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Vessels in salt water.

A guide to the use of anodes for galvanic protection of metal boats.
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Galvanic corrosion and protection (for vessels at sea)

This type of corrosion is caused by dissimilar metals connected together electrically and submerged in an electrolyte (sea water). One metal is eaten away and the other is not. The corroded metal is always the more negative of the two in the galvanic table. We call the more negative metal the Anode, and the more positive the Cathode. Galvanic corrosion can also be caused by galvanic cells, these can form on the surface of a single type of metal and slowly form big corrosion pits. Anodes will protect against the formation of both forms of galvanic corrosion.  An example of relative galvanic positions of metals is shown below:

Galvanic series for common metals in sea water (relative to silver )

(volts)

	Magnesium 
	-1.65

	Zinc

	-1.10




	Aluminium

	-0.75

	Mild Steel

	-0.70

	Lead
	-0.55

	Copper, brass and bronze

	-0.25

	Stainless steel (passive)

	-0.20

	Silver

	 Reference 0.00


In the table above Silver is termed the most noble metal while magnesium is the least noble there are more noble metals than silver such as platinum but silver electrodes are commonly available and are often used as the reference. 

To stop galvanic corrosion we place sacrificial anodes which are less noble(more negative) than any of the boats submerged metals thereby converting the hull and all its fittings into cathodes relative to this anode. The anode will then decay protecting the more noble metals.Galvanic corrosion should not be confused with electrolysis

Electrolysis

This is caused by stray electric currents from a source such as the boats electrical system or leakage currents from shore power connections. This current forces one metal to become an anode and one a cathode irrespective of their position in the galvanic series. This can result in the wasting away of more noble metals (such as your stainless prop shaft) as they act as forced sacrificial anodes to your zinc blocks! 

Anode Materials

We commonly use zinc, Aluminium or Magnesium as sacrificial anodes. The Anode must have a lower potential than any of the metals we use on the submerged part of a vessel. 

It is vital that high purity anode alloys are used. The Australian Standard AS2239-1993 specifies anode materials and construction. Any anode supplied for fitting to marine craft should conform to these standards. If the anode does not have the standard number printed on it then request that the supplier provide a statement that they do conform to AS 2239-1993 or later. The US standard is MIL‑18001J or later.

 Anodes are alloyed with small amounts of other metals to give uniform corrosion patterns and corrosion products that will not adhere to the surface of the anode. Non-standard anodes may be unfit for galvanic protection.

Zinc

Zinc anodes are alloyed with small amounts of Aluminium and other metals such as Cadmium. Zinc anodes are taken to have a voltage difference of approximately 0.4 volts  against bare steel and 0.22 volts against physically protected (painted) steel. For the purposes of sea-water anode calculation take Zinc as capable of producing a current of one amp for 730 hours per kg (730 amp-hours/kg).  

Aluminium Anodes

Aluminium anodes are not pure aluminium but are alloyed with zinc and indium. At 2500 Amp-hours per kg this alloyed material delivers a 3 to 4 times greater current per kg than that of zinc anodes  but this material must be used with great care, due to the danger of  overprotection. Aluminium should not be used as an anode in vessels that will spend time in fresh water. 

Magnesium anodes

Give a current yield nearly twice that of zinc (1250 A.hrs/kg) and give better protection being lower on the galvanic scale than zinc or aluminium. There are two types specified ( high and low potential )  the high potential is lower on the galvanic scale, -1.65v for the high potential and -1.45 volts for the low potential (relative to silver). This material is the best for protecting boats that spend a lot of time in fresh water.

To calculate hull anode requirements 

The level of protection required is quoted as a current density (Amps per square metre) and can vary from 10 to 40 mA per square metre (a milliAmp is 1/1000 of an amp)

coastal vessels need a slightly higher protection than ocean going ships and should be provided in clean coastal waters with around 20 mA/m^2. 

To calculate the number and weight of anodes:

1: Work out the area to be protected, ie the area of your hull/structure under the water in square metres

2: Multiply this area by the current density  of 0.02  to get the total continuous current required (use other values only if previous experience dictates or on professional advice).

3: Multiply the continuous current by the number of hours in a year (8760 hours) to get an amp-hour requirement for the period you want protection (usually one year, otherwise whatever period is required in hours).

4: The total anode weight required in kilograms is now easily found by dividing the amp-hour figure from step 3 by the amp-hours per kilogram potential of the anode material ( Zinc 730Ahrs/kg, Magnesium 1250Ahrs/kg, Aluminium 2500Ahrs/kg ).

5: The number of anodes required is found from the total weight calculated from step 4 divided by the individual net weight of the anodes to be used. This will be co-dictated by the spacing required (see anode location below).  

Anode location

Evenly around the boat, each anode gives a protective radius of around 3m. Space the anodes up to 6m apart either welded or bolted to the hull and keel. Best sited on the lower curve of the hull in protected positions (from collision) and on the keel sides. The anodes must be continually immersed to work. Tend towards greater protection of the dissimilar metals at the stern. If you are unsure of how to arrange your spacing, start at the stern and work forwards. 

 Note that streamlined anodes should have the blunter end be closest to the bow for lease resistance.

When calculating the mass for 2 or 3 year protection; rather than using lots of small anodes it is better to use fewer anodes of greater mass to reduce the surface area and avoid problems from over-protection.  

Over- Protection

By applying too high a protective current the paint may peel or blister due to the production of hydrogen gas on the cathode (hull), this will happen in the areas of thinner, damaged or pin-holed paint and is due to too large a surface area of anode material  providing too high a current. 

The resultant patches of bare steel will not corrode while the anodes continue to function but the local anode will dissipate faster and the hull will definitely corrode once the anode has expired. 

Note that the blistering can often be patched successfully in the affected areas and does not always mean that your entire paint system needs scraping off and re-applying.

Blistering may be caused by several other factors and it can be hard to diagnose the source.

Aluminium anodes provide a much greater current for far longer than the equivalent sized zinc anode. However over-protection with aluminium anodes can cause severe blistering of coatings, the requirements must be carefully calculated and the application monitored closely during the first period of use. 

The propeller, the rudder and their shafts

The ideal solution is to have a good electrical bond of the prop-shaft and rudder shaft to the hull, these will then be protected by the main hull anodes. Ideal solutions are often hard to achieve in a marine environment.

 Alternatively they must be protected with their own anodes, these can be calculated by protected surface area as with the hull. The prop and shaft (if not connected electrically (bonded) to the hull) should have a shaft anode as close to the prop as possible (not touching the prop) these often tend to work loose if not mounted with care, they also are prone to isolating themselves from the shaft with their own corrosion deposits.

A stainless steel shaft and bronze prop can often be effectively protected with a sacrificial mild steel anode. This anode can simply be a second prop retaining nut in good electrical contact with the shaft. This type of sacrificial anode in conjunction with bonding gives the ideal protection. If the bonding links/brushes fail the steel will corrode and protect the expensive shaft components.

 From a corrosion perspective it is advisable to paint the prop with epoxy thereby insulating it from the sea water and then apply a hard antifouling. Paint the water exposed stainless shaft as well in the same manner including all the shaft which is immersed in the stern tube. Painting all immersed metals will not only protect them but will make your anodes last much longer.

 Painting the prop may not be acceptable to some people as the anti-fouling causes some surface drag and a lower max prop rpm on fast spinning props. Also there is a cosmetic appeal to a polished bronze prop during periods of haul-out, however from a corrosion point of view the advantages outweigh the cons. 

Anode fixing

As specified by the Australian standard: Use strapped anodes, or block anodes with a cast in core pipe. The strap or core pipe will not corrode and will continue to give a good low resistance bond to the hull. 

Do not use zinc blocks with a hole bored through them, as they start to corrode they usually develop a high impedance to the fixing stud and often become ineffective. This is also a problem with prop shaft anodes when insulative corrosion products form on the mating surface thereby isolating the anode.

 Welding the straps of the anode directly to the hull of a steel vessel is a good method of attachment. Using studs welded to the hull is fine providing a good electrical contact can be made, the studs should ideally be the same material as the hull, as should the washers, spring washers and Nylock nuts. Paint (as for the hull) and then anti-foul the studs, nuts and anode straps after the anodes have been mounted. 

Do not paint the anode material unless specifically to reduce the surface area of a large block. This can be done by painting the back , sides and sometimes part of the outside face of a large block anode, but should be done with care and closely monitored for the first season.

Paint Protection of steel 

This is the most important factor in the prevention of corrosion. 

Use paint with a high electrical resistance and a very low transmission of water. In my experience the best base paint system for steel hulls below the waterline consists of a minimum of two layers of good quality Epoxy paint. Both the undercoat and topcoats (prior to the antifouling) should be epoxy. 

Epoxies for example the Australian Dulux Durbild (Dure-build) provide an economic solution and some paints such as the above product can be used as both undercoat and topcoat.  Most quality paint manufacturers produce an epoxy however prices vary considerably for similar products from different manufacturers. The key to the quality of epoxy is the solids content as a % of paint volume. Note that epoxy should be applied strictly in accordance to the manufacturer’s recommendations or it will not be an effective coating.  

The base epoxy coats should be followed by a non metallic antifouling. High levels of copper in the antifouling will act as a more noble metal to the detriment of the zinc blocks. Metal oxides are usually non-detrimental. Consult the paint manufacturer if in doubt. 

Cleanliness

 If the boat is not clean marine growth can coat and render your anodes useless.  Also in some situations close coupled galvanic cells can reverse due to the action of marine slimes on the metal surfaces especially in low chloride waters (fresh or dilute sea water).

For professional advice contact the author.  

