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ABSTRACT:

Advanced alloys are desired to provide greater safety margins, design flexibility and economics compared
to traditional reactor materials. Grade 92 ferritic-martensitic steel and austenitic Alloy 800/800H are two
of the promising alloys interested by the current Advanced Radiation-Resistant Materials (ARRM) and
Light Water Reactor Sustainability (LWRS) programs. However, systematic studies on neutron-irradiation-
induced changes in microstructures and mechanical properties are deficient for the alloys. The objective of
this project is to develop correlations between microstructures and mechanical properties of the neutron-
irradiated Grade 92 and Alloy 800/800H, based on the experimental results generated from this work. It is
expected to develop broader correlations for these types of steels by comparing the results of this work with
that of similar alloys such as Grade 91, Alloy 709 and type 304/316 stainless steels from literature and the
ongoing studies, with the aid of thermodynamics, kinetics, and microstructural hardening modeling.

Samples of Grade 92 and Alloy 800H selected in this work were irradiated in two test reactors for up to 14
displacements per atom at ~300—-650°C. Samples of Grade 91, irradiated in the same reactors, were selected
as references of Grade 92. Both irradiated and unirradiated samples from the same heat of the materials will
be examined to elucidate the radiation-induced evolutions in microstructures, mechanical properties, and
deformation mechanisms. To be more specific, mechanical properties such as tensile properties, modulus,
hardness, and viscoplasticity will be measured through tensile, Vickers hardness and nanoindentation tests.
Microstructural characterization of the samples will be carried out using the state-of-the-art instruments and
techniques provided through NSUF. The obtained experimental results will then be used to establish the
knowledgebase on the effects of alloy chemistry, thermomechanical-processing, and irradiation conditions
on microstructures and mechanical properties of Grade 92 and Alloy 800H.

Outcomes of this project will include a comprehensive set of data including microstructures and mechanical
properties of both irradiated and unirradiated samples of the interested steels, which will not only help
understanding the essential performance of similar alloys, but more importantly to gain indispensable
insights into the development of advanced alloys with superior radiation resistance. The outcomes can also
serve as inputs and/or benchmarks for microstructural and mechanical property modeling of irradiated
ferritic-martensitic and austenitic steels. The accomplishment of this project will directly benefit the LWRS
program and bring values to the Advanced Reactor Technologies and Small Modular Reactors programs.



