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An experimental study on the effect of the inner surface of
seawater pipe using impressed current cathodic protection

Lee, Du Hyeong

Department of Marine System Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In these days with the development of science and technology, shipbuilding
and marine industries are growing rapidly. Ships, offshore plants, and nuclear
power plants use seawater as cooling water for operation. However, there are
two problems of using seawater as cooling water, corrosion of cooling water
pipes and inhabitation of marine organism. Many problems and accidents have
been reported related to the attachment of marine organism and corrosion of
the inner surface of cooling water pipes of ships and offshore structures. In
recent years, the inside of the seawater pipe is treated with polyethylene. But

the price is expensive so that it is not yet commercialized on a general ship.

The inner surface of the seawater pipe is subjected to rapid scale deposition and
corrosion. The corrosion caused seawater leaking from each part of the pipe. Without
anti corrosion technique are applied for the sea water pipe, continuous repairs and
exchanges are necessary. Therefore, it is necessary to prevent the corrosion of the
inner surface of the pipe and to control the adhesion of the marine organism by an

environmentally friendly method.
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This study investigated the corrosion in sea water environment and
conducted electrochemical polarization experiment to analyze corrosion
characteristics according to environment. And also investigate the optimal
conditions for the internal piping system by applying the impressed current

cathodic protection to the inside of the piping.
The results of these experiments obtained were as follows;

1. As a result of the anodic polarization test, the protection current was
increased by salinity, flow rate and the temperature of the exposure
environment increased. And the optimum protection potential measured from
-1200 to -1400 mV/SSCE.

2. As a result of the using the rod-type anode, it was confirmed that as
the protection current increases, the reaching distance of the protection
current increases and the protection potential decreases. In case of
Ribbon-type anode, it was confirmed that the protection current reaches only

the section where the anode is installed.

3. When different metals such as copper alloy or STS304 are connected, a
galvanic current is generated and galvanic corrosion occurs. However, galvanic
corrosion could be prevented by setting the protection potential below -900
mV/SSCE of ICCP. In order to protect the inner surface of the sea water
pipe, the potentiostatic method rather than the galvanostatic method is
suitable, and it is effective to adjust the potential to -1200 mV/SSCE.

4. It is considered that further experiments are required for optimum conditions
depending on the environment, because the protection conditions vary depending

on the diameter, shape, and flow rate of the pipe.
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Fig. 2.2 Electrochemical model of corrosion in metal™”
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9% EAIS 71249 A Dol Table 2.10]t.
Flg 2451 2ol MIPV HAE Arkstel FEAHO0) F Holes HE
INA A BEFAATE kae) 48 SFSA /A5 A8l FDH

Fort fstug §4 APd8or AGHY, REFLHST 2d £33} ks
Z=-(Copper-copper sulphate electrode : CSE), xs}zZ=2% d=(Saturated
calomel electrode : SCE), =3} 3} xd=(Saturated silver-silver chloride
electrode : SSCE) 59] 7|&AZFE0] Al H I ¢gon, o] o= TE HIFEo]
AEeo] Ao 2 HIFo AYx FEZFAATE o] Rt T3 e AR
g A =Y 7lE A3 A9 vlagtS Table 2.2¢9F 2
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Table 2.1 Standard electromotive force potentials™®

‘ Standard
Reaction potential, e°
(volts vs. SHE)
Noble Au* + 3e = Au +1.498
Cl, + 2¢ = 2CI +1.358
0, + 4H" + 4e = 2H,0(pHO) +1.229
NO, + 4H + 3e = NO + 2H,0 +1.118
0, + 2H,0 + 4e = 40H (pHDNa +0.957
Ag-+e = Ag +0.82
Hg,> + 2e = Cu +0.799
Fes + e = Fe? +0.771
0, + 2H,0 + 4e = 40H (pH14) +0.401
Cu2’ + 2e = Cu +0.342
Sn* + 2e = Sn? +0.15
Z2H" + 2¢ = H, 0.000
Pb?" + 2e =Pb -0.126
Sn*" + 2e = Sn -0.138
Niz" + 2" = Ni -0.250
Co? + 2 =Co -0.277
Cd? + 2¢ = Cd -0.403
2H,0 + 2¢ = H, + 20H (pH7) -0.413
Fe? + 2e = Fe -0.447
Crt +3e =Cr -0.744
Zn? + 2e =7n -0.762
2H,0 + 2¢ = H, + 20H (pH14) -0.828
Al* + 3e = Al -1.662
Mg? + 2e = Mg -2.372
Na" + e = Na -2.71
Active K'+e =K -2.931
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Standard Hvdrogen Electrode

Half-cell with metal M electrode

e 1
i 1
1
Under standard conditions ! [SHE] i
! i
i H Platinum i
1 1D§r — wire :
: y Al ]
High-resistance 1
voltmeter i ExcessH, :
1
1 —
M—H+e I H+e—H, E
salt bridge i :
— 1 | — 1| 1
i :
! i
! 2] :
* i
H 1
i @ H* solution
i <11 1mol/dm3
: @ |L i
H 1
H @ i
i ' ® !
i prfoll < @ !
1
————————— 4

Fig. 2.4 Summary diagram of Standard Hydrogen Electrode!®

Table 2.2 Potential of reference electrodes compared with SHE™

Type of electrode E(V vs. SHE)
Saturated calomel electrode(SCE) 0.241
Hg (Hg,Cl,) sat KCI
IM calomel electrode : Hg (Hg,Cl,) IN KCI 0.280 ~ 0.283
0.1M calomel electrode : Hg (Hg,Cl;) 0.1N KCI 0.333
Mercurous sulfate electrode : Hg (Hg»SO4) HgsSO4(aq) 0.615
Silver/Silver chloride electrode : (SSCE) 0.229
Ag (AgCl]) HCI (aq) '
Mercuric oxide electrode : Hg (HgO) KOH(aq) 0.098
Cupper/copper sulphate electrode (SCE) 0.316

Cu [CUSO4] sat. 5H20

,10,
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2.2 2] dukx 54
2.2.1 3|9 33k =4

= T2 1Y Fodaz2 7459 2
% (1 ppm °]she] dEE0°] Bol AR s Tl &3l= o

Iy

e 2L =
e 2ol o 999 % AASE T8 T Uit Table 2390 Ve 213
Zol Mg¥, Ca* ol&g EFste] 1he] HESolth o]F 8 HEEe Uy
B b Afol el Fuz S FHpae @ Aol glg u of u
ol A Bk =, A% BWe tlsh Ay AEST Q7] wEel, )
7 F AL AFEA EHE + ok olH@ A Fol MY TG §E
A= Abaolt), dwWbA o g BEARAO R el 1000 ml & 0 ml ol A 5-E
9 ml 744 WS APl E T WS BANABAY wd HEAE 5
08 s Wavt o=y E mapdEel] Utk EF FF) TAFE S
FFe F40l Wk Aol Y, EAGs /1L £ L FHY Ago) I
Waol GF FNL NGEAeNN GENEY FFo| Hrighe et

Table 2.3 Chemical composition of natural seawater'®’

Cations (+Ion) Symbol Free-ion(%) W?Igm ratlg of
main ingredients
Sodium Na* 99 30.62
Magnesium Mg** 87 3.68
Calcium Ca* 91 1.18
Potassium K* 99 1.10
Strontium Sr¥ 90 0.02
Anions(-Ion) Symbol Free-ion(%) \X/e.ngf.lt ratp of
main ingredients
Chloride CI 100 55.07
Sulfate SO& 50 7.72
Bicarbonate HCO3- 67 0.70
Bromide Br- 1003 0.19
Borate H’BOs™ 103% 0.01
Fluoride F 1003 0.01
*Estimated
— 17 —
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Table 2.5 Concentration of saturated dissolved oxygen of seawater'

Quantity of
. 0 5 10 15 20

chlorine (%)

Salinity (%) 0 9.06 18.08 27.11 36.11
0cC 14.6 16.7 12.8 11.9 11.0
10C 11.3 10.7 10.0 9.4 8.7
20C 9.2 8.7 8.2 7.8 7.2
30C 7.7 7.3 6.8 6.4 5.4
30 15

Corrosion rate of steel NS
= ™
O N
E N \
g 90 \ 108
2 7 EF-F- 21 - Dokl \ %
= [T 11 :
S L#7 Dissolved Oxygen \ 0%‘
o N\
2 d =
<10 8 5
o \
A}
3
0 11 1
0.02 0.05 010 0.25 1 2 5 10 2030 100200 360
NaCl (g/

Fig. 2.10 Influence of salt concentration and dissolved oxygen to
corrosion rate of steel™
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Table 2.6 Example

of analysis of seawater quality

[15]

Clean Contaminated Estuary
Factor
seawater seawater seawater
pH 8.35 8.02 7.60
Resistivit
COISHVILY 20.60 20.8 50
(2 - cm)
Total Hardness
5969 5771 3532
(mg/ 1)
Dissolved oxygen
Ve oxve 5.85 1.31 (7.8 ~ 8.3)
(mg/ 1)
Ammonium ion
0.8 3.20 4.50
(mg/ 1)
Chlorine ion
17964 17392 10527
(mg/ 1)
COD(mg/ 1) 2.00 4.00 4.50
Sulfur ion
< 0.02 0.12 0.09
(mg/ 1)
Transparenc
parency > 30 <30 30.0
(cm)

Table 2.7 Criterion for determine on the quality of sea water

[15]

Factor Clean seawater Contaminated seawater
pH 75 ~ 85 6.5~ 75
COD(mg/ 1) <4 >4
Dissolved oxygen >4 ¢4
(mg/ 1) (Normally 5 ~ 7)
Ammonium ion
. <0.05 > 2
(mg/ 1)

Sulfur ion (mg/ 1)

Not detected

Sometimes detected

L
T la
cCLIO

LS WL LW |

~ |
O
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B | 50/50 lead tin solder
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[ ' Manganese bronze
| . Silicon bronze
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Fig. 2.11 Galvanic series in sea water™
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Fig. 2.12 Pourbaix diagram for iron in seawater™®
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Fig. 2.13 Polarization diagram of impressed current cathodic

protection system™®
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Fig. 3.1 Schematic diagram for Electrochemical polarization test
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General us steel pipe

29} Zoldla v R F=E AREEHE= 100
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0 A
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Cut the steel pipe

Attach tapes on the specimen

Mounting the specimen

Fig. 3.2 Product of specimen for electrochemical polarization test

Table 3.1 Symbol list of electrochemical polarization test

Collection @ kmou

Flow velocity Temperature

Solution

Non flow 50 % Stirrer 25 C 50 C

Sea water SW-NF SW-F50 SW-T25 SW-T50

Fresh whater FW-NF FW-F50 FW-T25 FW-T50
_ 36 _
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Fig. 3.3 Drawing of cistern for Cathodic protection test
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Fig. 3.5 Picture of Cathodic protection test
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