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 Microstructure refinement by severe plastic deformation has been extensively studied.
 Strengthening by  ultrafine grain formation through new deformation process, e.g., 

Equal Channel Angular Pressing (ECAP) and Accumulative Roll bonding (ARB) has 
been reported.

 To investigate effect of severe plastic deformation by high-pressure torsion (HPT) 
on nano-strcutrue formation and anomalous properties for intermetallics, high 
entropy alloys as well as amorphous materials.
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 Nanostructure formation by various metallic 
structural and functional materials and 
anomalous properties

 Also applicable to powder solidification and 
deformation

 Various properties obtained by nanostructure 
formation through severe plastic deformation 
(reduction in thermal conductivity, low thermal 
expansion, high corrosion resistance etc.) can be 
useful for thermoelectric materials and medical 
devices.

High-Pressure Torsion

shear strain:  rN / t
equivalent strain: 

 Large shear strain imposed under quasi-hydrostatic pressure （〜5GPa)
 Applicable to brittle materials, e.g., intermetallics, amorphous alloy etc.

Reduction of thermal conductivity in Fe2VAl

Grain Refinement in Mg-Alloys

 Extreme grain refinement down to 60 nm by HPT deformation in 
Al0.3CoCrFeNi and increase in hardness (150 Hv→475 Hv）

 Stacking faults and nano-twins formed in nanograins, suggesting 
activity of partial dislocations emitted from grain boundaries

 Fe2VAｌ has high potential as thermoelectric materials with low 
environmental load and low cost

 Grain size was refined to 66 nm in Fe2(V0.95Ta0.05)Al
 Nano grain size can be retained at 873 K by grain boundary segregatio

of Ta atoms formed  during HPT
 Significant reduction of thermal conductivity and （〜1/2) and improved 

thermoelectric performance （ZT=0.3@500K

 Dynamic precipitation of Mg4Zn7, MgZn2 particles at grain boundaries 
during HPT

 Grain refinement to 140 nm by pinning of grain boundaries

Nanostructure formation in high-entropy alloys
Thermal Conductivity

as cast

Dispersion of magnesium alloy with 
quasicrystal produces very high strength

Photo

Microstructure investigations for developing 
novel materials 
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 Transmission electron microscopy to study structure and microstructure of materials
 Study strengthening and deformation behavior of materials 
 Produce new materials/composites by various processing methods

 Studying the effect of deformation and processing on the microstructure 
 Properties of light alloys - magnesium and aluminum alloys, and intermetallics
 Development of new composites for strength and wear resistance
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 Quasicrystal dispersion strengthened magnesium
 Microstructure evolution by plastic deformation
 Deformation and cracking behavior of alloys

 Very strong magnesium alloys were developed
 Mechanism of solute segregation during 

deformation was determined
 Effect of solute segregation on deformation 

behavior was determined

Dislocation structures in a Mg-Y alloy 
produce isotropic strength

Grain boundary segregation during 
deformation of a Mg-alloy is studied

Effect of grain boundary segregation 
on cracking is studied in-situ in TEM
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