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 Synthesis of high-performance/multifunctional ceramics by controlling nanostructure.
 Novel synthesis methods by effectively utilizing external current effects.
 Proposal of novel materials and synthesis methods by tuning dominate factors of the 

functional properties.

 Novel ceramics possessing various functional and mechanical properties. 
 Novel new synthesis techniques that cannot be achieved by existing techniques. 
 Establishment of novel synthesis methods supported
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 High strength transparent optical ceramics.
 High energy efficiency synthesis techniques by 

effectively utilizing external field effects.
 Development of novel optical ceramics towards 

industrial application.

 Controlling the key factors of the current effects.
 Nanostructure controlling techniques for 

attaining optical and mechanical properties.
 Synthetic techniques of high quality raw materials.

☆ Current Assisted Sintering

Schematic explanation of spark plasma sintering
(SPS) technique utilizing current effects.

High optical and mechanical properties by
optimizing the current sintering.

High transparency from visible to infrared wavelength. Deformation with or without current:
current enhances sinterability and plasticity.

 High strength structural ceramics is brittle, difficult to plastically deform
 Superplastic forming of ceramics requires high temperature and low strain rate
 Attainment of superplastic flow without changing materials microstructure

 To attain superplastic flow in structural ceramics at lower than 1000ºC 
 To develop electric-field-assisted superplastic forming technique for brittle ceramics 
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Low Temperature and High Speed Forming
of High Strength Structural Ceramics

 Application: plastic forming of fine ceramics
 Applicable to structural ceramics and ceramic 

composites
 Compression and bending are available

 Application to large-scale components
 Application to complex shape
 Improvement of working accuracy

・F. Wakai et al., Acta Mater., 50 (2002) 1177.
・H. Yoshida, Y. Sasaki, Scripta Mater., 146 (2018) 173.

Ceramic materials can transit to self-diffusion-
enhanced state beyond threshold temperature and
field strength conditions. This means that
superplastic flow at low stress level can be achieved
at <1000ºC and >10-3 s-1. （Patent:2016-226977）

Field Effect：
reduced flow stress & 
enhanced ductility

• For instance, tetragonal ZrO2 polycrystal (TZP）, a typical structural
ceramics, can show plastic deformation >150% of nominal strain at
<1000ºC and >10-3s-1. These conditions are comparable to those for
superplastic flow in Ni or Ti-based alloys.

F. Wakai (2002)

Application of electric field

Self-diffusion-enhanced state
⇒ Plastic flow by grain boundary  

sliding is highly accelerated.

Ceramic specimen

With electric field

1000ºC, 10-3 s-1
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