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Abstract: Hazardous volatile organic compounds (VOCs) coming out as byproducts in industrial sector are matter of serious concern. 
The methods available to destroy are very costly. So in industries it is very difficult to solve this environmental problem from their budget. 
Decomposition of organic compounds (VOCs) using di-electric barrier discharge (DBD) technique using argon as base gas, is proved to 
be very efficient and cost effective method. In this communication the residue deposited on the floor of the chamber is analyzed by 
spectroscopic technique and the byproducts of decomposition of VOCs are diagnosed and possible chemical reactions to arrive at the 
byproducts from the products are reported. 
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1. Introduction  
 
Volatile Organic Compounds (VOCs) releasing from 
different industrial and agricultural processes is a serious 
problem for air pollution. Vocs like benzene, Toluene, 
Xylene etc. having toxic characteristic. Among which 
many Vocs are carcinogenic in nature as well as they from 
secondary primary as well as secondary air pollution like 
photochemical smog, secondary aerosol and ozone. So, 
serious problem to the environment [1]-[5]. 
 
Aromatic volatile organic compounds are identified a total 
of 40 VOCs in public transportation modes in Guanghou, 
China from the samples of four popular public commuting 
modes like subway, taxis , non-air-conductioned buses 
while traversing in urban areas of Guangzhou. VOCs like 
benzene, toluene, ethylbenzene, m/p-xylene and o-xylene 
were collected from traffic area and analyzed by thermal 
desorption (TD) and gas chromatography/mass-selective 
dector technique (GC/MSD) [6].  
 
Therefore, control and decomposition of these VOCs are 
required. They should either be removed or these should 
be made less harmful gases like CO2 with usable products 
like methane found by T.N.Das et al [7].Also it is reported 
in our previous paper that breakdown of toluene starts first 
as compared to p-Xylene but glow region for xylene is 
achieved faster than toluene [8]. Different technologies for 
the abatement of VOCs are like thermal and catalytic 
incineration, adsorption, condensation, bio-filtration, 
membrane-separation or UV-oxidation [9]-[13]. The above 
mentioned methods required high range thermal energy as 
well as these are ineffective with energetically expensive 
for low VOC concentration. Along with serious problem is 
created due to catalytic poisoning and deactivation. 
 
Therefore, a more effective and economical abatement 
technique is required which is fulfilled by non-thermal 
plasma (NTP) technology.NTP like Dielectric Barrier 
Discharge (DBD), Corona discharge, Surface discharge 
and packed-bed plasma reactors are used .from the above, 

DBD with and without catalyst is more effective than the 
other depending upon the different conditions like surface 
area, concentration of voc, applied voltages, nature of the 
voc, GRD, catalyst, as well as carrier gas.  
 
NTP-DBD plasma produced between two electrodes 
separated by a barrier, when high voltage current is 
applied to it. Then the energetic electrodes with high K.E 
are produced and react with the VOC molecules [14]-[17]. 
So our present work aims at decomposition of toluene and 
xylene using NTP-DBD reactor by studying the dielectric 
surface deposition and characterize these. 
 
2. Experimental 
 
The experimental set up is shown in figure:1 and described 
as it is [8] and figure:2. The experiment was done in a 
planar DBD where pyrex is the dielectric material and gap 
between the electrodes after covering it is 6mm and 
volume is 20x30x0.6 cm3. The applied voltage varied from 
5 kV to 8kV.Toluene and Xylene is studied in the argon 
atmosphere. The flow rate is maintained at 1 lit/min. and 
experiment continued for 30 mins. Then the deposited 
yellowish mass was collected by washing it with ethanol 
from the dielectric surfaces. Then it was analyzed in FTIR 
and UV-spectrometer. 
 

 
Figure 1: DBD reactor 
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Figure 2: Experimental set up A-pressureised air, B-mass 
flow controller, C-bubbler system, D-plasma source, E-

HV supply, F-FTIR & G-UV analysis 
 
3. Result and Discussion 
 
1.1 Analysis of Toluene 
 
From the Fig: 3,it is cleared that the deposition substance 
which was washed with ethanol was IR analyzed with the 
other pure compounds like ethanol , pure toluene, mixture 
of toluene and ethanol before plasma treatment and found 
that the graph of washing is different from others. The 
peaks at the positions like 3422.48, 1630.38, and 1032.38 
are due to ethanol which is clear from the fig: 3. So, from 
above discussion it is clear that toluene decomposes. Also 
from surface deposition of benzene after the treatment of 
plasma, found phenol, biphenyl, 2-and 4-phenylphenols, 
Catechol, 2, 2, - Biphenol, 4-phnoxyphenol and 
Hydroquinone as various products by GC analysis [18]. By 
UV-spectrometer the washings are analyzed found the 
presence of phenol.  
 

 
Figure 3: Comparison of IR data for toluene deposition 

 
1.2 Analysis of Xylene 
 
From the Fig: 4 it is cleared that the deposition substance 
which was washed with ethanol was IR analyzed with the 
other pure compounds like ethanol , pure xylene, mixture 
of xylene and ethanol before plasma treatment and found 
that the graph of washing is different from others. The 
peaks at the positions like 3366.694, 2982.239, 1643.334 
and 864.396 are due to ethanol which is clear from the fig: 

4. So, from above discussion it is clear that xylene 
decomposes. And the extra peaks indicate the formation of 
other new compounds which matches with the values of 
phenol. 
 

 
Figure 4: Comparison of IR data for xylene deposition 

 

 
Figure 5: Comparison of IR data for xylene deposition 

 
And also from the literature it is also found that xylene 
decomposes to CO2, CO, CH3CHO, CH3COOH, 
/HCOOH, H2O.N2O, O3 etc with N2, O2, and H2O Vapor 
[19].  
 
4. Conclusion 
 
As the decomposition of VOCs occur in this type of planar 
DBD with larger surface area and this can be enhanced by 
using catalysts. The surface deposition also gives new idea 
about the surface modification, thin film preparation as 
well as dye mechanism in such a new system. 
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