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Galvanic Anode Characteristics of Grounding Cell Design
for Corrosion Protection of Pipings

Uh-joh Lim*

The galvanic anodes have three kinds of Zn alloy anode, Al alloy anode and Mg alloy anode,
which are widely used in cathodic protection for all metal structures in water or under ground. This
paper to bz used for designing of the grounding cell has reached the following conclusion as the
results of an experimental study on the characteristics of such galvanic anodes for corrosion protec-
tion of pipings:

1) Zn alloy anode was the best when the specific resistance of the environment was bellow 1009
Qecm, and when above 1000 Q.cm, Mg alloy anode to be used for designing of the grounding
cell was the best.

2) Al alloy anode was better than Mg alloy anode for grounding cell when the specific resistance
was bellow 500 Q-cm, but the Al alloy anode in all the environments reduced the characteristics
of galvanic anode to the lower grade than those of Zn alloy anode.

3) Each impressed voltage (E) of the anodes at which drainage current damsity (p) bagins rapidly
increasing is quantitatively presented as follows:

@ Ezn=log (4.9465/p9-0639) 4 11 10~6,0-8923;
@ Eg=log (4.9306/p09525) 413X 10~6p0-9314}
® Emg=log (3.7086/p0-0958) 4+ 181 10~80-5406;

4) The empirical equations bstween the drainags current density (i) and impressed eavironmeant
are modeled as the following type.

logi=g+ Vn-E+r (g n,7; constants)
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Fig. 1 Schematic diagram of experimental
apparatus for the grounding cell char-
acteristics examination by using galvanic

anode.
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Fig. 2 Galvanic anode test piece (cme).
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Table 1. Chemical compositions of anode test piece (Wt %)

Materials of anodes Al Cd Fe Zn Sn In Mn Mg
Zinc alloy 0.6 0.1 0,01 balance — — — —
Aluminum alloy balance — _— 3.0 0.03 0.02 — —_
Magnesium alloy 6.0 — — 3.0 — — 0. 01 balance
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Fig. 3 Grounding cell characteristics of anodes
when L=0. 3cm.
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Table 2. Relations between m and & according to p

Anode . b. p/p(Q. cm) 30 500 1000 2000 4000
m 0. 00027 0. 00019 0. 00561 0. 00873 0. 02383
Zn alloy b 0. 6006 0. 5147 0. 5060 0. 4957 0. 4560
log p 1. 4771 2. 6990 3 3.3010 3. 6021
tog(5000m)* C. 1319 0.980 1. 4480 1. 640 2.076
m 0. 0037 0. 00290 0.00676 0.01570 0.0390
Al alloy b 0. 6160 0. 5535 0. 5280 0.5210 0. 5060
log(5000m)* 0. 2670 1.1610 1. 5290 1. 8950 2.290
m 0.00137 0. 00404 0. 00536 0.0141 0.01870
Mg alloy b 0. 3860 0. 3169 0. 3068 0. 1950 0. 1503
log(5000m)* 0. 8537 1. 3054 1. 4281 1. 8485 1.9934
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Fig. 5 Empirical diagrams of log ¢ versus E when using zinc alloy anode
(calculated by digital computer).
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Table 3. Experimental equations of log i versus E

o(Q-cm) Ancde Experimental equation of E-log i
Zn alloy log i=—0.29044 /15 4443E—2. 8963
30 Al alloy log i=—0.7297+ V/67. 9330E—3. 1711
Mg alloy log i=1.0718+ /3. 0001E—0. 4520
Zn alloy log i=0.0783+ /7. 4213E—1. 4775
500 Al alloy log i=0.4251+ /5. 6081E—2. 2430
Mg alloy log =0.1145+ /4 1579E 0. 2943
Zn alloy log =0.2399+ +/4. 4188E 1. 4645
1000 Al alloy log i=0.2122+ /4. 7109E—1. 8832
Mg alloy log i=0.6176+ /2 4216E—0. 3873
Zn alloy log i=0. 3656+ +/3,3040E—1. 2969
2000 Al Alloy log i=—0. 0469+ +/4.0763E—1. 6235
Mg alloy log i=0. 6824+ +/1.4943E—0. 2525
Zn alloy log i=0.0428+ +/370335E—~1. 2059
4000 Al alloy log i=—0.26474 /3 3378E—1. 2357
Mg alloy log i=0.4550+ /1, 8588E—0. 3686
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