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environmental harmony in cemented carbide and other hard materials
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We are conducting research and development aimed at harmonizing environmental resource issues and material properties (environmental harmony

design) with hard materials, such as tungsten carbide-cobalt (WC-Co) cemented carbides, used for cutting tools and wear-resistant tools. Basic research

on new hard materials, simulation, and the construction of a material design database will be conducted. We will clarify the meaning of the basic

research results, such as mechanism elucidation, from a practical standpoint and conduct basic research on solutions to resource problems in hard

materials (e.g., technologies to reduce and substitute rare metals), aiming to develop material design technologies to solve resource and environmental

problems in hard materials.
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Fig. 1 Relationship between tensile strength and the length of major axis
of defect of ultrafine-grained cemented carbides.

Basic research on cemented carbide materials

Ultra-fine-grained cemented carbides with extremely higher strength
than before have been developed as new materials in recent years, and
basic research on these materials has become important. In addition,
research on shape quality, rare metal reduction (W, Co, etc.), and
alternative technologies are also important issues for industrial cemented
carbide products. Our laboratory has been conducting research on these
issues in cooperation with companies. Recently, we have been studying
the relationship between strength and defects in cemented carbides,
liquid-phase migration and deformation during sintering of cemented
carbides, and Co substitute materials for cemented carbides.

Simulation of material processes and
microstructure development

Most hard materials are fabricated by the powder compaction to sintering
process. Because there are so many factors in each process and their
effects on the microstructure are extremely complex, the use of simulation
is effective. In this study, we are conducting a simulation study of
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Fig. 2 Simulation results of continuous powder compaction and sintering processes.
(a) density distribution of green compact, (b) shrinkage and shape of sintered body.
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Fig. 3 3D simulation of the strength of cemented carbide using discrete
element method. (a) before destruction, (b) after destruction.

microstructure development and deformation in the material process of
hard materials using the Monte Carlo method, finite element method, and
discrete element method. We are investigating the relationship between
the calculation factors and the structure/compacting pressure in discrete
element method simulations of compacting powder containing resin, as
well as developing (1) simulations of liquid-phase sintering for cemented
carbides, (2) simulations of continuous processes of powder compaction
and sintering and (3) a coupling simulation of microstructural changes
and deformation due to substrate constrained sintering.

Simulation of hard material property

The mechanical properties of hard materials are simulated using the
finite element method and the discrete element method. Recently, we
have been conducting simulation research using the discrete element
method to investigate the effects of defect size, defect distribution, and
defect strength in the cemented carbide on the strength and fracture
behavior of the cemented carbide.

Construction of material design database

We are constructing a materials design database by accumulating the
results of various simulations and phase diagram calculations. We are
compiling phase diagram calculations of WC and various binder phases
and additives, and the various factors and structures in the liquid-phase
sintering simulation and creating a database. We are also working on
applying machine learning to the relationships between previously
reported compositions, processes, and mechanical properties.

Activities in academic societies

Masaru Kawakami:

Director of Japan Society of Powder and Powder Metallurgy, Chairperson
of Technical Division of Hard Materials Committee of Japan Society of
Powder and Powder Metallurgy, Publication Editorial Committee of the
Journal of the Japan Society of Powder and Powder Metallurgy,
Representative of the Japan Society for Technology of Plasticity, etc.

Sota Terasaka:
Representative of Japan Society of Powder and Powder Metallurgy
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Fig. 4 VC-Wy45Co45C00.1 pseudo-binary calculation phase diagram.
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