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Hydrothermal synthesis

Hydrothermal synthesis of
metal oxide nanoparticles

Zn?* + 2H,O — Zn(OH); + 2 H*
Zn(OH); = ZnO + H,O
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Visualization techniques

View cell Fluid dynamics
simulation
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%\ (a) New mixer
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Design of mixer

Aizawa, et dl, |. Supercrit. Fluids 43,222 (2007). Wakashima, et al., J. Chem. Eng. Jpn.
40, 622 (2007).



Visualization of real apparatus

Shape of our mixing
components

Previous studies revealed

* Buoyancy force

* Density difference
* Natural convection
e Cascade down
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Why neutron radiography !

Density of water @ 25 MPa
Plug-flow reactor

Heater Heater Cooler

Pressure
valve
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W. Metal ion Metal oxide
ater solution nanoparticles

100 200 300 400 500

Temperature (°C)

300~400°C, 25 MPa

Density of water drops at the mixing point.



High-pressure
pumps

Neutron from . -~ g
nuclear chamber

Imaging area
(3.3x3.3 cm?)

Resolution: 1024x1024 dots
Bit depth: Gray scale 16 bits

Previous studies

Heater

SUS 316
1/8-inch tube

/ SLiF/ZnS

scintillator screen
Mirror

CCD camera with
telephotographic lens

Jacket

cooler Mirror  Luminescent
light

Back-pressure

regulator

Averaged images were obtained.
——» CT experiments



How to obtain CT images
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Experimental condition

Temperature: T
Flow rate: Q
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Temperature: T>
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Q1 (g/min)

T (°C)
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T2 (°C)

Tmix (OC)
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Heated water from top

385°C

12.0 g/min¢




Heated water from side

30°C
6.0 g/min¢

391°C =

12.0 g/min




Reconstructed image
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Reconstructed image
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Reconstructed image

—>

12.0 g/min

6.0 g/min @




Reconstructed image
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Reconstructed image
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Reconstructed image




Summary
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