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As you know from an earlier DYK covering stainless steels, 304 and 316L stainless steels are
susceptible to chloride stress corrosion (CSC). CSC is a type of inter-granular corrosion.   Chloride
stress corrosion involves the selective attack of the metal along grain boundaries. In the formation of
austenitic stainless steel, carbon combines with chromium to form carbide precipitates at the grain
boundaries. This action leaves these areas low in protective chromium, and thereby, susceptible to
attack.

For CSC to occur, four conditions must be present:

Chloride ions are present in the environment

Dissolved oxygen is present in the environment

Metal is under tensile stress

High temperature

In a steam sterilizer pressure vessel, many areas of the vessel are under stress as a residual of the
manufacturing process and cannot be avoided. Cold deformation and forming, welding, machining
and grinding can introduce residual stresses.  Dissolved oxygen is also present during the sterilization
process and cannot be readily avoided without significant added equipment and process control costs.
Time at temperature is what kills the pathogens, so temperature is a defined parameter that cannot be
reduced or avoided. Therefore, sterilizer owners are left with the tactic of avoiding any chloride
contamination.

Chloride ions are one of the most common chemicals found in nature, but can be virtually eliminated
in steam sterilization by following the recommendations listed below.

It is a very rare occurrence, but PRIMUS customers have experienced CSC when they have lost
control of their processes and inadvertently introduced chlorides.  CSC is relatively easy to diagnose
in a metallurgical laboratory. Usually there will be more than one crack present and is often
characterized by a multi-branched “lightning bolt” transgranular crack pattern.

It is also worth noting that CSC and resulting vessel leak(s) are not covered by the
PRIMUS pressure vessel warranty as CSC is not caused by a manufacturing or material
defect.
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It is not known with any scientific precision what threshold values must be in place for
CSC to occur. It is only known that tensile stress, chlorides, temperature, and the 300
series of stainless steel are necessary. Again, what is not known explicitly is how much
chloride, stress, dissolved oxygen, and temperature.  Because of this, the proper tactic for
customers to take is to avoid chlorides altogether.

Recommendations

Install a reverse osmosis system to filter out any chloride contamination (and all other
contaminants) in the incoming feed water.  PRIMUS now sells a fully integrated R/O
system for use on vertical door units.

Many cleaning solutions and solvents contain chlorinated hydrocarbons. Avoid using them
on or near stainless steel. Sodium hypochlorite, chlorethene, methylene chloride and
trichlorethane are just a few chemicals in common use.

Example of what CSC looks like under a microscope. Note the “lightning bolt”
cracking pattern.


