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Abstract 

Combustion of fossil fuels is typically considered as one of the main responsible of the 

emission to the atmosphere of greenhouse CO2 gas and important atmospheric pollutants, such 

as soot. To go towards a decarbonisation of energy, ammonia has been identified as a 

promising fuel for transport and power applications. Besides technical aspects on NH3 

utilization, a key issue arising from this approach is its proper combustion in relation to the 

minimization of NOx and NH3 emissions in the flue gases. In this context, the present work is 

focused on the analysis of the ammonia conversion process and the formation of main nitrogen 

oxides (NO, NO2 and N2O) over a wide range of temperatures (800-1400 K) and O2 reaction 

environments (different air excess ratios, λ). 

Introduction 

Ammonia (NH3) is reported as a carbon-free fuel for both internal engine combustion and 

industrial gas turbines to face the grand challenge of Climate Change. To go further on the 

implementation of this alternative fuel, besides the technical issues on the given technologies, 

there exists the necessity of increasing the knowledge on its combustion process and, 

particularly, on pollutant emissions [1]. There are some fundamental studies in the literature 

addressing the conversion of NH3 in different reactors and under different experimental 

conditions of temperature and pressure (e.g. [2-4]). From these works, it can be drawn that the 

formation of a specific pollutant (NO, NO2 or N2O) from NH3 conversion depends strongly on 

the given experimental conditions considered. Therefore, there is a clear need of extending the 

experimental work of ammonia oxidation to increase the knowledge on how burning ammonia 

with minimum emissions. 

In this context, the present work accomplishes an experimental and modelling study, at 

atmospheric pressure, of the conversion regime of ammonia at different operating conditions 

(temperatures and stoichiometries) of interest for combustion applications. 

 
Methodology 

Experiments are performed at atmospheric pressure in a laboratory tubular flow reactor, 

covering the temperature range of 800 to 1400 K and for different air excess ratios (from 

pyrolysis to very oxidizing conditions). The air excess ratio (λ) is defined as function of 

reaction (r.1). 

NH3 + 
3

4
O2 ↔ 

1

2
 N2 + 

3

2
 H2O (r.1) 

Specifically, the study includes the analysis of the conversion of NH3 (0.1 %) at λ = 0, 0.75, 2, 

5, 11 and 22, using N2 as bath gas. A detailed description of the experimental installation can 

be found in [5]. The analysis of the product gas is performed by means of a gas chromatograph 

equipped with TCD detectors and continuous infrared NO and chemiluminescence NOx 

analyzers.  
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The experimental results are used to update a gas-phase chemical kinetic mechanism for 

describing NH3 oxidation process. This mechanism is based on previous works by the authors 

[6] and the software used for calculations is Chemkin. The mechanism is being updated in 

relation to the recent review of Glarborg et al. [7] on the modeling of nitrogen chemistry in 

combustion. 

Results 

Figures 1 and 2 show, respectively, the conversion of NH3 and the formation of H2 and NO 

(ppm) as function of the reaction temperature and for the different air excess ratios considered. 

In this study, neither NO2 nor N2O were detected at any of the conditions analyzed. 
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Figure 1. Conversion of NH3 as a function of the reaction temperature for λ=0 to λ=22. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Concentration (ppm) of H2 and NO as a function of the reaction temperature for λ=0 

to λ=22. 

 

First results indicate that the oxygen availability is a key factor in the process. The higher the 

O2 level in the reaction environment, the lower the temperature necessary for the complete 

conversion of NH3. However, the excess of O2 favors the formation of NO, as compared with 

oxygen-lean conditions. The maximum yield to NO is attained at around 1375 K for oxidizing 
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conditions, with a value lower than 7 %. H2 was only detected for λ≤2, and shows an 

increasing concentration tendency when the deficit of oxygen increases. 

Conclusions 

This work is being performed on the basis of contributing to broader the knowledge on the 

environmentally friendly use of NH3 as an alternative to carbon-based fuels in different energy 

applications. 

First results indicate that the oxygen availability is a key factor in the process that prompts the 

complete conversion of NH3, but also the formation of NO. Nor NO2 neither N2O were 

quantified at any of the conditions of the present work.  Additionally, the experimental results 

are used to develop/update a reaction kinetic mechanism for describing the conversion of 

ammonia under a variety of operating conditions.  
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