
Two-phase structure found in a ternary 
glassy alloy fabricated by liquid quench.
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 Materials design aided by molecular dynamics (MD) simulations is promising.
 It is useful to explore new structural materials for sustainable development.
 It is desirable to develop new functional materials to realize effective energy use.

 Understand the atomistic mechanism behind material properties by MD simulations.
 Predict the electrical/thermal properties of functional materials by MD.
 Control the mechanical properties of materials by clarifying dislocation dynamics.

 M. Shimono, K. Tsuchiya and H. Onodera, Mater. Trans. 54 (2013) 1575-1579.
 M. Shimono and H. Onodera, Metals 5 (2015) 1163-1187.

 Mechanism of amorphous/nanocrystalline
formation in alloys is clarified.

 Dynamical properties of dislocation motion are 
understood.

 Thermal properties of thermoelectric devices can 
be predicted.

 Improvement of mechanical properties of alloys 
by controlling nanostructure.

 Design of new structural materials by controlling 
dislocation motion.

 Enhancement of thermoelectric figures of merit of 
thermoelectric devices by controlling thermal flow.

Amorphous/nanocrystalline alloys formed
by severe plastic deformation.

Atomic strain energy distribution around  
a pair of moving screw dislocations in iron: 
Top view (left) and side view (right).

Temperature distribution in a thermoelectric 
device calculated by MD. 

Fracture:
ΔEatom＝ Δmc2＝ΔEnucleus+ΔEelectron+ΔEbond＜（ΔElocal–Ebond)–ΔEtransfer–ΔEradiation–ΔEslip ……（1）
(The energy that can be absorbed by the specific heat of an atom or the bonding force) <(the 
amount of relaxation due to local strain energy transfer exceeding the bonding force or relaxation), 
The orbital electron separates the bond and does not recombine, cracks are generated and failed.

Photo

Spin structure materials 
replacing dislocations and lattice defects
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 The dislocation cannot explain the magnetism, strength, nor brittleness of materials.
 Orbital electrons make hybrid orbits and covalently bond with other atoms.
 Conventional research had argued that the bones reflected in the X-ray image 

combine themselves to bring about motion, strength, and ductility.

 What is the brittle mechanism of bcc including low temperature brittleness?
 What is work-hardening? Why strength and ductility increase at low temperature?
 What are the essence of solution-hardening and strengthening mechanism?

 Toshio OGATA  Development of Mechanical Testing Methods,Standardization and Strengths and Orbital Electron Ferum, 23,8(2018)
 T. Ogata: Influence of 70 MPa Hydrogen Gas on SUS 630 from 77 K to 373 K by Simple Testing Method, ASME 

Pressure Vessels & Piping Conference 2018 Proceeding, ASME PVP2018-84462

 Metal bonds are covalent bonds with a hybrid 
orbital of the same energy level

 Processing is to add recombination energy  to 
material bonded with orbital electrons

 Dislocations are the shadows of linear changes of 
regular bonds  with adjacent atoms

 Proposal from the viewpoint of bond of orbital 
electrons for enormous variety of phenomena

 Metallurgy based on quantum theory and special 
theory of relativity from mechanical engineering

 Materials research will be a material science

Orbital electron and crystal structure:
Main bond by orbital electrons for hcp is sp/d2sp, for fcc is dsp/sp2, and for bcc is d3s. So, for hcp and 
fcc the p orbital is mixed in the bond, but for bcc the p orbital is not involved. The reason why the slip 
direction of hcp, fcc, and bcc differs is because the electron orbit associated with the bond is different.
Solution hardening mechanism:
If the bonds of p orbits differing in the direction of slip are mixed with the bcc bonded by the hybrid 
orbit of d3s, the bond of the p orbit becomes a cramp. The martensitc phase is very hard because the 
bonds of d orbital and p orbital with different bonding directions are mixed in the bond of crystal.
Cleavage fracture:
When recombination of bonds of d orbitals between adjacent atoms is performed in <111> direction, 
it is impossible to recombine bonds of p-orbits of different bonds in the main direction, The bonds of 
p orbital are separated at once to failure.

Work hardening mechanism:
Bonded orbital electrons are exited by processing strain energy and recombined with a higher order 
orbit. Fine grains are results of sub-grain boundaries in higher order orbit.

Low temperature brittleness:
At low temperature, ① sp hybridization orbit can not be made, free electrons decrease and become 
bonds of p orbit, strength increases remarkably due to solution hardening of C and N, ② energy 
transfer decreases as thermal conductivity decreases , the slip is also delayed. Therefore, the 
relaxation of local energy can not be made in time, the separating condition is reached and it failures.
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