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Nanodroplets Generated by Ultrasonic Atomization
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Abstract Ultrasonic atomization, in general, generates mist of liquid droplets with the diameter of

micrometer order. Recently, our measurements with small-angle X-ray scattering (SAXS) at SPring-8

have revealed that the droplets of 1 nm dominate the whole population of atomized mist of ethanol. This

article describes the details of SAXS measurements and discusess the mechanisms of the nano-sized

droplet generation.
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Fig. 1 General mechanism of atomization.
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Fig. 2 Views of ultrasonic atomization of water (a) and
ethanol (b). A visible mist is produced from the
capillary fountain jet for water in contrast with
ethanol. Reprinted with permission from [3],

copyright (2007) American Institute of Physics.
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Fig.3 Possible mechanism of the ultrasonic atomization:

(a) capillary wave model and (b) cavitation model.
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Fig. 4 Geometry of small-angle X-ray scattering (SAXS)
and wide-angle X-ray scattering (WAXS).
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Fig. 5 Simulation curves of scattering intensity profiles
obtained from spherical structures with diameters of
1 nm, 10 nm and 100 nm.
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Fig. 6 (a) High precision powder diffractometer at the BL15XU beamline. (b) Small-angle X-ray scattering system at the BL40B2

beamline.
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Ultrasonic Oscilators

Fig. 7 Liquid droplets flow cell for SAXS measurements. The ultrasonic oscillators were installed in the cell. The liquid droplets
in the mist were formed and pumped out to obtain a stable stream with a diameter of 8 mm at the center of the diffractometer

without any X-ray windows.
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Fig. 8 Scattering intensity profiles for water and ethanol
droplets in mist measured at the BL15XU (the open
symbols) and the BL40B2 (the closed symbols)
beamlines. The solid curves are calculated for the
size distributions shown in Fig. 9.
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Fig. 9 Size distribution function obtained using I"-distribution function.

Table 1 The relationship between droplet size and experimental condition
1, increase; | , decrease

Experimental condition Microdroplet Nanodroplet Factor

Ethanol concentration 1 ! t Microscopic phase separation
Temperature 1 1 } Liquid-vapor equilibrium

Air flow 1 1 t Liquid-vapor equilibrium

Power input of ultrasonic oscillator 1 1 t Energy consumption for atomization
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Nomenclature

: particle diameter

: mean particle diameter

: capillary-wave wavelength (cm)
: density (g/cm®)

: surface tension (mN/m)

: ultrasound frequency (Hz)

: X-ray scattering intensity

A A

: scattering wavevector
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1)

2)

3)

4)

5)

6)

: scattering angle

: X-ray wavelength

: particle number

: electron density difference

: particle volume

: structure factor

: particle distribution function with mean particle diameter
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