1 DESCRIPTION Title of Invention SYSTEM FOR TREATI NG SHI P BALLAST
WATER Techni cal Field [0001] The present invention relates to a
systemfor treating ballast water that lis stored in a ship in order
to stabilize the ship when the ship is underway. In particular, the
present invention relates to high-level treatnent of ballast water
that is taken on board a ship and I arged to anot her sea
area. Background Art [0002] Fﬁﬁgggggﬁﬁgears, treat nent of
bal | ast water stored in a ship haSitlheftmendsn i Ssue. Bal |l ast water is
sea water that is stored in a ship in aorder to enable the ship to
sai| safely when t he S IFEYEQRHIREMAINORHEBYLABLIWALERwat er is
taken into a ship fromthe ocean near a departure port and is

di scharged to the ocean near a destination port. That is, in a case
wher e sedevlatied Fighken into a ship as ballast water at a departure
port is ggﬁggarged at a destination port, such as a case where an oi
t anker | a port in Japan and arrives at a port in a Mddle East
oi | - produci ng ; i i

neter N g Sen P R oA B G g M My Breg 52
wat er andhigiis ohder tresiahibzeths shipartea thashtip e dddotay. Easpartitulass thelpresent

case, because ball ast ter is disch d to a,sea area that,is.

Tt er onti RSN BB L Pl et PSR RB e Rafen S Simand y
t aken, orlgANiSilEreked td PSR AABELLr are transferred to a sea area that
is not their native habitat and may have a significant effect on

mari ne edwskgrertAIt] 0003] Therefore, various methods for
purifyin 0 | ast water to renove, kill, or inactivate m croorgani snms
have been eXxam ned. For exanple, PTL 1 describes a nethod for killing

aquati c or ganisfiBelychteatdafgert ©F bilddsewatePdtbred 16l SRipdHe SedniRiiashe.
using steam a nethod using ultraviolet irradiation, electrical

met hods WRAIAY WAKtHaERs Vatien hatds sioFeddn @ shiv inmpdss fo opabls the shipta el wadilng
a chemc - i hy il e, i

i lerati onean g by Bapaacbitly (VRARM Qi £aBRTyb Al Kfin s gpegn near
per f or m nglegartire port ainé &t dishbgred &s theideexh wdaoy degdihatioh wort e rTHadis) BryRe

conparatively |arge microorganisns. 2 For exanple, PTL 3 discloses a
process fBET eadxﬁg?rﬁéﬂeaémo IR eI oh§ CRPHBDPEAE Freppcged ot
[0004]  gestinhfign bISERES, @ﬁé@'@kﬁ?@arﬁ&?ﬁnﬁéﬁ@é\ﬁ?gboﬁ%g ?.Iﬁ,lgg a(ﬁ;g piREES: 2

and di scl osed a tration apparatus including aro rica
pl eat ed fppittien Middlerhdseai]-prodeding 4ourktie il ds datwanga et londeat aethe port, sea

tus i nclud filter.that i indrically f d sg as t
P F ound R P S5SaE b s G archonls PSS brteh $ET Saf Cirdsdea
wat er nozéd &reh othe MMi@8leEMNT ML 3LEMh WRE HechiRWBEThsPHaRHSisdABF el BFL §a

surface of the filter; a case that includes an outer cylindrical
portion tareatthatss dificpems Eamsbseagreadtern rhaenitie baldast Wateewas arigioalty wken,

[ f ' I i.nsid h s
1 er o bR B P kTR pREEh B bl RaP RIS Py

t hrough the Havk hefgnificansefacoon atiyit eaudiiteak. space inside the filter
to outside of the case; and a di scharge channel through which

di schar gé®4%t er that has not passed through the filter is discharged
to outside of -\ d , . J.S..
oy oo ot IR e BB, LGS0 UL 8 e
folined fmictoergahisamliahebeaitsiatenddl Foeetam e P TISbddsbabesuntethad éd killing

water is filtered while the filter rotates and the surface of the
filter cOAMFHAASERNSMTRN peatinggerswater (il disclgpes ampethedpsipg ateany 3 wethagd

untreat e%swgwfamu iGraBhBYE M dchtkal &gtﬂ‘ohé LShe gasl@arge %ﬁjgmﬁsh 960 &flim P
it is possible to renove foreign substances”from untreated water nore
ef fi ci entWayet dmethod usingassheminal ageat fuchtas Soditarhypastilodie; dnel thalike.ar ea

I's used. ﬁ%taggﬁ mlélzﬂto?ig ﬁgvuerb%ell ggg% anlfl)i-|1—1|éd %\s pr‘]e?rga?t&%rsl'? belzt)"g}ee})%;forl\gfngi%ﬁggg 84

treatments described above or in order to remove comparatively large microorganisms.



4 b) a flow speed of cleaning water ejected fromthe cleaning

nozzle is 250 mmn or nore, c) aflowrate of filtered water
per unit area of the filter is 5.1 mh2r |less, and d a flow
rate of discharged water discharged fromthe discharge channel is 5%
of the flowrate of filtered water or nore. [0009] As descri bed

above, t Ly ) Nt ivel y exam ned appropriate . conditions
inder whitoh e RRb T § BIEPS ey AR AR R P ab AR 4 Rbprane
result, tfherinventors found that, as a factor that influences a
steady-state filtration operation, there is a relationship between
the cleahP¥fleffect and the flow rate of di scharged water.
Accordingly, . t . itigns for.reali.zing
2 Tong tim stBSipRER bt HeRRE - MR- S308k SR leind Al
st ruct ur epplestus idvhdligbowratiat dysihiesl phated@ifeatieRibedMP LI HNSTRY bdl@st
d), it is possible to performa ballast water treatnment operation,

whi ch i s Wiegdeatney appaganeingludshi Fltevihatis gylindrislly fymed so ap iy sirtogpd an
due to cl ' : . trea I

filtrati Sﬁgi“r‘)‘ga‘i’a‘%&&%@?ﬁ?%bl%?%% iakfsbgfﬂ?t\tf%&egiw%}\ta e?z%ie\%ﬁ?‘céﬂ.&uksg“‘ﬁreated
filteredvand tosed aaubalpedsghersiauehce afitte ditec hangatatintlades antouedt i1 S

not fil terfd an di.scrharged?. ngeref ore, (flowrate of untreated

wat er) = yRRgiFat BRTEOR A I qisoger seaAsdp puroymd) i fiften 8 nefzlePRaEng ofdhe
vater) . lluc@ RS Wiy lbfed tsldeahd ORCAPARERS Ward SARRT ALl

mai ntai ning a necessary flow rate of filtered water, If the flowrate
of di schdigesl wattiethal lsis grssdd dirbyghddbe figtasBaws trom cogiimdritalapae@nnode the

d ticl. i t A t t hat Cfi )t d d
ool b foonEe ebBe e iits fip it e (RSeRpishischges §fcn g
becones mHRE Bot Jak@l¥hiloQg® BeUllter (ibdhardeH RebubRRds tﬂe%E@as\i\fﬁg shdiea f 1 ow

rate of discharged water is disadvantageous in terns of o
ef fi ci enslrugbre hetreatad watey/is gfected|towandi thmogpepaipherl surfese of theaylindrerally

exi sts an_apprapri.ate.rel atio i p..between the flow rate of filter
wat er ango?‘ﬁ% @Peévf\fopﬁhg ) Sldael Oﬁﬂ%ﬁggdsﬁg nireg{od 1 %{éﬁ%ﬁﬁgdﬁ%ﬂi‘%@ger
of filteredtesah@®thelsarfatadt the fikbio@atitgoudBMabeRs Thud heis pbeak gewtihest
of the filter, which is nmenbrane filter, is weak. The inventors

conf i r nedilteRag untieatefl wies while aregentingehe filemnireny brimgalogesd.znd it ispessiblow
rate of ' e | . ilte

contri bu:'E Jé?e?lgé%gglr r%u’aoftgg%fﬁﬁ? %%?Q%égg%ﬁpﬁﬁgn%ﬁ?}%%?yggg%l Esnrr£x3 ‘BRI here a
suspendediapélten ledvass thacarhasreaiswsedi dity in the range of about 1 to
1000 nephelonetric turbidity unit (NTU). Exanples of harnful

ni cr oor ggﬁf?gglt?rﬁt‘%%a wat er i ncl ude Escherichia coli; Vibrio

chol erae;oggyjer ococcus; and |arvae of plankton such as water flea,
ast eroi déan, and seaweed. The sizes of these m croorganisns are
nostly in thePlardgéapahe. Faitand Noe¥@®@B4hundred pm A filter is used to
renove suspen articl and m gani sns from sea water.
Suspended par?&glzg al’(af)‘esﬁ?af@ﬁ&?eﬁ%ﬁfggude non- or gani ¢ conponents,
such as silicarrandahaye W@&hﬂ%d%’a@'&%f&p{aﬁ‘ca‘%ﬁ?ﬁbﬁ&iti%ﬁfl\ﬁf?QO(‘Y@WS
remove such mcroorganisns, a filter that can renove planktons in sea
wat er havi ng &T&i4 dapehess(/nexamtnaddiatent Applieitiah PybBaitiomNr. 26bi-£943860d
nor e prefserabelkr%/ i? ‘prqé.or nore is used. In order to obtain the

advant ageé’lmé]f1 it Ibreg %ht invention, it is preferable that the filter
can renoveclgdl ehodene of mcroorganisns in sea water having a size
of 30 pmor nore. In particular, the present application is effective
in treatilftd | arge ampunt of ballast water by using a filter having
a large area . I t he, pr.e t licatlion,i.s
crective in CermalEth: FEEEveihERERERAY choRpElRaTs TRESFThGE oS

appar at usvhaptobignman &f frdet towelvicithd prableals, eaavedtors@evilorRt HED-@tment

[ 0012] Wth the apparatus_and the nethod according to the
apparatus described in PTL. 4. Because ballast water is made up of a large amount of sea

water, it is required that treatment of ballast water be performed as fast as possible within a



13 ultraviolet irradiation device 21,22 punp 31, 32, 33, 34, 35, 36,
37, 38 pipe 101filter 102 cl eaning water nozzle 103 case 104 central
pi pe 105 water intake hole 106 untreatéd water channel 107 filtered
wat er channel 108 di scharge channel 112 untreated water nozzle 121
nozzl e opening 131 outer cylindrical portion 132 cover portion 133

bottom p 48, i af I l.
7 152 UQ{nIil egn[m]rT eani 1\IE/;\/}zit?h é{gﬁ gr? gr;éelrflcll'@)eltgs é_;?v;%%{j ﬁ f@n%}og%ln%[ﬁaﬂ?& 8
[ 0016] perfofﬂmi for allmtgurrﬂe ahe ﬁltérahé}aisdcomtc&rggédl edlf ibrtomysSicmshortoa

ship and a netE g of treating ballast water _according tg the present
i nvent i ofCRIATS the BLESER B ClReeResrEs et gnifigant fss dpatn idlimepecurs.

present i

Pl ot e, AmseBlahPfafof Bpardth ARG h T Bl ol RS iilEorthe
of the clpddatsl ﬁimﬂ andh ﬁltmqlon\balcemﬂlmzwhi@'remfmg Fleddidg water toxFarg arfétration
schemati ca gl %rat he overal | % rqﬁture of wat er

tr eat nent™” 9%% efr8 at%lg e cOPERKY: @%Wé’é‘é’tﬁt ﬁfl G operating
Referri ng:oﬁ&lhEhQare hot éﬂi&?dp??a&e @heV@’Pe@f of él\é'!ihﬁ% thé ﬁﬁ@xacaYiﬁStebre sufd@dhfyr om

the ocean, is by a pu 21 hrough a pipe 31, and the untreated
water is Obtqepﬂdi e@hStamesulgh paphdmpenm in thag b7 ¢}tamptl¢ dlre ﬁlqué;ﬁeamﬁ d@gged
which is f||t ation neans |tere ) en filtered by
the 11 ¢ AR B R R e e Slan GhE AT ol frherss YT edierreast | on
nmeans 13 ahedf waeoRtilienal ) Hestk: An @bjedibfihd praVdn®ientdisd 1@% ﬁfdv% a
devi ce. Discharged water, which has not been filtered by t

filtrati dallagyarsteament sysiesnthat eanqegiora aplopest@bsteaslytstase gmrsmqjefooa long
t he appanat Sterilized sea water flows through pipes 34 and 36 to
a tank 1f %001 Figures 2 and 3 are schematic views showi ng a
typi cal §bhummUGenﬂﬂaﬁ rotary filtration apparatus, which is
filtration means. Figure 2 is a longitudinal sectional view of the
rotary £ ilPR47¢ i on apparatus. Figure 3 is a cross-sectional view taken

along line A I

to surround aﬁgﬁaxf%ﬁgﬁﬁbxéﬁCﬁk%g@%%@?ggégh%ﬁ%éﬁgéphg?ﬂkﬁﬁ9§§Qxaﬂ %%
filter l1@ieansthmt tadiadosgedm 4 diphend thhiataaliffecianyyndgifabalent waler.pi pe

(t hat do?ﬁ(ﬂﬁ rotate and) that is disposed at the center. Preferably
used as th&¥ilter is a pleated filter having folds that are forned
so that protrugi&amead %Jﬁ@@eﬁ?ﬁ%ﬁcﬁx giowea%eeé Yk AROP eltidd ff&et eating
radial direction of the cylinder. Thé upper and 1ower sides o tﬁe
filter amelledt oot forg shap,ttie fb@tewamehlﬁlr@ft rotary ﬁitsltlnacaegzsaﬂuy irtchatinga filter

r ot at abl tta structure be al SO mater t he t achnent
Cor neror SR AMIRER BT 1S P SpfudRatiha beBrouritlrdrtr ot SEech
A case 1QRuteeyepratedShaRIthdted olddd 1hQQ:yf1h<ﬁérQ§d1ﬂ-lQﬁrecﬂ_$}? acbi’e“aﬁm%g%zzle that

includes an outer cylindrical portion 131, a cover tion , and a
bot t om p&iacsgHitreaed wWatditewad ey eutes p@m@n@ |ponmm qfghe e@tﬁ@é the@s indhedes

bottom p p@i el i nto

t he cas e%&(%%? ﬁ%lgué]ﬁ: %aﬁo unt r ea]ts\gc}"l desr% pi p(sa r%%g ﬂ%‘? 11‘ﬂl?eera?h %%Hea}ng of
nozzl e 16k dpedtignomidiemigedspatensidshhetust;s Gh@aivagr Wain@el thiowh kxthich
filtration surface of the filter 101. The cl eaning water nozzle 102

ext ends VGG Heethathes pasediirerehihp dltenBows rpma cyémﬂe%l SRACE P eige
121 ther I

the case 1850 arep e LA ke U bl ok el i Ol 80 el oy
peri pher abt passédaitbﬁ)ug‘l thdBltériis tschargdd0d Shtside of t}llencdséteanﬁ g gkRtric motor for

enmbodi nent , ted fer e ected fromthe cleaning water nqQzz
hits thef %% X’geﬁnﬁ% graiees ey H&anogﬁe apg égﬁceas tithe ‘ékel lﬂrr‘#%o

pressur e of ok g unmee@fse% mttﬁénﬁEM%@éorﬁ@]?efdft bt the
filter. The(gha?t 141 "of an electric notor 140 8? %oﬁ%g%?e ﬁgwa
central spefationfhat sesisGed thedelicveahg tondigensdd d: so that the filter 101

I's rotated bya)t ah l%teﬁlo%cs'&)géé: ofrmtta B{terlcﬁl%ngp‘asﬁl%e%%gfolp!'w:rtat%{)n }sqlr]i threortagég gf 20 to

100 rpm,



9 substrate so as to forma pleated shape by alternately form ng
protrusions and recesses and connecting ends of the strip to each
other so as to forma cylindrical shapet In Fig. 4, untreated water
which is to be filtered, is supplied fromoutside of the filter 101,
which is a cylindrical pleated filter, and water that has been
filtered by t t h e} i de of

st e DY e Bt Bl Pkl PAUPLESH LOATHL ORATE, B APE Y LLAAEY:
filter. An@eyous structure such as a stretched porous body, a porous
body by phase seﬁaratlon or a non-woven cloth, which are nade of,

for exanpl e, Bbtiletrate of Ajtersd wases npebny peae!l th@d’llgﬁpm‘pw&h@r less, and’

pol yur et hane, fel V|n I|d
fluoride (Plegg)Q#éilver%%aoug%gﬁ& &N{,E@Pﬁ lra}ges%%ﬂ%\ﬁ?lger(ﬂ § IS 5% of
per f or nredheaﬂoard{tbgﬁﬁttbmWWaaér@rna)rﬁon woven cl oth rrade of poI yester
such as ﬁglqv?ﬁt hyl ene terephthalate, is particularly preferably used.
The di mren8¥@ds of a pleated filter may be, for exanple, as follows:
t he outside dixangLes eili e | : f
the filter in t%heg ayleg%b%\{%r gfcétll onﬁﬂg %ﬁ{%}‘# %a%gg%ellgh%ﬂ?%# (go%%ﬁ'mg
ef f ecti vemdereshicls a 2808rynfiltratitrearpepitis ioto pt epdrated.s XOa mevultathd ifvegtors

nunmber of ts is.420.. The_effective area be changed and a
plural i tfo‘g'fde‘%fﬁk 2%t Lot jhat antlpsacesiastendy At alt‘leﬁpaa}{?o&@Egﬁﬂ%éléﬂWSt% t he

amount  ofre]RERKiIREHES the cREnihk BLE&Und ROZR rate of dlgélﬁhge@ whibS @

di agram showi ng the positional “rel ationship between the nozzl e
openi ng Y¥xtoulinglhéheingantorsgfowat factonozrl @ndBidna fid rediizing alatg tinfei sltdady—

The di st d f | t f
ocess o s aHider Ve Brtitts PEaTs Beabtie s Qi eboudialt fre
cl eani ng ope@ELE canttidie) LG RSs ﬁd‘)ssiﬂl‘@tof[ielrfo% a ﬂaﬂ%%ater treat1fér§ Hﬁﬁ‘a@on

schematically illustrates another overall structure of a ball ast
water tr é@tl%ﬁtneg%itfém goneral skipi pitheelotatiping the optretipn dwemntcliageingat i on.
The el emT &t he same as those of Fig. 1 are denoted by the sane

an

nuner al s, redundant description will be omtted. The difference
between Fig. @nadstedingter that Slotbadto attheatsitsipparahisris BRidddNRlbUHRSedwater,
circulation channel, including a pipe 37, a punp 22, and a pi pe 38,

for circurieh vglisrmdrandrised anbalestorater, aaddisdurgsdarater whishdgmnafiliared and
filtrati at sed
s ol cantns s, Mrdire AL BRE of ARl M3t TR BB Hechlh i 4

cl eani ng (flatvente nd diskieargedewited)e p &nal egse wheps theifiliestion[ HP2atus id Operated while
Such a struycture will be escrib W th ref ence to Fig. 7. The
el enent s HHRREIGEA BCCPRHEROYAlED llt?egm“faiter 13?(—:-@&}‘( &e pl/disehergegmgater is
nuner al s, gilﬁ?ﬂllfz @%@Q@@tthggéf‘céhtpéﬂoﬁrbf%éﬁen@@ él%s%ﬂun&@at@@wéfé??ﬂa Lie
the circul ati on channel, descri bed above W|t erence to Fig. 6,

i ncl udes nat {iered andacoeuddtethinghe ¢5¢ ,graajupl]mmciﬁﬁes ang aresileahigamgwat er

channel 153. Untre uI ates fromthe cleapin

vat er ch ﬁﬁ%?esl%%re%‘&ijs'ﬁﬁ’ﬁl:‘n‘ toathfie ner aélé‘n%ea\%as?f {153 5416 Oh gacharged
addi ti on,wa4tis eRh@GnWREALs ih &&msbﬁrﬁq&fﬁgb% 1l to¥entirBlQ rial@atcASPeration.

t hrough the untreated water channel 106 and an untréated water nozzle

112. In cTéﬁtqf@zf;t thers qxisgs amappmm&atﬂ I@Wtuoammp bétwean Syedbay ravd otfilkaed water

d
vt o1 sunp e bl RERs RERASHRET stes bABh bR BB PRl y Rl e
cl eani ng cﬁfgfgﬁigtdelvslopﬁlmtﬂﬁ&eﬁmmbﬁﬁe[fﬂ@ 6}hich is merhie¥afé ARéA i%rweakhe

results of filtering sea water under various conditions wll

descri bedhepnveaiarn cenlpaed i the @Smﬁmmf@wlgqmawt@nnm@ ﬁ@rﬂ%’r raselof
for 12 h et her . not. t he
i ter vaeiidsah HEGERTLELINAERoP RIS} st Rl e8ird goe
was det erfo®réd by neasuring the differential pressure, which is the

di fference between the pressure of water inside the filter and the
In the present invention, sea water that is subjected to treatment is not particularly

limited. In general, sea water in a port, in which ships are at anchor, includes



13 not occur when the discharge ratio was 5. 0% or 40% [0032] [Table
I] arpoi D Present/absent | Present Absent Absent Absent Absent
Present Absent | Present Absent | Absent Present Absent Absent
Present Present Absent | Rotation speed Ludt 617 05 817 z O
001 NI ES 517 05 55

microorganisms and suspended particles and has a turbidity in the range of about 1 to 1000
nephelometric turbidity unit (NTU). Examples of harmful microorganisms in sea water
include Escherichia coli; Vibrio cholerae; Enterococcus; and larvae of plankton such as
water flea, asteroidean, and seaweed. The sizes of these microorganisms are mostly in the
range of 0.3 to several hundred pum. A filter is used to remove suspended particles and
microorganisms from sea water.  Suspended particles to be removed include non-organic
components, such as silica, and have various sizes. In order to effectively remove such
microorganisms, a filter that can remove planktons in sea water having a size of 50 pum or
more, preferably 30 pm or more, and more preferably 10 pm or more is used. In order to
obtain the advantages of the present invention, it is preferable that the filter can remove
99% or more of microorganisms in sea water having a size of 30 um or more. In
particular, the present application is effective in treating a large amount of ballast water by
using a filter having a large area of 5 m” or more. Preferably, the present application is
effective in terms of a long time operation when used in a large apparatus having an
effective filtration area of 30 m” or more.
[0012]

With the apparatus and the method according to the present invention, when treating
sea water having a turbidity in the range of 1 to 1000 NTU, it is possible to continue a
steady-state operation for 12 hours or more, that is, it is possible to continue at least a 12-
hour steady-state operation, and the apparatus and the method can be appropriately used
for ballast water treatment.
Advantageous Effects of Invention
[0013]

With the present invention, a ballast water treatment system that can perform a non-
stop steady-state operation for a long time can be provided.
Brief Description of Drawings
[0014]

[Fig. 1] Figure 1 is a block diagram showing a typical overall structure of a ballast
water treatment system for a ship according to the present invention.

[Fig. 2] Figure 2 is a schematic longitudinal sectional view showing an exemplary
structure of a rotary filtration apparatus used in the present invention.

[Fig. 3] Figure 3 is a schematic cross-sectional view taken along line A-A of Fig. 2.
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fFig. 4] Figure 4 is a perspective view showing a typical structure of a pleated filter

that 1s preferably used in the present invention.

[Fig. 5] Figure 5 is a diagram showing the positional relationship between a

cleaning water nozzle and the filter.

[Fig. 6] Figure 6 is a block diagram showing another overall structure of a ballast

water treatment system for a ship according to the present invention.

[Fig. 7] Figure 7 is a schematic longitudinal sectional view showing an exemplary

structure of a rotary filtration apparatus used in the system shown in Fig. 6.

Reference Signs List
[0015]
10 ballast water treatment system
11 tank
12 rotary filtration apparatus
13 ultraviolet irradiation device
21,22 pump
31, 32, 33, 34, 35,36, 37,38 pipe
101  filter
102 cleaning water nozzle
103 case
104 central pipe
105 water intake hole
106 untreated water channel
107 filtered water channel
108 discharge channel
112 untreated water nozzle
121 nozzle opening
131 outer cylindrical portion
132 cover portion
133 bottom portion
140  electric motor
141 shaft
151 water intake channel
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152 pump

153 cleaning water channel
Description of Embodiments
[0016]

The structure of a ballast water treatment system for a ship and a method of treating
ballast water according to the present invention will be described with reference to the
drawings. The present invention is not limited to these but is described in the claims, and
is intended to include all modifications within the scope of the claims and the equivalents
thereof.

[0017]

Figure 1 schematically illustrates the overall structure of a ballast water treatment
system for a ship according to the present invention. Referring to Fig. 1, untreated water,
which 1s sea water taken from the ocean, is fed by a pump 21 through a pipe 31, and the
untreated water 1s supplied through a pipe 32 to a filtration apparatus 12, which is filtration
means. Filtered water, which has been filtered by the filtration apparatus 12, flows
through a pipe 33 to sterilization means 13 (which is optional), such as an ultraviolet
irradiation device. Discharged water, which has not been filtered by the filtration
apparatus 12, flows through a pipe 35 to the outside of the apparatus. Sterilized sea water
flows through pipes 34 and 36 to a tank 11.

[0018]

Figures 2 and 3 are schematic views showing a typical structure of a rotary filtration
apparatus, which is filtration means. Figure 2 is a longitudinal sectional view of the
rotary filtration apparatus. Figure 3 is a cross-sectional view taken along line A-A of Fig.
2. A cylindrical filter 101 is disposed so as to surround a shaft 141, which serves as the
center of rotation.  The filter 101 is attached so as to be rotatable around a central pipe
(that does not rotate and) that is disposed at the center. Preferably used as the filter is a
pleated filter having folds that are formed so that protrusions and recesses are alternately
arranged in the radial direction of the cylinder. The upper and lower sides of the filter are
closed so as to be watertight. It is necessary that a rotatable attachment structure be also
watertight, but the attachment structure is not particularly limited and a known structure is
used. A case 103 covers the entirety of the filter 101. The case 103 includes an outer

cylindrical portion 131, a cover portion 132, and a bottom portion 133. A discharge
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channel 108 is connected to the bottom portion 133.  Sea water, which is untreated water,
flows into the case 103 through an untreated water pipe 106. A cleaning water nozzle 102
gjects untreated water, which is cleaning water, toward a filtration surface of the filter 101.
The cleaning water nozzle 102 extends from the untreated water pipe 106 so that a nozzle
opening 121 thereof is located inside the outer cylindrical portion 131 of the case 103.
Therefore, untreated water is ejected toward the outer peripheral surface of the filter.
[0019]

In the present embodiment, untreated water ejected from the cleaning water nozzle
hits the pleated outer peripheral surface of the pleated filter. The pressure of the untreated
water produces an effect of cleaning the filter. The shaft 141 of an electric motor 140 is
connected to a central shaft of the cylindrical filter 101, so that the filter 101 is rotated by
the electric motor 140.  As the filter 101 rotates, different portions of the filter are
successively cleaned, and thereby the entirety of the cylindrical outer surface can be
cleaned. The rotation speed of the electric motor may be constant or may be determined
by an operator to be at any appropriate speed. It is preferable that the rotation speed be
controlled in accordance with the state of filtration by detecting the turbidity of filtered
water, the pressures inside and outside of the filter, and the like.

[0020]

Untreated water that is not filtered and suspended particles that have settled in the
case are successively discharged through the discharge channel in the bottom portion of the
case. Thus, the present apparatus is characterized in that it performs filtration while
continuously and constantly discharging suspended particles and untreated water that is not
filtered. This is effective in increasing the treatment rate to a range of 10 to 20 ton/hour,
which is required for treating ballast water, and further to a level of 100 ton/hour or more.
Note that, although valves and the like in the discharge channel are not shown in the
drawings, devices that are necessary for maintenance or for adjusting flow rate are
provided. Filtered water that is filtered by the filter 101 is guided to a filtered water
channel 107 through a water intake hole 105 that is formed in a central pipe 104, and flows
to outside of the case.

[0021]
Figure 4 is a perspective view showing a typical structure of a pleated filter that is

preferably used in the present invention. This filter is made by folding a flat strip-shaped
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substrate so as to form a pleated shape by alternately forming protrusions and recesses and
connecting ends of the strip to each other so as to form a cylindrical shape. In Fig. 4,
untreated water, which is to be filtered, is supplied from outside of the filter 101, which is a
cylindrical pleated filter, and water that has been filtered by the filter 101 is discharged
from inside of the cylinder.

[0022]

A porous resin sheet is used as the substrate of the filter. A porous structure such
as a stretched porous body, a porous body by phase separation, or a non-woven cloth,
which are made of, for example, polyester, nylon, polycthylene, polypropylene,
polyurethane, polytetrafluoroethylene (PTFE), and polyvinylidene fluoride (PVdF) may be
used. Because ballast water treatment is performed at a high flow rate, a non-woven cloth
made of polyester, such as polyethylene terephthalate, is particularly preferably used.

The dimensions of a pleated filter may be, for example, as follows: the outside diameter of
the pleated filter is 700 mm, the length of the filter in the axial direction is 320 mm, the
height of an effective area is 280 mm, the depth of pleats is 70 mm, and the number of
plc‘ﬂats 15 420. The effective area may be changed and a plurality of filters may be used in
parallel in accordance with the amount of water needed to be treated.

[0023]

Figure 5 is a diagram showing the positional relationship between the nozzle
opening 121 of the cleaning water nozzle 102 and the pleated filter. The distance d from
an end of the nozzle opening to a surface of a recess of the filter will be referred to as the
distance between the cleaning nozzle and the recess of the filter.

[0024]

Figure 6 schematically illustrates another overall structure of a ballast water
treatment system for a ship according to the present invention. The elements the same as
those of Fig. 1 are denoted by the same numerals, and redundant description will be
omitted. The difference between Fig. 6 and Fig. 1 is that, the system further includes a
circulation channel, including a pipe 37, a pump 22, and a pipe 38, for circulating untreated
water that has not been filtered by the filtration apparatus 12 in order that the untreated
water can be used as cleaning water. In this case, an untreated water nozzle and a
cleaning water nozzle are independently provided.

[0025]
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Such a structure will be described with reference to Fig. 7. The elements the same
as those of Fig. 2 will be denoted by the same numerals, and redundant description will be
omitted. To be specific, the circulation channel, described above with reference to Fig. 6,
includes a water intake channel 151, a pump 152, and a cleaning water channel 153.
Untreated water, which circulates from the cleaning water channel 153, is supplied to the
cleaning water nozzle 102. In addition, untreated water from the outside flows into the
case through the untreated water channel 106 and an untreated water nozzle 112. In
contrast to Fig. 1, the flow rate (flow speed) of cleaning water can be controlled
independently from the flow rate of untreated water supplied, so that the degree of freedom
of controlling the cleaning effect is increased.

EXAMPLES
[0026]

Hereinafter, the results of filtering sea water under various conditions will be
described. In each experiment, a continuous operation was performed for 12 hours under
a predetermined condition and whether or not the filter was clogged was checked.
Whether or not the filter was clogged was determined by measuring the differential
pressure, which is the difference between the pressure of water inside the filter and the
pressure of water outside of the filter. It was determined that clogging was "Present" in a
case where the differential pressure was 50 kPa or more. Sea water used in the
experiment was ordinary sea water taken at Imari City, Saga Prefecture. The saline
concentration of the sea water was in the range of 2 to 4%, and the turbidity of the sea
water was in the range of 1 to 1000 NTU.

[0027]

The same experiment was performed by using three apparatuses having different
structures. An apparatus A was an apparatus illustrated in Fig. 2 including a pleated filter
that was made of a non-woven cloth and that could remove 99% or more of
microorganisms in sea water having a size of 30 pm or more. The outside diameter of the
pleated filter was 334 mm, the length in the axial direction was 200 mm, the pleat depth
was 70 mm, and the number of pleats was 210. The outside diameter of the outer
cylindrical portion was 406 mm¢. An apparatus B was an apparatus having the same
structure as the apparatus A and made of the same material as the apparatus A, but the size

of the apparatus B was larger than that of the apparatus A. A three-ply filter made of
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pleated filters each having the following dimensions was used: the outside diameter of the
pleated filter was 700 mm, the length in the axial direction was 309 mm (the height of an
effective area was 204 mm), the pleat depth was 70 mm, and the number of pleats was 420.
An apparatus C was an apparatus having the structure illustrated in Fig. 7, including an
untreated water nozzle and a cleaning water nozzle that were independent from each other.
A filter the same as that of the apparatus A was used in the apparatus C. The nozzle
opening was an oblong opening having a long side extending in the longitudinal direction
of the pleats and a short side extending in the direction in which the pleats were arranged.
The distance d between the nozzle opening and a surface of a recess of the filter (see Fig.
5) was defined as the nozzle distance (mm).

[0028]

Tables I, II, and III show the results of experiments performed using these
apparatuses. The cleaning flow speed is the flow speed of untreated water, which is
cleaning water, that flows from the cleaning nozzle to the inside of the case. The higher
the cleaning flow speed, the larger the cleaning effect. When the untreated water nozzle
1s also used as the cleaning nozzle, a larger amount of untreated water is introduced. The
effective filtration area (m?) is the area of a part of the pleated filter that is effective in
filtering. The flow rate of filtered water (m*/h (hour)) is the flow rate of water that is
filtered by the filter and that is discharged from the filtered water channel. The flow rate
of filtered water per unit area (m/h) is the quotient of the flow rate of filtered water divided
by the effective filtration area of the filter. The flow rate of filtered water represents the
flow rate of ballast water that can be treated by the apparatus. The higher the flow rate of
filtered water, the larger the amount of ballast water that can be treated per unit time. The
flow rate of discharged water (m*/h) is the flow rate of water that is discharged to outside
of the case through the discharge channel without being filtered. The discharge ratio (%)
is (flow rate of discharged water) / (flow rate of filtered water), represented in percentage.
If the discharge ratio is 100%, the flow rate of filtered water is the same as the flow rate of
water that is discharged without being filtered. The sum of the flow of discharged water
and the flow rate of filtered water is the flow rate of untreated water that is introduced into
the apparatus. Therefore, the lower the discharge ratio, the higher the efficiency of the
filter (the larger the flow rate of ballast water that can be treated). However, when the

discharge ratio is low, the turbidity of untreated water that remains in the case without
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being filtered is high, and therefore clogging of filter is more likely to occur.  The rotation
speed (rpm) 1s the rotation speed of the filter, which affects the cleaning effect.
[0029]

Table I shows the results of experiments performed using the apparatus A. From
data numbers 1 to 5, it can be seen that clogging occurred when the cleaning flow speed
was 200 m/min, and clogging did not occur when the cleaning flow speed was 250 m/min
ormore. From data numbers 5 to 9, it can be seen that clogging occurred when the
rotation speed was 10 rpm or 120 rpm, and clogging did not occur when the rotation speed
was within the range of 20 to 100 rpm.  From data numbers 9 to 11, is can be seen that
clogging occurred when the nozzle distance was 150 mm, and it was necessary that the
nozzle distance be 120 mm or less. From data numbers 12 to 14, it can be seen that
clogging occurred when the flow rate of filtered water per unit area was 6 m/h, and
clogging did not occur when the flow rate of filtered water per unit was 5.1 m/h or less.
From data numbers 15 and 16, it can be seen that clogging occurred when the discharge
ratio was 3.7%, and clogging did not occur when the discharge ratio was 7.4%.

[0030]

Table 1I shows the results of experiments performed using the apparatus B. From
data numbers 21 to 23, it can be seen that clogging occurred when the flow rate of filtered
water per unit area was 6 m/h, and clogging did not occur when the flow rate of filtered
water per unit was 5.1 m/h or less. From data numbers 24 and 25, it can be seen that
clogging occurred when the cleaning flow speed was 206 m/min, and clogging did not
occur when the cleaning flow speed was 250 m/min or more. From data numbers 26 and
217, it can be seen that clogging occurred when the discharge ratio was 3.9%, and clogging
did not occur when the discharge ratio was 5.1%.

[0031]

Table III shows the results of experiments performed using the apparatus C. From
data numbers 31 to 33, it can be seen that clogging occurred when the cleaning flow speed
was 200 m/min, and clogging did not occur when the cleaning flow speed was 250 m/min
ormore. From data numbers 34 to 35, it can be seen that clogging occurred when the
flow rate of filtered water per unit area was 6 m/h, and clogging did not occur when the
flow rate of filtered water per unit was 4.3 m/h or less. From data numbers 36 to 38, it

can be seen that clogging occurred when the discharge ratio was 4.0%, and clogging did
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not occur when the discharge ratio was 5.0% or 40%.
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CLAIMS
[Claim 1]

Aballast water treatment system for a ship, the system comprising a rotary filtration
apparatus including a filter that is cylindrically formed so as to surround an axis, that is
rotatable around the axis, and that has a pleated shape that is folded in a cylinder radial
direction; a cleaning nozzle that ejects untreated water toward an outer peripheral portion
of the filter; a case that includes an outer cylindrical portion that is disposed so as to
surround the filter, a nozzle opening of the cleaning nozzle being disposed inside the case;
a filtered water channel through which filtered water that has passed through the filter
flows from a cylindrical space inside the filter to outside of the case; a discharge channel
through which discharged water that has not passed through the filter is discharged to
outside of the case; and an electric motor for rotating the filter,

wherein a distance between the cleaning nozzle and a recess of the filter is 120 mm
or less, and

wherein the ballast water treatment system is configured to perform a steady-state
operation that satisfies the following conditions a to d:

a) a rotation speed of the filter during a filtering operation is in the range of 20 to
100 rpm,

b) a flow speed of cleaning water ejected from the cleaning nozzle is 250 m/min or
more,

c) a flow rate of filtered water per unit area of the filter is 5.1 m/h or less, and

d) a flow rate of discharged water discharged from the discharge channel is 5% of
the flow rate of filtered water or more.

[Claim 2]

The ballast water treatment system for a ship according to Claim 1, wherein the
filter has an effective filtration area of 5 m® or more and is capable of removing 99% or
more of microorganisms in sea water having a size of 30 um or more.

[Claim 3]

The ballast water treatment system for a ship according to Claim 1 or 2, wherein in
a case where the untreated water is sea water having a turbidity in the range of 1 to 1000
NTU, the ballast water treatment system is capable of continuing the steady-state operation

for 12 hours or more.



cc | t7E SE 9E LE 8E 16 CLAIMS [Caim1] A bal | ast wat er
treatment systemfor a ship, the systemconprising a rotary
filtration apparatus including a filtet7that is cylindrically formed
so as to surround an axis, that is rotatable around the axis, and
that has a pleated shape that is folded in a cylinder radial
dlrectloi geanlng nozzl e that ejects untreated water toward an
out er |p portion of the filter; a case that includes an outer
cyli ndr i cal partailest vdbattreasneht ii‘&ﬂ&ﬁ(foﬁ@ sldp, thenftiodaisiig 4 ey Glitgion a
nozzl e openi ng of the cleaning nozz] e being disposed insjide the case;
a filter dBPHARS inciUinm filtenhafig pyhpicaly formed sganigrsarrounban #as haidsed
t hr ough f f r
to outsi doraplEind et HATA s b e e A B I acind B
wat er t haliretids; neteapiag szt Hiao vights tuhtredted tveter tosvadd smhlaelglmhphaabpmsbﬁle

of the ca nd an electric notor for_ rotating the filt
wherein & &%@%&C%%E%HWIW%% P\éfﬁhw%@dﬁs@zlﬂogi%hafas ﬂl@@%@é SBAS fhe

filter i guddbhd ek Glite! &% zzl@ﬂge&ung of B efeghin szlcpﬂéﬂl% yRh "ﬁ{mde the case;

treatment systemis con to per orma stead te operation
t hat sat iadfliepsl whier ¢lmhhdvthm>gglu: phethtfiltened wateothdt has passed Hyrowglr the diiteon

speed of ilter..d afilteri eratio int n of
26 to odtariom s Stindsiclhef i She i R Phidert tiikess s Sbvga e
the cl eamRg Iﬂ@/ﬁ?&h%dcﬁarég@wm&ﬂ&t Qs I{H@ Sssed throu th)le ﬁitfﬂl 19‘&'15‘&%@6(9{0
filtered materfp unit area of the filter is . or less, and

d) a fl owutsadeeotdhe @hsgcﬂmérag@tbmmﬂtouf@o’haﬁggdlefﬁlm t he di schar ge
channel is 5% t he

The bai I ast - warrt @ik b A et loselsh s ForE Sl e Bealy Suc ey o dom
wherei n topgeskidntier has an effective fiItratlon area of 5 nB or nore
and is capable of renoving 99% or nore of m croorganisns_in sea water
havi ng a si zeW“yeregoa steadyoratgeperatipicihat satigfies the follpreng egnditians ige dris
treatnen% ﬁ?ﬁﬁ &g for a ship according to aiml or 2, whereinin a
case where the untreated water is sea water having a turbidity in the
range of 1 toaldf@atNhldpeddef thafiltasduringtacfilicring@bemtibn &)is tieahge clabl e
of conth%lng the steady-state operation for 12 hours or nore. 17
[O ai m4]t001PM, A pal | ast water treatnment method for a ship, the

met hod usi ng §) & Ab@l¥edd ddahifivA ﬂé&&&ﬁoﬁﬂﬁé UBLitGe fodd ik 950 hpan b
cyllndrlcally orned so as to surrou an axi s I's rotata

around t eorexi s, and that has a pleated shape that is folded in a

cylinder radi ir anln nozz e ts untreat

Wt er touard aha o Erte sE Befha fuafetner b Res pF iedlr N £F WP SE e B
includes an ogj @Hoﬁ%bﬂeflﬁﬁisﬁﬁdrgéﬁ)ﬁlﬁﬂep&séﬁh@%ed f‘ﬁjrﬂltlﬁactﬁ%grg%(%hgfﬁlel B5% of
surround the filter, a nozzle opening of the cleaning nozzle being

di sposed thnBpwieate b fillered waterfor mcse.ed wat er channel t hr ough whi ch
filtered water that has passed through the filter flows froma
cylindrical space inside the filter to outside of the case; a

di scharge channel through which di scharged water that has not passed
through the filter is discharged to outside of the case; and an

el ectric notor for rotating the filter, wherein a di stance

bet ween the cl eaning nozzle and a recess of the filter is 120 mm or
| ess, and wherein a steady-state operation that satisfies the
followi ng conditions a to d is perforned: a) a rotation speed
of the filter during a filtering operation is in the range of 20 to
100 rpm b) a flow speed of cleaning water ejected fromthe
cl eaning nozzle is 250 mimn or nore, c) a flowrate of

filtered water per unit area of the filter is 5.1 mlh or |less, and
d) a flow rate of discharged water discharged fromthe discharge
channel is 5% of the flowrate of filtered water or nore.



