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Development of designing (simulation) study for maximum properties and Professor
environmental harmony in cemented carbide and other hard materials Hideaki Matsubara
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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 MC simulation of sintering of cemented carbide. (a) initial structure,
(b) structure after sintering. Green is solid phase, blue is liquid phase, and
white is pore.

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 strength
of ultra-fine grained cemented carbides, deformation of cemented carbides
during sintering, and the binder phase of 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 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 developing simulations of
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Fig. 2 DEM simulation of powder compaction. (a) initial
structure, (b) structure after compaction.

B FiR =K

Assistant Professor
Sota Terasaka

Y. MREFEEEFZERSELIOLADYIaL -3,
BEfEIC LM E(LEEROERE I 2L —2a VDR ZETST
W5,

BEMHOFEDYSaL—YaYy

AR TR, BEMHOBMNFEDY I 2L —Ya v EERE
FRECHMBEREZZAVWTITO>TWS, BIAETIE. BEASICE]
AL PBHABESSOWRICOVTOYIaL—yavfiE%:
fToTW3,

MR T — I N— A DIEE

BEOYI2L—Ya VP EREROBREERL. MHERE
T—IR—RELTDEEZITS, WC £BLXDOfESHE (Co. Nid
SURERMYE) OREBRFE, RIERBEORERTFEZER
HBEROYZ2L—yavziTl\ T—IR—R{LEEDH TS,

MH

BEPZFRETOER

<BE>

(1) MEAE, MEFY. FREA. BHEZ. CERES: HiE
BEUMFALHXE (2023 £ 6 A) BHRBESSOMITH
BORERE DEM Y22l —Y 3y,

<ERETOEH>
MEFE  MEBRATHIES. ABSBEEMHIBEEE.
RAHEHERELUHRATHRFEEZE. BEMARSBES

Asua(] aane|

= -
B

Fig. 3 FEM simulation of constrained sintering.
(a) before sintering, (b) after sintering.

each elemental process, such as compacting powder containing resin,
drying/degreasing solvent and resin, and liquid-phase sintering and
grain growth, as well as process simulations of continuous powder
compaction and sintering and a coupling simulation of microstructural
changes and deformation due to 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,
simulation studies on thermal stress acting on cemented carbides and the
fracture of ultra-fine grained cemented carbides have been conducted.

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
conducting phase diagram calculations of WC and various binder phases
(Co, Ni, various additives, etc.) and simulations of microstructure
development with factors in liquid-phase sintering and are compiling the
database.

Awards and Activities in academic societies

< Awards>

Hiromu Kato, Hideaki Matsubara, Sota Terasaka, Masayuki Takada and
Masanobu Kamitakahara: Japan Society of Powder and Powder
Metallurgy Distinguished Paper Award, “Experiment and DEM
Simulation on Bending Fracture of Ultra-fine Grained Cemented
Carbide”, June 2023.

<Activities in academic societies>

Hideaki Matsubara: 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, Secretary of Ken-Materials Research
Consortium, etc.
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Fig. 4 W-C-Co ternary phase diagram calculation.
(a) 1260 °C, (b) 1280 °C, (c) 1320 °C, (d) 1340 °C.
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