Failure of an Additive Manufactured Heat Exchanger Due to Environmentally Assisted
Nitridization

Abstract: Nitriding of steel and other metals is a beneficial surface treatment that diffuses
nitrogen into the material, resulting in a hard, wear-resistant surface. Inadvertent nitriding,
or nitridization, is failure mechanism that can occur in metals in a nitrogen-rich
environment at elevated temperatures. The growth of continuous hard nitride networks
sharply reduces fracture toughness, leading to premature cracking under mechanical or
thermal loads and a decrease in fatigue resistance. This talk will provide a tutorial on the
beneficial aspects of nitriding, then will present a case study of failure by nitridization of an
additively manufactured nickel-base alloy heat exchanger used for space applications. The
failure analysis consisted of computed tomography (CT), optical
microscopy/metallography, and scanning electron microscopy (SEM) in conjunction with
energy dispersive spectroscopy (EDS).
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