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Elucidation of stren?thening mechanims by interstitial-subsitutional atomo
cluster towards development of cluster-strengthened steel
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The purpose of this study was to elucidate the strengthening mechanism by
solute clusters consisting of interstitial and substitutional elements in steel. Tensile properties
and microstructures of nitrided and hydrogen annealed Fe-Ti alloys were investigated. The results
showed that monoatomic layered clusters were dominant in the specimen nitrided at below 650° C and
they becomes larger in size and higher in number density at higher temperatures. On the other hand,
when the nitriding temperature increases to 700° C, multi-atomic layer-thickness TiN is formed and
the number density decreases. The amount of strengthening follows the interparticle spacing on the
slip plane evaluated from the cluster-TiN distribution. The particle resistance force was much lower

than predicted by the Orowan model, suggesting that the Ti-N clusters contribute to strengthening
by a cutting mechanism.
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