BALLAST WATER TREATMENT METHOD, BALLAST WATER TREATMENT SYSTEM AND SHIP
BACKGROUND 5 (a) Field of the Invention The present invention relates to a clarification treatment of
ballast water in a ship for example. In particular, the present invention relates to ballast water
treatment method and system for clarifying a coagulated flocs separated from ballast water. (b)
Description of the Related Art  According to International Convention for the control and
management of Ships' Ballast Water and Sediments 15 adopted in 2004 by International Maritime

Organization (IMO), ships ar%ﬁﬂﬁ%%t%%%%%ﬁ%% tems to kill planktons for

example in ballast water for the purpose o an ecological system and

health hazards due to thes migratienyangeR0 diffision:at-misraorganizms \da pallast water. Currently,

here have been developed ballast water treatment techniques using combinations of various water
treat me techniques such as ozonation, ultraviolet irradiation, heating treatment, and magnetic

separation.
BACKGROUND

5 (a) Field of the Invention
The present invention relates to a clarification
treatment of ballast water in a ship for example. In

particular, the present invention relates to ballast water

reatment method and system for clarifying a coagulated
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Tlocs separated from ballast water.
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{b) Description of the Related Art
According to International Convention for the control
and management of Ships’ BRallast Water and Sediments
15 adopted in 2004 by International Maritime COrganization
{TMO) hips are reguired i herel + + +
{ ;. Ships are required to include therein treatment
systems to kill planktons for example in ballast water for

the purpose of avoiding the disturbance of an ecoclogical

system and health hazards due to the migration and

20 diffusion of microorganisms via ballast water. Currentily,
there have been developed ballast water tfreatment
technigues using combinations of various water treatment
techniques such as ozonation, ultraviolet irradiation,
heatling treatment, and magnetic separation.

25 For example, a ballast water treatment technigue using

-



25For example, a ballast water treatment technique using ozone is disclosed in Japanese
Unexamined Patent Application Publication No. 2008-100157. The ballast water treatment technique
disclosed in Japanese Unexamined Patent Application Publication No. 2008-100157 mixes ozone 5
generated by an ozone generating system in the ballast water transferred to a ballast tank to thereby
kill microorganisms and bacteria or the like in the ballast water by the strong oxidizing action by ozone.
A ballast water treatment technique using ultraviolet 10 -radiation is disclosed in Japanese

Unexamined Patent-Agplication Sublication; No 72006:263664,f0r example. The.ballast water treatment
technique disclosed in Japanese Unexamined Patent Application Publication No. 2006-263664 adds

hydrogen peroxidecerhygrogen peraxide-genenating 15,aomspaunchte-ballast waterto dkadiate: o
ultraviolet light in the wavelength range of 240 to 300 nm to ballast water prior to the discharge of
ballast water. In thisstethrigue} adding dydragiencperexide or a’hytregenperaxidegenerating - ent
compound to ballast water is for the purpose of
Application Publication No. 2008-100157 mixes oczone
5 generated by an ozone generating system in the ballast
water transferred to a ballast tank to thereby kill
microorganisms and bacteria or the like in the ballast
water by the strong oxidizing action by oczone.
A ballast water treatment technigue using ultraviolet
10 irradiation is disclosed in Japanese Unexamined Patent
Application Publication No. 2006-263664 for example. The
pballast water treatment technique disclosed in Japanese
Unexamined Patent Application Publication No. 2006-263664
adds hydrogen peroxide or hydrogen peroxide-generating
15  compound to ballast water to irradiate ultraviolet light in
the wavelength range of 240 to 300 nm to ballast water
prior te the discharge of ballast water. In this
technigque, adding hydrogen peroxide or a hydrogen peroxide-
generating compound te ballast water is for the purpose of
20 killing microorganisms and bacteria or the like by the
strong oxidizing action or the like as in the previously-
described ozonation technigue. The ultraviclet irradiation
is for the purpose of avoiding the environment pollution by

discharged ballast water by degrading hydrogen peroxide

25 remaining in the ballast water.



20 killing microorganisms and bacteria or the like by the strong oxidizing action or the like as in the
previously-described ozonation technique. The ultraviolet irradiation is for the purpose of avoiding the
environment pollution by discharged ballast water by degrading hydrogen peroxide 25 remaining in the
ballast water. A ballast water treatment technique by a heating treatment is disclosed in Japanese
Unexamined Patent Application Publication No, 2008-110276. The technique disclosed in Japanese
Unexamined Patent Application 5 Publication No. 2008-110276 performs a heat exchange between

pumped low-temperature,ballast wajerand high-lemperatuce.hlastwaler subledied jo a heating

I .
treatment in advance to thereby heat the low-temperature ballast water t0 a temperatu?e at which

microorganisms anckbagieria 10er thedikecare killed. 2 AJRagnetic.separationteshpigue is disclosed
in Japanese Unexamined Patent Application Publication No. P19- 117618, The technique disclosed in
Japanese Unexarsineld PatenbApplicativn-Ruklication Neo b9-117618:addg magnetisy i gue
disclosed in Japanese Unexamined Patent Application
o Publication No. 2008-110276 performs a heat exchange
between pumped low-temperature ballast water and high-
temperature pballast water subjected to a heating treatment
in advance to thereby heat the low-temperature ballast
water to a Temperature at which microorganisms and bacteria
10 or the like are killed.
A magnetic separation technigue is disclosed in
Japanese Unexamined Patent Application Publication No. H%-
117618. The technique disclosed in Japanese Unexamined
Patent Application Publication No. H9%-117618 adds magnetic
15 powders and coagulant to ballast water to agitate the
mixture to thereby generate magnetic flocs including
microorganisms and bacteria or the like in ballast water %o
separate the magnetic flocs by a magnetic separation system
from ballast water and to collect the magnetic flocs
20  remaining in the ballast water by a drum~type filter,
According to this technique, microorganisms and bacteria or
the like in ballast water are physically removed. Thus, no
impact is caused on the environment by discharged ballast

water.

25 Under the background as described above, private



15 powders and coagulant to ballast water to agitate the mixture to thereby generate magnetic flocs
including microorganisms and bacteria or the like in ballast water to separate the magnetic flocs by a
magnetic separation system from ballast water and to collect the magnetic flocs 20 remaining in the
ballast water by a drum-type filter. According to this technique, microorganisms and bacteria or the like
in ballast water are physically removed. Thus, no impact is caused on the environment by discharged
ballast water. 25Under the background as described above, private companies have developed

ballast water managemant sysiggusiag yagous techniques asescriped abaye./MQ has provided

requirements for an approval of a ballast water management system. Such anh approvalis don€ in
Japan through Ministryof +-ando (nfrastrus Ry e Eranspor and Tourism.as, aJespensible.organization.
Requirementsan approval of a ballast water “management system include a discharge standard
regarding 10 micnoorgainisnis andhbacteriaexthedikeAT oxiepgenie Vikyio ghplerae, Escherichia
coil,enterococci)included in ballast water. Thus, an approval of a ballast water management system
requires evidencentivat tharsystemisufficient!y satisfies thpger stantdards. dbHewever aen the
techniques disclosed in the above respective publications are used to perform a ballast water
treatment in a large V6lagde, W5 affficult fofindian evidehee it thecabove, respectiecpublieations that

these techniques can kill microorganisms and bacteria or the like
Tourism as & responsible organization.

Requirements for an approval of a ballast water
management system include a discharge standard regarding

10 microorganisms and bacteria or the like (Toxicogenic Vibrio

Cholerae, Escherichia coli, enterococci) included in
pallast water. Thus, an approval of a ballast water
management system regulires evidence that the system

sufficiently satisfies these standards.

15 However, when the techniques disclosed in the above
respective publications are used to perform a ballast water
treatment in a large wvolume, it is difficult to find an
evidence in the above respective publications that these

technigues can kill microorganisms and bacteria or the like

20 in ballast water. Furthermore, in the case of ths
technique disclosed in Japanese Unexamined Patent
Application Publication No. 2008-110276, although

microorganismg and bacteria or the like included in ballast

water can be removed as magnetic flocs, there has been

[§S]
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pointed out a risk of collecting and retaining flocs of



20 in ballast water.Furthermore, in the case of the techniquedisclosedinJapaneseUnexaminedPatent
Application Publication No. 2008-110276, although microorganisms and bacteria or the like included in
ballast water can be removed as magnetic flocs, there has been pointed out a risk of collecting and
retaining flocs of coagulated microorganisms and bacteria or the like for which an impact on the
ecological system and health is worred, In view of the above, it is an objective of the present
invention to provide a method and system for a ballast water treatment that can kill microorganisms
and bactefi& dF the fes! indéde rrmagnistic $locstso t ha impaet is caysed-gp the epyirorment and
human bodies, SUMMARY In a first aspect, there is provided a ballast water treatment method,
comprising the"Ste fof 1 "Bitiehing FRagiéiie pewddranid-edagulgntiato baliast water to,thereby
generate magnetic flocs including microorganisms and bacteria; collecting the magnetic flocs from the
ballast watet: and = heating the collected magnetic flocs to a temperature at which the

microorganis and.the bacteria are killed,
g MPs V3w ég:the above, it is an objective of the pressant

. o ) .
Lnvention to provide a method and system for a ballast

v treat t 1 i :
water treatment that can kill microorganisms and bacteria

w
. _ . ) . C e
or the like included in magnetic flocs SO0 that no impact is

caused on the environment and human bodies

N e

In a first aspect, there is provided a ballast water

treatment method, comprising the steps of:

adding magnetic powder and coagulant into ballast watar
to thereby generate magnetic flocs including microorganisms
and bacteria:
coliecting the magnetic flocs from the ballast water;
and
heating the collected magnetic flocs to a temperature
at which the microorganisms and the bacteria are killed,
the temperature being determined in advance,
wherein the step of heating comprises inserting the magnetic
floc to a pipe path immersed in a tank containing water and heating
the water in the‘tank by steam from a ship machine supplied through

& steam supply opening included in the tank.



the temperature being determined in advance, wherein the step of heating comprises insertingthe

magnetic floc to a pipe path immersed in a tank containing water and heating the water in the tank by

steam from a ship machine supplied through a steam supply opening included in the tank. 5
a coagulation

second aspect, there is provided a ballast water treatment system, comprising:

Ina

section for agitating magnetic powder and coagulant added to ballast water to generate magnetic

flocs; a magnetic sgpqsrgggn Qse%tion fO{ collecting the magnetic flocs generated by the coagulation
section; a pipe path througﬁL whichthe rﬁag?i%?'r‘c?lo@ coléetedisythe maghetic tseparation section

is sent; and treztment system, comprising:

& coagulati sectl T i j '
sghiation section for agitating magnetic powder

o

coagulant added to ballast water te generate magnetic

& magnetic separation ssction for collecting the

= : Firmm i k
magnetic flocs generated by the coagulation section;

@ bipe path through which the magnetic flocs colliec

Dy the magnetic separation secrion is sent; and

P

& heating section for neating the pipe path wherein:
® 7 g s i

and

o 1
med

the

P s . - o
heating section is a tank in Whilcn water 1s stored and the

pipe path is immersed in the tank, and

ate - . " . :
am rrom a ship machine for heating water in the

suppliesd.

cne tank includes a steam Supply opening through which
=3 i 1 1 ] i L

tank is

In a third aspect, there ig provided a ship including the

ball
paliast water treatment system as defined above



a heating section for heating the pipe path, wherein: the heating section is a tank in which water is
stored and the pipe path is immersed in the tank, and the tank includes a steam supply opening
through which steam from a ship machine for heating water in the tank is supplied. In a third aspect,
there is provided a ship including the ballast water treatment system as defined above. A ballast
water treatment method according to the present disclosure for achieving the above objective is
characterized in includiﬂg;\gfﬁeapspf adg_iQ rQagnetic powders and coagulant to ballast water to
thereby generate magnetic flocs Including microotgarisths &R bacteriara stéprof catiecting the

magnetic flocs from the ballast water; and a step of heating the collected magnetic flocs to a
temperature at Whl%::h the rﬁicrosorggﬁ}lsrrﬁs g%ﬁ t %%6 Clelid dreskiféd ‘thetenmseransreibeing

determined in advaneg:s ~+ n-a pggaﬁjﬂmatgpt{%ac}mrggtw method having the above characteristic, the
heating step may insert the magnetic flocs to a pipe path and tigat the Fipé path toadicthe magnetic

flocs are inserted Bywthe:charaeteristics.as described ggq\ée;s{n%grleiig flocs as a heating target can
R = e [ER- A Thar o b
be heated securely. This © thereby generate
magnetic flocs including microorganisms and bacters
s al Cteria; a
step of collecting the magnetic flocs from the bDallasgt
water; and a step of heating the collscted magnetic floes
to a temperaturs at which the microorganisms and the

bacteria are killed, the temperature being determined i
advance,
In a ballast wate T t
i1 ater treatment method having the above
characteristj T i ‘
aracteristic, the heating step may insert ths magnetic

flocs to 2 pipe path and heat ths pipe path to which the
& E i b Py

magnetic flocs are inssrted,

y [ — -2 s thS as Cj,_.:SC lbed abOU'E, I[Lagllx‘,\_lu
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eliminates such magnetic flocs that are treated while being unheated due to short pass for example.

In the ballast water treatment method having the above 5 characteristics, the heating of the magnetic
flocs is desirably performed by double-boiling the pipe path. By the characteristics as described
above, scale is suppressed from adhering to the interior of the pipe path. In the ballast water treatment
method having the above characteristics, a pressure in the pipe path may be measured to investigate
a status of the pipe path. By the characteristics as described above, the damage or clogging of the

pipe path through which magnetic flocs are sent can be detected. A tallest water treatment system of
%a%ulation section for agitating

[
s

the present disclos@resforsachiéning thregahaveahjective includes;a ¢ atior .

magnetic powders and 25 coagulant added to ballast water to geneérate ma“gHéﬁ& ¥Iocs?§hﬁagnetic

separation secti6r “f8tcolEétiry the magnetic flocs generated by the Dcoagulg;jor&s%%tiop; a pipe
=r&reated while being

3 h] . e 1 -
= Tl LA ol — Snor “ 25 Lo - A
gl } & | = L .,Lamu_» LR,

5 characteristicsf the heating of +hae +1 i
¥ YL othe magnetic Flocs 4=
desirably performed b iowubh]
~Y be e Y aouble-boiling “he -
- A3 - Flie oatd
R S i s ‘;:Jc'ig,fl.,

pra ~y

1 b bg o] | -~ S o . ~ . =3 I 1 b
in < - Ll sST Wab-\_dﬁ LR T el _ment = od V i o [SAYE]

|_)
[
0
¥
2]
H
5
@]
ot
(D
i~
!._l
n
-t
}_l
2
n
&
=}
1
L4
’ A
rt
rt
(b
=
o)
It
il
m
+
[
i
in

£ 5 -
Ol the pipe path nay
be measured to 1 i
casured To investigate =at] : g
-igate a heating status of The magnetic

flocs,

aJGCL.vrAua O [ - k\.— lIlU‘ud\.’d i1 T..[’l: IILB.CI'}‘WL,_.C U, e =
= @] 3 (=S
4o K- o d o el T (= = .,.,—d Iiip Za y
— e > [ =

= g - o
Cha“act@@¢SLlCS, & pressure in the pipe Dath mav b
= e T [ ney =
measured to invest - ;
LOve LGate a status of t+the ;
tatu < the pips path.

¥ j [ a*aCL.L.._ ":St.._,S 28 e85 )Q(i abhoyae The Cjal‘r‘ o=
]g ;.I.Ee ll ! i e L - = ‘L. f S
d —-— 7 =]

20 or cl ' Pt
2 r clogagl t i th +!
©gging ol the pipe path ~arough which magnetic flocs
are sent can be detectad.

i
]
oF’

. N .
A ballast waror trzatment system of the pras
disclosure for achieving the above objective includes: a

ccagulation sesction for itati
HECI agitating magnetic powders and
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25 coagul ] ]
o ilant t 2liast waf
g nt added to ballast water to generate magnetic



path through which the magnetic flocs collected by the magnetic separation section is sent; and a

heating section 5 for heating the pipe path.

In the ballast water treatment system having the above

characteristics,heating section may be a tank in which water is stored and the pipe path may be
immersed in the tank. 10By the configuration as described above the pipe path can be heated by
double-boiling, thus suppressing scale from adhering to the interior of the pipe path. In the ballast

water treatment system having the above
15 through which.stea °fr%mn"f'a§
configuration as described abov

Q{g&aﬁchsi;rg%gorahcegting Wﬁtgr,in the tank is supplied. ~ By the
. heating can be pertormed ecsHomically: Futtherhore, #i6¢ steam

jettingcan agitatexwater in theagk 1o tereby, proyide a yniform 20 t rggggar&uge%%t{'ggglog'npt!jggank-
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25

path through which the magnetic flocs collected by the
magnetic separation secticn is sent: and a heating section
for heating the pipe path.

In the ballast water treatment system having the above

Chiaracteristics, the heating section may be a tank in which

e}

water 1s stored and the

0]

I-U

ipe path may be immersed in the
Tang.

By the configuration as described above, the pipe pa+th
can be heated by double~boiling, thus suppressing scale
from adhering to the interior of the pipe path.

In the ballast water treatment system having the above

characteristics, the tank includes a steam supply copenin

(8]

through which steam from a ship machine for heatin ate

te!
=,
=

in the tank is supplied.

By the configuration as described above, heating can be
perfbrmed economically. Furthermore, the steam Jetting can
agitate water in the tank to thereby provide a uniform
temperature distribution in the tank.

In the ballast water treatment system having the above
characteristics, an exit of the pipe path may have a

temperature sensor.

-t

By the configuration as described above, the heating

status of magnetic flocs can be known through the detection

characteristics, the tank includes a steam supply opening



In the ballast water treatment system having the above characteristics, an exit of the pipe path may
have a temperature sensor. By the configuration as described above, the heating 25 status of
magnetic flocs can be known through the detection of the temperature, thus confirming whether
bacteria or the like included in the maanetic floc are securely killed. in the ballast water treatment
system having the above characteristics, the pipe path may have a pressure sensor. By the
configuration as described above, the status of the pipe path such as damage or clogging can be
detected The ballast water.treatment system having the above characterks ics 15 characterized in that
the pipe path is structured fo have an§|1r*ﬂ‘ét’ and an exit provided gt é”ﬁlﬁbﬁgffpif?ah&f&@xtaﬁd s
the inlet o the lowestepar,,and deaw 27 qual helical shape rom the Jowest part therqof 50,as to extend
to the exit. By the configuration as described above, the machining -

In the ballast water tTreatment system naving the above

characteristics, the pipe path may have a Pressure sSensor.

n

By the configuration as described above, the s-atus of
the pipe path such as damags or clogging can be detected,
The ballast water treatment system having the abovs
tharacteristics is characterized in tha® the pipe path is

structured to have an inlet and an exit provided at an
10 upper part and to extend from the inlet to the lowest part
anc draw an oval helical shape from the lowest part thereof
50 as Lo extend to the exit.
By the configuration as described above, the machining
is simplified and a necessary and sufficient lencth can be
15 secured. Even when a magnetic floc includes air, air can
be naturally removed from the magnetic floc.
According to the ballast water treatment method having

he
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haracteristics as described above, microorganisms and

rla or the like included in a magnetic floc can be

o
0
U]

act
20 killed so as to eliminate an impact on the environment and
human bodies.
Accerding to the ballast water treatment system having
the above characteristic, the ballast water treatment

method having the above characteristics can be carried out

25 to kill micreoorganisms and bacteria or the like included in



is simplified and a necessary and sufficient length can be 15 secured. Even when a magnetic floc
includes air, air can be naturally removed from the magnetic floc.  According to the ballast water
treatment method having the characteristfcs as described above, microorganisms and bacteria or the
like included in a magnetic floc can be 20 killed so as to eliminate an impact on the environment and
human bodies. According to the ballast water treatment system having the above characteristic, the
ballast water treatment = method having the above characteristics can be carried out 25 to Kill

microorganisms and bagteria or-thg like included.in a magnetic floc so as to, eliminate an impact on
the environment and human bodies. BRIEF DESCF\?IP%I'I% “OF THE DRAWINGS sififstrates the

configuration shawing adeallast water treatment,systemn according to an embodiment.

5 Fig. 1 illustrates the configuration showing a ballast

ig. 2A illustrates the top configuration of a heat
sterilization section acceording to an embodiment.

Fig. 2B illustrates the front configuration of the heat

fod
]

sterilization section according to an embodiment.

Fig. 2C illustrates the side configuration of the neat
sterilization section according to an embodiment.

Fig. 3A illustrates ths top configuration of an
insertion tube constituting the heat sterilization section
15 according to an embodiment.

Fig. 3B illustrates the front configuration of the
insertion tube constituting the heat sterilization section
according to an embodiment.

Fig. 3C illustrates the side configuration of the

20 insertion tube constituting the heat sterilization section
according to an embodiment.

Fig. 4 lllustrates the relation between the re“ention
time of magnetic flocs in an insertion tube and an

achieving temperature according to an embodiment.

25 Fig. 2 illustrates the flow of a startup preparation



Fig. 2A illustrates the to configuration of a neat sterilzaton section according to an emootiment Fig. 23
illu strat es the front configuration of the heat 10 sterilization section according to an embodiment.

Fig. 20 illustrates the side configuration of the heat sterilization section according to an embodiment.
Fig. 3A illustrates the top configuration of an insertion tube constituting the heat sterilization section 15
according to an embodiment.  Fig. 33 illustrates the front configuration of the insertion tube
constituting the heat sterilization section according to an embodiment. Fig. 30 illustrates the side

configuration of the. 20 insertin tyhe consfiing the heat sterlzation section acgording to an
embodiment.  Fig. 4 illustrates the relation between the retention time otcmagngt?c fiSesih an
insertion tube and:an aghigwing temperature according to an embodiment. 25Fig. 5 illustrates the flow
of a startup preparation

Fig. 6 lllustrates the flow of a magnetic floc heat

sterilization step in the heat sterilization section

5 according to an embodiment.

Fig. 7 illustrates the flow of a heat sterilization
ending step in the heat sterilization section according to
an embodiment.

Fig. 8A illustrates the top configuration of a heat

18 sterilization section according to the first modification
example.

Fig. 8B illustrates the front configuration of the neat
sterilization section according to the first modification
example.

15 Fig. 94 illustrates the top configuraticn of a heat
sterilization section according to the second modification
example.

Fig. 9B illustrates the front configuration of the heat
sterilization section according to the second modification

20 example.

Fig. 10A illustrates the top configuration of a heat
sterilization section according to the third modification
example.

Fig. 10B illustrates the front configuration of the

25 heat sterilization section according to the third



step in the heat sterilization section according to an embodiment.  Fig. 6 illustrates the flow of a
magnetic floc heat sterilization step in the heat sterilization section according to an embodiment.

Fig. 7 illustrates the flow of a heat sterilization ending step in the heat sterilization section according to
an embodiment. Fig. 8A illustrates the top configuration of a heat 10 sterilization section according to
the first modification example.  Fig. 83 illustrates the front configuration of the heat sterilization
secilon according to the first modification example. 15Fig. 9A illustrates the top configuration of a heat
sterilization sectigp,according; to,the second modification example. Fig. 983 illustrates the front
configuration of the heat sterilization section according to the second modification 20 example.  Fig.
10A illustrates the top configuration of a heat sterilization section according to the third modification
example. Fig. 103 illustrates the front configuration of the 25 heat sterilization section according
to the third DETATLED DESCRIPTION OF EMBODIMENTS

The following section will describe in detall an

(8]

embodiment according to a ballast water treatment method
and a ballast water treatment system of the present
invention with reference to the drawings.
First, with reference to Fig. 1, the entire
configuraticon of a ballast water treatment system 10
10  according to an embodiment will be described. The ballast
water Treatment system 10 has: a coagulation section 20, a
magnetic separation section 30, a filter separation section
40, and a heat sterilization section 50,
The coagulation section 20 has & flash mizxer 22 and a
15 flocculator 24 and generates magnetic flocs F out of raw
water (ballast water) sent via a pump 12. To realize this,
a piping path for sending raw water to the Flash mixer 22
includes a magnetic powders addition section 14 and a
coagulant addition section 16. Furthermore, a path through
20  which water is sent from the flash mixer 22 to the
fiocculator 24 includes a organic flocculant addition
section 18. Magnetic powder may be preferably torriron
tetraoxide for example. Coaguiént may be preferably
agueous inorganic coagulant such as polvaluminum chloride,

2h ferric chleoride, and ferric sulfate. Organic flocculant

Ewl
F......l



modification example. DETAILED DESCRIPTION OFODTHENTS  The following section will
describe in detail an embodiment according to a ballast water treatment method and a ballast water
treatment system of the present invention with reference to the drawings.  First, with reference to
Fig. 1, the entire configuration of a ballast water treatment system 10 according to an embodiment will
be described. The ballast water treatment system 10 has: a coagulation section 20, a magnetic
separation section 30, a filter separation section 40, and a heat sterilization section SO. The

coagulation sectiﬁgﬁ%@sp%ggéggyggr 22.and a 15 flocculatar 24 and generates magnetic flocs F

out of raw water (ballast water) sent via a pump 12. To realize this, a piping path for sending raw water

to the flash mixer 22 inglydes agnagnetic-powdersadgition-segtion dA=andka -¢aagulant agddiion
section 16. Furthermore, a path through 20 which water is sent from the flash mixer 22 to the

flocculator 24 includess azorganic eloceulantadditian:secttonl 8y Magnedic pavders may-be preferably
torriron tetraoxide for example. Coagulant may be preferably agueous inorganic coagulant such as
polyaluminum chéoride;:28 derrierchlcrité; and derticssulfate. @rgamic fldtcalant wmay be:préferably
anionic and nonionic ones. The flash mixer 22 has mixing paddle 23 that rotates
5 which magnetic powders and coagulant are added is subjected
to the high-speed agitation by the mixing paddle 23 to
thereby generate minute magnetic flocs (magnetic micro
flocs) having a size of about tens of um. When magnetic
micro flocs are generated, microcrganisms and bacteria or
10 the like in raw water are absorbed to surround magnetic
powder as & core and are taken into magnetic micro flocs
because the microorganisms and bacteria or the like in raw

water are electricazlly-charged.

The flocculator 24 is configured as a continuous multi-

=
(&

stage Ilccculator having multiple stages (three stages in
this embodiment). The flocculator tanks 2Z4A to 24C at the
respective stages have agitating paddles 253A to 253C,
respectively. The flocculator 24 having the configuration
as described above is set so that the agitation spsed 1is

20 decreased in a stepwise manner from tThe upstream-side
flocculator tank 242 o the downstream—side flocculator
tank 24C. The flocculater 24 receives ballast water
including magnetic micre flocs and organic flocculant added
to this kallast water sent from the flash mixer ZZ. Thus,

25 the low-spesed agitation is performed in a step-wise manner



with a high speed to agitate raw water and magnetic powders and coagulant added to the raw water.
The raw water to which magnetic powders and coagulant are added is subjected to the high-speed
agitation by the mixing paddle 23 to thereby generate minute magnetic flocs (magnetic micro flocs)
having a size of about tens of pm. When magnetic micro flocs are generated, microorganisms and
bacteria or 10 the like in raw water are absorbed to surround magnetic powder as a core and are taken
into magnetic micro flocs because the microorganisms and bacteria or the like in raw water are

electrically-charged.ckhe.flaccealar.24 is configured as 2 qonfinugus-multiz, 15 stage flogeulaipr having

multiple stages (three stages in this embodiment). The flocculator tanks 24A to 240 at the respective

stages have agitatingwasiies, 25A4e 280 grespectively. Thefloceulator24 having the coafiguration as
described above is set so that the agitation speed is 20 decreased in a stepwise manner from the

upstream-side floctulatos tank 24R tethe downsteamsside: floaculator tank-240s I hefloceulator 24
receives ballast water including magnetic micro flocs and organic flocculent added to this ballast water
sent from the flashlrixer 22. Thusy2bltheilew-speedagitation isoperformedsn acstépavise manner
from the flocculator tank 24A to the flocculator tank 240 to thereby grow magnetic micro flocs.
Furthermore? since‘thé&iyifatiof 'spebd is decreased fiha Step-wisetrmannar, thetd isa safdl risk where
the grown magne;tzig élocs F are

-

in this embodiment, as shown in Fig. 1, the flash mixer
22 and the flocculater 24 constituting the coagulation
gection 20 are provided in an integrated structure.

10  However, another structure also may be used in which the
flash mixer 22 and the flocculator 24 are separated and are
connected by a pilping through which water is sent from the
flash mixer 22 to the flocculator 24.

In the coagulation section 20 heving the configuration

15 as described above, air is removed from the flash mixer 22,
the flocculator 24, and the path connecting them so that
the spaces thereof are completely filled with water. By
doing this, even when a ship including the ballast water
treatment system 10 swings, no wave is causaed in the

20  ballast water (ballast water including magnetic micro flocs
or the like] in the coagulation section 20, thus providing
a smoocth water delivery.

The magnetic separation section 30 collects, from the
ballast water, the magnetic flocs F grown by the

25 coagulation section 20 to have a predetermined size. The



5 broken by the collision with the agitating paddles 25A to 250. In this embodiment, as shown in Fig I,
the flash mixer 22 and the flocculator 24 constituting the coagulation section 20 are provided in an
integrated structure. 10 However, another structure also may be used in which th flash mixer 22 and
the flocculator 24 are separated and are connected by a piping through which water is sent from the
flash mixer 22 to the f,occulator 24. In the coagulation section 20 having the configuration 15 as
described above, air is removed from the flash mixer 22, the flocculator 24, and the path connecting

them so that the spages (hereol ate.qampletely ledwiyvater, By, daind.his, eyen when a ship

including the ballast water treatment system 10 swings, no wave Is caused in the ballast water

(ballast water inclyging-magnetiomicrg flocs ox the like) in the coagulation section20, thys prayiding a
smooth water delivery.  The magnetic separation section 30 coliects, from the bailast water, the
magnetic flocs F grovamby: the-25 eoagulationsestion 204e have afpredetermined;size . The magnetic
separation section 30 includes: a magnetic separator 32, magnetic discs 34, scrapers (not shown),
and a conveyor 36aThe magnetic:separdtori32 seceivesitherbatlast water includiag the magnetie flocs
F sent from the coagulation section 20. The magnetic discs 34 are attached to rotating drums for
example andPat |ezsh gpart-thereofés immiersed in tecballaghwater il theemaghetic separatar:32ito
rotate the rotating drum. This consequently attracts and collects the magnetic flocs F floating in the

magnetic to rotating drums for example and at least a part thereof

is immersed in the ballast water in the magnetic separator

32 to rotate the rotating drum. This conseqguently attracts

and collects the magnetic flocs T floating in the magnetic
10 separator 32. The magnetic flocs F absorbed and collected

by the magnetic discs 34 are raised by the screw rotation

from the magnetic separator 32 and are scraped by the
scrapers from the magnetic discs 34. Then, the scraped
magnetic flocs F are transferred by the conveyor 36 to the
15 magnetic flocs storage tank 38.

The filter separation section 40 collects dusts and
minute magnetic flocs for examplie that could not be
collected by the magnetic separator 32. In the filter
separation section 40, the water being treated is supplied

20 wvia a water supply pipe 44 to the inner side of a filter
drum 42. The water being treated supplied to the filter
drum 42 is filtered by being flowed from the inner side of
the filter drum 42 to the outer side. During this,

collected matters such as magnetic flocs and dusts

25 remaining in the water being treated adhere to the inner

14



10 separator 32. The magnetic flocs F absorbed and collected by the magnetic discs 34 are raised by
the screw rotation from the magnetic separator 32 and are scraped by the scrapers from the magnetic
discs 34. Then, the scraped magnetic flocs F are transferred by the conveyor 36 to the 15 magnetic
flocs storage tank 38.  The filter separation section 40 collects dusts and minute magnetic flocs for
example that could not be collected by the magnetic separator 32. In the filter separation section 40,
the water being treated is supplied 20 via a water supply pipe 44 to the inner side of a filter drum 42.

The water being usaledsunplied fa the.herdym.42 is ffered by heing owsd frogy e danesside of

the filter drum 42 to the outer side. During this, collected matters such as magnetic flocs and dusts 25

remaining in the water being-treatedadhera fo thesinper sidepfdhe filter drum.42 . Fhis gonsequently
removes the contamination substance such as magnetic flocs and dusts remaining in the water being

treated. Thus, therwaterheing ireateckiswurned intoipurifieddeeater water: STherconiamiaation
substance adhered to the inner side of the filter drum 42 is washed away by water jetted from a
being treated is turned into purified treated water.

5 The contamination substance adhered to ths inner side
of the filter drum 42 is washed away by water jetted from a
spray nozzle 46 provided above the filter drum 42. The
contamination substance washed away by water jetted from

. The spray nozzle 46 to the filter drum 42 drops into a
10  hopper 48 {an inlet of the contamination substance
discharge pipe) provided in the filter drum 42 and is
discharged via the contamination substance discharge pipe
48a. It is noted that the treated water purified by the
filter drum 42 may be partially used as water Jjetted
15 through the spray nozzle 46. In this case, as shown in
Fig. 1, the treated water may be partially sent by the
circulation pump 45 to the spray nozzle 46. The
contamination substance and water jetted through the spray
nozzle 46 are returned to the previocus stage of the pump 12
20 via a pump 49 provided in the contamination substance
discharge pipe 48a.
The heat sterilization section 50 subjects the magnetic
ficcs F collected by the magnetic separation section 30 to

a heating treatment to thereby kill microorganisms and

25 bacteria or the like included in the magnetic flocs F. The



spray nozzle 46 provided above the filter drum 42. The contamination substance washed away by
water jetted from the spray nozzle 46 to the filter drUm 42 drops into a hopper 48 (an inlet of the
contamination substance discharge pipe) provided in the filter drum 42 and is discharged via the
contamination substance discharge pipe 48a. It is noted that the treated water purified by the filter
drum 42 may be partially used as water jetted 15 through the spray nozzle 46. In this case, as shown
in Fig. 1, the treated water may be partially sent by the circulation pump 45 to the spray nozzle 46 The

contamination supstapse andaualet etecfouotbe, sp nozzle 46 Are returned f the previous stage

of the pump 12 20 via a pump 49 provided in the contamination substance discharge pipe 48a. The

heat sterilization see)Elem 58 subjects theypagnatic,flags F-eollected.by-the, magnetic-separation
section 30 to a heating treatment to thereby kill microorganisms and 25 bacteria or the like included in

the magnetic flocsécdhee magnetic flocs fucallectesrhy the magnetieseparation-sactign 30 are
temporarily stored in a collected flocs receiver tank 52 and is sent via a pump 54 to the heat
sterilization sectior-50.11 is: rotedrthattheimagridtic 5 flocs E ate trethecfosm ofisiurnsand thus the
pump 54 used for transfer may be a positive displacement pump such as a tube pump or a uniaxial
screw __e paimp S Magnetie floes Frsubfectad eofthelheaty and thus the pump 54 used

for transfer may be a positive displacement pump such as a
tube pump or a uniaxial screw—-type pump.
The magnetic flocs F subjected to the heat
sterilization by the heat sterilization section 50 is sent
10 to a collected flocs storage tank 56. The collected flocs
storage tank 56 inciudes a circulation mechanism 58 (pump)
and an agitation mechanism {not shown) for the purpose of

preventing the precipitation and separation of the magnetic

flocg F. The reason is that, if the magnetic flocs T are

}.....‘
Ut

separated from water and is precipitated, it is difficult

to take out the magnetic flocs F by sucticn but the

circulation and agitation as described above can prevent

the separation and precipitation of the magnetic flocs F.
1

The coilected flocs storage tank 56 includes a sampling

20 system 59 of the magnetic flocs F. By confirming that the

sampled magnetic flocs F includes no microorganisms or
bacteria or the like, the safety of the magnetic flocs F in
the collected flocs storage tank 56 can be confirmed.

The following section will describe a specific

25 configuration of the heat sterilization section 50



sterilization by the heat sterilization section SO is sent 10 to a collected flocs storage tank 56. The
collected flocs storage tank 56 includes a circulation mechanism 58 (pump) and an agitation
mechanism (not shown) for the purpose of preventing the precipitation and separation of the magnetic
flocs F. The reason is ,hat, if the magnetic flocs F are separated from water and is precipitated, it is
difficult to take out the magnetic flocs F by suction but the circulation and agitation as described above
can prevent the separation and precipitation of the magnetic flocs F. The collected flocs storage tank
56 includes a samphng 29-zystem 59 afthe magnetic flgcs E+ By copfinmpingdhattbg sampledmagnetic
flocs F includes no microorganisms or bacteria or the like, the safety of the magnetic flocs F in the
collected flocs storagertagk SBscarrhe confirmext I hefallowing segtion wilkdescsibe A specifie 25
configuration of the heat sterilization section 50 according to an embodiment in detail with reference to
Fig. 2A, Fig. 28, Rigr 203 Figr BA| Fig. 133; and &ig.c80. Thecheat steritization sectionb@iaceording to an
embodiment includes a heat exchanger tube 60 and a tank 70. 5The heat exchanger tube 60 is a pipe
path for the pneuriatictfassportation of #ee Aagnetic floes F&eatflom thercollééted flocs receiver tank
52 via the pump 54. The heat exchanger tube 60 is desirably configured by a hollow material having
heat resistarice and coffosiéi fdsisfce21d %\rspé‘éiﬁl‘?exéran/plé Pnay inGld@E a FARUM PIPingoF

example. N ‘ e C .
pneumatlc fransportation of the magnetic flocs ¥ sent from
the collected flocs receiver tank 52 via the pump 54. The
heat exchanger tube 60 is desirably configured by a hollow

material having heat resistance and corrosion resistance.

160 A specific example may include a itanium piping for
example.
As shown in Fig. 3A, Fig. 3B, and Fig. 3C, the heat

exchangeﬁ tube 60 includes, at the upper part therecf, an
inlet 62 and an exit 64. The piping extends from the inlet
15 62 to the lowest part and is bent from the lowest part to
have an oval shape {(so-called track shape). The bent heat
exchanger tube 60 upwardly extends to draw an oval and
helical shape to reach the exit 64. The reason is that the
configuration as described above can be machined more
20 easily than in the case of a hairpin curve shape having a
bent section with a smaller radiuvs for example and can
secure a necessary and sufficient length. Furthermore, by
the configuration in which the heat exchanger tube 60
having the inlet €2 at the upper part thereof is caused to

25 extend to the lower side and then is caused *to extend to



As shown in Fig. 3A, Fig. 33, and Fig. 30, the heat exchanger tube 60 includes, at the upper part
thereof, an inlet 62 and an exit 64. The piping extends.-from the inlet 15 62 to the lowest part and is
bent from the lowest part to have an oval shape (so-called track shape). The bent heat exchanger tube
60 upwardly extends to draw an oval and helical shape to reach the exit 64. The reason is that the
configuration as described above can be machined more 20 easily than in the case of a hairpin curve
shape having a bent section with a smaller radius for example and can secure a necessary and

sufficient length. Eethegmore, By the configiratiop.in which the heat exchangertube 60, . ¢
magnetic flocs F includes air, air can be removed naturally
and no risk is caused where lifted air inhibits the

pneumatic transportation of the magnetic flocs F. It is

{Jt

noted that the heat exchanger tube 60 formed by bending is
longitudinally bound and retained by a support 69, thereby
preventing the deformation of the pipe path dus to the
deadweicht.

The inlet 62-side of the heat exchanger tube 60 is
10  connected to the pump 54. The exit 64~side is connectad to

the collected flocs storage tank 56. The inlet 62-side o

Fh

the heat exchanger tube 60 has a pressure gauge 66, thus
providing a configuration where the pressure in the heat
exchanger tube 60 can be measured. By the configuration as
15 described above, damage of the heat exchanger tube 60 and
the clogging of the intericr of the insertion tube can be
known. When the heat exchanger tube 60 is broken for
example, the magnetic flocs F  subiected to opneumatic
transportation is caused to leak, thus causing a decrease
20 of the pressure in the heat exchanger tube 60. The
clogging of the interior of the heat exchanger tube 60 on
the other hand causes an increase of the pressure in the
heat exchanger tube 60. The exit 64 of the heat exchanger
tube €0 has a thermometer &8. By the configuration as

25 described above, It is possible to know whether the heating

18



having the inlet 62 at the upper part thereof is caused to 25 extend to the lower side and then is
caused to extend to the exit 64 provided at the upper part, even when the magnetic flocs F includes
air, air can be removed naturally and no risk is caused where lifted air inhibits the pneumatic
transportation of the magnetic flocs F. It is noted that the heat exchanger tube 60 formed by bending is
longitudinally bound and retained by a support 69, thereby preventing the deformation of the pipe path
due to the deadweight. The inlet 62-side of the heat exchanger tube 60 is 10 connected to the pump
54. The exit 64-sige s gannected to the collgﬁtsqgjgg% §tpr§g%£asnl§ 5@.&1@ inl%tpﬁz-sgg Qf the :l:lgat
exchanger tube 60 has a pressure gauge 66, thus providing a configuration where the pressure’in the
heat exchanger tihe 688 canhe:measured By theconfiguration as,15.d ibed ahgve, damage of the
heat exchanger tube 60 and the clogging of the interior of the insertion tube can be known. When the
heat exchanger talpg 6618 beokendor example, the magnetic flocs F subjected to pneumatic
transportation is caused to leak, thus causing a decrease 20 of the pressure in the heat exchanger
tube 60. The cloggingWfthesiaterior 6f the heatexchanger tube Bion thedthe: hand causesan: -
increase of the pressure in the heat exchanger tube 60. The exit 64 of the heat exchanger tube 60 has
a thermometer 68 By theohfidifation a8 PHdsserbetdboves it is pogsible toskriow Vhether thes

heating statusof the magneticflocssent by [pneumatic transportation into the heat exchanger tube 60 is
appropriate or not*€¥€+h  Waler. hus, the Theat exchanger tube &0 is

immersed in water stored in the tank 70. Water stored in

the tank 70 may be soft water used in the ship. The reason

is that the use of soft water can prevent chlorinated lime

10 for example from adhering to the interior of the tank 70 or

the heat exchanger tube 60, thus providing a longer
maintenance cycle.

The tank 70 includes a steam supply opening 72 for

supplying steam as a heat source for heating water and a

[}
{5t

condensed water discharge opening 74 fors discharging
excessive water caused by the steam supply. The steam
supply opening 72 and the condensed water discharge opening
74 may be provided in the following lavout. Specifically,
the steam supply opening 72 is provided at the lower part-
20 side of the tank 70 (or at least at the lower-half part)
and the condensed water discharge opening 74 is provided at
the wupper part-side of the tank 70 and at least at a
position higher than the upper part of the heat exchanger
tube 60 immersed in water. By the lavout as described

25 above, the high-temperature steam jetted through the steam



The tank 70 is a tank to contain and heat the above- 5 described heat exchanger tube 60. The tank 70
stores therein water. Thus, the heat exchanger tube 60 is immersed in water stored in the tank 70.
Water stored in the tank 70 may be soft water used in the ship. The reason is that the use of soft water
can prevent chlorinated lime 10 for example from adhering to the interior of the tank 70 or the heat
exchanger tube 60, thus providing a longer maintenance cycle. The tank 70 includes a steam supply
opening 72 for supplying steam as a heat source for heating water and a 15 condensed water
discharge openinguffoy dissbarging excegsivesvatercausedibythe steam supphy, Ihe steam supply
opening 72 and the condensed water discharge opening 74 may be provided in the following layout.
Specifically, the steam sapply ogening 72+Hs peavjded &t the lewer part- 20 :side ofdhe tank 70rakat
least at the lower-half part) and the condensed water discharge opening 74 is provided at the upper
part-side of the tank-70.dnd deast atraigositiontighertham the upper partof the heat exchangertube
60 immersed in water. By the layout as described 25 above, the high-temperature steam jetted
through the steam Usupply: BpBAIFKCZZ moves upwarbwhile heatingthd Wwstérindke tamk 70t tRéreby
cause an agigation action, thus providing a uniform temperature distribution In the tank 70.
Furthermore> theitbRdeRs8t WateR diBEiaree UbeRing Teproviasd a4 postshEnighet thah-thé tpper
part of the heat exchanger tube 60 can maintain the water level at a position higher than the heat
exchanger tube 60: % L‘Tﬁé?ﬁ}ﬁpﬁﬁ Fayifnclude’a fHermBmetsr Bbrand £ watet fevel galige 82° The
reason is that, by measuring by the %O_E[E}erﬁmqﬁnﬁgterr1 80 the temperature of the %/qter in the tank 70 and
maintaining the tgmpératuré in the tank 70'at & set value, 8 favorabie healing status of the heat

exchanger tube 60 ca;he maintained. The existence.of the watsr-level gauge,82.can preyent water

level from being lower 15 than the upper part of the heat exchanger tube 60 immersed in water. The

reason is that the; eat exehanger fybe 6&-gannot maintain a fayerableheating, status,, f, the heat.
exchanger tube 60 is not completely immersed in water.

10 thermometer 80 the temperature of the water in the tank 70
and mailntaining the temperature in the tank 70 at a set
ralue, & favorable heating status of the heat exchanger
tube 60 can be maintained. The existence of the water-
level gauge 82 can prevent water level from being lower

15 than the upper part of the heat exchanger tube 60 immersed

in wa

¢t

er. The reason is_that the heat exchanger tube &0
canneot maintain a favorable heating status, if. the heat
exchanger tube 60 is not completely immersed in water.

In the heat sterilization section 50 having the

20  configuraticn as described above, the heat exchanger tube
60 may have such a diameter that prevents the precipitation
or clogging of the magnetic flocs F. Whether the
precipitation of the magnetic flocs F is caused or not has
a relation with the delivery speed of the magnetic flocs F

25 sent by pneumatic transportation into the heat exchanger

20



in the heat sterilization section 50 having the 20 configuration as described above, the heat exchanger
tube 60 may have such a diameter that prevents the precipitation or clogging of the magnetic flocs F.
Whether the precipitation of the magnetic flocs F is caused or not has a relation with the delivery
speed of the magnetic flocs F 25 sent by pneumatic transportation into the heat exchanger tube 60
and the precipitation speed of the magnetic flocs F. Whether the clogging is caused or not has a
relation with the diameter of the heat exchanger tube 60 and the viscosity and property of the magnetic

flocs F. The 5 delivary seeed:ghthe;raagnetic figos F:sent by pngumatic transpartation has g felation

with the discharge flow rate of the pump 54 connected to the inlet of the heat exchanger tube 60 and

the diameter (area) of thesheat.exehanger iibei60y 10The-healexchanggrtube 60 mayhave.any,
length so long as the temperature at which microorganisms and bacteria or the like included in the

magnetic flocs F €anibe Killed ¢aarbe:maintained fer apredeterminag dime whenthes magneticflogs F
is delivered at a predetermined delivery speed, It is noted that an example according to the invention
uses a temperature Dt 75 deyreas apddhe titne of-d minttes regained tockill iMicraorganisms zined
bacteria or the like by heating. The pump 54 has a variable discharge flow rate. The 20 heat
exchanger tdbe 6FRaY 8'dianiBR? of 34 mii & tReTEss ol 1 24nAT afid & fengthbof S7REmMahis
means that, when the magnetic flocs F are delivered at a speed of 7.3 m/min, the magnetic flocs F are

retained in the hedt BXCRARGEFthBE 665Br Gbdut 7ahittites arid '50-86cahHE SOBWREN TS Hedta t e

sterilization section. 50.in the aboye N e P
oL "the pump 54 connected to the inlet of the heat exchanger

tube 60 and the diameter ({area) of the heat exchanger tube
60.

10 The heat exchanger tube 60 may have anv length so long
as the temperature at which microorganisms and bacteria or
the like included in the magnetic flocs F can be killed can
be maintained for a predetermined time when the magnetic
flocs ¥ is delivered at a predetermined delivery speed. It

15  is noted that an example according to the invention uses a
temperature of 75 degrees C and the time of 2 minutes
required to kill microorganisms and bacteria or the like by
heating.

The pump 54 has a variable discharge flow rate. The

20 heat exchanger tube 60 has a diameter of 34 mm, a thickness
of 1.2 mm, and a length of 57.4 m. This means that, when
the magnetic flocs T are delivered at a speed of 7.3 m/min,
the magnetic flocs F are retained in the heat exchanger
tube 60 for about 7 minutes and 50 seconds.

25 When the heat sterilization section 50 in the above
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configuration has the Lank 70 including therein water of a temperature of about 80 degrees C, the
achieving temperature of the magnetic flocs F changing with the retention time shows the tendency as
shown in Fig. 4. As R shown in Fig. 4, the temperature of the magnetic flocs F increases to 75 degrees
C after about 3 minutes and 40 seconds during the time for which the magnetic flocs F are retained in
the heat exchanger tube 60. Then, the temperature of the magnetic flocs F requires about 4 10
minutes and 10 seconds while maintaining the temperature of 75 degrees C or more until a fixed
temperature of abeut:8Q;degrees,C isgeached. Asdeserbed.above; inorder 1o kil microorganisms
and bacteria or the like in the magnetic flocs F, the time of 3 minutes and the temperature of 15
degrees C are reguifed rAecarding toran experiments whendhg.exghanger tube 60 in the:above g
configuration used to deliver the magnetic flocs F at the above delivery speed, the magnetic flocs F
can be retained atdhetemperaturecdf 75 degrees;C<orimoreffos 3:minutesos madreg 20+thtis securely
killing microorganisms and bacteria or the like included in the magnetic flocs F. The diameter and
length of the heat é%&hdrigar tubeT60 areddeieriiged baskeloryvarous pavameterstingludifg a flow
rate and thus cannot be set to a fixed value. However, the heat exchanger tube 25 60 may have any
diameter and len§it ' corsidet&tiondf thé EmedRRmGATHIER the ferhpératiré ot tHemagmstie flbcs F
sent by pneumatic transportation intg the pipe path increases, so long as the magnetic flocs F can be
retained at a tempeFatirS 675 degrees ETFHGT for tietime of 3 Miutes of Mote S ofdér tol ¢

prevent the precigg%tion of the ma%ne_tt:ig ilo%s F, the pneumatic transportation speed (flow rate) of the

al r ! . e 0 | R el k)
magnetic flocs F is sé)tnt%)lsl.éJi /AN or more. ﬁ%herﬁeat"%?elrﬁlleatlonesérc%i%%eﬁolﬁavlln tiie 10 ©*°

configuration as @%%CC{EB?QQabOJ‘t’S’ the, heat ﬁ@lﬂ!zatég&gfatgs agnetic eﬂ.OC% Fis ca_rﬁlgg r?lﬂt,,th{%ﬁegh
three steps of a startup preparation, a heat sterilization, anda heat sterilization ending. Firs," in the
startup preparation gieps #8:8ROWNJA  tne magnetic flocs F  reguires about 4
10 minutes and 10 seconds while maintaining the temperature of
75 degrees C or more until a fixed temperature of about 80
degrees C 1s reached. As described above, in order to kill
microorganisms and bacteria or the like in the magnetic

™

flocs F, the time of 3 minutes and the temperature of 75
15 degrees C are reguired. According to an experiment, when
the heat exchanger tube 60 in the above configuration is
used to deliver the magnetic flocs F at the above delivery
speed, the magnetic flocs ¥ can bhe retained at the
temperature of 75 degress C or more for 3 minutes or more,
20 thus securely killing microorganisms and bacteria or <*he
like included in the magnetic £flocs F. The diameter and
length of the heat exchanger tube 60 are determined based
on various parameters including a flow rate and thus cannot

be set to a fixed value. However, the heat exchanger tube

25 60 may have any diameter and length, in consideration of



15 Fig. 5, the water level in the tank 70 is measured by the water-level gauge 82 (Step S100). When it
is determined by the measurement of the water level that the water level is lower than a predetermined
water level (.1, e,, the water level is lower than the water level at which the heat 20 exchanger tube 60
can be completely immersed in water), water is filled into the tank 70 (Step 5110). When it is
determined by the measurement of the water level by the water-level gauge 82 that the water level is
equal to or higher than the predetermined water level, the temperature 25 of water stored in the tank

70 is measured byithe tharmometer 80,(5tep, %%Q)-t\él(ﬁaggi}g% gerpined b s Teas el ae
to

by the thermometer 80 is lower than a set temperature (€.g., 80 degrees C grees C), steam is

supplied from thersteaar.supply OpsRing;42 into ﬂa%é%@g%%@%ﬁ%%\é\/h%@‘e Sleam sppRly

causes the temperature measured by the thermometer 80 to reach the set temperature, the magnetic

flocs F can be takemdintostecthe heat exchanger tibe 60 dhusstepping the stearrsupply.(Step $140).
Then, the storage amount (water level) of the 10 magnetic flocs F in the collected flocs receiver tank

52 is detected (Step S1503mWhentthe svater [@%elf dhe: eallected:flaes receiver tank 52 deesspt reach
a standard value, there is a possibility where, during the pneumatic transportation of the magnetic flocs
F by the pumip 54tigites or more. In order to prevent the precipitation of
the magnetic flocs F, the pneumatic transportation speed
(flow rate) of the magnetic flocs F is set to 1.2 m/min or
mere.
In the heat sterilization section 50 having the
10 configuration as described above, the heat sterilization of
the magnetic flocs F is carried out through three steps of
a startup preparation, a heat sterilization, and a hesat
steriiization ending.
First, in the startup preparation step, as shown in
15 Fig. 5, the water level in the tank 70 is measured by the
water-level gauge 82 (Step S100). When it is determined by
the measurement of the water level that the water level is
icwer than a predetermined water level {(i.e., the water
level is lower than the water level at which the heat
20 exchanger tube 60 can be completely immersed in water),
water 1s filled into the tank 70 (Step S110). When it iz
determined by the measurement of the water level by the
water-level gauge 82 that the water level is egual to or

higher than the predetermined water level, the Temperature

25 of water stored in the tank 70 is measured by the



15 fluid sent by pneumatic transportation may include therein air for example. Thus, a stand-by status
is maintained until the water level reaches the standard value (Step S160). Thereafter, when the water
level of the collected flocs receiver tank 52 reaches the standard value, the heat 20 sterilization of the
magnetic flocs F is enabled, thus completing the startup preparation (Step S170). Next, in the heat
sterilization step, the pump 54 is started as shown in Fig. 6 to send the magnetic flocs F by pneumatic
transportation to the heat exchanger tube 60 25(Step S200). After the start of the pneumatic

transportation of the-magnetic loggto theeat exehangeriuhe 60, the counting.qf fhe time regyired
for the magnetic flocs to be discharged from the heat exchanger tube 60 is started (Step S210). The

pneumatic transppsaton endk: heating,of-the magnetis-floes F causedhe heat exehange hetween the
water in the Lank 70 and the magnetic flocs F. Thus, the temperature of the water in the tank 70 is

measured by the thenrometer 80 (Step S220). Whereit is determineddasthedemperateteam is
measurement that the water 10 temperature is lower than a set temperature, the feeding of steam is
performed (Step S28P): Theénf tharprotessing astumsoto  SteprE220-and thelwater témperatire’is
measured
5 {Step 5130}. When the steam supply causes the temperature
measured by the thermometer 80 to reach the set
temperature, the magnetic flocs F can be taken into to the
heat exchanger tube 60, thus stopping the steam supply
(Step 353140). Then, the storage amount (water level) of the
10 magnetic flocs F in the collected flocs receiver tank 52 is
detected (Step 5150;. When the water level of the
coliected fliocs receiver tank 52 does not reach a standard
value, there is a possibility where, during the pneumatic
transportation of the magnetic flocs [ by the pump 54, the
15 fluid sent by pneumatic transportation may include therein
alr for example. Thus, a stand-by status 1s maintained
until the water level reaches the standard value (Step
S160) . Thereafter, when the water level of the collected
flocs receiver tank 52 reaches the standard value, the heat
20 sterlilization of the magnetic flocs T is enabled, thus
completing the startup preparation (Step $S170).
Next, 1n the heat sterilization step, the pump 54 is
started as shown in Fig. 6 to send the magnetic flocs F by

prneumatic transportation to the heat exchanger tube 60

25 {Step 8200). After the start of the pneumatic
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again. When it is determined in the measurement of the water temperature in Step S220 that the water
temperature 15 is equal to or higher than the set temperature, it is determined whether the steam
supply (feeding) is performed or not (Step S240). When no steam supply is performed, then the
storage amount (water level) of the magnetic flocs in the collected flocs receiver tank 52 is measured
(Step 20 S260). When steam supply is performed, the steam supply is stopped (Step S250) and then
the processing proceeds to Step S260. When the water level in the collected flocs receiver tank
52 is lower than the standardaalug, then the-driving 25:0f the pumpB4 isrstoppad.and: the.magnetic
flocs F are stored in the collected flocs receiver tank 52 (Step 5270). During this, the pump 54 for
sending the magnetic=fldas, by heeumatic transpartation is steppeskarnd-thys the ceunt far calsulating
the discharge of the magnetic flocs is also stopped (Step S280). When the water level in the ccl. lected
flocs receiver tank 52ds eguabto or.kigherthan thie staridard valie anxthiezotherrhand;¢he 6pération
status of the pump 54 is determined (Step S290). When the pump is not stopped, the pressure gauge
66 provided at thé #fet62 100Tahe heab excharter tlse6e detecis tespressurelinthehdat
exchanger tube 60 (Step 3300). When it is determined in Step 5290 that the pump 54 is stopped, then
the processing retinE 16 %t8p S200 APk pump 5258 started2 AR dbHdrAaRvalGE defdedéd by the
pressure gauge 66 shows 15 that the heat exchanger tube 60 has a trouble such as breakage or
clogging. In this cass" & entérgeliey Sfopis cgﬂ‘iaed“&?t%/\lﬂ retRE phitp B4 fBr Sehding themagnetic
Sa30), o Smafi 1A neRe"alg) a0d SPAI SYPRISE! 9 Pe a0l TRIY QXaPla gra giopped (Step
measured by the thermometer 80 (Step S220). When it is

determined by the temperature measurement that the watsr

10 temperature is lower tThan a set temperature, the feeding of
steam is performed (Step S5230). Then, the processing
returns to Step SZ220 and the water temperature is measured
again. When it is determined in the measurement of the

water temperature in Step 5220 that the water temperature

15 is egual to or higher than the set temperature, 1t is
determined whether the steam supply (feeding) is performed
or not {Step S240}). When no steam supply is performed,
then the storage amount (water level} of The magnetic flocs
in the collected flocs receiver tank 52 is measured (Step

20 5260) . When steam supply is performed, the steam supply is

stopped (Step 5250} and then the processing proceeds to
Step $260,

When the water level in the collected flocs receiver
tank 52 is lower than the standard value, then the driving

25 of the pump 54 i1s stopped and the magnetic flocs F are

o
2]



20 value obtained by the pressure gauge 66 is normal on the other -and, the temperature
measurement by the thermometer 68 provided at the exit 64 of the heat exchanger tube 60 is
performed (Step 3310). When the measured value by the thermometer 68 is lower than the
temperature determined in 25 advance at which microorganisms and bacteria or the like are killed, it
is determined to be abnomal and an emergency stop is carried out (Step S320). When the measured
value by the thermometer 68 is equal to or higher than the temperature at which microorganisms and
bacteria or the 5 lle,ateikilled onahe otherdhand, i dstepminedasnaral and then whether ghe
count is completed or not is confirmed (Step S330). When the count’is completed, the agnetic floc
heat sterilization sigpsis gompleted:(SteR,5340)s When thesountis nat completed on the otherhand,
10 then the processing returns to S220 and the steps after the measurement of the temperature of
water in the tank g0aue pertormedragain. tAfierdhe completiopof the,magngtic flee heat,sterilization
step, the processing proceeds to the heat 15sterilization ending step as shown in Fig. 7 (Step S400).
calculating the discharge of the magnetic flocs is also

5 stopped (Step SZ280). When the water level in the colliected

flocs receiver tank 52 is egual to or higher than the

-

standard value on the other hand, the operation status of
the pump 54 is determined (Step 3290). When the pump is
not stopped, the pressure gauge 66 provided at the inlet &2

10 of the heat exchanger tube 60 detects the pressure in the
heat exchanger tube 60 (Step S5300). When it is determined
in Step 5290 that the pump 54 is stopped, then the
processing returns to Step S200 and the pump 54 is started.
An abnormal value detected by the pressure gauge 66 shows

15 that the heat exchanger tube 60 has a trouble such as
breakage or clogging. In this case, an emergency stop is
carried out where the pump 54 for sending the magnetic
" flocs F by pneumatic transpertation and steam supplied to
the tank 70 for example are stopped (Step S320). When a

20  wvalue obtained by the pressure gauge.66 is normal on the
other hand, the temperature measurement by the thermometer
68 provided at the exit 64 of the heat exchanger tube 60 is
performed (Step S5310). When the measured value by the
thermometer 68 is lower than the fTemperature determined in

25 advance at which microorganisms and bacteria or the like
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First, cleaning water is taken into to the heat exchanger tube 60 (Step S410). After the taking of
cleaning water (or simultaneously with the of taking cleaning water) the count of the time required for
the magnetic flocs F 20 remaining in the heat exchanger tube 60 to be substituted with cleaning water
is started (Step S420). Thereafter, the thermometer 80 measures the temperature of water in the tank
70 (Step S430). When the temperature measured by the thermometer BO is lower than the set
temperature, steam is 25 supplied from the steam supply opening 72 (Step S440). Then, the

processing returgs-to $tep;3430 and the temperative measurementis perfouned again,

measured temperature in Step S430 is equal to or higher than the set temperature on the other hand,

then whether 5steaspsupply:is-stopped ar Notis geterpuned, (Step-545% Whean:steam spppheis
stopped, then whether the count is completed or not is determined (Step S470). When steam supply is

not stopped in Step $459, Steamsupply:s Stopped4Stepl S460)c Thengthepreeessing:proceeds to the
10 determination of the completion of the count in Step S470. When the count is completed in Step
S470, then the ptiiprs stoppet (Step'5480). s resufi cthe taking of cleanimgria or the
5 like are killed on the other hand, it is determined as
normal and then whether the count is completed or not is
confirmed (Step S5330). When the count is completed, the
magnetic floc heat sterillzation step is completed (Step
5340). When the count is not completed on the other hand,
10 then the processing returns to 5220 and the steps after the
measurement of the temperature of water in the tank 70 are
pverformed again.
After the completion of the magnetic floc heat
sterilization step, the processing procseds to the heat
15 sterilization ending step as shown in Fig. 7 (Step 85400).
First, cleaning water is taken into to the heat exchanger
tube 60 (Step 5410). After the taking of cleaning water
(or simultaneocusly with the of taking cleaning water), the
count of the time required for the magnetic flocs F
20 remaining in the heat exchanger tubs 60 to be substituted
with cleaning water i1s started (Step 38420). Thereafter,
the thermometer 80 measures the temperature of water in the
tank 70 (Step 5430). When the temperature measured by the

thermometer 80 1s lower than the set temperature, steam is

25 supplied from the steam supply opening 72 (Step 5440).
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water into the heat exchanger tube 60 is also stopped. Thus, the interior of the heat exchanger tube 60
is filled 15 with cleaning water. When the count is not completed in Step S470 on the other hand, the
processing returns to Step S430 where the temperature measurement of wator in the tank 70 and the
introduction of steam are repeated. By using the heat sterilization section 50 performing 20 the heat
sterilization treatment as described above, the heat exchanger tube 60 is heated by an indirect heating
(double-boiling) by hot water of 100 degrees C or less. Thus, scale can be prevented from adhering to

the interior of thetheat exehanger Jube 60, Furthermare, by.the.25 stiuettre indvhigh water in the tank
70 is heated by jetted steam and excessive condensed water is discharged, there is no part where a

high pressure is caugesd:ia the tanke20; thus pravidieg bighrsafety Furhermoreynatenand steam
stored in the tank 70 can be both obtained from those used fore ship including the ballast water

treatment systenm#@,swhiehi is ecgromicuFartherntorepwatet Gtared dnythel tank 70-is ipienented from
having a contact with contamination substance such as the magnetic flocs F. Thus, discharged
condensed water-€gbé reuseeltin a1 emachinety such- s shipner hand, then whether
5 steam supply 1s stopped or not is determined {Step S5450).
When steam supply is stopped, then whether the count is
completed or not is cetermined (Step S470). When steam
supply is not stopped in Step $450, steam supply is stopped
(Step S460). Then, the processing proceeds to the
10 determination of the completion of the count in Step $5470.
When the count is completed in Step 5470, then the pump is
stopped (Step S480). As a result, the taking of cleaning
water into the heat exchanger tube 60 is also stopped.
Thus, the interior of the heat exchanger tube 60 is filled
15  with cleaning water. When the count is not completed in
Step £470 on the other hand, the processing returns to Step
8430 where the temperature measurement of water in the tank
70 and the introduction of steam are repeatsad.
By using the heat sterilization section 50 performing
20 the heat sterilization treatment as described above, the
heat exchanger tube 60 is heated by an indirect heating
(double-beoiling) by hot water of 100 degrees C or less.
Thus, scale can be prevented from adhering to the interior

of the heat exchanger tube 60. Furthermore, by the

25 structure in which water in the tank 70 is heated by jetted
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Furthermore, by using the ballast water treatment system 10 having the heat sterilization section 50 as
described above, microorganisms and bacteria or the like can be physically collected from ballast
water to puny_ 15 the ballast water and the magnetic flocs F obtained by coagulating microorganisms
and baor the like can be sterilized, This can consequently solve not only an impact on the environment
by the discharge of ballast water to other sea areas but also an impact on the environment and 20
human bodies by the storage of collected magnetic flocs F for a long period. In the above
embodiment, a copfiguration hagheen.descrbedimwhich,the collacied floes, receiver tank B2 is s
provided in the previous stage of the heat sterilization 25 section 50 to temporarily store magnetic
flocs. However, another configuratian alsermay beused wheredhe sangneticlocs storage tank 38
constituting the magnetic separation section 30 is used as a temporary storage means, thus omitting
the collected flocsireceiweptanki52y Thegh safety. Furthermore, water and steam

stored in the tank 70 can be both obtained from those used

()

for the ship including the ballast water Ttreatment system
10, which is ecconomic. Furthermore, water steored in the
tank 70 i1s prevented f£rom having a contact with
contamination substance such as the magnetic flocs F.
Thus, discharged condensed water can be reused in a
10 machinery such as ship.

Furthermore, by using the ballast water treatment
system 10 having the heat sterilization section 50 as
described above, microorganisms and bacterlia or the like

can be physically collected from ballast water to purify

T

15 the ballast water and the magnetic flocs F cobtained by
coagulating microorganisms and bacteria or the like can be
sterilized. This can conseguently sclve not only an lmpact
on the envircnment by the discharge of bkallast water to
other sea areas but alsoc an impact on the environment and

20  human bodies by the storage of collected magnetic flocs F
for a long period.

In the above embodiment, a configuration has been
described in which the collected flccs receiver tank 52 is
provided in the previous stage of the heat sterilization

25 section 50 to temporarily store magnetic f£locs. However,



5 configuration as described above can reduce the installation space and equipment cost.
Furthermore, although a cylindrical pipe was shown as a pipe path in the embodiment, the present
invention is not limited to a cylindrical pipe. Any pipe path can be used 10 so long as a narrow slit-like
flow path is provided and magnetic floc passing therethrough can be securely heated by
double-boiling. The following section will describe a modification example of the heat sterilization
section 50 according to 15 an embodiment. First, with reference to Fig. 8A and Fig. 8B,at modification

example will be degerbed; Fig,8A s a block diagram jllustrafing a fop cenfiguration %%"%%QS% '
a

sterilization section. Fig, 83 is a block diagram illustrating a front configuration. 20A he ster%ﬁ%ation

section 50b accowling:to this moghfication example, is-charactgrzed,in thattheform.of aheat:
exchanger tube 60a is different from that in the above embodiment. Specifically, as is clear from Fig.

8A, the planar shapefsiformed as:sa hakspinzcuree shape insteadef-2%ae ovakshape-and:this shape is
superposed in a multiple
omitting the collected flocs receiver tank 52. The
5 configuration as described above can reduce the
installation space and esguipment cost.

Furthermore, although a cylindrical pips was shown as a
pipe path in the embodiment, the present invention is not
limited to a cylindrical pipe. Any pipe path can bes used

10 so long as a narrow slit-like flow path is provided and
magnetic floc passing therethrough can be securely heated
by deuble-boiling.

The following section will describe a modification
example of the heat sterilization section 50 according to

15 an embodiment. First, with reference to Fig. 82 and Fig.
8B, the first modification example will be described. Fig.
8A is a block diagram illustrating a top configuration of a
heat sterilization section. Fig. 8B is a block diagram
iliustrating a front configuration.

20 A heat sterilization section 50b according to this
modification example is characterized in that the form of a
heat exchanger tube 60a is different from that in the above
embodiment. Specifically, as is clear from Fig. 8A, the
planar shape is formed as a hairpin curve shape instead of

25 an oval shape and this shape is superposed in a multiple
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stages. By forming the heat exchanger tube 60b in the manner as described above, the volume of the
tank 70 can be effectiVely used, thus increasing the length of the heat exchanger tube 60. This can
consequently increase the time 5 during which the magnetic flocs F are retained in the heat exchanger
tube 60, thus securely killing microorganisms and bacteria or the like included in the magnetic flocs F.
The other configurations are the same as those in the heat sterilization section 50 according to the
above-described 10 embodiment.  Next, with reference to Fig. 9A and Fig, 98, the second
modification exaraplg daisa heat steyilization sestion.will he.described. Eig, 9Ads 4 black diagram
illustrating the top configuration of a heat sterilization section. Fig, 98 15 is a block diagram illustrating
the front configuratiome r The heatstanization seetjor: §Obvaccording to this moglification gxample is
also characterized in the form of the heat exchanger tube 60b. Specifically, the heat sterilization
section 50b accordirgeto:this: modificationt20uexampleds eharacterized émthat thef two, insggion tubes
60b are provided in the tank 70. Each of the insertion tubes 60b is formed by forming an oval roll to
have a helical sh&pesBytiferhdatiexchanger tube 6Gh:having thefornlas described above, thists
section can have a doubled 25 capacity for heat sterilization of the magnetic fiocs F

5 during which the magnetic flocs ¥ are retained in the heat

exchanger tube 60, thus securely killing microorganisms and

bacteria or the like included in the magnetic flocs

I“rJ

The
other configuraticns are the same as those in the heat
sterilization section 50 according te the above-described

10 embodiment.

Next, with reference to Fig. 92 and Fig. 9B, the second
modificaticn example for a heat sterilization section will
be described. Fig. %A is a block diagram illustrating the
top configuration of a heat sterilization section. Fig. 9B

1> 1is a block diagram illustrating the front configuration.

. The heat sterilization section 50b according to this
modification example 1s also characterized in the Form of
the heat exchanger tube 60b. Specifically, the heat
sterilization section 50b according to this modification

20  example is characterized in that the two insertion tubes
60b are provided in the tank 70. Each of the insertion
tubes 60b is formed by forming an oval roll to have a
helical shape. By the heat exchanger tube 60b having the
form as described zbhove, this is section can have a doubled

25 capacity for heat sterilization of the magnetic flocs F

(s
|



and, even when one of the insertion tubes 60 is damaged or clogged, the heat sterilization treatment of
the magnetic flocs F can be continued. The other configurations are the same as those in the heat
sterilization section 50 5 according to the above-described embodiment.  Next, with reference to Fig.
10A and Fig. 10B, the third modification example for a heat sterilization section will be described. Fig.
10A is a block diagram illustrating the top configuration of a heat sterilization 10 section. Fig. 10B is a
block diagram illustrating the front configuration. A heat sterilization section 50c according to this

modification exaraple, is sharacigrzedindneg relatian between the heat exchanger tubg, 69 andthe tank

70. Thus, 15 the heat exchanger tube 60 according to this modification example may have the same
form as that of thelingeréian tube imthecheat sterilization sectionbO-accerding te the aboye-described
embodiment and the heat sterilization sections 50a and 50b according to the above first and 20
second modificatiorrexarplesn The heatisterilization SectiontB0eraccording to-this madificationh e
example is that a structure 76 is provided in the dead space in the tank 70 configured by the roll or
turning of the he@®%ehafgéhtube 60 Thesconfiguration as deseribed: abeve: cam exélude 25 water in

the dead space, thus reducing the time required for to increase the water temperature by steam. The
5 according to the above-described embodiment.

Next, with reference to Fig. 10A and Fig. 10B, the
third modification example for a heat sterilization section
will be described. Fig. 10A 1s a block diagram
illustrating the top configuration of a heat sterilization

10 section. Fig. 10B is a block diagram illiustrating the
front configuration.

A heat sterilization section 50c¢c according te this
modificaticon example is characterized in the relation
between the heat exchanger tube 60 and the tank 70. Thus,

15 the heat exchanger tube 60 according to this modification
example may have the same form as that of the insertion
tube in the heat sterilization section 50 according to the
above-described embodiment and the heat sterilization
sections 50a and 50b according to the above first and

20 second modificaticn examples. The heat sterilization
section 50c¢ according to this modification example is that
a structure 76 is provided in the dead space in the tank 70
configured by the rell or turning of the heat exchanger
tube 60. The configuraticon as described above can exclude

25 water in the dead space, thus reducing the time reguired



structure 76 provided in the dead space desirably has a thermal conductivity higher than that of water.
The other configurations are the same as those in the heat 5 sterilization section 50 according to the
above-described embodiment.  The above embodiment has been mainly exemplarily described
where the heat sterilization section 50 is structured so that magnetic flocs are sent by pump to the 10
interior of the heat exchanger tube 60 immersed in the tank 70 and the heat exchanger tube 60 is
heated by double boiling. However, the technical scope of the ballast water treatment method of the

present inventionzalso includes-a sase where,a«rying saching is.used asa begt steyjlization 15
section for killing microorganisms and bacteria or the like coagulated in magnetic flocs( Any form of

drying machine msay-be used. Thus; wodryingimachinadereiniay be-although et shawa, the one that
uses the steam heat generated and used by machines used for a ship including 20 the ballast water
treatment systenttocevaporatenwater inciudedrin @magneticfladsat Ohevexample dfreedrying=machine
may be the one that pushes magnetic flocs to the surface of a rotary drum heated by the above heat to
evaporate water frsubs#gtien D5 scrape themagaetic fiscs:tim thie dry foim) fremtthe surface of the

rotary drum. Even when the drying machine having the configuration
sterilization section 50 according to the above-described

embodiment.

The above embodiment has been mainly exemplarily
described where the heat sterilization secticn 50 is
structured so that magnetic flocs are sent by pump to the

10  interior of the heat exchanger tube 60 immersed in the tank
70 and the heat exchanger tube 60 is heated by double-
boiling. However, the technical scope of the ballast water
Treatment method of the present invention also includes a
case where a drying machine is used as a heat sterilization

15 section for killing microorganisms and bacteria or the like
coagulated in magnetic flocs. Any form of drying machine
may be used. Thus, a drying machine herein may be,
although not shown, the one that uses the steam heat
generated and used by machines used for a ship including

20 the ballast water treatment system to evaporate water
included in a magnetic flocs.

Cne example of a drying machine may be the one that
pushes magﬁetic flocs to the surface of a rotary drum
heated by the above heat to evaporate water to subsequently

25 scrape the magnetic flocs (in the dry form) from the



as described above is used as a heat sterilization section, no risk is caused where magnetic flocs have
a short path to reach the collected flocs storage tank 56. Furthermore, in this embodiment, the rotary
drum is directly ‘heated by steam. Thus, the surface temperature (heating temperature) can be
increased than in the case of where the heat exchanger tube 60 is heated by double -boiling. Thus, 10
bacteria or the like can be securely killed within a short time. Furthermore, when a drying machine is
used as the heat sterilization section, water included in magnetic flocs can be evaporated, thus

reducing the volume- ef substanges.(dried Inagreticloos) stored as contamination 15 substances.
Claims 1. A ballast water treatment method, comprising the steps of: adding magnetic powder and

coagulant into ballastana:h terthereby generate smnagnetic dlocs ineluding microorganisins ane-bacteria;
collecting the magnetic flocs from the ballast water;

zs described above iz used as a heat sterilization section,

no risk 1s caused where magnetic flocs have z short path to

5 reach the collected flocs storage tank 56. Furthermore, in

this embodiment, the rotary drum is directly heated by
steam. Thus, the surface temperature (heating tempsrature)
can be increased than in the case of where the heat
exchanger tube 60 1s heated by double=-boiling. Thus,

10 bacteriz or the like can be securely killed within a short
fLime. Furthermore, when a drying machine is used as the
heat sterilization section, water included in magnetic
flocs can be evaporated, thus reducing the volune of
substances (dried magnetic flccos) stored as contamination

15 substances.
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a.ng heating the collected magnetic flocs to a temperatu 10 at which the microorganisms and the
bacteria are killed, the temperature being determined in advance,  wherein the step of heating
comprises inserting the magnetic floc to a pipe path immersed in a tank containing water and heating
the water in the tank by steam from a ship machine supplied through a steam supply opening included
in the tank. 2. The ballast water treatment method according to cla further comrrising the step of
measuring an.exihiemperature of the pipe path to investigate a heating 20 status of the magnetic flocs.
. The ballast water treatment method according to claim 1, further comprising the step of measuring a
pressure in the pipepatho imegstigate-a:stateistof the: pipe, 4-dheballastwater treatment method
according to claim 2, further comprising the step of measuring a pressure in the pipe path to
investigate a'status of the mice oath. A ballast water treatment system, comprising:  a coagulation
section for agitating magnetic powder and coagulant added to ballast water to generate magnetic
flocs;  a magn@tic sBpaftidhedection T6FEslIctting the magricticifives denerated byatheicoagulation

section, . .o e e S ‘ .
= Lo Tnéraensy generace MmagneTil L.10oCSs lHC_LUO_ll’]g MICro0rJganl sms

o

and bacteria;

collecting the magnetic flocs from the ballast water;

neating the collected magnetic flocs to a temperature
10 at which the microorganisms and the bacteriz are killed,
the temperature being determined in advance,
wherein the step of heating comprises inserting the magnetic

floc to a pipe path immersed in a tank contalning water and heating
-

the water in the tank by steam from a ship machine supplied through

F«—l
L

a steam supply cpening included in the tank.

further comprising the step of measuring an exit
temperature of the pipe path to investigate a heating

20 status of the magnetic flocs.

o
83

O3]
[@2]



a pipe path through which the magnetic flocs collected 20 25 by the magnetic separation section is
sent; and ,eating section for heating the pipe 'math, wherein: the heating section is a tank in which
water is stored and the Dlersed in the tank, and the tank includes a steam supply opening through
which steam from a ship machine for heating water in lhe tank is supplied. 6. The ballast water
treatment system according to claim 5, 10 wherein: an exit of the pipe path has a temperature sensor.

The ballast W@tefﬁr@%@ﬁpg§¥St§glc@(icquglagt§9e(}!%in}lnéghod according to claim o

urtner comprising the step of measuring a pressure in the

h

pipe path to investigate & status of the pipe Dath.
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. A ballast water treatment system, comprising:

10 a coagulation section for agitating magnetic powder and
coagulant added to ballast water toc generate magnetic
flocs;

a magnetic separation section for collecting the

magnetic flocs generated by the coagulation section;

it

15 & pipe path through which the macnetic flocs collected

o
o
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wherein: the pine path has a pressure sensor. 8. The ballast water treatment system according to
claim 6, wherein: the pipe oats has a pressure sensor, cm The ballast water treatment system
according to claim S, wherein: the pipe path is structured to have an inlet and an exit provided at an
upper part and to extend from the inlet to the lowest part so as to draw an oval helical 10 shape from
the lowest part thereof to the exit. 10. A ship including the ballast water treatment system according to
claim S. 11yx¥he;ship.aceQrding toclaim 19, wherein:, water stored.in the tank is reused in machinery
such as the ship. BALLAST WATER TREATMENT METHOD, BALLA§T (\JNATER TREATMENT
SYSTEM AHD-SHIR ABSERACTn A ballast:water treatent.systam is provided, that,can kill
microorganisms and bacteria or the like included in magnetic flocs so as to eliminate an impact on the
environment aad Humarebodies, The hatlastwatertieatmentsystemdneludes @ coagutation section for
agrtatlng 10 magnetlc powder and coagulant added to baIIast water to generate magnetrc flocs; and a

oy b by

The ballast Water treatment system is characterized i in havmg a pipe path to which the magnetic
KoIncitdes a steam supply opening Through which

stear from & ship machine for heating water in the ank is

supplisad

€. The pballast water traatment system accerding to claim 5,
iC wherein noexit of

the pipe path has a temperature sensor.

iast waler treatment system according to claim
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15 flocs are taken and a heating section for heating the pipe path. The heating section may be
provided as a tank and the pipe path may be immersed in the tank_ (Figure 2)

{n
=
=
®
=
o
i_l
&5
ot
fy
D
e}
;_)
(8]
D
o]
D
ot
o
=
Y
0
u3g
ge|
~
D
w
0
o
H
¢l
0
@
]
W
O
£

. The ballast wat stment 3 i3
§. The ballast water treatmen-t system according to claim 6,

whereln: the pipe path has a pressure sensor
5
G b T S .
2. The ballast water ftreatment svsrem according to claim 5
B MR ~f
waerein: the pipe path is structured to have an inlet and

an exXit provided at an upper part and to extend from the
g e N v e 4~ 5 e I Y
0 the lowest part 50 as to draw an oval helical

10 shape from the lowest part thereof te the exit
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10. A ship including the balla

according to claim 5.
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in the tank is reused in machinery such as the ship.
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BALLAST WATER TREATMENT METHOD,

BALLAST WATER TREATMENT SYSTEM AND SHIP

ABSTRACT

A ballast water treatment system is provided that can
kill microorganisms and bacﬁeria cr the like included in
-

magnetic flocs so as to eliminate an impact on the

environment and human bodies. The ballast water treatment
system includes a coagulation section for agitating
magnetic powder and coagulant added to hallast water to
generate magnetic floce; and a magnetic separation section
for collecting the magnetic flocs generated by the
coagulation sectiocn. The ballast water treatment system 1is
characterized in having a pipe path to which the magnetic
flocs are taken and & heating section for heating the pipe
path. The heating section may be provided as a tank

and the pipe path may be immersed in the +tank.

(Figure 2)



