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Introduction NO, Concentration Vs. Equivalence ratios
Ammonia (NH;) is considered a zero-carbon fuel and hydrogen (H,) carrier due to its 250 - (Han et al, 2021)
good infrastructure and high hydrogen density [1]. --(Klippens:ein etal,, 2018)
Harnessing NH; as a fuel presents challenges due to low flammability and high 200 ’:‘I‘:‘ -~ (Nakamura et al., 2017)
emissions, but blending NH; with H, improves combustibility while increasing NOx -8 \ (Alnasif et al., 2025)

. . . . . i -7, \ o
emissions, especially in fuel-rich conditions [1,2]. T 150 _: ,:" .~ -~ (Zhu et al..2024)
Nitrogen dioxide (NO,), a key combustion by-product that typically peaks under mildly g __:_::- - -~ (Tamaoki et al. 2024)
lean conditions, not only poses environmental risks but also promotes nitric oxide (NO) o' 100 -~ (Song et al., 2016)
formation through secondary reactions, intensifying overall NO, emissions [3]. = -~ (Duynslaegher et al., 2012)
This study investigates the kinetic pathways governing NO, formation in 70/30 vol% 50 ® Experiments
NH,/H, flames under atmospheric conditions, with a focus on the key elementary
reactions and reactive radicals that significantly influence NO, chemistry. 0
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Methodology Equivalence ratio

The methodology employs a premixed laminar burner-stabilised stagnation flame model in
ANSYS-CHEMKIN-Pro [4] to simulate 76 literature-based kinetic mechanisms, using a
normalised error metric to quantitatively identify the top-performing models that best
match experimental measurements.

Sensitivity Analysis
HO2+HO2 = H202+02 HNO+H = NO+H2
N20+OH = HO2+N2
H202(+M) = OH+OH(+M)
NH2+NO2 = H2NO+NO
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HO2+H = OH+OH
H202+0H = H20+H02
O+H+M = OH+M

Normalised Err

Where F,is the value predicted by the simulations, A, is the experimentally measured value, and o represents the
uncertainty corresponding to one standard deviation.

Experimental Data

H+OH+M = H20+M NH2+H = NH+H2
0+H20 = OH+OH

H2+0 = H+OH

NH2+NH2 = N2H2+H2

HeNO(SM) <2 HNO(sM) ©(Alnasif et al., 2025)

NH3+M = NH2+H+M NH2+N = N2+2H
# Equivalence Ratio (®) Vi, (cm/s) Plate Temperture (K) Ref. N+022 NO*O 1402 < OH4O
1-9 0.6-1.4 25.53-30.86 493.50-504.00 [5] HEO2(+M) == HOZ(+M) HNO+OH = NO#H20

NH2+0 = HNO+H
NH2+HO2 = H2NO+OH
OH+OH = 0+H20
H2+0H & H+H20

NH2+NO < N2H+OH
H2NN+02 2 NH2+NO2
H+02(+M) = HO2(+M)
NO2+H <= NO+OH

Normalised Error Results
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Mechanism . A . . 1
Nakamura & Shindo, 2019)
etal, 2017)
2012)

NH2+NO = NNH+OH
02+H = 0+OH

NH2+NO = N2+H20
NH2+0 = HNO+H
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ROP Analys

H2NN+02 = NH2+NO2
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HONO+NH2 = NO2+NH3 H{+ M) H20"

NO2+0 = NO+02

HONO+OH = H20+NO2

NO+0 = NO2
NO+HO2 = NO2+OH
NO+O(+M) < NO2(+M)

(He et al.2023)
(Bertolino et al., 2021)
(Esarte et al., 2011)
Zhang et al. 2024
(Valko et al., 2022)

(Y. Zhang et al, 2017)

i in et al., 2011)
{Arunthanayothin et al., 2021)
(Stagni et al., 2020)
(Alzueta MU, 2016)
(Kovécs et al., 2021)

(X. Zhang et al., 2021)
(Kovacs et al., 2020b)
(Han et al,,2023)
(Shmakov et al., 2010)
(Gotama et al., 2022)
(Mei, Ma, ot al., 2021)
(Dagaut et al., 2008)
(Thomas et al., 2022
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chemical transformations:
percentages indicate reactant contributions;
numbers show net reaction rates
(kmol/m?- aled by line thickne
arrows re nt fuel-NOx pathway
arrows denote NO: reburn routes.
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(Liu et al. 2024
(Alnasif et al., 2025)
(Lamoureux et al., 2016)
(De Persis et al., 2020)
{Nozari & Karabeyoliu, 2015)
(Lamoureux et al., 2010)
(Saxena & Willlams, 2007)
(Tamaoki et al. 2024)

(Da Rocha-Otomo et al., 2019)
(Xiao et al., 2017

(Sun et al., 2022

Conclusions

This study assessed NO, kinetics in a 70/30 (% vol.) NH;/H, fuel blend over an equivalence
ratio range of ¢ = 0.6-1.0 using 76 kinetic mechanisms. The key findings are as follows:

The Han et al. (2021) mechanism exhibited the highest accuracy in capturing N
chemistry.

NO, formation is primarily promoted by O and HO, radicals, w|
largely controlled by H and NH, species.

eas its consumption is

~ Faravelli, 2017)
ong et al., 2019)

NO, plays a significant role in reburn chemistry, facilitating the production of H,NO, HNO,
and NO, thereby influencing the broader nitrogen reaction network.

POLIMI, 2014)
jang et al., 2021
fan et al., 2019)

. Zhang et al., 2011)
(Me et al., 2019)
(Shrestha et al., 2018)
(Tian etal., 2009)
(Mével et al., 2009)
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