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Abstract

With the rapid development of industry corrosionstéel structures exposed to the
severe environment has generated numerous sodlaleemnomical problems in the
economical point of view. Furthermore, it has besrealed that the economical loss by
corrosion of steel structures was approximately%2~df GNP in the U.S. in 1998.
Although in Korea, the percentage of the economica$ by the corrosion was not
clearly verified, it was assumed that the loss wobk much greater than the U.S'.
Therefore a corrosion control is being generallgepted as important issue not only in
economical point of view but also in safety reasod those steel structures should be
protected by an optimum protection method. Andelame many protection methods for
steel structure; one of them is a cathodic pratectncluding both impressed current
method and sacrificial anode method, which aredgemainly used for steel structures in
marine environment.

Recently, the corrosion property of sea water wasg changed the increase of
environmental contamination, so the optimum pradectdesign should be changed
corresponding to some parameters such as degoemt@imination, temperature, velocity

(flow rate) of sea water and surface conditionteékstructure.

In this study, the optimum protection design ftaes structures in marine environment
was investigated with some parameters such aatiariof supplied cathodic current
density, surface condition of cleaned or rusted soldtion state of stirring or no stirring

through the simulation technology, followed by blahoratory and field experiment.
Chapter. 3.1 is to investigate the optimum pradecpotential and protection current

density with some parameters such as variationupplged cathodic current density,

surface condition of cleaned or rusted and solustate of stirring or no stirring.

X1



The corrosion current density of the rusted surfaae considerably amall compared to
the cleaned one and the cathodic polarization piateof cleaned specimen was more
negative than that of the rusted one at the saipi@dpathodic current density.

However the protection potential of cleaned specirwas below -770 mV (SCE), on
the other hand its potential of the rusted one laagr than -700 mV (SCE) irrespective
of solution stirring condition and in the case af stirring condition, the protection
current density was 100 mAfnat both cleaned and rusted specimens, howevegst
revealed that the protection current density irrietj condition was about 200 mAm
due to increasing of oxygen diffusion on the cathadrface. It is suggested that the
optimum protection potential and current densitpudti be controlled by the surface

condition of structures as well as solution stigraondition.

Chapter 3.2 is to reconfirm the experimental resaftchapter 3.1 by field experiment.
As the results of chapter 3.2, the consumption aateproducing current of anode in the
case of rusted steel pile was much greater tharcldaned steel pile and the applied
current density for protection potential (-770 M8CQE)) was also much larger compared

to the cleaned steel pile.

Chapter 3.3 is to investigate the variation of an@iloducing current and cathodic
polarization potential of some steel piles in cagdheir steel piles was protected by
sacrificial anode in field experiment. When someekpiles electrically connected with
the other adjacent piles which was protected orbyosacrificial anode was being also
cathodically protected by sacrificial anode, anpdaeducing current between sacrificial
anode and their steel piles was varied with comedimg to whether the other adjacent
piles were cathodically protected because anoddupiog current was consumed to the
other adjacent piles for protection or saved duiheéir steel piles were protected slightly
by other anode producing current between sacriicade and the other adjacent piles

for protection. Therefore it is suggested that fifee of sacrificial anode for some steel

xi1



piles protection can be also varied with increasingdecreasing of anode producing

current according to the other adjacent piles’gutibn or not.
Consequently it is concluded that for the optimunotgction design, the surface

condition as well as the contamination degree af water should be considered to

determine some factors such as life time, currificiency and protection current density.
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Table 2.1 Standard potentials for various metal-ion, gas or redox
electrodes vs SHE at 25 C 1"

A5 A A5 whE EV
AU*/Au Au*+3e 2 Au +1.50
cr/cl, Ch+2e 2 2CrF +1.3595
0O,/H,0 O +4H"+4e 2 2H,0 +1.229
O,/OH O,+2H,0+4e 2 40H +0.401
PE/Pt PE*+2e 2 Pt +1.20
P&*/Pd Pd*+2e 2Pd +0.987
Ag'/Ag Ag'+e 2 Ag +0.799
PbQ/PbSQ PbQ+SO,+2H+2e 2 PbSQ+2H,0 +1.685
Hg*"Hg Hg?"+2e 2 2Hg +0.789
Fe''IFe” Feé'te 2 F&" +0.77
Cu'/Cu Cu+e 2 Cu +0.521
CU/Cu Cu*+2e 2 Cu +0.337
s/sret Sri*+2e 2 Srft +0.15
Pt/H,/H* 2H'+2e 2 H, 0.0
P /Pb PEF*+2e 2 Pb -0.126
Srt/Sn Srf*+2e 2 Sn -0.136
Ni%*/Ni Ni**+2e 2 Ni - 0.250
Cd'/Co Cd*+2e 2 Co -0.277
cd/cd cd*+2e 2 Cd - 0.403
Fe'IFe F&é'+2e 2 Fe -0.44
crcr Cr'+3e 2 Cr -0.74
Zre*Zn Zrt*+2e 2 Zn -0.76
Nb*/Nb Nb**+3e 2 Nb -1.10
TiZTi Ti?*+2e 2 Ti -1.63
AIFYAl AlP*+3e 2 Al - 1.662
Mg?* /Mg Mg*"+2e 2 Mg -2.363
Na&/Na Nd+e 2 Na -2.714
cé&'/Ca C&'+2e 2 Ca -2.870
K*/K K'+e 2 K -2.925
Li*/Li Li*+e 2 Li -3.045

10
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Table 2.2 The main ions in sea water %

*: A
N A A FoAd%
T LU (SRS SR B Bt i
L} E F(Sodium) Na’ 99 30.62
o o] o n} 24 £ (Magnesium)|  Mg®* 87 3.68
(Cations) 7+ (Calcium) s | 91 1.18
7+ (Potassium) K* 99 1.10
2~ E & (Strontium) Sr 90 0.02
%1 2~ (Chloride) cr 100 55.07
3219 (Sulfate) SO~ 50 7.72
& o] & | TEAH(Bicarbonate) HCOy 67 0.40
(ANONS) 1 & oho) = (Bromide) | Br 100 0.19
vl&2H(Borate) H,BO; 10 0.01
&~ (Fluoride) F 100 0.01
Al 100.00
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Table 2.3 Electric resistance of sea water

e E(7) 10 15 20 25
A=
37.4 42.2 47.1 52.1
[<103%Q/cm(S/cm)]
H]| A gH(Qcm) 26.8 23.7 21.2 19.2

Table 2.4 Example of analysis of sea water quality with contamination

degree®

T w I =R ab &

pH 8.35 8.02 7.60

A &-8-(Q-cm) 20.60 20.8 50.0

A 7 X2 (mg/ L) 5969 5771 3532
B4 (mgl) 5.85 1.31 (7.8~ 8.3)

NH,"(mg/0) 0.8 3.20 4.50
ClI(mg/t) 17964 17392 10527

COD(mg/?) 2.00 4.00 4.50

S (mg/) <0.02 0.12 0.09

A %= (cm) > 30 <30 30.0
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Table 2.5 Criterion for contamination of sea water ??

T 4 A A el e 9
pH 75 ~ 85 65~ 75
COD(mg/t) <4 > 4
85242 (mgll) > 4(E4 5 ~7) <4
NH,*(mg/¢) <0.05 >2
S (mg/k) A=A &5 HEHE B I+
30 15
] N
3 // 2 oA
g =
¥ BT o0 3
‘A - A
I P ﬂ (me/ )
'-'_§|= f’ [= {.
E \'\.
10 . 5
Bl

002 0D0EDI0 DR DED 1 B B 10 ED 3050 100200360

NaCl{g/ #)

Fig. 2.6 Relationship between salt concentration and dissolved
oxygen affecting to corrosion rate of steel.
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Table 2.6 Variation of corrosion rate for carbon steel in various
environments (mm/yr) %

97 % * % A3

&9k 0.05~0.15| 3 42| 0.1~0.2 |3IHAEY | 0.02~0.03

Al 009 |98l 02~12 |WHEY| 0.01~01 |02~15

US| 0.025 |&FYLS| 0.01~0.05 | Y¥LE% | 0.001~0.05

Y e
e
o2 qwy 13 my =g

re
=
=

D; Di~D3 mmfY |
TSR TrEsespRoces

% PRI TR ____—*H """" T

Fig. 2.7 Variation of corrosion rate for steel pile with depth of sea
water. @

24



Table 2.7 Character of environment & corrosion in 6 zones of steel
pile in sea water

3 9 & 3 5 4 S
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Table 2.8 The corrosion factors for carbon steel in sea water?

Factor in sea

Effect on iron and steel

water
Chloride ion Highly corrosive to ferrous metals. Carbon steed aommon ferrous metals
cannot be passivated.(Sea salt is about 55% chorid
Electrical High conductivity makes it possible for anodes aathodes to operate over
conductivit long distances; thus corrosion possibilities areréased and the total attack
y may be much greater than that for the same strigturesh water.
Steel corrosion, for the most part, is cathodicalyntrolled. Oxygen, by
Oxygen depolarizing the cathode, facilitates the attatlusta high oxygen content
increases corrosivity
Corrosion rate is increased, especially in turbuldow. Moving sea water
Velocit may : (1)destroy rust barrier, and (2) provide mmxggen. Impingement attack
y tends to promote rapid penetration. Cavitations atgrexposes the fresh steel
surface to further corrosion.
Increasing ambient temperature tends to acceleedtask. Heated sea water
Temperature | may deposit protective scale or lose its oxygetieeior both actions tend to
reduce attack.
Befoulin Hard-shell animal fouling tends to reduce attack regtricting access of
9 oxygen. Bacteria can take part in the corrosiontrea in some cases.
Stress Cyclic stress something accelerates failure ofreociing steel member. Tensijle
stresses near yield also promote failure in spasdiahtions.
Sulfides, which normally are present in pollute@ seater, greatly accelerate
Pollution attack on steel. However, the low oxygen contemqtadiuted waters could favor
reduced corrosion.
Silt and . . ,
suspended Erosion of the steel surface by suspended matteahénflowing sea water
p. greatly increases the tendency to corrode.
sediment
A coating of rust, or rust and mineral scale(cattiand magnesium salts), will
Film formation | interfere with the diffusion of oxygen to the catleosurface, thus slowing the

attack.
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Table 2.9 Change of water quality by pollution in natural sea

water®®
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Fig. 2.8 Impressed current cathodic protection method for steel pile
in sea water. 2"
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Fig. 2.9 Polarization diagram of impressed current method.
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Table 2.12 The data of protection current density and
characteristics of Al sacrificial anode %
2 9 A} 8
w 7+ & A
~1976 1977~
3 4= (mA/MY) 100 130 100
AFdE AL H-(mA/m) 50 65 50
& & % (mA/M?) 20 25 20
¥ FTF PR S
AFEE(%) 80 80 80
Hl = 2.7~2.8 2.7~2.8 2.7~-2.8
¥ =
a9 H] A g(Qcm) 30~35 35 30
HE28 2 F-(A) 1.15~2.3 35 1.5-3.5
= H(Yr) 20 20 10~30
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Table 2.13 Protection current densities for cathodic protection of

steel pile in worldwide ports 3V

g 73 <9 = HAAFAE
3 q
2
NAY s | A =F (MA/M)
9 Al = gt 20 22 | RE | BE 54 - 64.8
SENGIED) 24 15 | HE A 75.6 - 86.4
ZHFEAAE) 50 2 = al 378 - 432
2 3 25 12 2] i 86.4 - 162
H 2 Ao} gt 15 30  HE A 756 - 108
2% Ax 19 24 | HE | BE 54 - 64.8
1] A (L 4KHT) © ohm-cm , =&(K#E) : C, (NACE Standard, BP-76)
A7 AFLEE HEAFUE
NACES] Tt AFEEE Z271(i0), 713w, 7] AFEE()=
o] AJ838kar .
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Table 2.14 Analysis of sea water quality in two piers of Japan
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Table 2.15 Comparison of design factors for cathodic protection

AA
A5 = U (A Z 9] (B) 7 o=
35
(B+B,) <D, +2 =nD%4 w90l =R A A0 A e
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=7t D’=2D,(B1+B,)/x Ao olgate] Elgeitin Al
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Table 2.16 Equations for cathodic protection design

S

T " 3 2 al

R= E‘I’__(z.alog%': 1) | p: 315=e] vl AZHQ-cm)
. %= 4ol (cm)

D: &7F A% (cm)

o2
|t
)
o
2y
—
—

R,=0.2630 L %7 . D02

kAl 2= (A) | = R AE : 0.25v

oﬂf,\—l?— 35nf, A A FE 5:0.1A/nf
l,=0.1X35=35A

28 FF7H () =
= n=474/1 S EE-e2nf, WA A B1 0. 02A/NF
l,=0.12X 62 = 1.24 A
LQWAAF 1=+, =474
W : <3 (kg)
1 &= A HAR/A)
0.85: A& 75 A%
S:dFe] ARG
S :341 @R E& :90%)
Y =0.
%} 513 (V) 0.85W/HS S:361 (T &5 :85%)

$:3.84 ¢ F &5 :80%)
= 5= 8,760h/(2,850A-K0.9)

= 3.41(kg/A-Y)
o] 24 A 7] 2k 2,850A-hikg
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Table 2.17 The data obtained from simulation by using equation of
protection design for various type of anode

TYPE : DPA-20-1

H] A & A =] A 8} A A F s Q705 90% 85% 80% | AFaE PR
o170
(Qem) | Ry | Ry | Iy | 1o [Ny Ny [ Y Yol Yl Yol Y. Yyl 541
38 0.280.300.880.835.4|5.7/9.0/9.6/ 8.5/ 9.0/ 8.0/ 8.5 %] 5=:(185+165)%
35 |0.260.28/0.960.904.9/5.2/8.3/8.8 7.9/ 8.3/ 7.4/ 7.8 180x35Qmm
< %:32ke, L:350mn
30 0.220.24/1.121.054.2|4.5|7.1/7.6/6.7/7.1/6.3 6.7 = 714 (D) 20.0em
25 0.190.20/1.341.27 3.5|3.7/5.9/6.3/ 5.6 6.0/ 5.3 5.6 o] Zuk Ay A 7]
24 0.180.201.401.323.4/3.6/57 6.0/ 54|57/5.1/5.4 2850 A-hkg

TYPE : DPA-20-2

H| A gH X A g A A F 42 5 90% 85% 80% | AFaH
>=EA
Qem) R TR, 1y 1y N EN [ Yy Yol Ya i Yy Yyl Y, 51
38 |0.230.201.111.23 4.3/3.9/10.89.7/10.2 9.2/ 9.6,8.7 2] %=1(175+155)x
35 |0.210.191.201.33 3.9/3.6/9.9/9.0/9.4/8.5/8.8 8.0 170%60Qm
30 10.180.161.411.56 3.4 3.0/ 8.5/7.7/ 8.0/ 7.3|7.5 6.8 < 48 ke, L:600m
.180.16/1.411. 4/30/85/7.7/ 807375 6. =14 73(D) 18.9em
25 |0.150.131.091.87/ 2.8/ 25/7.1/6.4|6.76.1/6.3 5.7 o] ZuFA A 7| 2
24 |0.140.131.761.94 2.7 2.4 6.8/ 6.2/ 6.4 5.8/6.0 5.5 12850 A-hikg
TYPE : DPA-20-3
H| A & A A &R A 5 AL 709 90% 85% 80% | AFas o4
(Qem) | Ry TRy | 1y | 1n | Ny | No [ Y1 Yol Y| Yy YslYs =
38 |0.180.151.381.63 3.4 | 2.9/11.49.6/10.8 9.1 10.18.5 2] 5(165+145)x
35 |0.170.141.491.77 3.2 | 2.7/10.58.9 9.9| 8.4 9.3/7.9 160x90Qmn
A = %:63 kg, L:900mm
30 |0.120.121.742.07 2.7|2.3/9.0/7.6/ 85| 7.28.0 6.7 =12 2(D) 17.7cn
25 |0.120.102.092.48 2.3|1.9/7.56.3 7.1| 6.0 6.7/5.6 o] Z kAl A 7]
:2850 A-hikg
24 |0.110.102.182.59 2.2 | 1.8 7.2|6.1| 6.8 5.7 |6.4/5.4
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TYPE : DPA-20-1
Hl A & QA A A A F AN 90% 85% 80% AFas op e A
©cm) | Ry | Ry | 1u | 1y [Ny Np | Yol Ya YilYalYy Y, 41 crTe
38 /0.280.300.880.83 5.4/ 5.7 9.0/9.6/8.5/9.0 8.0/ 8.5 %] 5=:(185+165)x
35 |0.260.280.960.90 4.9/ 5.2/8.3/8.8/7.9/8.3/7.4|7.8 180x350mm
i < %:32ke, L:350mnm
30 |0.220.241.121.05 4.2/ 45 7.1/7.6/6.7/7.1 6.3|6.7 =714 (D) :20.0cm
25 |0.190.201.341.27 3.5/3.7/5.9/ 6.3/ 5.6 6.0/ 5.3| 5.6 o] Z kAl A 7 2
:2850 A-hitg
24 10.180.201.401.32 3.4/ 3.6/ 5.7/6.0/5.4|5.7/ 5.1|5.4
TYPE : DPA-20-3
Hl A & A A A A7 A5 90% 85% 80% AFas F=54
(Qem) | Ry [ Ry [ 13 [ 1o [Ny Ny Y| Yol Y| YalYr Yy T
38 |0.180.151.381.63 3.4/ 2.9/11.4 9.6,/10.8 9.1/10.1 8.5 2] 42:(165+145)x
35 |0.170.141.491.77 3.2/ 2.7/10.58.9/9.9/8.4/ 9.3/ 7.9 160x90Qmn
i % %:63.0kg, L:900 mn
30 |0.120.121.742.07 2.7/2.3/9.0/ 7.6 85|7.2/8.0 6.7 =12 74(D) 17.7cn
25 10.120.102.092.48 2.3{1.9/7.5|6.3| 7.1/6.0 6.7/ 5.6 o] Z kAl A 7] 2k
:2850 A-hikg
24 10.110.102.182.592.2/1.8/7.2|6.1/6.8/5.7 6.4/5.4
0.4
03t Type:DPA-20-1
- L=35¢m
o D=20cm
.
50.2
3
¥ Mﬁ
M Type:DPA-20-3
L=90¢m
D=17.7cm
0.0 - - -
20 25 30 3s 40
Resistivity(Q-cm)

Fig. 2.13 Relationship between grounding resistance and resistivity.
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TYPE : DPA-20-1

H] A A X A kAl A FH AL RS 90% 85% 80% AFas obr e A
o170
(Qem) | Ry Ry | Iy | 1o NG INo Y Yo | Y| Yol Yl Y, T
38 |0.280.300.880.835.4|5.7 9.0 9.6 8.5 9.0 8.0| 8.5 #]5°:(185+165)x
e
35 10.260.280.960.90 4.9/5.2/ 8.3/8.8/7.9/8.3 7.4 7.8 =232 kg
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Fig. 2.14 Relationship between anode number, producing current and

resistivity.
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Fig. 2.15 Relationship between anode number, producing current and
resistivity.
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Fig. 2.16 Relationship between anode life time and resistivity with

variation of anode current efficiency.
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Table 2.18 The data obtained from simulation by using equation of
protection design with variation of anode size and
resistivity

#p, D, L o] W5 e HAAZe] wal

p L D R, R, p L D Ry R,
H 1
(Q-cm) | (cm) | (cm) (@ (@ (Q-cm) | (cm) | (cm) ©) (@
10 | 0.265 | 0.240 10 | 0.145| 0.118
12 | 0.244 | 0.228 12 | 0.137| 0.112 p:
14 | 0.227 | 0.218 14 | 0.130| 0.107 H] A &H(Q-cm)
25 35 25 90
16 | 0.2114 | 0.210 16 | 0.124 | 0.104 D:
18 | 0.1980 | 0.203 18 | 0.119| 0.100 5 7F4 7 (cm)
20 | 0.1861 | 0.197 20 | 0.114| 0.097 L:
10 | 0.126 | 0.102 10 | 0.112| 0.090 =4 e](cm)
12 | 0.119 | 0.097 12 | 0.106 | 0.085 Ry
14 | 0.113 | 0.092 14 | 0.101| 0.082 A A g
25 110 25 130
16 | 0.109 | 0.089 16 | 0.097 | 0.079 Rz
18 | 0.104 | 0.086 18 | 0.093| 0.076 A A &
20 | 0.100 | 0.084 20 | 0.090| 0.074
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Fig. 2.17 Relationship between grounding resistance and equivalent
diameter.
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Fig. 2.18 Relationship between grounding resistance and equivalent
diameter.
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Fig. 2.20 Relationship between grounding resistance and equivalent
diameter with variation of resistivity.
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Fig. 2.21 Relationship between grounding resistance and equivalent
diameter with variation of resistivity.
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Fig. 2.22 Relationship between grounding resistance and equivalent
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Table 3.1 Composition of aluminium alloy anode specimen

Comp. Sn Mg Zn In Al Remarks
wt.% | 0.05~0.15 0.5~5.0 3.0~15.0| 0.004~0.0Remainder specifications
wt.% 0.08 2.3 3.28 0.01 94.33 | specimen
Table 3.2 The analyses of sea water used in this study
H] A g AAhole | 2L | 23 LAY
T2(1) pH
(S2cm) (Ppm) (ppm) (mV)
Ak
23 22.1 7.62 16197 7.72 +214
(A247-57)
=4k
22 21.8 6.30 16192 3.85 +189
(A247-7)
FF
(Z=m#E| 215 22.0 7.58 16137 7.64 +210
H5)
S i 22 23.3 7.8 - - -
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water.
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Table 3.3 I.orr and R, of Fe, rusted Fe and Al alloy anodes

Ba BC Rp icorr
Remark
(mV/dec) | (mV/dec) | (S-cnf) (uAlenm)
o -0.698 V
10.91 )
Fe 13.3 16.5 293100 Tafel region
(i, : 20)
-0.702v~-0.691 V
Ecorr: -0.410 V
Rusted Fe 6.1 3.7 18510 5.40 Tafel region
-0.411V~-0.406 V
Ecorr 1 -1.0523 V
Al 13.3 16.5 3.1510° 1.01 Tafel region

-1.070V~-1.0299 V
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Fig. 3.5 Cathodic and anodic polarization curves of specimens (Fe,
rusted Fe, Al) in stirring sea water.
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Fig. 3.6 Variation of cathodic polarization potential of Fe as a
function of flow velocity (1, 3, 5 cm/s) in sea water
(sacrificial anode method, area ratio Al : Fe = 1 : 400).
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Fig. 3.7 Variation of anodic polarization potential of Al anode Fe as a
function of flow velocity (1, 3, 5 cm/s) in sea water
(sacrificial anode method, area ratio Al : Fe = 1 : 400).
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Fig. 3.9 Variation of flowing current between Fe and Al anodes as a
function of flow velocity (1, 3, 5 cm/s) in sea water
(sacrificial anode method, area ratio Al : Fe = 1 : 400).
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(sacrificial anode method, area ratio Al : Fe = 1 : 400).
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Photo. 3.3 Sacrificial anode protection method experimental
apparatus.
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Fig. 3.14 Variation of cathodic polarization potential as a function of
specimens' surface conditions and no stirring (stirring, 3
cm/s) in sea water (sacrificial anode method, area ratio
Al : Fe = 1 :400).
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Fig. 3.15 Variation of anodic polarization potential as a function of
specimens' surface conditions and no stirring (stirring, 3
cm/s) in sea water (sacrificial anode method, area ratio
Al : Fe = 1 :400).
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Fig. 3.16 Variation of flowing current between Fe (rusted Fe) and Al
anode as a function of no stirring (stirring, 3 cm/s) in sea
water (sacrificial anode method, area ratio Al : Fe = 1 :
400).
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Photo. 3.4 Fe (rusted Fe) specimen surfaces as a function of no
stirring (stirring) with Al anode in BUSAN sea water.
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Photo. 3.5 Al anode specimen surfaces as a function of no stirring
and stirring in case of galvanic cell with Fe (rusted Fe)
in BUSAN sea water.
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Fig. 3.17 Weight loss rate of Al anode as a function of specimen
surfaces conditions and no stirring (stirring, 3 cm/s) in

sea water (sacrificial anode method, area ratio Al : Fe =
1 :400).

108



Photo. 3.6 &3 F%%(100, 150, 200, 250mAfne] A 39}

)

ot

power supplg ©]-&3f

F71 A &2 3cm/s=

=z
1l

Gt o}

_Z:l

)
1o

—_
fiie)

0

I

i

LERA 1o,
UER T e

o
=

a9 gk

Els

Sol B} A W)

S
=

!
+ rusted FeAld

A%

_q

B
o

o
=

k<
“

)t gk

.
=

7F 7YE 7(

(o]
-

Aol 4

b

(e}
AR

el

Fig. 3.19= 150mA/nf2] %

100mA/nfY]

Fig. 3.26% 200mA/nf<]

o

R

EFQiTh. rusted FeAl

LFERH AT

Fig. 3.21 250mA/nf<]

el a2 9t} rusted FeAl

Photo. 3.7, 3:8& AHF¥ X 100mA/nfoll A 250

LFERA AL STt

=
=

430

109



d 1, 5 F

2

(b) No stirring & stirring, rusted Fe specimen

100 mA/nre 150 mA/nre 200 mA/nt 250 mA/nt

Photo. 3.6 Experimental apparatus supplying the cathodic current.
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Fig. 3.18 Variation of cathodic polarization potential of Fe (rusted
Fe) as a function of no stirring (stirring, 3 cm/s) with
supplied current density of 100 mA/m?.
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Fig. 3.19 Variation of cathodic polarization potential of Fe (rusted
Fe) as a function of no stirring (stirring, 3 cm/s) with
supplied current density of 50 mA/m?.
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Fig. 3.20 Variation of cathodic polarization potential of Fe (rusted
Fe) as a function of no stirring (stirring, 3 cm/s) with
supplied current density of 200 mA/m?.
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Fig. 3.21 Variation of cathodic polarization potential of Fe (rusted
Fe) as a function of no stirring (stirring, 3cm/s) with
supplied current density of 250 mA/m®.

114



No stirring

Stirring (3 cm/s)

100

mA/m

150

mA/m

Photo. 3.7 Fe specimen surfaces as a function of supplied current
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Photo. 3.8 Fe specimen surfaces as a function of supplied current
density.
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Photo. 3.9 Rusted Fe specimen surfaces as a function of supplied

current density.
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Photo. 3.10 Rusted Fe specimen surfaces as a function of supplied
current density.
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Fig. 3.22 Variation of supplied current density of Fe (rusted Fe)
specimen at a constant cathodic polarization potential in
no stirring sea water.
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(a) Surface of

rusted steel pile

(b) Cross section of

rusted steel pile
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Photo. 3.11 Fe and rusted Fe specimen surfaces and cross section.
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(a) Al anode specimen after 10 days

(with steel pile)

(b) Al anode specimen after 10 days

(with rusted steel pile)

Photo. 3.12 Al anode specimen surfaces after used for 10 days with
sacrificial anode.
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Fig. 3.25 Variation of cathodic polarization potential with rusted
steel pile and steel pile specimen in case of cathodic
protection by Al anode in natural sea water for 10 days.
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Fig. 3.26 Variation of anodic polarization potential of Al anode used
with sacrificial anode in natural sea water vessel for 10
days.
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Table 3.4 Cathodic polarization potential of various steel piles and anodic producing current
between CA1l, CA9 and Al anode

Cathodic Polarization  potential (mV) Current (A)
vate CAl CA2 CA3 CA4 CA5 CA6 CA7 CA8 CA9 CAl CA9
1st day 299.5 321 321 322 324 325 320 318 316|2 0.3 0.
4th day 226.8 261.5 263.9 260.3 260.4 268.p 259.9 259.4 2256 0.491 0.101
6th day 223.4 257.6 259.5 254.7 254.1 260.p 255.4 258.1 .8254 0.501 0.097
8th day 220.6 257.4 260.1 253 253.1 260.1 255.8 260.4 257.10.494 0.09
10thday | 223.7 264.5 261.7 255.3 254.8 261.8 260.8 261.1 .525B 0.488 0.086
12thday | 217.8 256.3 255.8 248.7 247.6 258.5 248.3 246.9 .6243 0.486 0.077
l4th day | 223.3 268.1 259.1 251.6 251.3 262.4 251.8 247.4  .2241 0.469 0.071
16thday | 219.5 263.2 259.2 249.3 249.6 260.p 253.4 2442 1240 0.46 0.056
24th day | 201.2 235.4 237.3 231.2 232.§ 242.4 225.4 223.1  .421P 0.394 0.014
28th day | 198.3 240.8 234.4 229.5 225.7 234.p 227.8 221.4 1220 0.401 0.013
34th day | 205.3 236.3 235.6 230.6 230.1 236.8 229.3 2252 2228 0.375 0.008
35th day 350 355 350 342.1 355.7 356.3 357.9 342|1 340.1 790.0 0.004
36th day | 348.8 358.6 353 352 355.1 353.9 361.5 344.7 343.2 .0780 0.003
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Fig. 3.34 Variation of cathodic polarization potential for various steel piles with increasing of
submerged day.
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Table 3. 5 The cathodic polarization potentials for nine steel piles and the anodic current for

CA1 and CA9
Date Polarization  potential (mV) Current (A)
(Day) CAl CA2 CA3 CA4 CA5 CA6 CA7 CA8 CA9 CAl CA9
1st 309.5 318.3 307.6 304.6 302.7 304.4 315|5 309.4 .7308 0.368
2th 291.5 297.7 290.4 291.6 288.5 287.6 293|1 288.9 .228f 0.369 ;A;L_
3th 249.6 267.4 251.8 263.4 250.7 253.9 260|5 261.4 .3268 0.37 az
4th 238.9 256.6 249.2 248.9 241.1 246.5 251|9 2475 .824B 0.37
5th 2215 238.3 230.8 229.8 221.4 227.4 242|7 226.3221.5 0.342 0.085| CA9
6th 207.4 225.4 219.6 219.9 211.8 218.9 222|1 2119 .720p 0.321 0.083 | 4=
7th 197.9 216.8 211.7 210.7 204.3 210.2 219(9 206.4 .8204 0.312 0.086 | 94
8th 200.4 218.1 2125 211.9 205.1 211.4 2208 207.4  .1206 0.316 0.073 | CA83}
9th 199.7 218.3 213.1 211.8 205.3 211.6 221(6 207.3 .8204 0.314 0.075 | CA9
10th 199.6 218.2 213.6 212.0 205.4 211.7 22112 207.5 .1204 0.313 0.074 | ®¢
11th 207.4 227.1 222.1 220.9 214.9 221.p 230(9 2175  .423D 0.324
12th 210.9 229.1 224.8 223.9 217.7 224.0 232|9 220.1 .1233 0.326 CA9
13th 225.6 245.8 239.2 237.4 231.7 237.6 2419 $30. 246.3 0.337 F=
14th 224.7 245.1 238.3 235.9 230.9 236.9 243.8 P29. 244.2 0.331 24
15th 2234 243.7 240.2 235.3 231.3 235.8 246|9 228.7 .5243 0.331
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