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The aim of this research was to investigate the effect of CO2 fraction in recirculated gas on NO reduction through CO2 

reactivity. A flat CH4 flame doped with NH3 for fuel-N was used to investigate detailed NOx reduction mechanism. Both 

experiment and calculation showed OH radical increased with an increase inlet CO2 fraction because the reaction, CO2 + 

H ⇔ CO + OH, was strongly influenced by inlet CO2. It was shown that inlet O2 concentration affected not only gas 

temperature but also OH radical profile through CO2 reactivity. NO conversion ratio decreased with decreasing inlet CO2. 
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1. Introduction 

O2/CO2 combustion has some other advantages over the conventional coal-air combustion, such as lower NOx 

emission as well as CO2 removal [1]. Recently, there has been considerable interest in further NOx reduction in 

O2/CO2 combustion. Oxygen concentration in burner inlet can be changed by adjusting the ratio of recycled flue gas 

in O2/CO2 combustion. It has been suggested that the oxygen concentration in the recirculation gas should be around 

30 % to achieve stable combustion with conventional burners [2]. The variation of O2 concentration is consistent 

with the variation of CO2 concentration, and it has been pointed out that high concentration of CO2 affects the 

combustion characteristics including NOx formation and reduction through a direct chemical reaction of CO2 [3-5]. 

However, there are few studies that investigate the effect of CO2 concentration in inflow gas on NOx reduction 

through CO2 reactivity. An appropriate inlet oxygen concentration should be determined from many point of views 

including not only temperature level but also NOx formation characteristics. In addition, low-NOx burner is one of 

the promising approaches to reduce NOx emission. It is important to investigate NOx formation and reduction 

mechanisms in O2/CO2 combustion with low-NOx burner for further NOx reduction. This paper is focused on the 

effect of CO2 concentration in recirculated gas on NOx reduction mechanisms through CO2 reactivity. An 

experiment simulated low-NOx burner is performed. Moreover, CHEMKIN-PRO was used to investigate a detailed 

NOx reduction mechanisms. 

2. Experiment  

Figure 1 shows a schematic diagram of the experimental apparatus. A laminar, flat flame of CH4 was formed on a 

honeycomb structure. Although most studies of O2/CO2 combustion deal with solid fuels, typically coal, a large part 

of the fuel conversion in the combustion process occurs in the gas phase. In this research, detailed NO reduction 

mechanisms were investigated by flat flame of CH4 doped with NH3 in O2/CO2 combustion with low NOx burner. In 

low-NOx burner, the primary combustion zone operates with fuel-rich condition, with the remaining combustion air 
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injected downstream. To simulate low-NOx burner, the flat flame reactor allowed secondary gases injection by using 

four nozzles attached to a main tube as shown in Figure 2. An O2/CH4 ratio (= (FO2/FCH4)/(FO2/FCH4)st) was used for 

the experimental parameter. F means volume flow rate. Primary and total O2/CH4 ratio (primary and total) were set to 

0.7 and 0.8. The oxygen fraction in recirculated gas (=(FO2/(FO2+FCO2))inlet) was set to 0.23, 0.30 and 0.40, 

respectively. It means inlet CO2 fraction was 0.77, 0.70 and 0.60. In this research, inlet CO2 fraction is CO2 fraction 

in recirculated gas. When inlet CO2 concentration is changed under the same oxygen flow rate, total volume flow 

rate is also changed. Therefore, Argon gas was injected to keep the total flow rate to be constant. Fuel-N content (= 

FNH3/FCH4) was 1.0. The exhaust NOx concentration was measured by a chemiluminescent NOx detector. The excited 

hydroxyl radical (OH
*
) chemiluminescence images of flat laminar flame were acquired  using intensified CCD fitted 

with a 50 mm UV-transmissive lens and an interference filter centered at 306 nm. 

 

 
 

3. Model simulation 

NOx formation and reduction mechanisms were investigated with detailed chemical reaction kinetics. The 

conservation equation for steady honeycomb and steady plug flow reactor were solved using CHEMKIN-PRO [6]. 

The adopted reaction mechanism was a modified GRI-Mech 3.0, which consisted of 53 species and 323 elementary 

reaction steps. When an original GRI-Mech 3.0 is applied, reactions, N + CO2 ⇔ NO + CO, NH + CO2 ⇔ HNO + 

CO and NH + H2O ⇔ H2 + HNO, play an important role in NOx formation. However, many researchers have found 

these reactions to be very slow and unimportant [4,7,8]. In the present work, we have adopted the value for kN+CO2 

proposed by Glarborg et al. [9] that is in agreement with the measurement results. The reaction of NH with CO2 and 

H2O are not considered as well as Ref. [8]. The modified reaction mechanism was verified using our experimental 

results. Mixing area, which is around injection point of secondary gas, was modeled by connecting several gas 

mixers. A measured temperature distribution was used in the calculation. In order to discuss the effect of CO2 

concentration, the same temperature distribution at inlet O2 fraction of 0.23 was used in all calculation. 

4. Results and discussion 

Fig. 3 shows measured OH
*
 axial distribution. OH

*
 concentration increases with an increase in inlet CO2 

concentration. While OH
*
 chemiluminescence measurements cannot, in general, be used to determine 

concentrations of ground-state species, they can be obtained along with numerical modeling. Fig. 4 shows the 

predicted OH concentration distribution. Even though the same temperature is given in calculation, the predicted 

OH concentration appears to be similar to that of measured OH
*
 concentration. It means that inlet CO2 fraction plays 

an important role in OH radical formation. Among the reaction related with OH radicals, the reaction of CO2 + H ⇔ 

CO + OH is most strongly influenced by inlet CO2 fraction as shown in Fig 5. The change of OH radical affects NOx 

reduction characteristics. Fig. 6 and Fig. 7 show measured and predicted NO conversion ratio, respectively. 

Although the predicted values of NO conversion ratio are different from experiment, both experiment and 

calculation show that NO conversion ratio decreases with decreasing inlet CO2 fraction almost linearly. Fig. 8 shows 

predicted N2 mole fraction that is useful to discuss NO suppression effect. An increase in N2 mole fraction means 

that higher NOx formation suppression effect is obtained. Fig. 8 shows N2 formation is inhibited with an increase in 

Fig. 1 Schematic diagram of experimental apparatus Fig. 2 Overview of mixing area 
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inlet CO2 volume fraction. This is because OH radical reacts with NO reduction agents such as N and NH. N2 is 

formed through the NO reduction reactions of N + NO ⇔ N2 + O and NH + NO ⇔ N2 + OH. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Conclusions 

In this research, the effect of CO2 volume fraction in recirculated gas on NO reduction through CO2 reactivity was 

investigated numerically and experimentally. Both experiment and calculation showed OH radical increased with an 

increase inlet CO2 volume fraction because the reaction, CO2 + H ⇔ CO + OH, was strongly influenced by inlet 

CO2 fraction. In fact, inlet CO2 fraction, or inlet O2 fraction, affected not only gas temperature level but also OH 

radical profile through CO2 reactivity. In this research, NO conversion ratio decreased with decreasing inlet CO2 

volume fraction because OH radical reacted with N and NH which were important NO reduction agents. 
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Fig. 3 Measured profiles of OH* 

chemiluminescene 

Fig. 4 Predicted profiles of OH* 

chemiluminescene 

Fig. 5 Predicted reaction rate 

(CO2 + H ⇔ CO + OH) 

Fig. 6 Measured NO conversion rate Fig. 7 Predicted NO conversion rate Fig. 8 Predicted N2 profiles 


