Corrosion Resistance in Marine Environments

The metals most commonly used today in the construction of yachts, marine structures and fittings are
stainless steel and aluminium. While aluminium is light, it has limited corrosion resistance in seawater
and requires significant maintenance. Stainless steel, on the other hand, is recognised as the premium
material for marine applications where it is used for its excellent corrosion resistance, lustre, strength
and stiffness.

For many boating applications grade 304 (UNS S30400/S30403) stainless steel fittings have proven

adequate. The current industry standard, however, is grade 316 (UNS S31600/S31603 - commonly

termed "marine grade" stainless) which offers a solution to around 90% of marine applications. Grades

304 and 316 are austenitic (300 series) stainless steels due to their metallurgical structure (austenite)

which gives them excellent ductility, good strength, non-magnetic properties, good Weldability and very
good corrosion resistance.

Stainless steel's corrosion resistance depends on the formation of a
"passive" chromium oxide film on the metal surface which is highly
resistant to corrosion. In grades 304 and 316, about 18% of
chromium is added to generate this film and, in 316, 2%
molybdenum is added to further improve the corrosion resistance.
Grade 304 is usually only suitable for fittings which are frequently
washed with fresh water. Grade 316 is suitable for the construction
of deck fittings and critical rigging components where salt can
concentrate due to evaporation and lie in crevices - conditions which
can cause pitting of 304.

Occasional failures of stainless steel due to pitting and crevice
corrosion, stress corrosion cracking and fatigue have been recorded,
but availability of improved materials such as duplex stainless steels, and better information on grade
selection for specific operating conditions, offer solutions where there are problems.

Duplex stainless steels consist of a microstructure of approximately 50% austenite and 50% ferrite
grains. The three most common types in marine applications are UNS S32304 (commonly known as
2304), UNS S31803 (2205) and UNS S32750 (2507)* and of these the most common is S31803. Some
properties of S31803 include:

e Yield strength twice that of 304 or 316;
e Much higher resistance to pitting and crevice corrosion in seawater than 316; and
e Twice the fatigue and corrosion fatigue strength of 316.

The key to obtaining optimum results from stainless steel in marine applications is the use of the
appropriate stainless steel for the specific application.

* 532750 is a member of the super duplex family, which contains a number of similar proprietary alloys
with different names and UNS designations.



Pitting Corrosion

The diagram below indicates the temperature and salt (chloride) concentration at which pitting occurs
for various austenitic and duplex stainless steels. It is clear that in seawater 316 will perform well up to
around 30¢C while the more highly alloyed S32750 will not suffer corrosion at all in seawater up to
boiling point.

Pitting Corrosion in Marine Applications
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Crevice Corrosion

In situations where crevices exist, such as at propeller shaft glands and bearings where bolts and
chainplates pass through the hull or deck, or where barnacles can grow, severe crevice corrosion can
occur. As a general rule, crevice corrosion will occur at around 15-20¢C below the temperature at which
pitting occurs.

In many cases, grade 316 proves satisfactory. The diagram above shows that crevice corrosion can be
expected in grade 316 at temperatures above 10-15¢C in seawater, thus making it unsuitable for
immersed applications where crevices exist. For this reason, propeller shafts made from 316 are usually
galvanically protected. This may be with a separate zinc anode, but a bronze propeller on the 316 shaft
could provide the same effect - the bronze slowly corrodes, protecting the shaft and allowing it to
perform satisfactorily.



Stress Corrosion Cracking

This form of corrosion is quite common in grades 304 and 316 in wet diesel exhausts above 60¢C. There
have also been cases reported in cold-worked 304 and 316 rigging, chain links, deck fittings and
chainplates under operating conditions. This is most usually overcome by using duplex grades or, in
some special applications, high nickel alloys.

Stagnant, aerated sea water is a very corrosive medium and equipment should be designed to self drain
when not in use. It may be necessary to flush and blow dry components such as cooling systems if the
less resistant grades are used.

The following list of applications is a practical guide to the suitability of various stainless steel grades for
specific purposes. The availability of suitable products and cost limitations have been taken into account.

APPLICATION 304 314 &£31803 | 532730

Hull Hull zonst ruct ion ¥ v

Kesl v v

Keel Bolt= v ¥ v

Muts & Balts v

Fuel & Water Tanks ¥ v

Fudder Stock v v
Engine | Propsllsr shafting v v v

Hyd raulic eylinders v ¥ v

Heat exchanger tubes v v

Cooling coils ¥ v

Brine coolers (prawn & fishing v v

trawlers)

E:xhoust piping v v

Skin Fittings v
Rigging | Chainplates v v

Fod rigging v ¥

Shacklez ¥ v

Sorews & fostenings v v

Rigging screws v v

Spreaders v

Mozt fittings v v

| Fittings | Pulley blocks v v v

Bawrails ¥ v

Lodders v v

Pressed metal fittings ¥ v v

Stanchion posts v v v

Lieck fittings v ¥ v

* Provided zuitable qalvanic protection is designed into the drive line



The following general rules apply:

304 may be used for fully exposed components, frequently washed with fresh water;
316 may be used for all hull and deck fitting applications above the water line;

e 531803 offers higher strength and, therefore, lighter weight components for the same
applications as 316 and can additionally be used up to 60¢C in wet exhaust systems and in fully
submersed applications; and

e S32750 offers even higher strength and weight savings, and can handle all marine applications
with no risk of corrosion even in tropical waters and hot, wet exhaust applications.

While stainless steel grades 304, 316 and duplex steels can all be used in marine applications, they do
provide varying degrees of corrosion resistance and durability. The key to their successful application is,
therefore, being aware of the strengths and limitations of each grade and how they can be used to their
optimum potential.

The corrosion resistance of all stainless steels also improves if they are kept clean. The build up of salt
encrustations, grease or dirt allows corrosion to occur in these regions. After use in marine situations, it
is good practice to wash down with clean water and to remove any deposits on the surface.

Information compiled from ASDA articles & Reference Manual.



