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Abstract

The polarization potential distribution and the electric power for corrosion prevention are more affected by
the anode location in the impressed current method than by the galvanic anode method.

However, there seem to be few researches except basic research of simple underwater steel pipe on the
effect which anode location exerts on polarization potential distribution under the impressed current method.

This paper deals with a basic research which premises economical corrosion prevention on the surface of
huge steel pipe underwater or underground.

In case of installing two insoluble anodes, the authors interpreted in the theoretical and experimental
respects the effects which anode location exerts on polarization potential distribution and electric power for
corrosion prevention, and studied an eccnomical condition of corrosion prevention according to the above
interpretation.

But this research is so extensive that this paper deals with only the corrosion prevention on the surfaces
of steel pipe of the two outer sides of anodes, leaving the case on the surface of pipe between the two
anodes for later research.

The results of research are as follows:

1) The cathodic polarization potential on the steel pipe surfaces of the two outer sides of anodes can be

calculated by
E,=Fo=Eexp(—24/p,D/ (D"~ (D—20)3 "=/¥ R
Eo={1. 7667/ (log (k) 199582} iy — 146. 4624/ ({h)0-5683
VR >103=(0. 3877lk +1. 0664) z+25. 6901lh—64. 4196
2) Required voltage of power source for the cathodic protection can be determined by
Vo=1,(0. 0723+ 0. 0144log (k) ) p X 1073+1.85
Ty=4iuwDI 1074

and the required electric power for only the corrosion prevention on the surfaces of steel pipe of the
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two outer sides of anodes becomes P=—%— Volo.
3) The larger specific resistance of water is, the greater is the effect of anode location on the required

minimum power. But the h range which requires minimum power is 0.63~0.75 without any relation

with the specific resistance of water.
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Fig. 1. Schematic drawing of experimental equipment
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Fig. 2. Polarization potential on the pipe protected by
cathedic protection
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Table 2. Cathodie polarization potentials(protected area 0.1708m? ip=150mA /m?)
p=t ‘. Eo/Iy | VK X103} M/zem
[] i 1/2. 0 10 20 30 40 50
(H cm) ‘ 0 Q17%-cm C
0.25 812 37.84 M* 208 172 151 137 127 119
(12.5) X108 C* 208 207.59 207.19 206. 79 206. 39 205.99
0.375 7.03 32.76 M 180 158 143 133 126 121
(18.75) X102 C 180 179. 60 179.20 178. 80 178. 39 178. 00
0.5 6. 64 30. 94 M 170 153 142 134 128 123
(25) X108 C 170 169. 60 169. 20 168. 80 168. 40 168. 00
0.75 5.97 27.82 M 153 142 135 129 125 123
(37.5) X103 C 153 152. 60 152. 20 151. 80 151. 40 151.00
1.0 5. 62 26.19 M 144 136 131 127 123 121
(50) X103 C 144 143.59 143. 20 142. 80 142._40 142. 00

- /Rx 10

*M: Measured polarization potentials(-mV)
C: Caleulated polarization potentials(-mV)
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Fig. 4. Relations of /| to x
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A7 HAd FE4FTer AFHAFTE ALY Vo=LRuX1073+1.85(V) oo (5.1)
o Pt—Fe 712] o] &4 & £3 Ao 1.85VIVo]mz A g 248 Ru(Q)v (6. DAA
YHAR LhmA)E £87] 9% 2244 V()& Ryy={(Vo—1.85) /) X108 ereme (5.2
Table 3. The calculated potentials and measured potentials(-mV)
(protected area; 0.1708m? length of pipe; 2.0m)
o z(cm)
(mA/md)| , 0 10 20 30 40 50
0.25 167. 3(168) 132.6(134) 113.2(115) 100. 8(100) 92.3 (93) 86.2 (88)
0.375 147. 6(146) 127.5(128) 114. 8(116) 106. 2(107) 99.9(101) 95.1 (96)
125 0.5 136.7(138) | 122.9(124) 113.7(115) 107. 1(108) 102. 2(103) 98.5 (99)
0.75 124. 4(124) 116. 0(117) 110. 2(111) 105. 9(107) 102.6(103) 100. 0(101)
1.0 117.1(117) 111.2(112) 107.0(108) 103. 8(104) 101.4(102) 99.4(100)
0.25 248. 1(249) 196. 7(200) 167. 8(172) 149, 5(155) 136.9(142) 127. 8(135)
0.375 217.6(215) 188.0(189) 169.3(171) 156. 5(158) 147. 2(150) 140. 2(143)
175 0.5 200. 8(203) 180. 4(182) 166. 9(168) 157. 3(159) 150. 1(152) 144. 6(146)
0.75 181. 5(182) 169. 4(168) 160. 8(160) 154. 6(154) 149. 8(150) 145. 9(148)
1.0 170. 2(169) 161.7(160) 155. 6(155) 151. 0(151) 147. 4147 144. 6(145)
(  ); Measured petentials
Table 4. (Calculated potential/Measured potential) X100, %
(protected area; 0.1708mZ, length of pipe; 2.0m)
i z(cm)
(mA/m?) .\ 0 10 20 30 40 50
0.25 99.6 89.0 8.4 100.8 99.3 88.0
0.375 101.1 99.6 99.0 09.3 98.9 99.1
125 0. 5‘ 99.1 99.1 98.9 99.2 99.2 99.5
0.75 100. 3 99.2 9.3 102.3 99.6 99.0
1.0 100.1 99. 3 99.1 99.8 9.4 99.4
0.25 99.6 98.4 97.6 96.5 96.4 94.7
0. 375 101.2 99.5 99.0 99.1 8.1 98.0
175 0.5 98.9 99.1 99. 4 08.9 98.8 99.0
0.75 99.7 100.8 100.5 100. 4 99.9 98.6
1.0 100.7 101.1 100.4 100.0 100. 3 99.7
Table 5. (Calculated potential/Measured potential) and the ratio(%)
Secondary experiment (1) protected area; 0.2135m?
() ” # 3 0.1362m?
. 2(cm)
1 expe-
(mAVm?)| siment h\ 0 10 20 30 40 50
0.375 | 12:50101.4)| 28:2¢104.5) 8-1(104.8)| 828(106.2)] B-2(107.1)| “-7(108.3)
100 (1) 111 94 85 78 73 69
95.8 89.8 8.6 82.5 80.1 78.2
0.75 56 (100) —59— (100.9) 85 (100.7) 81 (101.9) 78 (102.7) 76 (102.9)
147.6 127.2 114.4 105.6 9.3 9.5
125 - 0.375 146 (101. 1) 1—25—~(101. 8) 1 (103.1) 102 (103.5) % (104. 5) %5 (106. 2)
124.4 115.9 110.0 105.7 102.3 9.7
0.75 T (99.5) 115 (97. 4) ETE (97.3) Too (97.0) 05 (97. 4) 103 (96. 8)
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Table 6. Relations of ¥, to Ik and Iy
Iy(mA)
17.08 21.35 25. 62 29. 89 34.16

Ih{cm)

12.5 4.8V 5.6 6.3 6.8 7.7

18.75 4.9 5.65 6.35 7.0 8.0

25 4.92 5.7 6.45 7.2 8.1

37.5 5.0 5.9 6. 438 7.3 8.3

50 5.1 5.95 6.5 7.4 8.5

Table 7. Relations of R, to lh and I,
Y gt

T 17.08 21.35 25.62 29.89 34.16 Mean R og (lh)
Ih(em) T i

12.5 172.7 175.6 173.6 165.6 171.2 171.7 1. 096

18.75 179.2 177.7 175.6 172.2 180. 0 176.9 1.273

25.0 179.7 180.3 179.5 178.9 182.9 180. 2 1. 397

37.5 184.4 189.6 180.7 182.3 188.8 185.1 1.574

50.0 190. 2 192.0 181.4 185.6 194.6 188.7 1. 598
B APA EgALST ol H(=lh) (cm)s} A 2 34

WA A F Ty(=igeDIX4x1074) (mA)o] v 5}of /L_&;q
9} Vo= Table 63} zomz o] % (5. 2)o] wistd
A E 24 Ryt = JTHE F3Hd Table 7
7} 7ro] Et} Fig. 8-& Table 7 & AT Aoldh
Fig. 8ol <& Rt logUh)el ¥A3EZ,
28°C ol glo] A2l B9 v A gL p(Q-cm)e] et ot
R,u=(A+Blog(Ih)) pas=Apzs+Bpaslog (Ih)
=C+Dlog(lh) e (5.3)

(5.3)48] C,D% Table 79 FAef 98t Hax

AEWor AR C=141.03987, D=28.0478320]
ok E 0=19500)-cm o] B &
A=C/pyx=141.03987/1950:0. 0723  ++-=- (5.4)
B=D/px=28.047832/1950=0. 0144  --+-- (5.5)
(5.4), .54 (G.HA dgstad sz
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Fig. 8. Relations of mean R,y to Ih

R,u=(0.0723+0. 0144log (IB)} o (Q1)++++(5.6)
5.6)AE G. 1A AYgsd oA Vo=
Vo=1I(0. 07234-0. 0144log ({h) 1 p X 1073+1. 835 (V)
...... (5_ 7)
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5.2 wAlol AMOo| WA
wae] aa8E AY Py (G.DANA
P=Voly=I%(0.0723-+0. 0144log (k)1 p
X107%+1.850p (mW) oo (5.8)
G. DAY (5.8)AA L &9%H 4
o AFAE A4S = AF '34_*2} o 2
FeAom Tt LT 5 UTh
Iy=igrDIX4X107% (mA) e (5.9)
5.3 EEWAZH
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Caleulated voltage
Table 8. The calculated voltage and M d voltage xX100(%)
- Io(mA)
h T 17.08 21.35 25. 62 29. 89 ‘ 34.16
{h=H (cm) !
%
0.25 12.5 4.78 (99.6) 5.52 (98.6) 6.25 (99.2) 6. 98(102. 6) 7.72(100. 3)
0.375 18.75 4.87 (99.4) 5.62 (99.5) 6. 38(160. 5) 7.13(101.9) 7.89 (98.6)
0.5 25 4.93(100. 2) 5.70(100. 0) 6.47(100. 3) 7.24(100. 6) 8.01 (98.9)
0.75 37.5 5. 01(100. 4) 5.80 (98.3) 6.59(101.7) 7.39(101. 2) 8.18 (98.6)
1.0 50 5.07 (99.4) 5.88 (98.8) 6.68(102. 8) 7.49(101. 2) 8.30 (97.6)
Table 9. (Calculated Voltage/Measured Voltage) and the ratio(%)
Secondary experiment (1) protected area; 0.2135m?
(I ’” 7 5 0.1362m?
L A -
experiment \ 0.375 0.5 0.75
iy (mA /m?) -
5.62 5.7 5.8
(1 ’ 100 Ty 9.6 —5g %3 =5 983
= 4.85 4,91 5.0
) _6.06 6. 14 6. 26
_b. iz O. 9
175 o1 99. 3 5.0 102.3 65 99.4
@l ==l & Hdspd ={21. 095769+4. 201647log (504) } i3 p X 1077
&R X10%=(19. 3895k +1. 0664)! +0.3166p s (5.14)
+1284. 505 —64. 4196 +eeve (5.11) ig= (50. 9415¢3%6-55/ (2253. 95144 -11. 0995)
@e)Ae 24z +82. 9011/ (50h) - 56%) X (log (504) ) *- %5
Ey={1.7767/(log (R))**}4 e (5.15)
—146. 4624/ (IRYO5688 e (5.12) 49 2434 JestA p R h7EE WS P
(6.10)~ G101 A io=fi()E T3 G.ON) (o) AL U3 poelAY Pl ) b 3
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dote FRAALE o] Hedel, ozA
of AHE 9 A¥a-E PAsd,
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13.5%107¢ (-cm 2] A g o] WA= YA e A Y
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E,=Eg5=—T70— (—680) = —90mV
Gebd B4R PO 44e
P=(4zDlipX 1074)2(0. 0723+0. 0144log (1h)) p

X1073-+1. 85 X 4xDlipx 1074

...... (5.13)
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E,=Egpe " =Eoexp(~24/ 5, D/ {D?= (D=25%) 2) SE5UAE AQAA ) 293e FE Yo
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