end of a shell. Furthermore, the separation
treatment A 1s a treatment that is carried out with respect to a treated hiquid that has
been subjected to the inactivating treatment A, while the separation treatment Bis a
treatment that is carried out with respect to a treated hiquid that has been subjected to
the inactivating treatment B,

[0021] In one or more embodiments, the physical treatment using a centrifugal force
can be carried out by, for example, stirring a liquid to be treated using a centrifugal
force and separating the hquid to be treated into a supernatant and a concentrated
Liquid using a centrifugal force. In one or more embodiments, stirring of the liquid to
be treated using a centrifugal force can be carried out using a line mixer, a liquid
cyclone, ete.  In one or more embodiments, separation of the Liquid to be treated using
a centrifugal force can be carried out using a liquid cyclone.

[0022] 1In the present specification, in one or more embodiments, the “supernatant”
denotes a separated liquid with a lower solid content, concentration of separated liguids
obtained by a treatment for separating a liquid to be treated using a centrifugal force.
{n the present specification, in one or more embodiments, the “concentrated hquid”
denotes a separated liquid with a higher solid content concentration than that of the
supernatant of the separated hiquids obtained by the treatment for separating a liquid
to be treated using a centrifugal force. In one or more embodiments, examples of the
solid contents imclude aquatic organisms with a shell whose height is at least 50 pm
and/or aquatic organisms with a shell whose aspect ratio (shell length/shell height) is
0.1 to 10, as well as scales.

[0023] In one or more embodiments, the maximum amount of the liquid to be treated

in a liquid cyclone is not particularly limited but is preferably 1 m3/hr to 10000 m3/hr
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and further preferably 10 m3hr to 1000 m3/hr in terms of the installation space mnside
a ship. When a larger amount of the hquid to be treated than that is required, it is
preferable to install multiple lines of liquid cyclones. In one or more embodiments,
the casing size of the liquid cyclone is not particularly limited but is preferably 0.001 to
0.1 m in diameter and 0.003 m to 0.3 m in height per amount of a liguid to be treated
of 1 m¥hr in terms of the installation space inside a ship. In one or more
embodiments, the difference between the inlet pressure and the outlet pressure in the
liquid cyclone (hereinafter, referred to as a pressure loss) is preferably 0.01 MPato 1
MPa and further preferably 0.01 to 0.1 MPa in terms of the required pump head of the
pump for delivering a liquid to be treated to the liquid cyclone. In one or more
embodiments, the inlet flow rate in the liquid cyclone is preferably 0.1 to 100 m/sec and
more preferably 1 to 10 m/sec, from the viewpoints of obtaining sufficient separation
performance by a centrifugal force and controlling the required pump head of the
pump according to an increase in the pressure loss.  From the viewpoints of
controlling the increase in the amount of a iquid to be treated for obtaining a required
amount of a supernatant and controlling the increase in the capacity of the pump that
results therefrom, the amount of a concentrated hquid 1s preferably not more than
10% of that of the hquid to be treated. Furthermore, the concentrated liquid may be
discharged continuously from the lower part of the liquid cyclone, or it may be
discharged intermittently by being controlled after once heing stored in a dust bunker
connected to the cyclone lower part. When the concentrated liquid is discharged
mtermittently, preferably it is discharged before the dust bunker is filled up from the
viewpolnt of preventing the concentrated liquid from being taken up. The mterval for
discharging the concentrated liquid is not particularly limited but can be, for example,
an interval of 1 to 120 minutes in one or more embodiments. The place for
discharging the concentrated liquid is not particularly limited. It may be stored in a
tank other than the ballast tank or may be discharged outside the ship. Furthermore,
it may be included that the concentrated hquid is electrolyzed to produce a high
concentration of a chlorine-containing substance and thereby aquatic organisms
contained in the concentrated liquid are inactivated, which then 1s supplied to the
ballast tank. This allows the amount of the concentrated hiquid to be discharged to be

reduced or to be zero.
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{0024] In the liquid cyclone, preferably the length of the conical portion (H in FIG. 11)
is longer than the diameter of the cylindrical portion (D in FIG. 11) since this can
improve the centrifugal separation effect and the sedimentation of objects to be
separated, which allows the separation performance to be improved. In one or more
embodiments, the ratio (H/D) of the length (H) of the conical portion to the diameter
(D) of the cylindrical portion is 2 to 15, preferably 2 to 6.

[0025] In one or more embodiments, the Hquid cyclone may be disposed in such a
manner that the central axis of the liquid cyclone forms an arbitrary angle between 0
and 90 degrees with respect to the horizontal plane as shown in FIG. 12, In this case,
the “horizontal plane” denotes the floor surface inside a ship. In embodiments of the
present disclosure, the hquid cyclone is disposed in such a manner that the central axis
is arranged at 90 degrees (perpendicular direction) with respect to the horizontal plane
unless otherwise specifically disclosed.

[0026] Hereinafter, the present disclosure is described in detail with reference to
preferred embodiments. However, the present disclosure is not limited to the
following embodiments.

[0027] [Embodiment 1]

FiG. 1 1s a schematic diagram for describing a method for treating ballast
water in Embodiment 1 of the present disclosure. The method for treating ballast
water in Embodiment 1 is an embodiment of the method for treating a liquid (ballast
water) during ballasting (a storage step).

[0028] As shown in FIG. 1, a device for treating ballast water that is used for the
method for treating ballast water of Embodiment 1 is provided with an electrolysis
unit 2 and a centrifugal separator 3. The electrolysis unit 2 is connected to a ballast
pump 1 at its one end and to the centrifugal separator 3 at its other end. The
centrifugal separator 3 is connected to the electrolysis unit 2 at its one end and to a
ballast tank 4 at its other end. The device for treating ballast water shown in FIG. 1
18 configured in such a manner that a liquid taken in from outside a housing is
subjected to an inactivating treatment by the electrolysis unit 2 and then a physical
treatment using a centrifugal force by the centrifugal separator 3, which is thereafter
supplied to the ballast tank 4. According to the method for treating ballast water of
Embodiment 1, since the treated liquid that has been subjected to the inactivating
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treatment by the electrolysis unit 2 1s introduced into the centrifugal separator 3, a
chlorine-containing substance produced in the electrolysis unit 2 is stirred well in the
centrifugal separator 3. Furthermore, for example, scales peeled from the electrodes
of the electrolysis unit 2 are separated in the centrifugal separator 3, which can
prevent them from being accumulated in the ballast tank 4. According to the method
for treating ballast water of Embodiment 1, since the inactivating treatment by the
electrolysis unit 2 is carried out during ballasting (the storage step), propagation or
growth of aquatic organisms in the ballast tank 4 can be prevented. According to the
method for treating ballast water of Embodiment 1, since the physical treatment using
a centrifugal force by the centrifugal separator 3 is carried out, even when no filter is
used, for example, even when highly chlorine-resistant aquatic organisms are
contained, the ballast water can be treated sufficiently to the level that meets the
ballast water discharge standayd.

[0029] An embodiment of the treatment of ballast water of Embodiment 1 is
described.

[0030] First, a liquid taken in from outside a housing by the ballast pump 1 is
ntroduced into the electrolysis unit 2 and the liquid is electrolyzed in the electrolysis
unit 2. The electrolysis allows a chlorine-containing substance such as hypochlorous
acid to be produced, and an inactivating treatment using the chlorine-containing
substance is carried out. The electrolysis may be carried out while monitoring the
concentration of the chlorine-contaiming substance contained n the ballast water
stored in the ballast tank 4. For example, it may be included that the electrolysis unit
2 1s controlled in such a manner that the chlorine-containing substance contained in
the ballast water stored in the ballast tank 4 has a concentration of 0.1 mg/l. to 20
mg/L.  The point at which the concentration of the chlorine-containing substance is
monitored may be any one of the points after the electrolysis unit 2, after the
centrifugal separator 3, inside the ballast tank 4, and after the ballast tank 4.

[0031] Next, the treated liquid contaming the chlorine-containing substance
produced by electrolysis is introduced into the centrifugal separator 3. In the
centrifugal separator 3, a stivring-separation treatment is carried out using a
centrifugal force to separate the treated hquid into a supernatant and a concentrated

liquid and then the supernatant 1s supplied to the ballast tank 4. With the separation
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treatment carried out by the centrifugal separator 3, for example, aquatic organisms
with a shell such as shellfishes, preferably aquatic organisms with a shell whose
height 1s at least 50 pm, aquatic organisms with a shell whose aspect ratio 1s 0.1 to 10,
etc., are separated/collected in the concentrated liquid. From the viewpoint of
efficiently separating aquatic organisms with a shell whose height is at least 50 pm,
the inlet flow rate in the centrifugal separator 3 (for example, a liquid cyclone) is
preferably 1 to 10 m/sec.

(0032] [Embodiment 2]

FIG. 2 is a schematic diagram for describing a method for treating ballast
water in Embodiment 2 of the present disclosure. The method for treating ballast
water in Embodiment 2 is an embodiment of the method for treating a liquid
(deballast water) during deballasting (a discharge step).

[0033] As shown in FIG. 2, a device for treating ballast water that is used for the
method for treating ballast water of Embodiment 2 is provided with an electrolysis
unit 2, a neutralizer addition means 5, and a centrifugal separator 3. The electrolysis
unit 2 is connected to a ballast tank 4 at its one end and to the centrifugal separator 3
at its other end. The centrifugal separator 3 is connected to the electrolysis unit 2 at
its one end and to the outside of the housing at its other end. The device for treating
ballast water shown in FIG. 2 is configured in such manner that after the ballast
water stored in the ballast tank 4 is subjected to an mactivating treatment by the
electrolysis unit 2, a neutralizer 18 added thereto, a physical treatment using a
centrifugal foree is carried out by the centrifugal separator 3, and then the ballast
water thus treated is discharged outside the housing. According to the method for
treating ballast water of Embodiment 2, since the treated liquid that has been
subjected to the inactivating treatment by the electrolysis unit 2 and that contains the
neutralizer added thereto is introduced into the centrifugal separator 3, a
chlorine-containing substance produced in the electrolysis unit 2 and the neutralizer
added thereto are stirred well in the centrifugal separator 3. Thus, the neutralization
treatment can be carvied out efficiently. Furthermore, for example, scales peeled from
the electrodes of the electrolysis unit 2 are separated in the centrifugal separator 3,
which can prevent them from being discharged outside the housing.

[0034] An embodiment of the treatment of ballast water of Embodiment 2 is
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described.

[0035] First, ballast water discharged from the ballast tank 4 is introduced into the
electrolysis unit 2 and the Liquid is electrolyzed in the electrolysis unit 2. The
electrolysis allows a chlorine-containing substance such as hypochlorous acid to be
produced, and an inactivating treatment using the chlorine-containing substance is
carried out. The electrolysis may be carried out while monitoring the concentration of
the chlorine-containing substance contained in the ballast water in the ballast tank 4.
When it is determined that the concentration of the chlorine-containing substance
contained in the ballast water inside the ballast tank 4 is high enough (for example,
when it is 0.1 mg/L to 20 mg/L), electrolysis is not carried out. When it is determined
that the concentration is not high enough (for example, when it is less than 0.1 mg/L),
electrolysis may be carried out to produce a chlorine-contaming substance.

[0036] Next, a neutralizer is added to the treated liquid containing the
chlorine-containing substance produced by the electrolysis. Examples of the
neutralizer include a reducing agent for the chlorine-containing substance. Examples
of the reducing agent include sodium thiosulfate and sodium sulfite,

[0037] The treated liquid containing the neutralizer added thereto is introduced into
the centrifugal separator 3. In the centrifugal separator 3, a stirring-separation
treatment is carred out using a centrifugal force. Thus, the neutralizer and the
chlorine-contamning substance contained in the treated liquid are stirred and thereby
the chlorine-containing substance is neutralized while the treated liquid is separated
into a supernatant and a concentrated liquid. The supernatant thus separated is
discharged outside the housing. With the separation treatment carried out by the
centrifugal separator 3, for example, aquatic organisms with a shell such as shellfishes,
preferably, aquatic organisms with a shell whose height is at least 50 num, aquatic
organisms with a shell whose aspect ratio i1s 0.1 to 10, etc., are separated/collected in
the concentrated liquid. From the viewpoint of efficiently separating aquatic
organisms with a shell whose height is at least 50 pm, the inlet flow rate in the
centrifugal separator 3 (for example, a liquid cyclone) is preferably 1 to 10 m/sec.
[0038] In Embodiment 2, the description was made with reference to a configuration,
as an example, in which a means for adding the neutralizer is connected to a pipe that

connects the electrolysis unit 2 and the centrifugal separator 3 to each other, but the
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configuration is not limited thereto. [t may be a configuration i which the
neutralizer addition means 5 is connected to a pipe that connects the centrifugal
separator 3 and the outside of the housing to each other. In this case, after the
chlorine-containing substance was stirred well by the centrifugal separator 3 and
thereby the inactivating treatment was carried out efficiently; the stirring effect of the
swirling flow generated in the centrifugal separator 3 allows the neutralizer added
near the outlet of the centrifugal separator 3 to react efficiently with the remaining
chlorine-containing substance. Therefore, according to this configuration, the
inactivating treatment using the chlorine-containing substance and the neutralizing
treatment using the neutralizer can be carried out more efficiently. It is preferable
that the neutralizer addition means 5 be connected to a place located immediately
after the supernatant outlet of the centrifugal separator 3 from the viewpoint of
efficiently utilizing the swirling flow generated in the centrifugal separator 3. FIG. 3
shows an example of the configuration of connecting the centrifugal separator 3 and
the neutralizer addition means 5. Preferably, the neutralizer addition means 5 is
connected to a portion extending straight from the centrifugal separator 3 of the-
supernatant outlet pipe of the centrifugal separator 3. When the supernatant outlet
pipe of the centrifugal separator 3 includes a bent portion, it is preferable that the
neutralizer addition means 5 be connected thereto on the centrifugal separator 3 side
with respect the bent portion. The length of the pipe between the centrifugal
separator 3 and the place to which the neutralizer addition means 5 is connected is
preferably 5 m or shorter, more preferably 1 m or shorter, from the viewpoint of more
efficiently utilizing the swirling flow generated in the centrifugal separator 3.
Furthermore, in the case where the neutralizer is added as a solid, the stirring effect of
the centrifugal separation allows it to be dissolved in water easier.

[0039] [Embodiment 3]

FIG. 413 a schematic diagram for describing a method for treating ballast
water in Embodiment 3 of the present disclosure. In FIG. 4, the solid hine indicates
the flow of a liquid to be treated during ballasting while the broken line indicates the
flow of the hquid to be treated during deballasting. In the method for treating ballast
water in Embodiment 3, the ballast water treatment of Embodiment 1 is carried out

during ballasting (the storage step) while the ballast water treatment of Embodiment
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2 is carried out during deballasting (the discharge step).

[0040] As shown in FIG. 4, a device for treating ballast water that is used for the
method for treating ballast water of Embodiment 3 is provided with an electrolysis
unit 2, a neutralizer addition means 5, and a centrifugal separator 3. The electrolysis
untt 2 is connected to the centrifugal separator 3 at its one end. The electrolysis unit
2 1s configured in such a manner that a liquid taken in from outside a housing can be
mtroduced thereinto through a ballast pump 1 during ballasting while ballast water
discharged from a ballast tank 4 can be introduced thereinto during deballasting.

The centrifugal separator 3 is connected to the electrolysis unit 2 at its one end and to
the ballast tank 4 and the outside of the housing at its other end.  According to the
method for treating ballast water of Embodiment 3, since an inactivating treatment by
the electrolysis unit 2 is carried out during ballasting (the storage step), propagation or
growth of aquatic organisms in the ballast tank 4 can be prevented. According to the
method for treating ballast water of Embodiment 3, since a physical treatment using a
centrifugal force by the centrifugal separator 3 is carvied out, even when no filter is
used, for example, even when highly chlorine-resistant aquatic organisms are
contained, the ballast water can be treated sufficiently to the level that meets the
ballast water discharge standard. Furthermore, according to the method for treating
ballast water of Embodiment 3, since the inactivating treatment by the electrolysis
unit 2 is carried out during deballasting (the discharge step) and the treated Hquid
containing a neutralizer added thereto is introduced mto the centrifugal separator 3, a
chlorine-containing substance produced in the electrolysis unit 2 and the added
neutralizer are stirred well in the centrifugal separator 3 and thereby the neutralizing
treatment can be carried out efficiently. Moreover, for example, sludge that leaked
from inside the ballast tank 4 and scales peeled from the electrodes of the electrolysis
unit 2 are separated in the centrifugal separator 3, which can prevent them from being
discharged outside the housing. According to the method for treating ballast water of
Embodiment 3, since the inactivating treatment by the electrolysis unit 2 and the
centrifugal separation treatment are carried out both during ballasting and during
deballasting, propagation or growth of aquatic organisms inside the ballast tank 4 can
be prevented. Even when aquatic organisms have propagated or grown inside the

ballast tank 4, the aguatic organisms propagated or grew can be, for example,
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inactivated or separated during deballasting. Therefore, according to the method for
treating ballast water of Embodiment 3, the ballast water can be treated more rehably
to the level that meets the ballast water discharge standard.

{0041] In Embodiment 3, the description was made with reference to a configuration,
as an example, in which a means for adding the neutralizer is connected to a pipe that
connects the electrolysis unit 2 and the centrifugal separator 3 to each other, but the
configuration is not limited thereto. It may be a configuration in which the
neutralizer addition means 5 1s connected to a pipe that connects the centrifugal
separator 3 and the outside of the housing to each other. In this case, after the
chlorine-containing substance was stirred well by the centrifugal separator 3 and
thereby the inactivating treatment was carried out efficiently, the stirring effect of the
swirling flow generated 1n the centrifugal separator 3 allows the neutralizer added
near the outlet of the centrifugal separator 3 to react efficiently with the remaining
chlorine-containing substance. Therefore, according to this configuration, the
inactivating treatment using the chlorine-containing substance and the neutrahzing
treatment using the neutralizer can be carried out more efficiently. It is preferable
that the neutralizer addition means 5 be connected to a place located immediately
after the supernatant outlet of the centrifugal separator 3 from the viewpoint of
efficiently utilizing the swirling flow generated in the centrifugal separator 3. As
shown in F1G. 3, it is preferable that the neutralizer addition means 5 be connected,
with the supernatant outlet pipe of the centrifugal separator 3 not being bent. The
length of the pipe between the centrifugal separator 3 and the place to which the
neutralizer addition means 5 is connected is preferably 5 m or shorter, more preferably
1 m or shorter, from the viewpoint of more efficiently utilizing the swirling flow
generated in the centrifugal separator 3. Furthermore, 1n the case where the
neutralizer is added as a solid, the stirring effect of the centrifugal separation allows it
to be dissolved m water easier.

[0042] [Embodiment 4]

FIG. 5 is a schematic diagram for describing a method for treating ballast
water in Embodiment 4 of the present disclosure. The method for treating ballast
water in Embodiment 4 is an embodiment of the method for treating a liquid (ballast
water) during ballasting (the storage step).
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[0043] As shown in FIG. 5, a device for treating ballast water that is used for the
method for treating ballast water of Embodiment 4 is provided with an electrolysis
unit 2 and a centrifugal separator 3. The centrifugal separator 3 is connected to a
ballast pump 1 at its one end and to the electrolysis unit 2 at its other end. The
electrolysis unit 2 is connected to the centrifugal separator 3 at its one end and to a
ballast tank 4 at its otherend. The device for treating ballast water shown in FIG. 5
is configured in such a manner that a hiquid taken in from outside a housing is
subjected to a physical treatment using a centrifugal force by the centrifugal separator
3 and then to an inactivating treatment by the electrolysis unit 2, which is thereafter
supplied to the ballast tank 4. According to the method for treating ballast water of
Embodiment 4, since the liguid that has been subjected to the physical treatment
using a centrifugal force in the centrifugal separator 3 1s introduced into the
electrolysis unit 2, the efficiency in the electrolysis treatment is improved. That is, for
example, aquatic organisms with a shell such as shellfishes that tend not to be
annihilated by the electrolysis treatment, preferably aquatic organisms with a shell
whose height is at least 50 pm, aquatic organisms with a shell whose aspect ratiois 0.1
to 10, etc. are separated in the centrifugal separator 3. Thus, a liquid free of the
aquatic organisms is introduced into the electrolysis unit 2 and thereby the efficiency
in the treatment using the electrolysis unit 2 can be improved. Furthermore,
according to the method for treating ballast water of Embodiment 4, since the
inactivating treatment by the electrolysis unit 2 is carried out during ballasting (the
storage step), propagation or growth of aquatic organisms in the ballast tank 4 can be
prevented. According to the method for treating ballast water of Embodiment 4, since
the physical treatment using a centrifugal force by the centrifugal separator 3 is
carried out, even when no filter is used, for example, even when highly
chlorine-resistant aquatic organisms are contained, the ballast water can be treated
sufficiently to the level that meets the ballast water discharge standard.

0044] In the device for treating ballast water having the configuration of
Embodiment 4, it is preferable that the electrolysis unit 2 be disposed at a place
located immediately after the supernatant outlet of the centrifugal separator 3 from
the viewpoint of efficiently utilizing the swirling flow generated in the centrifugal
separator 3. FIG. 6 shows an example of the configuration of the centrifugal
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separator 3 and the electrolysis unit 2. From the viewpaoint of more efficiently
utilizing the swirling flow generated in the centrifugal separator 3, as shown in FIG. 6,
it is preferable that the centrifugal separator 3 and the electrolysis unit 2 be connected
in series to each other, with the pipe connecting them to each other not being bent.
The length of the pipe between the centrifugal separator 3 and the electrolysis unit 2 is
preferably 5 m or shorter, more preferably 1 m or shorter, from the viewpoint of more
efficiently utalizing the swirling flow generated in the centrifugal separator 3.

[0045] An embodiment of the treatment of ballast water of Embodiment 4 is
described.

[0046] First, a liquid taken in from outside a housing by the ballast pump 1 is
introduced into the centrifugal separator 3. In the centrfugal separator 3, the hquid
is subjected to a stirring-separation treatment using a centrifugal force to be separated
into a supernatant and a concentrated liquid. With the separation treatment carried
out by the centrifugal separator 3, for example, aquatic organisms with a shell such as
shellfishes, preferably aguatic organisms with a shell whose height is at least 50 pm,
aquatic organisms with a shell whose aspect ratio is 0.1 to 10, etc., are
separated/collected in the concentrated liquid. From the viewpoint of efficiently
separating aquatic organisms with a shell whose height is at least 50 pm, the inlet
flow rate in the centrifugal separator 3 (for example, a liquid cyclone) is preferably 1 to
10 m/sec.

[0047] Next, the supernatant obtained in the centrifugal separator 3 is introduced
into the electrolysis unit 2 and the hquid is electrolyzed in the electrolysis unit 2. The
electrolysis allows a chlorine-containing substance such as hypochlorous acid to be
produced and then an inactivating treatment using the chlorine-containing substance
ig carried out. Thereafter, the treated liquid containing the chlorine-containing
substance produced by the electrolysis is supplied to the ballast tank 4. The
electrolysis may be carried out while momtoring the concentration of the
chlorine-containing substance contained in the ballast water stored in the ballast tank
4. For example, it may be included that the electrolysis unit 2 is controlled in such a
manner that the chlorine-containing substance contained in the ballast water stored in
the ballast tank 4 has a concentration of 0.1 mg/L to 20 mg/L.

[0048] [Embodiment 5]
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FIG. 7 is a schematic diagram for describing a method for treating ballast
water in Embodiment 5 of the present disclosure. In the method for treating ballast
water in Embodiment 5, the ballast water treatment of Embodiment 4 1s carried out
during ballasting (the storage step) while the ballast water treatment of Embodiment
2 is carried out during deballasting (the discharge step).

[0049]  As shown in FIG. 7, a device for treating ballast water that is used for the
method for treating ballast water of Embodiment 5 is provided with an electrolysis
unit 2, a neutralizer addition means 5, and a centrifugal separator 3. The centrifugal
separator 3 is connected to a ballast pump 1 at its one end and to the electrolysis unit 2
atits other end. The electrolysis unit 2 is connected to the centrifugal separator 3 at
its one end and to a ballast tank 4 at its other end. The device for treating ballast
water shown in FIG. 7 1s configured in such a manner that during ballasting, a iquid
taken in from outside a housing is subjected to an inactivating treatment by the
electrolysis unit 2 and then to a physical treatment using a centrifugal force by the
centrifugal separator 3, which is thereafter supplied to the ballast tank 4, while during
deballasting, the ballast water discharged from the ballast tank 4 is subjected to the
inactivating treatment by the electrolysis unit 2 and then to the physical treatment
using a centrifugal force by the centrifugal separator 3, which is thereafter discharged
outside the housing. According to the method for treating ballast water of
Embodiment 5, since the inactivating treatment by the eiectrolysis unit 2 18 carried out
during ballasting (the storage step), propagation or growth of aquatic organisms in the
ballast tank 4 can be prevented. According to the method for treating ballast water of
Embodiment b, since the physical treatment using a centrifugal force by the
centrifugal separator 3 is carried out, even when no filter is used, for example, even
when highly chiorine-resistant aquatic organisms are contained, the ballast water can
be treated sufficiently to the level that meets the ballast water discharge standard.
Furthermore, according to the method for treating ballast water of Embodiment 5,
gince the inactivating treatment by the electrolysis unit 2 is carried out during
deballasting (the discharge step) and the treated liquid containing a neutralizer added
thereto is introduced into the centrifugal separator 3, a chlorine-containing substance
produced n the electrolysis unit 2 and the added neutralizer are stirred well in the

centrifugal separator 3 and thereby the neutralizing treatment can be carried out
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efficiently. Moreover, for example, sludge that leaked from mside the ballast tank 4
and scales peeled from the electrodes of the electrolysis unit 2 are separated in the
centrifugal separator 3, which can prevent them from being discharged outside the
housing.
[0050] Tn Embodiment 5, the description was made with reference to a configuration,
as an example, in which a means for adding the neutralizer is connected to a pipe that
connects the electrolysis unit 2 and the centrifugal separator 3 to each other, but the
configuration is not limited thereto. It may be a configuration in which the
neutralizer addition means 5 is connected to a pipe that connects the centrifugal
separator 3 and the outside of the housing to each other. In this case, after the
chlorine-containing substance was stirred well by the centrifugal separator 8 and
thereby the inactivating treatment was carried out efficiently, the stirring effect of the
swirling flow generated in the centrifugal separator 3 allows the neutralizer added
near the outlet of the centrifugal separator 3 to react efficiently with the remaining
chlorine-containing substance. Therefore, according to this configuration, the
mactivating treatment using the chlorine-containing substance and the neutralizing
treatment using the neutralizer can be carried out more efficiently. 1t is preferable
that the neutralizer addition means 5 be connected to a place located immediately
after the supernatant outlet of the centrifugal separator 3 from the viewpoint of
efficiently utilizing the swirhng flow generated in the centrifugal separator 3.  As
shown in FIG. 3, it is preferable that the neutralizer addition means 5 be connected,
with the supernatant outlet pipe of the centrifugal separator 3 not being bent. The
length of the pipe between the centrifugal separator 3 and the place to which the
neutralizer addition means 5 is connected is preferably 5 m or shorter, more preferably
1 m or shorter, from the viewpoint of more efficiently utihzing the swirling flow
generated 1 the centrifugal separator 3. Furthermore, n the case where the
neutralizer is added as a solid, the stirring effect of the centrifugal separation allows it
to be dissolved in water easier.
10051} [Embodiment 6)

FIG. 8 is a schematic diagram for describing a method for treating ballast
water in Embodiment 6 of the present disclosure. The method for treating ballast

water in Embodiment 6 can be carried out in the same manner as in the method for
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treating ballast water of Embodiment 5 except that the mactivatmg treatment by the
electrolysis unit 2 is not carried out during ballasting.

[0052]  According to the method for treating ballast water of Embodiment 6, since the
physical treatment using a centrifugal force by the centrifugal separator 3 is carried
out during ballasting (the storage step), even when no filter is used, for example, even
when highly chlorine-resistant aguatic organisms are contained, the ballast water can
be treated sufficiently to the level that meets the ballast water discharge standard.
Furthermore, according to the method for treating ballast water of Embodiment 6,
since the inactivating treatment by the electrolysis unit 2 is carried out during
deballasting (the discharge step) and the treated Hquid containing a neutralizer added
thereto is introduced into the centrifugal separator 3, a chlorine-containing substance
produced in the electrolysis unit 2 and the added neutralizer are stirred well in the
centrifugal separator 3 and thereby the neutralizing treatment can be carried out
efficiently. Moreover, for example, sludge that leaked from inside the ballast tank 4
and scales peeled from the electrodes of the electrolysis unit 2 are separated in the
centrifugal separator 3, which can prevent them from being discharged outside the
housing. Furthermore, according to the method for treating ballast water of
Embodiment 6, since the inactivating treatment by the electrolysis unit 2 is not carried
out during ballasting (the storage step), the impact on the epoxy coatings of, for
example, the ballast tank 4 can be reduced, which allows the life of the ballast tank 4,
piping, etc. to be prolonged.

[0053] In Embodiment 6, the description was made with reference to a configuration,
as an example, in which a means for adding the neutralizer is connected to a pipe that
connects the electrolysis unit 2 and the centrifugal separator 3 to each other, but the
configuration is not limited thereto. It may be a configuration in which the
neutralizer addition means b is connected o a pipe that connects the centrifugal
separator 3 and a ballast pump 1 to each other. In this case, after the
chlorine-containing substance was stirred well by the centrifugal separator 3 and
thereby the inactivating treatment was carried out efficiently, the stirring effect of the
swirling flow generated in the centrifugal separator 3 allows the neutralizer added
near the outlet of the centrifugal separator 3 to react efficiently with the remaining

chlorine-containing substance. Therefore, according to this configuration, the
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inactivating treatment using the chlorine-containing substance and the neutralizing
treatment using the neutralizer can be carried out more efficiently. It is preferable
that the neutralizer addition means 5 be connected to a place located immediately
after the supernatant outlet of the centrifugal separator 3 from the viewpoint of
efficiently utilizing the swirling flow generated 1n the centrifugal separator 3. As
shown in FIG. 3, it is preferable that the neutralizer addition means 5 be connected,
with the supernatant outlet pipe of the centrifugal separator 3 not being bent. The
length of the pipe hetween the centrifugal separator 3 and the place to which the
neutralizer addition means 5 is connected is preferably 5 m or shorter, more preferably
1 m or shorter, from the viewpoint of more efficiently utilizing the swirling flow
generated In the centrifugal separator 3. Furthermore, in the case where the
neutralizer is added as a solid, the stirring effect of the centrifugal separation allows it
{0 be dissolved in water easier.

[0054] [Embodiment 7]

FIG. 9 1s a schematic diagram for describing a method for treating ballast
water in Embodiment 7 of the present disclosure. The method for treating ballast
water in Embodiment 7 can be carried out in the same manner as in the method for
treating ballast water of Embodiment 5 except that the physical treatment by the
centrifugal separator 3 1s not carried out during ballasting.

[0055]  According to the method for treating ballast water of Embodiment 7, since the
inactivating treatment by the electrolysis unit 2 is carried out during ballasting (the
storage step), propagation or growth of aquatic organisms in the ballast tank 4 can be
prevented. Furthermore, according to the method for treating ballast water of
Embodiment 7, since the inactivating treatment by the electrolysis unit 2 is carried out
during deballasting (the discharge step) and the treated hiquid containing a neutralizer
added thereto is introduced mto the centrifugal separator 3, a chlorine-containing
substance produced in the electrolysis unit 2 and the added neutralizer are stivred well
in the centrifugal separator 3 and thereby the neutralizing treatment can be carried
out efficiently. Moreover, for example, sludge that leaked from inside the ballast tank
4 and scales peeled from the electrodes of the electrolysis unit 2 arve separated in the
centrifugal separator 3, which can prevent them from being discharged outside the

housing. Furthermore, according to the method for treating ballast water of
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Embodiment 7, since the centrifugal separation treatment is not carried out during
ballasting {the storage step), the ballast water is supplied to the ballast tank 4 with the
concentrated liquid not being separated by the centrifugal separation treatment.
Thus, the time required for storing the ballast water in the ballast tank 4 can be
shortened and thereby the loading efficiency can be improved.

[0056] In Embodiment 7, the description was made with reference to a configuration,
as an example, in which a means for adding the neutralizer is connected to a pipe that
connects the electrolysis unit 2 and the centrifugal separator 3 to each other, but the
configuration is not limited thereto. It may be a configuration in which the
neutralizer addition means 5 is connected to a pipe that connects the centrifugal
separator 3 and a ballast pump 1 to each other. In this case, after the
chlorine-containing substance was stirred well by the centrifugal separator 3 and
thereby the mactivating treatment was carried out efficiently, the stirring effect of the
swirling flow generated in the centrifugal separator 3 allows the neutralizer added
near the outlet of the centrifugal separator 3 to react efficiently with the remaining
chlorine-containing substance. Therefore, according to this configuration, the
mmactivating treatment using the chlorine-containing substance and the neutralizing
treatment using the neutralizer can be carried out more efficiently. It is preferable
that the neutralizer addition means 5 be connected to a place located immediately
after the supernatant outlet of the centrifugal separator 3 from the viewpoint of
efficiently utilizing the swirling flow generated in the centrifugal separator 3. As
shown in FIG. 3, it is preferable that the neutralizer addition means 5 be connected,
with the supernatant outlet pipe of the centrifugal separator 3 not being bent. The
length of the pipe between the centrifugal separator 3 and the place to which the
neutralizer addition means 5 is connected is preferably 5 m or shorter, more preferably
1 m or shorter, from the viewpoint of more efficiently utilizing the swirling flow
generated in the centrifugal separator 3.  Furthermore, in the case where the
neutralizer is added as a solid, the stirring effect of the centrifugal separation allows it
to be dissolved in water easier.

Examples

[0057] [Example 1]

Using the device shown in FIG. 10, after a water to be treated was subjected
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to centrrfugal separation using a liquid cyclone 13, the hiquid to be treated, which had
been subjected to the centrifugal separation, was electrolyzed with an electrolysis unit
12 to produce a chlorine-containing substance and thereby an inactivating treatment
was carried out. The liquid thus treated was stored in a tank 14. Five days after the
treatment, conches and bivalves with a size of at least 50 pm that were present in 500
L. of the treated liquid were checked and the number of survivors was measured.
Furthermore, the concentrated liquid in the hquid cyclone was collected and the
number of the conches and bivalves contained in the concentrated hiquid was
measured. An example of the results is shown in Table 1 below. The inlet flow rate
n the liquid cyclone was 2.5 to 3.0 mv/sec, and the liquid to be treated, which was used
herein, was seawater collected in Saeki-shi, Oita. Moreover, the liquid cyclone used
herein had a ratio of the conical portion length (H) to the cylindrical portion diameter
(D) of 4.5.

[0058] [Table 1]



Electrode Liquid Cyclone Residual Chlorine Treated Liguid | oyhcentrated
Flow Rate Pressure Concentration (500 L) Liquid
Test Supernatant Concentrated Inlet Qutlet | Pressure | Immediately DS Conches + Conches -+
No. pe A Liquid Pressure | Pressure Loss After Af e Bivalves Bivalves
ter
Ancde | Cathode
Number
L/min L/min MPa MPa MPa mg/L mg/L of Total Total
Survivors
1 Mesh Mesh 194 3.4 0.14 0.071 0.069 7.33 2.88 0 18 985
2 Plate Plate 194 3.4 0.14 0.071 0.069 6.9 1.49 0 8 11567
3 Mesh | Mesh 194 3.4 0.14 0.071 0.069 7.08 1.83 0 6 1235
4 Plate Plate 194 3.4 0.14 0.071 0.068 7.33 2.4 0 16 1894
5 Mesh Mesh 196 3 .15 0.073 0.077 6.95 1.93 0 10 1575
6 Plate Plate 198 3 0.15 0.072 0.678 6.95 1.81 0 2 272
7 Mesh Mesh 194 3.3 0.15 0.075 0.075 7.08 2.18 4 55 4904
8 Plate Plate 193 2.7 0.15 0.075 0.675 7.25 2.38 1 25 3777
9 | Mesh | Mesh 167 3.7 0.11 0.056 0.054 7.2 3.13 0 34 995
13 | Mesh Mesh 172 4 0.12 0.06 0.06 7.1 2.53 0 T 720

g€
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[0059] As shown in Table 1, a large number of shellfishes contained in the liquid to be
treated were separated by the liquid cyclone. Furthermore, many of the shellfishes
contamed mn the liquad to be treated were annihilated by the chlorine treatment with
chlorine compounds containing available chlorine after the centrifugal separation.

The survival rate of the shellfishes in the liquid that had been subjected to the
centrifugal separation and the chlorine treatment was low and the number of living
shellfishes contained therein was 4 or less.

[0060] [Example 2]

Using a liquid cyclone, 500 L of water to be treated was subjected to
centrifugal separation and the supernatant and the concentrated liquid were collected.
The shellfishes contained in the supernatant and the concentrated liguid thus
collected were measured. The results are shown in Table 2 below. The inlet flow
rate in the liquid cyclone was as shown in Table 2 below and the liquid to be treated,
which was used herein, was seawater collected in Saeki-shi, Oita. Furthermore, the
liquid cyclone used herein had a ratio of the conical portion length (F) to the cylindrical
portion diameter (D) of 4.5.

[0061] [Table 2]
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Experimental
Example

Inlet Flow Rate 2.8 m/sec
Flow Ratio of Supernatant :
Concentrated Liquid =97: 3

1 Supernatant Concentrated | Separation
P Water Rate
Bivalves 0 27,300 100.0%
Copepods 156,500 2,700 [ 14.1%
Inlet Flow Rate 3.2 m/sec
Flow Ratio of Supemmatant, :
Concentrated Liquid =97.2:2.5
2 " Concentrated | Separation
Supernatant Wator Rate
Bivalves 0 30,900 100.0%
Copepods 16,500 2,700 14.1%
Inlet Flow Rate 3.3 m/sec
Flow Ratio of Supernatant :
Concentrated Liguid =97.5:2.5
3 ) Concentrated | Separation
Supernatant Water Rate
Bivalves 1,250 22,800 94.8%
Copepods 71,250 12,000 14.4%
Inlet Flow Rate 2.9 m/sec
Flow Ratio of Supernatant :
Concentrated Liguid =98:3
4 Concentrated | Separation
Supernatant Water Rate
Bivalves 500 37,500 98.7%
Copepods 102,750 7,500 6.8%

[0062] As shown in Table 2, most bivalves were separated by the liquid cyclone.

Copepods are difficult to separate by the centrifugal separation as compared to the

bivalves.

easily by the addition of a chlorine-containing substance. Thus, the liquid to be

However, since they have low chlorine resistance, they are inactivated

treated can be treated sufficiently to the level that meets the ballast water discharge

standard.

[0063]

[Example 3]

Using two types of liquid eyclones (Test Units 1 and 2) shown in Table 3 below,

1000 L of water to be treated was subjected to centrifugal separation under the
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conditions shown in Table 3 below and then the supernatant was collected. The
shellfishes contained in the supernatant thus collected were measured and with the
number of shellfishes thus measured (the total number in the treated liquid) and the
number of shellfishes contained in the concentrated water (the total number in the
concentrated water), the separation rate was calculated by the following formula.

The results are shown in Table 3 below. The liquid to be treated, which was used
herein, was seawater collected in Saeki-shi, Oita.

Separation Rate (%) = 100 — (the total number in the treated liquid) / (the total number
in the concentrated water) * 100

[0064] [Table 3]



Diameter

' of . ngiigi}f Flow | Differential Total NL}mb_er in ’ Separation
Cylindrical | 5 /" Rate Pressure | Treated Liquid/im3 | Separation | Rate Range
"J,‘est Portion H/D Rate Throughout
Unit D H Q AP1 Bivalves | Conches Experiment
m m L/min MPa Number | Number o o
of of
1 0.11 0.25 2.3 203 0.067 6 4 85
1 0.11 0.25 2.3 201 0.067 9 4 83 80~85H
1 0.11 0.25 2.3 252 0.06 8 1 81
2 0.11 0.5 4.5 212 0.038 1 5 90
2 0.11 - 0.5 4.5 187 0.055 0 1 99 90~100
2 0.11 0.5 4.5 170 0.057 2 1 99
1 0.11 0.25 2.8 180 0.203 166 P 65
1 0.11 0.25 2.3 195 0.203 78 9 74 65~85
1 0.11 0.25 2.3 198 0.204 94 3 72
1 0.11 0.25 2.3 190 0.009 89 11 62
1 0.11 0.25 2.3 200 0.007 34 48 64 60~70
i 0.11 0.25 2.3 203 0.009 18 35 69

vE
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[0065] As shown in Table 3, both the liquid cyclones of Test Units 1 and 2 were able
to separate shellfishes at a separation rate exceeding 60%. The liquid cyclone (Test
Unit 2) with a H/D ratio of 4.5 had a higher separation rate than that of the liquid
cyclone (Test Unit 1) with a H/D ratio of 2.3.  Furthermore, a differential pressure set
to 0.01 to 0.1 MPa allowed the separation rate to be improved.
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CLAIMS

{11 A method for treating a liquid, comprising:

a storage step comprising carrying out at least one of an aquatic
organism-inactivating treatment and a physical treatment using a centrifugal force,
with respect to a supply liguid to be supplied to a storage means located inside a
housing, and

a discharge step comprising determining whether or not an aquatic
organism-inactivating treatment 1s required, carrying out the treatment based on the
result thus determined, and carrving out a physical treatment using a centrifugal force,
with respect to a discharge liquid to be discharged outside the housing from the

storage means.

[} The method according to claim 1, wherein the inactivating treatment
comprises mixing a substance capable of inactivating aquatic organisms into the

supply iquid or the discharge liquid.

(3] The method according to claim 2, wherein the mixing is carried out while
monitoring the concentration of the substance capable of inactivating aquatic

orgamsms in the hiquid to be treated that is mixed therewith.

[4] The method according to claim 2 or 3, wherein the substance capable of

nactivating aguatic organisms 1s a chlorine-containing substance.

(5] The method according to claim 4, comprising electrolyzing the supply iquid or

the discharge liquid to produce the chlorine-containing substance.

[6] The method according to claim 4 or 5, comprising controlling the concentration

of the chlorine-containing substance to be 0.1 mg/L to 20 mg/L.

(7] The method according to any one of claims 2 to 6, wherein whether or not the

imactivating treatment 1s required with respect to the discharge liquid is determined
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based on the concentration of the substance capable of inactivating aquatic organisms

in the discharge hquid.

8l The method according to claim 7, wherein when it is determined that the
mactivating treatment 1s required with respect to the discharge liquid, the aquatic

organism-inactivating treatment is carried out with respect to the discharge liquid.

[9] The method according to any one of claims 1 to 8, wherein the physical
treatment comprises separating aquatic organisms with a shell whose height 1s at
least 50 pm from the supply hquid or the discharge liquid using a centrifugal force or
stirring the supply quid or the discharge liquid using a centrifugal force.

[10] The method according to claim 9, wherein the flow rate of the liquid flowing

into a device for carrying out the separating or stirring is 1 to 10 m/sec.

[11]  The method according to any one of claims 1 to 10, wherein the discharge step
comprises adding, to the discharge liquid, a neutralizer that neutralizes the substance

capable of inactivating aquatic organisms.

[12] Amethod for treating a liquid, comprising carrying out a physical treatment
using a centrifugal force with respect to a supply liquid to be supplied to a storage
means located mside a housing and storing it in the storage means disposed m the
housing,

wherein the flow rate of the supply liquid flowing into a device for carrying out

the physical treatment is 1 to 10 m/sec.

[13] The method according to claim 12, wherein the physical treatment using a
centrifugal force is carried out with respect to a discharge liquid to be discharged

outside the housing from the storage means.

[14] The method according to claim 12 or 13, wherein the physical treatment

comprises separating aquatic organisms with a shell whose height is at least 50 pm
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from the supply liquid or the discharge liquid using a centrifugal force, or stirring the
supply liquid or the discharge hiquid using a centrifugal force.

[15]  The method according to any one of claims 12 to 14, comprising carrying out
an aquatic organism-mactivating treatment with respect to the supply liquid and/or

the discharge Liquid.

[16]  The method according to claim 15, wherein the substance capable of

mactivating aquatic orgamsms is a chlorine-containing substance.

[17] The method according to claim 16, comprising electrolyzing the supply liquid

or the discharge liquid to produce the chlorine-containing substance.

[18] The method according to any one of claims 15 to 17, comprising determining
the addition of a neutralizer that neutralizes the substance capable of inactivating
aquatic organisms based on the concentration of the substance capable of inactivating

aquatic organisms in the discharge liquid.

[19] The method according to claim 18, comprising measuring the concentration of

the substance capable of inactivating aguatic organisms in the discharge hquid.

[20] A method for treating a liquid, comprising carrying out a physical treatment
using a centrifugal force with respect to a discharge iquid to be discharged outside a
housing from a storage means located inside the housing, and discharging the
discharge hquid that has been subjected to the treatment outside the housing,
wherein the flow rate of the discharge liquid flowing into a device for carrying

out the physical treatment is 1 to 10 m/sec.

[21] The method according to claim 20, wherein the physical treatment comprises
separating aquatic organisms with a shell whose height is at least 50 um from a
supply hiquid or the discharge hquid using a centrifugal force, or stirring the supply
liquid or the discharge hiquid using a centrifugal force.
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[22] The method according to claim 20 or 21, comprising ecarrying out an aquatic
organism-inactivating treatment with respect to the supply liquid and/or the discharge

Liguid.

(23] The method according to claim 22, wherein the substance capable of

inactivating aguatic organisms is a chlorine-containing substance.

[24] The method according to claim 23, comprising electrolyzing the supply liquid

or the discharge liquid to produce the chlorine-containing substance.

[25] The method according to any one of claims 22 to 24, comprising determining
the addition of a neutralizer that neutralizes the substance capable of inactivating
aquatic organisms based on the concentration of the substance capable of inactivating

aquatic organsms in the discharge liquid.

[26] The method according to claim 25, comprising measuring the concentration of

the substance capable of inactivating aquatic organisms in the discharge liquid.

[27] The method according to any one of claims 1 to 26, wherein the storage means

is a ballast tank.

[28] A device for treating a liquid, comprising:

an inactivating means for carrying out an aquatic organism-inactivating
treatment with respect to a supply liquid to be supplied to a storage means located
inside a housing and/or a discharge liquid to be discharged outside the housing from
the storage means,

a physical means for carrying out a physical treatment using a centrifugal
force with respect to the supply liquid to be supplied to the storage means located
inside the housing and/or the discharge liquid to be discharged outside the housing
from the storage means, and

a control unit for determining whether or not the aguatic
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organism-inactivating treatment is required with respect to the discharge liquid.

[29] The device according to claim 28, wherein the inactivating means comprises a

means for mixing a substance capable of inactivating aquatic organisms.

[30] The device according to claim 29, further comprising a monitoring means for
monitoring the concentration of the substance capable of inactivating aquatic
organisms in the supply lguid and the storage means,

wherein the control unit controls the mixing means based on the

concentration obtained by the moniforing means.

(31] The device according to claim 29 or 30, wherein the substance capable of

mactivating aquatic organisms is a chlorine-containing substance.

[32] The device according to claim 31, wherein the inactivating means is provided
with a treatment tank for producing the chlorine-containing substance from the supply

higquid or the discharge liquid.

[33] The device according to claim 32, wherein the treatment tank is provided with
an electrolytic cell for electrolyzing the supply liquid or the discharge liquid to produce

the chlorine-containing substance.

{34] The device according to any one of claims 29 to 33, further comprising a
neutralizing means for adding, to the discharge liquid, a neutralizer that neutralizes

the substance capable of inactivating aquatic organisms.

[35] The device according to any one of claims 28 to 34, wherein the physical

means 1s a separation or stirring means using a centrifugal force.

[36] A device for treating a liquid, comprising a physical means for carrying out a
physical treatment using a centrifugal force at an inlet flow rate of 1 to 10 m/sec with

respect to a supply liquid to be supplied to a storage means located inside a housing
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and/or a discharge liquid to be discharged outside the housing from the storage means.

[37] The device according to claim 36, wherein the physical means is a separation

or stirring means using a centrifugal force.

[38] The device according to claim 36 or 37, further comprising an inactivating
means for carrying out an aquatic organism-inactivating treatment with respect to the
supply liquid to be supplied to the storage means located inside the housing and/or the
discharge liquid to be discharged outside the housing from the storage means.

[39] The device according to claim 38, wherein the inactivating means comprises a

means for mixing a substance capable of inactivating agquatic organisms.

[40] The device according to claim 39, wherein the substance capable of

inactivating aquatic organisms is a chlorine-containing substance.

[41] The device according to claim 40, wherein the inactivating means 1s provided
with a treatment tank for producing the chlorine-containing substance from the supply

liquid or the discharge Liquid.

[42] The device according to claim 41, wherem the treatment tank is provided with
an electrolytic cell for electrolyzing the supply liquid or the discharge liquid to produce

the chlorine-containing substance.

[43] The device according to any one of claims 39 to 42, further comprising a
neutralizing means for adding, to the discharge liquid, a neutralizer that neutralizes

the substance capable of inactivating aquatic organisms.

{44} A method for treating a liquud, comprising:
carryving out an aguatic organism-inactivating treatment by electrolyzing a
Liguid taken in from outside a housing to produce a chlorine-containing substance,

carrying out a separation treatment using a centrifugal force with respect to
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the treated hiquid that has been subjected to the inactivating treatment, and
storing a supernatant obtained by the separation treatment in a storage

means located inside the housing.

[45] A method for treating a hquid, comprising:

carrving out an aquatic organism-inactivating treatment by discharging a
hguid stored in a storage means located inside a housing from the storage means and
electrolyzing the liquid thus discharged to produce a chlorine-containing substance,

carrying out a separation treatment using a centrifugal force with respect to
the treated liquid that has been subjected to the inactivating treatment, and

discharging a supernatant obtained by the separation treatment to the
outside of the housing,

wherein the method comprises, between the inactivating treatment and the
separation treatment or between the separation treatment and the discharging to the
outside of the housing, mixing a neutralizer that neutralizes the chlorine-containing

substance.

[46] A method for treating a liquuid, comprising:

a storage step comprising:

carrying out an aquatic organism-inactivating treatment A by electrolyzing a
Iiquid taken in from outside a housing to produce a chlorine-containing substance,

carrying out a separation treatment A using a centrifugal force with respect to
the treated hiquid that has been subjected to the inactivating treatment A, and

storing a supernatant obtained by the separation treatment Ain a storage
means located inside the housing, and

a discharge step comprising:

carrying out an aquatic organism-inactivating treatment B by electrolyzing
the hiquid discharged from the storage means located ingide the housing to produce a
chlorine-containing substance,

carrying out a separation treatment B using a centrifugal force with respect to
the treated hiquid that has been subjected to the inactivating treatment B that has

been carried out with respect to the hiquid discharged from the storage means,



43

discharging a supernatant obtained by the separation treatment B to the
outside of the housing, and

mixing a neutralizer that neutralizes the chlorine-containing substance,
between the mactivating treatment B and the separation treatment B or between the

separation treatment B and the discharging to the outside of the housing.



