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Evaluation of Salt Concentration and Osmotic Pressure

on the Corrosion Resistance of Anti-Corrosive Paint

Myeong-Woo Lee

Dept. of Material Engineering Graduate School,

Korea Maritime and Ocean University

Abstract

Due to rapid increasing of environmental contamination, the steel structures have
been easily exposed to the severe corrosive environment. Therefore, the corrosion
problem of these steel structures has generated numerous safety problems and
economical damages in the economical and safety point of view. Furthermore, it
has been revealed that the protection cost by coating method for corrosion control
of the these steel structures estimates approximately 63% of total protection cost.
Although in Korea, the percentage of the protection cost by the coating method
was not clearly verified, it is expected that the cost may be nearly same as that of
Japan. Therefore the cormrosion control is being generally significantly accepted as
an important issue in not only in economical point of view but also in safety
reason. Therefore, those steel structures should be protected by an optimum
protection method. Many protection methods such as surface coating, electric

protection or some other methods etc. have been applied to numerous steel
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structures which have been widely used in continental and marine areas. Most of
those steel structures are mainly protected by coating method. However, some steel
piles being under seawater are generally protected by electric protection method,
that is, either as an impressed current or as a sacrificial anode method.
Furthermore, environmental contamination may be resulted in severe corrosive
environment, which, in turn, cause to be accelerated corrosion of the steel
structures. Subsequently, the coated steel structures would deteriorate more rapidly
than the designed life time due to acid rain caused by air pollution etc. Therefore,
when the marine plant is often exposed to the seawater, that is, severe corrosive
environment, the corrosion resistance of anti-corrosive paint may be more and more
important and its corrosion resistance property have been increasingly required. So
it is thought that the development of anti-corrosive paint increasing the corrosion
resistance is important, and the choice of an optimum method which is to evaluate
rapidly and comrectly the comrosion resistance of anti-corrosive paint is also
important and is necessary in economical point of view.

In this study, four types of epoxy series paints are prepared with different resin
series and additives. And, after these specimens coated with four types of
paints(DFT(dry film thickness) : 25/m) made by different epoxy are submerged in
various salt concentration(0.1%, 0.3%, 3%, 6%, 9% and 15%), their corrosion and
osmotic resistances were investigated with electrochemical methods such as
corrosion potential, polarization curves, impedance and cyclic voltammogram
measurements etc..

Chapter. 3.1 was investigated with electrochemical methods such as measurement
of corrosion potential, cathodic and anodic polarization curves, cyclic voltammogram
and AC impedance when the test specimens are coated with 4 types of
anti-corrosive paints with different resin series and additives and submerged in
various salt concentration(0.1%, 3% and 9%).

The corrosion current density of these samples submerged in 0.1% NaCl solution
exhibited a higher value than those immersed in 3% NaCl solution because it

makes easier for water, dissolved oxygen and chloride ion etc. to invade toward

= Xii -



inner side of coating film due to increasing of the osmotic pressure compared to
3% NaCl solution. However, when chemical additive of amine series was involved
in paint, the corrosion resistance decreased with increasing of the salt concentration,
for example, the corrosion current density in the case of submerged in 9% NaCl
solution indicated a higher value than that submerged in 0.1% NaCl solution.

Consequently, it is considered that the mechanism on the corrosion resistance of the
coated steel plate is surely different with bare steel plate due to the osmotic
pressure between the salt solution and the coating film. Moreover, it can be known
that if a special additive were included in paint, the higher salt concentration
regardless of the osmotic pressure, the comrosion resistance may be decreased.

Chapter 3.2 was also investigated with electrochemical methods such as
measurement of corrosion potential, cathodic and anodic polarization curves, cyclic
voltammogram and AC impedance when the test specimens are coated with 4 types
of anti-corrosive paints with different resin series and additives and submerged in
various salt concentration(0.3%, 6% and 15%).

The corrosion resistance of the sample submerged in 6% NaCl solution exhibited
the best condition compared to the samples which were submerged in 0.3 and 15%
NaCl solutions. It is considered that the osmotic pressure in the case of submerged
in 6% NaCl solution is to decrease than that of the 0.3% NaCl solution, and the
concentration of chloride ion is to become a smaller value compared to 15% NaCl
solution, which is resulted that the corrosion current density of the 6% NaCl
solution indicated the smallest value compared to 0.3% and 15% NaCl solutions.
Consequently, in the case of 0.3% NaCl solution, it is easier for the water,
dissolved oxygen and chloride ion to invade into the painting film compared to 6%
NaCl solution due to higher osmotic pressure, and in the case of 15% NaCl
solution, also it is easier for the water, dissolved oxygen and chloride ion to
invade into the painting film compared to 6% NaCl solution due to higher value of
chloride ion. The sample coated with ceramic epoxy series(AC specimen) exhibited
the highest resistance against the osmotic pressure and chloride ion compared to

other samples.
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Chapter 3.3 was also investigated with electrochemical methods such as
measurement of corrosion potential, cathodic and anodic polarization curves, cyclic
voltammogram and AC impedance when the test specimens are coated with 4 types
of anti-corrosive paints with different resin series and additives and submerged in
various salt concentration(0.1%, 0.3%, 6% 9% and 15%).

The corrosion current densities of these samples submerged in 3% NaCl solution
exhibited the smallest values compared to other salt solutions. However, in the case
of lower values of salt solutions than 3% NaCl solution, the comrosion current
density increased again because it makes more easy for water, dissolved oxygen
and chloride ion etc. to invade toward inner side of coating film due to increasing
of the osmotic pressure than 3% NaCl solution, but in the case of higher values of
salt solutions than 3% NaCl solution, the coating film is easily deteriorated due to
high concentration of chloride ion rather than the osmotic pressure, which is
resulted in increasing the corrosion current density. On the contrary, AC sample
with ceramic epoxy indicated the best corrosion resistance in both lower and higher
salt solutions than 3% NaCl solution compared to other samples. Consequently, it
is considered that the mechanism of the corrosion resistance for the coated steel
plate is completely different with bare steel plate due to the osmotic pressure
between the salt solution and the coating film, and the corrosion resistance of
coating film against the osmotic pressure as well as the chloride ion depend on

various types of epoxy for paint.
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Table. 2.1 The principles of various corrosion prevention method.

Electro Protection
-chemical Detailed explanation Practical example
method
Factor
D Alloy to increase the D Alloy of Cu added with gold.
thermodynamic stability. Alloy of Cu added with Nickel.
Alloy @ Alloy conforming the (@ Weather resistance steel of low
protective film by corrosive alloy added with Cu.
Thermodyn creation substance.
-amic Surface (D Plating by corrosion D Fe metal plated with Cu or Ni.
stabilization| treatment resistance metal.
D Environment treatment to (D Make it easy to submerge
create protective film on the CaCO; by removing COs.
Environmental metal surface.
treatment @ Removing of corrosion @ Removing the complex additive,
reaction substance and of increasing metal ion, removing
additive increasing corrosion. H+, O,, oxidation additive.
(D Decreasing of cathode area. | (D High pure Zn, Al, Fe in stable
Alloy @ Alloy increasing hydrogen in HCl, H,SO, solution.
over voltage. @ Alloy of Fe, As, Sb, Bi.
Surface (D Coating by metal having the
Increasing | treatment high hydrogen over voltage.
of cathode (D Cathode inhibitor D Using of As, Sb. Bi to the acid
polarization cleaning.
Environmental | @ Removing of cathodic @ Increasing of PH, decreasing of
treatment depolarization additive. dissolved oxygen.
@ Cathodic protection. @ Cathodic protection by
impressed current method.
Alloy D Alloy increasing the anodic | (D Alloy made by Cr and Ni.
passivity ability.
(D Plating by metal easy to @D Cu plated with Cr.
Increasing | Surface become passivity. . . .
@ Paint containing the pigment | @ Using of Zinc chromate
of anode treatment . .. . .
polarization haYlng the passivity ac.tlon. pigment.
(@ Using of grease and oil.
Environmental @D Anode Inhibitor @ Cr acid ion, nitrous ion.
@ Anodic protection @ Anodic protection by impressed
treatment
current method.
Increasing Surface (D Coating and other protective
of electric | treatment coating.
resistance . D Variation of corrosion D Increasing of soil resistance by
between Environmental . . . ) . .
environment as increasing of flow easily dissolved water in
anode and | treatment . . oo
corrosion resistance. soil is easy to flow.
cathode




212 TARBE 7B BT wajo)E

Zd=o] BaAe ax mHo| oz 7bx Qolo] o&|A F=Zy &Zo] A
Hol =3 5 44 vEd 22 wkso] dojuA "I

O= : 2H,0 + O, + 4¢ — 40H

2H" + 2¢ — H, (A Y, AHd8)
0, + 4H" + 4e — 2H,0 AHAFY, P E)
0, + 2H,0 + 4e — 40H (A2 FSF, =4 LN)

@A AAAEHE Fe'e} OFoA HAH OH = uh

oo

stof Thes o] .

2Fe*" + AOH ~— 2Fe(OH) ;—~2FeOOH— 2Fe(OH) 3~ Fe ,0 5 - H,0, Fe 30, - 2H ,0

2Fe — 2Fe*+ 4e
O, + 2H, O — 40H"

\J
| 2Fe(OH), + 0, |
\J
\J
\J

[Fe,0; - H,0, Fe;04 - HyO|

Aol ¥ AEL FeOOH, Fe,0s, Fe;042 33E9] HgtAolt.



b gy Qe

I
“

D =373% 49 g 9

2) W4 =ute o

)
.

o
%

HAl = ARk

S|

o
=

)
.

TAZF A

3|

-



= EgHel At Aelw] A949

S

serg 74

2 3}

ok 1

=
@ §NozRE ol o] 3

3) =8t ol olLe] @ olE

N
Ar

AH + K* — AK + H'(AH :
AH — A" + K'(AK :

AHE T} AKZ 0]

A} K2 3]

| —

) Y

9] AK

2o =ut

i

F71 471 =
‘|_

[e)

R

)

e

X
o)

1

D(direct)

L —
) By

Bl

=2

o} welrie] Aol 7h4

I(indirect) & ©] AT}

| —

)

}

-

3}

o
o

o o=z W3}

1=

H
fa

il

[¢]

® <tmst 2A)ske] Aol

Al o]

7}

sh wRelr o)

i

i

7HA 0.

=
=

=

¢}

el

E
T

| —

)

49 §27 B3 ghrel 37

=

=



5 =93 A3} o]

o

—

~I
o)

B

R

A

ol
~

ol

e

L=

A v 34A

o]

mr

6) W4 =9to ¥4 Yo v FALE

N
4
)

ar
i

7

e

te] &+ 59 232 100% A

& ol

171 918lA =47] -OH, -COOR, -O-, -NH-7} £

S|

=7

N
G
ol
c_]a

7 b weba

ql

K
)

o

o A 3f

o
=

< Fe'o] 473

@ OH 9 S AAst=



o7 T =378 43 A

it

o

N
4

it

<)
o

il

ol% W7

® NaCl19

=

Y

0

A

7F A A

X

+

=

=}

A Hoh

S

7h A

X

RG-S
o] R@s o] 5

°

pHE A
I

=

]

(o]

8) ot e FI3} gAY 24 WAY

E
+

[0

o

;0U
£

oy

o9} o] k.

=
=

o} o] wiEol ¢]FelA Na'o]29]

3%

g

OH 7} A

&

ol
o
fe

Q &7tel Ao wE =99 A 3Hsoftness)t &4 E3), A7)



B3
< )] 1
N ) =
of 4 CRRT
¥ ~ ol il Ry )
() —_ il 3
= ~ O o dlo AT o Jo = ET =
T By os) N o H oo % "N T A
= 2 O - T X T TN T i
% Aol ] e 2 = X  ® 9 B ol o 1
LI — G b 0= ™ - b T
% W w i A - I 5 M ol w W w# ar o @ o))
BT 2= 2 3 » Pkl S® ] @ M T T _Lmo
oo O4J.w (3 ﬂloxET = 5 = A ok &
R b+ R = Ay S NP x 0 > 0 —~ o
AR N o 5 #Ww« B o ¥ Cl X o el
mo & Bo o Wu o)) .|W o o M 0| oo o = ‘W il 3 U
'A‘.w ﬁml.v ‘.ﬂr_! u T_ m N ‘mﬂ ‘mﬂ ,mA o E_E ﬂ@l R LOLO . 2_! 1»_m0 _..E ﬁo
g © T TN Lar bWz A i % D o T i ol .
5 T Woo N - L Mo g = L5
# i o] _r ° " ) A < Kol 9, o Cl
—_— — X —
z o $e3 N E_um_;;o @ 1%%%4@% i
m}v = = X box ._o_1ﬂﬂ1.w g 3o u%ﬁoo% = O
b T .- N T X — = o w 5o B + o P W -
7 T T e a o D T " =) 55w o o e
&ﬂ&# %mrﬂﬂ ﬂmﬂé%s TR P R Mo
S ﬂ@o_nﬁﬁz I e o @qo_:aoﬂ
I = ) e = = oo W W o B n o o
) o T o B M 5 F B H ° 7 X o mﬂ B o ° Mm
0 o o~ "= f X o ' =~ — )
m qr Mo _Mow = JW_ = T - = o CJ o < o)l o T do o o W oo 3
k_v Mo = < 2 Nr R b = 3 3 o ™ oo T o - op S WE o o <
50 o AR e qror FO o o oy = - ol o T TR o = T
= S) — °° qm oy i ooy A W X o T Ko Y T ) ol
S 8 ' ﬂ%ﬂkf;f%mﬁ azﬂmﬁwo 5
S mmf;goggﬂg E;ﬁa#mfe;mg
T P 1T o| AN ) N2 oo °o° R T
- fmKE ~ ° oo 1 | = pic)
] N o) A H M o )
S RN ﬂ%ﬂﬂﬂ&%ﬁl
2 @ B o S HT ~ c._ X Q | foh
@) UG T O % W W oo oy ,_ﬂ%
S o 42 e
_XH f
s 8

- 10 -



ol

0

A

0

ol
e

‘o)

=, 84

74|
™

© =ve] g AR, 4]

el ofsf AujEt.

A s=9 IF

1—
T

10) =37393 W) Zee FH&E m3]

S=7F A7 Ao

Wo] BA&Es}l A2 Jepdt

2.1.3 =732 ALE-2](filiform corrosion)

o] ARG

Al
-

o

)

0.1~1.5mm

o]

o

i
uze)

X

7} 65~90% *H ¢ o]t

o

s

s

4) A

11



o T T S o M- AR o|J o Wy To T
X b % RP AW S i
® o= % A 5 @ Wooo®w® )
w9 %+ P FHOY T o, :
Yo n - Hw R R ia ~ < oy
T 0
¢ F o= . BR o Mew §oow Yo b .
R o] 3 ) =
%) £ do T ] Ol do o 3 >R g =
T o S TEC L T B g 0
) e iy = % X of o X W "
o WY R ) T R U )
o o U B o) U o U S Yy
N
s b woTm Farm BOSEE IR ~
s ~ X s o ﬂwﬂo 03
o . = 3 F o5 X - o W 2k K
2 2 K T — e N I
ar E o £ I “ o 5 Mo ) =
o+ R < T M ° tlo off mo o Ay X
R - M = WXFEo R _
o B S - i F = N M o0 Mo Plo o T
X = T O o O K 7l N o )
W o= Tom E ® i o 4 TN w e b =
Fn Q - Hr ) op 7 Al el o 1 I, G alo
4 Sy xR T o N < T T m R & W .
ST @S Tom o O I ]
< , o X
v o EgiwEwei wg¥ o oo wmEgyaal r = ©
T e e ROR oo - oF = T og T T T =
o BN W ° T o z - o e B T =
® oot e 5 W ) R A T 3
g Q U oy ol oy ) N o No < o wAr o} 9 &
= o~ < g- R SR R I o ok SR
% X T ° {n 2 o ) ~ —
mo ZRdrs ®Fg e X Mo T S
= N e uE R0 Mﬂ T Moo XA T M9 ~
SO F2XM L g 20 o pwPBREg R < o
T e pdg e d® X2 Mo”9 2o T
rr R TR E AT N o P a #og g Gt I
SO A N O g I A . A S
A_ﬂourmﬂoﬁ%m«ﬂu_.FﬂmMu%Ex%ﬂo@Nrﬂ < o ﬁ
73 © = o > w/ m m \B) n.“ -

[e)

=
il

7F S Ao

=

3h7k1 mQl ofeol= FAIZF A

gt Aol Zik(palsam)Ee TAE Eg¢stal, HE

4 7] o 9]
_12_

ted ¥HE B4l (vamish)ol] F=E ol W50l 7t Al

A= AS=E, 1390dtH
¢}

7}

=
=

O_—a
R



= o
v —

71 &7}

A o}Lb) = PHCN,),
o} (water borne zinc

of thA B4 FTFY

J

=

e (2PbS0O,Pb0), 31 ¥(PbCO;-Pb(OH),)
714

Al 011\_

obata}

5o =N F7
7]
Fo] wlg2 (base-primer)©] F

=

e}
A 7143 ZE4PE(PbCrO,-PbO),

Bl

S

=
=

=

Jurth o) 23 Aol Anz,

5

(Ph;0)= 71Ho=
3+ (PbCrO, Pb(OH), PbO),

DymecA}ol| A]

=

EoA F EZ(Pb,0

=

Q)

MA 8=
h

a1 ol%

s
A2Z4(2Ca0-Pb0O,) 59

ZT0%), 438 (Fe,0;) 55 71 = o
oIt} F4obele

L ~EH ol
silicate) =50t}

A

-
(<]

¥

it

)
=
joh-

0. =

1841|7101}

ke
T

o]

e

A =
— 13_

°

8

i)
=

A(GHIE) =271

J

8

T Afol] A

—L

AA Aeom AR o] mFe



314

A

L —
)

1930 th 744

A=

B

1

Q

7kzl

918

196213 A Al A
B3 2] A o] ¥ (tanker corrosion-control rule)S

aga

)
o
Nz

%

A

5]

=] 2o

R
B

ol
ojo

gl

Z) A 2] X = F(zinc

FSATE

S|

A ©] &-(corrosion-control) == Z A

rich paint), & E} 2 of| & A](coal tar epoxy)TA EF 5= A A

A

Al A <]

L —
| Y

ol A

gl

—

HqA o o Fojzon,

7ol

it

)
.

AGHE I =R

3

bs

GHA

B

il

Aoz dHA A

s},

AAH R §73

Table. 2.2+

KeN
=

o}

_14_



Table. 2.2 Famous bridges coated with various kinds of anti-corrosive paints.

L Establish | Length . Enviro- .
Bridge's name day (m) Location ment Coating system
. US.A Anticorrosive oil paint
Gorge washington 1931 1,451 harbor . o )
New york + Phthalic resin oil paint
Australia Red lead anticorrosive paint
Sydney-harbour 1932 | 1,150 harbor . o
Sydney + Phthalic resin oil paint
US.A Red lead anticorrosive paint
Aucklanddobay 1936 | 6,925 . harbors . o
San francisco + Phthalic resin oil paint
[norganic zinc paint
New port 1960 | 3430 US.A coast & P

+ Epoxy H.B paint
Forth-road 1964 | 2,063 | UK harbor | Z.H.S + W/P + Z/C + MIO
[norganic zinc paint

Sanmedichaywood 1967 | 3,200 | US.A coast ] .

+ Vinyl H.B paint

) ) Organic zinc paint + W/P

Namhae bridge 1973 660 | Korea straits

+ Z/C + MIO + CR

ZHS + W/P + Z/C
Hanber 1981 | 1,410 | UK / /

+ Phenol MIO

Inorganic zinc rich paint
Innoshima bridge 1983 770 | Japan + Epoxy primer

+ Epoxy MIO

+ Polyurethane top coat
Inorganic zinc rich paint
+ Epoxy primer

+ Epoxy MIO

+ Polyurethane top coat
H.B = High build type Z/C = Phenol Zinc Chromate. C.R = Chlorinated Rubber
W/P = Wash Primer MIO = Micaceous Iron Oxide Z.H.S = Zinc hot-spraying

Great naruto bridge | 1985 876 | Japan

Table. 22014 B wke o] 1960 7= t=Ho g2 4 FHIER
of ZeAFAEER Z2FAZ =AU

I % 19640 I AR OnFe] A e BFHoE 3 A
(coating system)ZA] o}d A} I E(74um)E& base-primerZ 3l zinc chromate 73 4]
55 %9 MIO 5855 Z¥AIZl =447} Forth-road bridge 2 Severn bridgeoll %
£50], 10d ©]/d2] maintenance free(ETE% v 22 =AEH AT

I Fo 2529 T =AY ZXto] He AAYA Zeko| H(zine rich
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Table. 2.3 Evaluation of corrosion degree by coating system with year.

The no. of years

1 2 3 4 5

Noo prsell;;frg%ieon Coating  System

Blast Epoxy zinc rich paint / Chlorinated rubber

1 . primer x 2 / Chlorinated rubber intermediate 3 3 3 |25 2
cleaning

coat / CR-top coat

2 | Blastleaning| 1.Z.P / CR MIO x2 / CR- intermediate / CR-top coat| 3 2 3 3 3

g | Powertool |y 7 b bhenol MIO / Phenol MIO 2 15110
cleaning

4 Power tool | P.V.B shop primer / Anticorrosive oil paint 3 3 95 9 15
cleaning x 2 / Phenol MIO / Phenol top coat

5 Power tool | Coal tar epoxy x 2/ Phthalic resin 3 3 3 3 3
cleaning intermediate paint / Phthalic top coat
evaluation marks : 3 = nothing rust(perfect) 2 =rusted area below 10%

1 = rusted area from 10 to 30% 0 =rusted area above 30%
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dRtzlo® ALHN Je= WA WS FEE Lol Table. 2.49F 2t

Table. 2.4 Various corrosion protection method with location of steel pile in seawater.

Region Corrosion protection method Remark
Sea-atmosphere area Heavy duty coating
Submerged area Heavy duty coating and
(seawater & sea-soil) electrical protection

corrosive resistant metal

o . There is no perfect corrosion
Sacrificial metal coating

o protection method in
Cement mortar lining

. . o severely corrosive environment
Splash or tidal zone Resin mortar lining

FRP or plastic sheet covering
Flake-lining

Taping

WY A1ee A4 &
S7b Atk dE 29 UAARe] AW, WA, TS, AAA

aA4na S|},

o
flo
i

2.15 U8 AF=EY =% ¥4

D EHA 29 § =Zgto|(shop primer)

12 #HAE & 7bE, AR, 29 713 Foll HAHEEHE = AS YA 9
N = = AS YA B8 o] v (shop primer B prefabrication primer)
oleba Heh
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Table 2.5 The kinds of A/C paints for ship and advantage & disadvantage.

Type Advantage Disadvantage
@D Good resistance (D Poor chemical resistance
Alkyd @ Good color and gloss retention @ Poor water & seawater resistance
@ Cheap price (@ Sometime cause bubble phenomenon
@ Good workability
(D Excellent chemical resistance @ Very poor color & gloss retention
@ Excellent mechanical-properties @ Bad curing at low temperature
(hardness, flexibility, abrasion) @ Inconvenient handling because of
Epoxy .
@ Good adhesion property 2-component
@ Good heat resistance @ Bad recoatability
(® Excellent water resistance ® Poor weather resistance
D Fast dry (D Poor solvent resistance
@ Good recoatability @ Poor heat resistance
Vinyl @ Good chemical resistance @ Contains chloride-ion
@ Good weather resistance @ Poor oil resistance
(® Good water resistance
D Good water resistance (D Contains chloride-ion
Chlorinated | @ Good chemical resistance @ Yellowing
rubber @ Excellent intercoat adhesion @ Poor solvent resistance
@ Good weather resistance
D Excellent water (@D Limited color
Coal tar & seawater re.sistance. @ Tar bleeding when overcoat
epoxy @ Excellent chemical resistance @ Poor heat resistance
@ Excellent intercoat adhesion @ Slow dry
@ High build of film thickness (® Very bad weather resistance
(D Good weather resistance (D High price
@ Excellent heat resistance @ Poor workability
. (@ Excellent anticorrosive property @ Difficult to treatment surface perfectly
Inorganic o .
Zinc @ Good con.lpatlblhty preI.)aranon. of tpetal tg coat
(except oil-alkyd base) @ White rusting(zinc salting)
(® Excellent abrasion resistance (® Difficult to overcoat because of
dry film-hole
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Table 2.6 The types of anti-fouling paint.

Item Type Soluble matrix Insoluble matrix Self polyshing
(D Leaching ratio control Impossible Impossible Impossible
@ Antifouling life time Below 1 year Below 2 years Above 5 years
(@ Effectiveness of biocide Below 50% Below 50% 100%
@ Adhesion Bad Not bad Excellent
(® Physical properties Bad Not bad Excellent
® U.V resistance Bad Not bad Excellent
Animal Good Excellent Good
@ Antifouling
Plant Not bad Good Excellent
® Advantage Cheap price - Long term - Long term
Fast dry antifouling antifouling
- Lower surface
roughness
- Lower fuel
consumption
@ Disadvantage Short term - High price - High price
anti-fouling - Safety problem | - Safety problem
High polluted when coating or| because high loading
coastal cleaning biocide
High fuel - Lower biocide
consumption effectiveness
when the ship lie
anchor for long-term
(above 6 month)
- High level abrasion
of film when exceed
25 knots
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JdgA, 838 E5e &5, AAs=Y T/ metA dgstodor st oA
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Table 2.7 Variation of coating for tank with various cargo and usage.

Kind of tank Paint Remark DFT(¢m)
Epoxy Epoxy ar vinyl top coating is generally
Oil tank Tar epoxy necessary to the horizontal plane of inner 250-300
Inorganic zinc tank in case of inorganic zinc coating.

Tar epoxy is very good, and

E
POxy Zinc is consumed by zinc salting

tank T: 250-
Sea water o epo.xy . with time in case of inorganic zinc 50-300
Inorganic zinc .
coating.
. . ood t
Various oil, Epoxy Ino:g.amc zinc coatmg is ve.ly g 0.
.. gasoline, fuel oil, various oil, neutral oil,
solvent Inorganic zine e 250-300
chemical tank Urethane however not good to acid alkali, and
vegetable oil etc.
Drinki ter, ) .
fr:lsh nit::aa:d Epox Tar epoxy is not good to drink water
distill:(vi water Tzr ey 0X tank due to contamination. 250-300
tank Poxy by tar bleedmg

) B3 H&ses =7 AF

Adke] g2 3% AtgtEo] EAHAE 5~10%km o] EFo|y 15%hm 9]
49 A% Gtk o] @ B2 o] EFTHL UV she AL (ke F =3
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A 2oz o2 Al 2318 1A AAstoiok

o] AnbAl =AM Table. 2.8.5 T

Table 2.8 Coating system of tank's interior area.

. Total or
* Coating system
o Lo b
P P I'st | 2’nd | 3'rd | 4'th | (um)
WP
ZEP St 3 - - 250
Ballast and/or NZP t
blast oil tank 1ZP HTE
1zp St 3 1Z 75
ZEP EP EP EP
2! 250
Cargo tank NZP Above Sa 2% HEP | HEP
(White oil)
1zp St 3 1Z 75
I\\)IVZPP St 3 EP EP EP
200
Freshwater ZEP Sa 2% | HEP | HEP
tank
WP
ZEP St 3 \Y% \Y% \Y% \Y% 150
;VEPP HTE 200
NZP St 2
. TE TE 200
Void space 1ZP
WP
ZEP St 2 EM | EM 100
NZP
W P: P.V.B Wash Primer T E : Tar Epoxy paint
NZP : Non-Zinc epoxy shop Primer HTE : High build Tar Epoxy paint
ZEP : Zinc Rich Epoxy shop Primer [ Z : Inorganic Zinc rich paint

IZP : Inorganic Zinc rich shop Prime HEP :
E P : Epoxy Paint v
E m : Emulsion or water soluble paint
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Table 2.9 Variation of corrosion current density with various tank.
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A #H ZA$H(surface related
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Table 2.10 Formulation related inorganic coating failure.

coatin . ;
. g Failure appearance Cause of failure Remedy
failure
Formulation should include
Usually fine visible or Th‘e zinc ‘plg:ment‘s to blnder remforcmg pigments. Apply
1. Checking microscopic checks. Do not ratio is high; rapid drying coating as thin as re- .
. ) conditions cause surface commended. Second coat, if
penetrate to the substrate. -
checking. necessary. Apply under
favorable drying conditions.
L . Apply coating at no more
2. Mud Fine to fairly large segment ?pphcatlon‘ of coating 100 than recommended thickness.
. . eavy. Rapid drying
Cracking (1/4 in.) flaking from surface. conditions Apply under favorable
’ drying conditions.
Pinpoint spots of corrosion Zinc pigment mask by other Usual remedy: remove
3. Pinpoint progressing from a few per p‘igme‘ntation or improper coqting and r‘eapply more
. square feet to almost zinc/binder ratio. Uneven satisfactory zinc coating.
rusting continuous. Early failure can | coating thickness; thin coated | Apply maintenance coat at
be catastrophic. areas show first failure. first sign of pinpoint failure.
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Table 2.11 Organic coating failure.

in coating which do not
penetrate to the substrate.

and continued surface
polymerization and oxidation.

Coatin . :
. g Failure appearance Cause of failure Remedy
failure
Surface soft and powdery. Sur‘fa‘ce disintegration by Sf‘:lect C(‘)at‘ings f(?rmulated.
. . .. actinic rays of sun on the with radiation-resistant resins
1. Chalking Easily removed by wiping . L . .
surface organic resin binder; (acrylics) and noncatalystic,
’ improper pigmentation. nonchalking pigments
imilar to chalking. . . . . .
Similar to chalking . Chalking mechanism with Select chalk-resistant coating
. Surface removed on high . .
2. Erosion coating surface removed by | with good flow out to a
spots and brush marks to .
. . weathering. smooth film.
base coating or primer.
Select ting fa lated
Surface phenomenon-uneven, Surface stresses caused by f‘:ec coating (?rmu e .
. . : with weather-resistant resins
. small noncontinuous fissures shrinkage due to weathering . . .
3. Checking and inert reinforcing

pigments in addition to
noncatalystic colored pigment.

4. Alligatoring

Very large macrochecking,
generally cross-hatched pattern.

Internal stresses where
surface shrinks more rapidly
than body of coating. Hard
topcoat applied over soft
undercoat.

Apply thin coats and
thoroughly dry before adding
additional coats. Never apply
hard topcoats (epoxy) over
soft undercoats (asphalt).

Small breaks in coating to
substrate. May be linear,

Stress set up in coating due
to continued polymerization

Select coating formulated
from nonreactive weather

random pattern. Wrinkle may
be fine or quite large.

than does the body of the
film.

5. Cracking cross-hatched, or curved. g . -resist resins, reinforcing
and oxidation; improper . .
Cracks mayor may not be . . pigments, and nonreactive
. pigmentation. .
continuous. colored pigments.
Use coatings with strong
. . Rapid dryi f highly filled| adhesion. Appl ti
Large macrocracking. Coating apl. tyme 0. 1y fed) achesion. ApPY C OaHngs
6. Mud coatings, especially water under proper drying
. may curl at cracks and lose . .
Cracking . -based materials (water conditions and prevent sags,
adhesion . .
emulsion paints). puddles, or areas of excess
thickness
. . . fi ti hi . .
Furrows and ridges in coating Surface reac 101,1 where Choose coatings with even,
. surface of coating expands .
- surface. may be linear or . : . thorough drying
7. Wrinkling more rapidly during drying

characteristics. Apply evenly;
avoid excess thickness.

8. Biological

Softening or slime reaction of
coating-Blotchy brown or
black spots on coating surface

causing poor, dirty appearance.

The biodegradation of the
coating by bacteria or fungi.
the The coating is used as a
source of nourishment.

Select oil-base coating which
contains permanent
fungicides or bactericides.
Nonoil coatings should use
nonbiodegradable modifiers.

9. Discoloration

Yellowing, greying, or
darkening of coating.

Resin or pigment color
change due to weather or
chemical action.

Select coating formulated
with both color stable resins
and pigments.




Table 2.12 Surface related failure.

Coating

failure

Failure appearance

Cause of failure

Remedy

1. Previously

used steel

Blistering, rust, tubercles, loss
of adhesion in areas where
steel was previously exposed
to corrosive conditions.

Retention of minute amounts
of corrosion product or
contaminant along grain
boundaries of the steel
surface, even though blasted
to white metal.

Wash-blasted surface with
water or dilute phosphoric
acid solution and reblast.
Apply an anticorrosive
primer with strong adhesion.
Where applicable, an
inorganic zinc primer may
provide a good base coat by
reacting with the minute
surface corrosion after the
first blasting.

2. Galvanized
or metallic

zinc surface

White zinc corrosion forming
under the coating or actually
breaking through the coating.

Formation of zinc salts
(oxide, sulfide, oxychloride,
zinc soap) underneath
coating.

Brush blast zinc surface or
treat with commercial zinc
treatment. Apply a nonoil
base, inert, strongly adherent
primer.

3. Aluminum

White corrosion product
causing pinpoint failure in
coating; loss of adhesion
because of very smooth
surface. Possible blistering.

The very smooth aluminum
oxide surface. No physical
adhesion.

Very lightly dust blast the
aluminum surface, or where
applicable, treat with
commercial aluminum
treatment. Apply a primer
with known compatability
and strong adhesion to
aluminum surface.

4. Copper

Grey-green corrosion product;
loss of adhesion.

Very smooth copper oxide
surface. No physical
adhesion.

Brush blast copper surface
or etch with commercial
copper treatment. apply a
primer with known high
adhesion to copper.

5. Concrete

Blistering of coating.
Formation of calcium salts
under coating, forcing coating
from the surface. Loss of
adhesion and peeling.

The chemical reactivity and
moisture content of concrete.
Its nonhomogeneous very
porous structure. Pinholes,
water, and air pockets in
poured concrete surfaces.

The concrete should be

and the surface dry.
It may be acid etched or
lightly blasted to obtain
proper surface condition.
Use a low molecular weight
highly penetrating primer
with strong alkali resistance
(liquid epoxy). Primer should
be heavy bodied and
thixotropic to fill imperfec
-tions in concrete surface.

clean
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Table 2.13 Application related failure.

Coating

failure

Failure appearance

Cause of failure

Remedy

1. Runs, Sags,
Curtains

Heavy areas in coating which
flow down vertical surface in
streaks or curtains.

Lack of care in application.

Remove runs and sags with
a brush smoothly. Brush
coating out well, finishing
by light brushing in one
direction.

2. Improper

Areas of pinpoint corrosion
between areas of solid

Thin areas, spatter coating,
holidays. Runs, puddles,

Careful application. even
spray passes with each pass

concentrations with a random
distribution. Pinpoint
corrosion in pinholes.

pressure too high with
atomizing air pressure too
low. Pinholes may exist in
the substrate (concrete)

coating coating: Where .coating is‘ excessi\fe number of spray‘ overlapped 50%. Use cross
thickness over thick. Possible checking | passes in areas where coating .
. . spray technique.
and cracking. is difficult.
vV h ti face. . .
cry roug Cf)a e sur‘ ace Apply coating with care and
May appear like sand in . . .
. . Improper spraying technique. | with even wet spray passes
coating. Some dry coating, .
3. Overspray . .~ .| Uneven spray passes with overlapped 50%. If
like dust, on surface. Pinpoint
. gun too far from surface. overspray occurs, remove
corrosion throughout rough .
before overcoating.
areas.
Improper spray technique. Apply coating with care
Small, visible holes in Spray gun too close to with spray gun at the
coating (1/32 in.). Holes surface with air bubble being | optimum distance from
4. Pinholes generally appear in forced into coating. Spray pot| surface. Make sure gun is

properly adjusted. If pinholes
already exist, apply coating
by brush, working it into
surface.

5. Holidays

General corrosion in bare or
thin areas of surface which
were uncoated by the painter.
Most often in difficult areas
to coat.

Poor, inconsistent application.
Lack of care.

Apply coating in careful,
consistent manner, making
certain that no areas remain
uncoated. overlap each pass
50%.

6. Spatter coat

Pinpoint rusting in area of
thin coating, usually at end
of spray pass or around a
complex section of structure.
Small spots of coating which
are noncontinuous over
substrate. In poor light may
seem continuous.

Discrete coating droplets
which are not continuous
over surface. Inconsistent
spray passes not overlapped
50%. Spray gun filpped at
end of spray pass.

Apply coating with care.

Use even, wet spray with
each pass overlapped 50%.
Use cross spray technique.

7. Cratering

Pinpoint rust forming in thin
areas of bug eyes, fish eyes,
or craters randomly dispersed
over coated area. May be
more prevalent in thicker
sections

Improper solvent mixture, oil
in atomizing air, surface
contamination, particulate
fallout during application,
high surface tension.

Once cratering occurs, sand
or roughen crater area,
Apply second coat by brush,
working coating into cratered
area.
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} Coating film

Fig 2.3 Schematic diagram of electrical circuit for coating film boundary.
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Fig. 2.11 Schematic diagram of electrochemical corrosion on metal

in electrolyte (HCI solution).
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Fig. 2.12 Schematic diagram of five elements for corrosion occurrence.
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7Rl =gl AHAEsiA 4

FE7HA = 28 duly Aldo] A olddnh °o] Anpd AdL: F
FAoNA AA S4E Aol wet 253 e AR L3 Aot

Table 2.14 The series of electro motive force for various metals.

metal/metal electrode potential (V) metal/metal electrode potential (V)
ion librium | vs normal hydrogen electrode ion librium vs normal hydrogen electrode
Pd/Pd’ +0.987 Fe/Fe** -0.440
Ag/Ag" +0.799 Fe/Fe’* -0.036
Hg/Hg** +0.788 Cr/Cr’” -0.744
Cu/Cu* +0.337 Zn/Zn* -0.763
Cu/Cu’ +0.522 Mn/Mn* -1.029
Hy/H* 0.000 Ti/Ti* -1.630
Pb/Pb** -0.126 AVAP* -1.662
Sn/Sn** -0.136 Mg/Mg** -2.363
Ni/Ni** -0.250 Na/Na* 2.714
Co/Co** -0.277 K/K* -2.925
Cd/cd* -0.403 Li/Li* -3.045
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Table 2.15 The galvanic series of various metals in sea water.

Platinum

Gold

Graphite

Titanium

Silver

Hastelloy(62Ni,18Cr,18No)

18-8 stainless steel (passive)
Inconel (passive) (80Ni,13Cr,7Fe)
Nickel (passive)

Monel (70Ni, 30Cu)

Noble or cathodic Cupronickels (60-90Cu, 40-10Ni)
Bronze (Cu-Zn)

Copper

Brass (Cu-Zn)

Hastelloy b(62Ni, 18Cr, 18No)
Inconel (passive) (80Ni, 13Cr, 7Fe)
Nickel (passive)

Tin

Lead

18-8 stainless steel (active)

Cast iron

Steel or iron

2024 aluminum (4.5Cu,1.5Mg, 0.6Mn)
Active or anodic Cadmium

Zinc

Magnesium and Magnesium alloy
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Fig. 2.13 Schematic diagram of salt concentration cell.
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Fig. 2.15 Schematic diagram of oxygen concentration cell performed by rust.
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Fig. 2.16 Schematic diagram of oxygen concentration cell performed by water
surface.
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Table 2.16 Corrosion potentials of metals in seawater.
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2.17)

JHEE A7) 2 (2.16)L
AG = AG® + RT In[M"*]

o] At} 7]
E=E°+E1n{¢§*§_59' _%%5}
nF SEAYOESE
o] AoA AAAFE FEAFE XA
_ o, 0:0591, {UJ%%P_I _%%5}
n MEEOBES
0.0591  [M"]
=E° |
T % (2.18)
n Hkgo] #A3 Az 4+ F. 3 2 d] ©]44~(96,487 C/mol)
R 7] A1744~(8.314 J/mol ° K) Ae2&=(° K)
21 (2.18)% 2L duyA A= AHAY Foe=Z YERH+= Nemnst AS 9L &
ok Nernst 2] ol A4l 78 542 ¥h3 7542 ALABEE BIA g st
(2.18)ol A1 latm, 25C, S<£°l2 1mol AHOA F3 AYE EFAHZ
T A YHEZE Feo ZEAIFTHAE FaEA o3 2ok
w(Standard chemicalpotential) = 20, 300cal (2.19)
(2.20)

21 (2.
AAEDE e

u OFe
E =-20,300cal / nF
= —-0.44

— 20300 <x4.2J
2x96500C
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Table 2.17 Standard potentials for various metal-ion, gas or redox potentials vs SHE at 25°C

Electrodes Electrode reaction E°/V
Au*'/Au Au*+3e & Au +1.50
CI/Cl, Cl,H2e =2 2CT +1.3595
0,/H,0 O,+4H"+4e =2 2H,0 +1.229
0,/OH 0,+2H,0+4e == 40H +0.401
Pt*/Pt Pt**+2¢ <= Pt +1.20
Pd*/Pd Pd*"+2e =Pd +0.987
Ag'/Ag Agte = Ag +0.799
PbO»/PbSO, PbO,+S04 +2H+2e ¥ PbSO,4+2H,0 +1.685
Hg,*'/Hg Hg,*"+2e =2 2Hg +0.789
Fe*'/Fe* Fe*'+e = Fe?* +0.77
Cu’/Cu Cu+e —Cu +0.521
Cu*/Cu Cu**+2e =2 Cu +0.337
Sn*"/Sn** Sn*+2e &2 Sn?* +0.15
Pt/Hy/H" 2H'+2e == H, 0.0
Pb*/Pb Pb*+2e &= Pb -0.126
Sn**/Sn Sn**+2e &2 Sn -0.136
NiZ*/Ni Ni*"+2e == Ni -0.250
Co*'/Co Co*+2e = Co -0.277
cd*/cd Cd*+2e = Cd -0.403
Fe*'/Fe Fe**+2e = Fe -0.44
crt/Cr Cr+3e == Cr -0.74
Zn*/Zn Zn*t+2e = Zn -0.76
Nb**/Nb Nb**+3e & Nb -1.10
Ti*"/Ti Ti*+2e = Ti -1.63
AIP*/Al Al+3e = Al - 1.662
Mg> /Mg Mg +2e & Mg -2.363
Na'/Na Na'+e = Na -2.714
Ca”/Ca Ca®*+2e = Ca -2.870
K'/K K+e =K -2.925
Li/Li Li'te = Li -3.045
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2.3.8 A9- pH=E
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2) Stern Geary?2)
O #Ado] 20mV ~ 50mV € F-$

—ankn, exp— (1-a)nFn.
RT RT
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—anFne (I-a)nFn,

23RT _10 23RT )
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=i la=22ey 2T
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Fig. 2.21 Polarization curve for Stern Geary's equation

3) Tafel 2]

i=i

— Yeor

RT RT

o] ft}. 7] FAL log= Hshw

_80_

—ank’ -(1-a)nF
[exp anf, o ~(=@nF,

)

—-



) ) 3RT .
logi =logi_, - logi
onkF’
2.3RT 23RT, .
.= logi,, — logi
ank
=a+blogi
_ 2.3RT : _ —2.3RT
a="" log 7., b nF
ZCOI" = i

’F71% Tafel &4 S Fig. 2.220] YEM ST

lO,HZ

+
EH Mz -

Ecorr ————————————————————————
Applied current
curve
Tafel region
| OVRIVRN B l— S k\‘M - M
logapplied
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A7 8t d AES 93t AFHS AZ8H7] Y3l 3emx2eme] IV 2 AT
NAAE TR T Fol BAL AAF F 2WF laiE AT YA
RS o ZAIZ dAA T Fig. 312 AlgH] HAE Al 7t =ge
stz z4-e Table 3.13} 2o}

Fig. 3.1 Morphologies of test specimen(AH)

Table 3.1 Chemical compositions of anti-corrosive paints (wt%).

” Phenol | Ceramic| Coal tar satta
ype epoxy epoxy epoxy CDOXY
AP) AC) (AT) (ﬂ.ﬂj
Epoxy resin solid 24 54.5 13.4 243
Coal tar - - 31.6 -
Polvamide resin - - 6.8 -
Amine adduct 50 - - -
Polvamide adduct - - - 0.3
Additive's solid 0.6 - 1.1 1.7
Pigments 51.4 45 .5 218 524
Voladle matter 19 - 253 126
Total 100 100 100 100
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Table 3.2 Data of impedances of four types of samples after immersion of 10 day
in various salt concentration

Impedance(Q-cr) at 0.01 Hz (10day)
0.1% Nacl 3% Nacl 9% Nacl
AP 1.06%107 1.61%107 1.27*10°
AC 9.36%10° 2.53%10° 7.73%107
AT 9.01%10°3 6.39%10° 5.76%107
AH 1.63%x10* 6.95%10* 2.28%10°
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Fig. 3.8 Comparison of impedances measured after immersion of 10 day in

various NaCl solution
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Table 3.3 Data of corrosion current densities of four types of samples after
immersion of 11 day in various salt concentration

Corrosion current density(A/cm)
0.1% NaCl 3% NaCl 9% NaCl
AP 1.45%1071 1.08%x1071 2.04x10710
AC 6.76%10°° 1.24x10713 1.41x1071
AT 2.44%1078 1.23%x10713 2.02x10712
AH 1.41%1077 7.97%10710 1.28%1078
Nﬁ 0
c I 0.1%
£ . 11day I 3%
%1.4)(10 -9(%
."“:’
c
[}
©
T 1.2x107}
o ; 1
3 oe0 T
S3.0)(10 -
-13
=2.0x107F
o 13)
£1.0x10
O 0.0

AP AC AT AH

Fig. 3.11 Comparison of corrosion current densities measured after immersion of
11 day in various NaCl solution
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Fig. 3.13 Comparison of surface morphologies after drawing impedance with
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Fig. 3.14 Morphologies of four types of test specimens

Table 3.4 Chemical compositions of anti-corrosive paints (wt%).

” Phenol | Ceramic| Coal tar :It-:igidh

il Gp | &S | G | ey
Epoxy resim solid 24 54.5 13.4 24
Coal tar - - 31.6 -
Polvamide resin - - 6.8 -
Amine adduct 50 - - -
Polvamide adduct - - - 0.3
A ddidve's solid 0.6 - 1.1 1.7
Pigments 51.4 45 .5 218 524
Voladle matter 190 ~ v L 126
T otal 100 100 100 100
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Fig. 3.18 Variation of corrosion potential soon after immersion(0 day) in 6% NaCl
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Table 3.5 Data of corrosion current densities of four types of samples after
immersion of 11 day in various salt concentration

Corrosion Current density(A/cr)

0.3% Nacl 6% Nacl 15% Nacl
AP 2.68%x107° 1.38%10712 2.88%10°8
AC 4.76%10713 1.33%x1077 3.28%x107°
AT 8.66x10711 2.71x1071 4.71%107°
AH 2.39%10°® 1.29%107° 2.12x1077

2.5x10

=
S2.0x107 11day
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w
(=]
x
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6"(0 i
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Fig. 3.25 Comparison of corrosion current densities of AH specimen measured after
immersion of 11 day in various NaCl solutions
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Fig. 3.26 Comparison of corrosion current densities of AP specimen measured
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Fig. 3.27 Comparison of corrosion current densities of AT specimen measured
after immersion of 11 day in various NaCl solutions
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Fig. 3.29 Comparison of impedance of AH specimen after immersion of 10 day in
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Fig. 3.30 Comparison of impedance of AP specimen after immersion of 10 day in
various NaCl solutions
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Fig. 3.31 Comparison of impedances of AP sample measured after immersion of
10 day in various NaCl solutions
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Table 3.7 Chemical compositions of anti-corrosive paints (wt%).

Phenol | Cermmic | Coal tar Ec-bi]gilc:ll
Type epoxy epoxy epoXy i .
- - < < poxy
(-ﬂ) (-‘ic) (-—“-T) (_m
Fpoxy resin solid 24 54.5 123 24
Coal tar - - 31.6 -
Polvamide resin - - 6.8 -
Aamine adduct 5.0 - - -
Polyvamide adduct - - - o3
A ddidve's solid 0.6 - 1.1 1.7
Pigments 1.4 455 218 S2.4
W olanle matter 19 - 253 126
Tocal 100 100 100 100
2. A8y
drEmel w2 AEge] f7s uggel wXE 4FS @ S
0.1%, 0.3%, 3%, 6%, 9% 2 15%2] AFE XS WE Jo 4 559 AFE
E45 1LY vlA FY §FSE AL Fo olF &AL FF5FHGcm/se
%<4 = .PIV:Particle Image Velocimetry2 Z4)Z FA|st3ith. 183 4 £F7

o AztdE A@dAE A7 Agw &0 AASAL, WA dre A AF
(30%: 0 day)?} 3¥(3day), 7¥(7day) A =
A AAE Tt HA fF&AodA FAH9 2
A 119 Fol g5 2 55 5345 34 st =23 32 109 Fof
Juldx =4 Fof dAujHgoez TW Ef =

H =4 AX+= Won. A TechAlZb ¢ Zhuj

A=E SCE A5, 5 Hae ARSI
18002 = st 92 A $o 744
] 74 (Sometech A}, Model: SV35)S.2 1008} 2008] uj 7
3372 3%° AuE &9 4 TR AFHES A4 JAAT AALPS A

Ege Ho 3 3o
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Table 3.8 Impedances of four types of samples after immersion of 10 day in
various salt concentration

Impedance(Q -an) at 0.01 Hz (10day)(%:NaCl)
% | 0.l 0.3 ] i g 15
AP | 1.06x107 | 3.01x10° | L61x107 | 1.77x10° | 1.2710° | 9.95x10°
AC | 9.36<10° | 4.61x10° | 2.53x10° | 1.24x10° | 7.73x10" | 7.26¢10"
AT | 9.01=10° | 1.06x10" | 6.39x10" | 2.18x10 | 5.76x107 | 5.42x10°
AH | 1.63<10° | 1.81x10° | 6.95x10° | 2.22¢10° | 2.28¢10° | 3.89x10°

10 10day

0.0 I
0.1%  0.3% 3% 6% 9% 15%
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Fig. 3.44 Comparison of impedances measured after immersion of 10 day in

various NaCl solutions
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Table 3.9 Data of corrosion current densities of four types of samples after
immersion of 11 day in various salt concentration

Corrosion Current density(A,/ci)(%:NaCl)
%| 01 | 03 3 6 I
AP | 145107 | 2.68x10°° | 10810 | 1381077 | 2.04¢10°7° | 2.8810°
AC | 626007 [4.75:07™ | 12410™ | 1336007 | L4ba0™ | 328107
AT | 2400 | 866007 | 12007 | 270007 | 202007 | 4716107
AH | 14107 | 230007 | 79007 | 12907 | 198007 | 2.12407
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Fig. 3.49 Comparison of surface morphologies after measurement of impedance in

various NaCl solutions
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