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ABSTRACT

In the previous paper(I[) (Vol. 9, No. 1, p. 1-8), the authors showed that the polarization potential at the
drainage point (E() is related with current density (i¢), specific resistance of water (p) and ratio of the dista-
nce from anode to the pipe to the pipe length (), and that the voltage of electric power source for corrosion
prevention can be derived from power source current ([y), p,% and the coefficient of the protected area (f).

In this paper we investigated the required electric power for cathodic prevention and the optimum condition of
cathodic prevention in accordance with the empirical formulas shown in the previous paper (II). And the already-
accepted classical equation for Ey’ and potential distribution(E,) are compared with the above empirical formulas.

The following results of research has been acquired.

(1) The required electric power for cathodic prevention is presented as follows;

P=Voly=1I2(1. 3531444 — 2. 3980884loglogly) {0. 0723+0. 0144log (504)} X pXx1073+1. 851, (mW)
where
Iy=4xDlig> 1074 (mA)

and thus the least current density for corrosion prevention is presented as follows;

(i) at the outside parts of the two drainage points,

. . 2. . — 2
io(min) = (50. 0424exp {100 VEDID2— (D Z20%) 185 017, (50k)1-55%) 0. 0047225 (6—1950)

X (log (50k) ) ©- 9582 (mA/m?)
(ii) at the part between the two drainage points,
o (min) = 25. 4712 {exp(loo ¥p.D/{D*— (D—20)% ) +exp(_100 Vo D/{IDP=(D=20)% )}
699. 12k +162. 67 699. 122 +162. 67
+ {82. 9017/ (50k)0- 5638} —0. 0047225 (0—1950) X (log (50k) ) 0. 9582 (mA/m?)
(2) The higher the specific resistance of water (p) is, the greater is the effect of anode location on the required
minimum power.
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(3) The higher the specific resistance of water(p) is, or the smaller the protected area is, the greater is the %
for the required minimum power.

(4) The above empirical formulas on the optimum condition for cathodic prevention proved to be applicable to
a steel pipe of up to 200m in length in case of the diameter being 2.72cm, the thickness 0. 28cm and the
range of p 960~4800{2-cm. And in case of the above pipe longer than 200m in length, the distance between
anodes should be less than 100m.

(5) The already-accepted classical equation for Ey’ can be applicable only to relatively high specific resistance
of the media surrounding the pipe or relatively high suface resistance of pipe. By applying the measured E
to the classical equation for the potential distribution, the potential distribution calculated from the above
classical equation nearly coincide with the measured potential distribution only when A is more or less than
1.0. But from the above empirical formulas, Ey’, E, and the optimum capacity of electric power source

can be calculated for any A and 4.
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Fig. 1. Cathodic polarization potentials (two anodes: (1 /8) XL, (3/4)XL)
Table 1. Relations of Vg to lo (p=1950Q2-cmh, h=0.5)
Iy(mA) 21.35 64. 05% 96. 08%* 128. 11% 160. 14% 192.2 256. 2 320. 28 443. 39
Vol(V) 5.8 10. 5% 12. 8% 15% 17% 19.5 22 25 23.5

¥Newly measured value.
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Table 2. Polarization potential ot the drainage point

calculated by dlready accepted formula.

Iem) LImA) al  cothal FEo(mV) Remark
i

50 6.6725 0.00128 781.25 886.74 —
100 13.345 0.00256 390.63 886.75 -

Measured E,
0.015384 65.01 885.46 :\}20’\/170
m

0.05128 19.52 886.23 —
0.2564 3.99 905.75 -

600 80.07

2000 266.9
10000 1334.5

frel EPHEY R, SRR 50-m? PRl n R
]

R,=35x104()-cm?/3. 14 X 3. 4cm=4683. 4 (Q-cm}
wlokAl we=R,+ R,=4683.4--1950=6633. 4 (Q-cm)
TEfzA o) (em) ] HWERE a T

4 3b22><10 °—-2 5645
6633 4

a= Vr/o= 2,564 %1073

(Q/cm)

I Jrw= 4/6633. 4 x4. 3622 % 10 F:=0. 170106 ()

B BRTE AT d0=125(mA/m?) ] ) o] {lfFe] of &l A
(5.5) %02 Eo% :kshwl Table 2 8} o),

1ol fgel gk Eo®) mAHHE o] ol Ad
Wil 120~170mV ¢lv] d]#be] Table 29 & Fi
Z5~THE Bl ok, 2Rl g kel 9 &k
-2 HAET 0=1000~50000)-cm <]

Ey b

OREREE EREAY

3 zkol BREBMIEREIET 10~20mA/mE ol 7 Sub
W R B BB AL of ne o

& 4 %?’J G.HXT BAT + &4 o= vk
whikaA] Egoll dhiel Al EBHAE & (3. 1)

& pHEEhe KBRS 9 @

WA B 9e G.DRY (5.8 sl Al B

- GHEE AE He#rsls ff#k Table 171 #of,

() -+ BRsHuseE K] -

S DE— (D—21)% >

ki i;J—c,E

A

E,=FEyexp T—Z v o.D

alx ]
Vr, R
7 /W
VRx10%=(19. 3889+ 1. 0664) X 57
.5ZQx+ 1284. 5064k —64. 4196

Ey'={1.7667/log (50h) ]° %2} iy
— [146. 4624/ (50k) - 5658}
+0. 0083433 (0 —1950)

(i) 5 BafgRie) @E&me 4+
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E.=Ey/ {cosh [z VoD (D= (D253 x W

(-3 )48

+cosh (100 v 0,0/ {D?— (D—2t)%/ ¥R}
VRx103= (1. 3869A+0. 1306) X ;

?ﬁezg. 774h+156. 1420 |
Ey' = {1.7667/ (log (50k) )0 %552} iy |

— (146. 4624/ (50k)°-56%8} t

+0. 0083433 (p—1950) ;

o] Bff#% Table 1] 23wl FHIME ESE @RS
EHERY EHoMHERSE KT BESHS AP
e Lo g8 RE WS HE BEY Eol& ki)
1081 ALl e A 2x FHEM HHSE A 72
o} Ayl ol g FEHHERA T % KiE
o W3 2RI HE Azl 222 EREHEX
o hvh LORER BES HiaEdA 2E delx
A BEDES ol WA EHUE ESE EHAA FA
T gud dEHA AR 9% BERAES &
BgS olg k¥ RE FUMEREE i A4
EHRER Jhrbe BRSO EEN EY 9 SRESS
fiZ HET 5 AT ¥k oiel RE R Y 9 A
Sof EEEESY BEAENAE HEY T doh
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{Appendix)

Table 1. Calculated polarization potentials and Measured polarization potentials
{o=125mA/m?, p=1950Q-cm
Test pipe : ¢3. 4cm X 0. 32cme X 2400cmL

Surface between two anodes dra?;ii Surface of outer sides of anode
I e |0 | om0 | 10 | 50 o | 50 | 150 | 300 | 450 | 600
O107.5 109.5 |119.1 157.7 [156.0 167.3  151.2 [129.3 109.7 98.0  [90.2
(2.38)| (1.39) | (0.93) (~0.22)| (—2.5)/(~1.59) (-0.53)|(—0.54)|(—2.05)(~2.97)|(—5. 04)
0.25 | Al69.980(169.981 169.985 [169.992 169. 997 1170 169. 783| 169. 348| 168. 667| 168.G50| 167. 409
(61.88): (57.39)| (44.05)| (23.18)| (6.25) | (0) (11.70)| (30.26)| (50.62)] (66.39)| (76.22)
165|108 118 138 160 170 152 130 112 101 95
O 11112 1Ledis0 240 1319 1367 [130.6 21.3 118 |105.3 |100.7
(1.02)] (0.75)]  (0) | (—0.8) (—2.30)|(—2.36)|(—1.80)|(—0.57)|(—0.18)!(—1.59)| (—4.1)
0.5 | A139.9831139.985 139. 988 [139.593 [139.997 |140 139. 821 (139. 464 |138.929 [138.396 [137. 866
(27.26)| (26.11)] (20.68) (11.59)| (3.70) | (O) (5.13) |(14.31) ((24.04) | (29.34)| (31.30
L o110 111 116 25 135 140 133 122 112 107 105
©110.5 |110.8 |113.1 117.5 |121.8 |124.4 120.8 {115.1 |109.0 | 104.7 i101.5
(=2.2D) (—2.81)[(—1.€5) (—2.08)/(—1.77) (—0.48) (—1.79)|(~1.62)|(—1. 80)|(—3.05)(— 6. 02)
0.75 | Al124.985 124.986! 124.989 124.994! 124.998 125 124. 240 124.521| 124. 044! 123.568 123.095
(10.60)  (9.64) (8‘69)$ (4.16)) (0.80); (0) | (1.50)] (6.48) (11.75) (14.41)} (13.98)
¥113 | 114 115 | 120 124|125 { 123 117 ur 108 108
©108.5 [108.7 |110.1 |112.8 |115.5 | 171 | 146 110.5 |106.1 | 103.0  100.6
(—5.65)|(-=5. 48) (—5.08)|(—3.50) (—2.94) (~2.42)|(—3.70) (~4.74)|(~4.41),(~5.50} (—6.85)
1.0 | Al19.986| 119.987 119.989| 119.994 119.598 120 119. 847 119. 540! 119.082 118.626 118.171
(4.34)] (4.34) (3.44) (2.56)! (()84)} () ‘ (0.71) (3.05)| (7.28)’ (8.83)! (9.4
| H i
115 115 i 116|117 ! 19 120 119 116 111|109 108
3% : Measured polarization potentials (E,)
: Calculated polarization potentials by already accepted formulas (£./)

>

\

: Calculated polarization potentials by empirical formulas (E,.)

s (1- -%) X100%



