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Understanding changes leading to deterioration of Ni- and Co-base heat resistant cast alloys during
service in temperatures between 1000-1300°C and the ND method of its early detection
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Avariety of manufacturing, aerospace, and energy industries depend on reliable heat and creep resistant materials able to
perform well for a longer time in increasingly demanding conditions such as temperatures much above 1000°C, load,
mechanical, or thermal shock, and oxidation. A number of new generation alloys and superalloys designated for service in such
extreme environments have recently been developed. Though these alloys offer certain improvements in oxidation resistance,
high temperature mechanical properties, and longer creep life, they are still structurally unstable in high temperatures especially
those above ~1000°C. It is only a matter of time to when they decay to the point they cannot hold the service condition any
longer and fail.

The behavior of alloys during long exposure to extreme conditions is complex, and cannot be accurately predicted on the
basis of laboratory experiments and/or metallurgical models alone, without verification of its significance through service
experience and actual service part evaluation. Therefore, an extensive metallurgical study of manufacturing components made
of Fe-, Ni-, and Co-base heat resistant cast alloys has been performed in past years. The structural changes after long exposure
to service temperature above 1000°C, heavy load, vibration, and thermal stress have been carefully observed. The key structural
changes contributing to alloy decay are: dissolution of one type of carbides and precipitation of the other, carbide coalescence
and growth, dendrite re-crystallization, grain growth, and oxidation on grain boundaries that become depleted in Cr, weaker,
and splintered. These changes are known to promote creep and cracking that significantly affect the alloy lifespan. However,
another, not fully recognized aspect associated with the structural changes of heat resistant alloys during extreme service
condition is the appearance of a weak magnetism that tends to increase as the alloy deteriorates.

The subject alloys are austenitic and theoretically 100% paramagnetic (do not attract magnets). Prolonged exposure to
heat triggers a gradual transformation of the alloy from paramagnetic to ferromagnetic (eventually the alloy starts attracting
magnets). The origination of the magnetism in the paramagnetic alloys was investigated and explained. The magnetism was
measured in some of these alloys using a unique proprietary probe capable of detecting even extremely weak magnetism in
early stages of alloy deterioration, when no obvious structural changes of the alloy can be seen. It was also found that the
ferromagnetism of the alloys is proportional to the level of alloy deterioration. Testing the level of magnetism in the austenitic
heat resistant alloys could potentially be an excellent tool for the evaluation of the current alloy condition and remaining life.
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