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a. Highlights in 2007 

  We are developing a new forming method for making ceramic components by using superplasticity, a 

phenomenon in which fine-grained polycrystalline solids can be stretched extraordinarily without fracture.  

The micromechanical principle of the superplasticity is the dynamics of grain boundary networks, which 

is also the principle of microstructural evolution at elevated temperatures, e.g., sintering.  We aim to 

propose new concepts and fundamental principles in this field. 

(1) Dynamics of grain boundary networks 

(1-1) Anisotropic shrinkage induced by particle rearrangement in sintering 

     Sintering is a thermal process that transformas a powder compact into a bulk material; it is used 

for mass production of complex-shaped components.  Dimensional control of components is 

fundamental to the avoidance of geometrical distortion and to meet required tolerance specification.  

While sintering is simply described as densification macroscopically, it is expressed as motion of center 

of mass of particles driven by the thermodynamic force.  A microscopic model was presented which 

describes the anisotropic shrinkage induced by particle rearrangement during sintering.  The shrinkage 

rate was shown to become anisotropic as the particle coordination number changed with rearrangement. 

(Ref. 1) 

(2-2)Enhance shrinkage by the formation of surface singularity at pore channel closure 

  As nano particles are transformed into dense bulk material, the interconnected pores are pinched off 

and closed pores are formed during sintering.  We showed that a singularity, where the surface curvature 

diverges, is formed at the pore channel closure.  The shrinkage was promoted by the enhanced atomic 

diffusion near the singularity.  (Ref. 2) 

 

(2) Deformation and Superplasticity of nanocrystalline ceramics 

(2-1) Deformation of α-SiAlON 

     SiAlONs are the solid solutions in which aluminium and oxygen atoms dissolve into Si3N4.  A 

Ca-α SiAlON nanoceramic was fabricated from Ca0.8Si9.6Al2.4O0.8N15.2 nanopowder without using any 

sintering additive.  The flow stress of the SiAlON nanoceramics, which contained almost no glass phase, 

was higher than that of liquid phase sintered SiAlONs containing a large amount of glass phase.  The 

deformation was characterized by Newtonian flow in a wide range of stresses, and shear-thickening creep, 

which ahs been reported in liquid containing SiAlONs, was not observed. (Ref. 3, 9) 
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(2-2) Ehancement of high-temperature deformation in fine-grained silicon carbide with Al doping 

    Fine-grained SiC (grain size 0.3 μm) was hot-pressed with Al, B, and C additives under 150 MPa at 

1850 °C.  Al was detected at grain boundaries by using energy dispersive X-ray spectroscopy.  The 

strain rates of Al, B,C-doped SiC in the low stress region was one order of magnitude faster than those of 

B, C-doped SiC.  The stress exponent of Al, B, C-doped SiC was 1.4 in the higher stress region, and 

increased to 2.6 with decreasing stress.  The transition of the stress exponent, which is often observed in 

the superplasticity of metals and oxides, e.g., zirconia, appeared in fine-grained SiC also. 
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