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Cold plasma may be produced in a gas environment by discharges in

stimulation with radio-frequency electromagnetic fields. To maximize eff
suitable gases are inert gases, such as helium and argon. Unfortunately, this go
that plasma needs to be chemically active to be used in various applicat
problem constitutes the key of success of this research. 

Spherical-shaped (“plasma needle”) or micro-jets (“plasma pencil”, “pl
atmospheric plasmas have been obtained in radio-frequency electromagneti
the research has a lot of achievements [1, 2], the biggest problem is to maintai
temperature of the plasma within tolerable limits, providing that the electric
frequency generator “sees” is variable, depending on the distance to the treate
of the treated surface etc. A small deviation of the electric load from its optim
the tuning of the radio-frequency generator and leads to overheating of the pla

This problem can be avoided using a new technique which is the core
produce atmospheric pressure cold plasmas we use high voltage pulses (tens 
limited duration (tens, hundreds of nanoseconds) and are repeated (tens, hund
second). The pulses are applied between two metallic electrodes of various sh
may not be separated by a dielectric barrier. An electrical discharge takes p
through which an inert gas flows at normal atmosphere. The chamber has a
which the discharge plasma is pushed out. Under optimal conditions, pla
centimeter-long jets. Because the plasma area is spatially separated from the 
electrical load for the high voltage pulses generator is practically const
matching and transfer being the best possible. 

We imagined different geometrical structures to generate high-vol
atmospheric plasma jets. In the first structures, we used a simple medical syr
was fitted with a metallic needle. The gas (helium, argon) which is the mediu
is introduced through the piston of the syringe. The discharge happens bet
needle  top  and a metallic ring fit on the outer/inner surface of the syringe. 
10 – 20 kV amplitude, which lasted for about 100 ns and had a frequency of 5
second. The piston allows for the distance between the electrodes to be easily 

Other configurations use the wire-plate geometry. A 0.3 mm diamete
mounted inside a dielectric cylinder. The second electrode is wrapped arou
cm’s  long,  sub-mm  wide  slit  is  cut  out  along  one  generatrix  of  the  c
inter-electrodes  high-voltage  pulsing, a continuous plasma layer is genera
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The plasma layer goes out of the cylinder on a length of about 1 cm. These configurations are 
more suitable than the first ones to treat rather large surfaces with cold atmospheric plasma. 

The paper presents the solving of the contradiction mentioned above: plasma produced in 
inert gas to be chemically active. First of all, chemical active components can be obtained 
because the plasma jet passes through air when traveling towards the object to be treated. 
Energetic electrons inside the plasma disintegrate the O2 and H2O molecules in the air, obtaining 
O atoms and OH radicals which are chemically very active. However, the most efficient 
chemical activation method is the introduction of a substance in the discharge area which, under 
the action of the electrons inside the plasma generates chemical active agents. The substance 
needs to be of low concentration not to hinder the discharge, but not too low either, to make the 
plasma jet have a strong chemical activity.  

Substances used to generate chemical active elements are oxygen, water vapors and 
hydrogen peroxide (H2O2) vapors. These substances, the manner in which they are introduced in 
the main flow of inert gas and their concentration make up the main topic of our research.  

Up to now, we used oxygen to chemically activate plasma jets. It is mixed with the main 
inert gas in a special chamber, and then the mixture is introduced in the discharge chamber. The 
optimum concentration of the oxygen in the main gas (helium, argon) is around 1 %. 
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 Fig. 1 Emission spectrum of the oxygen activated, high-voltage pulsed, helium cold atmospheric 

plasma jet.  Helium / Oxygen flow: 2 l per min / 20 ml per min.  
 
In Fig. 1, the emission spectrum is presented, for the case of a helium cold atmospheric 

plasma jet, chemically activated with one percent of oxygen (helium flow = 2 l/min; oxygen flow 
= 20 ml/min). The spectrum contains the emission lines of the He atoms, the O atoms, the O2 
molecules, and also of the N2 molecules from the air traversed by the plasma jet. The chemical 
activity of the plasma jet is proved by the presence of the atomic oxygen lines. 
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