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 Important roles of grain boundary segregation(GBS) for microstructure control of steels
 Requirement of  the GBS calculation to analyze experimental results by 3D-APT, etc.
 Development of fundamental technologies based on the Materials Open Platform (MOP)

 Quantitative calculation of GBS in steels by Hillert’s model of the GB phase. 
 Detailed calculation of complex GBS of Cr, Cu, Mn, Mo, Nb, Si, Ti, B, C, N, O, P, S in steels.
 Calculation of grain-size dependent GBS in steels.

 Complex GBS calculation by CALPHAD method.
 The smaller grain size is, the less elements 

segregate. 
 GBS of B in steels is enhanced by co-segregation 

of Nb and Ti.

 Collaboration with steel companies by the MOP. 
 Mutual verification of experimental work by μ 

calorimeter EDS. 
 Experimental investigation of complex GBS in 

steels by 3D-APT. 

Fig.1 GBS calculation by the Hillert’s GB phase model. Fig.2 GBS of B, C, N, P and S in the GB of αFe and γFe.

Fig.3 Effect of alloying elements on the GBS of B. Fig.4 Effect of the GB fraction on the GBS of B.
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 It is very important to clarify the role of atoms and take a full advantage of it in steels. 
 First-principles calculation can clarify the basic mechanism of atomic interactions. 
 Tetragonality of Fe-C martensite, which has long been a controversial problem, is 

investigated.

 The mechanism of formation of tetragonality of Fe-C martensite is investigated.
 Tetragonality of Fe-C martensite is studied in view of atomic interactions.
 Atomic interaction is analyzed based on chemical bonding and strain energy.

 H.Ohtsuka,V.A. Dinh,T.Ohno,K.Tsuzaki, et al., Tetsu-to-Hagane, 55(2015), 2483-2491.
(2016 ISIJ Best Paper award) 

 H.Ohtsuka,V.A. Dinh,T.Ohno,K.Tsuzaki,K.Tsuchiya,R.Sahara,H.Kitazawa,T.Nakamura, ISIJ Int., 55(2015), 2483-2491. 
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 Carbon atoms reside at O-sites and Fe-C-Fe pairs
are parallel with each other in martensite.

 When C-C distance is long, chemical energy is 
high due to antibonding.

 Atomic interaction is realized by chemical 
energy and strain energy.

 The formation mechanism of carbon cluster will 
also be possible.

 Atomic bonding strength will be calculated.

Formation enthalpy = chemical
energy + strain energy
When C-C distance is short: both
chemical and strain energies are
high due to antibonding.
When C-C distance is long: both 
chemical and strain energies
are low. 
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