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Abstract

The present study deals with the oxidation of Hs at high pressure and
its interaction with NO. The high pressure behavior of the Hy/NO, /O,
system has been tested over a wide range of temperatures (500-1100 K)
and different air excess ratios (A= 0.5 - 6.4). The experiments have been
carried out in a tubular flow reactor at 10, 20 and 40 bar. NO has been
found to promote H; oxidation under oxidizing conditions, reacting with HO,
radicals to form the more active OH radical, which enhances the conversion of
hydrogen. The onset temperature for hydrogen oxidation, when doped with
NO, was approximately the same at all stoichiometries at high pressures
(40 bar), and shifted to higher temperatures as the pressure decreases. The
experimental results have been analyzed with an updated kinetic model. The
reaction NO+NO+0Oy=N0O5+NO, has been found to be important at all
conditions studied and its kinetic parameters have been modified, according
to its activation energy uncertainty. Furthermore, the kinetic parameters of
reaction HNO+Hy;=N H+ H>0O have been estimated, in order to obtain a
good prediction of the oxidation behavior of Hy and NO conversion under
reducing conditions. The kinetic model shows a good agreement between
experimental results and model predictions over a wide range of conditions.
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1. Introduction

Hydrogen has been taking attention in the last decades because of its
potential as fuel. Due to its high energetic value per mass unit and its al-
most inexistent contribution to pollution, H, is seen as an attractive option
[1], although the problem with its high transportation cost makes difficult
hydrogen storage. Solutions like ammonia as a hydrogen carrier [2, 3] or
on-board reforming of hydrocarbon fuels [4] have emerged to deal with the
hydrogen storage issue. Efforts are being undertaken on the development of
high pressure combustion systems [5], what has created the need of kinetic
models validated in these high pressure conditions and the target of increas-
ing their efficiency. The H,/Oy sub-mechanism is the basis in the kinetic
models of hydrocarbons oxidation and NO, formation, being studied in the
past years in some works [6, 7, 8, 9], but despite being a reliable subset of re-
action, uncertainty towards the determination of precise rate constants still
exists. Miller et al. [10] mentioned that repeated direct measurements of
the rate parameters of important reactions, even performed independently
by several groups, did not decrease the uncertainty of the rate coefficients
below a certain limit, as happens for reaction H + O,=0OH + O and reaction
H+ Oy + M=HO, + M, where a 30% and 50% uncertainty in their kinetic
parameters was estimated, respectively. Hence, new experimental data to
validate kinetic models are valuable.

On the other hand, NO, might be present in combustion processes, and
they come from the conversion of the nitrogen in air atmospheres. Thermal
NO is the most important source of NO, in gas combustion and its forma-
tion is described by the Zeldovich mechanism [11, 12]. While most of gas
fuels (e.g. natural gas) don’t have much nitrogen in their composition, in
the case of the use of NHj as a new fuel, NO, formation is feasible [13, 14].
The advantages in transportation and storage versus Hs, together with the
existing infrastructure to supply N Hj, and the fact that potentially can be
fully turned into N, and H,O, make ammonia a desirable option among other
fuels for combustion purposes. However, apart from NO, emissions, there
are still issues related to this fuel that need a further research in terms of
combustion characteristics, being its high ignition energy and its low flam-
ability some of the drawbacks to tackle [15]. In this sense, some studies
have proposed the use of other fuels like Hy blended with NHj3 (till 50:50
ratios), to improve its oxidation behavior [14, 16]. Besides, N H 3 combustion



is not completely understood and some experimental issues are still barriers
or unresolved. According to some sources [13, 17], N H3 has been reported to
adsorb on stainless steel surfaces, as to decompose on given materials [18, 19].
Thus, providing new experimental data for N H3 conversion under different
combustion conditions, and assuring a reliable kinetic model for the Hy/NO,,
system seems important for addressing N H3 oxidation.

Less conventional sources of NO, in combustion processes might be the
addition of alkyl-nitrates as cetane enhancers in diesel fuels [20] or the use
of exhaust gas recirculation (EGR) [21], which recirculates NO, back into
the combustion chamber among other gases. EGR has been proved to re-
duce NO, emissions in diesel engines due to a lower flame temperature but
increasing CO and hydrocarbons (HC) emissions. On the other hand, the
idea about the addition of Hs into the intake mixture of a diesel engine with
EGR has shown great potential in improving diesel engine performance and
reducing NO, and soot emissions [22, 23]. However, determining the opti-
mum amount of H, to add seems to be important to avoid concerns of pre-
ignition, backfire, and other combustion problems such as the onset of knock.

Some studies have considered in the past the oxidation of Hy doped with
NO,. Bromly et al. [24] studied it in a flow reactor at atmospheric pres-
sure, finding that the presence of NO (0-400 ppm) promotes the oxidation
of Hy except for high concentrations of Oy (22%). This work was extended
by Mueller et al. [25], who perturbed the H,/Oy/N, system with small
amounts of NO at pressures and temperatures ranging from 10 to 14 atm
and from 800 to 900 K, respectively, finding that the modeling results were
highly sensitive to the H + Oy + M—=HQO, + M pressure-dependent reac-
tion and recommending a kinetic expression for it. This reaction was also
studied by Ashman and Haynes [26], who compared theoretical predictions
and experimental concentration values of NOj in the Hy/O, system, allow-
ing them to determine a rate constant and different third body efficiencies
(Ny, HyO, COy and Ar). This reaction is considered to be important, due
to the high number of reactions that become important at high pressures
consuming H O, radicals.

Autoignition of Hj/air/NO, mixtures has also been studied in some

works. Slack and Grillo [27] tested the addition of both NO and NO, (0-
4.5%) in a shock tube, in the pressure range of 0.27 to 2 atm, and tempera-
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ture range of 800 to 1500 K, finding that the induction times were reduced
up to more than an order of magnitude, compared to Hy conversion in the
absence of nitrogen oxides. Laster and Sojka [28] also studied this system,
reaching the same conclusion as Slack and Grillo, i.e. the NO addition de-
creases ignition delay times until a concentration of about 0.5%, and above
this concentration induction times are lenghtened due to the scavenging of
H atoms from NO. They concluded that the NO promoting effect is less-
ened as temperature rises and pressure decreases. More recently, Mathieu
et al. [29] published ignition delay time measurements of Hy/Oy/NOy mix-
tures diluted in Ar using shock tube behind reflected shock waves, finding a
strong dependency on pressure and N, concentration, which needs thus to
be carefully evaluated.

At high pressures, the NO/NOs interconversion becomes important, spe-
cially at low temperatures and high Oy concentrations, where Ny presence
is favored. The presence of NO, under engine-relevant conditions might in-
fuence notably the reactivity of the fuel, through a sequence of reactions
in which NO and NOy convert less reactive peroxy radicals into more re-
active OH and alkyloxy radicals [30]. Knowing accurately the amount of
NO/NO; that interacts with the fuel seems to be an important task to ap-
proach. An important reaction determining the conversion of NO into NO,
is NO + NO 4+ O;=N0O5 + NO,. In particular, in the case of premixed
reactants feeding, this reaction may occur in the inlet section of the reactor,
varying the initial concentration of NO, chosen for the experiment, which
needs thus to be carefully determined.

The present work addresses the oxidation of H, and its interaction with
NO under high pressure conditions. For this purpose, different experiments
of H, oxidation in the absence and presence of NO have been performed
in a quartz tubular flow reactor at high pressure, studying the influence of
temperature (500-1100 K) and manometric pressure (10, 20 and 40 bar), us-
ing different stoichiometries related to Hy (A= 0.5 - 6.4). The experimental
conditions chosen are useful to validate a kinetic model for describing hy-
drogen oxidation, over a wide range of conditions that might occur in any
high-pressure system where Hs is oxidized and interacts with NO, species.



2. Experimental

The experiments have been carried out in a high-pressure flow reactor set-
up, which is described in detail elsewhere [31]. Testing different manometric
pressures (10, 20 and 40 bar) and diferent stoichiometries in the tempera-
ture range of 500-1100 K, the oxidation of Hy and its interaction with NO
have been studied. Briefly, the set-up includes gas cylinders that supply the
gases to the system, while mass flow controllers assure a total flow rate of 1
L (STP)/min. Gases used in this work (Hs2, O and NO) have been highly
diluted in nitrogen and different concentrations of oxygen have been tested.
The experimental conditions are detailed in Table 1. The Hy/NO/O; sys-
tem has been tested at different stoichiometries (oxidizing, stoichiometric
and reducing atmospheres with respect to Hs, Apy, in Table 1), while the
comparison with the NO/O, and Hy/O; systems has been done only under
oxidizing conditions. The reaction system included a quartz tubular reactor
(inner diameter of 6 mm and 1500 mm in length) enclosed in a stainless-
steel tube that acts as a pressure shell. The steel tube is placed horizontally
in a tubular oven, with three individually controlled electrical heating ele-
ments that ensure an isothermal reaction zone of approximately 56 cm, with
an uniform temperature profile (£10 K). The reactor temperature is moni-
tored by type K thermocouples positioned between the quartz reactor and
the steel shell. An example of the temperature profiles at 40 bar can be seen
in Figure 1. Gas residence time depends on pressure and temperature and
it can be expressed as: t,[s] = 261.1 P[bar]/T[K] in the isothermal zone of
the reactor. The total gas residence time is calculated taking into account
the temperature profiles in the experimental entire set-up. An example of
the total gas residence time in the entire set-up is shown in Table 1, corre-
sponding to a temperature of 875 K in the isothermal part of the reactor.
Previously to the gas analysis systems, gases pass through a filter and a
condenser to ensure gas cleaning and water-free content. Products are ana-
lyzed by a gas chromatograph equipped with thermal conductivity detector
(TCD) to detect Hy and a continuous chemiluminescence analyzer to detect
NO and NO,. The uncertainty of the measurements is estimated within 5%.



Table 1: Experimental conditions. The total flow rate is balanced with No. Parameter Ay,
is calculated according to the reaction Hy + 1/20,=H>0 and parameter Ayo according
to the reaction NO + 1/202=N 5. The residence time is referred, as an example, to the
entire set-up at one particular temperature in the isothermal zone of the reactor (875 K).

Set | P (bar) | Hy (ppm) | NO (ppm) | Am, | Anvo | t- (s) | Oz (ppm)
1 40 937 230 6.4 | 11.3 | 107 3000
2 20 935 017 6.4 | 11.6 | 56 3000
3 10 920 524 6.5 | 11.5 | 29 3000
4 40 1029 - 5.8 - 107 3000
5 20 930 - 6.4 - o6 3000
6 10 910 - 6.6 - 29 3000
7 40 - 521 - 11.5 | 107 3000
8 20 - 208 - 11.8 | 56 3000
9 10 - 514 - 11.7 1 29 3000
10 40 1022 485 098 | 2.1 107 500
11 20 1050 525 1.3 | 2.6 o6 675
12 40 1024 535 0.5 | 09 | 107 250
13 20 1000 520 0.5 1 o6 250
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Figure 1: Temperature profiles in the entire experimental set-up at 40 bar, as a function
of the set-up length. 0 cm corresponds to the point where the gases are premixed, while
the reactor zone starts at 64 cm and ends at 204 cm.

3. Kinetic Model

The experimental results have been interpreted in terms of kinetic mod-
eling using Chemkin-PRO. The kinetic model used in this work is a revised
and updated version of the work of Giménez-Lépez et al. [32], who per-
formed experiments of CoH,/NO mixtures at high pressure (60 bar) and
different stoichiometries in a flow reactor. The subset for Hs/Oy has been
taken from the work of Hashemi et al. [8] on Hj oxidation at high pressures
in a flow reactor, which was based on the kinetic model developed by Burke
et al. [33]. Thermodynamic data were taken from the same sources as the
submechanisms.

Consumption of hydrogen can be described as a chain of reactions, being
R1 the main step in the H, oxidation. Radicals HO, are formed due to the
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reaction of atomic H with oxygen through R2, then, are recombined to form
H>;0O, in R3. In the last step, R4, through H>O, decomposition provides
OH radicals for the consumption step R1 [8, 25]. R5 is considered to be
important for H, conversion initiation at all stoichiometries and found to
be one of the most sensitive [8]. Kinetic parameters for this reaction were
taken from Giménez-Lépez et al. [32], because they are more updated values
compared to the ones used in the Hy/Os sub-mechanism by Hashemi et al.
[8] and provide a better modeling behavior in this work.

Hy+OH=H,O+H (R1)
H+05(+M)=HO,(+M) (R2)
HOs+HOy=H>0,+0, (R3)
H,0y (+M)=0H+0OH (+M) (R4)
H,05 + H=HOy+H, (R5)

The competition between reactions R2 and R6 determines the generation

of chain carriers in combustion of hydrogen, as well as of most hydrocarbons
(34, 35].

In the present work, operating at high pressures, the Hy oxidation behav-
ior has been explained to happen under conditions dominated by reactions
involving HO5 and H50; (e.g. [8]). When NO is added to the system, the
role of HO5 as a chain terminator is changed, and HO; is consumed by NO
in R7, forming NOy and OH. Then, NO, reacts with H radicals to give
back NO and OH radicals (R8), forming a well known NO/NO, catalytic
cycle, represented by R7 and R8 [24, 25, 27|, with HOy + H=0H + OH as
net reaction.

NO+HO,=NO, + OH (R7)

NOy+H=NO + OH (RS)



In the work of Mathieu et al. [29] on ignition delay time measurements
of Hy/Os/NO5 mixtures diluted with Ar, using shock tube behind reflected
shock waves, a strong sensitivity of reaction R9 was found in their analysis.
R9 is followed by the rapid decomposition of HONO to NO and OH, pro-
moting the overall oxidation of H,. They used the kinetic parameters from
Park et al. [36] for reaction R9.

NOy+Hy=HONO+H (R9)

Chai and Goldsmith [30] studied rate coefficients for fuel+NO,, predict-
ing the formation of HONO, and they distinguished 3 different isomers (cis-
HONO, trans-HONO and HNQO,). As said by Zhang et al. [37], the total
rate of the 3 isomers formation calculated by Chai and Goldsmith [30] is in
excellent agreement with that reported in both the Park et al. [36] exper-
imental measurement and Rasmussen et al. [9] calculation. In this work,
we use the recent kinetic parameters for the three different isomers from
Chai and Goldsmith [30]. Although modeling studies rarely distinguish the
HONO isomers as the products of R9, a slight improvement in the onset
temperature of Hs conversion at all conditions was found in this work in-
cluding the different isomers.

The work from Glarborg et al. [38], where the ability of Hy to reduce
nitric oxide under conditions relevant for the reburning process was studied,
remarked the importance of species like H NO to react with Hs, finding that
the only kinetic parameters available for R10, by Rohrig and Wagner [39],
gave a Hy conversion too fast compared to their experimental data and fi-
nally not using this reaction in their model.

HNO+Hy=NH+H,0 (R10)

We also found that the kinetic parameters [39] overpredict the consump-
tion of Hy, and we estimated the kinetic constant to be 7TE8 (cm?-mol™*-s71),
obtaining good agreement between experimental results and model predic-
tions, as well as for Hy as for NO, concentrations at high temperatures,
as can be seen in the next section. A comparison in the model predictions
without R10 can be found in the supplementary material (Figure S1), where
the consumption of Hs is not well captured if R10 does not occur and is
overpredicted with the kinetic parameters from the bibliography [39]. R10
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was found to be important only under reducing conditions, while no impact
was observed at other stoichiometries. An accurate determination of the rate
constant for R10 would be desirable.

The amount of NO and NO5 that enters the reactor zone can affect the
oxidation behavior of hydrogen. NO molecules can be converted to NO,
through R11 before entering the reactor, since the gases are premixed at
room temperature.

Due to high pressures and the presence of oxygen, there will have a mix-
ture of NO/NOj at the reactor inlet. This was observed while the oven was
still cool (290 K) and has been pointed in previous works experimenting with
NO at high pressures [31, 40, 41]. For this reason, in the present work, the
model was run with temperature profiles, an example shown in Figure 1, that
describe the entire experimental set-up: from the mixing point of the reac-
tants to the entrance of the reactor, the reactor itself, and from the reactor
outlet to the pressure reduction valve (1 atm).

In order to simulate the experimental data, the kinetic parameters of
R11 were revised in the present work. Some uncertainty exists towards R11
[42], for which most reliable value of activation energy determined up to
date is -4.41 [£3.33] kJ/mol [43]. We have taken the pre-exponential fac-
tor recommended by Atkinson et al. [43] and varied the activation energy
in the uncertainty limits, taking the inferior limit, what makes an appar-
ent activation energy of -7.74 kJ/mol (-1850 cal/mol), and which seems to
be adequate in all the experimental conditions of this work to reproduce
properly the NO/NQOy concentrations. As can be seen in Figure S2 from
the supplementary material, the kinetic parameters chosen are in reasonable
agreement with experimental data reported in the past at low temperatures
[44, 45, 46, 47], more than with the latest review of this reaction [43], which
is mainly based on the work of Olbregts [48].
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4. Results and discussion

Different systems have been tested under oxidizing conditions: Hy/NO/Os,
Hy/O4 and NO/Oy (sets 1 to 9 in Table 1), and their results have been plotted
showing the comparisons between them. In Figure 2, the results correspond-
ing to the conversion of the system H,/O, with and without NO addition
are shown, at 10, 20 and 40 bar under oxidizing conditions. Pressure has
a little effect on the conversion onset of Hy when NO is not present, show-
ing approximately 50 K difference in the reaction onset between the three
pressures, and shifting the conversion to lower temperatures as the pressure
increases. When NO is added to the system, the promotion of Hy conver-
sion to lower temperatures is increased as pressure rises, and comparatively
greater than in the experiment without NO. In the case of 40 bar, there
is a difference of 125 K in the reaction onset, and only 25 K in the case of
10 bar. With respect to NO,, pressure has an important influence on the
NO/NOs ratio, showing a major concentration of NO, as the pressure rises,
due to R11, and a slight conversion back to NO as the temperature increases.
The experimental trends of Hy conversion and NO/NQO, concentrations are
well captured by the mechanism, confirming the behavior mentioned in the
literature about NO, promoting H, oxidation. This promotion can be ex-
plained through the interconversion of NO and NO, converting radicals HO,
into more active radicals OH, as has been mentioned in the kinetic model-
ing section. The ability to capture this behavior (hydrogen promotion) is, in
part, achieved by the proposed kinetic parameters of R11, which is important
predicting the amount of NO and NO, that enters the reaction zone, influ-
encing hydrogen ignition as well as the oxidation process at high pressures,
and might be seen as an improvement in the predictions of the kinetic model.

It is worth to mention that the balance of NO, closes fairly well (near
100%) in all the cases, except at 40 bar and under oxidizing conditions, where
at high temperatures there is a NO, decrease of approx. 20% (Figure 2).
This behavior of NO, balance not closing at 100% was not seen in the ex-
periment without hydrogen at 40 bar (set 7) (Figure 3). A similar study of
the CO/Hy/O2/NO, system [9] in a flow reactor at high pressures did not
show a loss of NO, when working at 50 bar and high oxidizing conditions
(A=68 for Hj). According to the present results, we might conclude that
some interaction NOy/Hs not captured by the model is ocurring in our ex-
perimental conditions at 40 bar and high temperatures. Another possible
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explanation could be related with the formation of nitric acid. As said by
Ajdari et al. [41], if water vapor is present in pressurized flue gas systems, the
formation of gaseous nitric acid and nitrous acid and the decomposition of ni-
trous acid may proceed as shown by reactions: NoOy+HO=HNOy+HNO3
and 2HNOy=NO+NOy+H,0, what could explain the loss of NO, as nitric
acid, but this has not been possible to prove.
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Figure 2: Results obtained under oxidizing conditions (\ referred to Hs) at 10 bar (up), 20
bar (centre) and 40 bar (down). Solid symbols correspond to experimental results in the
presence of NO, while open symbols represent concentrations in the experiments without
NO. Lines denote simulations of the model. Conditions of sets 1 to 6 in Table 1.
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In Figure 3, the comparison of the results in the system NO/NQO, with
and without Hs, at 40, 20 and 10 bar under oxidizing conditions can be ob-
served. Due to the major amount of radicals when hydrogen is present, NO
and NO; react through R7 and R8, while in the system without hydrogen,
the main reaction is the NO/NO, interconversion (R11), being favoured the
NO presence at low pressures and high temperatures. In the current simu-
lations, the concentration of NO, is the sum of NOy and NyOy, the latter
only found to be important under 40 bar, with a maximum concentration of
around 35 ppm in the reactor outlet section, according to the model. Due to
the equilibrium between these two species, represented by R12, the existing
N304 molecules are totally converted to NOs as the pressure is decreased
to 1 bar in the relief valve of the set-up. The experimental trends are fairly
well fitted by the model and the balance of NO, does not close only at 40 bar.
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Figure 3: Results obtained under oxidizing conditions (Ayo approximately 12) at 10
bar of pressure (up), 20 bar (centre) and 40 bar (down). Solid symbols correspond to
experimental results in the presence of Hy, while open symbols represent concentrations
in the experiments without Hy. Lines denote simulations of the model. Conditions of sets
1-3 and sets 7-9 in Table 1.
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Figure 4 shows the results of Hy conversion in the presence of NO for
stoichiometric conditions and different pressures. Under these conditions,
the NO5/NO ratio is higher as the pressure increases, as mentioned before,
and the onset temperature for H, conversion remains the same at 40 bar as
for oxidizing conditions (773 K), but finishes at higher temperatures due to
the lack of oxygen. At 20 bar, the reaction starts at higher temperatures in
comparison to the case of 40 bar, around 823 K. The kinetic model repro-
duces well the experimental data.
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Figure 4: Results obtained under stoichiometric (A referred to Hs) conditions at 20 bar
(up) and 40 bar (down). Symbols represent experimental measurements and lines denote
simulations of the model. Conditions of sets 10 and 11 in Table 1.

Similar results are plotted, in Figure 5, for experiments performed under
reducing conditions. The onset temperature for the reaction of hydrogen at
40 bar remains the same as for other stoichiometries (773 K), which is dif-
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ferent to what was observed in the work of Hashemi et al. [8] of hydrogen
oxidation at high pressures (50 bar) in a flow reactor, where they found that
the onset of the reaction happened at lower temperatures under reducing
conditions, compared to stoichiometric and oxidizing conditions, due to the
competition between R2 and R6. In our case, when NO is added, R2 re-
mains the main path in the oxidation of Hj, involving HO, radicals in the
oxidation process. This oxidation process is more effective at higher pressures
(40 bar) and R2 starts to compete with R6 as the pressure drops, shifting
the onset of the reaction to higher temperatures, as seen in the results of
Figure 5. At 40 bar, the H, conversion onset is well captured by the model
as well as its experimental trend. However, in the case of 20 bar, the ex-
perimental Hs concentration suffers a sudden experimental decrease that is
predicted smoothlier by the model. The general conversion trends are still
well captured by the model, and the modification of the kinetic parameters
of R10 clearly improves the prediction of Hy concentration at 20 and 40 bar
under reducing conditions, as well as the drop of NO, at 40 bar (Figure 5
down). This can be explained because NO reacts with H radicals to form
HNO, through R13, then R10 occurs and NH is formed, which will end up
reacting with NO to form N, and OH through R14.

NO+H(+M)=HNO(+M) (R13)
HNO+Hy=NH+H,0 (R10)
NH+NO=N,+0OH (R14)
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Figure 5: Results obtained under reducing conditions (A referred to Hs) at 20 bar (up)
and 40 bar (down). Symbols represent experimental measurements and lines denote sim-
ulations of the model. Conditions of sets 12 and 13 in Table 1.
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5. Conclusions

The system Hs/NO/O; has been studied in a tubular quartz flow reactor.
Experiments under different controlled conditions, such as high manometric
pressures (10, 20 and 40 bar), in the temperature range of 500-1100 K, testing
different excess ratios for Hy (A= 0.5 - 6.4) have been carried out. The results
obtained are useful for practical purposes where different technologies can be
used. The results have been interpretated in terms of kinetic modeling, using
an updated mechanism from recent works and modifying the kinetic param-
eters of the reactions: 2NO+0;=N0Os+ N>, according to the uncertainty
of its activation energy; and the HNO+Hy=N H+H,0 reaction, propos-
ing a rate constant of TES (cm3~m0l71-s_1), which reproduces fairly well the
oxidation of Hy under reducing conditions. This kinetic model allows us to
predict results about the Hs oxidation and its interaction with NO under a
variety of operating conditions.

NO has been found to promote Hy oxidation under oxidizing conditions,
reacting with the HO, radical to form the more active OH radical, which
enhances the conversion of hydrogen. The onset for hydrogen oxidation when
doped with NO is the same at all stoichiometries at high pressures (40 bar),
and is shifted to higher temperatures as the pressure decreases. The kinetic
model matches fairly well the experimental data at all conditions, explaining
the oxidation of Hy and NO under oxidizing, stoichiometric and reducing
conditions, except for the case of 40 bar under oxidizing conditions, where a
20% drop of the NO, balance has been found and can not be predicted by
the model, presumably by some interaction between NOy/H, or the possible
formation of nitric acid, which needs a more detailed study.
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Supplementary Material
"High pressure study of Hs oxidation and its interaction with NO”
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Figure S1: Set 12 from Table 1. Results under reducing conditions at 40 bar of pressure.
Symbols represent experimental measurements and lines denote simulations of the model.
Solid lines indicate the simulation without R10 in the model, dotted lines the simulation
with our estimation for rate constant of R10: 7E8 (¢cm?®-mol™'-s~1), and dashed line shows
the simulation of Hs concentration using the kinetic parameters of R10 from Rohrig and
Wagner [39].
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Figure S2: Comparison of different values for the kinetic constant logarithm of R11
(2NO4+03=N0O2+NO3) vs. 1/T(K), from the literature [43, 44, 45, 46, 47, 48] and
the estimation of this study.
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