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[Abstract]

Key Words: Radioactive material, Laser spectroscopy, isotope analysis, plasma, strontium

Although high-temperature plasma sources have been used for direct isotope analysis of
liquid and solid samples, the spectral resolution of diode laser absorption spectroscopy in
high-temperature plasma is limited by the Doppler broadening of atomic absorption lines. Thus,
a decrease in translational temperature is necessary to enhance the spectral resolution and
distinguish isotope shifts due to mass number. In this study, an isotope analysis method based
on diode laser absorption spectroscopy by using an arc-jet plasma wind tunnel is developed for
rapid analysis without sample preparation and sophisticated maintenance.

A demonstration was carried out using natural stable xenon isotopes. First, the trace gas
measurement capability is verified injecting natural xenon in the argon plasma, and optical
measurements are carried out at an atomic xenon transition to 823.2 nm from a metastable state.
The detection limit of xenon over the argon molar ratio is estimated to be 140 parts per million
downstream. As a result of temperature evaluation using the spectral width, the temperature
was found to be about 180 K and the spectral resolution was about one order of magnitude
higher than that of the conventional high-temperature source. Additionally, the method
proposed herein was verified by using two xenon isotopes.

Next, strontium isotope analysis was performed by using strontium chloride powder
sample, and then strontium isotope spectra were successfully obtained in supersonic plasma jet
using an atomic strontium transition to 460.8 nm. The corresponding temperature was found to
be about 90 K, and we showed an availability of the developed method for direct analysis of
solid sample without sample preparation.
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