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FIG . 1
(57) Abstract: A metallic object to be protected from corrosion, such as a steel automobile body panel, is connected to an electron
source as a cathode. An electrically isolating coating is disposed on the metallic object. A covering anode is applied onto the elec trically isolating coating. The covering anode is electrically conductive. An electrode is connected to the covering anode and to the
electron source. Damage to the covering anode and the electrically isolating coating creates a location for electrolyte to collect to
create an electrochemical cell and activate cathodic protection to prevent corrosion of the metallic object.

Cathodic Protection of Metal Substrates
Cross-reference to Related Applications
[0001]

This application claims priority t o US 62/175,690, filed J m. 15, 2015, the entirety of

which is incorporated

herein by reference.

Field
[0002]

The present invention relates t o cathodic protection of metal, mainly steel,

substrates.

Background
[0003]

The Impressed Current Cathodic Protection (ICCP) concept is a well known and

reliable process for protection of metallic objects, particularly steel, against corrosion. ICCP has
been used successfully for pipelines, offshore and onshore constructions, and marine vessels
for a long time. ICCP has been used in the automotive industry as well.

[0004]

Regarding use of ICCP for automobiles, due t o the use of small, rigid anodes located

at a few different points of the body of the car, there are only a few areas where the electrolyte
comes into contact with both anode and cathode t o create the electrochemical

cell. Thus, such

systems tend t o protect only these few areas. Therefore, certain areas which are vulnerable t o
humidity and severe weather conditions such as fenders, rocker panels, insides of the doors,
and similar, cannot be readily protected. This means that there are typically only a few small
areas of the body of the car that are effectively protected. Also, other parts of the car,
especially undercarriage parts, are often not protected at all. US patent 5,407,549, in the name
of Camp, teaches a system in which anodes are connected directly t o the cathode along with an
electrically conductive medium which includes an electrically conductive sealant that is applied
o n the topcoat (paint) and the decorative surfaces of the car. One inadequacy of systems like
this is that the direct contact of anode and cathode can cause a short circuit, and consequently,
violate the concept of ICCP. In addition, such system applies electrically conductive sealant o n
paint after cracking o r coating damage, which can lead t o the electrical connection of anode
and cathode, which is a short circuit that again violates the concept of ICCP.

[0005]

Regarding use of ICCP for marine vessels, in one common system of cathodic

protection, because the anode is su bmerged in the electrolyte - which is typically sea water - it
o n ly protects those pa rts of the vessel which a re also su bmerged. Therefore, there wou ld be no
effective protection for the parts which are intermittently

in contact with water o r splash o r are

in contact with moistu re in the air o r mist. Often in such systems, irrespective of the

submerging of the parts, pa rts which a re not facing the anodes o r are in the shadow of other
pa rts ca nnot be adeq uately protected.

[0006]

Another inadeq uacy of common methods for protecting mari ne vessels is that when

the electrolytic characteristics of the water cha nges, for example, d ue t o cha nges in sali nity
(e.g., sa lt

water, brackish water, a nd freshwater), the voltage and current necessa ry for

effective cathodic protection cha nges as wel l . If the voltage a nd cu rrent are not calcu lated o r
designed correctly, the protection is not effective.
[0007]

Regarding use of ICCP for steel constructions which are in contact with water, such

as piers, pi pe pile piers, offshore platforms, bridges, and si mi lar structures, which are often

more complicated than ma rine vessels in terms of protection, common systems of cathodic
protection a re not as effective as desired . In such structu res there are bu ried parts, parts which
are su bmerged in water, parts with intermittent

contact with water (waves a nd tides), and

higher parts which a re in contact with humid air a nd mist. Hence, in common cathodic
protection systems, in which rigid anodes are placed out of reach of most parts of the cathode
surfaces, the anodes cannot be present in the created electrolytes at most pa rts of the cathode.
Conseq uently, a protective cel l can not be established and the protection is not effective.
[0008]

Regarding use of ICCP for pipeli nes, d ue t o the limited surface a rea of the anodes

used for protection and due t o the high electrical resistance of typica l soi ls, there is a need for

higher voltages a nd higher cu rrent densities which leads t o higher costs for eq uipment and
materia ls. In addition, the electrica l resistivity of the soil must be measu red along the length of
the pipeline in different a reas and the amount, size, and type of anodes and the applied
voltages and currents for cathodic protection must be calculated using complicated
methodologies.

In addition, t o increase the anode-to-soil electrica l cond uctivity there is a need

for backfill and anode beds made of electrically conductive carbonated granules, which increase
the cost of the process as well. Moreover, for those parts of pipelines which are not buried and
are located above the surface, or such pipelines which are wholly located above the surface,

these common methods of cathodic protection are unavailable.

Summary
[0009]

In solving or mitigating at least one of the problems above, the present invention

can protect most or all surfaces of metal (mainly steel) objects as cathodes in various

circumstances, including various environmental situations, construction conditions, designs,
complicated shapes, and installation conditions, and similar, from the moment the electrolyte is
created and the corrosion process begins. The present invention can reduce cost while allowing
simplified design, calculation, and application.
[0010]

According t o one aspect of the present invention, a system for corrosion protection

includes a metallic object t o be protected from corrosion, the metallic object connectable t o an

electron source as a cathode. The system further includes an electrically isolating coating
disposed o n at least a portion of the metallic object, a covering anode applied on at least a

portion of the electrically isolating coating, the covering anode being electrically conductive,
and an electrode electrically connected t o the covering anode and connectable t o the electron

source.

[0011]

According t o another aspect of the present invention, a kit for providing corrosion

protection t o a metallic object includes a covering anode configured t o be applied onto at least
a portion of an electrically isolating coating disposed on the metallic object t o be protected
from corrosion, the metallic object being connectable t o the negative pole of an electron
source as a cathode. The covering anode is electrically conductive. The kit further includes an

electrode configured t o be electrically connected t o the covering anode and t o the positive pole
of the electron source t o which the metallic object is connected.
[0012]

According t o another aspect of the present invention, a method for protecting a

metallic object against corrosion includes applying a covering anode onto at least a portion of

an electrically isolating coating disposed on at least a portion of the metallic object t o be

protected from corrosion, the metallic object connectable t o an electron source as a cathode.
The covering anode is electrically conductive. The method further includes electrically
connecting an electrode t o the covering anode, the electrode being connectable t o the electron
source.

Brief Description of the Drawings
[0013]

The drawings illustrate, by way of example only, embodiments of the present

disclosure.

[0014]

FIG. 1 is a schematic diagram of an electron source, steel object t o be protected as

cathode, and covering anode.

[0015]

FIG. 2 is a circuit diagram of the electron source.

[0016]

FIG. 3 is a diagram of an electrode.

[0017]

FIG. 4A is an isometric view of the electrode embedded in the covering anode.

[0018]

FIG. 4 B is a front view of the electrode embedded in the covering anode.

[0019]

FIG. 4C is a side view of the electrode embedded in the covering anode.

[0020]

FIG. 5 is a cross-sectional view showing the mechanism of cathodic protection on

one side of a substrate.

[0021]

FIG. 6 is a cross-sectional view showing the mechanism of cathodic protection on

one side of a substrate with a topcoat.

[0022]

FIG. 7 is a cross-sectional view showing the mechanism of cathodic protection on

two sides of a substrate with topcoat.

[0023]

FIG. 8A is a circuit diagram of another electron source.

[0024]

FIG. 8 B is a diagram of a buck switching power supply and output voltage.

[0025]

FIG. 8C is a diagram of an output current providing and monitoring network.

[0026]

FIG. 8D is a diagram of an LED indicator.

[0027]

FIG. 9 is a configuration

table for a microcontroller

of the electron source.

Detailed Description
[0028]

FIG. 1 shows a schematic diagram of a system 10 for cathodic protection according

t o the present invention. The system 10 is an example of the present invention and a variety of
different variations and combinations are contemplated. The system 10 provides protection t o
a substrate that is covered by one o r more layers of electrically isolating coating, such as any
suitable kind of polymer, paint, primer, or other electrically isolating coating. One o r more
layers of covering anode are applied over such substrate and the electrically isolating coating. In
this example, the system 10 is applied t o the protection of parts of an automobile's body, such
as the insides of its doors, against corrosion. However, the system 10 can be used for protection

of any other metallic objects (mainly contemplated t o be steel objects) such as the entire
bodies of vehicles, marine vessels, offshore or onshore constructions, pipelines, and similar.

[0029]

The system 10 includes a set 14 of one or more electrodes, an electron source 18 o r

other electrical current provider, a DC power source 22, and a covering anode 26. The system
10 can be provided as a complete system, such as during manufacture or assembly of the

metallic object t o be protected. Alternatively or additionally, the system 10 o r a portion thereof
can be provided as a kit that is applied after manufacture or assembly of the metallic object t o
be protected, such as an after-market

kit that is applied by the end user o r an agent of the

manufacturer or assembler.

[0030]

The covering anode 26 is disposed over at least a portion of an electrically isolating

coating 34 that is disposed o n a metallic object 38 t o be protected from corrosion. The metallic
object 38 is any steel object o r object subject t o corrosion, such as an automobile body o r door
panel, for example. The electrically isolating coating 34 forms the surface of the substrate for

application of the covering anode 26. The electrica lly isolating coating 34 ca n include one o r
more coats of paint, primer, polymer coating, or si mi lar applied t o the meta llic object 38.

[0031]

The electrode set 14 includes fou r electrodes 30, in this example, although any

nu mber of electrodes can be used, depending o n the size and/or shape of the metallic object

38. Each electrode 30 is in electrica l contact with the covering anode 26 and is electrically

connected t o the electron source 18 via wires, traces, o r other suita ble cond uctor.

[0032]

The DC power sou rce 22 in automotive applications can be a ca r's 12-volt battery or

similar. In other examples, the power sou rce can be a ny kind of battery, municipal power
supply

(e.g.,

a wal l outlet), high-voltage power source, a ny type of electric generator, a sola r

power sou rce, or a ny other kind of power sou rce.

[0033]

The electron source 18 provides a nd monitors the flow of electrons (cu rrent)

between the object 38 t o be protected, as cathode, and the covering anode 26. The electron
sou rce 18, in this example, incl udes a DC voltage red ucer that converts a nomina l voltage of 12

volts (V) a nd a current of 60 amperes t o 1.2 volts and 400 mi lliamperes (mA). In other
examples, the electron sou rce can be a ny kind of red ucing DC tra nsformer, an AC red ucer and
rectifier, a device capa ble of reduci ng the voltage of a battery (such as a ca r battery) t o a lower
voltage, o r any other simila r device.

[0034]

The covering anode 26 includes a single layer or multiple layers of electrically

cond uctive coating. The covering anode 26, in this example, includes two layers of
polyurethane resin with about 40% by weight gra phite powder as electrica lly cond uctive filler.
The coveri ng anode has a d ried thickness of about 50 micrometers and a su rface electrical
resista nce of 28 o hm/sq ua re.

[0035]

In various implementations of the present invention, the covering anode 26 can

include one or more layers of coating material, such as polymer, orga nic or inorga nic (mi nera l)
resin, or adhesive. Added t o the coating material is electrically cond uctive filler such as carbon

powder, gra phite, o r meta llic granu late. Examples of fillers include powder forms of copper,
zinc, nickel, silver, silver-coated copper or nickel, nickel-coated graphite, conductive composite

materials, other plain or coated metal or alloy granulates (such as titanium alloys and stainless
steel alloys), electrically conductive oxides or semiconductors of different granule sizes, or any
other electrically conductive filler. The coating material and filler work in conjunction t o form
an electrically conductive covering anode. The covering anode 26 can be made of one or more

different electrically conductive layers. For example, one type of covering anode can be made
with a first layer having higher electrical conductivity by virtue of graphite filler and a second,
outer layer with higher corrosion resistivity, such as material that contains magnetite filler for
enduring corrosive environments.
[0036]

In many industrial applications in which appearance is not a primary concern, the

covering anode 26 can be applied as a topcoat. However, in applications where appearance is
important, such as the external surfaces of automobile bodies, the covering anode 26 can be
covered by a separate decorative topcoat and clear coat. In this case, the conductive filler
particle size can be selected t o be as small as possible, so as t o not detrimentally affect the
finished appearance of the topcoat. In addition, two coating layers provided t o sandwich the
covering anode 26 can be made t o contain a sufficient amount of hydrogen absorbent agent, so
as t o reduce or prevent the release of hydrogen as a reaction product, which may cause paint

blistering, bubbling, or similar problems. Moreover, the conductive filler particle size can be
selected t o be suitably small, so as t o not detrimentally affect the appearance of the topcoat.
[0037]

It is contemplated that when selecting a type or combination of materials for a

covering anode 26 according t o the present invention, the surface electrical resistivity of the
layers of the covering anode 26 should be measured and used for calculation of voltage and

current and for configuration of the specific electron source 18 needed for cathodic protection,
as well as for calculating and designing the numbers of electrodes 30. Another consideration is

that, before applying the covering anode 26 onto the electrically isolating coating 34, such as
automobile paint or primer, the surface should be completely degreased, cleaned and free of
any contamination.
[0038]

In some conditions, such as long range marine vessels that may experience sea

water composition changes from brackish water t o water of high salinity that can cause

different corrosion reactions, t hree layers can be used for a covering anode 26. A n exa mple of
such a covering anode 26 includes a first layer containing nickel-coated gra phite, a second layer

of graphite, and a thi rd layer of magnetite. Another exa mple of where a t hree-layer covering
anode 26 may be useful is la nd-based military vehicles, which can face different a nd severe
weather and environmental conditions.

[0039]

A n exa mple of an electrode 30 according t o the present invention is shown in FIG.

3 . The electrode 30 includes a plate 31 with dimensions of about 20 m m by 20 m m by 25

micrometers, a nd a tab termina l 32 which is soldered t o the plate 31. The t ab terminal 32 is
bent (e. g., at 90 degrees) t o protrude away from the plate 31. The tab terminal 32 can be of any
shape a nd size compatible with the electrode 30 and the material of the plate 31, a nd is
soldered or otherwise con nected t o the plate 31 t o have a suitable mechanical and electrica l
bond t o the plate 31. The plate 31 ca n be made of copper. In other examples, the plate 31 ca n
be a ny ki nd of plate o r wire mesh of various suitable dimensions, a nd its materia l ca n be any

other type of electrically conductive metal, such as silver, alu mi nu m, stain less steel, and similar.
The plate 31 ca n be provided with an adhesive layer on the attach ment side t o ease the
installation process.

[0040]

The thickness of the plate 31 is selected t o let the plate be completely (or nearly

completely) embedded into the covering anode 26 a nd t o bond adequately with the materia l of
the covering anode 26, as shown in FIGs. 4A - 4C. As shown, the tab terminal 32 protrudes from
the plate 31 t o an exposed location outside the covering anode 26, so as t o facilitate a good
electrical con nection .

[0041]

With reference back t o FIG . 1, input wires 11 and 12 electrically con nect the positive

and negative poles of the DC power sou rce 22 t o the electron source 18. In this exa mple,

because the meta llic object 38, which is the cathode bei ng protected, is a part of or an entire
automobile body that is intended t o be connected t o the negative pole of its battery (i.e., DC
power sou rce 22) by wire 13, there is no need t o provide a sepa rate negative connection
through electron sou rce 18 t o the object 38.

[0042]

When applying the covering anode 26, first of all the surface of the electrically

isolating coati ng 34, shou ld be thoroughly degreased and cleaned. The covering anode shou ld
be wel l mixed t o achieve a homogeneous mixtu re of resin or other coating material and fil ler.

The first layer of covering anode 26 is applied by brush o r spray gun onto the electrically
isolating coati ng 34 with a thickness of, in this example, about 25 micrometers. According t o
the cu ring time of the coating material used, when it is partly dried and is still sticky/tacky (in
this example, after about 2 min utes) the electrodes 30 which have been clea ned and
degreased, are gently pushed into the first layer t o become fixed and secured at the
appropriate locations. Then, the second layer of coveri ng anode 26 is applied over the f irst layer
and over the electrodes 30 t o embed the electrodes 30 completely in the covering anode, as

shown in FIGs. 4A - 4C, with the exception of the ends of the t ab terminals 32. The covering
anode 26 is then completely cured

(e.g.,

for 3 hou rs, in this example, o r other suitable time).

The second layer of covering anode 26 may be the outer layer. A separate topcoat may be
applied over the covering anode 26. The phantom line FIG . 4 C shows the approximate location
of the bou ndary between the first layer and the second layer, in this example. Electrode 30 can
be secu red on/in the coveri ng anode by any other method t o electrica lly con nect the covering

anode t o the electron sou rce 18. After the covering anode 26 is cu red, wires 53, 54, 55 a nd 57
are con nected t o the exposed tab terminals 32 of the electrodes 30 and t o the positive output
of the electron sou rce 18, as shown in FIG . 1 . This process may be repeated for a ny number of
surfaces/sides of the object 38 t o be protected.

[0043]

As shown in FIG . 2, the electron sou rce 18 can include a wide-ra nge 3 A buck

switching power supply 71, an output cu rrent and battery voltage monitoring resistor network
72, an output voltage monitoring a na log-to-digital convertor (ADC) chan nel 73, an input voltage

port 74, a grou nd line 75, an output voltage port 76, output voltage sh unt(s) 77, a power
MOSFET, ind uctor, and Schottky diode 78, a 1.23 Volt a nd battery monitor ADC cha nnel 79, a

programming port 80, an 8-bit microcontroller

81, a 1.23 output voltage reference 82, and at

least one light-emitting diode (LED) indicator 83. These components ca n be interconnected as
shown . The grou nd line 75 con nects t o the metallic object t o be protected (cathode), the
grou nd terminals (G ND) of the microcontroller

81, a nd the negative pole of the DC power

source 22. The input voltage port 74 connects t o the positive pole of the DC power source 22
and provides power t o the relevant ports of the microcontroller
77 connect the microcontroller

81. The output voltage shunt(s)

81 t o the electrodes 30 and covering anode 26 through the

output voltage port 76. The microcontroller

81 is configured t o provide and monitor electron

flow (electric current) between the metallic object 38 being protected and the covering anode
26, and further t o output status information

addition, the microcontroller

based o n electron flow via the indicators 83. In

81 can be programmable for different levels of electron flow and

status information, via the programming port 80. For example, the microcontroller

81 can store

a lookup table that associates levels of measured electron flow with output signals provided t o
the indicators.

[0044]

In one example, indicators 83 (designated as "LED1" and "LED2" in FIG. 2), are

controlled by the microcontroller

81 t o illuminate in green t o show that the cathodic protection

is activated and the metallic object 38 is being protected. Depending o n the physical conditions

of the system 10, power may be consumed by electron flow between cathode and anode,
particularly if a corrosion situation develops. The microcontroller

81 is further configured t o

illuminate the indicators 83 red t o present a visual alarm indicating that the protection current
consumption is higher than a pre-set amount, due t o unusually excessive electron flow
between cathode and anode. In one example, the microcontroller

81 is configured with a p re

set amount of 40 milliamperes. The specific value is programmable and more than one value
may be used for various levels of warning/alarm.

The indicators 83 shining red indicate that the

system 10 should be checked and repaired, if needed.

[0045]

The electron source 18, in this example, is programmable, and can be programmed

t o use any number of LEDs o r other indicators t o indicate different alarms and warnings. LEDs
can be pulsed and/or separately illuminated t o convey any amount and type of information

regarding operation of the system 10. Other types of indicators 83 are contemplated, such as
screens for detailed alphanumeric status information, speakers for audible status information,
and similar.

[0046]

FIG. 5 shows the mechanism through which the present invention is contemplated

t o operate. A meta llic object 38, i.e., steel substrate, is protected o n one side. In this example,
the covering anode 26 is applied as a topcoat o n a surface whose appearance is not of major
concern, such as an inside su rface of an automobile body component. After the electron sou rce
18 is activated, a part of the combination of the covering anode 26 a nd isolating coating 34 gets
da maged (e.g., cracked) or becomes missing and the resu lti ng apertu re 51 exposes the bare

surface of the metallic object 38 being protected . At the moment the electrolyte 61, which can
be a ny type of oxidizing o r corrosive medi um, such as water condensate or mist (with or

without road sa lt, sea salt, etc. ), penetrates into the aperture 51 a nd touches the surface of the
metallic object 38, the cathodic protection of the present invention is activated a nd becomes
operational t o prevent corrosion .

[0047]

The cathode 38 and covering anode 26 are separated by one or more layers of

electrically isolating materia l 34 and are connected t o the electron source 18 that provides a
cu rrent of electrons. Hence, in a corrosive environment when an electrolyte 61 is created a nd

comes into contact with the su rfaces of the coveri ng anode 26 and cathode 38, an
electrochemical cell will be created in which, at this moment, the potential difference between
the covering anode 26 and cathode 38 will concentrate the oxidation process on the anode of
the cell and su ppress the corrosion process at the cathode. At this moment, cathodic protection
is esta blished and prevents corrosion of the cathode.

[0048]

FIG. 6 a lso shows the mechanism through which the present invention is

contemplated t o operate. A meta llic object 38, i.e., steel substrate, is protected o n one side. In
this example, the covering anode 26 is applied before a topcoat 39 is applied. This arra ngement
ca n be used for su rfaces for which appea rance is important,

such as the outside of an

automobile body panel.

[0049]

FIG. 7 f urther shows the mechanism through which the present invention is

contemplated t o operate. A meta llic object 38, i.e., steel substrate, is protected o n two
opposite sides. In this example, the covering anode 26 is applied t o each side before a topcoat

39 is applied. This arrangement can be used for objects for which appearance of both sides is

important.

[0050]

FIGs. 8A - 8 D show another example of an electron source 90 according t o the

present invention. The electron source 90 is similar t o the electron source 18 discussed above
and can be used in place of the electron source 18. The electron source 90 includes a wide-

range 0.5 A buck switching power supply 91 having a step-down regulator with an integrated
high-side MOSFET (shown in FIG. 8B), an output current monitoring network 92, output
monitoring analog-to-digital convertor (ADC) channels 93, an input voltage port 94, a ground
line 95, an output current port 96, a programming port 97, a 32-bit microcontroller

98, a 3 volt

output voltage 99, and one or more indicators 100, such as LEDs. The ground line 95 connects
t o the metallic object t o be protected (cathode), the relevant ground terminals of the
microcontroller

98, and the negative pole of the DC power source 22. The input voltage port 94

connects t o the positive pole of the DC power source 22 and provides power t o the relevant
ports of the microcontroller

[0051]

98.

The electron source 90 supports multiple channels ("CH") of electrodes 30. Each

channel ("CHI" - "CH8") has an enable/control

port (marked "EN") at the microcontroller

98

that connects t o the "CH_EN" line of the respective current monitoring network 92 (FIG. 8C).
Each channel ("CHI" - "CH8") further includes an output line, marked "OUT" at the output

current port 96 and marked "CH_OUT" at the respective current monitoring network 92, for
providing current t o the electrodes 30 and the covering anode 26. Further, each channel ("CHI"
- "CH8") includes a sensing line, marked "SNS" at the respective current monitoring network
92, that is taken as current monitoring feedback input t o the microcontroller

98 (at the

respective port marked "SNS"). The indicators 100 (FIG. 8D) connect t o the microcontroller
at the relevant ports (marked "LED") and can be driven by the internal logic/programming
the microcontroller

98

of

98 based on current monitoring input provided at the ports marked "SNS".

The electron source 90, according t o this example, has eight channels for providing and
monitoring current, and hence can support eight independent sets of one o r more electrodes
30 at the covering anode 26.

[0052]

The electron source 90 is configured t o provide electrical current of a specific

amount needed t o protect the exposed metal surface based on a pre-calculated voltage. The
electron source 90 is configured t o output various signals according t o the table of FIG. 9 for
precise control of the process of corrosion protection of different automobile body panels o r
other metallic objects such as marine vessel body, pipelines, steel constructions, and similar.

[0053]

Rows 1 - 8 and 17 of FIG. 9 detail general design considerations for this example.

Rows 9 - 16 describe conditions set in the microcontroller

98 t o correlate device status and

measured current t o output at the indicators 100 (LEDs). That is, the microcontroller

98 is

configured t o monitor electron flow between anode and cathode and map various levels of
flow t o the output of status information (e.g., warnings or alerts). For example, an output
current of greater than 1 mA and less than o r equal t o 3 mA triggers an orange LED t o
illuminate. The microcontroller

98 can be programmed accordingly for each of its eight

channels for various purposes.

[0054]

Regarding vehicular applications for the present invention, a major problem, which

makes the battle against corrosion more difficult and complicated, is that corrosion generally
starts at internal and hidden areas of vehicle body parts. Corrosion often cannot be seen and
recognized in its early stages. This is known as inside-out corrosion in the automotive industry.
In most cases in such situations, when it becomes visible it is too late and the damage is already

considerable. Known impressed current cathodic protection (ICCP) techniques are not reliable
in this situation because the anode is not in contact with the electrolyte in such areas.

However, in the present invention, in which the anode is applied o n the cathode's surface over
its electrically insulating coating or primer, as a topcoat, paint, or a layer in between electrically
insulating basecoat/primer and topcoat, hidden areas and complexly shaped parts and areas
are within reach of the anode. Hence, from the moment the electrolyte is created, the
corrosion protection circuit is established and the relevant portions of the vehicle's body will be
protected. It should be understood that in the present invention the electrical circuit is not
activated unless corrosion has begun, meaning that the vehicle's battery, which serves the
electron source, will not significantly discharge t o drive the electrical circuit until the corrosion

reaction begins. However, even when corrosion occurs, the amount of battery consumption is
very low, about 1.2 t o 3 volts and mostly below 10 milliamperes, even in severe cases. This level
of power consumption is almost negligible for the vehicle's battery.
[0055]

Because in the present invention the anode conforms t o its supporting surface (e.g.,

the cathode) and can be applied over irregular and curved surfaces, the present invention can
be used for corrosion protection of vehicle undercarriage areas, such as chassis and suspension

systems.

[0056]

The present invention reduces or removes the need for double-sided galvanized

steel sheets and the inner surfaces of body panels can be bare steel without zinc coating,
although the invention can be used for galvanized steel and t o protect sacrificial zinc coating as
well. Therefore, after applying the primer coating on an entire body surface through the prepainting process, the inner surface can be covered by the covering anode while the outer
surface can be either covered by topcoat and final paint without the covering anode or by a
covering anode in between a basecoat and topcoat, along with hydrogen absorbent agents.
Hence, according t o the present invention, corrosion protection can be applied on the whole

body of a vehicle, resulting in better corrosion protection, especially in severe corrosion
conditions, along with the lower production costs. Another benefit of the elimination or
reduction of zinc coating o n inner surfaces is the elimination or reduction problems in
resistance welding galvanized steels in vehicle body assembly processes. Problems with
resistance welding, such as spot welding or seam welding, zinc-coated steel sheet include the
creation of brittle zinc-steel alloy which reduces the mechanical properties and strength of
welded areas and may negatively affect the aesthetic appearance of such welded areas.
[0057]

Regarding applications for marine vessels, because the covering anode of the

present invention can be applied t o any surface, intermittently

exposed components can be

well protected along with continuously submerged parts. That is, parts of the vessel subject t o
intermittent contact with water, such as due t o splashing, waves, humidity, mist, and similar,
can be protected in the same manner as parts that are well below the waterline.

[0058]

In addition, because the covering anode is applied o n all surfaces - over the

electrically isolating layer - of the cathode, submerged parts can be well protected, as
compared t o conventional cathodic protection techniques in which submerged parts which do
not directly face the anodes may not be completely protected.
[0059]

Moreover, because of the small distance between anode and cathode in the

present invention, the electrical resistivity of water can be neglected, specifically when
designing cathodic protection for the long range vessels. The same calculations can cover many
or all circumstances such as sea water, brackish water, or fresh water. Thus, because there is no
need t o change the voltage or current density, when electrical resistivity of the water changes,

the complexity of the design will be greatly reduced resulting in lower costs.
[0060]

For long range marine vessels that may encounter waters of differing salinity, using

two or three different layers for a covering anode can accommodate the various different
corrosion reactions. A n example of such a covering anode has a first layer of nickel-coated
graphite, a second layer of graphite, and a third layer of magnetite, as fillers.
[0061]

Regarding applications for pipelines, it is contemplated that a covering anode can

be applied over isolating coating layers o n pipelines, either as topcoat or in between two

coating layers along with hydrogen absorbent agents. There is no need t o measure soil
electrical resistivity in different areas of the pipeline path or t o use backfill for the anodes.
Complicated calculations and design considerations are reduced and the voltage and current
needed for the protection are reduced, resulting in better protection and lower costs.

Furthermore, for those parts of the pipelines which are not buried or for the pipelines which
are wholly over the ground and exposed, for which the conventional impressed current

cathodic protection systems cannot be used, the covering anode can be applied all over the
pipeline's primer coating and consequently corrosion protection is established o n any part of
the exposed pipeline in which the coating is damaged, right at the moment the electrolyte is
created. It is contemplated that for buried pipelines, or for those parts of pipelines which are
buried, because of the electrical conductivity of the soil, the covering anode can be partially
applied o n the pipeline and there is no need for it t o be applied over the entire surface of the

pipeline. For example, the covering anode can be longitudinally applied o n the pipe in a strip
with a width of 5 centimeters or in any other shape or pattern.
[0062]

For steel constructions which are in contact with water such as piers, pipe pile piers,

offshore platforms, bridges, these structures can be effectively protected by the present
invention because of the nature of the covering anode. As described elsewhere herein, the
covering anode is applied all over the electrically isolating primer or coating of the structure,
which becomes the cathode, either as topcoat or in between the two coating layers along with
hydrogen absorbent agents. Corrosion protection is established at any part of the structure in
which its coating is damaged right at the moment the electrolyte is created.
[0063]

Above are some examples for applications of the present invention. However, these

examples are not limiting and the present invention can be used for a part or a whole surface of
any metallic (mainly steel) object which needs t o be protected against corrosion, more

effectively, easier, and cheaper than conventional cathodic protection methods.
[0064]

Further, it is advantageous that, because of the relatively small distance between

cathode and covering anode, which is as small as the thickness of the electrically insulating
coating on the cathode, the amount of voltage and current for the process is small compared t o
conventional techniques. This can result in higher effectiveness and lower costs. Further, it is
advantageous that power is not consumed until the corrosion process begins. Other advantages
of the present invention will be apparent from the above description.
[0065]

While the foregoing provides certain non-limiting example embodiments, it should

be understood that combinations, subsets, and variations of the foregoing are contemplated.

The monopoly sought is defined by the claims.

What is claimed is:
1 . A system

for corrosion protection, the system comprising:

a metallic object t o be protected from corrosion, the metallic object connectable t o an
electron source as a cathode;
an electrically isolating coating disposed on at least a portion of the metallic object;

a covering anode applied o n at least a portion of the electrically isolating coating, the
covering anode being electrically conductive; and
an electrode electrically connected t o the covering anode and connectable t o the electron

source.
2 . The system of claim 1, wherein the covering anode comprises at least one layer of coating

material containing an electrically conductive filler.
3 . The system of claim 1, further comprising a topcoat disposed over at least a portion of the

covering anode.
4 . The system of claim 1, wherein the electrically isolating coating and the covering anode are

disposed o n opposite sides of the metallic object.
5 . The system of claim 1, further comprising the electron source, wherein the electron source

comprises a microcontroller and a power supply, the microcontroller configured t o provide and

monitor electron flow between the metallic object and the covering anode.
6 . The system of claim 5, wherein the electron source further comprises an indicator and the

microcontroller is configured t o output status information via the indicator based on the
electron flow.
7 . The system of claim 6, wherein the microcontroller is programmable for different electron

flows and status information.
8 . A kit for providing corrosion protection t o a metallic object, the kit comprising:

a covering anode configured t o be applied onto at least a portion of an electrically
isolating coating disposed o n the metallic object t o be protected from corrosion, the
metallic object connectable t o an electron source as a cathode, the covering anode
being electrically conductive; and
an electrode configured t o be electrically connected t o the covering anode and t o the

electron source t o which the metallic object is connected.
9 . The kit of claim 8, wherein the covering anode comprises coating material containing one or

more electrically conductive fillers.
10. The kit of claim 8, further comprising a microcontroller configured t o provide and monitor

electron flow between the metallic object and the covering anode.
11. The kit of claim 10, wherein the electron source further comprises an indicator and the

microcontroller is configured t o output status information via the indicator based on the
electron flow.
12. The kit of claim 11, wherein the microcontroller is programmable for different electron

flows and status information.
13. A method for protecting a metallic object against corrosion, the method comprising:

applying a covering anode onto at least a portion of an electrically isolating coating
disposed on at least a portion of the metallic object t o be protected from corrosion,

the metallic object connectable t o an electron source as a cathode, the covering
anode being electrically conductive; and
electrically connecting an electrode t o the covering anode, the electrode being
connectable t o the electron source.
14. The method of claim 13, further comprising applying a topcoat over at least a portion of the

covering anode.
15. The method of claim 13, applying the covering anode o n opposite sides of the metallic

object.

16. The method of claim 13, further comprising a microcontroller monitoring electron flow

between the metallic object and the covering anode.
17. The method of claim 16, further comprising the microcontroller outputting status

information via an indicator based o n the electron flow.
18. The method of claim 16, further comprising applying a first coat of covering anode, bringing

the electrode into contact with the first coat of covering anode, and applying a second coat of
covering anode over the first coat t o embed the electrode in the covering anode.
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