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Numerical Analysis of Potential Distribution in
Electrolyte under Cathodic Protection
(Part 1 Application of Two-dimentional Finite Element Method)

by Kinichi Nagai, Member Mitsumasa Iwata, Member

Summary

The cathodic protection is an effective anticorrosion technique for offshore structures below
the water line. Therefore, it is important that the potential distributions around structures
are made clear in process of structural design. In conventional methods for numerical
analysis, iterative technique had been applied to determination of potential distributions
in corrosion cells?.

In this report, a more convenient numerical method to analyse the potential distribution
under the cathodic protection is proposed for the purpose of a rational anticorrosion plan.
In this method, the potential distribution can be obtained by the application of FEM once
for all, on the assumption that polarisation characteristics of electrodes in elctrolyte are
linear.

Although polarisation characteristics in a real cell are nonlinear, the present method
can be applied to such a real cell by means of linearisation of polarisation characteristics
in each domain of potential. The potential distribution of the galvanic cell, in which
mild steel in 3% NaCl solution was protected with sacrificial anode of zinc, was analysed
by the present method and was measured also. The numerical solution of the potential
distribution was in good agreement with measured values.
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1 m/sec flow velocity?

Table 2 Constants and domains for linearised
external polarisation characteristics of
steel and zinc in 3% NaCl solution at
1 m/sec flow velocity

Electrode |Eq. Rp Q-cm dc mV | Domain of ¢ mv
1 92.00| -600.0 | -615 £ ¢ £ -600

Cathode | 2 380.00 | -574.0 | -670 £ ¢ £ -605
(steel) |3 780.00 -481.7 | -805 2 ¢ £ -650
4 | 1250.00| -293.7 |[-1080 £ ¢ £ -785

An.(Zinc) | 5 2.841-1080.0 |-1080 £ ¢ £ -990
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Fig.12 Influence of anode length, a, on poten-
tial distribution in 3% NaCl solution at
1 m/sec flow velocity
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RO EHBER pTe=—772mV LT HE LIk Sk
LD REHEHESR L OEELLOEMT LT 6
cm 3 EF, Earb 20om M EER MM EE R
TIEEAY —650mV LIk &b, BOERBRER
—600mV S BEFRDIIRINZEAERAT i
o FT, a% 8.8cm & LABMOEMNS T RIH
K (b)) @BWTh, FLEEPRINTWEZCITEHE
BEDFERNLH 8em ¥ TOHHERIBESL L T b,
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b b3, BREEL 30% OEINCEE - Tu
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Table 3 Calculated current densities on
electrode surface

Electrode| Anode length, 4.4 cm Anode length, 8.8 cm
Distance|Flow velocity rvsec j DistancelFlow velocity  mv/seC
X o 0.0 L 1.0 X 0.0 1.0
Current density mvVan? Current density mA/ane
LI} 0.671 1.712 [1| 0328 | 0.5
Zinc 22| 0733 1.8%1 55| 0.43 1.290
(Ao 3.3 138 | 2.927 831 1155 | 2.u87
55 -0.032 *| -0.513* 9.6 | -0.633 * | -0.551 *
10.0 | -0.051 *| -0.382 * 155 | -0.031 * | -0.382 ¢
2.2 1 -0.029 *| -0.224 31,0 | -0.030 * | -0.215
steel ) 0.0 | -0.100 it | 0,029 ¢ | -0.131
(Cathode) | 71 6| 0.6 | -0.0%6 71.0 | -0.028 * | -0.08
106.5 | -0.025 | -0.017 106.5 | -0.027 * | -0.025
159.8 | -0.024 | -0.009 1228 | -0.26 | -0.013

* shows protected zore
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