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Abstract

This paper used for designing the grounding cell has reached the following conclusion as the results of an experi-
mental study on the grounding cell characteristics of galvanic ancdes for corrosion protection of pipings. The galvanic
anode have three kinds such as zinc alloy anode, aluminium alloy anode and magnesium alloy anode, which are widely
used on cathodic protection for all metals structures in water or under ground, and Silicon diodes are used on the
insulation joint protective device:

1) In order to drain a certain electric current from a certain impressed voltage, the active area of anode should be
increased but the space betweer anodes should be lessened as possible in the case of the environmental condition of
high specific resistance.

2) Among these three kinds of galvanic ancdes, when the specific resistance of the environment was bellow 750
Q.cm, zinc alloy anode was best, and when above 750 Q. cm, magnesium alloy anode used for grounding cell charac-
teristics was the best, but aluminium alloy anode in all the environments reduced grounding cell characterist:cs to
the lower grade than those of zinc alloy anode.

3) The impressed voltage at which drainage current density begins rapidly increasing becomes lowered in all anodes
according as the specific resistance of the environment increases.

4) The approximate relations of drainage current density and impressed voltage on the grounding cells of galvanic
anodes are as follows;

Ezn=log (5.2475/0" %2+ 64x1077 (10L) 0-5112, o0.9006, ;
Ea=log (4.8889/0%0437)-1-66 X 1077 (10L) 0.5487_ g0.92%5_ j
Eyg=log (4.152/00123)--1514x10°7 (10L) 00681, 06019,

5)impress voltage which have the rapid increase rate of the drainage current of the insulation joint protective device

of silicon diode was higher than that of the grounding cell. of galvanic anodes, but the constant impressed voltage in
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the case of the former was higher than in the case of the latter.

i03RER ER ( Nomenclature)

E: [ B (impressed voltage) V

Ezn, Ean Eyg: Zn, AlY Mg 9] S4B Wi
HEEE of Zn, Al and Mg each alloy anode) V

Ec: PRt HWRE7Y 23s] Bins >l A Fske BmE
JE(impressed voltage as drainage current density
begins rapidly increasing) V

I: 2 BEiTEsi(total drainage current) A

2 [ (drainage current density) mA/dm?

L: HiEPMES] [HBE(space between galvanic anodes) cm

A: RS RS fEMH (B EiRT(active area per
cach galvanic anode) dm?
HikEo] I HCHT(Specific resistance of environment)
Q.em

RI: Hilai #EHi(resistance of liguid) @

Rs: |55 Ko

anode surface) Q

stk (Polarization  resistance of

by, d fg hom on opog 3 orr BERS EEE M
WOBLEe] JLEHel whu) e Al i i Bi(constant
determined according to specfic resistance of the

kinds of anodes, the spaces or the envirommanital

conditions)
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Fig. 1. Appearance of experimental apparatus.
Fig. 3. Galvanic ancde test piece (cm)
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Schematic diagram of experimental apparatus
for the galvanic anode grounding cell char~
acteristics examination.

(Iplastic water tank @pipe line (3flange @rubber
packing 5anode test piece ®ampere meter (Delectric
power source @rheostats @volt meter (0lead line

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

Materials of anodes Al } Cd I Fe ‘ Zn ’ Sn In Mn ‘, Mg
Zinc alloy 0.6 0.1 0.01 |balance ’ _— — — j
Aluminium alloy balance — —_— 3.0 | 0.03 0.02 _ _
Magnesium alloy 6.0 — — 3.0 1 — — 0.01 balance




FLEB MR MEEES EED FrEel 33 R

HHAER - B - ke

]
E\D_
&)=

i

\- -/

Fig. 4. Schematic diagram of experimental apparatus
for the characteristics examination of silicon
diode insulation-joint protective device.
(DPlastic tank (@pipe line Bflange @rubber packing
(Gsilicon diode Gampere meter (7electric power source
@®rheostats Qvolt meter

Table 2. Physical properties of silicon diode for the

experiment.
Max, AVYG FWD| Max.temp.
‘Type No. [PIV (V) DC current (A) °C)
IN 4004 400 1 80
MR 504 400 3 80
R250-17 600 6 80
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e Zn alloy Al alloy Mg alloy
e T
30 £ =0.606-0.00027 i E=0.6160+0.00037 { E =0.3860+0.00137{
500 E =0.5147+0.0019 { E =0.55354+0.0029 { E=0.3169-+0.00404 /
1000 E =0.505040.00506 { E=0.5280--0.0067 ¢ E=0.3068-+-0.00536 /
2000 E =0.4957+0.0087 { E =0.52104-0.0157 i E=0.1950+0.01411¢
4000 E=0.4560+40.0238 1 E'=0.5060-+0.039 ¢ E£=0.1503-+0.0197
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Table 4. Relations of m and b to p when L=0.3cm
- T~ p(Qcm)
L R 500 1000 2000 4000
m 0.00027 | 0.00019 0.00561 0.00873 0.02383
i
b 06006 |  0.5147 0.5060 0.4957 0.4560
Zn
log p l 14770 | 2.6990 3 3.3010 3.6021
log (5000my* | 0.1319 0.980 1.4480 1.640 2076
m 0.0037 0.00290 0.00676 0.01570 0.0390
Al b | 06160 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 0.01970
Mg b 0.3860 0.3169 0.3068 0.1950 0.1503
log (5000 0.8537 1.3054 1.4281 1.8485 1.9934

*mr 5000 f%5 2 gk AL logm vk HE H] A

(1) Zn & B -

E =log (4.9465/p%0839) 11X 107608923} .occocerenns (8)
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E:log (’4_9305/po.0525> ~13% 10»-6.p0_9314 ,‘) ......... (9)
(3) Mg 5 =4
E =log (3.7086/g0-098) + |81 X 1076,50-5106 ;) ...... (10)
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