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In the last decades, the use of polymer-based heat-sensitive tools indi@hpeaxis has
increased the need for efficient and safe low-temperature sterilizatiomdsatiat would not only
ensure complete inactivation of micro-organisms (e.g. vegetative badpdegs, viruses), but
also remove all potentially infectious residues (e.g. pyrogens (endojpgiin@n proteins) on the
processed instruments. To date, the most common low-temperature sterilizathausere either
based on chemical treatments, which call for toxic active agents (e.g. m¢hykéde) and generate
harmful effluents, or on exposure to gamma radiation, which can alter tketmperties of the
polymers being sterilized. The use of low-temperature plasmas appeag@miaing solution
to these drawbacks [1, 2]. Two generic plasma configurations aredaywdeing investigated:
sterilization taking place within the discharge region [3, 4, 5], or in its flowiiterglow [6, 7, 8].

Although the direct exposure to active plasma leads to a fast inactivatimicoforganism
or etching of the biological contaminants, the active plasma, as also shoBrelagnolet al.
[9, 5], causes the etching of surfaces of polymer-based instrumemthie®@ther hand, the flowing
afterglow is particularly well adapted to provide a low-temperature gas apcaddically free
of charged species, thus avoiding ion bombardment damage to the expasedhals. At the
same time, the afterglow, depending on operating conditions, can compitisedmigentrations of
chemically reactive radicals (e.g. O and N atoms gm@lecules in the appropriate mixtures),
excited atomic and molecular species (e.g. metastable-state atoms and molacul&s)high
UV intensity radiation, all of these having some potential for the inactivatianiofoorganisms.
Nevertheless, the damage to polymer based tools can also occur in thiafflesma, as shown
by Boudamet al. [10], when the samples happen to be subjected to the plasma early-afterglow
(due to an improper set of discharge conditions and an odd system aatifig, which is still
rich in species capable of efficient etching.

The low pressure post-discharge system proposed by Meisan[11] and tested on bac-
terial spores is composed of a surface-wave microwave dischargeaged in a few mm diameter
tube [12] and a large volume reactor connected to the discharge tubglthactube typically
2-3 cm in diameter. By varying the length of this connecting tube and the gasfiplied, the
composition of the afterglow present in the reactor can be controlled l.0Discharge modelling
represents a powerful tool for the characterization of the whole pesharge system [14, 15] and
for the determination of the plasma composition in the processing zone. Pds&igje models
allow the calculation of the spatial distribution of species densities in the whae-timensional
reactor volume (taking also into account the recombination of active spmtithe reactor walls,
whose efficiency varies strongly with the material used) [16]. With the kedge of the species
densities at each position in the reactor the role of different speciesantians in the steriliza-
tion processes can be better understood. Furthermore, the validatels$ wend&elp designing of
the optimal system configuration.

The discharge plasmas generated frogp®4 and Ar-G mixtures are thought to be very ef-
ficient, dry and non-toxic sterilizing media [5, 6, 11, 17]. The ternaryO4fN» mixture offers the
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further possibility of combining the advantageous properties of the binaryure[18], namely,

the capability of N-O, plasmas to emit intense UV radiation and the high dissociation degree of
Ar-O, discharges. We have conducted experimental and modeling investigatidpngdsn Ar-O»

and Ar-O-N; post-discharge systems, aiming at determining the density of the speciesgll alo
the system, i.e. from the discharge zone to the post-discharge readttheatensity distributions

in the processing reactor.
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Fig. 1: a.) Measured (given thin line shape) emission intensity@t&nm and (normalized)
calculated (same line shape but thicker) density of NO(Alemules as functions of position
x atz= 140 mm (afterglow axis) in the reactor at 2 Torr for thredaitént N> gas flow rate€)
with O, added flow rate set to 8 sccm. b.) NO(A) density as a functichegarly afterglow
time in the case of an Ar-9N, discharge, when the rercentage is set to 2%.

Here we present, as an example, the evolution of the UV emission intensity etdi/th
radiating species density in the reactor and along the early-afterglowaro€as-O, and Ar-G-
N2 mixtures, respectively, as shown in Fig. 1.
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