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Name YOSHIOKA Hideaki E-mail yoshi@ishikawa—nct.ac.jp

Status | Associate Professor

JSME (The Japan Society of Mechanical Engineers), HTSJ (The
Heat Transfer Society of Japan), JSRAE (Japan Society of

Affiliations Refrigerating and Air Conditioning Engineers) and JIM (Japan
Institute of Metals and Materials)

Keywords Solidification, Crystal growth, Heat transfer, Materials processing

Technical * Observation and measurement techniques for solidification/fusion phenomena

Support Skills » Construction of theoretical solidification/fusion model

- Application techniques of solidification and fusion

Research Contents ‘ Development of Directional Functionally Gradient Materials by Solidification

Solidification phenomena underlie many important scientific and engineering studies in technical applications such
as refrigeration, thermal storage, desalination, material processing, and so on. The motivation of this work is to obtain
a basic understanding of the mechanism and kinetics of crystal growth and the resulting microstructure. The
microstructure is very important in relation to properties and characteristics of solidified products in metal and alloy
processing.

Figure 1 shows the morphology of ice crystal and the solute concentration field around the crystals during
directional solidification of NaMnOz aqueous solution. The solidification of multi-component system always proceeds
with the release of latent heat and the rejection of solute from the solid-liquid interface. This implies that the
solidification is one of the representative transport phenomena include fluid flow, heat transfer and mass transfer.
Based on such an observation result, a theoretical analysis for describing the microstructures has been developed.

Regarding the industrial application, the main target of this work is to produce a new directional functionally
materials by combination of internal supercooling and external heat transfer cooling. The manufacturing principle is
shown in Fig. 2. The concept is “ Co-immobilization of macro and micro”. This supercooled solidification method,
comparing with conventional methods, may give so many advantages: (1) wide composition range, (2) high-speed
manufacturing, (3) process cost reduction, and (4) appearance of metastable phase.
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Fig.1 Aspect of crystal growth. Fig.2 Manufacturing principle by supercooled solidification method.
Available Facilities and Equipment ‘
Stereomicroscope, SMZ1500 (Nikon) PC-linkable recorders, GR-3000 (KEYENCE)
Incubator, MIR-553 (Sanyo) Hot water circulator, HTC-1000(As one)
Infrared image furnace, NHT-E44 (ULVAC) Low temp. circulator, CA-3110S (EYELA)
Temperature controller, TPC1000-62-1 (ULVAC) Low temp. circulator, NCC-1120A (EYELA)
Electric furnace, FP32-2 (Yamato) Low temp. circulator, TRL-135(Thomas)
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