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This thesis, entitled ’Study on control of plasma gas flow and temperature in atmospheric plasma’,
describes development of atmospheric plasma application devices that takes into account the importance
of controlling the gas flow and the gas temperature that produce the plasma, and summarises the results of
its application to single cell analysis and surface treatment of materials.

In recent years, high and low temperature atmospheric plasma has been widely applied in medical and
industrial fields. However, flow and temperature of the plasma generation gas have not been considered in
design and development of plasma devices.

For analytical applications, droplet plasma emission/mass spectrometer have been developed to
analyze elements in single cell. In this study, to realize high sensitive analysis of single plant/human cells
an infrared light—concentrating desolvation device was developed, which to evaporate and remove the
droplets at low gas temperature. And based on tracking particles by fluid analysis of the gas flow, a sample
introduction path was designed and fabricated to achieve higher efficient cell introduction. And a sample
introduction system was designed and fabricated to highly efficient introduction of desolvated droplets by
designing the flow path, tracking particles by fluid analysis and considering the gas flow. As a result, it was
shown that control of plasma gas temperature is important to avoid cell rupture, and desolvation is
possible injection frequency up to 540 Hz at the heater electric power of 1,000 W.

For surface treatment applications, a supersonic pulsed plasma jet device was developed to realise
surface treatment at long distances and high speed. The results of hydrophilic treatment of copper plates
using this device showed that helium plasma was effective for treating surfaces at a distance of more than
20 mm, while nitrogen plasma was effective for treating surfaces at a distance of a few mm.

In this study, by simulations and experiments it was shown the flow and temperature of the plasma
generation gas are important for improving the performance of atmospheric plasma devices, in addition to

the discharge methods and conditions that have been considered.
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