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【Purpose and Background of the Research】 
Thermal expansion arising from anharmonicity of lattice 

vibrations causes serious problems such as: 1. Deviation of 
positioning, 2. Deformation, breakage, deterioration of 
shape accuracy and peeling due to thermal stress. These 
problems are recognized as a pressing issue in advanced 
electronic devices such as power semiconductors and 
three-dimensional integrated circuit devices, and energy 
and environmental technologies such as thermoelectric 
conversion and fuel cells, and thermal expansion control is 
essential for technological innovation. Azuma and 
Takenaka have developed a new generation of negative 
thermal expansion materials, which are expected to be able 
to control the thermal expansion coefficient to an arbitrary 
value by adding to resins. It is the purpose of this research 
to establish thermal expansion control technology using 
giant negative thermal expansion material while 
developing new materials aiming at industrialization. 

 
【Research Methods】 

Reveal the nanoscale local structure, micron scale 
domain structure and material structure and structural and 
mechanical properties of millimeter scale artificial 
structure fabricated by 3D printing using advanced 
quantum beams and numerical calculation based on 
elastic mechanics theory. Furthermore, we will elucidate 
the phase transition dynamics that is the origin of negative 
thermal expansion, making full use of first-principles 
calculations. We will conduct efficient material 
development by feeding back these results to material 
design. In addition, a zero thermal expansion composite 
materials with strong mechanical properties is realized by 
dispersing the negative expansion material developed in 
this way into a resin with numerically optimized 
concentration and arrangement using 3D printing. 

【Expected Research Achievements and 

Scientific Significance】 
First, the understanding of the phase transition behavior 

that influences the negative thermal expansion 
characteristics will progress, and an efficient material 
search method can be established. This provides a 
negative thermal expansion material that can be supplied 
at a realistic price, followed by a negative thermal 
expansion of -100 × 10-6 / °C over a temperature range of 
300°C. In addition, we construct a method to predict the 
thermal expansion coefficient of a composite material in 
which a structural material having positive thermal 
expansion and a negative thermal expansion material are 
mixed at an arbitrary ratio. Furthermore, by optimizing 
the placement of the negative thermal expansion material 
by 3D printing, a structural material with high 
mechanical strength and an arbitrary coefficient of 
thermal expansion is realized. 

By these, the theory of the negative thermal expansion 
material and its usage will be constructed, and the 
problem of the thermal expansion which is socially 
required is solved, contributing to the further 
development of precision processing, energy and 
environmental technology. 
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