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General 

Non-thermal plasmas produced with atmospheric molecular gases, or by a mixture of them 

with noble gases, are of great interest for a number of technological applications that take into 

account both physical and chemical processes. These plasmas are rich in active components, such 

as O, N and excited metastable species, which favor the different plasmochemical processes which 

are necessary for such applications. 

The Axial Injection Torch is an open-air plasma that has shown good results for the 

destruction of hazardous compounds [1]. In this work, the axial distribution of species present in 

this plasma and the values of vibrational, rotational and excitation temperatures have been 

calculated by spectroscopic methods during the TCE destruction. The results have been compared 

with the destruction and removal efficiency (DRE) obtained in this torch at the same experimental 

conditions. 

The excitation temperature was obtained by the population of the excitated states of 

Chlorine (Cl I). The vibrational and rotational temperatures were obtained by the rotational bands 

of N2
+
 that is fitted to theoretically calculated spectrum using the LIFBASE program [2]. Similar 

values of excited temperature and vibrational temperature are obtained (~8000 K) but the 

rotational temperature value is lower (~6000 K). The dependence of these parameters on the 

microwave power, gas flow and TCE concentration is also calculated. 

Different atomic and molecular species are spectroscopically found in the plasma. The 

atomic species: C, Cl, H, N, O are result of dissociation of TCE and of the atmospheric molecules 

and the molecules: CN, N2
+
, CO2, NO are produced by ionization of the air molecules and by 

recombination of other atomic species.  

Results 

The study of the axial distribution of the line intensities of the species in the plasma flame 

allows to deduce the chemical reaction and the position where these have been produced. In figure 

1 we can see the axial distribution of line intensities of Cl I (837.59 nm), Cl II (542.32 nm) and Cl 

III (360.19 nm) in a helium plasma with 600 W of microwave power supply, 1,5 L/min of total 

main flow, and 1000 ppm of trichloroethylene concentration. These conditions of the plasma 

produce a very good destruction and removal efficiency percentage, upper to 99,98% [3]. 
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 Figure 1: Axial distribution of atoms and ions lines of chlorine in the plasma flame. 

Figure 2: Vibrational, excitation and rotational temperatures at different points of the plasma flame. 

 

In the lower region of the flame, where the microwave energy is higher, we can see the 

third ionization of Cl, but the first ionization is more intense in the region of 15 mm over the tip of 

the torch. 

 

 

 

 

 

 

In figure 2 we graph the temperatures in different points along the flame in the same 

conditions of figure 1. We have the highest values of temperatures in the region near of the tip. 

These temperatures decrease for higher values of the axial position. 

References 

[1] A. Rodero, M.C. Quintero, S.J. Rubio, C. Lao, A. Gamero. Spanish Patent nº: P200201328.                  

[2] J.Luque, D.R. Crosley. LIFBASE: Database and Spectral Simulation Program (Version 1.6), SRI 

International Report MP 1999, 99-009.                                                                                                             

[3] S.J. Rubio, M.C. Quintero, A. Rodero, R. Alvarez. Acta Physica Slovaca, 2004, 54, 125. 

Acknowledgements 

This work was supported by the Spanish Ministry of Science and Technology within the framework 

of Projects PPQ 2001-2537 and CTQ2005-04974/PPQ. 


