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ABSTRACT

Particle microstructure control and its assembly structure control are key issues for achieving high quality
advanced materials. In this paper, manufacturing process of advanced ceramics using raw powder materials is
discussed to make clear the role of powder structure control for high quality materials. On the other hand,
individual particle structure control is also important to develop functional particles and the advanced materials by
controlling its assembly structure. In this paper, processing technology of composite particles is introduced to

explain the roles for developing advanced materials.
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Development of advanced materials by structural control of particles and powders.
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Fig. 2 Powder granule compaction process to make sintered ceramics.
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Table 1 Alumina slurry preparing conditions and the
properties of the sintered ceramics.

Dispersant . . . Fracture
Viscosity Density
No. pH  Amount i 3 Toughness
o [mPas] [kg/m’] 12
[mass%] [MPam "]
#1 10 02 43 3.91x10° 3.7
#2 91 05 22 3.94x10° 3.8
#3 81 2.0 54 3.89%10° 3.8
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Fig. 3 Strength distribution of the alumina ceramics.
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Fig. 4 Microstructures of alumina ceramics observed
with optical transparent technique: (a) specimen
made from the slurry prepared with #1 condition,

(b) specimen made from the slurry prepared with
#3 condition.
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Fig. 5 Compressive strength distribution of alumina
granules associated with different slurry preparing
conditions.
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Fig. 6 Smart powder processing developed based on powder grinding technology (Naito et al., 2021).
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Table 2

Powder processing machines used for particle
bonding to make composite particles (Naito et
al., 2021).

Type

Impaction-type

Pin mill, disc mill
Centrifugal classifying type

Attrition-type mill

Ball mill

Tumbling
Vibration
Planetary
Centrifugal fluidizing

Agitated ball mill
Mixing vessel type

Jet mill

Mortar

II  Cylindrical vessel type with rotating disc

Elliptical vessel type with high-speed elliptical rotor
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Fig. 7 Factors controlling the particle composition process.
(Naito et al., 2016)
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Table 3 Examples of synthesized nanoparticles and their
applications.

Synthesized nanoparticles Applications

BaTiO; (Ohara S. et al., 2008) Dielectric material

LiCo0O, (Kondo A. et al., 2014)
LiMnPO, (Yoshida J. et al., 2013)
LiFePO, (Kozawa T. et al., 2014a, 2015)
LiCoPO, (Matsuoka M. et al., 2017)
LiNi; sMn, s0, (Kozawa T. et al., 2014b;
Kozawa T. and Naito M., 2015)

Li-ion battery

La,Sry.MnO; (LSM) (Chaichanawong J. Fuel cell (SOFC)
et al., 2006; Hosokawa K., et al., 2014)
La ¢Sty 4Coq,Fe 305 (Xi X. et al., 2015)

Y, ;A0 :Ce™ 3 Phosphor for LED
(Kanai K. et al., 2017)
Lis25Gag,sLasZn,0y, Solid electrolyte

(Kanai K. et al., 2021)
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Fig. 8 LiFePO,/C composite granule consisting of nano-
sized LiFePO, and carbon. (Naito et al., 2021)
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Fig. 9 Concept of smart recycling for waste composite materials based on particle bonding and dissembling process.

(Naito et al., 2009).
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Fig. 10 Innovative recycling process of FRP waste proposed by authors. (Naito et al., 2009).
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Thermal conductivity and bulk density of the
porous materials fabricated by the recycling pro-
cess as shown in Fig.10. (Kondo et al., 2010).

Fig. 11
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