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Abstract 
Methane catalytic combustion over a perovskite-based structured catalyst has been 
studied under experimental conditions relevant to small size gas turbine 
applications (pressure up to 11 bar; temperature up to 1000°C). In particular, the 
effects of pressure and flow rate on ignition and quenching behaviour have been 
investigated. Ignition can be obtained by increasing operating pressure and an 
hysteresis phenomenon is detected by decreasing pressure starting from ignited 
conditions, thus evidencing the existence of a steady state multiplicity region. The 
stead state multiplicity region is a function of the flow rate. In particular, ignition 
pressure increases by increasing the flow rate, while a minimum of the quenching 
pressure is detected by increasing the flow rate, due to the transition from 
extinction to blow out mechanism. Only at the lowest flow rate investigated, no 
ignition is detected, methane conversion continuously increasing up to about 80%. 
This is probably due to a too low residual methane fraction in the gas phase, not 
sufficient to sustain homogeneous reactions.   
 
Introduction 
Catalytic combustion (CC) is a promising technique for high-efficiency clean 
combustion1. Compared with other primary measures of emission control, CC is 
the only technique achieving high combustion efficiency (CO and UHC < 10 ppm) 
and single digit NOx emission (lower than 3 ppm)2, whileavoiding instability 
problems and acoustic/pressure oscillations3. The wide diffusion of CC in power 
and heat production systems has been limitedowing to several issues related to the 
high cost of catalysts, generally based on noble metals, and to the low thermal 
resistance of materials2. As a matter of fact, the use of noble metal catalysts, most 
notably Pd, limits the temperature in the catalytic stage well below 1000 °C, 
because of the metal tendency to volatilize and/or sinter and/or change oxidation 
state into a less active one at temperatures around 700 °C4. The use of other 
catalytic active phases resistant to temperatures of 1000 °C could enable a more 
efficient combustion in the homogeneous zone, resulting in an overall performance 
improvement and/or compactness of the post catalytic stage. A possible alternative 
to noble metals for methane combustion is represented by perovskites5. Dispersion 
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of the active phases on high surface area supports like La-stabilized alumina or La-
stabilized MgO or spinels increasesactivity and thermal stability5.Even though, in 
practical applications, catalytic combustors operate at high pressure (up to 20 bar), 
most of the literature studies have been performed at atmospheric pressure, while 
few studies have been conducted at higher pressures and only on noble metal 
catalysts6-9. This lack of knowledge is more remarkable if the complexity of a 
catalytic process is considered. 
Very recently, we reported experimental results for methane catalytic combustion 
over a 20 % wt LaMnO3/La-γAl2O3 monolith under conditions relevant to small 
size GT applications (pressure up to 12 bar) showing that, as pressure increases, the 
catalyst allows ignition of the homogeneous reaction which guarantees the 
complete fuel conversion10.In this work, we extend our previous study focusing the 
attention on the role of operating pressure on methane conversion, temperature 
profiles, and relevance of homogeneous reaction with respect to heterogeneous 
reaction for flow rate varying in the range of 20-88 slph. 
 
Experimental  
Lean methane combustion under self-sustained conditions 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 1.4 g) was deposed according to the procedure reported in ref. 
11.The monolith was placed between two mullite foams (thermal shields) and 
wrapped in a ceramic wool tape before being inserted intoa cylindrical stainless 
steel reactor. An heating jacket (Tyco Thermal Controls) equipped with a PID 
controller provided for the reactor pre-heating. Two thermocouples were placed 
inside the reactor at the centre of the first thermal shield (or pre-heater) and at the 
centre of the monolith. Moreover, a third thermocouplewas placed close to the 
external steel wall and the heating jacket. Combustion tests were conducted in a 
lab-scale set-up designed to work at pressures up to 12 bar. Experiments 
wereconducted at fixed pre-heating conditions and increasing the pressure from 
approximately 1 bar up to 11 bar.  The mass flow rate was kept constant.The flow 
rate was varied in the range of 20-88 slph.When changing the operating pressure, at 
fixed flow rate, the inlet gas velocity changes. In the investigated conditions, the 
inlet gas velocity varied from 0.02 up to 0.92 m/s. 
 
Results  
Figure 1 shows the ignition pressure and the extinction pressure as functions of the 
total flow rate. The ignition pressure is different form the extinction pressure: a 
steady state multiplicity is obtained11. This result suggests that it is possible to get 
complete methane conversion also at low pressure, provided that the adequate 
choice of initial conditions is made.Increasing the flow rate negatively affects 
ignition which occurs at higher pressure owing to a decrease in contact time10. The 
extinction pressure values exhibits a maximum value of pressure with increasing 
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flow rate, which has to be attributed to the two different mechanisms of quenching: 
extinction and blow-out11. It is fairly well known that, at low flow rates,quenching 
occurs via extinction,owing to the too high heat losses with respect to the heat 
production11. Conversely, at high flow rates, blow-out occurs, which is related to 
the shift of the reaction front downstream up to reachthe outlet of the channel. 
Blow-outis due to the too low residence time12. 

 
 

Figure 1. Ignition and extinction pressure as functions of the total flow rate;O2 = 10%; 
CH4 = 3.7%; N2 = balance. 

 
In order to better elucidate the behavior of the catalytic combustor at ignition, we 
computed the power corresponding to the steady state conditions according to the 
following formula: 

· ∆ ·  
were  is the methane flow rate expressed in mol/s, ∆  is the methane heat 
of combustion expressed in J/mol and  is the steady state methane conversion. 
From the values of the power relative to 31,60and 88 slph, it appears that there 
exists a limiting value of power, approximately3.7 W, allowing ignition. 
 
Conclusions 
The thermal management of a monolithic reactor operated under self-sustained 
conditions and pressures relevant for small-size gas turbines was studied in the 
ranges of pressure 1-12 bar and flow rate 31-88 slph. Results have shown the 
presence of hysteresiswhen assuming the pressure as the operating parameterin 
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conditions at which homogeneous reaction was positively affected by the catalytic 
one (i.e., when the latter thermally stabilizes the former without consuming a 
significant part of the fuel devoted to the gas phase reaction). As the flow rate 
increases, the ignition pressure decreases. Conversely, the trend of the pressure at 
which the reactor shuts down as a function of flow rate exhibits a minimum 
valuethat is due to the occurrence of two different phenomena: extinction and blow 
out. 
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