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Deterioration of Water Ballast Tank Coatings by Chemical Active Substances

in Ballast Water Management Systems

by

Ryuji KOJIMA, Michiaki IKAI, Koichi UEDA and Toshiaki SHIBATA

Abstract

Sodium hypochlorite (NaClO) and ozone (O;) are the principle chemical active substances and usually employed in ballast
water management systems (BWMS). In the present study, the authors focus on the effect of these chemical substances to the
matrix polymer of water ballast tank coatings. In order to obtain such information, the authors investigated the penetration of
chemical active substances to the polymer from cross section of specimens introduced by SAICAS (Surface and Interfacial
Cutting Analysis System), followed by FT-IR-ATR (Fourier Transform infrared and attenuated total reflectance) spectroscopy
analysis from Z direction of cross section. The corrosion test of coating panels immersed in artificial seawater has been
conducted for 120 days at the concentration of 15 ppm of NaClO and 5 ppm of Os as experimental group, without active
substance as control group, respectively. The results showed that the depth profile of each active substance is around few
dozens of micrometer from coating surface. It should take notice that the evaluation may not be applied for the acceptability
in accordance with the integrity of coating film. The reason is that there is some uncertainty factor in the laboratory
experiment, e.g., how can we simulate and duplicate the exposed environmental condition in the laboratory experiment
corresponds to 15 years or more voyage period of a ship. Moreover, this experiment might be conducted an excessive
exposure concentration of active substance by comparison with actual concentration in water ballast tank after operation of
BWMS. It should be needed to investigate the actual concentration of active substance in the water ballast tank. The authors
can summarize that this study would be highly significant from the perspective point that the impact evaluation by active
substances to the coating film is newly introduced as compared to general corrosion test and the present scheme of evaluation

for BWMS in accordance with procedure for approval of BWMS using active substances.
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1. FAMNE

WaDRT 2 b KIS K OVEE OB L OVE B 72 0 D EFRSHIM (International Convention for the control and
management of Ships’Ballast Water and Sediments, 2004, LA N BWM §:4) & 509) TlE, 3T & MK OAY) % 71
THIEMEME (KEEHERT Y 7L, BIEESR, 4 %) 2HHT 537 A hKAERAEE (Ballast Water
Management Systems, LA BWMS & 504) B, AGBTFIETHHE 9 5HA RTA4 > (G9) ITheV iR S pt.
BWMS %, G9 O“BREEm”, “MiAi LUWRE~OZeM BT 2aHhic S, [EREEFH#ES (International
Maritime Organization: IMO) OF} 73 B FH{EZEEZ (Group of Experts on the Scientific Aspects of Marine Environmental
Protection — Ballast Water Working Group: GESAMP-BWWG) (Z X 5, 54 - #1745%, IMO @ MEPC(Marine
Environmental Protection Committee : MEHEERBEEREZ BT TGRS D, AL 2T, MEPC IZ TRk SLT
V% GESAMP DO ikBric B4 2 8% (GESAMP Methodology) (ZHE & FEfish, N7 2 b 7 Hibf B L
BEl O BRSO RE ETP

ZDO—J5 T, IMO OBEERAEC (Performance Standards for Protective Coatings, LA F PSPC & 7247) 1%, 2008
7 H 1 BURBROEEZMGEH SvCl Y, TAETHE, 37T PSPC OBMAERERTLHNTA MF
7 TR UBIRREBE BT & T 5. PSPC I, /N7 A & v 7 B3EIC BT 23 JEEZ A L TRV,
BAERAROME ISR < B9~ 5, FOSEREMTT, L, BEIA — I —FOERFURICK L TRE 0w r2 5.2 T
5. 2015 45 5 ABIET, BWM S ~DOLHEEIL 44 A [E, #5F0E O FEIE RiL 32.86% & 72> Tk v, BWM
FHRIDFERN (BWM SHIOFZHENRIL, SHHEE 30 HELLEOFFIE O b DipEE2s, R ORGnE =D
35%LL L) RESVTND . BWM FKIDFENIT-S< T, BWMS OFEME D PSPC IZHERT 53T A R4
VI BIEASRAT TR OWTE, RIEARHAZRED% <, BWMS OIEEMEIZ L D537 A N Z 7 BEEA~DRE
EHODCTD2HERS L. ELTLIE, EEWEICE DT A NZ 07 BIEA~ORBEIZONT, BFEE (R—
U —HIBER), BIEOA o E—F U ZHE (tan ), WK RO NHT O TR ER L 0, EHEWEIT, A
T A NE oy BEEOBIEOAE N IMRESEEE Kb, BIENTRIT 0 R EE A2 A T DR A SEL Ly
L2236, BIERE CIEEbBS R LOBBYCROKIESE, ZOREMHIRM Ch o7z, £ 2 TR TIL,
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TEMEME D/NT A N Z 7 BIEA~DFBIZONT, BIFE~OREFEBIIOWTRLL, T 6 ORI FEE
ST 925 LT, T R NF 7 EEAO BT & ERAN R T D BRI, RIS & 722 D RS o
ST T2,

2. EHEMEDNTR N U BEADFEFHE

2.1 NS R MKAUBEFEMEIC K HRBAR

BWMS IZIAS< A SN TN D, FV (0y) BILOWEESERET MU 72 (NaClO) ZigisEstBricfit L=, %f
WRBRL, ATHK (BRBEERBRMH, 7277~V L, W) OBEHEE Lz, RO ORE A IX=IRIC
THEBREICHE L2, BBUKOREEX 35CEICICTEHL, IEMEWEIIATHKRPIZEF S, 03 1220 T
&, WAELEE (Z5SWH, UA U7 v 7 RS, BROEME Sppm) 2> HERBOKEE (100L) (2 8 REfH]/H OFEHST 4
AR Uiz, ERICOWTIE, NaClo (Fiyeflidy, XEE 15ppm : SRR &) #%MH%s QL' 770
7T AZEERT 1 BORIE) 1B LITE ORISR U7z, RBUKIX 10 BRRICEREEZ M L, NaClo DiRiE
RER T, BE G 1y AL, EFRREOREMR L ORERD 2 HEET 572D 2 B 1 [EIOME CTRER
KEeRZHTHZ L L, 20%IE, HBBUKkORZH% &P (S Hi) I NaClo #8537 5[iE & Lz, =R
(W RRBREEE 2 X 1R d. RBUKOKIE, pH (BEGEERE PH71, HORIBA U-50Multimeter), % (7
Z = MASTER-SMillo JEHTHET) 3 L ONEMEME OIREE (0;-2Z IR SR by ¥, RERRER L0
Bl S22 51 TACMNA Chlorine Tester DCT-01HACH ) % EHIROICHIE Lz, 3R OLRIE & A DK D785
T DIC e =— VS TR 2R, AEElE K OV EEIC W Ggla AT r—v) RO T RIER
BHIRICIT 5 O KN OFHAIEH, NaClO #PARZHZIE A DRI L ORI FRIRE, RRXOKIEN
IREE ORI LA X 2 1RT. 7256[K 2-3 Tk, b — % — R EAIC L 0 FrEIRE 2 HERF TSR 72 W IR L S vz,

H1-1 0,REBEHBREE (£), BLURBKE (B) ONE

B 1-2 NaCl0 REBAFH () BIUNMER (AIHEK) RBAKEDIER
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2.2 HEERRA

AFHARFFRI M U7 akBR A 1L, TEMEEIC K 2 BIRR SR S 23l 5 BAYICRHME L, PSPC &f&dh (721
Y L) OZRF EREE A, B, C, D, E O 5 fifia&Am Lz, SBRA OFfLeElL, o F7 7 2 | (Sa2.5)
&L, B OB JOUNY ZAFEEALEE U SRR X, 320um+30um (BAE(E) CHljESiEc CilE, va v
TTITA ==l L TOBY EEE, 160um (HEEE) <2 [ITHEML, 12— hHEE L. BEHIE, 7 BRER
SH7o (REE 23°C, 50% humid) . EATRER A OREAE (SFHAMRR : 2.5mm>x 25 R 12.5mm, 4% 2.5mm O 5
A, L=V —F 3G 2EE L, RBREOM SIS A REOIT~DOEELEE L., BRESIT,
MRS EE (Kett Coating Thickness Tester LE-300C) THIE L, #kmE I L OERORREZ L L. 3R OX
XIBLOEREK 3 IZ, BT OFS, RREMtL LB FHESOWNRER 1 ICENTIURT. G
R ORESITTT EEE & 72> Tz,

f g f g g Hf
< e e e e e =
( ~ - 'E
N J =
3
\m 75
N -
~ g
o o - " b s
] g
; Y

3 HEAFBRADOTERS S UVERERFAME (BUEF 3 ROFHES LTER

£1 HEHEBRAS S CEEBEENTER

Q A B C D E

J2H | wmze [R[E| x| E| 2| 2| 2|2 |2

HRAES

[ m] [um] [um] [um] [um]
b I 3141379 355(386(337(330(318(365(312( 388
03-37 A 335(370(324(432|331(352|357]|373(318|330
03-47 A 303|364 |327(346(333(330(308(351(324(390

NaClO-34 A |342|352|328|339(338|353|318|358(330]|355

NaClO-44F |354|415|360|370|350 (366 |341|319]333|320

ANIi@K-37H|327|372(330|337 (320352336349 | 332|360

ANIi@EK-4-H|339|370( 322|358 |310|308|325|352|347 379

O |INd|oO|la|b|lWIN

2.3 EEMEDOEEADEREIFRS O

TEHEWEIC L DT A N2 o 7 BIFEA~ORBL, BIRE S FIM~OT R URIE D6 L 0 FEi L7z,
IR TR ORBR A 1Y, FEEUHEERE (Struers Secotom-10, FUAA L7 ARRA AL, YIHIEEE - 0.1mm/sec.,
GIEI M EREL © 3300rpm) & VT, §RBR T OHULERZE SemxSem (ZYIHI URTALERIZ B8 L 7=, RTAWELL, KBRS
TIHIZ Wz, RROEIENE, @ FAPRE D @ o fRRE /AT oINS DR T 21T 9 BRIZ, Tkt 5e)E & o trikes
DZEMFRRELL FIZIER S E D FETH D, RS HMOSHHRLEEE LT, 371 b—AIZL 580720, WHE
REDOHEPRANSER TR UL, $it2 7 a U c 2 8EE OBIEEICH LCTIE, O TETIIELE
[ & EEAZEIHIT 272012, BRI OEMECMEEZ L U D rTREMNH 0, B OIRE T a1 ~D 5007 %l < 7%
ETHZENREEE 72D, 22T, HWEICROUHIT 2 Z enTEiul, BIEREZTEICIIRT 22 N TE,
AR DR EZIRE CERGIT DI TE D LB T, KEtORsRE, SAICAS (Surface and Interfacial Cutting
Analysis System, %A 77 « 7 A 7 ARG HEEDSHOUFINTE 5720120, AEEZHEH L7z, SAICAS
&, BRI D OUHLRE OK/EE) % pm/sec TRETE D700, T 5 BIEZEEOBEREA~ILRS
¥, BBABR%OBIRERE ) O NEE COEEDE OREREE B SR S L CRIAc& a2 Fi-
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SAICAS UIHINZE, kR E DO N A2 BRI EI 0 iAZ, —EMEZLRRF L7REET, YIHIES (@REZEN d),
GG DOKFET) (Fy) BLOEES (Fy) %?E'Jﬁéf‘-é“ L. ZOFyBIOdIL, Y0 ALYMERECO, AR
BLOBREARBRTOUHIARY — 2T 52 L2k Y, IEEWEOREIRS fbnﬂﬂﬁf‘% HEBZT.

7 — 1) IEHIRINVY I EE R (Fourier Transform Infrared Spectrometer: FT-IR) 1%, AH(LAM OGN 51T 5
ECEERSIHSWIETH Y, 7 B, Rmad, NS 2 SRS IER STV A, A,
ROF /I HAZEICFIH S5, ATR (Attenuated Total Reflection : R4S % V72 FT-IR-ATR 45
Wrik%, SAICAS OEEUIEIEIZEM L, WREFHA~DART MUVENTZEA Lz, <~ N » 7 Z#gIE, =R
FUBMETH LS. HIZIEL, AT =/ — )V ARIZRFRRIE, K4IRTERAT7 2 /) —/VA L m/LE R
UrORIGEVELND., BEAT =/ —)L A BRI ML, 1605ecm™, 1580cm™, 1510em™ (2 B
RDRFE—RFEEES (C=C) DOMFEEEIZ, 1250cm™ 127 = / — /VHKIEEEH RO R FE—FEES (C-0)
DOIFFEIREI ORI ZH U8, BIEOYINIESIZHIT 5, IR A3 ML OREERIER 0D, 1HHEWE O BIFE~
DIZFEEES ORI ERHGEE LTz, £ ORES %X 5 12753 .SAICAS 3 X OV FTHIR-ATR 234 OBIESEE, DL D@y
ThD.

(1)SAICAS (DN-EX-20GS) |2 X 2 A&EE RO YIS
WEE—F EHET—F Wz EdE K, EEFMA~EL, YHl, FBEZ1T5E—R)
UIHIEE  AKOEEE ¢ 10um/sec, TEELEE : 0.1um/sec, BIHIVERE : 100um (BIHFEE X=IR)
by A YEY RGN B 1.0mm, AZA 10°, =4 10° ((HL, YA KO v X=X DH 4 K
B bEER (WA RO5|&RE HEFETZ0))
QFTIR-ATR (—F7 (v ¥ —H AT 47 4 v 7tk INIOMX) HIESM:
- ATR v —7  Ge-ATR i/}
WRAAR HiPH : 675~4000cm™  SYfREE : dem”  FEEIEIEL : 64 7]
HE 7 SAICAS Ul A B E AN 10um (RCEF AICHR LT 1000pum) = & IZHRIE
T E R E=elx]

CHj
Cl
”° o+ 977
(0]
CHj3
Bisphenol A Epichlorohydrin
1250cm-!
— > \‘
1605¢cm- 1
1580cm-!
1510cm-!

4 IRESBIEOEHAF—LABES RIRRRY kLTF—4

SAICASHE 4] | FTR-ATREIEARE O |
KIS FEHEA DY HERBERRAT BN REORSARIH
K7 Fu AR BERE=10010BE

kEgERE O 1000pm 10000um

S EMEOIX

LIl DT
5 SAICAS f5ZZ UM 4 & U FT-IR-ATR BIEEIZ DLV T
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3. RERFER

3.1 HERFDNEREE

AERATI X O RBRZ ORBREm O R mEREEZ X 6 (2T, BB 0EEZ(B LOEEE02E, 3 7 H
BLO4 r AREABRRIZBNT, 05, NaClO BLOATHKPTIHIE L A ER SN ST2D, BEYGROK
R L ORI N LK 2R < 2 TOREBR A TR

6 HERALS L VEEMEREROHABR OREETHER

32 SAICAS XU FT-IR-ATR ARY LT DFER
32.1 SAICAS [Z& B ZEEEmD I

SAICAS T L 2BIEOBEIE OF 2K 7 12757, SAICAS (& X 28IHI5 0L, o LE 6 T (BifgosH]
) ThbH. o7, Wi EENBEORE L, FEHSBEEET A RT. UEIC L2 BIEO5| X R X N E
PE<T=dIi, A Kby M&E2 &P L=, YIEINOEITICEY, BB EZIZ 7 L—2 kD7 4 77—, b
DT LRI E S, $£72, BIEEEE L NEIcRBW T, BIROGIZ (L L EIZR S 7-. SAICAS YH|
i, HEE IS RO A B L CUHI TREEZZRE=4— L TE0, YHIRER W E 2R L. &K
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(2, BIHIRRCAE SN AAINEE#R E LT, SICAS#X (Fy-d) 23% 5. HBoN-MXofE LT, #BBAF A DA
THEKI L TONNaCIO D 4 A BFZRERD 7 T 7 %X 8 |Z-T. MKOBIEEELZITV, 7'my MRS B I
FABAMR S 2 R L7z, il Fy %2, AREIOIERES d 2079, PEMIERTIE, UHIRSO 50um £TE, Zh
L0 HLED 100 um CEEOUIHIZGM) FTEENENO T vy NTHIKELZ, 30um £0 72y FO[EE R
FIER U CTHo72M, Loz R L TEIE~OFEBRI O LRZ S0um EE L.

7 &% A 0 SAICAS £HIE DS F MR DE1R

5" 5"
4.5" 45"
o a4
Z 35" Z 3o
% 25 ¥ 25" y'='0.0536x" ; —
2 2" "R?'='0.93335 - ]
L5" 1 y'='0.0414x - T
1" /a 1"
0.5" 0.5"
0 s T T T T o" e
0 10 20 30 40 50 60 0 10 20 30 40 50 60
YIHIES [um] YIBEE[um]

M8 44,RARERDATLIEK (E) 8&UNaCIO () O F-di#R=

3.2.2 FT-IR-ATR R4 kILAIE

IR A7 Mo—filE LT, BRA A O 4 7 HiZIEHZD NaClO, O3 38 KA TIKD AT ML#[X] 9 1TR
3. PO IR 2, BRETIEE R L, BIEOE S HIacet LT, £ES 10pm T 50um E CHEIE
L7Z IR A7 bvZ&2d. 10um K0 H/NSWOREETIE, BIEOERIH S, BB LT 4 7 —1c k5 A
7 MASOFENG 572, CIHIEORER S % 10um fi & L7z, 033 L ONNaClO DO#&EERER T ClL, Frlck)E
TE, 1722em™ FHITICIREOE =2 23, 1478cm™ FHITIZHT LW E—27 23 HEL L, 1508cm™ O &' — 27 238b LT
5 EDNDMND. NaClO 5 TlE, 1245em™ O E— 27 3 TIRIAL 720, _UP U EORB-MBHAIHEL
ZAF RN B D, £72 05 TIE, 1508em” O E—7 L ERE TIIRE <HE L TEBY, WV R=VHERE X
7 N UARDEHIEE R ISR L T D THEME S B 5. — xR OEATE, IR A7 hUEIRS FIaBEREL,
AT NVEIRIE—E CTH o7,

3.2.3 SAICAS #&E (F,-d) & FT-IR-ATR AR% hLIZ &K B EREFE S DT

BT B HORLEZIIHE, FadVhS <22 LRE L, Fud OBIVITEIC & 2 BIROBIE 2 Hled 2 =
LT, RERSEZMGE L. BEREOM S ORELZYERT 272012, BIEEHND 2um £TO Fy 28R L,
BIHIE X 2-10pum &, 10-50pum O 2 FEIRKIZ 01 TR X 237, & LT, A O 4 » A B L ORMLB O =
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IS L7, ZORREX 10 17T, ATHKE i LU OEEYE RBEOEE X, ZEND 10um IZBWTRE
<, BENECIIRBREDEEZ R EFERER L o7, 728, RUEB XA THKOEE T, BIFEN
OB IV/NS Lo TS, Ziu, BIEICE ENDEECT 4 7 —I12 XV SAICAS YN EEZ KIFL, Fy
WIEE &R LD EEZOND. Tz, ARFHIRERT O NNV L0, HEMEITH LR Y)—8%
ECH D70, HEMOMEEZELFHMETEX2R2WEENH 7. 1> T SAICAS 1%, FT-IR-ATR Z5Hr Ok Sy
Hrams e L, O FT-IR-ATR A RIC LV IRBIRS Z#dHii L7z, & LT, X 10 TR L7z A OYIHIEIZ

SONT, IR A7 LD TH D, 1245ecm™, 1478cm™, 1508em™ B8 LN 1722em™ 726, T ZEN O L
(@D : 1245cm™/1508cm™, @ : 1478cm™/1508cm™, @ : 1722em’'/1508cm™) %, BIMIES HIACHH~7=. 2 b o
WL b D HEINES KON L, BIEEH P OERREOHROBD 2R LT Y, TEEWEIC L BIIE SR
ZRIFLTZZ L A7RT. 728, 1508cm” DE—271%, B —27 2 o, S K& W2 EIRICHMEIC)R B
TEXDHZ LMD, WL AZRD DD REE LTz, ZOREREAZM 1117 T. £EH5 10um OIFES TIE, W
EO, @QBX0@D02THED Lz, OBLOOIF, 10um LUETIRIE—E L -7, —F, ANTIKBIO)
RAFRABR ATl FERB L OBENED IR 227 MWTIED Lo Tz, ZILE OWEEE LD & O TS 8 X
0, BIEFEDHNERICONT T, 1722em™ @ AR =EE (C=0) : B— 7 N LR, 1478cm™ : fENGIK
AF LU ((CHy) : B— 788N L—E, 1245cm™ : 7 = / —/u4% OH (C-OH) : v— 27 SN L—IiE,
ERDENGND. RAITRTEARAT = /) —/b AEBEPIZBWT, =—7 UG DIERE L LR = Vi
EBER L CTODAREERH S, 2D OFEREEOBAE, EEWEIZ L DEIEEHR~OREEZ RL D EH
Z 5, ZOREENSTEEWE OBIEA~DREEST, 10pm FRE &3l L=, RECORER R A~ 7- 5k 52,
TEYEME DRGE 4 7 AR OBFE~ORBIERSIL, [MoRBRF LRED 10pum OFPFATH 7=,

- 1508cm-1), ,\f (\/\

" \ \ L

o T | 1478em YA

n 1722emt \V V!ﬁ |J\ f\/ 'I \"l \J{"/

- S ur_f.a_ || I M\ II\ N r"lj
| VAV

1722cm?

| I |
(L] If\ JI[\ \ ~ || Itl v
fiele 10um /\J e~ ||‘\||l\/\// LN
'Hw \'ﬁ‘k )I‘[h/\ “ /\)I \‘.,'lt/,e;
1 20um SN \
- I AMA A\ \/
| 30pm _/\/\ - t'1| U\ In
" . w \
22| a0um spam A~ AT \V4
\J U
040 4% l"‘\\’_‘/ —y VA
e¢] 50um o] _50um o
19( 1800 1700 1600 ;.&ﬁslﬂ(ﬂ:m_l] 1400 1300 1200 - - b - Eﬁﬁm_ll - - -
@) (®)
.1 Surface
19( 1800 1700 1600 1500 1400 1300 1200
#Hfem)
(c)

M9 445 RASERDHERKE ((a) NaCl0, (b) :0,) HIURER (c) D FT-IR-ATR AXY ~JL
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10
. W03
‘I\CID 8 - W NacClo
x, W ATHEK
e
S
& 4
fa|
el
i

0

2-10 10-50
PIEIZRSE [um]

10 ADEMYME. ATEBKRE4 7 ARELURLETO F-d Mo DIEE EEIEIERS DN T

B 11 NaClORFE (£) 8LV 0RE (A) TOURIRSABMTORNEL

4 B

4.1 FEHEMEOZRICHT HREELE

O3 IRFEDRBEZ TR D128, IZIEAKFEND O IR ZFRA L7, IRIEAKE) ORBUKkEZ B — I —IZ 2L &
L, E—h—%ZEREN (EE 7°C~10C) ICHE L, ZORE(b2HE L. BES M, 1EFE1 BED
Sppm ZAfERF L TR Y, BEBAIIATHAKRF T, %I Sppm O O Bl F CHIE SN TV D EH X %2}%5. (ONnES
W, AR TH DI, ARFHA T 24 BRI BIZE A LIREEME T Lie o7, ZhU, FEBICER
WA T 537 A MK E R LT, HEUKITER A THK TH D Z &, ARRBRGAETAEY) 2 B0t w3 564 %
B LT3 GMECh D 2 &, S 5IZIX DOM (Dissolved Organic Matter) #:43 2 Y COD (Chemical Oxygen Demand)
MRN8, O; DRI IR o722 b, BFRINEZZ LD, AFIETOREYIL 4 » A (2880 Kffi)) TH
D3, T ORI, BWMS OEARF#Z 1 H 8 Kffl, 1 AIC 2 flilFDA L —3 3 & 1L RETIUT
§2x12=112 FEfI & 720, 154FEITHYS T 5. 1o TAMAETIE, EFRKEDEMTIL, 4 » A OREHABRIL 15 4
FRYDOREBIAM Z T A M Z o 7B 2 TNV Z 805 122 U G o8 % 1 L < FHlid 5121
FEfRD BWMS TD/XT 2 "KHIOD O3 JREERMEAKMEIRSE, NT A NZ o7 NOERREZHE LEET 505N
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&%, I NaClO ORFEHEEIZ OV T, F 93BT 8 L OB RSN CHERIRE OREEIZOWT, AT
KIZ 0. 2ml (HE5E 15mg/L I1ZFHY) O NaClO U L7=35A, #GE%D 5 Ak OEBIRE DB 4~
ZORER, WFBEEFEDS 0. 46mg/L/ H, A3 0. 76mg/L/ H OFIG TR L7z, &I, BB 2 ANTRIECO
FOPDRIZOWTIHATZ, WHEOBDRIL, BHARZE~D NaClO OFHEHOEHRREE C, t AROEHR
ExC T5E, 1/t HOERRERDHE a, X)X TREIND.

C-C,

t

a =
1/t
t

(D

(W& v, BRI A AN T EARST CIE, SHFRREN 1.46mg/L/H~1.92mg/L/ A OEIE T35 =
ERREL LN, RBAELOBLZ 25OV EECH-T-. U EDOZ Enh, IEHEWEOREERIZL Y,
INTG A NG BEADEBEINKE B0 D B 2 HivhH. GESAMP Methodology D& A5 ERIZ Rl ST\ 5,
TEMEMVEC X DK LAUE, ARBRITIEMEYE N SR CIFEET 5 “Worst Case (EMEAIKZ 1Y) “ToOfEK
KEBZ NS, FRERONT A NZ 7 NTHE, IEEWEREN KT GEED/NEV) LTS /3F X kK
R0, IBIT, RBUKAOY A 7 v LORNEMIM O R 72 & ORFRIFZEN, FETONT R M7 /37 2 MK
DEDRRFEITHY T EDO0ERD D ZENEL. 2D, NT A KL EES NTF A NZ 7 DEREICE
DT, EHEMEDONT A NZ ) BIEA~DO LB BT RETHD.

4.2 EEYMEOZEICHT IREREDEZE
o5 BB IR ) D D RIR - b B de. SUGREE k O EERAEMET, Arrhenius Q)R 5% 2 7220,

szexp(;EaT) (A : BERTY, BdRM b= ¥—, RAAMEES, THEAHEEK]) )

ZZC, KR T OFIGHE k B LT, OFUGSHE k, (AL, Ti<T,) TORISEEK/K)E E D E, )&
05,

(klj E,-AT
In| oL |= Za 22 3)
k) RI-T,

TEMEE D Ba AR RFN T H 78, SCHEZ W CTRIGHE L Z RFE D 72, NaClO D4, Mycobacterium
spp.(pH7)=X°, Bacillus subtilis spore (pH 6) DAXE T DT, —IRANTE(LHELELT Arrhenius B DI EE IR AFMEIZHE,
Ea fli35 L% 80 kl/mol IR SN TV BE2EL 0, 054, MTBE (Methyl fert-butyl Ether) DEMLEIGR, 7
TR o HAE RS & 95 ER P RIAOEER L RIS 5, Ea fEiZE X% 60-70k)/mol & RS HiL TV 5 2,
Z T, BEETONT X MEKIEE 40°CE L AFEBRCTOBREERER LOERIR 25COZNLNOMEEFEITD
WTC RS o 72, SOSRITER 72 2 23 Ba OSCRMEZ AV T, (a)AT=5°C (T,=40°C, T,=35°C), (b)AT=10°C (T,=35C,
T,=25C), () AT=15C (T,=40°C, T,=25°C), OILHEAZFHHA LIz, ZO/EE, (2)TiE 1.5-1.6 {5, (b)TIE
2329 1%, ()Tl 3.5-4.7 & 7o 7. SUGEEEEEOIEFERIFENIER TR 20, I E OB~
S, BBEEOREEZICRE UKFT 22 Lnnd, EMEIIERELHET 5.

4.3 EEMEDT Y VO ZABIE~DRIG
W TEEWE OIS, 12 (R E B LA BOS & LT BT AP (o fS T b Bk
Y, =27 ALEY), BLUOWNR= MEEWMZTERT 5. TEEWEOAT R N Z 7 BB Th % =A% il
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OB T, KATEL, FEERB IO AR UEIIED IR A7 M A RIURBHES ZHMET 5 LD TH 5.
IO EE, UNMURD D IR AT RLIEOIRIBIZIV T, SAICAS UlHImE 7S LB X 512, BIEONE
R, TROLAMEENREREEL D, BN, FEROEKEATHILOLHY, ARERBENC
EENDHEOHEL LOMERICOWTHRIMTH H. 16> T, ZOREZPBRT D701, “7 U 77,
TROLAMBEER & W —RBE (=R U85 2 HOWZERERRZITV, IR A7 M ZHERT 5 2
ERMETHD. ZOFECLY, IEEWE L OIS XV FT-I2AE TS, KM ((OH), BVR=/Li (C=0),
TRATNIE (CO)DE—T N, < b v 7 ABHEER £ I3 K002 XK L CURBTE 5. Lo TAT
EEBEAL, SOICKEEORWERNRREARSDIMETE S5 THA HH,

R 0]8]
\X:7 CIONa R\T__/\\
O OH 1700cm’!
~3000cm™!
03 H20 /
/ = o O
Metal

Cleavage Products (Carbonyl group)
B112 NaCl0 & & U 0, DHEMILFERIG

5 F&EH

AKFFEIE, SAICAS FEERLDUIHIN S D Fy-d 1, 3 X OUIHIH 2> D OEEE FT-IR-ATR /54T O i 5 % fih3
LI TFED D, B ORENRIED EOREORS £ TIEFHICREL TV A EERBE TORTIENT
/2. ZOFMIC LV RDIBEESIE, EEWE (NaClO : £HFEHAT T 15ppm F24, O; : Sppm FHY) Diz
IERBHIR 4 » A, KIE3SCOLRMETIE, FED 10um OHFPHATH-7-. LLEOKER LY, BUTDO G HKZEA
F— 20RO IE & i LT, AR ORHMI A, BIEOWRE S FR~OIFHEWEIC X 2588 % 85
LSEALIZETRERERNH DD, SBOMEL LU, EREL VL TOERD 15 FEH IS T 55
BEOHBIFIESCERTETENRHTHY, FOOBBEOESHEE ED L HIITI DEEO -t nETH 5
J.

HiEx

AHFZEIE B AR OB E S TAABIRELEIC BT 2878 O—BRE LT, (/) AARMAEFIEH
DD K T)— VT —FOREEI SR D D BAERHIC BT 23AAIE) 70 = 7 MZIW TR S 4172, SAICAS
(ZB 2B L OMITIC W TIE, XA 7T 7 4 o7 ARSH WEILGRIER T X OYTShKIZ, FT-IR-ATR
HIEE ZOFTIZ OV, PEEBEMESH ARMEFIKICE D 2K THHETEWZ. 2 ZITEHOB
T 5.

SE Xk
1)  International Convention for the Control and Management of Ship’s Ballast Water and Sediment, 2004, IMO.
2)  Endresen, O., Behrens, H.L., Brynestad, S., Andersen, A.B., & Skjong, R., 2004, Challenges in global ballast water

management, Marine Pollution Bulletin, 48, pp. 615-623.

(230)



3)

4

5)
6)

7)

8)

9)

10)
11)
12)
13)
14)
15)
16)

17)

18)
19)
20)
21)
22)
23)
24)

25)

26)

i LR EETE 158 W25 KRS CEK2TH#E) i 73

PROCEDURE FOR APPROVAL OF BALLAST WATER MANAGEMENT SYSTEMS THAT MAKE USE OF
ACTIVE SUBSTANCES (G9), MEPC 53/24/Add.1, ANNEX 4, RESOLUTION MEPC.126 (53), IMO.

R. Albert, R. Everett, J. Lishman, and D. Smith, 2010, Availability and Efficacy of Ballast Water Treatment
Technology: Background and Issue Paper, Prepared to Assist the Science Advisory Board Review of the Availability
and Efficacy of Ballast Water Treatment Technology, Section 4. 3. G9 Papers and Other Information, Washington, D.
C.

Lloyd's Register, 2010, Ballast water treatment technology: current status, London. February.

Performance Standards for Protection Coatings for Dedicated Seawater Ballast Tanks in All Types of Ships and
Double-side Skin Spaces of Bulk Carriers, Appendix 1, Annex 1, MSC 82/24/Add.1, IMO.

REHE DR P 1L, http://www.imo.org/OurWork/Environment/BallastWaterManagement/Pages/BWMFAQ.aspx ,
http://www.imo.org/ About/Conventions/ListOfConventions/Pages/International-Convention-for-the-Control-and-Mana
gement-of-Ships%27-Ballast-Water-and-Sediments-(BWM).aspx TS TE 5.

INGFERS: T A N KEHSSKINC BT 2 I HTENN - N T A RKILBAEE DN T R | & o 7 BAEA~ DR,
H ARV 15758, 85 39 %5 (2011), pp.8-13.

Ryuji Kojima, Saori Ushijima, Michiaki Ikai, Koichi Ueda, Toshiaki Shibata, Kenji Yamane and Eiichi Muraoka, 2011,
Evaluation on Long-Term Impacts for Water Ballast Tank Coating Systems under Active Substances of Ballast Water
Management System, Proc. The 9™ International Symposium on Marine Engineering (ISME 2011), Kobe, C1-4.
TTIRZRIE, BIEEACEHE D 72 D O 43144k, T Jpn. Soc. Color Mater., (2005) , 78 (10), pp. 473-479.

ARG —BB, A ILHHE, SEIOAFSE, (1998), No.130, pp. 48-56.

N. Nagai, H. Okumura, T. Imai, I. Nishiyama, (2003), Depth profile analysis of the photochemical degradation of
polycarbonate by infrared spectroscopy, Polym. Degrad. Stab., 81, pp.491-498.

PaILGRE, - S OIENES K AR B TR OB S 7 fiEdT,  HAREIRIZEZS, (2005), Vol.42, No.5, pp.
285-289.

F. Saito, I. Nishiyama and T. Hyodo, (2009), Application of nano-cutting for mechanical characterization of material,
Materials Letters, 63, pp. 2257-2259.

Endresen, @., Behrens, H.L., Brynestad, S., Andersen, A.B., & Skjong, R., (2004), Challenges in global ballast water
management, Marine Pollution Bulletin, 48, pp. 615-623.

AARNE, FT-IR-ATR IEIZ K DR E AT, (1985), HA T AH2sEE, 58 (10), pp. 634-643.

H. Ishida, A. Ishitani, F. Soeda, Y. Nagasawa, (1990), Industrial applications of FT-IR, in Practical Fourier transform
infrared spectroscopy: Industrial and laboratory chemical analysis, John R. Ferraro, Ed. New York: Academic Press
Inc., pp. 351-394.

WHITEN BABEMR AR S, BEHERBIIEORARIL A~ R (2004).

Oemcke, D., (1999), The Treatment of Ship’s Ballast Water”, EcoPorts Monograph Series, No.18 March.

T RERA EMET: (F) F4M, 526 BEALFRONRE, AR

IR =], K, SR, (2009), RHHERET R Y 7 LDV L OREERIZ XIZRE DD
HEEERAOMTSE,  BIEBAM, Vol.37, No.4, pp. 253-262.

Dantec, C. L., Duguet, J.-P., Montiel, A., Dumoutier, N., Dubrou, S., and Vincent, V., (2002), Chlorine Disinfection of
Atypical Mycrobacteria Isolated from a Water Distribution System, Appl. Environ. Microbiol., 68, pp.1025-32.
Sagripanti, J.- L., and Bonifacino, A., (1996), Comparative sporicidal effects of liquid chemical agents, Appl. Environ.
Microbiol., 62, pp. 545-551.

Marc M. Huber, Silvio Canonica, Gun-Young Park, and Urs von Gunten, (2003), Oxidation of Pharmaceuticals during
Ozonation and Advanced Oxidation Processes, Environ. Sci. Technol., 37 (5), pp. 1016-1024.

Kun-Chang Huang, , Richard A Couttenye, George E Hoag, (2002), Kinetics of heat-assisted persulfate oxidation of
methyl tert-butyl ether (MTBE), Chemosphere, 49, 4, pp. 413-420.

HENEN BRGNS, T A NZ o7 OERIEINET DRecRmEE  (F 220 BFEHS),
k8 43 A

(231)



4

27) Organic Chemistry 5™ Edition, Robert Thornton Morrison, (1987), Robert Neilson Boyd, Allyn and Bacon, Inc., pp.
335-337 and pp. 768-769.

28) M. Yabe, S. Tagiri and Y. Okamoto, (2006), Analysis of Degradation Process of Organic Coatings in Various
Weathering Tests, Research for Coatings, Kansai Paint, No. 146, October, pp. 8-15.

29) R. Kojima, M. Ikai, T. Shibata and K. Ueda, (2014), Deterioration of Water Ballast Tank Coating Systems by Active
Substances in Ballast Water Management Systems, Jour. Shipping and Ocean Engineering, 4, 9-10, pp. 229-235.

(232)





