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Bonding and Corrosion

“Bonding” is a subject made of 
common concepts and terminology 
that employ across a wide range of 
AC and DC situations. Just as in the 
“Corrosion” topic, the concepts of 
bonding are consistently the same, 
but an understanding of context is 
essential to avoiding confusion.  



For cathodic corrosion to occur, three conditions must be fulfilled:

 There must be two dissimilar metals
 An electrolyte of salt dissolved in water

 A metal must maintain the electric connection
 

Any metal when immersed in an electrolyte - in this case, 
sea water - will tend to establish itself at a specific electrical 

potential due to the chemical reactions occurring at
the metal-electrolyte interface.



Galvanic Couple

● In this arrangement, a more electronegative metal, will suffer accelerated corrosion 
when coupled in sea water to a more electropositive metal. 

● As electrons flow out of the electronegative material (anode), it preserves charge 
neutrality by emitting positively charged metal ions into the sea water, thereby 
removing material and causing accelerated corrosion. 

● In a galvanic couple, then, the anodic material experiences accelerated corrosion.



Polarization

● As a result of electron exchanges at the interfaces, the metal potentials, as measured against a standard reference cell,
    will change from the original open-circuit potentials. This change in potential, due to the current flow to or from the
    surface, is called polarization.

● The shape of polarization curves can be influenced by environmental conditions, such as velocity and temperature.

● It's a change in potential that can be measured using a portable voltmeter. As long as the measured voltage increase is 
between -200 to -400 mV ( -0.20 to -0.40 volts) above the indicated "normal" voltage or potential shown on the 
galvanic series, the metal has been polarized enough to be protected from corrosion. 



● Use metals below the water that are as close to each other as possible on the galvanic 
scale. 

● Fasteners must always be more noble than the fitting on which they're used.

● Put a zinc on it, but don't put too much zinc on it! Weld the zinc on if possible. 
Painting the cathodic metals is beneficial.

● Never use graphite-bearing lubricants. Graphite is noble to almost everything.

● When utilizing AC shore power aboard, it should always first pass through a true 
marine grade isolation transformer.

 Battery chargers must be a marine quality isolation transformer type.

 Do routine check of your bonding system and electrical system in

order to reduce the corrosion and electrical shock hazard.

 Do routine checks to avoid stray currents in the water, and to prevent them

aboard.

General Rules For Preventing Galvanic 
Corrosion:



Cathodic protection

By using the galvanic series to select a more active metal, 
install that metal in the electrolyte and provide a metallic 
path. This method is called sacrificial cathodic protection, or 
galvanic cathodic protection. The galvanically more active 
metal (anode) is installed to sacrifice itself to protect the 
structure (cathode). The voltage (and resultant current) is 
merely the potential difference of the two different types of 
metal.

Impressed current cathodic protection (ICCP) is a 
type of system usually applied where there are 
elevated current requirements for protection against 
corrosion. This is used in cases where the driving 
voltage is higher than the galvanic system or if 
there is a need for increased system control. It 
offers permanent and automatic protection that aids 
in preventing galvanic corrosion and electrolysis 
from attacking the undersides of various mobile or 
fixed structures sea vessels. 



The advantages of impressed current 
cathodic protection.:

● Enhanced lifespan of shafts, propellers and rudders and other sea 
vessel parts involved in electrolysis

● Anodes are sturdy, light and compressed for convenient storage, 
shipping and setup.

● Reference cells along with automatic control and anodes help 
keep proper protection levels for submerged fittings and hulls, 
which can be more advantageous than zinc anodes that cannot 
adjust or compensate for extreme loss of paints or salinity 
changes.

● Guarantees simple and dependable operation
● Maximum corrosion protection documentation at the least overall 

expense
● Single installation needed for the structure or vessel



Stainless Steel

All grades of stainless steel have some degree of corrosion resistance, however, there are several grades of 
stainless steel that are far more suitable for use in marine environments than others. 

● Grade 316 is probably the most common grade of stainless steel used in marine applications. It has more 
molybdenum than other austenitic stainless steels which helps it to resist pitting and other corrosive effects 
of salt water. 

● Grade 304 is another marine grade stainless steel, although it has less molybdenum than grade 316 making it 
a less desirable choice in chlorine-rich environments. Applications: marine fittings, marine fasteners, and 
marine structures.

●  Grade 304 is typically more affordable than Grade 316.
●  304 stainless steel may be the better choice if the application requires excellent formability. The application 

has cost concerns. 
● 316 stainless steel may be the better choice if the environment includes a high amount of corrosive elements.
The material will be placed underwater or be exposed to water consistently. In applications where greater 
strength and hardness are required.



Stainless Steel Corrosion

If a section of even austenitic stainless steel surface is left in contact with stagnant water -say,under pipe threads, 
barnacles, or cutless bearings – then the chromium oxide layer becomes depleted there, and in this section becomes 
anodic to the other areas in contact with oxygen-reach water. This results in oxygen depletion corrosion, also known as 
crevice corrosion or oxygen-deprivation corrosion.  This problem is serious enough that any boat built that is more than 
ten years old should have its chain plates carefully checked, and after 20 years replacement is often the only safe 
alternative. Cathodic protection can improve the situation but will not completely eliminate the problem.



●  Stray current corrosion occurs where the current from the external source leaves the metal structure 
and enters back into the electrolyte, normally near the external power source cathode. The external 
power source is the driving force, or the voltage, of the cell. 

● Stray current corrosion is different from natural corrosion because it is caused by an externally induced 
electrical current and is basically independent of such environmental factors as concentration cells, 
resistivity, pH and galvanic cells. 

●  Stray current corrosion is the most severe form of corrosion because the metallic structure is forced to 
become an anode and the amount of current translates directly into metal loss. 

● Different metals have specific amounts of weight loss when exposed to current discharge. This weight 
loss is normally measured in pounds (or kilograms) of metal lost due to a current of one amp for a 
period of one year (one amp-year).

STRAY CURRENT CORROSION. 



Bonding System

 Bonding systems aboard are designed to fight  galvanic corrosion, which occurs when two dissimilar metals are in contact with each other or  
immersed in an electrolyte (seawater or bilge water), establishing a galvanic cell.

 Bonding systems requirements on boats are covered by two ABYC standards, E-2 Cathodic Protection and E-11 AC and DC Electrical 



Bonding system meant to reduce or prevent of corrosion of an immersed metal and often 
gets neglected or completely ignored, since the whole system is ordinarily routed 
through the boat’s bilge. This system require to be maintained as any other boats system 
and checked regularly.

 



ABYC  E-2 Standarts

 E-2.4.13 Cathodic Bonding - the  electrical interconnection of metal objects 
in common contact with water, to the  engine negative terminal or its bus, and 
to the source of cathodic protection.

 2.4.16 Cathodic Protection - reduction or prevention of corrosion of an 
immersed metal by making it a cathode of a galvanic or supplied-current 
(impressed-current) electrochemical cell.

 2.4.19 Cell (Electrochemical Cell) - an electric circuit consisting of two or 
more electrodes which are in contact with a common body of electrolyte and 
which are also connected electrically by direct contact or by a metallic link.

 2.5.8.2 Wire, where used as a cathodic bonding conductor, shall be at least #8 
AWG



Electric Shock Drowning

● When an electric fault occurs in wiring or 
equipment at a dock, the water around the 
dock can become electrified.  

● Electric Shock Drowning (ESD) is the result 
of the passage of a typically low level AC 
current through the body with sufficient force 
to cause skeletal muscular paralysis, rendering 
the victim unable to help himself / herself, 
while immersed in fresh water, eventually 
resulting in drowning of the victim.  

●  One never knows how or when these faults 
will appear.  The fault condition can produce 
mild effects at one location and devastating 
effects at another.   If in the water when the 
fault condition exists or occurs, the result can 
be fatal.(www.electricshockdrowning.org)



Electric Shock Drowning

● The leakage of the  AC current might only be 3 or 4 
amps  flowing through the grounding system. 

●  The circuit breaker, which was sized to carry the 
maximum load on the circuit before opening, will not 
trip because the fault current is far below the trip point 
of the breaker.

● This means that the low-level leakage current can 
migrate its way around the grounding system 
indefinitely, and no one on board will ever know. A 
potentially deadly shock could be the result, both for 
crew in the boat and even a swimmer in the water. 

● All of this describes the scenario that prompted newer 
American Boat & Yacht Council (ABYC) 
requirements for complete on--board ground-fault 
protection via either an isolation transformer or an 
equipment leakage circuit interrupter, or ELCI, device 
installed in the shore-power system (these are like the 
typical GFCI outlets in your house, but for the entire 
shore-power system). 



Grounding

If your boat is equipped with a shore-power system, one of the most important roles of the 
grounding system is to act as an alternate current path in the event of a short circuit at any of 
the AC appliances on board



ABYC E-11 Standards
 11.4.10 DC Grounding  Conductor -  a normally  non-current  carrying  conductor  used  to  connect  metallic  non-

current carrying parts of direct current devices to the engine negative terminal, or its bus. 
 11.4.11 Engine Negative Terminal - the point on the engine at which the negative battery cable is connected.
 11.4.12 Equipment Enclosure - the outside shell of equipment that provides personnel protection from electrical 

hazards, burns, rotating machinery, and sharp edges, and provides protection to the device from mechanical damage 
or weather.

 11.4.13 Equipment Leakage Circuit Interrupter (ELCI) - a residual current device (RCD) which detects equipment 
ground fault leakage current and disconnects all current carrying conductors from the supply source at a preset trip 
threshold for protection of personnel and equipment.   

 11.4.14 Galvanic Isolator -  a device  installed  in  series  with  the  (AC)  grounding  (green)  conductor  of  the  
shore  power  cable  to  effectively  block  low  voltage  (DC)  galvanic  current,  but  permit  the  passage  of  
alternating  current  (AC)  normally  associated with the AC grounding (green) conductor.

 11.4.15 Ground -  the potential  of  the  earth's  surface.  The  boat's  ground  is  established  by  a  conducting  
connection  (intentional or accidental) with the earth, including any conductive part of the wetted surface of a hull.

 11.6.2.2.1.1On  each  boat  equipped  with  an  AC  shore  power  system,  a  shore  power  cable  that  contains  the  
conductors for the power circuit and a grounding (green) conductor shall be provided.



LIGHTNING PROTECTION



ABYC TE-4 Standards
 Every metallic shroud and stay should be connected from the chain plate directly to the lightning protection system, with at 

least a secondary conductor.
 Large  metal  objects  such  as  tanks,  engines,  electric  winches,  etc,  within  six  feet  (1.8 m) of any lightning conductor 

should be connected to the lightning protection system by means of a secondary lightning conductor. Additional large metal 
bodies on boats may include any large masses such as bow and stern pulpits, steering pedestals, horizontal guardrails,  
handrails  on  cabin  tops,  smokestacks  from  galley  stoves,  electric  winches,  davits,  metallic  hatches,  metallic arches, 
towers, engines, water and fuel tanks, and control rods for steering gear or reversing gear.It  is  not  intended that small metal 
objects such as compasses, clocks, galley stoves, medicine chests, and other parts of the boat's hardware be grounded.

 In the case that the electrical equipment is internally connected to the DC negative and the negative cable is #6 AWG or 
larger, then this cable may also serve as the secondary lightning conductor.

 In the case that the electrical equipment is not internally connected to the DC negative or the connection is less than #6 AWG, 
then a secondary lightning conductor should be installed.

 The  materials  used  in  the  lightning  protection  system  should  be  resistant  to  corrosion.  The  use  of  combinations  of  
metals that form detrimental galvanic couples should be avoided.

 Conductive joints should be made and supported in accordance with ABYC E-11,AC and DC Electrical Systems on Boats, 
and should have resistance no greater than that of the conductors used. Solder should not be used.

 Where practicable, lightning conductors should not be routed directly adjacent to other electrical conductors.
 Lightning conductors should be routed no closer than six inches from the waterline. 
 No bend of a primary conductor should form an angle of less than 90° and all bends should have a minimum radius of eight 

inches. 
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