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This thesis, entitled "Development of the multi-gas temperature-controllable plasma jet and applications
to medical and plant engineering" describes development of a plasma jet source that simultaneously
achieves stable plasma generation of various gas species and plasma gas temperature control under the
atmospheric pressure, and the results of applications to medical field and plant engineering.

In recent years, atmospheric low temperature plasma has been widely applied in the medical and
industrial fields. To obtain a high treatment effect without thermal damage to the targets in atmospheric low
temperature plasma application, it is necessary to control the plasma gas temperature and generate plasmas
with various gases. Thus, in this study, a multi-gas temperature-controllable plasma jet source that can
control the plasma gas temperature of various gases over a wide temperature range was developed. Using
the developed plasma jet source, stable plasmas of argon, oxygen, carbon dioxide, and nitrogen were
generated, and the plasma gas temperature was controlled between a minimum of 3°C and a maximum of
108°C.

Plasma gas species and temperature were varied to evaluate the reactive species produced and the
treatment effect of plasma. In carbon dioxide plasma, the amount of singlet oxygen produced and the
bactericidal effect was significantly improved by increasing the plasma gas temperature. The bactericidal
effect can be introduced into the water by plasma bubbling, and it showed high bactericidal effect on
adherent bacteria when combined with sonication. In the nitrogen plasma, a large amount of OH radical
was produced compared to other gases. This nitrogen plasma was applied to the bonding of dental
materials. Nitrogen plasma treatment was showed 1.9 times higher bonding strength between zirconia and
dental resin cement than non-treatment. By irradiating tobacco with nitrogen plasma at approximately

20°C, the Cas9/sgRNA was introduced and genome editing was achieved.
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