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A B S T R A C T   

The present work addresses the impact of the presence of both CO and NO during the conversion of NH3 using 
CO2 or N2/Ar as bath gas, which would correspond to oxy-fuel or conventional air fuel combustion processes 
respectively. The variation of temperature and oxygen excess ratio is studied in a flow reactor setup at atmo
spheric pressure. Experimental results have been simulated with a literature detailed kinetic mechanism and the 
main observations have been discussed. The main results indicate that the effect of the presence of CO is less 
important than in other reactive systems. Conversion of NH3 is almost insensitive to the presence of CO, and the 
temperature regime for NH3 conversion is only significantly affected under fuel-lean conditions. The present 
results extend the experimental database on ammonia conversion, for different mixtures and conditions, and 
contribute to evaluate the possibilities of improving the ignition of this compound.   

1. Introduction 

Ammonia is gaining a considerable interest in the recent years, both 
as a carrier gas but also as carbon free fuel e.g., [1–4]. Nowadays, pro
gressive decarbonisation of the society is a must and ammonia may help 
and play a crucial role. Compared to hydrogen, the use of ammonia 
exhibits advantages, such as the fact that it does not contain carbon in its 
composition and that is worldwide available because of its extensive use 
mainly in the fertilizer industry and also in other applications. Addi
tionally, ammonia can ideally be burned producing molecular nitrogen 
and water as products. However, in the practice, it is likely that 
ammonia will produce nitrogen oxides from its oxidation, mainly nitric 
oxide under combustion conditions e.g., [5–8]. 

A number of strategies and mixtures for the use of NH3 as combus
tible are being considered nowadays, such as oxy-fuel combustion pro
cesses, which are addressed in the present work by the consideration of a 
high CO2 environment. Biogas may contain significant amounts of NH3 
additionally to CO2, and thus both components can be present together 
within the combustion device if biogas is used as a fuel. Previous works 
have concentrated on the effect that high amounts of CO2 may imply in 
the conversion and oxidation of nitrogen species, such as NH3 and its 
mixtures [9–12] or HCN [13,14]. Also, the presence of CO2 may affect 
the formation of pollutants. CO2 in high concentrations may change the 
global concentration of the radical pool, as well as the specific concen
tration of the different O and H containing radicals. One of the more 
relevant reactions involving CO2 under combustion conditions is:  

CO + OH ⇌ CO2 + H                                                                    (r1) 

(r1) is a chain propagating reaction which converts OH radicals into 
H radicals. H radicals react effectively with oxygen through:  

O2 + H ⇌ O + OH,                                                                       (r2) 

which would contribute to replenish the radical pool. In the presence of 
high amounts of CO2, the reverse reaction, i.e. CO2 + H ⇌ CO + OH 
(− r1), can be relevant. The occurrence of (− r1) may act to limit the 
radical pool because it competes with (r2), a chain branching reaction, 
and the global result is the diminution of the conversion of reactants. In 
this context, the joint presence of significant amounts of CO, coming 
either from the CO2/CO equilibrium or from the incomplete combustion 
of carbon fuels in NH3/hydrocarbon mixtures, may also have an effect. 

Literature works have addressed the impact of the presence of either 
CO2 or CO in the conversion of reactants e.g. [15–17], and the authors 
indicate a complex interaction of those species with the radical pool, 
interaction that is very dependent on the specific experimental 
conditions. 

Complexity of the interactions may increase in the presence of NO, 
which can originate from the oxidation of NH3 in significant amounts. 
NO is known to be an important sensitizing agent e.g. [18–21], and can 
also interact with NH3 through selective non-catalytic reactions (SNCR) 
e.g. [22–26], which may be affected by the presence of significant 
amounts of CO and/or CO2 e.g. [27,28]. 
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In this context, the present work aims to perform a systematic study 
of the presence and impact of CO, CO2 and NO on NH3 oxidation. 
Additionally, the impact of the different operating conditions on NO 
reduction is evaluated. The results may be of interest for practical ap
plications of oxy-fuel combustion of NH3, biogas combustion and for NO 
minimization strategies while using NH3 as a carbon free fuel. The 
experimental results obtained are simulated with a literature mechanism 
and the main observations and findings are discussed. 

2. Experimental methodology 

Experiments of NH3 oxidation at atmospheric pressure and different 
temperatures have been performed in the absence and presence of CO2, 
CO and NO, in an experimental set-up, that has been been used with 
success in a number of works. The setup includes a tubular quartz flow 
reactor, and its detailed description can be found elsewhere e.g. [10,29]. 
Reactants (NH3, CO, NO, O2 and H2O), diluted either in a CO2/Ar or a 
N2/Ar atmosphere, are fed from gas cylinders using mass flow control
lers. Water is fed by saturation of a N2 or Ar stream. Since similar results 
are obtained when using N2 and Ar for similar conditions [30], no sig
nificant influence of using either N2 or Ar to balance is expected. When 
possible, Ar has been used as bath gas, with the aim of quantifying the 
amount of molecular nitrogen formed from NH3 and NO with precision, 
so nitrogen balances can be done. Gases are directed to the reaction zone 
through four heated separate streams, as in Alzueta et al. [31], to avoid 
previous interaction of reactants. Then, the four streams are mixed at the 
entrance of reaction zone. The reaction zone has an internal diameter of 
0.87 cm and a length of 20 cm. The reactor is situated within an elec
trical furnace which allows us to reach temperatures up to 1500 K with a 
flat temperature profile within ±5 K, by means of three independently 
heated resistences. At the outlet of the reaction zone, reaction is 
quenched by external air with no contact with the outlet gases. The 
outlet stream is led to the analysis system, where the gas products are 
analyzed using a gas micro-chromatograph which includes thermal 
conductivity detectors for NH3, O2, H2, N2 and N2O quantification, and 
continuous infra-red analyzers for NH3, NO, NO2, and N2O. Uncertainty 
is estimated to be 5 %, and not less than 5 ppm for the continuous an
alyzers and 10 ppm for the micro-chromatograph [8]. Additionally, the 
error has been calculated according to the standard pooled deviation of 
the data (the square root of the sum of the squares of the error), where 
the error does not depend on the temperature in the interval considered 
and it is an estimator of the experimental error associated with the 
oxidation of NH3. The pooled standard deviation has been calculated as 
±10 ppm. 

Table 1 includes a description of the experimental conditions of the 
experiments. The experiments are performed at atmospheric pressure in 
the temperature range of 700–1450 K. The flow rate used is approxi
mately 1 L (STP)/min, which results in a residence time (tr) expressed as 
a function of temperature, as shown in Tables 1 and 2. The stoichiom
etry, i.e. oxygen excess ratio, (λ) is defined as the ratio between the 

oxygen available for reaction and the stoichiometric oxygen, in the 
following reaction:  

NH3 + 0.75 O2 → 0.5 N2 + 1.5 H2O                                                 (r3) 

In Table 1, experiments 1, 5, 8 and 11 are performed using nitrogen 
as bath gas and have been taken from the work of Abián et al. [8]. Those 
experiments include the variation of the oxygen excess ratio during the 
oxidation of NH3 in the absence of CO. Experiments done using CO2 as 
bath gas but also in the absence of CO, have been taken from the work of 
Alzueta et al. [10], sets 2, 6, 9 and 12 of Table 1, and set 1 from the work 
of Alzueta el al. [32]. In the present work, we have done experiments 
using CO2 as bath gas in the presence of approximately 1000 ppm CO, 
and correspond to sets 3, 7, 10 and 13 of Table 1. Additionally, we also 
performed one experiment in which the concentration of CO was 
doubled to approximately 2000 ppm, set 4 of Table 1. 

Table 2 reports the conditions for the experiments performed in the 
presence of NO. In this case, only experiments with CO2 and argon as 
bath gas, representative of oxy-fuel or biogas combustion, have been 
included. For comparison with experimental results obtained in the 
study of NH3/NO mixtures in the absence of CO [10], sets 2, 4 and 6 of 
Table 2, we have done experiments in the presence of both CO and NO, 
sets 1, 3, 5, and 7 of Table 2. New performed experiments in the present 
work are denoted as “pw” (present work) in both tables. 

3. Kinetic modelling 

Simulations have been performed with a mechanism that was 
updated to simulate NH3-CO mixtures [33]. No additional changes have 
been made to the mechanism in the present work. The mechanism is 
based on the reaction mechanism proposed by Glarborg et al. [26], and 
includes updates related to the amine chemistry based on the works of 
Stagni et al. [7], Glarborg and coworkers [34–38], and the authors 
[8,11]. As will be shown later, reaction pathways of NH3 conversion 
under the conditions of the present work in the presence of both CO and 
CO2 are similar to those found during the conversion of NH3/CO2 mix
tures [33]. 

The Chemkin-Ansys sofware [39] has been used for calculations, 
choosing the PFR model. Thermodynamic data have been taken from the 
same sources as the different kinetic sub-mechanisms, and the rate 
constants for the reverse reactions were computed from the forward rate 
constants and the equilibrium constants. 

4. Results and discussion 

The presence of high amounts of CO2, as happens during oxy-fuel 
combustion or biogas combustion, can affect the oxidation behavior of 
species. CO2 modifies the radical pool since it competes with O2 for 
hydrogen radicals through:  

CO2 + H ⇌ CO + OH                                                                   (-r1) 

Table 1 
Experimental conditions of the experiments in the absence of NO. pw denotes present work.  

Set NH3 (ppm) NO (ppm) CO (ppm) O2 (ppm) H2O (%) CO2 (%) Ar (%) N2 (%) λ tr (s) Source 

1 1149 0 0 0 0 0 0 99.89 0 195/T(K) [21] 
2 1084 0 0 0 0 99.90 0 0 0 195/T(K) [32] 
3 1113 0 1132 0 0 85.00 14.78 0 0 195/T(K) pw 
4 1052 0 1965 0 0 96.70 3.00 0 0 180/T(K) pw 
5 971 0 0 298 0 0 0 99.89 0.41 195/T(K) [21] 
6 923 0 0 231 0.6 74.28 25.00 0 0.33 195/T(K) [10] 
7 1024 0 1071 417 0 82.20 17.50 0 0.32 177/T(K) pw 
8 976 0 0 780 0 0 0 99.82 1.06 195/T(K) [21] 
9 906 0 0 793 0.6 74.22 25.00 0 1.17 195/T(K) [10] 
10 1080 0 1158 1250 0 77.50 22.13 0 1.05 177/T(K) pw 
11 885 0 0 3517 0 0 0 99.56 5.30 195/T(K) [21] 
12 1159 0 0 2898 0.6 74.03 25.00 0 3.33 195/T(K) [10] 
13 1030 0 1110 6250 0 46.80 52.47 0 5.15 175/T(K) pw  
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O2 + H ⇌ OH + O                                                                        (r2) 

Both reactions produce OH radicals, which are important for the 
initiation of NH3, e.g.:  

NH3 + OH ⇌ NH2 + H2O                                                              (r4) 

While (r2) is a chain branching reaction, that can be followed by 
reaction O + H2O ⇌ OH + OH (r5) which increases the concentration of 
the active OH radicals, (− R1) is chain propagating, thus keeping the 
concentration of radicals. As a consequence of this, the presence of CO2 
may strongly determine the maximum concentration of the radical pool 
that can be achieved. 

On the other hand, the presence of high amounts of CO, both pro
duced during the combustion of carbon fuels and from the CO/CO2 
equilibrium, may play as well a role in the conversion of NH3. Under 
combustion conditions, CO is mainly consumed through (r1), followed 
by reaction (r2); and therefore the concentration of OH radicals is 

determined by the extent of CO oxidation. The presence of CO is known 
to act as a promoter of combustion because of the sequence (r1) → (r2) 
→ (r5) e.g. [20,38]. 

In the presence of high amounts of CO2, reaction (r1) is limited 
because of the minor availability of OH radicals because reaction (r2), 
followed by (r5), are partly limited because of the occurrence of reaction 
(r1) in the reverse direction, i.e. (− r1). 

The effect of high CO2 concentrations mainly results in a significant 
inhibition of CO conversion, both in the absence and presence of water 
vapor. Therefore, the joint presence of significant amounts of CO and 
CO2 together may produce different behaviors depending on the relative 
proportion of these species and the presence of other reactants, as NH3 in 
the present work. 

Fig. 1 (a, b, c) shows the concentration profiles of NH3, CO and O2 for 
the different oxygen excess ratios studied (λ = 0, 0.32, 1.05, and 5.15) as 
a function of temperature in a CO2/Ar atmosphere. Experimental results 
are represented by symbols and model calculations by lines. Addition
ally, Fig. 1d includes comparison of the normalized NH3 concentrations 

Table 2 
Experimental conditions of the experiments in the presence of NO. pw denotes present work.  

Set NH3 (ppm) NO (ppm) CO (ppm) O2 (ppm) H2O (%) CO2 (%) Ar (%) N2 (%) λ tr (s) Source 

1 1002 997 996 0 0  75.0  24.70 0 0 174/T(K) pw 
2 1125 1005 0 281 0.6  74.16  25.00 0 0.33 195/T(K) [32] 
3 1067 915 1039 443 0  72.00  27.65 0 0.33 174/T(K) pw 
4 1177 1010 0 1030 0.6  74.10  24.98 0 1.17 195/T(K) [32] 
5 1082 933 1076 1450 0  77.00  22.55 0 1.13 176/T(K) pw 
6 1122 995 0 2805 0.6  73.94  24.97 0 3.33 195/T(K) [32] 
7 974 970 945 6605 0  73.00  27.95 0 5.50 174/T(K) pw  

Fig. 1. NH3 (a), CO (b) and O2 (c) concentration profiles versus temperarure for different oxygen excess ratios, in the presence of around 1000 ppm CO in a CO2/Ar 
atmosphere, and normalized NH3/NH3 inlet (d) for two different CO concentrations. Sets 3, 7, 10, 13, and 4 of Table 1. 
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for two different CO concentrations, one double of the other. No 
appreciable formation of nitrogen products other than N2 is found under 
the studied conditions, which coincides with model predictions. 

Conversion of NH3 occurs at lower temperatures as the stochiomety 
is increased, even though under the studied conditions, only full con
version of NH3 is found at the highest oxygen excess ratio of λ = 5.15 and 
temperatures around 1450 K, Fig. 1a. Similar observations can be done 
for CO and O2 (Fig. 1b and 1c respectively), where only an appreciable 
conversion of O2 and CO is seen above 1400 K. 

The effect of the CO concentration is also negligible under the 
studied conditions, Fig. 1d, where doubling the CO concentration does 
not produce any significant influence on NH3 conversion. 

If we compare the impact of the presence of CO during the com
bustion of NH3 under high CO2 concentrations, we can see that, in 
general, is significant. Fig. 2a and b show respectively the comparison of 
the results obtained both in the absence and presence of approximately 
1000 ppm CO on the conversion of NH3 in the Ar/CO2 environment. 
Comparison of Fig. 2b with Fig. 2a further allows to see the impact of a 
N2/CO2 atmosphere compared to Ar. 

In general, it is seen a very little impact of the presence of CO under 
pyrolysis conditions independently on the bath gas (Ar or N2, in the 
presence of not of water vapor), coinciding with what was observed in 
the works of Benés et al. [30] and Alzueta et al. [32] for the pyrolysis and 
oxidation of ammonia respctively. For oxygen excess ratios of λ = 0.3 
and higher, the presence of CO and the increase in the oxygen avail
ability result in a promotion of NH3 conversion compared to the absence 
of CO. This happens both in the CO2/Ar and N2 atmospheres, slightly 
more pronounced in the presence of CO2. This indicates the importance 
of the radical pool concentration and speciation driven by the local 
conditions of NH3 combustion, as well as the complex interaction of 
radicals with CO, CO2, H2O and NH3, which regulates the conversion 
process. The main general reaction pathways for NH3 conversion are 
found to be the same as in previous works [33]. 

NH3 oxidation is known to be initiated by reaction with OH radicals, 
NH3 + OH ⇌ NH2 + H2O (r4). (r4) generates NH2 radicals, which can 
further evolve either to N2 or to NO, i.e.:  

NH2 → NH → N2                                                                           (r6)  

NH2 + O2 ⇌ NO + H2O                                                                 (r7) 

Since NO is likely formed from NH3 oxidation at the high tempera
tures of combustion, e.g. (r7), the study of the presence of NO in the 
NH3/CO/CO2 system is of interest. Under these conditions, the inter
action between NH3 and NO may occur through reactions representative 
of the selective non-catalytic reaction (SNCR) process, i.e.:  

NH2 + NO ⇌ N2 + H2O                                                                 (r8)  

NH2 + NO ⇌ NNH + OH                                                               (r9 

These SNCR reactions are favored under oxygen excess conditions 
and intermediate temperatures e.g. [1,19,22,24,25]. 

Therefore, in the present work, we have done experiments adding 
approximately 1000 ppm of NO to the NH3/CO/CO2 system, as seen in 
Table 2. While NO is an undesired outcome of burning NH3, the joint 
presence of NH3 and NO may become an opportunity for the minimi
zation of NO if present. Interaction between NH3 and NO may result in 
the reduction of around 80 % of the NO emission under given conditions 
e.g. [40]. These high reduction percentages may vary, mostly diminish, 
depending on the specific temperature and local O2 conditions. The 
maximum NO reductions by NH3 in the SNCR or Thermal DeNOx process 
occur under excess oxygen conditions and temperatures around 
1000–1200 K e.g. [24–26]. An advantage of this reduction mechanism is 
that it proceeds mole to mole, so a small fraction of NH3 is very effective 
to reduce NO. In previous works [11,28,32] we analyzed the reduction 
of NO by NH3 under a variety of conditions, both in conventional and 
oxy-fuel combustion systems, and the main results indicate that pres
ence of NO acts to promote NH3 conversion under fuel-rich conditions, 
with an effective reduction of NO through SNCR reactions also under 
these conditions. Under oxy-fuel combustion conditions, the presence of 
NO inhibits the conversion of NH3 compared to the air conventional 
conditions, which can be a drawback for the application of oxy-fuel 
combustion to burn NH3 or NH3 mixtures. 

However, compared to the results in the absence of CO [32], the 
presence of NO has been found, in the present work, to exhibit a 
different behavior. In our previous work, we found that, in the absence 
of CO, NO acted to promote NH3 conversion under fuel-rich conditions, 
while it inhibited NH3 conversion as the O2 availability increased. This is 
clearly not seen in the presence of significant amounts of CO, which 
seem to smooth the observed behaviors. This occurs because CO acts to 
increase the O/H radical pool through the following chain branching 
sequence: CO + OH ⇌ CO2 + H (r1) followed by H + O2 ⇌ OH + O (r2) 
and O + H2O ⇌ OH + OH (r5). 

Fig. 3 (a,b,c,d,e) shows the results of NH3, CO, O2, NO and N2 in the 
presence of 1000 ppm of CO and a similar value of the concentration of 
NO. Even though it is not shown, also small amounts of H2 are produced 
under the studied conditions, lower than 25 ppm in any case. The pre
sent results indicate that NO acts to boost significantly the conversion of 
NH3 and that of CO to CO2, compared to the results in the absence of NO 
(Fig. 1) for the fuel-leaner conditions considered. However, no signifi
cant promoting effect of NO is found for stoichiometric and 

Fig. 2. Comparison of the NH3 profiles in the absence (open symbols) and the presence of 1000 ppm CO (solid symbols) for the different oxygen excess ratios 
considered and as a function of the temperature. Experiments in the absence of CO in Fig. 2a are performed with Ar as bath gas (Sets 2, 3, 6, 7, 9, 10, 12, and 13 of 
Table 1), while in Fig. 2b, the bath gas is N2 (Sets 1, 2, 5, 7,8, 10, 11 and 13 of Table 1). 
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substoichiometric conditions, contrarily to what was observed in the 
absence of CO [32]. The model used for calculations, represented as 
lines, does reproduce, in general, the experimental observations. 

It is interesting to remark that the promoting effect of an undesired 
pollutant as NO brings a positive outcome for the use of NH3 as a fuel, at 
least under oxidizing conditions. The inevitable formation of NO will 
help to decrease the ignition temperature of NH3, which is one of the 
main drawbacks for using NH3 as a fuel. Additionally, since NH3 will be 
combusted under overall air excess conditions, both formation and 
reduction of NO will occur, and interesting synergies will likely happen. 

For the leanest oxygen excess ratio tested, i.e. λ = 5.5, NH3 conver
sion starts at approximately 1200 K and reaches full conversion around 
1250 K. The NH3 conversion onset coincides with the decrease in CO, O2 
and NO concentrations, and it is quite well predicted by the model. It is 
remarkable that the reduction of NO reaches its maximum value at 
approximately 1200 K, coinciding with the decrease of NH3, with 

around 80 % conversion, and decreases as temperature increases. NO 
reduction is over 60 % at the highest temperature studied, 1450 K. 

As seen in Fig. 3e, the main nitrogen species formed during the 
combustion of the mixtures studied is molecular nitrogen, which is 
confirmed by the model. 

Similarly to what has been shown in Fig. 2 in the absence of NO, we 
can observe the effect of the presence of CO while burning mixtures of 
NH3 and NO under high CO2 concentrations. Since bath gas was found to 
have a negligible effect on the results, Fig. 4 does not make a difference 
between argon or nitrogen as balance gas, and includes the concentra
tion profiles of NH3 for different oxygen excess ratios as a function of 
temperature both in the absence and presence of CO, with a NO con
centration of approximately 1000 ppm in every experiment. We can see 
that the effect of the presence of CO is almost negligible for the richest 
oxygen excess ratios up to a value of λ ~ 1. Only for the leanest oxygen 
excess ratios considered, λ = 5.50 in the presence of CO or 3.33 in the 

Fig. 3. Concentration profiles of NH3 (a), CO (b), O2 (c), NO (d) and N2 (e) versus temperature for different oxygen excess ratios in the presence of 1000 ppm CO and 
1000 ppm NO in a CO2/Ar atmosphere. Sets 1, 3, 5, 7 in Table 2. 

M.U. Alzueta and I. Salas                                                                                                                                                                                                                     



Fuel 366 (2024) 131297

6

absence of CO, a difference between NH3 profiles can be observed, with 
a clear promotion of the NH3 conversion in the presence of CO. In the 
latter case, full conversion of NH3 is achieved above 1300 K while this 
happens above 1450 K in the absence of CO (not reached in the present 
experiments). The observed effect of CO on the promotion of NH3 con
version is lower than in the absence of NO, See Fig. 2. The reason is that 
CO consumes H radicals, through the dominance of reaction CO2 + H ⇌ 
CO + OH (− r1) under rich conditions, while only when O2 availability is 
high, competition with O2 + H ⇌ O + OH (r2) starts to feed the radical 
pool and contributes to the promotion of NH3 oxidation. Additionally, 
NO participates in a number of reactions with the radical pool which 
limit their availability to interact with CO, diminishing thus the pro
moting effect of CO. It has to be mentioned that even though the con
ditions compared are not exactly equal in stoichiometry (λ = 5.5 in the 
presence of CO and 3.33 in the absence of CO), probably this variation in 
λ does not make a significant difference related to the main observations 
and trends obtained, but only on the specific values of the concentra
tions, following the observations of similar studies e.g. [8,11] and model 
calculations. 

In order to further evaluate the good performance of the experi
ments, as well as to know if the species measured are the right ones, we 
have done carbon and nitrogen balances in the different experimental 
results. The carbon balances include CO and CO2 and have closed in all 
cases at around 100 % and thus are not shown. The nitrogen balances 
close also very well, even though small discrepancies are observed. 
Fig. 5 shows, as an example, the nitrogen balance for the experiments 
including NO. Species included in the balance, both in experiments and 
in model calculations, are: NH3, NO, and N2. N2O, NO2, HCN or HNCO 
are not included because those species have not been detected in 
appreciable quantities at any condition. As seen in Fig. 5, the nitrogen 
balance overall closes very well, with small discrepancies for the highest 
oxygen excess ratio studied. The good agreement between experimental 
results and calculations indicates that the species quantified are clearly 
the dominant ones, and that N2O is negligible. There is a certain 
discrepancy in the literature in relation to N2O: it has been reported to 
be significant in some works [41,42], mainly in flames, while other 
works have found it as negligible e.g. [43] and in the present work. 

5. Conclusions 

The impact of using either oxy-fuel or air combustion conditions on 
the conversion of NH3/CO mixture on the conversion of NH3 and for
mation of products has been studied from experimental and simulation 

study points of view. The study has been performed at atmospheric 
pressure under carefully controlled conditions, varying important vari
ables such as temperature and oxygen excess ratio and NH3/CO ratio for 
given conditions. Also, the impact of the presence and concentration of 
NO has been evaluated in both the CO2 or the Ar/N2 scenarios, repre
sentative respectively of oxy-fuel and air combustion conditions. The 
experimental results have been interpreted with an updated literature 
detailed chemical-kinetic mechanism. 

The difficulty of NH3 ignition has been observed under the studied 
conditions, independently of the presence of either or both CO and NO. 
Conversion of NH3 is only significant under fuel lean conditions under 
the conditions of the present work. Variation of the CO concentration 
has an insignificant effect on the conversion of NH3. 

The presence of NO during the conversion of NH3/CO/CO2 mixtures 
has a strong impact only under lean conditions, where the NH3 con
version is significantly shifted to lower temperatures in the presence of 
NO. Under these conditions, NO is significantly reduced around 80 % 
through SNCR reactions. Almost no effect of the presence of NO is found 
for stoichiometric and fuel-rich conditions, indicating little or no inter
action between NH3 and NO under these conditions. 

In the presence of CO, little differences of the CO2/Ar or N2/Ar 
environment have been found under the studied conditions, lower than 
what was found in the absence of CO in literature works. 

Similarly to what was observed in the absence of CO, no significant 
direct interaction of NH3 and CO or CO2 has been found for the low 
concentrations of reactants used in the present experiments, since no 
HCN of HNCO are found as final products. Other species such as N2O or 
NO2 have not been either detected in appreciable concentrations. 

The literature detailed kinetic mechanism used in calculations is able 
to reproduce the main trends observed experimentally, as well as the 
NH3 and products concentration profiles. 
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Fig. 4. Comparison of the NH3 profiles in the absence of CO (open symbols), 
Sets 2, 4 and 6 of Table 2, and the presence of 1000 ppm CO (solid symbols), 
Sets 1, 3, 5, and 7 of Table 2) for the different oxygen excess ratios considered, 
in the presence of around 1000 ppm NO, and as a function of the temperature. 

Fig. 5. Nitrogen balance (as percentage) of the experiments performed in the 
presence of around 1000 ppm NO and CO. Symbols correspond to experimental 
data and the line to model calculations. Sets 1, 3, 5, and 7 of Table 2. 
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