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Abstract 

The aim of this work is to experimentally investigate the impact of CO2 (up to 
30%) on methane combustion over a perovskite based monolith at pressure up to 8 
bar and under pseudo self-sustained conditions. Catalytic tests were performed by 
varying the pre-heating temperature and the operating pressure. Profiles of 
temperature and main species concentration were recorded.  The results show that 
the reactor operative window is strongly sensitive to the operating pressure, the 
pre-heating temperature and the CO2 content. At a fixed value of the pre-heating 
temperature, an increase of  the CO2 content causes an increase of the ignition 
pressure. Moreover, at fixed pressure, the addition of CO2 causes a slowing of the 
heat accumulation mechanism and, consequently, a longer time is needed to get 
ignition. This fact could be likely assigned both to the high heat capacity and to the 
chemical role of CO2 whose adsorption at low-medium temperatures affects 
methane combustion kinetics. However, under ignited conditions, the surface 
temperature increases with increasing CO2 content. We attributed this behaviour to 
the reduced heat removal from the surface due to the decrease in the thermal 
diffusivity of the gas mixture.  
 
Introduction 

CO2 capture and sequestration (CCS) has received great attention during the last 
years. Among the CCS strategies, oxy-fuel combustion at near stoichiometric 
oxygen conditions is considered as one of the most promising technologies, since it 
does not involve dilution with nitrogen and the exhaust stream is almost 
exclusively constituted by H2O and CO2, thus significantly reducing the cost of the 
CO2 capture [1]. In order to keep the temperature at acceptable levels, CO2 and/or 
H2O are used as diluents by recycling a considerable part of the product stream. 
However, the obtained blends are poorly reactive and some issues related to the 
high specific heat and radiative properties arise. As a consequence, a careful design 
of  the turbine combustor is mandatory [1]. As a matter of fact, the high dilution of 
the feed stream with CO2 and H2O inhibits homogeneous combustion, leading to an 
increase in the lean blow-out limit of more than 150 K, as compared to the results 
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obtained with air [2]. Griffin et al. [2] also showed that high dilution with H2O and 
CO2 leads to an incomplete burnout of the combustion intermediate CO, lowering 
combustion efficiency and increasing pollutant emissions.  
Recently, it has been showed that the use of CH4/O2/CO2 mixtures, even at high 
CO2 concentrations, imposes serious consideration to safety issues and, in 
particular, those associated with the phenomenon of Combustion-induced Rapid 
Phase Transition (cRPT) [3].  
In order to overcome technological (flame stabilization, combustion efficiency) and 
safety (cRPT) issues, catalytic combustion, which is characterized by high 
combustion efficiency also beyond the flammability limits, could be a valid 
alternative to burn methane also under oxy-fuel conditions. However, in the 
literature, the papers devoted to the study of CH4/O2/CO2 mixtures in the presence 
of a catalyst are very limited. In this work, we study the impact of the presence of 
CO2 (up to 30%) on methane combustion over a perovskite based monolith at 
pressure up to 8 bar and under self-sustained conditions.  
 
Experimental  

Lean methane combustion under self-sustained conditions in the presence of CO2 
was performed over a 20 wt % LaMnO3/La-γ-Al2O3 catalyst supported on 900 cpsi 
honeycomb cordierite monolith (NGK) in a shape of cylinder (length, 50 mm; 
diameter, 11 mm).  The catalyst (about 1.35 g) was deposed according to the 
procedure reported in ref. [4]. The monolith was placed between two mullite foams 
(thermal shields) and wrapped in a ceramic wool tape before being inserted into a 
cylindrical stainless steel reactor. A heating jacket (Tyco Thermal Controls) 
equipped with a PID controller provided for the reactor pre-heating. Six 
thermocouples (T1-T6) were inserted in the reactor both in the catalytic section and 
in the inlet/outlet sections in order to measure the overall axial temperature profile. 
In particular, three thermocouples  were positioned at 5 mm from the inlet of the 
monolith (T3), at the middle (T4) and at 5 mm to the end of the monolith (T5). 
Moreover, T1, positioned in the inlet duct, measured the temperature of the 
incoming cold gasses and T6, positioned in contact to the second thermal shield, 
measured the temperature of the hot gasses leaving the reactor. Finally, another 
thermocouple (T2) was inserted at the middle of the first thermal shield. 
Combustion tests were conducted in a lab-scale set-up designed to work at 
pressures up to 12 bar and described in ref. [4]. The adopted conditions are 
summarized in Table 1. In all the tests, the mass flow rate was kept constant; as a 
consequence, by changing the operating pressure, the inlet gas velocity was 
changed.  
 
 
 
 

Table 1. Operative conditions adopted for the experimental campaign. 
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Pre-heating temperature, °C 550-600 
Pressure, bar 1-8 
Q, slph 60 
y°m 3% 
y°o 10% 
y°c 0%-30% 

 

Results 

In figure 1, the results in terms of ignition pressure as a function of  y°c  were reported for 
the three temperatures investigated.  In the case of the lowest temperature, only the CO2-
free mixture ignites at pressure of at least 7 bar, while the mixture containing 5% CO2 
shows conversion lower than 15%  in the whole range of pressures investigated. By 
increasing the temperature (from 550 to 575°C), in the absence of CO2, ignition was 
reached at a lower pressure (i.e., 6 bar); moreover, also the mixture with y°c= 5% ignites 
(minimum ignition pressure: 6.5 bar), while conversions lower than 20% were obtained 
with the higher level of CO2 (30%). Only at 600°C, the mixture with y°c= 30% ignites at 6 
bar, while the other two blends ignite at 4 bar.  

 
 

Figure 1. Minimum ignition pressure as a function of the CO2 content and 
parametric in the operative temperature. 

 
The above results clearly demonstrate that CO2 negatively affects the performance 
of the monolithic reactor with a different extent depending on its content and on the 
operative temperature.  
In order to highlight the different behaviour of the system in the presence/absence 
of CO2, figure 2 shows the temperature as a function of time on stream during 
ignition transient at 4 bar and 600°C. 
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Figure 2. Temperature as a function of time on stream during ignition at 4 bar: (a) 

0% CO2; (b) 5% CO2 
 
Ignition is qualitatively similar in both cases. Temperature and conversion continuously 
increase thanks to heat accumulation during the so-called run-away phase. A steeper 
increase in conversion  (up to 100%)  is obtained together with the first peak of temperature 
(i.e., of T5), indicating that a reaction front is established where the most part of the fuel is 
converted. Progressively this front moves upwards, as demonstrated by the further peaks of 
temperature at the centre of the monolith (T4) and finally of T3. The reaction front is likely 
positioned slightly upwards of the measurement point of T3, i.e., close to the inlet of the 
monolith. 
Notwithstanding, some differences are present: first of all, in the case of CO2 addition, A 
longer transient (140 min instead of 40min) and a slower heat accumulation phenomenon 
are noted together with lower conversion (i.e., temperatures) in the run-away phase. 
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However, once 100% methane conversion is reached, the temperature peaks are higher of 
approximately 30°C in the presence of carbon dioxide. These two counter-acting 
behaviours must be addressed to the chemical and transport properties of CO2. As a matter 
of fact, in the runaway phase, the temperatures could be lower both for two concurrent 
effects: i) the higher heat capacity of CO2 with respect to N2; ii) the non-negligible 
adsorption of CO2 at temperature up to 600-700°C, which could repress methane 
combustion kinetics. On the other hand, the lower thermal diffusivity of carbon dioxide 
with respect to nitrogen causes a slower heat removal from the catalytic surface, thus 
explaining the higher temperatures measured when methane is completely converted in the 
presence of CO2.  
 
Conclusion 
The results reported in this work demonstrate that the addition of CO2 negatively affects the 
operating map of a perovskite based monolithic reactor, increasing the ignition pressure. 
This effect is strongly dependent on the operative temperature and on the carbon dioxide 
content. Also at the higher temperature investigated, it has been verified that, in the 
presence of CO2, the ignition transient is longer since the heat accumulation mechanism is 
repressed due to the slower kinetics and higher heat capacity of the mixture. The lower 
thermal diffusivity of carbon dioxide is responsible for the higher catalytic surface 
temperatures. Nevertheless, catalytic combustion can be successfully carried on also in the 
presence of CO2 by using more severe conditions to get ignition. 
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�omenclature 
y°          initial molar fraction  
Q         total volumetric flow rate 
 
Subscripts 
m  methane 
o  oxygen 
c             carbon dioxide   
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