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Chemical kinetics of atmospheric pressure plasmaswith humid air impurity
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Recent results on modelling of gas-phasehumidity considerably enhances the
chemical kinetics in low-temperature atmosphericelectronegativity (negative ion density / electron
pressure plasma jets operated in an open-aidensity), while it decreases the overall plasma
environment are discussed. reactivity (reactive species density / non-reactive

Atmospheric-pressure plasma jets (APPJs)species density) and the densities of reactive
have been gaining attention because of their greabxygen species. However, other potentially
potential in various fields, e.g. surface treatmentimportant hydrogen and nitrogen reactive species,
environmental remediation and  bio-plasma hydrate cluster ions are created. The global model
applications. In order to understand the underlyingestimates of the absolute density for reactive
operating principles of such systems and tooxygen species and helium metastable atoms are in
optimize their performance in applications, it is good agreement with experimental measurements in
important to know the chemical kinetics of the the rf-driven APPJ [3-5].
reactive multi-species plasma. This is a study
starting to address this by using a zero-dimensiona
(OD) time-dependent global simulation of the This work was supported by MEXT KAKENHI
chemical kinetics in APPJs with a commonly usedGrant Number 24110704, JSPS KAKENHI Grand
plasma medicine chemistry, i.e. a helium-basedNumber 24561054, and the UK EPSRC (grant
oxygen-mixture (in general, up to 1%) with ambient numbers EP/D06337X/1, EP/H003797/1,
humid air (the humid air fraction to helium is upt EP/K018388/1).
several hundred ppm). Because of the presence of
humid air, the plasma tends to produce significant
amounts of reactive species and the plasma-inducefd] T. Murakami et al Plasma Sources Sci. Technol.
chemical reactions are complex. So, here, the22 (2013) 015003
extended reaction scheme comprises over 1100 <http://stacks.iop.org/0963-0252/22/015003>
elementary reactions among over 60 species{2] T. Murakami et al Plasma Sources Sci. Technol.
neutral atoms and molecules, metastable specie22 (2013) 045010
vibrationally excited molecules, positively and  <http://stacks.iop.org/0963-0252/22/045010>
negatively charged ions, various hydrate cluster[3] K. Niemi et al Plasma Sources Sci. Technol. 20
ions and electrons. The present plasma chemistry2011) 055005
model and simulation code have been described if4] J. Waskoenig et al Plasma Sources Sci. Technol.
detail in reference [1,2]. 19 (2010) 045018

Air impurities of 100 ppm with relative [5] J. S. Sousa et al J. Appl. Phys. 109 (2011)
humidity of 20-40% crucially change the 123302
plasma-induced chemistry from a comparatively
simple oxygen-dependent plasma to that of a
complex oxygen—nitrogen—hydrogen plasma. The
global model reveals that the most pronounced
neutral species in a radio-frequency (rf) driven
He+0.5%Q APPJ are reactive oxygen species, i.e.
atomic oxygen (O), singlet delta molecular oxygen
(O,('D)) and ozone (§), and the main ion species
are molecular oxygen ions, i.e,'Q O, and Q.

Addition of the air impurity containing water



