Boltzmann-Chemistry global models: status and future challenges
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Modeling and simulation (M&S) activities in low-tem-
perature plasmas (LPT) obtained from gas discharges can
be challenging due to the nature of these media, composed
by charged particles (electrons and ions) and by neutral
species in different excited states, intrinsically in non-equi-
librium as the result of collisional, radiative and electro-
magnetic interactions.

When developing plasma-driven applications (e.g. mate-
rial processing, plasma medicine, environmental control,
energy storage, etc), the focus is usually on the plasma-en-
hanced production of reactive species, and the analysis of
the corresponding chemical reaction pathways for defining
a reaction mechanism, a subject often referred as "plasma
chemistry". In this case, global models are the most logical
choice for the M&S of gas/plasma systems, since they al-
low describing the detailed plasma chemistry in complex
gas mixtures, with little computational effort.

Essentially, global models solve the rate balance equa-
tions of the various gas/plasma k-species [1]
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where 7y is the density of the k-species; a') and ai® are
the stoichiometric coefficients of the k-species, as they ap-
pear on the left- and right-hand sides of reaction j, respec-
tively; Dy and /¢ are the corresponding diffusion coeffi-
cient and diffusion length, respectively, eventually ob-
tained by considering multicomponent transport and ad-
dressing also the reactivity at the walls; and k; is the rate
coefficient of the j-reaction. In the case of electron-induced
mechanisms, the latter writes
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where m,. and u are the electron mass and kinetic-energy,
respectively, Oj(u) is the cross section of the j-reaction and
f(u) is the electron energy distribution function (EEDF).
Under non-equilibrium conditions, typical of LTPs, the
EEDF should be calculated with a Boltzmann solver, often
integrated in the global model. Usually, the closure of the
model corresponds to the self-consistent calculation of the
power required to sustain the plasma, or any related quan-
tity such as the reduced electric-field. The gas temperature
can also be calculated by solving the power balance equa-
tion for the heavy-species.

The LTP community benefits from several implementa-
tions of global models, such as ZDPlaskin [2], GlobalKin
[3,4], for which a commercial application with a GUI was
developed [5], and the tool within PLASIMO [6]. Recently,

the N-PRiME group with IPFN has also implemented a
global model, using flexible and upgradable object-ori-
ented programming under MATLAB®. The LisbOn Klnet-
ics (LoKI) simulation tool [7,8] embeds a Chemistry solver
and a Boltzmann solver, the latter to be released soon as
open source. The development of this platform was also
used as an opportunity to critically review and update sev-
eral reaction mechanisms, namely in rare gases (Ar, He)
and in N,-O; mixtures [9].

Despite the investment of the community in developing
such models and tools, with considerable predictive perfor-
mance, there are still several open issues that require fur-
ther attention and may pose some challenges. Examples of
those issues are: revisiting the transport models for the neu-
tral and the charged species, considering ambipolar effects
according to the working pressure, and taking multicompo-
nent diffusion (including wall reactions) for the heavy-spe-
cies; bringing global models into hydrodynamic codes; up-
dating the description of radiation; the critical evaluation
of data; strategies for the Boltzmann-Chemistry coupling,
namely in view of self-consistent time-dependent calcula-
tions. On this last issue, a recent analysis for the simple
case of the evolution of the electron kinetics, when excited
by a ps-duration electric-field pulse, shows that results de-
pend on the implementation adopted when solving the elec-
tron Boltzmann equation [10].
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