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A Study on the Cathodic Protection of a Steel
Pipe in Water by Impressed Current Method (1)
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Department of Marine Engineering, Korea Merchant Marine College, Busan, Korea

Abstract

This paper treated the problems involved in the corrosion prevention of the steel pipe submerged in water by
arranging two insoluble anodes. In the previous papers (1) (l), the authors published the effects which anode
location exerts on polarization potential distribution and electric power for corrosion prevention when two insoluble
anodes were arranged above the submerged steel pipe. In that case the specific resistance of water was set as
19500 ~cm and the test piece was a small size.

In this paper, the authours interpreted the influence of specific resistance of water on polarization potential dist-
ribution, and also presented the experimental analysis for the effects which the voltage of electric power source
for corrosion prevention exerts on the protected area when the area increases up to that of semi-practical size of
steel pipe. And the authors surveyed the applicable limit and accuracy of the empirical formulas presented by them.

The results of research are as follows:

(1) When the specific resistance of water is betweenn 960~4, 800Q2-cm, the polarization potential at the drain-
age point is presented as follow:
Ey =E+0. 0083433 (p—1950) (mV) @
where Eg: polarization potential at the drainage point when p=19500Q-cm.
(2) In the range of p of 960~4, 800Q)-cm, the empirical formulas are corrected as follows:

1) At the outer parts of steel pipe obove which two anodes are arranged,

E.=Efexp| 20,07 0P~ (D=20%) - 295 V| (m\) @
+ R x108=(19. 385h+1. 0664) - ”5%2—:' -+1284. 5054 —64. 4196 (QY2-cm) B

2) At the parts of the steel pipe between the two anodes arranged,
EI:Eo’cosh{[Z Jo.D/DP=(D=28/ VR (50— Xz )} -
cosh (100 v, D/ (0P = (D—207 /¥R (mV) @
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VR $108= (1. 3877h+0. 1306) - °9I +629. 775kh-+156. 1420 (QV2-cm) &

(8) On the experimental measurement for confirmation of the “semipractical pipe, the ratios of calculated polariza-
tion potential on the surface of steel pipe by the formulas @~® to measured values are revealed as follows;
0=10500-cm : within 4. 0%
£=1400Q-dm : within 3.4%
p=1950Q~cm : within 3.3
and ‘when assuming Ey equal to Ey in eq. (D),
0=10500-cm : within 10. 54
2=1400Q-cm : within 7.77%
0=19500-cm : within 3. 395
(4) In the case of extending a small experimental pipe size to a semi-practical one, the voltage of electric power

source required for corrosion prevention is corrected as follow:

Vo=1I0(—0.5317973 log Io-+ 1. 7299687) {0. 0723--0. 0144 log (50k)) X 0x1073-+1. 85 v ®
Iy= iDL x 1074 (mA) @
¥ %
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®) Potentiometer
Fig. 1. Schematic Prawing of experimental equipment( )
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Calculated Polarization Potential (mV)
Measured Polarization Potential (mV)

(Jp=125mA /m?,

and the ratio
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Protected area; 2.56224m?

0 i (:m)’ Surface befween two anodes drainage point | Surface of outer sides of anodes
(Q-em) x 600 300 0 300 | 600
e B2 1050 | 202 (109.0)) 10 (1005 HE2 (109, 7>i 2 (100.7)
o 0.5 | “1114_1-0@5_(104‘ 2) 11f1‘585 (101.6) 12%527 (93.5) 31%'034«(100. 3)} 1%69 (102. 9
. !
0.75, AT (gqq) | 1B (gg 1) | HII(0s0) | 10 00n) B8 en
U B 000 | 222 a6 00 | Htws | BEanw
i 025 120 (1039 | 2B (g, 0)1 A0 908 | 2063 | 228 (g5
50 f 0.5 : ”171';3-(102. 0 11192(;56 (99.6) ; 12193019 (99.3) j} -1%21'?&9—(99 9! ’ 191905‘28 (100. 2)
50 | !
Lo U Pqee | HEEor) } MO8 7.4y ) 1%Biors % Y
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0.2 | LA (026 }—1*31’%53@-(101.8); 28271 (8. 6) T 27931 | ATEL 97, 9
1400 | 0.5 ’ Jllgfgg (101.6) —1—2—122'»—52-5*(97. 8) | 1?:23‘51 (97.8) | —111‘%—4—(100. 3) -1%'86 (9. 5)
E 0.75 | M2y | oy 2L ge g 2B a0 ) | LEE 01 5)
j vo | A5Ea0m e | ey e 2) A2 (2.2)] e
0.25 ‘ “1-3753'72'1-—5—(102. 3) Lill%f(f—{(lol. 0) 1515';‘03 (98.4) | gl%lfs_(wo_ 9)i 11101365 97. 9)
. 0.5 ' J%%l” (100. 9) 12162851 (98.8) 1?207 (97.6) | 1132'046 99.5) | 1}}04 101.2)
1950 \ ) ] -
0.75 ’ LS 163.3) il%7-9?’~(101. 7 1?354 (99.5) | ~l1137'38‘3—(100. 7 —lg%gg—(wzz.m
1.0 ( 111‘%11 (102.8) —11731'7&1(101.6) 1};61 (97.5) % .19191‘_263_(&7_ 8) \, —191—5(?879(97. 9
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Table B Calculated Polarization Potential (mV) for 8=19500)—m d th .
able Measured polarization potential(mV) and the ratio
[fo=125mA/m?, Protected area; 2.56224m?)
N Surface between two anodes ‘ drainage point | Surface of outer sides of anodes
0 . (em) '
—om ) > |
(Q-cm) | 600 { 300 0 00| a0
! . ‘ i |
| _185.15 P _141.44 NI 1@*3 ~y _126.16 ,?lQﬁi -
0.25 J 153 (109.8) a3 (08 8;[ (11.8) —45(109. 7 ~pg™ (107.9)
| 124.15 126,51 36. 119.46 J 111. 4
0.5 | HpTaizeg e (110.0) ‘1307 (105.1)| —17p —(108.6) -—171)«5—(111‘ EN
700 J
. 117.83 ! 119.03 124.4 113.85 | _108.58 N
0.75 | 03 (114.3) ' T ii0 (108.2)‘ 3¢ (103.6) 105 (108 4) o0 (108.5)
C113.11 13. 117 109. 63 1
Lo | ‘%T (113.1) | 11338 (113.8>/ ﬁo (106.4) _ﬁolog (109.6); - OQLG%UH)
| 135.15 Vo141 44 | 167.3 126. 16 A1 110.65
0.25 —1"25 (108.1)  —5z~ (104.7)| “gg (104.5)] —55 - (100.9) ‘_'ﬁo*o‘(ml. 2)
L124.15 .1 126.51 136. 7 119.46 111
05 | g (078 S04, el (165.1) 3057 ks o)
1050 i 13
_ 117. 83 ©119.03 o144 113. 85 110858
0.75 g {1071 115 (103 a)f g (103.6) T16‘<103. 5) “105 (103 9)
3211 113. 8 17. 1 1 ,
1o HEL qge g A5 10,5, AL 1060 10553 (100.6) T8 (105.7)
! i
| i
135.1 o141 4 I 167. 126. 16 1 110.65
0.95 ~3]°28° (105.5) "*413—5‘“*(104. 7)J %}(101. )| ~ a5 ~(100.9) —= 55 (100.5)
124 15 26. 51 [136.7 119.46 114. 4
0.5 052 | 25 o, D) 0L 038 st (103.1)
1400 ‘
117.8 9, P124.4 113. 85 | 108.58
0.75 1!’103 (107. 1) ! ‘1*11'1303 (105. 3 ‘*1‘2'0*‘(103. 6) _iT(IOB. 5) 103 (105. 4)
311 f 8 117. 1 109. 69 105.
1o | gy | 558 (106.9) 11506 =52 (106, 4) 20T (105.7)
135. 15 141. 44 167. 3 126. 16 | 110.65
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1950 - | ,» ‘
. 117. 83 o 119.03 o 1244 113.85 108,58
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