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Matter enclosed in heavy brackets II] appears in the 

original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 
The present invention relates to metal anodes and 

more particularly to a sacri?cial metal anode which is 
provided with insulating materials to promote uniform 
consumption of the anode. 

Various methods have been used to combat the char 
acteristic galvanic corrosion of‘ metals which occurs 
when such metals are surrounded by or submerged in 
an electrolyte such as moist earth, sea water, or the like. 
One of the most successful of these anti-corrosion meth~ 
ods of the prior art has been the use of sacri?cial anodes, 
and, in particular, the use of sacri?cial magnesium 
anodes. 
As is well known, dissimilar metals are either anodic 

or cathodic to each other, and when a pair of such 
dissimilar metals are coupled together in the presence of 
an electrolyte the more anodic metal will corrode while 
'the less anodic metal will be protected. The galvanic 
cell which is formed under these circumstances is char 
‘acterized by an electrochemical phenomenon in which a 
?ow of electric current is generated by the reaction be 
tween the metals and substances in the electrolyte. The 
?ow of current is from the more anodic metal, or anode, 
into the electrolyte, thereby resulting in the release of 
metallic ions from the anode and causing eroding, pitting, 
or rusting of the anode. It will be evident that since the 
?ow of current is always from the more anodic metal 
-to the less anodic metal, the corrosion, for example, of 
steel in a steel-copper couple can be substantially pre 
vented by inserting into the galvanic circuit an expendable 
[expandable] metal which is anodic with respect to the 
steel. A satisfactory metal for this purpose is magnesium 
since it is higher in the electrochemical series in that it has 
a higher solution potential, that is, it is more anodic, than 
any other of the more common commercial metals, in 
cluding steel. In the presence of magnesium, both the 
copper and the steel become cathodic and the magnesium 
then serves as an auxiliary or sacri?cial anode to which 
all the corrosion is transferred. However, it will be 
evident that the corrosion protection aiiorded the copper 
and the steel will last only until the magnesium anode 
is expended or consumed, thus making it very important 
that the sacri?cial anode have as long an effective life 
as possible. 

Heretofore sacri?cial anodes were subject to early at 
' trition because of the concentrated or localized galvanic 
action which took place immediately adjacent to portions 
of the internal core about which the anodic metal was 

' cast, and immediately adjacent to the mounting brackets 
‘ or bolts which secured the anode to the structure to be 
protected. As is well known, the characteristic localized 

~ action in these small areas not only eroded away the near 
by anode metal, thereby undermining the fasteners so 
that the fasteners were rendered ineifective to hold the 
anode in position, but also the current wasted in ?owing 
to these areas destroyed the desired current distribution 
to the areas sought to be protected. In effect, the outer 

> ends of the anode core and the fasteners which provided 
the metallic electrical path from the protected structure 
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2 
to the anode, and upon which the full potential of the 
circuit acted, were part of a short circuit, and were them 
selves being provided concentrated cathodic protection 
by the immediately adjacent metal of the sacri?cial anode. 
Consequently, the effectiveness of the circuit from the 
protected structure to the more remote portions of the 
anode was undesirably reduced, and there resulted a 
diminished or non-uniform current distribution to the 
anode proper and to the protected structure. 

Accordingly, the sacri?cial metal anode of the present 
invention is electrically insulated at those areas or points 
of usual concentrated galvanic action to thereby provide 
a metallic electrical return path from the protected struc 
ture to the anode which is uninterrupted by local dissipa 
tion. As will be seen, the present anode is especially 
‘adapted for use in a circuit wherein the current ?ow in 
the circuit may be controlled by appropriate resistances in 
the circuit. Further, in the anode of the present inven 
tion the galvanic flow of current is prevented from acting 
upon those portions of the anode core near the electrolyte, 
or upon the support ?ttings for the anode. In this manner 
premature attrition of the anode is substantially elimi 
nated. 
The present invention has particular utility in those sit 

uations wherein the sacri?cial anode is fastened to or sup‘ 
ported by the structure to be protected, but of course 
it is not to be limited thereto. It is to be understood 
that the present invention is adapted for use in connection 
with many anode metals, with various anode shapes, and 
in a variety of circumstances wherein uniform and con 
trolled anode consumption is desired. I 

It is therefore a principal object of the present inven 
tion to provide an improved metal anode for providing 
cathodic protection and which is characterized by a rela 
tively long service life. 
Another object of the invention is to provide a novel 

metal anode for providing protection against corrosion, 
and which includes support ‘structure ‘so insulated that 10 
calized galvanic action between the support structure and 
the anodic metal is substantially eliminated for the greater 
portion of the eifective life of the anode. 

It is another object of the invention to provide a 
unique sacri?cial metal anode adapted for dissipating or 
generating a uniform and controlled protective galvanic 
?ow of current to a structure to achieve optimum cor 
rosion protection for the structure. 
An additional object of the invention resides in the 

provision of an improved ‘sacri?cial metal anode for 
eifecting cathodic protection of a metal structure and 
which embodies a metal core suitably insulated from the 
electrolyte to substantially prevent localized galvanic 
action between the core and adjacent sacri?cial metal 
of the anode for the greater portion of the effective life 
of the anode. 
A still further object of the present invention is the 

provision of a novel sacri?cial metal anode for provid 
ing cathodic protection and which is simple and economi 
cal to manufacture and adapted to promote uniform con 
sumption of the anodic metal. 

Other objects and features of the present invention 
will be readily apparent to those skilled in the art from 
the following speci?cation and appended drawings where 
in is illustrated a preferred form of the invention, and 
in which: 
FIGURE 1 is a perspective view of a preferred embodi 

ment of the metal anode of the present invention illustrat 
ing the manner of its mounting to the hull of a ship, 
which is indicated in phantom outline; 
FIGURE 2 is a plan view of the metal anode of the 

present invention; 
FIGURE 3 is a side elevational view of the anode 

of FIGURE 2; and 
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FIGURE 4 is a partial elevational cross-sectional view 
of the anode of FIGURE 2 on an enlarged scale. 
The description hereinafter made will be directed to 

an embodiment of the metal anode of the present inven 
tion which is particularly adapted for use in the cathodic 
protection of the steel hull of a ship in sea water. It is 
to be understood, of course, that the reference to a ship’s 
hull is merely illustrative and not intended to limit the 
scope of the present invention whatsoever. 

Referring to the drawings and more particularly to 
FIGURE 1, there are illustrated a pair of the metal 
anodes of the present invention, each being generally 
designated 11, rigidly mounted to any suitable structure, 
such as a bilge keel 12, of a ship’s hull 13. The pair 
of identical anodes 11 are shown in a typical installation, 
and it will be apparent that any number of anodes 11 
may be used, as desired, to provide cathodic protection 
for hull 13. 

Bilge keel 12 is rigidly secured to hull 13 by any 
suitable means, as by welding, and serves as a convenient 
structure for maintaining anodes 11 in position. A plu 
rality of lateral members 14 of keel 12 are transversely 
disposed across keel 12 to cradle or support the ends of 
anodes 11, as will be more fully described hereinafter, 
so that anodes 11 during use are located spaced from 
hull 13 and submerged in the sea water. 

Each anode 11, FIGURES 2 through 4, comprises gen 
erally a core 15 which includes a pair of laterally spaced, 
longitudinally extending core rods 16 weldably connected 
together by a plurality, preferably three in number, of 
transverse members or spur rods 17 to thereby form an 
integral composite core structure. Core rods 16 and 
spur rods 17 of core 15 are preferably made of stand 
ard iron pipe which is hot-dip galvanized to achieve a 
good bond with the anodic metal 18, and thus promote 
satisfactory electrical conductivity therebetween. In ap 
plications, such as the present one, where protection of a 
ship’s hull against sea water is sought, magnesium is gen 
erally preferred for anodic metal 18. Any suitable mold 
may be employed which will permit the magnesium 18 
to be cast or poured about core 15 to effect the form 
shown. It is noted that in the illustrated embodiment of 
the present invention, the magnesium 18 is cast to pro 
duce a substantially rectangular shape with the upper 
and lower transverse edges preferably beveled, as at 19, 
for improved resistance to the abrading effect of the water 
during movement of anode 11 through the water. In 
addition, during the casting of magnesium 18 an open 
ing or cavity 21 is formed about each core rod 16 at 
each end of magnesium 18. Each cavity 21 extends in 
wardly from the end of the cast magnesium 18 to a 
distance or depth approximately equal to, and preferably 
slightly more than, the lateral distance between the gal 
vanized surface of core rod 16 and the outside surface 
of the magnesium 18 which is exposed to sea water. 
Any of the well known methods of the casting art may 
be used to produce the cavities 21, such as the use of a 
removeable core of the shape of the desired cavity 21. 
The purpose of these cavities 21 will be described in 
greater detail hereinafter. 

Except for beveled portions 19 of anode 11, the mag 
nesium 18 is substantially uniform in transverse cross 
section, and the pair of core rods 16 are each spaced in 
from the sides, the top, and the bottom of anode 11 
approximately the same distance. By virtue of the loca 
tion of core rods 16, it will be evident that in the con 
sumption of anode 11, there will tend to be a simulta 
neous exposure of all portions of core rods 16 rather 
‘than a premature exposure of any one portion of core 
rods 16. In this manner anode 11 is designed to con 
tinue functioning until magnesium 18 is substantially com 
pletely consumed. Perfectly uniform consumption of 
anode 11 is di?icult to achieve for various reasons, such 
as, for example, impurities in the anodic metal 18 itself 
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4 
which create local galvanic cells in the metal 18; how 
ever, it will be obvious that in any event the relative loca 
tion or disposition of magnesium 18 with respect to core 
rods 16 promotes a longer service life for anode 11 as 
compared to the service life which would have resulted 
had the present bene?cial location or relationship between 
magnesium 18 and rods 16 not been recognized and uti 
lized. 
Each core rod 16 extends from the ends of the cast 

magnesium 18, as illustrated, and is provided at each 
end with a close-?tting, watertight electrical insulating 
tube 22. Tubes 22 serve to cushion and insulate the ends 
of core rods 16 at their connections to lateral members 
14 of bilge keel 12, and for this reason tubes 22 are made 
of a resilient, watertight, and electrical insulating mate 
rial such as a four-ply neoprene hose material, which has 
been found to work satisfactorily. A plurality of secur 
ing brackets 23 are disposed over the tubes 22 located 
on the ends of rods 16, and these brackets 23 are se 
cured, as by bolts or the like, to lateral members 14, 
thereby maintaining anodes 11 in position upon keel 12. 
It is noted that this construction securely maintains anodes 
11 in position and, in addition, electrically insulates anodes 
11 from bilge keel 12. 
As best illustrated in FIGURE 1, the near ends of the 

pair of anodes 11 are secured to a hull connector 24 
which is constructed of metal pipe welded together to 
form the double-T shape illustrated. The T ends of 
connector 24 are disposed in tight ?tting relation through 
the adjacent tubes 22 and into welded abutment with 
the ends of core rods 16 which are within tubes 22. This 
effects an electrical connection between core rods 16 and 
hull connector 24, and an internal metallic bushing (not 
shown) may also be used to assure a good electrical con 
nection, being disposed within the hollow ends of rods 
16 and connector 24. Thus, tubes 22 insulate connector 
24 from bilge keel 12, and securing brackets 23 serve to 
maintain connector 24 in position. Preferably the open 
ends of tubes 22 located at the remote ends of the pair 
of anodes 11 are plugged with any suitable waterproof 
insulating material. 

Connector 24 extends, as illustrated, through ship’s hull 
13, land is electrically insulated therefrom by a waiter 
tight hull ?tting 25. Connector 24 is electrically con 
nected, as indicated diagrammatically, to a current meas 
uring device or arnrneter 26, which electrically connected 
to a variable resistance or rheostat 27, which in turn is 
electrically connected to the deck of the ship at 28, or 
to [any other part ‘of the ship which is electrically joined 
to ship’s hull 113, as desired. With this construction and 
arrangement of elements it will be evident that [a return] 
an electrical path or circuit is provided from ship’s hull 
13, through the ship’s deck at 28, through rheostat 27, 
through amrneter 26, through connector 24, ‘through core 
rods ‘16, and thence to magnesium 18. This comprises 
the electrical [return] path or circuit for the cathodic 
protection system, providing a [return] circuit for the pro 
rtective current which magnesium 18 is adapted to pro~ 
vide ship’s hull 13. -It is to be particularly noted that 
{this [return] electrical path is, from ‘the connection 28 at 
the ship’s deck, electrically insulated from hull 13 where 
by the ?ow of electric current therethrough may be regu 
lated by rheostat 27., It will be apparent that if this 
[return] path were not insulated, as at 25 by the hull ?t 
ting, or if the anodes 11 were not insulated by the elec 
trical insulating tubes 22, the flow of current would al 
‘ways he at its value regardless ‘of the current 
value required for cathodic protection of the hull 13. 
However, with the anode 1.1 of the present invention in the 
arrangement ‘described, the ?ow of current through the 
[return] path may be regulated to provide the minimum 
value necessary for adequate cathodic protection of hull 
13, such value being readily determinable by 
trial and error for example. ‘In this manner, anode 11 is 
adapted to be consumed at the minimum rate necessary, 
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eliminating uncontrolled dissipation of magnesium 18 and 
promoting i3. comparatively long service life ‘for anode 11. 

Referring now to FIGURE 4, cavity 21 at each end of 
magnesium 18 is ?lled with an electrical insulating and 
waterproof material, such as ‘a neoprene rubber material 
29 of high dielectric properties which may be poured into 
cavity 21, setting up or hardening in a few days. A layer 
of similar electrical insulating waterproof material 31 is 
provided, as by a brush or the like, upon the ends of 
magnesium 18, extending completely about the ends of 
magnesium 1-8 from an area slightly longitudinally out 
ward of the ends of magnesium 18 to an area slightly 
longitudinally inward of the beginning of the greatest 
transverse cross sectional area of magnesium 18. Further, 
electrical insulating waterproof material 32 in tape form 
is wrapped about the ends of core rods 16 in overlapping 
relation with both the insulating material 31 and the 
adjacent ends of tubes 22. In this manner the ends of 
magnesium 18 and rods 16 are not exposed to the elec 
trolyte, here the salt water, and consequently galvanic 
current ?ow from the magnesium 18 tends to substantially 
all ?ow uniformly to ship’s hull 13 rather than, for exam 
ple, to portions of rods 16 which are external of mag 
nesium \18 and dielectrically coated with tape 32 and a 
layer of neoprene over the tape. In addition, the pro 
vision of insulating material 29 in cavities 21 in magnesi 
um 18, and of insulating materials 31 and 32, substantial 
ly prevents the localized or concentrated eroding away 
of the ends of magnesium 18 which are adjacent to core 
rods 16. Such eroding might otherwise occur because of 
the proximity of magnesium 18 to core rods 16, upon 
which the ‘full potential of the circuit is applied, since 
both would be exposed to the salt water. Instead, in 
sulating material 29 substantially eliminates exposure of 
contiguous portions of core rods '16 and the ends or mag 
nesium 18 to the salt water until approximiately that 
time when the main body of magnesium 18 has been sub 
stantially consumed, thereby promoting a longer service 
life for anode 11. 

While certain preferred embodiments of the invention 
have been speci?cally disclosed, it is understood that the 
invention is not limited thereto as many variations will 
bereadily apparent to those skilled in the art and the in 
vention is to be given its broadest possible interpretation 
within the terms of the following claims. 

I claim: 
1. In a cathodic protection system for a marine struc 

ture for regulating the ?ow of electrical current to the struc— 
ture, said structure having an elongated bilge keel [with 
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curved end portions thereon], an anode comprising a 
sacri?cial elongated metal body disposed [within the 
curved end portions of] along the keel, a metal core dis 
posed within and extending outwardly ‘from opposite ends 
of said body, bracket means provided on the bilge keel 
and cooperating with each of the extending ends of the 
core for connecting the metal body in a stand-off relation 
to the structure a su?icienrt distance to maintain a uniform 
distribution of the electrical current about the structure 
to be cathodically protected, insulating means provided 
‘at the ends [of said metal core for insulating the core at 
the stand-off bracket means, means electrically connect~ 
ing the [stand-o?f connecting means] anode to a remote 
area of the marine structure. 

2. In a cathodic protection system ‘for a marine struc 
ture for regulating the flow of electrical current to the 
structure, said structure having an elongated bilge keel 
[provided with curved end portions], an anode comprising 
an elongated metal body disposed [within the curved end 
portions of] along the keel and having a midasection of 
substantially muniform cross-sectional area and opposite 
end sections with beveled upper and lower transverse 
edges, a metal core disposed and extending out 
war-dly from opposite ends of said body, bracket means 
extending transversely across the keel for supporting the 
ends of the anode in a stand-off relation to the structure a 
suf?cient distance to maintain a uniform distribution of 
electrical current about the structure .to be cathodically 
protected, insulating means provided at the ends of said 
metal core for insulating the core at the [standao? brack 
et means] anode, means electrically connecting the 
[stand-off bracket means] anode to a remote area of the 
marine structure. 
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