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1571: ABSTRACT 
An electrode comprises a lead base which is covered 
by a silver material on at least a portion of the surface 
which is in the form of a net or grid. The lead base it 
self, may include some percentage of silver and the 
net or grid may be in the form of a bandage or of a 
netting which is applied over the surface and then se 
cured to the surface. The securement may be effected 
such as by mechanical pressure joining with or without - 

. additional securement elements or by heat joining 
such as by welding. 

11 Claims, 8 Drawing Figures 
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ELECTRODE CONSTRUCTION AND METHOD OF 
MAKING AN ELECTRODE - 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates‘in general to the construction 

of electrodes and, in particular, to a new and useful 
electrode having a-net-like covering of silver on at least 
a portion of its surface and to a method of making the 
electrode. - - 

‘Electrodes which are made of lead which contains a 
small percentage of silver, have been utilized for a long 
period of time for the purpose of cathodic protection 
for the electrolysis apparatus which is used in sea wa 
ter. Since chlorine is generated in the electrolysis of sea 
water, the known electrodes have disadvantages. Even 
slight variations of electrical potential affects the elec 
trolysis efficiency and such potential increases during 
the electrolysis time up to a point at which it is impossi 
ble to continue the electrolysis. In addition, blisters are 
produced on the electrode surface which may cause 
contact with the opposed electrode. In general, the 
known or conventional lead silver electrodes have an 
uneven or nonuniform distribution of the silver so that 
the surface current density is extremely uneven as is 
shown upon microscopic examination during the early 
phase of electrolysis. This allows many reactions to 
take place between the lead andthe anions, (such as 
Cl", OH", SO21, etc.). These reactions take place in 
the solution so that it is typical to form lead dioxide of 
uniform texture. Therefore, many attempts have been 
made to carry out electrolysis in the case where the re 
action anions can easily take place by lowering the cur 
rent density and producing lead dioxide slowly over a 
long period of time so as to form a compact crater-free 
layer of lead dioxide. Such attempts, however, are still 
unsatisfactory because distributions of lead and silver 
are non-uniform. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided an electrode which includes a lead base or a 
lead base having some silver and which is covered by 
a symmetrically arranged and uniform grid or netting 
of silver. The netting is arranged over at least a portion 
of the surface of the electrode and is secured in posi 
tion thereon such as by mechanical press securement 
or by heat bonding such as welding. The invention pro 
vides an improved electrode construction for electroly 
sis of sea water which has a uniform surface distribu 
tion of silver and which can operate in a stable condi 
tion for a long period of time and which can be manu 
factured at low costs. The construction of the electrode 
of the invention produces an electrode having a low 
electrode potential and no blistering of the electrode is 
likely. The silver in the form of a net is placed in 
contact with the surface of the lead base or lead silver 
alloy base in order to increase the silver density on ‘the 
surface of the base. The lead dioxide layer on the elec 
trode surface is made into acrater-free compact struc 
ture by using amechanical joining of the netting struc 
ture to the surface. Because the silver is limited to the 
surface layer alone, the surface density can be remark 
ably raised as compared with the prior art devices with 
the same amount ofsilver. ’ 
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2 
Accordingly, it is an object of the invention to pro 

vide an improved electrode construction which com 
prises a lead base having a covering of silver arranged 
in a grid pattern and preferably uniformly distributed 
over the surface and symmetrically arranged. 
A further object of the invention is to provide an 

electrode which includes a net of silver over a lead base 
with means for securing the net to the base which ad 
vantageously may comprise a separate clamping ele 
ment embedded into the base. ‘ 
A further object of the invention is to provide a 

method of making an electrode which comprises apply 
ing a net of silver over a lead base, and advantageously 
securing the net to the base such as by heat bonding or 
by mechanical pressure clamping. 
A further object of the invention is to provide an 

electrode which is simple in design, rugged in construc 
tion and economical to manufacture. 
The various features of novelty which characterize 

the invention are pointed out with particularity in the 
claims annexed to and forming a part of this disclosure. 
For a better understanding of the invention, its operat 
ing advantages and speci?c objects attained by its use, 
reference should be had to theaccompanying drawings 
and descriptive matter in which there are illustrated 
and described preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the Drawings: 
FIG. I is a curve indicating the changes of electrical 

potention with time for the known (PRIOR ART) lead 
silver electrodes; . 
FIG. 2 is a cross-sectional view of the prior‘ art silver 

electrode indicating the tendency to crack formation; 

FIG. 3 is a front elevational view of an electrode con 
structed in accordance with the invention; 
FIG. 4 is a section taken along the line IV-—IV of 

FIG. 3; 
FIG. 5 is a view similar to FIG. 3 of another embodi 

ment of the invention; 
FIG. 6 is a partial sectional view taken along the lines 

VI-VI of FIG. 5; 7 
FIG. 7 is a perspective view of another embodiment 

of electrode; and 
FIG. 8 is an end elevational view of still another em 

bodiment of electrode. ' 

DESCRIPTION OF THE PRIOR ART SHOWN IN 
FIGS. 1 AND 2 

' As shown in FIG. 1, curves A and B indicate the 
changes of potential for an ordinary lead silver elec 
trode with a silver content of 4 percent electrolizing 
time for electrolizing sea water at a current density of 
5 A/dm”. The distinct curves A and B show that for lead 
silver electrodes, even when they are cast under the 
same conditions, there is a wide variation of potential, 
and thus they are not suitable for use in electrolysis. 
The curves C and D represent electrodes of a silver 
content of 2 and 1 percent respectively. In these cases, 
the potential rise takes place faster and hence, an inop 
erative situation is brought about much earlier than in 
the case of an electrode using 4 percent silver content. 
As shown in FIG. 2, the lead silver alloy electrodes 

which include a lead base 2 forms a lead dioxide layer 
3 when it is used for anodic electrolysis in sea water. 7 



3,816,293 
3 

This layer 3 is formed with a plurality of cracks l which 
permits the sea water to enter and to react with the lead 
base 2. Thus, the reactions between the lead dioxide 
layer 3 and sea water and the lead 2 and sea water takes 
place simultaneously at both internal and external in 
terfaces thus giving rise to blistering particularly where 
the current density is high. 

GENERAL DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ‘ 

Referring to the drawingsin particular, the invention‘ 
embodied therein in FIGS. 3 and 4, comprises a lead 
base 5, which may comprise lead or a lead and silver 
alloy, and which is provided with a surface covering in 
the form of a silver net 6. The net 6, in accordance with 
the invention, is secured to the lead base surface such 
as by pressure or by heat bonding, such as welding. In 
the embodiment shown, the silver net includes a plural 
ity of substantially parallel equally spaced vertical net 
elements 6a which 6a which are interwoven with a plu 
rality of substantially parallel and equally spaced hori 
zontal elements 6b. In the method indicated in FIG. 4, 
the longitudinal elements 60 are pressure embedded 
into the surface of the base 5. With the inventive con 
struction, the silver density of the surface of the lead 
base 5 can be raised far higher than is possible with a 
construction in which the silver is disbursed throughout 
the base 5. In addition, a compact lead dioxide struc 
ture is formed on the electrode surface which is con 
tacted by the electrolyte. The lead base 5 may comprise 
a lead silver alloy containing a minor percentage of sil 
ver. 

With the inventive construction, electric current 
?ows mostly from the silver with only a very limited 
amount of current ?owing in the lead during the early 
phase of the electrolysis reaction. Therefore, the reac 
tion of the lead in the initial stage of electrolysis are 
limited to those of a low level. The lead is gradually oxi 
dized by catalytic action of the regularly arranged verti 
cal and horizontal elements 6a and 6b. Silver sul?de is 
generated on the surface and the ?ow of electrical cur 
rent is substantially stopped allowing the current to 
?ow only through the oxide layer which is produced on 
the surface of the lead base 5. In the meantime, the 
layer of lead oxide swells up to ?ll the meshes of the sil 
ver net 6. 

In general, lead dioxide acts as an n-type (excess 
type) semiconductor (electron conductor), so that if 
lead oxide is of a compact texture, it is possible to 
check erosion of lead. 
Experiments were conducted with two types of silver 

net 6, one type being 2001A in line diameter and 400p. 
in interval, and the other being 250p. in line diameter 
and 835p. in interval. As a result, it was found that, al 
though the electric current was applied at the rate of 5 
A/dm2 from the beginning, no generation of blister and 
no rise of electrode potential (average —-l.32 V) took 
place even 300 days after the start of the test. 

It was found that the porosity which serves as a yard 
stick in determining the presence of craters in the sur 
face layer was almost zero or near the ideal level as 
compared with over 10 percent usually observed in the 
ordinary 4 percent lead-silver alloy electrodes. Also, 
the current efficiency was as high as 80 percent on the 
average at 5 A/dm2 which can well compare with that 
of platinum. 
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4 
The bonding of the net 6 to the base 5 may be ef 

fected by a fusion method utilizing heat diffusion, but 
in such a case, a control of the temperature and time 
is very important and care must be used so as not to 
break the meshes by alloying. . 

In‘ the arrangement of FIGS. 5 and 6, there is pro 
vided a silver netting, generally designated 6’, which is > 
arranged over a lead base, generally designated 5', 
which may include some percentage of silver. The net 
ting 6' is secured to the base 5’ by driving securing ele 
ments' or clamping bars 7 of a material such as a noble 
metal for example, silver, platinum, or the like, into the 
assembly. According to this arrangement, electrical 
current ?ows through the noble metal bar 7 so that 
blockade of electrical current flow by self-oxidation of 
the lead structure 5 owing to the generation of lead 
oxide on its surface is eliminated. 
Of course, it is possible to preclude a current block 

ade due to self-oxidation of the lead base either by en— 
larging the diameter of the net 6’ or by arranging the 
silver cross element 6a’ and 6b’ such that they are em 
bedded or partially embedded into the base 5'. The de 
gree at which the silver is embedded into the lead is de 
tennined by taking into account the life expectancy of 
the electrode. 

In the method of the invention in which the netting _ 
6' is secured to the base 5' using securing bars 7,»as 
shown in FIGS. 5 and 6, the diameter in the spacing of 
the bar 7 is chosen to maintain the proper current dis 
tribution. . > 

In the embodiment shown in FIG. 7, a silver net 6" 
is applied over a base 5" of lead or lead and silver alloy. 
The net 6" is in the form of a pouch or bag and a con 
ductor wire 8 is shown as extending out through the top 
thereof. A similar construction is shown in FIG. 8 but 
with a base 5”’ having a rounded bottom portion. 
With the inventive method, the nets 6 and 6’ may be 

secured to the bases 5 and 5’, respectively, by first ar 
ranging the individual gear elements over the surface 
and the calking them into the base by hammering. At 
least a part of the wires which constitute the netting 6 
and 6' may be made of a non-metallic oxidation-proof 
material, such as-a glass ?ber or synthetic ?ber, in 
order to minimize the amount of silver which is re 
quired for the net. In such a case, the nonmetallic oxi 
dation~proof material serves as a reinforcement of the 
lead dioxide which is formed, while the silver wires play 
a role in the improvement of the lead dioxide 
generating characteristics. However, with this con 
struction, a heat bonding cannot be used for securing 
the netting to the lead base 5. 
The invention thus provides an electrode with a base 

which may contain silver in smaller quantities and 
which is at least partially covered with a gauze or net 
work of silver wires so that as compared with the inven 
tion, silver lead electrodes in which silver is disbursed 
throughout the lead structure, the silver density in the 
lead base surface is markedly increased. In addition, by 
use of the netting structure 6, 6', 6" and 6"’, the lead 
dioxide layer generated on the electrode surface can be 
made into a compact crater-free texture. Conse 
quently, the electrode potential remains stabilized for 
a long time and no blisters are produced and thus, there 
is provided an electrode with extremely high perform 
ance and reliability. 
When an electrode of the invention is used in sea wa 

ter, in an electrolysis apparatus for prevention of depo 
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sition of marine organisms, for example, it allows a long 
time continuous operation of the apparatus, thus, 
greatly contributing to reduction of the electrolizing 
costs. In addition, the base of the electrode can be 
made not only from a lead silveralloy formation, but 
also of lead alone and thhis has been impossible with 
the conventional techniques employed. Even in a case 
when a lead silver alloyis employed, the silver may be 
concentrated on the surface so that the surface density 
of silver with the netting thereon is far higher than pos 
sible with conventional techniques using the same 
amount of silver. In general, the silver accounts for a 
major portion of the entire costs of lead silver electrode 
so that the arrangement of the inventionprovides a 
substantial cost reduction. This coupled with the fact 
that the lead alone may be used as the base structure, 
permits the extremely inexpensive manufacture of the 
electrode of the invention. 
While speci?c embodiments of the invention have 

been shown and described in detail to illustrate the ap 
plication of the principles of the invention, it will be un 
derstood that the invention may be embodied other 
wise without departing from such principles. 
What is claimed is: 
1. In an electrode for cathodic protection of electrol 

ysis apparatus which is used in sea water, the improve 
ment which comprises an electrode having a base of 
lead and a coating of lead dioxide thereon, and, as an 
essential element thereof, a net of silver completely 
covering and partially embedded in the surface of said 
base and forming a composite positive electrode there 
with, at least a portion of said electrode being in 
contact with sea water, whereby an even distribution of 
silver over the lead base is achieved with a uniform sur 
face current density resulting during electrolysisand 
further whereby said coating of lead dioxide is main 
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6 
tained substantially free from cracks due to distortion 
owing to formation of the lead dioxide layer on the base 
of lead. 

2. An electrode, according to claim 1, wherein said 
net is welded to said base. 

3. An electrode, according to claim 1, including 
clamping means clamping said net to said base. 

4. An electrode, according to claim 3, wherein said 
clamping means comprises a noble metal bar embed 
ded into said base. 

5. An electrode, according to claim 1, wherein said 
net comprises evenly spaced longitudinal elements. 

6. An electrode, according to claim 5, wherein said 
longitudinal and transverse elements are interweaved. 

7. An electrode, according to claim 1, wherein said 
net comprises a pouch engaged over and embedded in 
said base. 

8. An electrode, according to claim 1, including sub 
stantially U-shaped clamping bars engaged over some 
of the members of said net and embedded into said 
base and holding said net to said base. 

9. A method of making an electrode, comprising 
forming a lead base of the general size of the electrode 
to be formed and applying a net of a silver bar over the 
surface of the lead base, and securing the net to the 
‘base by embedding a portion of the net in the base. 

10. A method of making an electrode, according to 
claim 9, wherein the net is at least partially secured to 
the base by separately applied clamping elements 
which are embedded into the base. 

11. A method of making an electrode, according to 
claim 9, wherein the net is partially secured to the base 
by welding. 

* * * * * 


