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ABSTRACT 
 
A dielectric barrier discharge (DBD) reactor was built and used to remove nitric oxides in gas phase. In the 
preliminary work, it was found that the DBD reactor can used for direct processing of contaminated air 
stream. It was observed that if the applied energy is sufficiently high, reduction can overcome the oxidation 
process. The other characteristics that can affect the efficiency of the reactor are the processing flow rate, 
number of DBD tubes used and how the tubes are connected. The composition of the feed gas also plays 
important role. To improve the efficiency, more tubes were added and configured in combination of serial and 
parallel connections to achieve the best result. The reactor was found to be most efficient when using 6 tubes 
configured to have 2 sets of 3 tubes in series connected in parallel. The maximum flow rate that can be treated 
is 5 scfh. When operated with the optimum input voltage of 32 kV, the reactor can remove up to 80% nitric 
oxide in the reduction mode. This means that the energy is sufficiently high to sustain the reduction mode and 
prevent further oxidation.  
 
 

ABSTRAK 
 

Reaktor nyahcas dielektrik berhalangan (DBD) telah dibina dan digunakan untuk menghapuskan nitrik oksida 
dalam fasa gas. Kajian awal mendapati bahawa reaktor DBD ini boleh digunakan untuk pemprosesan 
langsung aliran udara yang tercemar. Sekiranya tenaga yang digunakan adalah cukup tinggi, reaksi penurunan 
boleh mengatasi proses pengoksidaan. Ciri-ciri lain yang boleh mempengaruhi kecekapan reaktor adalah 
kadar aliran proses, bilangan tiub DBD yang digunakan dan bagaimana tiub tersebut disambungkan. 
Komposisi gas suapan juga memainkan peranan yang penting. Untuk meningkatkan kecekapan, beberapa tiub 
telah ditambah dan dikonfigurasikan dalam kombinasi sambungan bersiri dan selari untuk mencapai hasil 
yang terbaik. Reaktor didapati paling berkesan apabila menggunakan 6 tiub dikonfigurasikan untuk 
mempunyai 2 set 3 tiub dalam siri disambungkan secara selari. Kadar aliran maksimum yang boleh dirawat 
adalah 5 scfh. Apabila beroperasi dengan voltan input optimum 32 kV, reaktor boleh menghapuskan sehingga 
80% nitrik oksida dalam mod penyusutan  itu. Ini bermakna bahawa tenaga adalah cukup tinggi untuk 
mengekalkan mod penurunan dan mencegah pengoksidaan selanjutnya.  
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INTRODUCTION 

 
 
Nitric oxide is a gaseous pollutant commonly found in emission from fossil fuel combustion, especially 
diesel. It is a precursor to nitrogen oxides and in the atmosphere it reacts chemically with gaseous 
hydrocarbons to form other photochemical contaminants such as ozone (O3), peroxyacetal nitrate (PAN) and 
other photochemical oxidants. The two main pathways for remediation of NO are: 
 

Reduction:  NO + N   →  N2 + O  
and 

Oxidation : NO + O   →  NO2 
   NO2 + OH → NHO3 
 
Dielectric barrier discharge is a non-thermal plasma which is being tested in this study to remove NO/NOx. 
The dielectric barrier discharge is able to produce energetic electrons that produce radicals and hence oxidize 
the targeted pollutants. This process is known as plasma oxidation process.  Alternatively, high energy 
electron beam irradiation may be carried out by using a high energy electron beam facility (Chmielewsky 
1997,2004; Cooper 1998; Licki 2013).  
 
Although electron beam irradiation has been proven to be very effective to simultaneously remove SO2 and 
NOx, the process requires post treatment on the treated flue gas which contains sulphuric and nitric acids. 
Ammonia is injected immediately after the irradiation process to capture the acids and to form ammonium 
sulphate and ammonium nitrate. These by-products can be processed and used as fertilizers. Electron beam 
irradiation is suitable for high volume processing such as in power plants that use coal for fuel. It is 
economical for simultaneous treatment of SO2 and NOx if compared to conventional methods. (Zimek 1998) 
 
The DBD reactor being studied here on the other hand offers an option for low flow rate processing. This 
means that it is suitable for a small flue gas treatment plant. The reactor is modular which means that the 
DBD tube can be added or removed and configured to achieve optimum results. Earlier work (Hashim 2010) 
has shown that the reactor can achieve high removal when the applied voltage ranges between 30 to 35 kV 
which is within the region of the breakdown voltage of the dielectric. At this voltage range, the discharge is in 
filamentary mode which is suitable for the radical production. The applied voltage is used as reference only 
since the actual discharge voltage was not measured. The preliminary work has been carried out to treat gas 
stream containing only NO and N2 as the carrier.  
 
The following conclusions were derived from the preliminary results: 

a. Serial connection produces better results than parallel connection. 
b. The efficiency may be affected by the flow rate.  
c. The maximum number of tubes connected in series for effective operation is 7.  

 
The optimization work was carried using different feed gas containing mixture of SO2 and NO and was aimed 
to achieve at least 80% removal efficiency while sustaining reduction mode so that post treatment is not 
needed.  
 
 

METHODOLOGY 
 
 
The most important feature of dielectric barrier discharge is that the non-equilibrium plasma can be achieved 
at atmospheric condition. The DBD configuration with respect to the geometrical shape, operating parameter 
and medium is flexible. In this study, a coaxial configuration as in Figure 1 was chosen.  



 

Figure 1: Coaxial DBD tube configuration. 

 

The DBD tubes assembly is powered by an AC 50 Hz power supply that can generate up to 35 kV peak to 
peak voltages (Figure 2).  Teflon tubing is used to connect the reactor from the feed gas tank and to the outlet 
point. The gas is analysed continuously using a chemi-luminescence’s type NO analyzer (TEI Corporation, 
model 42C) 

The tubes can be connected either in series or in parallel with respect to the gas flow as shown in Figure 3. 
Electrically, however, whichever way the tubes are configured, the electrical connection is still in parallel.  

 

 

 

 

 

 

 

 

 

 

Figure 2: Schematic diagram of the experimental set up. Thick line represents the gas line. 

  

  

  

  

HVPS 

GA
S 

  TEI 42C 



 
                            (a)              (b) 
       
Figure 3:  Schematic diagram of DBD tubes connections (a) in series and (b) in parallel. The electrical 

connection remains the same (parallel). 
 

 
The operating high voltage is set between 30 to 32 kV due the limitation of the power supply and also the 
maximum breakdown voltage for individual tube. The feed gas containing 100 ppm of NO, 300 ppm SO2 and 
nitrogen (as balance) is used. The ratio of NO to SO2 in this mixture is almost similar to the flue gas 
composition from coal fired IGCC power plant (Zevenhoven 2001) . 
 
Using the optimum voltage, the connection of the tubes is manipulated to find the best configuration. 
Although serial connection is better than parallel, it also means that the processing flow rate is based on a 
single tube volume. Using parallel connection can improve the processing flow rate but removal efficiency 
will drop. Hence, combining serial and parallel connection will optimize the reactor. The combinations are 
coded as (Xs//Xs) combinations, where X = 2, 3, 4 or 5.  For example, (3s // 3s) means two sets of three tubes 
in series, connected in parallel.  
 
 
 

RESULTS AND DISCUSSION 
 
 

 
The experimental results indicate that discharge voltage between 30 to 35 kV produces the highest efficiency. 
As described earlier, although the tubes are connected in series, the electrical connection is still in parallel. 
This means that each tube has the same applied voltage.  However, the current will be divided by the number 
of tubes.  Hence there is an optimum number of tubes that can be supported by a power supply with a fixed 
output power capability.   Another limiting factor for the optimum voltage is the maximum voltage that each 
of the DBD can stand without reaching the breakdown point.  When there is a complete gaseous discharge 
(probably a glow discharge if the current is controlled within the mA range) the energetic electron streamer 
(the filamentary discharge) will disappear and the desired chemical reaction will not take place.  If the voltage 
has exceeded the discharge breakdown voltage of the DBD tube the NO removal efficiency will drop 
drastically. 
 
 
As mentioned earlier, serial configuration give the better efficiency but the processing flow rate is lower 
compared to the case of parallel connection. Combinations of tubes configuration or arrangement have been 
tested at fixed input voltage of 32 kV and the flow rate is varied between 1 scfh to 11 scfh. The combinations 
are coded as (Xs//Xs) combinations, where X = 2, 3, 4 or 5.  For example, (3s // 3s) means two sets of three 
tubes in series connected in parallel. The results are plotted and the corresponding flow rates are recorded for 



efficiencies of 30% and 80%. These values are the efficiency ranges that are considered when making the 
comparison. Table 1 is the summary of the results of obtained.  
 

Table 1. Summary of results for 30% and 80% removal efficiency. 
Configuration Flow rate to achieve 30% 

removal (scfh) 
Flow rate to achieve 80% 
removal (scfh) 

2s//2s 5 2 
3s//3s 10 5 
4s//4s 6 1.8 
5s//5s 5.5 2 

 
The results in Table 1 do not show a linear relationship between the tube configuration and flow rate.  It 
shows that among all the configurations tested, the best result is achieved when using two sets of 3 tubes in 
series connected in parallel, which uses a total of 6 tubes. The 4s//4s and 5s//5s configurations result in lower 
flow rate to achieve the targeted efficiency.  In this case the total numbers of tubes used are 8 and 10 
respectively.  
 
Figure 4 shows the graphical trend of the removal rate against the flow rate using the 3s//3s configuration. 
The graph also indicates that the total NOx in the gas stream is almost the same as the NO concentration. This 
means that the oxidation of NO into NO2 is very minimal or insignificant. This means that the energy is 
sufficiently high to sustain the reduction mode and prevent further oxidation. Hence, additional treatment is 
not needed at the outlet point.  
 
 

 
 

Figure 4:  NO Removal Rate vs Flow Rate for 3s//3s configuration. 
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CONCLUSIONS 
 
 
From the experiments, it is shown that the (3s//3s) arrangement is the most suitable tube configuration for a 
practical six tubes DBD based reactor operated with a voltage between 30 - 35 kV (Figure 5).  With this 
configuration, it has been demonstrated to be able to process mixed gas at the rate of 5 scfh with 80% removal 
efficiency (Figure 4 and Table 1). Although processing lower flow rate (1 scfh) can produce almost 100% 
removal, the economic must also be taken into account.  
 
 
 

 
 
 

Figure 5: The optimum configuration for the six tubes DBD reactor. 
 

 
The DBD reactor is modular which means that it can be scaled up easily. This means that the reactor can be 
designed to process low to high flow rate of gases, depending on the specific need, simply by adding or 
reducing the number of DBD tubes. The right balance between the input high voltage and the flow rate will 
determine its cost effectiveness.  
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