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The U.S. Department of Energy’s National Energy Technology Laboratory (NETL) developed designs, manufacturing processes, 
and corrosion property validations of new high-performance corrosion-resistant high-entropy alloys that are superior to and 
less expensive than existing alloys and demonstrate improved resistance to corrosion, including pitting corrosion in harsh 
environments and sea water.

Metals and alloys used in sea water or acidic aqueous environments are prone to various forms of corrosion, including pitting 
and/or crevice corrosion because of the presence of aggressive salt, such sodium chloride (NaCl). Pitting and crevice corrosion 
can serve as initiation sites for developing cracks that will lead to catastrophic failures of the metallic components. The current 
solution to this problem is to coat the metals with nickel (Ni)-based superalloys such as Hastelloy® C276. Hastelloy®, which is 
very expensive.
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OPPORTUNITY:

CHALLENGE:

NETL addressed the challenge of developing a design, manufacturing process and corrosion property validations for alloy 
compositions that consist of main constituent elements Ni, Fe, Cr, Co, and Mo. The alloy design methodology is based on 
the concept of high entropy of mixing and uses CALculation of PHAse Diagrams (CALPHAD) calculations. The resulting solid 
solution alloys have multiple principal elements that contribute to high entropy of mixing. The alloys consist of iron in large 
amount to reduce the cost. In addition to overcoming cost challenges, the new alloys can improve resistance to localized 
corrosion in aggressive service environments increasing the service life time of components.

The novelty of the high-entropy solid solution concept, optimized manufacturing route, improved corrosion resistance, and 
reduced cost constitute the main features of the innovation and approach of the technology to the identified challenges. The 
alloy compositions are new and have not been used before in industries or reported by others in the open literature. The 
manufacturing route is optimized for these alloys to achieve homogenization.
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Pitting and crevice corrosion of structures operating in extreme environments and at 
sea, can serve as initiation sites for developing cracks that will lead to catastrophic 
failures of the metallic components costing industries time and money. The alloy 
innovation can provide:

The new alloys have use as more effective and lower cost coatings to protect metals 
and alloys from corrosion in extreme environments where corrosion is a major concern 
including sea water. The alloys certainly can be manufactured as bulk structural 
components that demand both high ductility and excellent corrosion resistance. In 
addition to overcoming cost challenges, the new alloys can improve resistance to 
localized corrosion in aggressive service environments increasing the service life time 
of components.

ADVANTAGES:

• A high-entropy solid solution concept for component coatings

• Optimized manufacturing routes

• Improved corrosion resistance

• Reduced costs


