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Nonthermal plasma (NTP) processing has been applied in the areas of surface modification, waste treatment,
nanomaterial synthesis, and biomedicine. Moreover, some NTP-based technologies have already become
integral to the respective industries, e.g., etching or wound healing. However, NTP application to wastewater
treatment on an industrially viable scale has been limited. Developing a robust NTP reactor for water treatment
is a multifaceted endeavor that requires careful consideration of the relevant physicochemical phenomena.
Unfortunately, the understanding of microscopic (i.e., interfacial chemistry) and macroscopic (i.e., reactor scale
mixing) processes is incomplete and requires further investigation.

This work combined bulk liquid chemistry measurements and fluid dynamic investigations to develop a holistic
description of critical physical and chemical processes relevant to NTP reactor performance toward the
degradation of dissolved contaminants. The bulk liquid chemistry measurements revealed the rates of
contaminant degradation and plasma-generated reactive species production. Meanwhile, the hydrodynamic
investigations enabled characterization of the key flow features and their effect on contaminant transport toward
the plasma-liquid interface. The results revealed three contaminant degradation regimes: (1) The convection-
limited regime, in which degradation rates are proportional to both characteristic flow velocity and solute bulk
liquid concentration; (2) The diffusion-limited regime, in which the degradation rates are proportional to solute
bulk liquid concentration; (3) The reactive species limited regime, in which degradation rates are proportional to
the rates of plasma-induced reactive species production. The discovered regimes were correlated to microscopic
states of the plasma-liquid interface, and a generalized criterion for optimal utilization of plasma-generated
species by dissolved contaminants was developed. An efficient NTP reactor design was developed based on
the findings. The proposed reactor design exhibits high energy efficiencies (Gso > 100 g/kWwh) and meets the
energy requirement target for a viable industrial water treatment process (Eeo < 1 KWh/m?3).
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