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First-principles Calculations on Co-segregation of P and Transition Metal
Elements at Fe Grain Boundaries
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Abstract

The first-principles (ab-initio) calculations based on the FeX3(111) grain boundary model have been used to
study the effects of transition metal elements, Cr, Mn, and Mo, on the grain-boundary co-segregation and of P
contained in the steel and on the grain-boundary embrittlement. It has been found that Cr, Mn, and Mo indicate
repulsive interactions with P at the grain boundaries of Fe and that the shorter the distance to the P atom, the
stronger the repulsive interactions become. The interactions have turned out to be small relative to the grain-
boundary segregation energy of P, causing only a small effect on the segregation behavior of P. However, Mo,
when segregated on the grain boundaries, increases the binding energy of the grain boundaries, and is expected
to suppress the grain-boundary embrittlement due to P.

BRERF—-7—F
S5 JERAIE, RLYRRHT, RLSILRAT, KLAUEAL

12, PRSHEDOARMMILHE WV,
WolE), H—

FEATURE : Prediction and measurement of microstructures and properties in materials
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Fig.4 Relationship between co-segregation energy and interaction
energy with P and X [X=(a)Cr, (b)Mn, (c)Mo] atoms at Fe
grain boundary
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