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Performance of Various Coating System for Steels in Marine Environment
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Synopsis :

Ten-year exposure tests on various protective coating systems for steels in marine
environment such as atmospheric, splash, tidal and submerged zones have been
conducted. The test results are as follows: (1) Epoxy coating systems showed a superior
corrosion-protective performance. (2) With the use of an epoxy zinc-rich primer, coating
systems showed a remarkably improved corrosion-protective performance. (3) In the
case of coal-tar epoxy coating system on a steel surface prepared by thorough blast
cleaning, corrosion-protective performance was improved in proportion to the increase
in film thickness. (4) No remarkable influence of alloying elements in low alloy steels
upon film performance was found except for the atmospheric zone. (5) EPMA analysis
cofirmed that a great deal of CI existed in rust layers under the coated film. This fact
may warrant the assumption that CI(-) permeated through the coated film and

accelerated the corrosion reaction under the film.

(c)JFE Steel Corporation, 2003
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T'en-year exposure tests on various protective coating systems for steels in marine environment such as at-

mospheric, splash, tidat and submerged zones have been conducted. The test results are as follows:

{1) Epoxy coating systems showed a superior corrosion-protective performance.

(2) With the use of an epoxy zinc-rich primer, coating systems showed a remarkably improved corrosion-

protective performance.

{3) In the case of coal-tar epoxy coating systems on a sieel surface prepared by thorough blast cleaning,

corrosion -protective performance was improved in proportion te the increase in film thickness.

(4) No remarkable influence of alloyiﬁg elements in low alloy steels upon film performance was found except for

the atmospheric zone,

{5) EPMA analysis confirmed that a great deal of Cl existed in rust layers under the coated film. This fact may

warrant the agsumption that Cl- permsated through the coated film and accelerated the corrosion reaction

under the film.
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Chikura
Fig. 1 Test site
Table 1 Chemical composition of specimen {wt %)
Steel C Si | Mn P S Cu} Ni | Cr | Mo | Nh v
Mild steel 58 41 0.5 | 003 | 0.81 | 0.014 | 0.0M
Sheet pile KSP 025 1 003 | 043 [o011 | 0.023 | 032 | 0.01 [ 0.01 [ 0.002
High strength | K5E 018 | 046 | 1.14 | 0.019 | 0.0:2 | 0.01 | 001 | 0.02
steel RIVER ACE 60 | 0.14 | 0.34 | 1.33 {0,015 | 0.014 | 003 | 0.09 [ 0.04 | 0.004 0.039
Atmospheric | RIVER TEN 50M | 010 | 0.33 | 062 | 0.068 | 0.019 | 0.33 | 031 | 0.27 0.023
corrosion RIVER TEN 50A | 0.14 | 033 | 0.83 |0.026 | 0.018 | 0.34 | 0.14 | 0.28 0.013
resistant steel | pyYYER TEN 58 0.1 | 042 | 050 | 0.026 (0012 025 | 0.24 | 0.18 | 0.060 | 0.016 | 0.027
Sea water
corrosion MARINER 032 | 0.04 | 081 |0.088 | 0.019 | 0.40 | 047
resistant steel
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Fig. 2 Shape and dimension of coated specimen (mm)
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Fig. 3 Position of specimens

Table 2 Test plan

Level

Facter

55 41

KSP

K5E

RIVER ACE &0
MARINER
RIVER TEN 50A
RIVER TEN 56M
RIVER TEN 38

A [ Sieel

o =1 O U e L B

—

Shet blast cleaning

%]

Hand tool cleaning

=R v= I = e e i

[0S

Bl + Epoxy zinc-rich primer
(15zm)

B 4 B3 + Welding + B2

Grit blast cleaning + Zinc spray
(75pm)

Chikura

Chiba

B : Surface

preparation

=]
wn

C: Site

[

Atmospheric zone

Splash zone
D . Zone
Tidal zane

a3 by =

Submerged zone

E : Sacrificial

anode

Zinc anode

[ I

None

Coal-tar epexy (200um*)
Coal-tar epoxy (500;m*)}
Coal-tar epoxy (1 (08um*)

Epoxy (180gm™)

High build epoxy (640um*)
Polyamide epoxy **(2 500um *)}
Vinyl (15¢um*}

Chlorinated rubber (190um*)
Epoxy modified polyurethane (200um*)
Polyurethane {1804m*)
F11|Coal-tar polyurethane (200m*)
F12|Phenol MIO (125zm*}
F13|inorganic zine-rich paint (752m*)
F14|Vinyl powder (300pm*)
F15|Epoxy powder (200zm*)
F16{Hot melt type petroleum resin
paint {1 000zm*)

F17 |None

PIEEEEEEREEEIEEIGCEE-EAGE:

wooe =1 T W oA b

F | Paint

)
—
=3

{Note} *+ Total film thickness
++ Compound to be applied and cured under water

HISEABRBEL 0L, 74X 77 T3U%
FEL 72 (SIS St2F2E), RUBLAIOBERTFE
128 30~T70% Th -7, BA(BI+iEE) 14, B3
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Table 3 Coating systems
Film Number Total film
Coating system Trademark* thickness of thickness
tum/coat}) | coatings {em)
Tt Coal-tar epoxy Eposeal No.200 100 2 200
T 2 Coal-tar epoxy Eposeal No.200 120 4 480
T 3| Coal-tar epoxy Eposeal No.200 140 7 980
Epoxy zinc-rich primer 5D Zing Primer ZE No.100 15 1
T4 215
Coal-tar epoxy Eposeal No.200 100 2
Epoxy primer Epomarine A/C 50 2
E1|Epoxy undereoat Epomarine B/T 45 1 180
Epoxy topeoat Epomarine B/T 35 1
Epoxy zinc-rich primer 5D Zine Primer ZE No.100 15 1
Epoxy primer Epemarine A/C 60 4
E2 335
Epoxy undercoat Epomarive B/T 45 1
Epoxy topcoat Epomarine B/T 35 1
High buiid epoxy primer Epomarine RX Metal Primer 80 3
E2 640
High build epoxy tepcoat Epomarine RX Metal Finish 80 5
E4|Polyamide epoxy Epomarine UW 2500 1 2500
Vinyl primer Vinylia A/C 30 3
Vi : 150
Vinyl topcoat Vinylia B/T an 4
Epoxy zinc-rich primer 5D Zinc Primer ZE No, 100 15 1
V2| Vinyl primer Vinylia A/C 0 3 165
Vinyl topcoat Vinylia B/T 30 2
Chlorirated rubber primer Rabamarine Brown Primer 40 2
Chiorinated rubber primer Rabamarine White Primer 40 1
Cl 150
Chlorinated rubber undercoat Rabamarine Intermediatecoat 35 1
Chlorinated rubber topcoat Rabamarine Topcoat 35 1
Epoxy zine-rich primer 5D Zinc Primer ZE No.100 15 1
Chlerinated rubber primer Rabamarine Brown Primer 40 2
C 2| Chlorinated rubber primer Rabamarine White Primer 40 1 205
Chlorinated rubber undercoat Rabamarine Intermediatecoat 35 1
Chiorinated rubber topcoat Rabamarine Topcoat 35 1
Grit blast
Zine spray 75 1
Etching primer Metalact H5 10 1
C3 195
Chlorinated rubber primer Rabamarine CP Primer 40 1
Chlorinated rubber undercoat Rabamarine Intermediatecoat 35 1
Chlorinated rubber topecoat Rabamarine Topcoat 35 1
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Table 3 Coating systems {continued)
Film Number | Total film
Coating system Trademark” thickness of thickness
(pm/coat) | coatings {um}
Epoxy modified polyurethane primer Retane No. 3 000 primer 56 2
Ul 190
Epoxy modified polyurethane topcoat fetane No. 3 000 Toepcoat 45 2
Polyurethane primer Retane No. 2 000 Primer 50 2
U 2| Polyurethane undercoat Retane No. 2 000 Intermediatecoat 4 1 180
Polyurethane topcoat Retane No. 2000 Topcoat 40 1
Epoxy zine-rich primer SD Zine Primer ZE No. 100 15 1
Polyurethane primer Retane No. 2 000 Primer 50 2
U3 195
Polyurthane undercoat Retane No. 2 000 Intermediatecoat 44 1
Polyurethane topcoat Retane No. 2 000 Topceat 40 1
T6|Coal-tar polyurethane Eposeal No. 6 000 W 100 2z 200
Grit blast
Zinc spray 75 1
M1 | Etching primer KANPE Ferrodor E Primer 10 1 200
Phenol primer KANPE Ferrodor M608 Primer 35 1
Phenel MIO KANPE Ferrodor F29 40 2
Sand blast
Z1|Inorganic zine-rich primer SD Zinc Primer ZE No. 1000 15 1 a0
Inorgani ¢ zinc-rich paint SD Zinc Primer ZE No. 1500 75 1
Sand blast
Z2 75
Inorganic zine-rich paint SD Zine Primer ZE Neo. 1500 75 1
Epoxy primer Everctad Primer No. 3B 1¢ 1
Pl 310
Vinyl powder Everclad No.1 100 300 1
P 2| Epoxy powder Everclad No. 3 300 200 1 200
H1|Hot melt type petroleum resin paint Hot Melt Paint 1000 1 1000

(Note 1)

+ Trademark of KANSAI PAINT Co,LTD

{Note 2) Shot blast and/or hand tool cleaning were applied for the all coating systems except.C3, ML Z1,Z2
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EEERI T B F& T 0.6~ 8.6mg/dm?- day,
200 FREESE T 0.8~25mg/dm? - day T Y, 5
Q_ ? o CE L7 FEDEI 2D L) Ehor Shbo
-10s i AR 3509 2 i T8 2 ﬂzt‘i#ﬂdllﬁﬂ
% COAE 0.07mg/ dm? - day™ iz Hh L TIkgz K
TETH Y, #EERAE TR ilER & 5 b\ui{ﬁi
g /] KRREGRARABL A2 72 2 = 2 Myahi Toare,
g 43 EKHR
TES L U TFENEASHEET 4 Table 507553
\Wc]d
0 ] e o 7.
T —MelZ iR Bkt & CI B, TSR
o Approximately 10 BOWT, COD DN, A 5ol B Hhigon
E—) S—
Fig. 4 Shape and dimension of welded specimen (mm}) Table 4 ghzt;r:g:]?ir?é ii:esalt particles
Amount of sea sait
Test site Duration particles
4, Eﬁﬁfﬁiﬁ {mg/dm? - day) _
Jul. 79~ Aug. '79 1.03
4-1 ﬂﬁ}#ﬂﬁfiﬁ Aug. "T9~—Sep.'79 2.83
_ Nov. '79 - Dec. '79 3.30
i ERATORBH SRR E 0 EDMETH ™ | Dec. 79—san, 80 B.58
iz f“JH'—C neE | g (—T—E e ijﬁﬁfﬁj 3 :F‘ﬁf Mar. "80—~ May "80 {3.62
N & ), K, T, o R ke Ave. 3.1
BETPATTKEH L TEREICREL 2, BB T g e
ug. —Jep. .
DRESLE 4 Fig. 3 10RT, Now 79 Do 78 22
Chiba
N —ea m s Dec. *79~Jan. *80 2.34
42 BEXESCH 3 BENTR oo 0 b
& bR SED BRI ORE THIGE | 2 R T Apr. 80~ May 80 245
##% Table 4ic77, Ave. 1.86
Table 5 Water quality at the test site
Menth Contents (ppm }
Site . . pH
investigated Na* Mg?! Cal?t K+ Cl- 503 NH, NOj Do COD
May' 70~ Aug. '72* 8 830 1150 360 B2¢ 17 320 2260 | 0.23 0.44 9.7
Feh, '75% 8.6 17610 2420 8.1
. Feb. 763 8.2 18190 | 2530
Chiba
Qct. 765 7.7 18 100 2430 0.24 0.10 8.0 23.2
Oct. 779 7.9 18 500 2 400 18
Aug. '78% 8.1 16 930 | 2280 6.2
Chikura | May'70~ Aug. '72* 10 500 1320 400 850 15180 2630 § 0.16 0.17 6.0
7.5~ 110 556 1272 400 380 18 980 2649 0.005 §.001 5
Clean sea water? <5
8.2 ~0.65 1 ~06 10

(Note) = Average value of eight data

,48,
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Table 6 Weight loss of specimens during 10 years in atmospheric zone at Chikura
1 year 2 years 3 vears S years 1¢ years
Steel Weight loss | Weight loss | Weight loss | Weight loss | Weight loss ;ﬂfve.(ilecrease Ratio to S8 41

(mg/em?) | (mg/em?) | (mg/em?) | {mg/cm?) | (mg/em?y | ‘{h:n':“)‘*ss (%)
585 41 329 565 790 19001 1493 1.90 100
KSP 187 533 718 907 1421 1.81 95
KsE 272 518 721 969 1 443 1.84 97
RIVER ACE 60 274 529 688 909 1364 1.74 91
RIVER TEN 50M 144 315 573 866 1387 1.76 93
RIVER TEN 50A 276 470 639 808 1363 1.73 91
RIVER TEN 58 104 369 584 783 1203 1.53 81
MARINER 116 330 240 809 1366 1.74 91

(Note) Average

decrease in thickness (one side) is calculated from the value of weight loss

Table 7 Weight loss of specimens during 10 years in atmospheric zone at Chiba

1 year 2 years 3 years ‘5 years 10 years
Steel Weight loss | Weight loss | Weight loss | Weight loss | Weight loss fﬁve.}iecrease Ratio to 5SS 41

{mg/em?) {mg/em?) (mg/em?) (mg/em?) (mg/em?) " th(l;l:‘;ss (%)
5S 41 302 591 727 774 836 1,06 10¢
KSPp 198 326 40 457 597 0.76 71
KsE 255 461 686 h48 679 0.86 81
RIVER ACE 60 153 294 261 307 359 0.51 48
RIVER TEN s50M 73 103 107 110 134 0,17 16
RIVER TEN 50A 79 110 117 136 159 0.20 19
RIVER TEN 58 61 92 107 108 145 0.18 17
MARINER 86 147 155 167 175 0.22 21

{Note} Average
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Table 8 Ciassification of film defects

Coati t
Classification Zone oating system
with defects observed
1. Blisters around the scratch Tidal Cozl-tar epoxy
I 2. Partial blisters on the nermal part Suhmerged Vinyl
3. Rust caused by breakdown of blisters Epoxy
4. Loss of adhesion Coal-tar polyurethane
I 1. Peel-off prevailed from the scratch Tidal Vinyl powder
2. Wrincle like blisters Submerged Epoxy powder
1. Rust prevailed from the scratch and/or the edge Atmospheric Coal-tar epoxy
I 2. Small rust on normal part Splash Coal-tar polyurethane
3. Lamellar rust on the edge Vinyl polyurethane
0 1, Rust prevailed {from the scratch Atmospheric Epoxy
2. Good performance around the edge Splash Vinyl
At heric Hot melt type petroluem
m Crack on the whole surface mosghe . yee ®
Splash resin paint
1. Exhaust of the film around the edge Splash Inorganic zinc-rich paint
v 2. Partial pitting corrosion Tidal Zine spray
Submerged
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Paint Coal-tar epoxy
Shot blast
. + Epoxy
Surface preparation Shet blast Hand tool . .
zine-rich
primer
Film thickness (um) 200 500 1000 300 200
Atmospheric Mild steel
zone
Splash zane Mild steel
Zone and
steel type Tidal zone Mild steel
used
Mild steel
Submerged
zone

Mariner

.-
AL

Photo. 1

Appearance of
fafter 10 vears
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Epoxy Vinyl Polyamide Zine spray [norganic zine-rich paint
LpoXy iny epoxy pray g »
Shot blast Shet blast Sand blast
; +E + ani
Shot blast + Epoxy Shot blast - Epoxy Shot blast Grit blast | Sand blast " [norganic
zine-rich zine-rich zinc-rich
primer primer primer
180 350 150 150 2500 75 75 15

film of typical coating

exposure, Chikura)

systems

53 —
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Exposure period {years)

Zione

5

Armospheric

Splash

Tidal

Submerged

Photo. 2 Appearance of coaltar epoxy film (Chikura)
(55 41 + Shot blast + Epoxy zine-rich primer {15uzm} + Coal-

tar epoxy (200xm))

Table 9 Glass transition temperature (Tg)
of coaltar epoxy film
{after 10 years exposure, Chikura)

rcy
Zaone
Film thickness
(pm) Splash Submerged
200 — 76
500 70 73
1000 67 65

{Note) Tg before exposure was 63°C at all film thickness

AEFHIRE { Tg &) (38D - 7245 W7 Tg 21
(63°C) LN L& BT H = 7o, MprpER & KT
Tg SOFEZREDL S AL - 12, B 10

L, Tg SnEFHERELTH -T2,
() EEEO R E AL

(a) BEE e

F—nziHx o Frid, EWHEEN 3 7
7 A b oM, BEEV S REE A ER ()
fEREC, BiE, 2NERETIE, BB
013, WUT—ETh-72,

(b) WEREOHY

W H AR 2T AT, EREE
D e fEld, oBETaOEL ) KkEH -7,

(c) FEFrrnpg
FHFEOPEERIREL{, a7 IALL
BH - sNRfE< IR XL P 7Y FT I

4 -
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Exposure peried (years}
Zone
8
Splash
Tidal
Submerged

Photo. 3 Appearance of epoxy film (Chikura)
{SS 41 + Shot blast + Epoxy zinc-rich primer {15um)

+ Epoxy (320zm);

— R E B s T L,

(d) SfEOHRE
wEROBE L AT L2 BT LRI
) F—I I REL pRRLIZ,
(5) EEENFEEE

vy P TIAMEICBEI NS —LIRX
LRI, WA, TR B TREORE
3 ¢ b, 500um LAT Tlafiagsiiidil L A
SO0THY, 1000m T, 45kg/em? LLETH-
7z, 272, TEXLRE, WThOBAERE
T BT L, BN o ATEEE ML Ty
7z,
(6) FEhREKI

HREMBRE L 2T LNEERE % Photo. 41271°
T, F—NIEX L RTHE, EEHIECITERE
1147 ¢ (Photo. 4 @ 1, 2), * 72 iHRIC lh~=
) F—ont ) BRSNS L 72 (2, ), LA X
LUV N F T IR BE L AT LT

i, o BESRL Loz (4), LHE Y
BLUER S 7)., Ff 2 P RTE, IR
LTHITES LN T2 (5,6, 8), 3w b7
S PECEEL SR TIE R KL SR
L Tunrz (7
(7) #FEKi o EPMA 4t

B L 2 F A0 EPMA s At#s RO E %
Table 10 {2, {C&FIL B 2 A7 290 EPMA T
SrHi kR % Photo. 5 2R, Photo. 5 I2R 6415
FSi g PP TAPMIIEESNIISAT A
1T, 2UCBHICClFEHEIN T, THRX
LUy N F T IR B LI AT L2
BLUroiE o BmAPWEL AT LS TS E
3F -7 BoiT, CloERLEHL L k-
7:. Photo. 613, B EXAIMTHERS 7))
F-24 > } 0 EPMA Bi5 B R TH 5, EBEW
IZiE Cl A EBIaH L Twiesy, B REHiLal
DL T, FFICIE Ca il bz,
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1 8541 + Shot blast + Coaltar epoxy {(200sm),
Submerged zone

2 SS 41 + Shot blast + Coaltar epoxy (500:m),
Submerged zone

3 Mariner + Shot blast + Coaltar epoxy (500zm),
Submerged zone

4 55 41 + Shot blast + Epoxy zinc-rich primer
(15¢m) + Coal-tar epoxy (200zm), Submerged zone

5 85 41 + Shat blast + Epoexy (180m), Submerged
zone

6 SS 41 + Shot blast + Epoxy zinc-rich primer
(15¢m) + Epoxy (320:m), Submerged zone

7 SS541 + Shot blast + Vinyl (150um}, Submerged
zone

8 SS 41 + Sand blast + Inorganic zinc-rich paint
(75¢m), Atmospheric zone

Photo. 4 Cross section of typical coating systems
{after 10 years exposure, Chikura)

(8) MEERRG ORI H M

AR L EE L 27 L1220 T, TS HSHF
EAT U 2 2 RBE E OMRO I R Bdah
-3 f;u
(9) &S < ALNERO KT

B8 A PLINER D K HrEE K % Table 11 1250
Fo & S NERD KD IR Z 1L 8 3R
o Tngz,

7. & ¥
7.1 & A #

IR A MORGE R L ThE o BBt
LI sid k Cams i Ts 00 o
EEUDERIIZERENE Tlifha b T
BEAFLETSH L, @5 T-5 2 W iTiE kxR
DERSBIE E 7ML T vy, Clod 4 >z
& B B UORPRERDIE I R o R 1

&£ B ARG DEE, FEERIE I O R L A
WO L IZRIAT 2 20 45 L o IEs LK
WORE DL L2k ), WEsisl, s
DEENERST LD HER4 T, Sllo
FTEBLUTENBER B ST2R8TL,
MEIERF 5 5 ik R MR L 2 2ok
HOEL, BEEOEASL L2 nggiboil
ML EXFBREENT, & O FETEEARED
ARAIEE IS, WERLEE G L0, L
LAMRERF E D39 2By - F 2 L AL
WRETH -2z, WIEHE, Svm, et
LHAHANZ &, BHEESTL 10F8 £ 0200
FEMIRLAT, LML agoE,
1A EDD ST,

ZAUIHL, TIETIHMmIER T & 2 i3k
RORRI DL DB o202 bbb, it
WG L) F - 1345 2 ERTRE R UL
BTz, TOREE LT, FEIRBETE
WHTHLD, SO0Z L aFlA R, X%
EALIZ R LT, SR T 5 2 v (2l ik o Bl
B 620 S0 ARz el L 72 L
DEEHN DS

72 EERM

7-2-1 BEREIIATLLZEOHILE

(1) BE o
NI RX L RO » T EER 10 FEROR

BB X MR % Fig, 7 12501, #piici,

av b TIAN, B SUELEE L, WO

100
————— 4
b
Hand taol
— (Splash zone)
3R
s Shot blast
5 so0bk {Splash zene)
s Hand taol
g (Submerged zone)
[m]
4 Shot btast (Submerged zone)
A 4
" e
0 200 500 1 000
Film thickness {um)
Fig. 7 Relation between defect area and film thickness

of coal-tar epoxy (after 10 years exposure,

Chikura)
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Coating system SE

58 41
Shot blast
Coal-tar epoxy

{2002m

S5 41

Shot hlast
Epoxy zinc-
rich primer
(15 pm )+
Coal-tar epoxy
(200 pm}

55 41
Shot blast
Epoxy
{180 gm )

Photo. 5 EBS images of cross section of typical coating systems

(after 10 years exposure, Submerged zone, Chikura)

SE Fe Cl Ca Mg

Photo. 6 EBS images of cross section of inorganic zinc-rich paint film
(after 10 years exposure, Atmospheric zone, Chikura)
(8541 + Sand blast HInorganic zinc-rich paint {75um})}

Mk r L LizHiEERE L, —h, REHT
iE, 2 aw 7T RFGESIIEEORESGE
WhitTwi, Larl, BF - SEETE, B
I - BEFE L CHEEIRRE D TREL, REFD
£ AL CEBE TR NEES T+ U E AL
IZEEOShRINZ LA h -z, BEOREI,
FEEBERE, FhoEtE, RREAEDL FEEES L
BB TORUBOES TLEAN LI, Rty
etk R Tid, REMNE T ERELENEER
LT Aoty F—nrnEXx L BRTHEEORK

boE IS REREL, Tg SAMLT L2l bh b,
s L) B O TTMRG H SR ATRS B 2
FFBEN D, 7o, KEEAERS L ORET
SURBOIE S D Fh b, 1 AVEWE 0 EBiC K
T HREOMEHHE SN D,
(2) ®EL AT LOPE

Lk B 2T 20T REE 10 £50%(
% Table12 12579, = 4% i % (Table129 E1
~E4) 13, Tid%, @b Tu L@l
&L Tz, KE LRy o5 (E4) 12
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Table 10 Result of electron probe microanalysis of typical coating systems
Atmaspheric zone Splash zone Tidal zone Submerged 2one
. Thick- | Elements Thick- | Elements Thick- | Elements Thick- | Elements
. Coating
Site . ness of] accumulated |ness of| accumulated |ness of | accumulated |ness of | accumulated
s
System rust in rust laver| rust in rust layer frust in rust layer |rust in rust layer
layer layer layer layer
Shot blast
Coal-tar epoxy — — Thick Cl - - Thick Ci
{ 2004m }
Shot blast N N
Coal-tar epoxy - - Thin | ° ; - — Thin ! .
accumulation accumulation

Chik {5004m )

R FTP blast N
Coal-tar epoxy -~ -~ Thick | Cl, Na, Ca - - Thin ° lats
(1 000zm ) accumulation
Hand tool
Coal-tar epoxy Thick Cl - - Thick Cl Thick | CI, Ca
{2004m )
Hand tool F:] mf Cl, Na in rust,

t

Chiba |Coab-tar epoxy Thick cl Thiek |0 2% | Thick cl Thick | layer, Much Cl
) between film L
{2004m ) in film

and rust layer
;hut blést . Much €1 . . N
POXY Zine-ricn primer Nene | in zine-rich Thick | CI, Na, Ca None M zinc-Tie None ° .
+Coal-tar epoxy . . primer film accumulation
primer film
(200 4m)
Shot blast® v N
Coal-tar epoxy Thick Ca,Cl Thick | A little Cl - — s.ery ° .
thin accumulation
(2004m)
Much Ci in
Shot hlast A little CI, topcoat film,
— - None oL - - None . .
Epoxy (1804m ) Na in film A tittle Clin
primer film
Shat blast No N
]
Epoxy zinc-rich primer| -— — None . - - None .
accumulation accumulation
+Epoxy {180um)

Chikura Shot blast b ol Much CI i
High build epoxy — — None Mue ’f'lm - — None [*%¢ f‘Im
(640zm ) tepcoat film topcoat film
Shet blast

— - hick Cl - - Thick | CI, C

Vinyl (150zm ) Thie e 2
Shot blast No
Coal-tar palyurethane — - Thin Ci - - None | accumulation
(200 2m}
Sand blast CLCa in Cl,Ca, Mg
Inorganic zinc-rich None zine-rich None | in zinc-rich — — - —
paint  (75um) paint film paint film
Grit blast

. Cl,Ca, Mg
Zinc spray — — Nome | . . | —_ _ - _

r
T5em) in zine laye
(Note} + On MARINER (others on mild steel}

58 —
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Table 11 Result of atomic ahserption
spectrophotometer analysis of the

water in blisters {ppm )
Fe Na Ca Mg
Water in b]lStErS‘ 42 250 990 60 10
{Coal-tar epoxy)
Sea water 30 | 10550 | 400 1320
{Chikura}

RFEAC BT L RIG A& MFFL T,
AR (£2500m) O EBARFEHI LT
R L 7 ) o Fug R (ZL, 2213, ?ﬁr‘l
B dhEio koo ik T oz £
N, BEEIZIZEAFIEEL, KELHiELRL
Twiz, L, #E LKA, ﬂ\a(/l\n;’CiijiHﬁ'—P
ZEROCIPHALTHBIZL Db LT,
SEEL MRS 2 L, WSS ) %’\/f
R HEST Y et e, WM LT S —
A MIO F (M) @i BRIz 81T 2 105 %
DEETOTH), F(HORERETALSND L
BT AR 2 L,
g-LTEXL R, LEXLRBELIFEZNLR
FIRXLDL I F T, e MG
2 F LT, FHFROBEREICHAN, v
LGB A EL 72, i EE LR
EOMAEII BT, FOMPIIAEL, FRESG
ﬁﬁﬁ@%wzﬁﬁﬁm%yy7uv+&4>b
FIEFLERILL LB AT LOELEE LT
BT, S NIEXLRTHLg v T 7
AbE B =R O 2T, Table 12
£ & U Fig. TR b 0 Tl i cig
JE 45 500m LT o4, BE - SEENIT )P
FALREE S NN B h o, i, RHEEHER
BEo{EEE By - ONRTER T, (33—
EThotz, F—AITHEX L RTIEECECNT
LEHOBBIILAFRL N 2d, B
Wiz BT RES L ILENRENEH LN, L
hioT, Ikl TE, HLbl
OB L YoM BT LENH S,
(3) HLEOEEENL
FALENRFEELIIBES 2T 4, BHRERET
FOHERTIC LD B -, Fig, 81 MRGERE LilE
P BT 3 v P TFAL LD F—LTRE

100 -—a 200 2m, splash zone

/ 500 4m, splash zone

/( // 41000 2m, splash zone
S50k /

] 4/ 200 pm, submerged zone
f///r 500 #m, submerged zone
e 1000 um, submerged zone

0 5 10

Defect area (%}

Exposure period {year)

Fig. 8 Defect area of coal-tar epoxy applied on shot
blasted mild steel {(Chikura}

PROEENREEILEST, Fig. 85, i
PEMC N, REF TOFILE IS LHTRE(,
BRI EFEL TWa 2 Ehthhd, —7, &
B SURENESIL, Fig. 90071 £ ) IoHE
WTIRBEEILL 2HLEENERIILALRLAL
-7z, Fig. 10ic 7 — Lz %o %k, THE¥X L
F, ConARoRENTERE AT LOEED
BREEILEZTT, =Hhx 202 )0 F 77,7
— bt xRl AT BEL 2T 0%
WL, gL 2T AN, BT/
#r -7z, Fig. 8, Fig. 9, Fig. 105 L b4 5L 5142
EOBEL AT LIENTY, BILEFS~10%
WELRAS L, FOBOEIIREIIHETL
o, TORATENEZZTL ) 0EY s v 2
b, £IC, HEEHIEGIIEL 24 3
AT LOMAEKEREL, FORBATE L N5
THILDEES LRl (HLEBER) &l
{%% Table 13i=73F,

1001
500 um, splash zone /

& 200 um, splash zonv
g \>’/ 1 000 zm,
® 5ot /:’ / splash zone
3 .
£ 7
a / 200 #m, submerged
/‘ zane 500 sem.
}/' submerged zone
s o "
i} 5 10

Exposure period {year)

Fig. 9 Defect area of coaltar epoxy applied on hand
tool cieaned mild steel (Chikura)
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Table 12 Defect area of typical films (after 10 years exposure, Chikura)

(%]
Coating system Atmospheric zone Splash zone Tidal zone Submerged zane
q | Ohot Plast % 100 9 %
Coal-tar epoxy (200um)
. Hand tool 93 os . N
Coal-tar epoxy {200m)
Shat blast
T 4 | Epoxy zine-rich primer {15zm) 76 100 8 5

Coal-tar epoxy {200um}

Welding + hand tool
T 4 |Epoxy zinc-rich primer (15xm) - 90 10 8
Coal-tar epoxy (200xm}

Shot blast

E1l - 83 1-2 1
Epoxy (180um)
Shot blast

E 2 | Epoxy zinc-rich primer (154m} — 0 1 3

Epoxy (320pm)

Shot blast
o s - 33 2 i
High build epoxy {640pm)

Shot blast
Polyamide epoxy {2 500zm)

Shot blast
Vinyl (150um)

Shot blast
Epoxy zinc-rich primer {15um) 36 94 3 3
Vinyl {150zm)

Shot blast

C1 Chlorinated rubber (190zxm)

vz

Shot blast
c2 Epoxy zinc-rich primer {15um) - - 44 —
Chlorinated rubber (190zm)
Shot blast

94 100 EH 90
T & | Coal-tar polyurethane {200um)

Grit blast
Zinc spray (75um) 0 - — —
Phenol {1254m)
Sand blast

Z2 1 1 100 -
Inorganic zinc-rich paint (75zm)

M1

Sand blast
Z 1 |Inorganic zinc-rich primer {154m} 1 1 38 99

Inorganic zinc-rich paint (75zxm)

Grit blast

Zinc spray (75um}

Table13 T4 (LRI & M FH X #3062 T2 25 ThH 5, 22771, Table 13127 T &
HHILIZLY, AIBREDNREHZ LONHEL BEBBEICKREL 27T 0 F RO 2B
Biamts S0 2V BVRE CHHEROEY wToOETHY, EROWEEN TOmBEEIC
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100 l-
2
= 50F
]
o
X
oy
o .
Exposure period (year)
O0—0 Coaltar epoxy (200 zm)
o—® Epoxy zinc-rich primer {15 gm)
+Coaltar epoxy {200 pym)
a----& Tpoxy (180 um)
a----a& Fpoxy zime-rich primer {15 am)
+ Epoxy (180 gm)
O---0 Vipyl (150 pm)
#--8 [poxy zinerich primer {15 um)
+Vinyl (150 um}
Fig. 10 Defect area of typical coating systems applied

on shot blasted mild steel (Splash zone,
Chikura)

Table 13 Relation between the time at the
first sign of film defect and the
durability of film

Time at the first Durability
Zone sign of film defect | Range | Average
(year) (year) (year)
0—1 1-2 1.1
Splash 1-2 23 24
23 4 4
3< 8 8
0—1 - 6 4.7
Tidal 1-2 2— 8 5.4
Submerged 2—3 4-10 8.3
3< 8—10 5.8

(Note) The durability shows the time when the defect
area comes to 5% of the whole surface area

ChH, R VEGVWETHAEZ FICESYET S,
FOERT, EROHEEY TR IEE
THHICIE, A7 T v FNLGREBHICOWT
LEBATL - TEI{RETH- I EELE,

7-2-2 ZMOEAL L BRME

Table 14 = FEBL UV TETERIOF RO E
W 70y FA 2y bR, EBEHRER (R

2T ADEEERBETHEILEDFYE % 7
T, ZOEIL, FEBLIUTELICTIUIZIE
THREFI RO FLELIKREL, DoTHER
SAL, Tk, mTEHONERTHLI Lhbh b,
Z ORI Fig, 5O OB ERAGER R &
A—EL Tv i, FiEE, BRRostERzTE
LVFENIIHKEVS, i TETREY
FarEm - b EREEZ LiLd, 372,

KA T TR 2SRk Es 72
A, FOEMAEL T, BKoREsREL R
FENGEN RS oI b EBITF LIS,

Table 14 The average defect area of specimens
except inorganic zinc-rich paint and
zinc spray system

(after 10 years exposure) (%)
Site
Zone

Chikura Chiba
Atmospherie 51.5 25.8
Splash 86.4 86.2
Tidal 49 31.1
Submerged 4.6 9.0

723 ZBOFHEECHT IHEOEE

Ty, R TIEBEA LI LT
HOEBILII LA FEO LN T =Tz, Lizhia
T, HAAMFSESSIEAZ LTV B R
T AaEEOE TRMEES, whiEAS o ERE 5 2
EHTE L, Photo. 470 6 bodr B L9 12, ifiliEK
#) (=) =) FUGEHC e, BETH AR
FELIZA WM ERRH S, Tl kb, i
FIRBIBITAHRSE L DB, WRENHER
ML TLEET S LEXERSL S,

TEFE TR, 2T Fh LIV D
KE(, BEoRE LT 10 FHTH3 100%
WL 20, BEOBEEREbHL I EDT
Eldrol, ZHIL, ATV FHETERLLSD
LEZ LD,

TERERARN BTy — ol o FEE
DHALE & HFE - HBAGE % Table 15 12T,

ZORBTILMEOBELEEI IR b, B
DFALENEEL, Table 7177 L 72 4 8 #4
BEMESEEOEN E L —BL T,
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7-2-4 ZBROFHLECHRHOEEER

FEEB I UCEEBHMIC BTy - Hx
P HFOHE L EEMREMOR AR s OBEEY
Fig. 11, Fig. 1212717,

Fig. 11, Fig. 12 2 58 LbA L5z, #lE0 4
LR, WHOBERCBUEETS, 74ht

ITHRERERL, REIEENECIYL > TES
BIETH DA, WED, EEBLoEITERT

FA—F LD,
S SRR A O IS R A 500mg/em? L b2

1001 o

® Film thickness 200 gm o
* Film thickness 1 (00 gm ,~
s

Defect area (%)}

1000

0 500

Weight loss of uncoated mild steel (mg/cm?)

Fig. 11 Relation between defect area of coal-tar epoxy
applied on shot blasted mild steel and weight
loss of uncoated mild steel

100

o Film thickness 200 um

® Film thickness 1000 zm
50

Defect area (%)

L

1 500

1600

Weight loss of uncoated mild steel {mg/em?}

Fig. 12 Relation between defect area of coal-tar epoxy
applied on hand tool cleaned mild steel and
weight loss of uncoated mild steel

LRI KA LT E A 5, f0 & 500me/cm?
EO BRI, TREHOBEIC ST A BE W
RERAMET 20N REN—2EHZ L1,

£, av P TTAFOESGLE BESFC
RIS OBEsERKIZ L L4 BES{bom
TTHEL o Z E RIS,

—H, B 2RETEEREORETES S
Y, 2oL RIS LA, E
=R L B Th iy P -3 1 0l ST/ A

725 ZEBROHILELBTHE

R R A 2R TS, BES
277 w8 L ) IR T A O AT
wlEas, —7, B RS- L,
BB TA A LR A» N BELST (4L 2
EAEIS LTS, SRR, -y
CRTRIABENFE LR LS, MBI BT
FefRis CBEEERID L A S oAb Lz,

10 RO FEFRE DI ESBRoIEEL 2L
o EL BT, WEHOFHR T, EENRED
BECLLELEOEILIIC ARG 212,

8. ¥ ¢ ®

(1) Tl AT Tt s Lo~ F—
I @M, SIS L O RYESTE D
SHTHER T, FElE R RAERTE, S L
L, HEASRN -2,
(2) ARl L 2B A7 AP TR,
KXoy oFriie—rrniRExi Rl
BELLAT AV RLRFUARE L,
(3) EEECETED 5% 2L D L, xOEFEIL
HEITEIIRE (LD, BEAEMS% 288
EE v ) 2 BRI FIE & RO AED R
EROT—DOBLEE I oNS, F72, IHT
FAHELN SRR BN T Z L2k D, Bk
DT BEH (HICHEE5%) %) DR T

Table 15 The defect area of coaltar epoxy film (after 10 years exposure, Atmospheric zone, Chiba)}

(%)
RIVER RIVER RIVER RIVER
55 41 KSPp K5E MARINER
ACE 60 TEN 50M TEN 50A TEN 58
98 97 100 59 15 %0 60 80
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