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Abstract. In this paper a comparative study is presented of four different detailed chemical kinetics models which
include the main chemical species responsible for the process of nucleation, surface growth and oxidation of soot, i.e,.
acetylene, propargyl, benzene, pyrene, molecular oxygen and hydroxyl. To this purpose, it is considered a perfectly
gtirred reactor model, which burns ethylene/air mixtures at equivalence ratios between 0.6 and 4 and residence times
ranging from equilibrium to extinction. This model is chosen to both highlight the chemical kinetics effects on soot
formation and represent turbulent combustion situations. The obtained results show that important discrepancies exist
between the four kinetic mechanisms for all species analyzed. The study also uses the rate of production analyses to
determine the most frequently reactionsthat control the formation of each considered species.
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1. INTRODUCTION

Soot formation has been studied by several resegamips in recent decades, but it is still not lay funderstood
problem due to its multi-scale nature and compleximanisms. The reason why soot formation is stilbgen problem
lies, partly, on the poor understanding of the rnaaidms leading to the chemical species that cotstihe soot
precursors. Predicting and controlling soot is vaele for engineering applications including furngcenternal
combustion engines and gas turbines (Smooke e2(dl53). Soot is also a major pollutant that affebesenvironment
and human health (Blacha et al., 2012).

Computational models for soot formation may use, ifsstance, detailed kinetic mechanisms involvitg t
prediction of species responsible for soot formatmd oxidation. Acetylene ¢8,) responds for two effects in soot
formation models. First, this species is directygponsible for the soot formation (Kennedy, 19%8gcond, it is
associated with the surface growth of soot, whickues after the nucleation phase and is concomitatit the
coagulation phase of soot particles. Regarding saimtation, molecular oxygen ¢gDand hydroxyl radical (OH) are
considered to be the predominant chemical spekiesnedy, 1997). Among the intermediate specieshebin the
formation of soot precursor species, propargyH{ plays an important role, because it is the mpacies responsible
for the aromatics formation. For example, if thé-sembination propargil reaction leading to benzés not properly
considered, discrepancies in aromatic species atmat®n may be significant (Blanquart et al., 2D05ome aromatic
species such as benzengHg), naphthalene (fgHg) and pyrene (gHio) (Blacha et al., 2012) are often considered as
soot precursors species. Precisely modeling ofgyelic aromatic hydrocarbons (PAH) concentrationgiucial to
determining soot inception and growth (Slavinskayaal., 2012), because PAH combinations createiemi soot
particles taht aggregate into large structuresaRigg surface growth, PAH diffuse directly int@tkoot surface.

Recently, several studies have been published lofleee counterflow non-premixed flames (Slavinskayaal.,
2012), on laminar flames (Slavinskaya and Frank920coflow diffusion flames (Dworkin et al., 201 Ihethane/air,
ethane/air and ethylene/air co-flow laminar diftusflames (Chernov et al., 2014). Indeed, litemigrabundant as far
as soot precursors and soot formation in laminamds are considered. Nevertheless, fewer works eafound
regarding soot formation turbulent flames (Blachale 2012). In laminar flames, it is clear théaffusion plays an
important role in smearing the differences amoreytarious chemical kinetic mechanisms predictidgf@wever, in
turbulent flames, very fast mixing may enhancedmemical kinetics role on soot formation, when caneg to laminar
ones. Therefore, the limit case of very small Dandtonumber leads to consider here the model adréegtly stirred
reactor for ethylene/air mixtures. Such a modett@as used to determine the influence of the dhahkinetic model,
mixture equivalence ratio, and reactor residenoe tn the chemical species involved in the soah&tion. It is hoped
that this investigation results could draw therstt to this simple configuration studied, whichshed to significant
advances on the understanding of chemical kinet@shanisms.

Four chemical kinetic mechanisms were accountednfahis work. The first of these models was prambdy
(Wang and Frenklach, 1997) and includes a sub-nmésina for the detailed kinetics of polycyclic aromat
hydrocarbons (PAH) formation. It involves 527 cheahireactions and 99 different chemical speciess mechanism
was developed by using experimental results obdafnem a shock tube, various configurations of khg and
acetylene diffusion flames at low pressure, as a®lesults of models based on quantum mechartiessdcond model
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studied was proposed by (Appel et al., 2000) ttebelescribe the soot formation process, and resgmts an update of
the model of (Wang and Frenklach, 1997). The updatissentially involved the modification of 24 cheahreactions
to the model. The third chemical kinetic model iedo (Blanquart et al., 2009), which was desigieegredict a wide
range of hydrocarbon fuels (from C1 to C8), andamposed of 149 chemical species and 1651 chem@aations.
The model has been validated for the combustiagirople species, such as methane, passing throoghatic species
like benzene and toluene, reaching the n-heptadésaroctane. The construction of this kinetic nedbm was based
on several others, each of which is valid for agigroup of chemical species. The fourth chemigadtic mechanism,
which was designed by (Le Cong and Dagaut., 20@¥7the combustion of fuels composed of up to tlwabon atoms,
is characterized by 99 chemical species and 743io@a. The validation of this mechanism has besnfopmed for the
combustion of methane, syngas and mixtures of thvesduels. Note that this model was not develop#ét the aim of
predicting soot formation, so it does not includegHchemical kinetics.

The main focus in this work is to analyze how theimrchemical species involved in soot productiod exidation
behave during combustion and how different kinetiodels describe them. The chemical species studedde:
molecular oxygen, hydroxyl, propargyl, acetylenentene and pyrene. For this purpose, PSR commsatf
ethylene/air mixtures with equivalence ratios betwd®.6 and 4 and residence times from ranging ibquin to
extinction are carried out.

Accordingly, following this brief introduction (Sgon 1), Section 2 describes the particular methagio utilized
for obtaining and analyzing the different PSR reswiomputed in this work. Next, in Section 3, PSRults of
combustion of ethylene/air mixtures at differentieglent ratios, between 0.6 to 4, and residenoegiranging from
100 ms to 0.1 ms are presented and discussedlyfiBattion 4 summarizes the main conclusions dri@m the main
results obtained here.

2. METHODOLOGY

In this paper, a PSR based analysis of key cherspeadies involved in the soot formation processisied out by
examining the influence of both residence timg &nd mixture equivalence rati@) on soot precursors chemical
species. The results are also compared to the cheemquilibrium composition of the mixture. Moreoyvea reaction
rate analysis is made to identify the main reasti@nd chemical paths for each chemical speciegzethin this study.

The PSR is an ideal reactor where all the chemézadtants are instantly mixed. This reactor is rfemtiby solving
the conservation equation for chemical speciessmaasl energy, and also the equation of state. Tégsations are
solved here under the hypothesis that the combugi@adiabatic, and it occurs at constant presandesteady state.
Therefore, the reactor composition for a given geinflow equivalent ratio, pressure and tempemtig solely
controlled by the mixture residence time. The ranfjeesidence times studied covers the full ranfjeteady state
reactor operation, i.e., from equilibrium to extioa, which correspond to, respectively, for longlashort residence
times. In the former, the composition of the gagtore should not depend on chemical kinetics. &tdther extreme,
when the residence time is small, i.e., close & dhe where extinction is observed, chemical kisetiontrols the
combustion process. Throughout this paper atmo&pperssure combustion is considered.

The predictions obtained with different chemicahdétic mechanisms are compared on the basis oftsdlec
chemical species involved in soot formation anddation, i.e., molecular oxygen, hydroxyl, propargatetylene,
benzene and pyrene. More specifically, the compuedar fractions of these species as function ef mhixture
equivalent ratio for fourgt (100ms, 10ms, 1ms, and 0.1ms) are analyzed. Thwadence ratio of the ethylene/air
mixture ranges frond = 0.6 to 4, in order to cover the whole spectrdrpassible situations.

In order to identify the origins of the molar fract differences coming from the different chemikimetic models
utilized, a reaction rate analysis is performed éach chemical species involved in soot productod kinetic
mechanism studied. The aim is to identify the n@iamical reactions responsible for the formatiothoke chemical
species. The reaction rate analysis provides &linital reactions involved in the formation and eonption of these
species.

The methodology of reaction rate analysis incluthes following steps: First, the reaction rate islaated for
several values off, tz), which are specific to each chemical speciessehalues are shown in Table 1. In this table,
A, represents benzene ang iepresents pyrene. Second, up to the six mairtioeacfor each valu®, tz, chemical
species, and kinetic mechanism are identified. dittrary choice of this number of reaction intedndembrace the
main reactions responsible for the species formatie main reactions, are considered those oneshwirtoduces the
largest amount of each chemical specie. Thirdbéets prepared which summarizes the main reactiorder to
consolidate the results. Since some reactions afppea Table 1 single evaluation point only, whees®thers do so for
all of them — only those which are common to allleation points are retained. Fourth, in orderdmpare the various
chemical reactions between the different kineticlals, the Arrhenius rate k (T) is evaluated attyipécal temperature
of 2000 K. The aim here is to quantify the discrepas between the chemical kinetic mechanismsowolg, the main
results obtained are presented and discussed.
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Table 1. Parameter df, tg for reaction rate analysis for each chemical spstidied.

November 07-10", 2016, Vitoria, ES, Brazil

k(ms)

- 100 10 1 0.1
Specie
C,H, ®=15and3.0 ®=15and3.0 =15 ®=15
CsH3 ®=1.8;2.2;3.6 ®=1.8;2.2;3.6 ®=1.8 =14
A, ®=22;26;35 ®=22;26;22 ®=19 =17
A, ®=2.4,;3.0;3.5 ®=2.2;2.6;35 »=21 -

3. RESULTS AND DISCUSSION

The present work aims to study in PSR based cordiguns the combustion of ethylene/air mixturesdiferent
equivalent ratios, ranging from 0.6 to 4, as a fiamc of different mixtures residence times, fromtiestion to
equilibrium. The effects on selected soot relatbdnaical species of these two parameters, accordinge four
different chemical kinetic models studied, are gpad in the following sections. These chemical ktnenodels are
those described in (Appel et al., 2000), (Wang Rrehklach, 1997), (Blanquart et al., 2009), andQomg and Dagaut,
2007). In Section 3.1, the results for temperathyeroxyl, and molecular oxygen are presented.dddée acetylene,
propargyl, benzene, and pyrene in terms of moketion differences and the reaction rate analyaesanalyzed in
section 3.2. Finally, Section 3.3 presents theti@acare analysis carried out for selected solated chemical species.

3.1Temperature and soot oxidizer species

Figure 1 presents the computed results of temperatydroxyl (OH), and molecular oxygen,j@nolar fractions
as function of the mixture equivalence ratio fog tiesidence times of 100, 10, 1, 0.1 ms. Chemapailibrium results
are also shown in this figure. Concerning the tartoee behavior first, for values @& < 2 and 4= 100 ms, it may be
observed that there is a suitable agreement bettheeRSR and the chemical equilibrium resultst asuld have been
expected. The reactor stable operation limitseims of equivalence ratio, are reduced for 0.1 ms ©n, Prmay) =
(0.63, 1.84), when compared to that obtainedfer 100 ms, i.e.p (0.6, 4.0). It should be also noted in Figure dt th
the corresponding temperature evolution withwhich is classical, has a maximum of 2380 K néar 1 for the
residence time of 100 ms. It may be observed abthetl the maximum temperatur® & 1) is reduced as residence
time decreases. Reducing théelow 0.1 ms would lead the PSR to reach its etidn limit, where there is no enough
energy release to promote the combustion withirrélaetor. Regarding the OH, the equivalence ratioesponding to
the maximum molar fraction varies in a small ran§ealues as the residence time decreasespi=.0.99 for £ = 100
ms and® = 1.05 for ¢ = 0.1 ms. In addition, the value of the OH maximmule fraction increases from 5.7x16
8.9x10% when £ decreases form 100 ms to 0.1.
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Figure 1. Temperature (I) and mole fraction of foyyl (1) and molecular oxygen (Ill) as a functiaf mixture

equivalence ratiod) for residence times of 100 ms (a), 10 ms (b),sl(n) and 0.1 ms (d). Chemical equilibrium

(symbols), chemical kinetic models result (lines).

For & =1 ms andb > 2 the combustion stabilization is not possibithyBlanquart et al., 2009) and (Le Cong and
Dagaut, 2008) mechanisms. Figure 1 show that thee sdoes not occur for (Appel et al., 2000) and (gvand
Frenklach, 1997) models. Furthermore, when compéned(Appel et al., 2000) and (Wang and Frenkla997)
models, ford < 2 the maximum OH molar fraction differs 1.0%gddor values ofd > 2, these discrepancies in OH
molar fractions reach 8.5%. Comparing (Blanquaralet2009) to (Appel et al., 2000) fdr < 2, the differences are
more pronounced, reaching 10%. The (Le Cong an&ag008) model is the one that exhibits the lsirgéferences
with respect to the (Appel et al., 2000) one, whieaiches 26% for OH.

Upon analyzing the temperature evolution dor> 2 and ¢ = 100 ms, it should be clear that discrepancies ar
observed with respect to the chemical equilibrilmdeed the PSR does not reach the chemical equitibrwhich is
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also evident by analyzing the results from chemépacies OH and Oindeed, Figure 1 also shows that both OH and
O, exhibit concentration values higher than the cleafreéquilibrium corresponding ones. These diffeesrniocrease as
the mixture becomes richer by at least one ordemagfnitude.

Concerning the molecular oxygenJJOFigure 1 (lll) shows a clear and systematic &y for the four kinetic
models, i.e., chemical equilibrium is not reachethie PSR. As the equivalent ratio is increaseggenr molar fraction
decreases until a minimum value, which is simitarthe four kinetic models, and subsequently ine@eaOn the other
hand, the chemical equilibrium,@nolar fraction tends to zero with as it could be foreseen on thermodynamic bases.
(Celis and Figueira da Silva, 2016) demonstraté gshah non-equilibrium behavior is related to thghhsensitivity to
temperature of the backward reaction rate of reastCO + O + M>CO, + M and CO + OH=> CO, + H.

3.2Soot production related species

Chemical species responsible for the surface grdatietylene) and inception (benzene and pyrenejoot
particles are analyzed in this section. In addjtipropargy! is also studied due to its importancefdrmation of
aromatic species.

In Figure 2 it is shown the variation with mixtueguivalent ratio of the molar fraction of acetylefi@H.),
propargyl (GHs), and benzene @A as a function of the residence times of 100, 1@&nd 0.1 ms, along with the
corresponding chemical equilibrium concentratiammay be verified from Figure 2 (1) that acetyledmes not have an
easily noticeable extreme, such as that appeanitigei oxidizing species. In addition, for a givég) @) the acetylene
molar fraction exhibits significant discrepancieghwthe choice of kinetic model. Another interegtifeature of
acetylene concerns the chemical equilibrium. Féues®d < 3 the chemical equilibrium molar fractions aeglgible;
whereas the PSR computed values are larger thamlfgr all models. This is also a strong eviderte themical
equilibrium is not reached in the reactor.

[ csssssssssenanss (Wang e Frenklach. 1997)
| == == == (Le Cong eDagaut, 2007}
[ —ee—-- (Blanquart et al ., 2009)
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Figure 2. Mole fraction of acetylene (l.a and |jmopargyl! (Il.a and 1l.b), and benzene (lll.aldh.b), as a function
equivalence ratio of the mixtur®) for residence times of 100 ms (a), 10 ms (b),sl(a) and 0.1 ms (d). Chemical
equilibrium (symbols), chemical kinetic models €8). Top plots: Chemical equilibriumy £ 100 ms, andgt= 1 ms.
Bottom plots: § = 10 ms andgt= 0.1 ms

Concerning the chemical kinetic models, Figure 2irftlicates that (Le Cong and Dagaut, 2008) modelam
fractions diverges sharply from the others modekuits for the range ab and g studied, indicating conceptual
mechanism differences for those chemical specibesd molar fraction differences are 151% and 238%nwthis
model is compared with the model of (Appel et2000) for £ = 0.1 ms an@ = 1.4, and forg= 100 ms and = 2.4,
respectively. When compared the models of (Wang Brehklach, 1997) and (Appel et al.,, 2000) the datg
discrepancies observed are 13% when 0.1 ms and = 1.4, whereas fogt= 100 ms an@ = 2.4 the discrepancy is
3,9%. Comparing the models of (Blanquart et al.0Q0and (Appel et al., 2000) for these same camditihe
differences are 20% and 7%, respectively.
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Figure 2 (II) also shows the obtained results fapargyl. It may first be noticed that the discnegas between the
four chemical kinetic models are more pronouncexhtthe previous species studied, and that therdifées with
respect to chemical equilibrium are large. Inddedall tz, a substantial increase in the molar fraction lmambserved
with a slight increment id. As an example, the molar fraction increases tders of magnitude wheh goes from
1.5 to 2 for § = 100ms. However, fob > 1.8 this trend becomes a smoothing decreasiegafter the molar fraction
reaches a maximum value. As already observed detykene, ford < 3 propargyl molar fraction at chemical
equilibrium could be neglected, whereas in the PSR species occurs in significant amounts. Therdigancies on
molar fraction values for (Appel et al., 2000) giidang and Frenklach, 1997) models in the PSR haxeryasimilar
trend, even though these discrepancies are higherthose obtained for the acetylene. #or 1.8 and 2.6, ang;
100 ms the molar fraction differences are -36% &886, respectively, and fok t= 0.1 ms the molar fractions
differences are 58%, for these two models. Howetley, differences between the other two models aen enore
significant. As an example, using the same valdeb and , i.e.,® = 1.8 and 2.6 forgt= 100 ms ane = 1.8 and 2.6
for tg = 0.1 ms, the model of (Blanquart et al., 2009 haelative difference in molar fraction with respto the model
of (Appel et al., 2000) of 129%, 201%, and 81%pessively. Whereas, the (Le Cong and Dagaut, 26@&Jel has a
molar fraction difference relatively to the modél(Appel et al., 2000), for the same valuesboénd  of 59%, 131%
and 178%, respectively.

Figure 2 (lll) shows the benzene PSR molar frastias function of the mixture equivalence ratio fesidence
times ranging from 100 to 0.1 ms, and that assediatith chemical equilibrium. At first glance, & clear that
discrepancies are much more severe than for treegiregy species analyzed here. As for propargylasdylene, the
benzene equilibrium molar fraction is negligible @< 3.0. Nevertheless, the chemical equilibrium shtlvat, ford >
3.4, marked differences between (Le Cong and Dag808) and the other models appear. Furthermioeg(Blanquart
et al., 2009) model also has clear discrepancies thie (Wang and Frenklach, 1997) and (Appel e28D0); however,
the overall trend is the same. This indicates thatchemical equilibrium for (Le Cong and Dagau0®) is not the
same than the others. Concerning the chemicali&inatdels results, the differences between (Appel.e2000) and
(Wang and Frenklach, 1997) models are the smalestever, these differences are more significaan tthe others
species analyzed. As an example, for 100 ms and = 2.2 and 2.8, the molar fraction differences leetwthe model
(Wang and Frenklach, 1997) relative to the (Appellge 2000) one are 3.9 times and 1.2 times, sy, and for
= 10 ms and the same values fbr= (2.2 and 2.8) the molar fraction differences 4r2 times and 1.8 times,
respectively. The discrepancies are relatively dighetween (Appel et al., 2000) model and (Blangataal., 2009).
For £ =100 ms and = 2.2 e 2.8, the models of (Blanquart et al., 2@G0® a factor of 3.9 and 2.8. Fgrt 10 ms, and
the same values @ the differences is a factor of 4.7 and 5.2, respely. For the model of (Le Cong and Dagaut,
2008), £ = 100 ms an@ = 2.2 e 2.8, the differences are a factor of 281 @3, respectively and fog £ 10 ms andD
= 2.2 e 2.8, the differences are a factor of 1aD&B.

Finally, Figure 3 shows the evolution of the pyrda) mole fraction as a function the equivalence rétio
residence times of 100, 10, 1 and 0.1 ms, andtiésohemical equilibrium. Note that pyrene doesamzur for g = 0.1
ms, and that the (Le Cong and Dagaut, 2008) mooles diot include chemical kinetic modeling for artimapecies
higher than benzene. The depicted results showthlibanaximum mole fraction decreases with decregagijrand that
the equivalence ratio of this maximum shifts fronn32.2 asg goes from 100 to 1 ms. This is the chemical specie
which has the most pronounced molar fraction dsaneies among all studied here. As an example relaive
differences between (Wang and Frenklach, 1997) itod@ppel et al., 2000) one for thg=% 100 andD = 2.4 and 3.0,
are a factor of 24 and 11, respectively apd 1 ms andb = 2.1 is a factor of 37. For the same evaluatioimtg, the
differences of (Blanquart et al., 2009) model tppal et al., 2000) one are a factor of 16, 5.6, HdtIrespectively.

——— (Wang e Frenklach, 1997)
—_———-. (Blanquart et al., 2009)
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Figure 3. Mole fraction of pyrene as a functiomigglence ratio of the mixtured] for residence times of 100 ms (a),
10 ms (b), 1 ms (c) and. Chemical equilibrium (sgialy chemical kinetic models (lines).
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3.3Soot precursors reaction pathway

In order to understand the discrepancies presémi8dction 3.2, reaction rate analyzes are perfdrioeacetilene,
propargyl, benzene, and pyrene so as to identdyntlin reactions and pathways responsible for thpeeies. The
main differences lie in the kinetic mechanisms giesi-urthermore, in order to quantify these diffes, the Arrhenius
constant k (T) is evaluated at 2000 K. The mainltsgrom the referred analys are summarized indab

Concerning the acetylene, considering the model¢Appel et al., 2000), (Wang and Frenklach, 199 a
(Blanquart et al., 2009), the three main reactanes

CoHz+H(+M) & CHs(+M) (3.1)
C,H,+0 & T-CH+CO (3.2)
C,H,+0 &HCCO+H (3.3)

whereas for (Le Cong and Dagaut, 2007) model, these

CoH+H(M) € CH3(+M) (3.4)
CoHp+O &HCCO+H (3.5)
CHat(+M) S CH, + Hp (+M) (3.6)

The main reaction pathway for the first three med#lows a trend towards a common set of impor&attions,
only the (Le Cong and Dagaut, 2008) model exhilsit@pancies. When analyzing the Arrhenius reaatives, k(T),
(Wang and Frenklach, 1997) and (Appel et al., 200@dels do not exhibit significant differences. Hwer,
comparing (Blanquart et al., 2009) and (Appel et2000) models, k(T) values are distinct. Factfod4 1.23 and 79
times larger are found for reactions 3.1, 3.2 ar®] Bespectively. Indeed, these two models haveresictions in
common, but only one has the same value of k(TpeBRtng the analysis for the (Le Cong and Dagdi@8® model, k
(T) has factors of 0.38, 0.25 and 0.34 for reasti8ril, 3.2, 3.3. Despite of not being an importaaiction for this
model, reaction 3.3 is in the scope of this kinatiechanism. In addition, according to the reactaip analysis, these
models have three reactions in common but onlyh@sethe same value of k (T).

Regarding propargyl, the reaction rate analysjgeisormed according to the valu®sand { given in Table 1 for
each chemical model. For the kinetic model of (Appeal., 2000) and of (Wang and Frenklach, 19%# mnain
reactions are:

C,Hp + CH, & CoHg + H (3.7)
CsHz + OH <& C,H; + HCO (3.8)
Whereas, for the model of (Blanquart et al., 20€8),reactions are:

CsHz + H® P-GH, (3.9
P-GH; + H<® CgHz + H;, (3.10)
and for (Le Cong and Dagaut, 2008) model one has:

CoHs + H< CgHy + Hy (3.11)
S-CH, + GH; & CHz + H (3.12)

It may be noticed that the main reactions of (Wang Frenklach, 1997) and (Appel et al., 2000) nodet
identical. The only difference lies in the Arrhesmiconstants which lead to a different value of KfF)reaction 3.7, in a
factor of 2 for (Appel et al., 2000). Hence, th#atience in mole fractions observed between theetsodf (Wang and
Frenklach, 1997) and (Appel et al., 2000) are eeldab the update of other reactions, which modigy whole results.
However, this does change significantly the resfdtsthe species studied so far. On the other héml,Cong and
Dagaut, 2008) and (Blanquart et al., 2009) modalgeehno reactions in common in this analysis, urmeisg an
important difference in the reactions controllifg tpropargyl formation. When the kinetic model Bfahquart et al.,
2009) is compared with that of (Appel et al., 20@@actions 3.9 and 3.10 are not among the mairtioeacfor the
second one. However, both models included thesgioea in their models, and k (T) is different byaator of 0.25
and 0.36, respectively for the (Blanquart et 2002) model in relation to (Appel et al., 2000) ofiae same analysis
has been made for (Le Cong and Dagaut, 2008) mbdefever, only the reaction 3.12 is in common it model of
(Appel et al., 2000) k(T) differs by a factor ofr2relation to this model.
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Table 2. Summary of the three major reactionstierformation of propargyl (§s), acetylene (&H,), benzene (§
and pyrene (4 for the kinetic models of (Appel et al., 2000), (@Blanquart et al., 2009) (b), (Le Cong and Dagau
2008) (c), and (Wang and Frenklach, 1997) (d) araduation of Arrhenius rate k(T) at 2000 K.

k(T)

Item Chemical Reaction @) (b) (c) (d)
1 CHo+H(+M) < CH3(+M) 4,8E+12 2,3E+14 2,1E+12 4,8E+12
2 C,H,2+0O < T-CH,+CO 3,6E+13 4 5E+13 7,3E+12 3,6E+13
3 C,H,+0 & HCCO+H 3,6E+13 2,9E+15 9,6E+12 3,6E+13
4 CHy(+M) & CHytH, (+M) 1,1E+12  1,1E+12 2,5E+15 1,1E+12
5 C3H3+OH <& C,H;+HCO 4,0E+13 - - 4,0E+13
6  CoHy+ CH, & CgHatH 1,6E+13 - 8,1E+12 8,1E+12
7 CsHs+ H <= P-GH,4 3,0E+13 7,4E+12 - -
8 P-GH;+H<® CgHs+ H, 1,4E+14 4,9E13 1,4E+14 9,1E+11
9  C,H,+S-CH, © CiHg+H 4,0E+13  1,9E+04 2,0E+13 8,1E+12
10 CzHztH <& CiHy+H, - 2,6E+13 - 4,1E+13
11  Ay+H A +H, 6,9E+13 8,5E+13 6,9E+13 6,9E+13
12 A +H(+M) SA(+M) 1,0E+14 - - 1,0E+14
13 CzHs + GH3®A; 5,0E+12  1,1E+14 4,0E+12 2,0E+12
14 A& A+H - 2,1E+16 2,2E+14 -
15 [-CeHe = Ay - - 6,49E+12 -
16 A +H&A, 1,0E+14 1,5E+15 - 1,0E+14
17 AfHSAL+H; 9,6E+13 2,8E+14 - 9,6E+13
18  A;“+CH,&A+H 1,8E+13  6,7E+12 - 9,2E+12
19 A#OH®A;*+CH,CO 6,9E+12 - - 6,9E+12
20 A4OH&SAL+H,0 7,1E+12 1,4E+13 - 7,1E+12
21  A;40 & Az-4+HCCO 1,7E+13 - - 1,7E+13

Benzene is the next chemical specie analyzed. Thashree most important reactions for benzenegrding to
the reaction rate analysis, are shown below andethgts for reaction rate are presented at théeTalFor the models
of (Appel et al., 2000) and (Wang and Frenklact®7)9these are

Ai+H® Al +H, (3.13)
Al + HEM)S Ap (+M) (3.14)
CiHz + GH; & A (3.15)
for the model of (Blanquart et al., 2009),

Ai+HE A+ H, (3.16)
CsHz + GHz & A (3.17)
A+H & Ay (3.18)
and for the model of (Le Cong and Dagaut, 2008),

Ai+H® Al +H, (3.19)
AT +H® A; (3.20)
[-CeHe & Ay (3.21)

The most important reaction for benzene formatimmfsmaller hydrocarbons is reaction 3.15, excepttfe (Le
Cong and Dagaut, 2008) model. The reactions witipgnmgyl could be expected due to its importanceudised in
literature (Blanquart et al., 2009), (Appel et aDP0), (Kennedy, 1997) assert that this reactdahé main responsible
for aromatic species formation. It is surprisingttfor the (Le Cong and Dagaut, 2008) kinetic msdieis reaction has
not been considered to be important in benzenedtom even if this reaction is included in the mi&al kinetic
mechanism. Moreover, analyzing the k(T) valuesatild 2, it can be noticed that the four kinetic haagsms present
distinct values. Reaction 3.15 exhibits significdifferences, being 13 times smaller for (Blanqural., 2009) model
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and being 2.5 and 1.25 times smaller for the (Wamd Frenklach, 1997) and (Le Cong and Dagaut, 26@R)els,
respectively, when compared to the (Appel et &0® model. For (Wang and Frenklach, 1997) andpéAet al.,
2000) models, the reaction constants and chengeations update processes are thus evident foeberand has led
to a significant influence on the results obtained.

Furthermore, the (Blanquart et al., 2009) modelxshmeaction pathway similar to the (Wang and Fracik] 1997)
and (Appel et al., 2000) models, insofar as thetirea 3.16 and 3.17 are common to them. Howeveamémxing more
closely the (Blanquart et al., 2009) model, amdmg % most important ones, the two reactions thatimportant in
benzene formation and are exclusively presentigkihetic model are:

A-CsHs + CHz & A+ H, 3.22
CsH,CH; © A, 3.23

According to (Blanquart et al., 2009), these 2 tieas are on attempt to better descrihemAcombustion. Thus, it
is evident that these two reactions play an impdntale for this species formation in the PSR.Ha tase of model of
(Le Cong and Dagaut, 2008) model, it is interestmgote the absence of the reaction 3.15, whichilshbe the main
reaction responsible for benzene formation. In @aidi the value of k(T) for this mechanism is quiienilar to the
others. So, the differences can be related to lseree of the properly reaction pathway to the &ion of GH; in
this mechanism.

Finally, the pyrene reaction rate analysis is presge A congruency in the reaction for pyrene maybserved for
all kinetic models. Indeed, only Table 2 reactid®sand 21 are not common for all three models. Hewethere are
significant differences in the Arrhenius constamtgch imply different values of k(T). Indeed, theopess of updating
(Wang and Frenklach, 1997) to (Appel et al., 200@pel included changes in reaction constants factien 18 only.
Regarding the (Blanquart et al., 2009) model tHeesof the reaction rates are different for adlateons; that is, the
largest difference occurs for the reaction 16, wtibe reaction rate is 7 orders of magnitude smateen compared to
the (Appel et al., 2000) model. The reaction ratki@s for the other reactions exhibit the samerasflenagnitude that
(Appel et al., 2000) model. Therefore, despitekimetic models presenting rather small differericesveen chemical
reactions and reaction rates for the formationysépe, the differences between the computed madatiébns are very
large.

4. CONCLUSIONS

A study of key chemical species involved in soatrfation processes has been performed in ordernpare the
prediction capacities of four different chemicalnédics mechanisms, following PSR and chemical ditim
computations. For some mixture equivalent ratidgnaical equilibrium is not reached in the PSR, ef@nhigh
residence times. Residence times higher than 10Qvems not evaluated becausewias not possible to achieve
numerical convergence. So, this situation integfesignificantly in the results for all chemical netsland the chemical
species studied. Moreover, significant differenisesveen the results obtained from different kinetmdels have been
observed for propargyl and aromatic species. THasrgences could lead to error propagation in mathgrs species
which are directly involved in the chemistry of so8ince propargyl is crucial for aromatic speciasy substantial
difference in its pathway on its molar fractioneaffs the prediction accuracy as is seen in thedmenand pyrene
results.
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