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BALLAST WATER TREATMENT METHOD AND BALLAST WATER
TREATMENT SYSTEM 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 10 flocs

separated from ballgah\ﬁgg. &%&@ﬁsgﬂ%’ ip E’%W BeRied ccording
to International Convention for the control and management of Ships'
Ballast Water and Sedigeflisshb plopiedri 28 S dam-intesaatigpal

Maritime Organization (IMO), 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 ecological system. and health
hasaTisEke@mamthe migration and 20 diffusion of microorganisms via
ballast water. Currently, there have been developed ballast water
tredemedtieehnigfueshesidgeembirations of various water treatment
techniques such as ozonation, ultraviolet irradiation, heating treatment,
and magheti®separatiohn?s Fot example: bdsallast waterafehirhept Lon

technique using 1 ozone is disclosed in Japanese Unexamined Patent
treatment of bkallast 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 Arit

According to International Convention for the contreol
and management of Ships’ Rallast Water and Sediments
adopted in 2004 by International Maritime Organization
{IMO), ships are reguilred to include therein treatment
systems to kill planktons for example in ballast water for
the purpose of avoiding the disturbance of an ecological
system and health hazards due tec the migration and
diffusion of microorganisms via ballast water. Currently,
there have been developed ballast water treatment
technigues using combinations of various water treatment
technigues such as ozonation, ultraviolet irradiation,
heating treatment, and magnetic separation.

For example, a ballast water treatment technigue using
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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 dhe strong O&ﬁfﬁéii‘g action by pzone. éebatyﬁ%%‘%%% Ugamment,

technique using ultraviolet 10 irradiation is disclo In Japanese

Unexamingd Patent Application Pyblication No: 2096-26366450L 41155+ water

example. The ballast water treatment technique disclosed in Japanese

Unexamines Patentripplication BublicationiNo. 2006r263664naddsined Patent
hydrogen peroxide or hydrogen peroxide-generating 15 compound to

ballast Wwatet iovitraeliate Ldtravialet tight in Cthe wadeletigtintange ofz24Q:to

300 nm to ballast water prior to the discharge of ballast water. In this

techiipIes elding’hydroger peraxide be a‘hydrogentparoxidet genératihg st
compound to ballast water is for the purpose of 20 killing microorganisms

ant batteriaronmedkedy the stréig bRidlizingpadtioncorithe fikeuska the

previously- described ozonation technique. The ultraviolet irradiation is for

the BTHOSE T avBTin e erffirofment Polliish by Hischardgéd baflast=ot
Vzva&?{tbé’zd%%ragkneg ydrogen peroxide 25 remaining In the ballast water.

A ballast water treatment technigue using ultraviolet
irradiation is disclosged in Japanese Unexamined Patent
Application Publication No. 2006-2¢3664 for example. The
ballast water treatment technique disclosed in Japanese
Unexamined Patent Application Publication No. 2006-26¢3664
adds hydrogen peroxide or hydrogen peroxide-generating
compound tc ballast water to irradiate ultraviolet light in
the wavelength range of 240 to 300 nm to ballast water
prior to the discharge of ballast water. 1In this
technique, adding hydrogen percxide cor a hydrogen peroxide-
generating compound to ballast water is for the purpose of
killing microorganisms and bacteria or the like by the
strong oxidizing acticn or the like as in the previously-
described czonation technique. The ultraviolet irradiation
is for the purpose of aveoiding the environment pcllution by
discharged pallast water by degrading hydrogen peroxide

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 water and high- temperature ballast
water sxbjgggad to a heating treatment in advance to thereby heat the

low-tempeFaturé balldst “Water 16 A teMperattre BiHich Micfodtgahishs
i Oort i illed. ti tion techni [
an%?@%?ﬂgn% oL the like are ki (3& A g%%q:ﬂg IS SS?%;%%%%%O%%C%}&

disclosed in Japanese Unexamined Patent pspﬁcato

92117618, The teshpigue disclosed,in Japapese Unexamingd Ralont; ;.
Application Publication No. H9-117618 adds magnetic 15 powders and

coaguiantde ballast water ix-agitaigdhe nixiiie 1q thereby generate s on
magnetic flocs including microorganisms and bacteria or the like in ballast

Swatentd isepatate the magretieflors by amagpetic separation sysiem ge
from ballast water and to collect the magnetic flocs 20 remaining in the
ballastwater by adasm-type fikeroeAedording ta tHis sechnique; and high-
microorganisms and bacteria or the like in ballast water are physically
renfoveRE TS 1fo fmpaceis caused ohithe envigenrhentby dischamedreatment

ballast water. 25 Under the background as described above, private
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. HS9-
117el8. The technigque disclosed in Japanese Unexamined
Patent Application Publication No. H9-1176¢18 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 to
separate the magnetic flocs by a magnetic separation system
from ballast water and to collect the magnetic flocs
20  remailning in the ballast water by a drum-type filter.
According to this technigue, microorganisms and bacteria or
the like in ballast water are physically removed. Thus, no
impact 1s caused on the environment by discharged ballast
water.

25 Under the background as described above, private
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3 companies have developed ballast water management systems using
various techniques as described above. IMO has provided requirements

for an approval of a ballast water management system. Such an approval

is done in Japan 5 through Ministry of Land, Infrastructure, Transport and
Tourism as a responsible organization. Requirements for an approval of a
ballast water management system inclyde a discharge standard
rogaTiRG 16 micToorg At e B bAGINa S HE e (T EbgeRR ibRgtems
Cholerae, Escherichia coll, enterococdl) igglyded,in pallast watery Fhug,, .

an approval of a ballast water ‘'management system requires evidence

thag the,system, sufliciently.satisties these standads. 115 However qwhen ¢ o
the techniques disclosed in the above respective publications are used to
petfer: adiedast watet ctrieatrpentinanlasge-voluae, itds diffieultite fingd-am
evidence in the above respective publications that these techniques can

Kill ‘miicroosgaMsms endvbadiefia o4 thel hikke-2G: inbaltast waterransport and
Furthermore, in the case of the technique disclosed in Japanese

Unéxarminetd Patent Zamticato PablicationiNg t2008-110276, although
microorganisms and bacteria or the like included in ballast water can be
removed as magnetic flocs, there has been 25 pointed out a risk of

coIIectin}g and retaining flocs of
equirements for an approval of a ballast water

management system include a discharge standard regarding

microorganisms and bacteria or the like (Toxicogenic Vibrio
Cholerae, Escherichia coli, enterococci) included in
ballast water. Thus, an approval of 2 ballast wate

management system regquires evidence that the system
sufficiently satisfies these standards.

However, when the technigues disclosed in the above

respective publications are used to perform a ballast water
treatment in a large volume, 1t is difficult te find an
evidence in the above respective publications that thess

technigues can kill microorganisms and bacteria or the like

in ballast water. Furthermore, 1n the case of the
technique disclosed in Japanese Unexamined Patent
Application Publication No. 2008-110276, although

microorganisms and bacteria or the like included in ballast
water can be removed as magnetic flocs, there has besen

pointed out a risk of collecting and retaining flocs of



4 coagulated microorganisms and bacteria or the like for which an impact
on the ecological system and health is worried. In view of the above, it is
an objective of the present 5 invention to provide a method and system
for a ballast water treatment that can kill microorganisms and bacteria or
the like included in magnetic flocs so that no impact is caused on the
environm«int and human bodies.,10 SUMMARY A ballast water trgg%meg :

t
meToH accord hg To the’ présént HVentontor efielingthe Hbove ike for

Objﬁgtlv&is Ghargglerized gh‘”%dei“gééosi%” of %qdi”%@%%”e“%nd health is
powders and coagulant to ballast water to th e%y generate 15 magnetic
flogs-jpcluding microorganisms and bacteria; a step of collecting the

magnetic flocs from the ballast water; and a step of heating the collected

magnetic-flacs=§0 3 temperatueat whieh the microgrganismsandthene present
bacteria are killed, the temperature being determined in 20 advance. In a
5 ballastwatdrtreatrnent methae having4he: abovereharacteristic, the = ballast
heating step may insert the magnetic flocs to a pipe path and heat the
pip@ patirtotwhichnthe tmagretic flocs arelihsentedr 25 Byathesms and bacteria
characteristics as described above, magnetic
or the like included in magnetic flocs so that no impact is

caused on the environment and human bodies.

10 SUMMARY

A ballast water treatment method according to the
present invention for achieving the above objective is
characterized in including: a step of adding magnetic
powders and coagulant to ballast water to thereby generate

15 magnetic flocs including microorganisms and bacteria; a
step of collecting the magnetic flocs from the bhallast
water; and a step cof heating the collected magnetic flocs
to a temperature at which the microorganisms and the
bacteria are killed, the temperature being determined in

20 advance.

In a ballast water treatment method having the above
characteristic, the heating step may insert the magnetic
flocs to a pipe path and heat the pipe path to which the
magnetic flocs are inserted.

25 By the characteristics as described above, magnetic
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5 flocs as a heating target can be heated securely. This 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 interiqr of the pipe path. Ir. the .
pataS Fater wealRERO RGO Ing e 4bovETU G ASERSids, an 11

exi temperature of J1e Ripe patmay be.megsured {0 INVesligaled, 1 o peng
heafing status of the magngtlc locs. By fhe characteristics as described

abaye, whether, hacteyia,or the 'Ef&é%c'%‘id 0 the magnetic flocs are 15

killed or not securely can be confirmed empirically. In the ballast water

treatmeny method having:thg aboyve -charaglerstics. arprassiyeinthe pibeapove
path may be measured to investigate a status of the pipe path. By the

charastesisties aseseribed above; the damagen 200k slogging afithes is

pipe path through which magnetic flocs are sent can be detected. A

baltést waterltyeatenein systenpof thegrésentcinventiort: for gehievingsthe.

above objective includes: a coagulation section for agitating magnetic

powder§anghe characteristics as described above, scale is
suppressed from adhering to the interior of the pipe path.

In the bailast water treatment method having the above
characteristics, an exlit temperature of the pilpe path may
be measured to ilnvestigate a heating status of the magnetic
flocs.

By the characteristics as described above, whether
bacteria or the like included in the magnetic flocs are
killed or not securely can be confirmed empirically.

In the ballast water Treatment method having the above
characteristics, a pressure in the pipe path mey 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 ballast water Treatment system of the present
invention for achieving the above cbjective includes: a

ccagulation section for agltating magnetic powders and

coagulant added tTo ballast water to generalte magnetic
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25 coagulant added to ballast water to generate magnetic 6 flocs; a
magnetic separation section for collecting the magnetic flocs generated
by the coagulation section; a pipe 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
ha\gt%g the above characteristics, the heating section may be a tank in

ich” Wateris StYed and the5ipE At mas Helifmersed & the® Fark a0-ne

whit

oy auuraion g desglfed hate LG DRE P e eI o oo

< 3
ing, thus suppressing scale” from adhermngto t

pipgath dp the ballastwater freatment systen haying the above 4 by the

characteristics, the tank includes a steam supply opening 15 throug
whighsteandram g:ship machine.for heating water, inthe tankds,v 1 ng section

supplied. By the configuration as described above, heating can be

perfarmed=economicaly. FHisthesamore, the steam jetting can agitate water

in the tank to thereby provide a uniform 20 temperature distribution in the

tank. Inne bakastanatestreatment systemiavingdhe abavezving the above

characteristics, an exit of the pipe path may have a temperature sensor.
characteristics, the heating section may be a2 tank in which
water is stored and the pipe path may be immersed in the
tank.

By the configuration as described above, the pipe path
can be heated by double-boiling, thus suppressing scale
from adhering tec the interior of the pipe path.

In the ballast water treatment system having the above
characteristics, the tank includes a steam supply opening
through which steam from a ship machine for heating water
in the tank is supplied.

By the configuration as described above, heating can be
performed 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.

By the configuraticn as described above, the heating

status of magnetic flocs can be known through the detection
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By the configuration as described above, the heating 25 status of
magnetic flocs can be known through the detection 7 of the temperature,
thus confirming whether bacteria or the like included in the magnetic floc
are securely killed. In the ballast water treatment system having the above
characteristics, the pipe path may have a pressure sensor. 5 By the
configuration as described aboye, the status of the pige ath sgch S

da%hg%rber ct6ggirg Tane .déclt%‘éfed?olrhielﬁg_hla%?yv% € (—:?a%me%(t:sﬁs:t.‘%?n or the
haying dhe apevs chafpcleistigs s, characterzed in fbatihe pige paf s, g

structured to have an inlet'and an exit provided at an 10 upper patt and o

extend frgm.the ilet 19 the lowest part.gnddraw ap ovalhelical shape.e anove

from the lowest part thereof so as to extend to the exit. By the

configiratian-as gdescribed aboye, the machining; issinaplfied-antkare sensor.
necessary and sufficient length can be 15 secured. Even when a
magnetiyflatiaclusies ait; sircarm be natizrally tersavedhrom thehe status of
magnetic floc. According to the ballast water treatment method having the
charaeteristies as teserilpéd abovismaigrporganidmg @it basteriasordhgscted.
like included in a magnetic floc can be 20 killed so as to eliminate an

impact 8ithéenvirsimentaid hundisodies Vadcording 16 e bafastbove

water treatment system having , _ ) . _
characteristics 1s characterized in that 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
and draw an oval helical shape from the lowest part thereof
so as to extend to the exit,

By the configuration as described above, the machining
is simplified and a necessary and sufficient length can be
gsecured. Even when a magnetic floc includes alr, ailr can
be naturally removed from the magnetic floc.

According to the ballast water treatment method having
the characteristics as described above, microorganisms and
bacteria or the like included in & magnetic floc can be
killed so as to eliminate an impact on the environment and
human bodies.

Acocording to the ballast water treatment system having
the above characteristic, the ballast water Treatment
method having the above characteristics can be carried out

to kiil microorganisms and bacteria or the like included in



the above characteristic, the ballast water treatment method having the
above characteristics can be carried out 25 to kill microorganisms and
bacteria or the like included in 8 a magnetic floc so as to eliminate an
impact on the environment and human bodies. BRIEF DESCRIPTION OF
THE DRAWINGS 5 Fig. 1 illustrates the configuration showing a ballast
water treatment system according to an embodiment. F%ZA illustrates

the*top SBhfigration st & Redt stetilizatoh-SectionHbcofdiAg o 8 —he

em 9@%%15}% ZaBn@ugtr%tgg tlg)% gggts configuration of the heat 10
sterilization section accoréllnlg to an eémbodiment. Fig. 2C illustrates the

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

consitaiinginechent sielizeorsecinmubagsording to an embodiment.
Fig. 3B illustrates the front configuration of the insertion tube constituting

5 the heat'sterilization sectiont: ascerding-toran embedimentshigy 36y a ballast
illustrates the side configuration of the 20 insertion tube constituting the
heatzsterilization 'seetion saccoeding tocandcmbodiment. Fghd ilistrates
the relation between the retention

Fig. 2A illustrates the top configuration of a heat
sterilization section according to an embodiment.
Fig. ZB illustrates the front configuration of the heat

10 sterilization section according to an embodiment.

Fig. 2C illustrates the side coﬁfiguration 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. 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 illustrates the relation between the retention
time of magnetic flocs in an insertion tube and an
achieving temperature according to an embodiment.

25 Fig. 5 illustrates the flow of a startup preparation



time of magnetic flocs in an insertion tube and an achieving temperature
according to an embodiment. 25 Fig. 5 illustrates the flow of a startup
preparation 9 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 5 according to an embodiment. Fig. 7
illustrates the flow of a heat sterilization ending step in the heat
stefiliZ&tior séction ctordinGg 16 ‘arf 8midddint&A - £y SATRIStFAES the  an
top_canfi uratian of a heat 10 sterilization section according to the first
mo%%%ﬁcl)ﬁegxdmple. Fig. 8B illustrates the front configuration of the heat
sterlizajiop seglion ageartina.lo el madilicaion, exampie: 15,58 84,
illustrates the top configuration of a Reat" sterilization Section accordplng 1o
the second madification: gxample: g, B llustratesthe font , seceion
configuration of the heat sterilization section according to the second

5 mogdifieatian n20 examples kg A Hiustrates the top configuration of a
heat

Fig. 7 illustrates the flow of a heat sterilization

ending step in the heat sterilization section according to

an embodiment.

Fig. 82 illustrates the top configuration of a heat

10  sterilization section according to the first modification

example.

Fig. 8B illustrates the front configuration of the heat

sterilization section according to the first modification

example.

15 Fig. 94 illustrates the top configuration 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

axample.

Fig. 10B illustrates the front configuration of the

25 heat sterilization section according to the third

-
@
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sterilization section according to the third modification example. Fig. 10B
illustrates the front configuration of the 25 heat sterilization section
according to the third 10 modification example. DETAILED
DESCRIPTION OF EMBODIMENTS The following section will describe in
detail an 5 embodiment according to a ballast water treatment method
and a ballast water treatment system of the present invention with

refSfShce o the UtafiHyed Eftst, with reference to Fig. 1, the entire

configuration of a ballast water treatment system 10 10 according to an
embodiment will be described. The ballast water treatment system 10

hagagoagHalieB SREUAT AR s MRNRSH-RARGHALION section 30, a filter

separation section 40, and a heat sterilization section 50. The coagulation

section@Q.has aflashmixee22 and g, 1 flageulator24 and generates,
magnetic flocs F out of raw water (ballast water) sent via a pump 12. To

readizp shisrenpiping-path farsending raw water tpdhe Hash mixere?2 method
includes a magnetic powders addition section 14 and a coagulant

addition sectidn 46 Furihermaresa patn threyght 20: which-wateris sent

from the flash mixer 22 to the flocculator 24 includes a organic flocculent
additisgntion 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, =z
magnetic separation section 30, a filter separation section
40, and a heat sterilization section 50.

The coagulation section 20 has a flash mixer 22 and a
flocculater 24 and generates magnetic ficocs F out of raw
water {(ballast water) sent via a pump 12. Tc realize this,
a piping path for sending raw water tTo the flash mixer 22
includes a magnetic powders addition section 14 and a
coagulant addition section 16. Furthermore, a path through
which water is sent from the flash mixer 22 to the
flocculator 24 includes a organic flocculant addition
section 18. Magnetic powder may be preferably torriron
tetraoxide for example. Coagulént may be preferably

aguecus inorganic ccoagulant such as polyaluminum chloride,

ferric chloride, and ferric sulfate. Organic flocculant
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section 18. Magnetic powder may be preferably torriron tetraoxide for
example. Coagulant may be preferably aqueous inorganic coagulant such
as polyaluminum chloride, 25. ferric chloride, and ferric sulfate. Organic
flocculant 11 may be preferably anionic and nonionic ones. The flash
mixer 22 has mixing paddle 23 that rotates with a high speed to agitate
raw water and m@gpetig I>I;)owders and a%gg ulant added to the raw water.

r

THEFawW Walt T6 51k n?éjg]h%rf‘i%%o ahd %8§§ulgﬁte Sre added is
subjected tothe highspeed agitation RXH!&?‘ '%%Bi%?'§323t59aﬁ"e£%t@étes
generate minute magnetic flocs (magnetic micro™ flocs) having a size of

ab%@%ﬁ“ﬁ?ﬁﬁ&hVXBS%éU%QP%Q s micro flocg are generated, n - qnetic powders

microorganisms and bacteria or 10 the like in raw water are absorbed to
surgeund-magnetic 1 PQMdRr-As:a cereand aredaken intormagnetic wierer to

flocs because the microorganisms and bacteria or the like in raw water
aresglectricallyrabargedo Jheadlpsculator 24-iscontigured«asaaldentinuousubjected
multi- 15 stage flocculator having multiple stages (three stages in this
embodinhent): 1 Fhe floeceulatory tarksi24A 1o 24C atthe: respeactive stages to

have agitating paddles 25A to 25C, respectively. The flocculator 24 having

thedonfighiation: as deschbed aboveriarset 66 tHatrthe aghation Speediscro

20 decreased in a stepwise manner from the upstream-side .
flocs) nhaving a silize of about tens of um. When magnetic

micre flocs are generated, microorganisms and bacteria or
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 electricalliy-charged.

The flocculator 24 is configured as a continucus multi-
stage flocculator having multiple stages (three stages in
this embodiment). The flocculator tanks 24A toc 24C at the
respective stages have agitating paddles ZLR to 25C,
respectively. The flocculator 24 having the configuration
as described above is set so that the agitation speed is
decreased in a stepwise manner from the upstream-side
flocculator tank 24A to the downstream—side flocculator
tank 24C. The flocculator 24 receives ballast water
including magnetic micro flocs and organic flocculant added
to this ballast water sent from the flash mixer ZZ. Thus,

the low-speed agitation is performed in a step-wise manner

12



flocculator tank 24A to the downstream-side flocculator tank 24C. The
flocculator 24 receives ballast water including magnetic micro flocs and
organic flocculant added to this ballast water sent from the flash mixer 22.
Thus, 25 the low-speed agitation is performed in a step-wise manner 12
from the flocculator tank 24A to the flocculator tank 24C to thereby grow

magnetic micro_flocs. Furthermore, since_the agitation speed s .
g e B S b hOraTS & Sl iah At 176 o 24

F are 5 broken b the coII|S|on |th the ag itati addles
25 totC%E»e }fh% embo&%en¥ as shown mfﬁ' f the as%gr%ﬁxer 52 since
and the flocculator, 24 constifuting H@o%%aa%‘éaé'% sgction.20 gre, Br%‘?ﬁ%r,
in an integrated structure. 10 However, another structure also may be

usedipehich the Jlastmixes 22.and,the floscylator 24arg separated and v are

are connected by a piping through which water is sent from the flash

5 mixer 2240 the floaeulator 24s frothewcoagutationsectian 20avingithes 252 to
configuration 15 as described above, air is removed from the flash mixer
22,zthe.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 thé& bakasmbadi nesatmentsystemr10lswings - né wavkgs flash mizer

caused in the _ , .
22 and the flocculator 24 constituting the coagulation

section 20 are provided in an integrated structurs.
10 EHowever, ancther structure alsc may be used in which the
flash mixer 2ZZ and the flocculator 24 are separated and are
connected by a piping through which water is sent from the
filash mixer 22 to the flocculator 24.

In the coagulation section 20 having the configuration
15 as described above, air lg 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, nc wave 1ls caused in the
20 ballast water {ballast water including magnetic micro flocs
or the like) in the cecagulation section 20, thus providing
a smooth 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

1=
(a2
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20 ballast water (ballast water including magnetic micro flocs or the like)
in the coagulation section 20, thus providing a smooth 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 magnetic separation section 30 includes: a
magnetic separator 32, magnetic discs 34, scrapers (not shown), and. a
comRBF 38 T RENRGHEAe SeRRFAION 2 Hceo s BAIAS HREF - -

including the magnetic flocs F sent from the 5 coagulation section 20. The
mADNETE LS 3 Are Sahaa 10 TOrAtng hm ToF EXARp e A 31 CAgl ="
a partthereo

Js immerseqlin the Rallast water.ip the, magnefic separator. .

32 to rotate t%e rotating drum. This consequently attracts and collects the

magnetic:flacs & floating in the:magnpetic 19 separator32, dhermagpetic ron the
flocs F absorbed and collected by the magnetic discs 34 are raised by the

screwatatieni Bamsthednagnetic. separatera3zhand areisgyaped bydhe attached
scrapers from the magnetic discs 34. Then, the scraped magnetic flocs F
arettranstersed by thie-conveyar 36x:terthé 4 Sanagnreticiffocsstaragertank hereof
38. The filter separation section 40 collects dusts and minute magnetic
flocs foraxmpledtharicalild ot béasdllectdd:by iNe magneligsepaatGreparator
32. In the filter_separation section 40, the water being treated is supplied
32 to rotate the rotating drum. This conseguently atiracts
and ccllects the magnetic flocs F floating in the magnetic
separator 32. The magnetic flocs F absorbed and collected
by the magnetic discs 34 are ralsed 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
magnetic flocs storage tank 38.
The filter separation section 40 collects dusts and
minute magnetic flcocs for example that could not be

collected by the magnetic separatcr 3Z. 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 filtex

drum 42. The water bkeing 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 guch es magnetic flocs and dusts

25 remaining in the water being treated adhere to the inner

14



20 via 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 side of the filter drum 42.
This c nsegugntly removes the contamination substance such as

magnétic fl

e AR iStS TeRfing T the Water BRiHy featad- ThaS TRE=S Ths

Wa@cﬁn@%@@ﬁ%ﬁ‘a’tg@w iss%gged 111%[8 péjtrliﬁ%d érgatlgg Vrvlaeter'CS T.I% ?ce)c ang dusts
contamination §lJlbsfance adﬁered to tﬁe inner Sld% loe liter dsrum IS

Wa%%%i“ﬁ’f%@yi‘?{at@ﬁée%dcg?%% i5pLay pozzle 46 prpyided ahove,fhe .

filter drum 42.

he contamination substance washed away by water jetted

fromethespraynazzle 46 1o thefiterdrumA2. drops inte,a- 10 bapper4s .
(an inlet of the contamination substance discharge pipe) provided in the

sfilter drura42-a51d ism disehargedsvin dhe gostaminationssuhstance inner side
discharge pipe 48a. It is noted that the treated water purified by the filter
drumt42 nzaythe partiallyusetizas watet jettetl Esvthyobgh thecsprayaiozele from a
46. In this case, as shown in Fig. 1, the treated water may be partially
sent by ale neirculatichbpimpdsiercthespray idezl€46 Tve drum 42. The
contamination substance and water jetted through the spray

20

25

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 ceontamination substance
discharge pipe) provided in the filter drum 42 and is
discharged via the contamination substance discharge pipe
48a. It iIs noted that the treated water purified by the
filter drum 42 may be partially used as water jetted
through fthe spray nozzle 46. In this case, as shown in
Fig. 1, the treated water may be partially sent by the
circulaticon pump 45 toe the spray nozzle 46. The
contamination substance and water jetted through the spray
nozzle 46 are returned to the previous stage of the pump 12
via a pump 4% provided in the contamination substance
discharge pipe 48a.

The heat sterilization section 50 subijects the magnetic
flocs F collected by The magnetic separstion section 30 to
2 heating treatment to thereby kill microorganisms and

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

frd
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nozzle 46 are returned to the previous 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 flocs 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 15 magnetic flocs F collected by the magnetic separation
se8fT S0 Are terffiGratilySoré&FinSe ol ctetF IR PédehvertaRk 53 Hhat
is sent via a pymp 54 to the heat_sterilization section 50. It.is noted tha
thesr%%ﬁgﬁc gégl]o%]éﬁ: gt@emﬁ)ﬁﬁg Torm of sitrry (gn%lI%has &Oelgﬁir%b &sﬁe%cs

for transfer may be,a positiye displacement pump %ﬁ%&; as; %Q%ﬂﬁ*@%@gt

a uniaxial screw-type pump. The magnetic flocs F cted to the heat

stegiization: by, the-Realstenlization section 5Q is sent; 1040.a gollected rov

flocs storage tank 56. The collected flocs storage tank 56 includes a

circlation meghanism S84{pumph and an agitafiontaeehanismBObuny 54 used
shown) for the purpose of preventing the precipitation and separation of
thefmagnetic: §loes Fudhereasopissthat, wkthe sagnetierflocs paterlSuch as a
separated from water and is precipitated, it is difficult to take out the

magnktic Hooy FAy suctivhdsut 2he ircalaticlyandm@gitation as described

above can prevent .
The magnetic flocs F subjected %o the heat

sterilization by the heat sterilization section 50 is sent
to a2 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 ¥. The reason is that, if the magnetic flocs F are
separated from water and is precipitated, it is difficult
to take out the magnetic flocs ¥ by suction but the
circulation and agitation as described above can prevent
the separation and precipitation of the magnetic flocs F.
The cocllected flocs storage tank 56 includes a sampling
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

configuration ¢of the heat sterilization section 50

[
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the separation and precipitation of the magnetic flocs F. The collected
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

g%i%? %anliqyradtleotn of.the heglt stee%lg%atlon

sectionwil describe.a speg ihe he oD o x4
section 5018 a‘écordrllng 6 an embodimentin detail With reference toclielg. g

2h, £19.28, Figg2CeElg. 3£@Fi9;d§§: apd Fig..3C. The heatsteriization o
section 50 according to an embodiment iNcludes a heat exchanger tube

60:and-a fank-79..5 The lieat exehanges fube-6Q i%%l@éoecgatgﬁoéﬁh@odiment

pneumatic transportation of the magnetic flocs F sent from the collected

flocs keceier tank S2wvia the:pupp:54: Jihe Beatexchangemntabe© is

desirably configured by a hollow material having heat resistance and
corrosidin¢esistarnce.<LO-A speeific examplednay:iscluge a titaniupepipingor  the
for example. As shown in Fig. 3A, Fig. 3B, and Fig. 3C, the heat

exchanger tabe B0 4nclivpdes; &t thenupger paet thewot tare infléé2 aad asnt from
exit 64. The piping extends from the inlet 15 62 to the lowest part and is

behtfforithe $GWESt paHIBS hARTEA 6Val SHape ;So-cillet thack shape).o4- The

The bent heat , , ) ‘
heat exchanger tube 60 is desirably configured by a hollow

material having heat resistance and corrosion resistance.
A specific example may include a titanium piping forx
example.

As shown in Fig. 3A, ¥fig. 3B, and Fig. 3C, the heat
exchangef tube 60 includes, at the upper part therecf, an
inlet 62 and an exit €4. The piping extends Ifrcm the inlet
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 ©4. The reason is that the
configuration as described above can be machined more
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. Furthermore, by
the configuration in which the heat exchanger tube 60
having the inlet 62 at the upper part thereof is caused to

extend to the lower side and then is caused fTo extend to

17
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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. Furthermore, by the configuration in

which the heat exchanger tuhe 60 having the inlet 62 at the upper part
thers i Cased fo 25 GTeRE t (76 IoWr sidPR T theit o causeifo *nen The

ex%&%ﬁ%;é@@%@&% Provided at the upper Pﬁ“@:g}{e‘%@hreé‘ €4 naturally

magn includes air, air can be removed naturally and no risk'is

caysed where lifted air inhibits the. pneymatic transporfation of the 11 i pits  che

magnetic flocs F. it is 5 noted that the heat exchanger tube 60 formed by )

berging-is Jongitudingly. bound and retained by a sypper 69 therebyr. 1+ is
preventing the deformation of the pipe path due to the deadweight. The
inlet&2=gideof the-heatiexehargetiinhe 60 i3 J=-copmectethiodh®pupynding is
54. The exit n'4-side is connected to the collected flocs storage tank 56.

Thé inleti62-dide=dfl thekheat @xehanger tabie 60 hay apressure gaugé 66 hereby
thus providing a configuration where the pressure in the heat exchanger

tub 160 €&t b IneabgrediB\pieacorigurationdsel Sriegeribed @boyie  to the

damage of the heat exchanger tube 60 and
deadweight.

The inlet ©Z-side of the heat exchanger tube &0 1is
connected to the pump 54. The exit 64-side is connected to
the collected flocs storage tank 56. The inlet 6¢2-side of
the heat exchanger ftube 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
described above, damage of the heat exchanger tube 60 and
the clogging of the interior of the inserticn tube can be
known. When the heat exchanger tube %0 1s Dbroken for
example, the magnetic flocs § subjected tTo pneunatic
transportation is caused to leak, thus causing a decrease
of the pressure 1in 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 60 has & thermometer 68. By the configuration as

described above, 1t is possible <o know whether the heating
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the clogging of the interior of the insertion tube can be known. When the
heat exchanger tube 60 is broken for 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 clogging
of the interior of the heat exchanger tube 60 on the other hand causes an

increase of the pressure in the heatj_exchang&g tube 60.Jhe exit 64 of the »
heSt&xchangef “tube 68-has FtREMoMmeter 687 BY the Tohfiguration a§ "> ratie

25, ] Qve, it is ible no ther_the heating 18 status .
of fﬁggrﬁg%%%ﬁ(? 1‘%(:dsr{senfE ﬁ;%net}gr%gticV%?gr%s%portgﬁc%%ﬁg tge h;%a%ﬁae 60 is

ex jube 60 is. appropriate or not. The tank 70 is a tank to contain
and heat the above- 5 described heat exchanger tube 60. The tank 70

stores theseinwateryhus; the heat pxchangertube £0 is,immersediRe above-
water stored in the tank 70. Water stored in the tank 70 may be soft water

usetkithership. The teasanrtia that thetiseof soft. wateriean prevent 70 stores
chlorinated lime 10 for example from adhering to the interior of the tank 70

or theheatexchanger tube By thus plovididgea tongercmmaintenancetbe 60 is
cycle. The tank 70 includes a steam supply opening 72 for supplying
stealitgs adieat- Boured $6r heatingvatér dndsa tank 70. Water storead in

the tank 70 may be scoft water used in the ship. The reason
is that the use of scft water can prevent chlorinated lime
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 a2 steam supply opening 72 for
supplying steam as a heat source for heating water and a
condensed water discharge opening 74 forf discharging
excessive water caused by the steam supply. The steam
supply opening 72 and the condensed water discharge opening
74 may be providéd in the following layout. Specifically,
the steam supply opening 72 is provided at the lower part-
side of fhe tank 70 {or at least at the lower-half part)
and the condensed water discharge copening 74 i1s provided at
the upper part-side of the tank 70 and at least at a
pesition higher than the upper part of the heat exchanger

tube 60 Immersed in water. By the layout as described

above, the high-temperature steam Jjetted through the steam



15 condensed water discharge opening 74 for 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
layout. 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

condensied water discha}r e ocpening 74 isYp ovi%eciat the upper part-side
of thetta

h be 60 i i B ' .
eat gxchanger fybe. 60 immersed in eaa‘% %&Eeé%}/&%@%%gs%@ﬁg&% thus

above, the high-temperature steam jett

opeping ¥2;mgoves upnward while beating e water i, thefark 40 @ 1y the tank
thereby cause an agitation action, thus providing a uniform temperature
distripution-in-the tank-#0. Fughermoiethe gopdenrsedyvater disgharggening 74
opening 74 5 provided at a position higher than the upper part of the heat

RENLING

¥ 705AG-Aedst ata’ position Righer'than the Giper part ot the 2 ©5F 17

through the'steam

supp

5 exchangetrtubez60 cangoaintdinthenwates fevehata positiocbigherthan of the
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the heat exchanger tube 60. The tank 70 may include a thermometer 80
and:aavaterddval gauge 82:THe reason isahat; bymeasaringzhythel 20l at a
thermometer 80 the temperature of the water in the tank 70 and
maRft&iningthetefretafutéin thestahRF0 @acsatned e fafs/obable

heating status of the heat exchanger tube 60 can be maintained. The
existence '6f théWwatdl may include a thermometer 80 and a water-

level gauge B82. The reascon 1s that, by measuring by the
thermometer 80 the temperature of the water in the tank 70
and maintaining the femperature in the tank 70 at a szet
value, a favorable heating status of the heat exchanger
tube 50 can be Hﬁihtained. The existence of the water-
level gauge 82 can prevent water level from being lower
than the upper part of the heat exchanger tube 60 immesrsed
in water. The reason is‘that the heat exchanger tube 60
cannot meaintain a favorable heating status, 1f., the heat
exchanger tube 60 1s not completely immersed in water.

In the heat sterilization section 50 having the
configuration as described above, the heat exchanger tube
60 may have such & 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

sent by pneumatic transportation into the heat exchanger

20
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level gauge 82 can prevent water level from being lower 15 than the upper

part of the heat exchanger tube 60 immersed in water. The reason is that

the heat exchanger tube 60 cannot 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 configuration as described

abg&%@th @eg&gmﬂg&g%&tg@g ?Q;g]cayokﬂavg Séjgg aodfa nt]:%ter h netic flocs
prevents the precipitat=ion or cI%gglng of the r%agnetlc flocs F. ether

the- pregipitation-of.the magpstis flacs;Kis causediorgiot has afelation yeiation
with the delivery speed of the'magnetic flocs F 25 sent by pneumatic
trapsportation intodhe heat exchanger 20tubeL0-aad the-precipitation ang
speed of the magnetic flocs F. Whether the clogging is caused or not has

a relationswith therdiameteref the hear exehangerdube 60 andithecs 7. The
viscosity and property of the magnetic flocs F. The 5 delivery speed of the
maghetic flogs Frsent by pneumativagarsportatidrobas & refaion vioth theeumatic
discharge flow rate of the pump 54 connected to the inlet of the heat

excéHaheger cibeté@and &fe diafhete? (arda) vithe Heat edétimlger tiibef 1ow rate
60. 10 The heat exchanger tube 60 may have any length so long asthe
tenfperafifreRatWhich nﬁi@%?@&rﬁ&n%%nﬁ%efeﬁae& fHe [MeSineftdedgrcianger

the magnetic flocs F can be killed can
tu.g %é and the fameter {area} of the heat exchanger tube

t

he

60.

The heat exchangser tube 60 may have any length =zo 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 F is delivered at a predetermined delivery speed. It
is noted that an example according to the invention uses 2
temperature oI 75 degrees C an& the time of 3 minutes
reguired to kill microorganisms and bacteria or the like by
heating.

The pump 54 has a wvariable discharge flow rate. The
heat exchanger tube 60 has & diameter of 34 mm, a thickness
of 1.2 mm, and a length c¢f 57.4 m. This 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 heat exchanger
tube 60 for about 7 minutes and 50 seconds.

When the heat sterilization section 50 in the above
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be maintained for a predetermined time when the magnetic flocs F is

delivered at a predetermined delivery speed. i 15 'is noted that an

example according to the invention uses a temperature of 75 degrees C

and the time of 3 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 di of 34-m thickness. of 1,

e AR A ERCTCS St e oA et ok S M ot e of
are deliyered,at 2 speed of £.3 gming ¢he magneticflocs.F arecetainedor s eving
in the heat exchanger tube 60 for about 7 minutes and 50 seconds. 25
Whenthe-heatsterilizatiansectipn,5Q in the ahoyes 21rconfigurationshagi «n  the
the tank 70 including therein water of a temperature of about 80 degrees

C, the aghievingttempesattive oftthe magnedie flocsk changing withithe . 4. As
retention time shows the tendency as shown in Fig. 4. As 5 shown in Fig.

4, tectemperatiregof tHe magreticdioes f= increase$ ta- 75 degreesiGc flocs F
after about 3 minutes and 40 seconds during the time for which the

maghetiedoes F afe rétainadirethe heat @%dtiangerobe 60. Theputhrs and 40
temperature of the magnetic flocs F requires about 4 10 minutes and .0

sedGHR il HaiRdiniithe 18Mperituré ol 75 §éGreBd &6 moré bAMS F are

a fixed temperatuyre of about 80 '
reta?ngb gn the heat exchanger tube 60. Then, the

temperature of the magnetic flocs F reguires about 4
minutes and 10 seconds while maintaining the temperature of
75 degrees C or more until a fixed temperature of about 80
degrees C is reached. 2As described above, in order to kill
microorganismsg and bpacteria or the like in the magnetlc

filocs F, the time of 3 minutes and the temperature of 7

It

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 [ at the above delivery
speed, the magnetic flocs F can bs retained at the
temperature of 75 degrees C or more for 3 minutes or more,
thus securely killing microorganisms and bacteria or the
like included in the magnetic flocs F. The diameter and
length of the heat exchanger tube €0 are determined based
on various parameters including a f£low rate and thus cannot
be set to a fixed wvalue. However, the heat exchanger tube

60 may have any diameter and length, in consideration of

22



degrees C is 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 required.

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 F can be retained at the temperature,

of 75 tlebrebE Cior Higre'Tor 5 inlfes oFE? 0TS SecielyIfRG <= Tloos
microorganisms and bacteria.or the like included in the magnetic, flocs F.

The diameter 410 [BRG B e heal SXSRATGeT [ISS-60 4re deteringd Pe  P2=

baa%ogavsaéigysggra_@ﬁgera@C&fﬁgmg%ﬁ&e @%@ysﬁcaeggt BE retained

set to a fixed value. However, the heat exchanger tube 25 60 may have

any diameteraud-length, in consideradonof 22 the time-duringwhich the e o 3
temperature of the magnetic flocs F sent by pneumatic transportation into

5 thenpipepath increases, soleng.as e magnetisdlocs Fean betetaiedation of
at a temperature of 75 degrees C or more for the time of 3 5 minutes or
motérdn omensa preveéitthe peecipitatonotictheanagnetie loepbrthecion speed
pneumatic transportation speed (flow rate) of the magnetic flocs F is set
to 1{2 hefmin aF ehored Ik ike heatrstdrilizafidrosectioniso Isaving thell® m/min or

configuration as described above, the heat sterilization of
more.,

In the heat sterilization section 50 having the
10 cenfiguration as described above, the heat sterilization of
the magnetic flocs F is carried ocut through three steps of
a startup preparation, a heat sterilization, and a heat
sterilization 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 S5100). When it is determined by
the measurement of the water level that the water level is
lower than a predetermined water level (i.e., the water
level is lower than the water level at which the heat
290 exchanger tube 60 can be completely immersed in water),
water is filled inte the tank 70 (Step $110). When it is
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

23
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the magnetic flocs F is carried out through three steps of a startup

preparation, a heat sterilization, and a heat ster nization 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

lower than a predetermined water level (i.e., the water_level is lower than __ .
e SN St wffch B R ot A0 xchdHER i 8 oo ey " the
immersed. | water js filled. i tank 70 (Ste | iti
o e e o vl by e VA gy = set
gauge, 82 that the water levekis equal to.or Righer ghanthe predetermined 5, ;o
water léevel, the temperature 25 of water stored in the tank 70 is measured

by .28 thermemeter-80 (Step:S1A0): Whersiis determinad-that the cank 70
measured value by the thermometer 80 is lower than a set temperature
(e.q.388legreas C tai9zdegreessE) steam iso Supphed:kentthe steameraturs
supply opening 72 into the tank 70 5 (Step 5130). When the steam supply
causesthe ¢emperdture theasured by thé thermometen80 t@ reach the

set temperature, the magnetic flocs F can be taken into to the heat

exchEiRger fiberB0, thue steppisy-the steamssuppBaiStep SE4G)N T to the

the storage amount (water level) of the .
heat exchanger tube 60, thus stopping the steam supply

(Step 5140}). Then, the stcrage amount (water level) of the
magnetic flocs F in the ceollected flocs receiver tank 52 is
detected (Step $150). When the water level of the
collected flocs recelver tank 52 does not reach a standard
value, there is a possibility where, during the pneumatic
transportation of the magnetic flocs F by the pump 54, the
fluid sent by pneumatic transportation may include therein
alir for example. Thus, a stand-by status is maintained
until the water level reaches the standard value (Step
S1e0). Thereafter, when the water level of the collected
flocs receiver tank 52 reaches the standard value, the heat
sterilization of the magnetic flocs ¥ is enabled, thus
completing the startup preparation (Step S170).

Next, in the heat sterilization step, ths pump 54 is
started as shown in Fig. €& to send the magnetic flocs F by
pneumatic transportaticn to the heat exchanger tube 60

(Step S200). After the start of the pneumatic

24
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10 magnetic flocs F in the collected flocs receiver tank 52 is detected
(Step S150) When the water level of the collected flocs receiver tank 52
does not reach a standard value, there is a possibility where, during the
pneumatic transportation of the magnetic flocs F by the pump 54, the 15
fluid sent by pneumatic transportation may include therein air for

le. Th stand-by status i intai til the water level
e TEavl i o T I S R T MR

of %0"§8t9dcr§'80%§t %eﬂ%ratag% e E%Setg%%@@ advalye.dne nagneric

heat ™20 sterilization e magnetic flocs _is en , thus completing

the:stagtup preparation (S16n, 94 7Q). Nextin the heatsterlization step.they ;o

pump 54 is started as shown in Fig. 6 to send the magnetic flocs F by
pneumatie franspagation to the heat exchanger twbe;60,25 (3t€p:S200)ang

After the start of the pneumatic 24 transportation of the magnetic flocs to
therhkeat exghangetn éube: 68stheccotmnting of thestiwe reguirec:for tkechange
magnetic flocs to be discharged from the heat exchanger tube 60 is
stanted«Step 8240y aThe pheuntaticttrmspéfiatoiand & heagingofthe Locs F.
magnetic flocs F cause the heat exchange between the water in the tank

70 Bhd3he Wiggrictierffoes i I Thas, thédempéturerofthe watdkin the 1 s

tank 70 is measured by the thermometer 80 SStep S220). When it is
measured by the thermometer 80 (Step 32Z0). When it is

~determined by the temperature measurement that tThe water
temperature is lower than a set temperaturs, the feeding of
steam 1lg performed (Step 5230). Then, the processing
returns to Step 85220 and the water temperature is measursd
again. When it is determined in the measurement of the
water temperature in Step 5220 that the water temperature
is eqgual to cor higher than the set temperature, it is
determined whether the steam supply (feeding) is performed
or not (Step 5240). When no steam supply 1s performed,
then the storage amount (water level) o©f the magnetic flocs
in the collected flocs receiver tank 52 is measured (Step
5260). When steam supply i1s performed, the steam supply is
stopped (Step S$S250) and then the processing procesds Lo
Step S2450.
When the water level in the collected flocs receiver

tank 52 is lower than the standard wvalue, then the driving

of the pump 54 is stopped and the magnetic flocs P are
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determined by the temperature measurement that the water 10
temperature is lower than a set temperature, the feeding of steam is
performed (Step S230). Then, the processing returns to Step S220 and
the water temperature is measured again. When it is determined in the
measurement of the water temperature in Step S220 that the water
tem eratgre, 15] equaI]tSi or higher than the set temperature

y

oIS Whetk: the Stéin Stpbiy (Gedi d) I BEHoAH: of not Tafdp 52701
S240). When . stea sunply ieperiarmes. 1190 16 HOUERATONT! o1 ocs by

(Water e the magnetic flocs In the collecte locs recelver tan

m%@ﬁ%@&%@%§ggg}\%@o§e§@ %@ﬁﬁéc@%ﬁ?&“@ﬂu@eﬁ@a@ount for

supply is stopped (Step S250) and then the processing proceeds to Step

S2601 When-theqwater leyel ihtheolleetediflocs fecaivar-tankz isilower s

than the standard value, then the driving 25 of the pump 54 is stopped

ang the>prapnesicdlocs Fare. 25steredin heveallectetkfacs regeiveetankl lected
52 (Step S270) During this, the pump 54 for sending the magnetic flocs

by fprewsnatictransportation i§ stappesarrdLthus the counttfer catcutatinge

the discharge of the magnetic flocs is also 5 stopped (Step S280) When
thesvatetdavel Vi theecsllected: floes ¥ecdiverdank B2 iegualté or highefus of

than the standard value on the other hand, the operation status of
the pump 54 1is determined (Step $£29%0). When the pump is

not stopped, the pressure gauge &€ provided at the inlet &2
of the heat exchanger tube 60 detects the pressure in the
heat exchanger tube 60 (Step 8300). When it is destermined
in Step $290 that the pump 54 is stopped, then ths
processing returns Lo Step 3200 and the pump 54 is started.
An abnormal value detected by the pressure gauge 66 shows
that the heat exchanger tube 60 has a trouble such as
breakage or clogging. In this case, an emergency stop 1s
carried out where the pump 54 for sending the magnetic
“flocs F by pneumaticlﬁransportation and steam supplied to
the tank 70 for example are stopped (Step $5320). When a
value obtained by the pressure gauge.66 is normal on the
cther hand, the temperature measurement by the thermometer
68 provided at the exit 64 of the heat exchanger tube &0 1=
performed (Step S310). When the measured valus by the
thermometer ©8 is lower than the temperature determined in

advance at which microcrganisms and bacteria or the like
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the pump 54 is determined (Step S290) When the pump is not stopped,
the pressure gauge 66 provided at the inlet 62 10 of the heat exchanger
tube 60 detects the pressure in the heat exchanger tube 60 (Step S300).
When it is determined in Step S290 that the pump 54 is stopped, then the
processing returns to Step S200 and the pump 54 is started. An abnormal

value detected yqﬁe ressure gauge 66 shows 15 that the heat
exc gng%ritt%gq 60 L"aspl ag tr%ﬁge &J%ﬁea(g ?e\%)(%g%}%?% ggigir?&qn%ﬁﬁsemergency

cage an emergency.sfopis cagred,outwhere thepumppd fpLsending vaiue

the magnetic flocs F by pneumatic transportation and steam supplied to

the, tanknz0 for example are stopped £5tep 5320) When 20 valuen the

obtained by the pressure gauge 66 is normal on the other hand, the
teroperstireomneasyemett by the thermoneiesH8 provided atdhe exit 64+ he
of the heat exchanger tube 60 is performed (Step S310). When the
measkeedivaluebylthe thermometenés islewdr, than the teémperaturesd as
determined in 25 advance at which microorganisms and bacteria or the

liker 26vgrk KiNed, iisetsrdtingd td-be abRomal and apremergedcy Stopt s

is carried out %Ste 5320%. When the measured value by the thermometer
68 F&BGHATIE Or h%@t ar the teffipetatufeatihich misrootgRAGHRS the

and bacteria or the 5 like a&reﬁlglleg,(])lglghe“other hand, it is determined as
noff R T heh Witeth&Fthe cotmt s éemplefed™driiotis compieted (Step

$340). When the count 1s not completed on the other hand,
then the processing returns to $220 and the steps after the
measurement ¢f the temperature of water in the tank 70 are
performed again.

After the completion of the magnetic floc heat
sterilization step, The processing proceeds to the heat
gterilization ending step as shown in Fig. 7 (Step 5400).
First, cleaning water is taken into to the heat exchanger
tube 60 (Step S$410). After the taking of.cleaning water
(oxr simultanecusly with The of taking cleaning water), the
count of the time reguired for the magnetic flocs ¥
remaining in the heat exchanger tube 60 to be substituted
with cleaning water is started (Step $5420). Thereafter,
the thermcmeter 80 measures the Lemperature of water in the
tank 70 (Step S430). When the temperature measured by the
thermometer 80 1s lower than the set temperature, steam 1is

supplied from the steam supply opening 72 (Step S5440).
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confirmed (Step S330) . When the count is completed, the magnetic floc
heat sterilization step is completed (Step S340) . When the count is not
completed on the other hand, 10 then the processing returns to S220 and
the steps after the measurement of the temperature of water in the tank
70 are performed again. After the completion of the magnetic floc heat

sterilization step, the processing proceeds to the hea 15 sterilization
G o B SRR T b SA00) S leBARG viater 1 ken

intq {0, the. heat.exchanger. dyhe, 60 £§te§e§%@ éﬁe%%i@f'”%f n the
cleaning water (or simultaneously with the of taking cleaning water), the
coyptf the imereouired forthe magnelicsflogs K 20 zemaining,injthey ; gher
heat exchanger tube 60 to be substituted with cleaning water is started
(Step420) I heseafterntbe thermoneter 8@ meassres thedtempesatui@ ot her
water in the tank 70 (Step S430) . When the temperature measured by

thes thermaometer 80is lowerthan the setdtemperatare; steéamds 25tep $450) .
supplied from the steam supply opening 72 (Step S440). 27 Then, the
professing returns toStep $436 andithel temperaturemeasutemertdsnt is
performed again. When the measured temperature in Step S430 is equal

to GIHgREr BfarPthe set témperdtareén &ife otherRafd, tHen wiéthier stean

steam supply is stogped or not is determined SStep S450). ,
supply 1s not stopped in Step $450, steam supply is stopped

(Step 5460}. Then, the processing proceeds to the
determination of the completicn of the count in Step 3470.
When the count is ccmpleted in Step 5470, then the pump is
stopped (Step $480). 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
with cleaning water. When the count i1s not completed in
Step 5470 on the other hand, the processing returns to Step
S430 where the temperature measurement of water in the tank
70 and the introduciion c¢f steam are repeated.

By using the heat sterilization section 50 performing
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 { or less.
Thus, scale can be prevented from adhering to the interior
of the heat exchanger tube 60. FIFurthermore, by the

structure in which water in the tank 70 is heated by jetted
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When steam supply is stopped, then whether the count is completed or
not is determined (Step S470) When steam supply is not stopped in Step
S450, steam supply is stopped (Step S460). Then, the processing
proceeds to the 10 determination of the completion of the count in Stec
S470. When the count is completed in Step S470, then the pump is

stopped (Step S480) As.a result, the taking of cle}aninsg ast%i jothe .y ;
hea 8§gh£nn§%r?§l§e% B0TS %Is%os?(%ﬁe%d%ﬁs%?ﬁe :anterC?[(\')!Lr of téle eat ~oro tT

exghanger tupe 80is filled 15 with.cleaping water Whan the eauntids apt 7o,

compléted in Step S470 on the other hand, the processing returns to Step

S430wheredhedemperatyre measurementofwateninthe t@pk 40 and steem
the introduction of steam are repeated. By using the heat sterilization

segtion-2Q performing: 201the heatsterilizationrtreatment as deseribethose used
above, the heat exchanger tube 60 is heated by an indirect heating
(doirste-bodingl): by hot wateriofd OOndedreés. €=or less.eThuig,cscafesvan system
be prevented from adhering to the interior of the heat exchanger tube 60.
Furtherrmdres by the 25stieiure inTitiich sarerin the #rik 70 isidated byt e
jetted 28 steam and excessive condensed water is discharged, there is

no partwiéreid hifrepieasare i§ taliséd in-the tank 78T s Providing

high safety. Furthermore, water and steam_stored in the tank 70 can be

bmﬁQﬂﬁﬁﬁéﬂ%ﬁﬁﬁQh§§§&§ﬁfCe such as tne magnetaic flocs ¥

Thus, discharged condensed water can be reused in a
machinery such as ship.

Furthermore, by using the ballast water treatment
system 10 having the heat sterilization section 50 as
descriped above, microorganisms and bacteria or the like
can be physically collected from ballast water to purliy
the ballast water and the magnetic flocs F cbtained by
coagulating micrcorganisms and bacteria or the like can be
sterilized. This can conseguently solve not only an impact
on the environment by the discharge of ballast water o
other sea areas but also an impact on the environment and
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 flocs receiver tank 52 1is
provided in the previous stage of the heat sterilizaticn

section 50 to temporarily store magnetic flocs. However,
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S for the ship including the ballast water treatment system 10, which is
economic. Furthermore, water stored in the tank 70 is prevented from
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, .
mic%SSé’%%?srﬁg %hﬁ%%‘é?e“ri‘ao& fhedike™2dn BE phyEali edifectéErBaTnetic

bal ter,to purify 15 the ballast water and the magnetic flocs F ,
obtg;%é%l%ys%%%g%ti%agmrgic%%rﬁgﬁﬁ%%n‘sEélntdl @gctghag of e %e* arfBaTatLon

stedized; Thissean conseauiently songaatonl adimpadt, on g

. . Thu
environment by the discharge of ballast' water er 'seéa areas bt also

an impact ontherpnvironment and 20-human bodies by the,starage of

collected magnetic flocs F for a long period. In the above embodiment, a
5 confighratipnaasi been desstibed i whigh-the collecteddlogs regeiver

tank 52 is provided in the previous stage of the heat sterilization 25

section B0ltoe mporarly storerniagoeticflecst However, 29 another

configuration also may be used where the magnetic flocs storage tank 38
constitulidg the meghetic separation sectioni3Qlisiused as atemperasyiown as a
storage means, thus '

pipe path in the embodiment, the present invention is not

limited to a cylindrical pipe. Any pipe path can be used
0 so long as & narrow slit-like flow path is provided and
magnetic floc passing therethrough can be securely heated
by decuble-boiling.

The following section will describe a modification
example of the heat sterilization section 50 according to
an embodiment. First, with reference to Fig. 8A 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

illustrating a front configuration.

20 A heat sterilization section 50b according to this

2

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. 824, the
planar shape is formed as & hairpin curve shape instead of

5 an oval shape and this shape is superposed in a multiple
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omitting the collected flocs receiver tank 52. The 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 magpetic floc passing therethrough can be securely heate
by So0BIB Boling. The TaSwing Sochon Wil deseHBe & medfcaion 1 ne

eX@@Hﬁ@gtQETﬁ%@égﬁg@éﬁg%§§gkﬁkﬁ%a ﬂﬁ@thlﬁﬁg tank 70 can be
embodiment. First, with reference to Fig. 8A and Fig. 86, the first

mogdification examnle wdll belescrbed. g 84 i adblagkdiagrate <ne heat
illustrating a top configuration of a heat sterilization section. Fig. 8B is a

bloek eiagtgay illistrating a front eorfigurations 26 rheat stedization the time
section 50b according to this modification example is characterized in that
thedormof avhéahextlrangertalbe 604 iodifferent fromrthiat imthe abovehe heat
embodiment. Specifically, as is clear from Fig. BA, the planar shape is
formed era hairpinccureé shapeinstead o2 af bvalshiapelangthiganisms and
shape is superposed in a multiple 30 stages. By forming the heat

exchaR§Er itihe 60t ftFthe! Ffaririet B3RS crited AoV IHE Vélaniel6fther -  The

tank 70 can be _. o _ , . W
other configurations are the same as those in the heat

sterilization section 50 according to the above~described
embodiment.

Next, with reference fTo Fig. 94 and Fig. 9B, the second
modification example for a heat sterilization ssction will
be described. Fig. 92 is a block diagram illustrating the
top configuration of a heat sterilization section. Fig. 9B
is a block diagram illuétrating the front configuration.

The heat sterilization section 50b according to this
modification example is also characterized in the form of
the heat exchanger tube 60b. Specifically, the heat
sterilization section 50b according to this modification
example 1s 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 toe have a
helical shape. By the heat exchanger tube 60b having the
form as described above, this is section can have a doubled

capacity for heat sterilization of the magnetic flocs F
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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 59 acgording {9 the aove:described. 10 embadiment, Next, Wil .
refererice to Fia: 9A andnlgig. 9B, the second modification exampFe ora o
heat steglization secfionowil b desqrined, Fig. SAS A block flagAM,grex s o
illustrating the top configuration of a heat sterilization section. Fig. 9B 1

is & block diagram ijlustrating the.fiont eeafiguration. cE%%E%@tﬁgﬂ%iOQre the
section 50b according to this modification example is also characterized

in thedermofcthesheatrexehangertube 69b: Specifically, thehealn 50

sterilization section 50b according to this modification 20 example is
characterizeddnthat:the teiodnsertien tubigse 60k are ptavided. in the tank

70. Each of the insertion tubes 60b is formed by forming an oval roll to

have aNsslical stidfe. Byfthechest ekxehatiger tulig.6ebfaving thé tformtdss
described above, this is section can have a doubled 25 capacity for heat
stefflizatibrireftheimagrétic FEcEP 131 and, evehsiierrdig of theation section

insertion tubes 60 is damaged or , ‘
will be described.” Fig. 10A is a block diagram

illustrating the top configuration ¢f & heat sterilization
secticn. Fig. 10B is a block diagram illiustrating the
front configuration.

A heat sterilization section 50c¢ according to this
modification example i1s characterized in the relation
between the heat exchanger tulbe 60 and the tank 7C. Thus,
the heat exchanger tube 60 according to this modification
example may have the same form as that of the insertiocn
tube in the heat sterilization section 50 according to the

above~described embodiment and the heat sterilization

ot

sections 50a and 50b according to the above first and
second modification examples. The heat sterilization
section 50c according to this modification example is that
a structure 76 1s provided in the dead space in the tank 70
configured by the roll or turning of the heat exchanger
tube 60. The configuration as described above can exclude

water in the dead space, thus reducing the time reguired
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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
bloj%rdi%gralm illuesérsating tge ‘5%% g%n@%urati%n fa he%t ste iIizaaHtlion %91
section. Fig. 108 8 Bloc diagram iIIus{[}gtlengat &" front'con %uraition. K
hegt sigplizalion,seqliog.A0¢ accprding fo Jis nadficalionO@mRle s 1z -
characterized in the relation between the heat exchanger tube 60 and the

tank,£Q.rEhus; dp4he heat exchanger fube, 60 aceqrdingAohise . The other

modification example may have the same form as that of the insertion
tubesindheheat staridization sectionHQageordingde the, aheverdeseribed
embodiment and the heat sterilization sections 50a and 50b according to
thesakovel first and 20ssecondmadifieatiorn-examples. Theeheatove-described
sterilization section 50c according to this modification example is that a
strestorel Z84%provided in the dead space in the tank 70 configured by

the roll or turning of the heat exchanger tube 60. The configuration as

describéd abdve tanSXe Rt 5 Wakersn BIse dedd space, THESFedRicing”

the time required 32 . . . ‘
described wheres the heat sterlilization section 50 is

structured so that magnetic flocs are sent by pump to the
intericr 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 bazllast water
treatment method of the present invention alsc includes =z
case where a drying machine is used as a heat sterilization
section for killing microorganisms and bacteria or the like
coagulated in magnetic flocs. Any form of drying machine
may be used. Thus, a dryving machine herein may be,
although not shown, the one that uses the Steam.heat
generated and used by machines used for a ship including
the ballast water treatment system To evaporate water
included in a magnetic flocs.

One example of a drying machine may be the cone that
pushes magnetic flocs to the surface of a rotary drum
heated by the above heat to evaporate water to subseqguently

scrape the magnetic floccs {in the dry form) from the
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for to increase the water temperature by steam. The 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
degerined whete the heat sterilization section 50 is structured so that

. rotar UM, . .
maisg%zre]fl%cfﬁ)cs are sent by pu%p to the 10 interior of the heat exchanger

tube 6Q-immersed inthe tank, 70.and the; heat gxchanpgeriube 8048 quration

heated by double- boiling. However, the technical scope of the ballast

‘walgs Heatpeniunethodef the presentinventign alsosinghides 2. €a8¢ section,

where a drying machine is used as a heat sterilization 15 section for killing
miereorgalisms anskhasterimer-thediken coagulatedds magnetie flaesrAngath to
form of drying machine may be used. Thus, a drying machine herein may

be ralfthbughaotshowr,the ahecthat ases thessteamheat .geferatédandre, in
used by machines used for a ship including 20 the ballast water treatment
systéstosalapoiate Watek lisclig8d ity adiaghetie fl0es0Reé exapplesf by

a drying machine may be the one that pushes magnetic flocs to the

surfd&@P8f-a rotay drurfchEated 1y theabove heat fo eviifbrateSwaErts - ature)

subsequently 25 scrape the magnetic flocs (in the dry form) from the
cag be {ncreaééd th&ngin tge c%se S%ywheré the he

at
exchanger tTube 60 is heated by double-boiling. Thus,
bacteria or the like can be securely killed within a short
time. Furthermcre, when a drying machine 1s used as the
heat sterilization section, water included in magnetic
filocs can be evaporated, thus reducing the volume of

substances (dried magnetic flocs) stored as contamination

substances.
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33 surface of the rotary drum. Even when the drying machine having the
configuration as described above is used as a heat sterilization section,
no risk is caused where magnetic flocs have a 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

(he@t{ig tgmperature) can be increased than in the case of where the
heaf exc

anger tube 60 is heated by double-boi-ling. Thus, 10 bacteria or

the,like,can b u %(:ki e 't(m_rg oft _time. Furthermar ?e . -
dryTﬁg(ar’x}]aarcE:]?lfr?Legiggusgg éesythqeyv eat s%tre%rt'rli‘z‘l“%l%tc&)ri;l‘liS'S%E:tic%rEg %\}é%?e%r%qé ucFergeinS =S
magpetic flocs can be evaporated, thus reducing the volume of

substances (dried magnetic flocs) stored as contamination 15

substances: 34 Glaimed: A ballast waterdreatment methad, compisings+ water
the steps of: adding magnetic powder and coagulant into ballast water 5

to therefyy-generate-magaetc flaes: mcludinglmictoarganismsi.canth croorgani sms
bacteria; collecting the magnetic flocs from the ballast water; and
and bacteria;
collecting the magnetic flocs from the ballast water;
and
heating the collected magnetic flocs to & temperature

at which the microcrganisms and the bacteria are killed,

the temperaturs being determined in advance.

2. The ballast water treatmentT method according to <laim i
wherein: the step of heating comprises inserting the
magnetic flocs to a pipe path and heating the pipe path to

which the magnetic flocs are inserted.

3. The kallast water treatment method according to claim 2,
wherein: the heating of the magnetic flocs is performed by

double-boiling the pipe path.

4. The balliast water Treatment method according to <¢laim 2,
further comprising the step of measuring an exit
temperature of the pipe path to investigate a heating

status of the magnetic flocs.
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heating the collected magnetic flocs to a temperature 10 at which the
microorganisms and the bacteria are killed, the temperature being
determined in advance. 2. The ballast water treatment method according
to claim 1, wherein: the step of heating comprises inserting the 15
magnetic flocs to a pipe path and heating the pipe path to which the
magnetic flocs are inserted. 3. The ballast water treatment method
according to claim 2, wherein: the heating of the magnetic flocs is

performed b double-bailing the pipe path. 4. The ballast water RN
é.nﬁﬁe X??%%iﬁxﬁgmaﬁo%ﬁﬁa%ﬁeéﬁ methog.aca?ﬁgéﬁﬁ)&ﬁ claim 3,

treatment metho m rther comprisin e

measyring an exit, {%@Eﬁ@tb&?@of&e@g%efp%&@mvi%%ggaﬁ% 4 heating

25 status of the magnetic flocs. 35 S. The ballast water treatment method

acoording a:claim 3¢ furthercomprising, the step-of measuring anexity ; g
temperature of the pipe path to investigate a heating 5 status of the

magnetic:oes: & rEherbaftast wateritteaiment method according to claim

2, further comprising the step of measuring a pressure in the pipe path to

investigate a status of the pipe path. 10 7. The ballast water treatment

method according to claim 3, further comprising the step of measuring a

pre§surélia the L last water treatment method according to claim 2,
Turther comprising the step of measuring a pressure in the

pipe path to investigate a status of the pipe path.

7. The ballast water treatment method according to claim 3,
further comprising the step of measuring a pressure in the

pipe path to investligate a status of the pipe path.

8. The bzallast water treatment methoed according to claim 4,
further comprising the step of measuring a pressure in the

pipe path to investigate a status of the pipe path.

8. A ballast water treatment system, comprising:

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

a ﬁagnetic separation section for collecting the
magnetic flocs generated by the ccagulation section:

a plpe path through which the magnetic flocs collectad
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pipe path to investigate a status of the pipe path. 15 8. The ballast water
treatment method according to claim 4, further comprising the step of
measuring a pressure in the pipe path to investigate a status of the pipe
path. 9. A ballast water treatment system, comprising: 20 a coagulation
section for agitating magnetic powder and coagulant added to ballast

water t‘?h enerate magnetic flocs;.a magnetic separation section for

coﬁjé]cting' h%aﬁ'nnaegtnle ic floes ﬁgﬁér%?e 8? %Ogod@lﬁ?&tgecﬁgﬁ; 25a
Pipe paih fuoLehviueh the.magnetic facs sollected 360y the maanetic

separation sectior is sent; and a heating section for ea%ngptﬁe pipe
path. 10. The ballast water treatment system according to claim 5 9,

wherein: the heating section is a tank in which water is stored and the
pipecpatiiis immersed inthedank Ads dherballastwater freatipent systemeiaim

according to claim 10, wherein: the tank includes a steam supply opening
10 shrovighrwhich steamiyrom arshipmachine foeheatingnwater inthetankter is
is supplied. 12. The ballast water treatment system according to claim 9,
whetsimean exit of tise pipespatir has astemperatarsil5 sensar. 13nkhe
ballast water treatment system according to claim
11. The ballast water treatment system according to claim
10, wherein: the tank includes a steam supply opening

through which steam from a2 ship machine for heating water

in the tank is supplied.

12. The ballast water treatment system according to claim
9, wherein: an exit of the pipe path has a temperature

Sensor.

13. The ballast water treatment system according to claim
10, wherein: an exit of the pipe path has a tempsrature

Sensor.
14. The ballast water treatmeni system according to claim
11, wherein: an exit of the pipe path has a temperature

Ienscr.

15. The ballast water treatment svystem according to claim
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10, wherein: an exit of the pipe path has a temperature sensor. 20 14.
The ballast water treatment system according to claim 11, wherein: an
exit of the pipe path has a temperature sensor. 25 15. The ballast water
treatment system according to claim 37 9, wherein: the pipe path has a
pressure sensor. 16. The ballast water treatment system according to

cla%'m 10, wherejn:t1£e pipe gath r%%s %gressure sensor. 5 17r.1'sl'gg ballast
watér treatment 5ys em %gord%% to claim 11PwhRgren :eth%eplpe path has
a pressure sensor. 18. The ballast water treatment system according to
claim 10 12, wherein: the pipe path has a pressure sensor. 19. The

ballast wajer eatment system accarding.to.claigy 43, whereingthe pipg c1zim

path has a pressure sensor.' 5 20. The ballast water treatment system
acearding-te-cdaim 9 mihesein: thespipemath is siruciyreddo havean.inlet
and an exit provided at an upper part and to extend from the inlet to the
5 lowest part so as to draw an oval helical shape from the lowest part
thereof to the exit. 20 38
17. The ballast water treatment system according to claim

11, wherein: the pipe path has a pressure sensor.

18. The ballast water treatment system according to claim

10 12, wherein: the pipe path has a pressure sensor.

19. The ballast water treatment system according to claim

13, wherein: the pipe path has a pressure gensor.
P plpe p P

15 20. The ballast water ITreatment system according to claim
9, 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

shape from the lowest part thereof to the exit.

20
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