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ABSTRACT

Mixing in micro space is categorized into two concepts: rapid mixing and precise diffusion control. In this
paper, the methodology for designing nanoparticles was summarized based on these mixing concepts. First,
the synthesis of TiO, nano-particles by double-tube microreactor developed was introduced. It was shown that
a precise diffusion control by designing a micro space had a significant effect for individual strict control of
nucleation and particle growth processes. Next, the micro mixer, so called K-M mixer, was introduced as a
typical micro mixer for strict control of nucleation process. The performance of K-M mixer on the processing
of nanoparticles was demonstrated by introducing several examples; production of monodisperse nanoparticles
of metal and organic matter, core-shell particle synthesis, alloy catalyst particle synthesis, high efficiency syn-
thesis of MOF, and so on. The results shown here clearly indicate that microreactor technology will be a pow-

erful tool for nano-processing. Finally, I discussed how to use the microreactor as a production technology.
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Table 1 Classification of fine particle production method.
Concept Phase Method
Break down Solid Milling
L Precipitation
Liquid .
Desolvation
) Evaporation
Build up .
Condensation
Gas
Gas phase
reaction
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Table 2 Scaling effect of transport properties.

Transport properties

nm pum mm

Specific surface area (L™)
Viscous force / Inertial force (<L)

Interfacial tension / Inertial force (<L)

10° 10° 10°
10® 107  10°
107 10® 10

— = =B
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Table 3 Classification of micro mixing.

Mixing type Purpose Method

Forced contact of  Rapid Sprit and recombination
fluid segment mixing Convective vortex
Static contact via  Diffusion Continuous layer flow
interface control Micro slug flow
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Fig. 1 Equipment of dual pipe microreactor.
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Fig. 2 Control of titanium oxides particle size by inner pipe diameter.
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Fig. 3 Scheme of nucleation by instant micro mixing.
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Overview
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shear rate.
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Fig. 4 Overview of Micromixer developed (K-M mixer).
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K5 (a)K-M IFH—THERLEPtF/HFDTEMEE, (b) HEDT
Fig. 5 (a) TEM photograph of Pt nanoparticles produced by K-M mixer, (b) Particle size distribution.

In micro reactor system

s

Mv 15nm, Mv/Mn 1.3 |

K6 KM IFxH—TIERLLTF/ERIER
Fig. 6 Nano Pigment solution produced by K-M mixer.
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Fig. 7 Characteristics of micro slug flow.
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Fig. 8 Schematic of experimental apparatus of Au
particle production using micro slug flow.
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Fig. 9 Relationship between Au particle size and Pe*
number.
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Fig. 10 Comparison of SiO, shell thickness on Au core
particles produced by K-M mixer and batch
reactor.
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Fig. 11
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Comparison of Pt-Pd hybrid particle size distribution produced by K-M mixer and batch reactor.
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Batch reactor

K-M mixer
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Fig. 12 Comparison of ZIF particles produced by K-M mixer and batch reactor.
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