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A Study on the Cathodic Protection of a Steel Strip
in Water by Impressed Current Method
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Abstract

The electric power for corrosion prevention is much more affected by the anode
location in the impressed current method than by the galvanic anode method.
However, investigation about this influence of the anode location in the impressed
current method has not nearly been performed.

In this work, the effect of the anode location on the polarization potential and
electric power etc. for corrosion prevention has been investigated using the simplest
sample of a steel strip.

It is concluded that;

1) The general formulas for calculating of cathodic polarization potential on the steel
strip is given as o )
EI:EOe_M:EOe— \/mops/mt x/ /R
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Ey,={1,205/log(80k) 11547} i, — 346. 8/(80h)°-4!
+ RBX108=(13. 504h+2. 1656) 2+ (1059. 3282—35. 605)
where, when the anode height rate () is 0.25~0.5 the accuracy of calculated potential
is higher.
2) Required voltage of power sovrce for the cathodic protection can be determined by
Vo=I,(0. 144+0. 0123log[!A])pX107*+1.7
To=2imol X 10-4=igmeLX 1074
3) Required power for cathodic protection can be determined by
P=VI,=I,*(0. 144+0. 0123log[/k])pX 10-3+1.71,
4) The more specific resistance of water is larger, the greater is the effect of anode
location on the required minimum power.
h range when it requires minimum power is 0.5625~0. 6875 without any relation with
the specific resistance. But when % range is 0.375~0. 6875, the effect of & on the requ-
ired minimum power is very small and the accuracy of calculated potential is considerably

high,
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Fig. 1. Experimental equipment
.y Fresh water tank 4 Electric power source
2. Test piece ‘5. Reference electrode(SCE)
3. Pb-Ag insoluble electrode 6 Potentiometer
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Table 1. Qualities of fresh water used for the experiments

Water temp Total Total Chloride ‘Specific Specific
pH hardness alkalinity resistance
°C ppm CaCO; | ppm CaCQ; | ppm Cl- Q-cm gravity
27 [ 5.8 700 ' 8 , 58.5 2,210 1. 0024
2.3 mxBH%
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Fig. 2 Polarization potential on the strip protected by cathodic protection
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Table 2. Cathodic polarization potentials ,2::3?((5) f tg:;i /m?
5 x(cm)
h=H]/! 5(0(/{5’ VR 0 10 20 30 40 50 60 70
(Q7cm) M, C* |
32.334 | M 490 205 135 120 110 105 95 90
0.0625 | 28.00
X103 C 490 490.000 490.000 499.000 490.000 490.000 489.997 489.995
20.128| M 305 205 165 140 130 120 115 110
0. 125 17.43
X103 C 305 305.000 305.000 304.999 304.997 304.997 304.997 304.997
14. 197 M 215 185 165 150 135 132 130 128
0.25 12. 29
X103 C 215 215,000 214.999 214.998 214.998 214.998 214.996 214.996
11,882 | M 180 165 155 145 140 135 132 130
0.5 10, 29
X103 C 180 180.000 179.999 179.998 179.996 179.996 179.995 179,995

* M: Measured polarization potentials(mV). C:Calculated potentials(mV) from the formula(3—20).
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Table 3. Relations of ¥, to lh anc ],
MEI-II(O;:(:\M 12.5 15 17.5 20 h
5 5.90 6.75 7.60 8.52 0. 0625
10 6.05 6.90 7.75 8.62 0.125
20 6.15 7.05 7.90 8.70 0.25
40 6.25 7.15 8.05 —_ 0.5
Table 4. Relations of R,y to lh and I,
\&Q 12.5 15 17.5 20 Mea(‘}z)R *H | logllk]
{h=H(cm)
5 336 337 337 341 338 0. 699
10 348 347 346 346 347 1. 000
20 356 357 354 350 354 1. 301
40 364 363 363 — 363 1. 602
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Table 6. Relations of g and k to 80k*

kh (H cm) 0. 0625(5) 0. 125(10) 0. 25(20) 0. 5(40)
g 1.823 1. 209 0. 883 0.701
k 177.318 136. 879 101. 412 75. 930
logh —1.20412 —0. 90309 —0. 60206 —0. 30103
log(80k) 0. 69897 1. 000 1. 30103 1. 60206
loglog(80h) —0. 15554 0. 000 0. 11428 0. 20468
log ¢ 0. 26078 0. 08242 —0. 05404 —0. 15428
log(-k) 2. 24875 2.13633 2. 00609 1. 88041
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log g=0.080977—1. 15671oglog(80A)
—logl. 205—log log(80/) 11547
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Mts% W Programming

PANAFACOM UMOS;D E004 FORTRAN V01/L05 —760101—
ISN STNO. SOURCE STATEMENT

1 FUNCTION P(H,R)

2 F= (99, 6+EXP(416. 0/(26. 521sH+ 137. 584))+288. 0/Hx+0. 4 1)
(ALOGIO(H))#*11. 157

3 P=(3 324, 283«ALOGIO*(H))+R+F+Fx1. E—7+. 0816+F

4 RETURN

5 END

PANAFACOM UMOS/D E004 FORTRAN VO01/L05 —760101—

ISN STNO. SQURCE STATEMENT

1 DO 2 J=1,5

2 READ (5.100) R

3 100 FORMAT(F10.3)

4 WRITE (6,106) R

5 106 FORMAT (1H1,’RHO=’" F10.1)

6 DO 10 I=1,120

7 H=I

8 PP=P(H,R)

9 WRITE(6, 102) H,R,PP

10 102 FORMAT BEI15.7)

11 10 CONTINUE

12 2 CONTINUE

13 STOP

14 END

— 91 —
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Table A The calculated potential and measured poential (mV) [P rotected area: 0.048m? ]

Length of stirp: 1. 60m(2/)

x2(cm)
fo(mA/m?) \ 0 10 20 30 40 50 60 70
A
295,57 125.67  94.10  8L4l 74,62  70.40 67.53 6546
0.0625 | (290 75) (65) (60) (50) 5 G 35
0. 125 178.86  121.78  98.33 8513  78.09  72.87 69.11 6628
) (175) (110) (75) (70) (65) (60) (55) (50)
2604 | |, a 128 98 107.46  95.02  86.96 8134  77.21 74.04 7154
: (130)  (115) (95) (85) @0) (80)  (75) (70)
o5 10549 96.50  90.39 8597 8263  80.02 77.92 7620
: (110)  (105)  (100) (95) (93) (90  (88)  (85)
0. 0625 390.57  165.93  124.3¢  107.58  98.€0  93.03 89.24  86.50
- (395)  (135) (85) (70 (63) G (Y (50
01,5 24164 16453 132.849 11593 10550  98.44 93.37 89,55
: (245)  (165)  (115) (95) (93) o1 (89 (87
312.5 /
0.25 17620 146.80  120.80 118180 11112  105.48 101.15 97,73
: a75) . (15 (1400 (125) (15 (113 (110) 107)
o5 141,89 120.80  121.57 11563 11114  107.63 10481 102,50
: ass) a4 as)  (132) (129 (1279 (125 (123)
0. 0625 485,58  206.30  154.59 133,74  122.58  115.66 110.95 107,54
- (490)  (205) (1%B)  (120) (110)  (105) (95 (90)
0. 125 80442 207.27  167.36  146.05 132.91  124.02 117.63 10281
- (B05) 205 (16s)  (140)  (130) (120 (115 (110)
364. 6 ‘
025 222.50 18538 163.91  150.02  140.33 133,19 127.73 12342
: 215  (8)  (165)  (150)  (135)  (132) (130 (128)
0.5 178.29  163.09  152.76  145.20  139.65 135.23 13169 128,79
: (180) (165  (155)  (145)  (140)  (135) (132 (130)
0. 0625 580.58  246.66  184.84  150.91 146,57  138.29 132.65 128,58
. 570)  210)  (140)  118) (105 (103) (100 (98)
416.7 | o0 367.20  250.01  201.88° 17618  160.32  149.60 14188 136,07
- (360)  (220)  (160)  (140)  (130) (125)  (123) (120
0.25 268.81 22396  198.03  181.24  169.53  160.91 15431 149,10
- (265)  (225)  (205) (170) (160) (155 (153) (150)

( ); Measured potentials

— 292



AEmEA o 3 Ah@We pERhsel MG MR 19)
Table B e potentiat 190 (%) ength of Srips L oom (20)
S~ x(em)!
imA/m? - ) 10 20 30 40 50 60 70

) o~

0. 0625 101.9  167.4 144.6  135.7 1492 156.4  168.8 187. 0

260. 4 0.125 102.2 110.7 131. 1 121. 6 120, 1 121.5  125.7 132.6

0.25 99.2 93. 4 100.0  102.3 161, 7 96, 5 98. 7 02,2

0.5 95. 9 91. 9 90. 4 90. 5 88. 8 88.9 88. 5 89. 6

0. 0625 98.9  122.9 146.3 1537 156. 5 163.2  165.3 173.0

312.5 . 0.125 98. 6 99.7 115.5 1220 113. 4 108.2 1049 102. 9

0. 25 100. 7 94.7 92.7 95,0 96. 6 93.3 92.0 91.3

05 915 89.5 90. 1 87.6 86. 2 84.7 83. 8 83.3

0. 0625 99.1  100.6 114.5  11L5 1il. 4 110.2 116.8 119.5

364. 6 0. 125 99.8  101.1 101.4 104.3 102, 2 103.3  102.3 93.5

| 0.25 103.5  100.2 99.3  100.0 103. 9 100. 9 98. 3 96. 4

E 0.5 ‘ 99,1 98.8 98.6  100.2 99. 8 100.2 1013 99, |

- J, S - —

L 0.0625 1019 117.5 132.0  139.1 139.6 1343 1327 131.2

416.7 0.125 102.0  113.6 126.2  125.8 123.3 1197 1153 113. 4

0.25 101. 4 69,5 96.6  106.6 105, 0 103.8  100.9 99, 4

Table C [Calculated potential (£,.)/Measured potential(£_ )] and the ratio
(Secondary experiment)

!

! \
! x(em) | 0 i

| 10 20 | 30 1
i‘,(mz‘\/m‘{)& P R e e e SO
| # | EwelBan % | Exc/Ben % ' EvclEin % | Eilbn %
‘ | 79.07 . 63.86 55,73 :
! U0 ggg 00t 912 |19 99.g
‘ ) & 7 ! 60 :
]
69.64 . ., | 61.58 - 56. 36
208.3 09.04  gr1 22 g4 7 93. ¢
8.3 ‘ o 81— 4 G 939 |
! |
[62.19 .. i 59,19 56. 30 i
D229 g7 2T 4.6 U 4.0
T R R 71 ’ 67 ‘
| | | I
! | 178. 86 . 121. 84 98. 39 85. 86
| 10080 gy 7 | . 105.9 ] 09. : %% 145
0.125 ! TaE 7 | 15 105 90 109. 3 : E 114
129, 89 L1108 22 95.69 . ., | 87.58 oo .
1 e T ) il 98. T a5, O 97.3
0.25 " Tyes - BT o Y8 w00 7 a0
260. 4
105, 49 bOYs 00 o, . 90.38 o, , ¢ 85.96 )
5 - 04 . - . — L 82 e 81. 9
;0.5 105 - Bhd 155 8% 110 T
| 1
10 | 91.55 87.61 84.70 . " R2.48
. | 2109 gp4 L0000 g |00 L oers 020 717
T jo5 /01 o ¢ i

35
BB %
9295 96.3
20
_;5%29 95.4
._5_?6%4. 84. 8
Jﬁégi 99. 4
4,8‘,‘:9.4}).?’.»_ 88.6
,ﬁi-lgi_ 7.1
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241. 64 164. 60 132.93 116. 00 110. 22
.125 2292 05,1 | 16460 132.93 a5 _116.00 110.22
0.12 55— 105.1 T 1817 oo 132.9 g5 — 122.1 g0 — 122.5
176. 20 146. 80 129. 80 118.80 114. 65
312.5 0.25 — 176 103. 6 150 112. 9 ——W“& 0 105 113. 1 100 114.7
0.5 141. 89 129.79 121. 57 115. 63 113. 24
—t5- 9 | %61 | Sl on3 —Dp - 964 | 96.8
128.79 121. 42 116. 14 112. 16 110. 53
0.75 o 920 | 899 g 893 |- 89.7 —s— 921
246. 70 168. 05 135. 71 118. 43 112.53
0.125 0./ 98. = 1005 —o2 987 [21299  g79
a5~ 897 170 8.9 135~ 100-5 120 7 115 7
179. 93 149. 91 132.55 121. 32 117. 08
7| 2e22 g4 7 115092 g9 g | 117.08 g4
416.7 0.25 25 o7 75~ o7 w0 47 130 1255~ 37
144. 82 132. 48 124. 08 118.02 115.57
05 =0 %% Ty 0 |V - T8 | 761 | 770

Table D (Caculated valtage (V,.)/Measured voltage(V,.)] and the ratio (Primary experiment)

\’o(mA> 12.5 15 17.5 20
I .
h=HemN VolVon % | VolVon % | VeelVon % | VoelVen %

5.916 6.759 7.602 8. 445

0.0625 5 g 1008 |5 w001 | LSZ i000 | BMS g
6.018 6.881 7.745 8. 609

0. 195 10 —5o— %5 | 97 [ LIS e | BS99
6. 120 7. 004 7. 888 8.772
212 995 | L% 993 | 7888 g9g | 8772 o

0.2 20 615 ° 705 7.90 8 g70 1008
6. 222 7,127 8. 301

0.5 40 S22 6 | UL eeq |BHL g4 R —

Table E (Caculated valtage(V,.)/Measured voltage(V,.)) and the ratio (Secondary experiment)

) 1, a{l Xg 5 l 6.25 7.5 10

h=Heem N Vo/Vom % | VoelVon % | VoclVon % | VoelVen %
0.125 5 z: gg 89.6 Zgé 90.7 _i:% 90. 4 g_‘l’g_ 97.9
0.25 10 TE— 06 g w8 | A2 e g %6
o " 3:3(7) 88.9 ig; 9.5 _::tgg,_i 90. 6 _% 98. 4
1.0 40 - - 2. Zg 89.6 i 3(; 89.6 -7




