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Abstract 

α-Methylnaphthalene (AMN) is the primary reference bicyclic aromatic compound of diesel, and it is 
commonly used as a component of diesel, kerosene and jet-fuel surrogates formulated to describe real fuel 
combustion kinetics. However, few experimental data on neat AMN combustion are available in the litera- 
ture. This work provides the first measurements of laminar flame speed profiles of AMN/air mixtures at 1 bar 
varying the initial temperature from 425 to 484 K, and equivalence ratio ( ϕ) between 0.8 and 1.35 paving the 
way for the kinetic study of AMN combustion chemistry at high temperatures ( > 1800 K). The experimental 
data obtained in a spherical reactor are compared with kinetic model simulations. Specifically, the AMN ki- 
netics is implemented from its analogous monocyclic aromatic compound, i.e., toluene, through the analogy 
and rate rule approach. This method allows to develop kinetic mechanisms of large species from the kinet- 
ics of smaller ones characterized by analogous chemical features, namely the aromaticity and the methyl 
functionality in the case of toluene and AMN. In doing so, it is possible to overcome the need of high-level 
electronic structure calculations for the evaluation of rate constants, as their computational cost increases 
exponentially with the number of heavy atoms of the selected species. To assess the validity of this approach, 
ab initio calculations are performed to derive the rate constants of the H-atom abstraction reactions by H, 
OH and CH 3 radicals from both toluene and AMN. The kinetic model obtained satisfactorily agrees with 

the measured laminar flame speed profiles. Sensitivity and flux analyses are performed to investigate similar- 
ities and differences between the main reaction channels of toluene and AMN combustion, with the former 
leading to ∼6 cm/s faster flame speed at almost identical conditions (P = 1 bar, T ∼425 K), as evidenced by 
both kinetic model simulations and experimental findings. 
© 2022 The Authors. Published by Elsevier Inc. on behalf of The Combustion Institute. 
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. Introduction 

The understanding of real fuel combustion
hemistry in engines is of relevance in the con-
ext of climate change mitigation. This is partic-
larly true in the challenging decarbonize process
ectors such as heavy-duty road transport, avia-
ion and maritime transport. However, the devel-
pment of dedicated detailed kinetic mechanisms is
ampered by the huge number of compounds that
onstitute real fuels and that interconnect through
 complex network of reactions determining igni-
ion, flame propagation and the formation of pol-
utants such as NOx, unburned species and partic-
late matter. Hence in the last decades kinetic mod-
ling occurred mostly via the formulation of surro-
ate fuels, made of only few reference species able
o reproduce physical and/or chemical properties of 
he real fuels [ 1 , 2 ]. 

In this context, α-methylnaphthalene (AMN)
epresent one of the major components of diesel
3] , kerosene and alternative jet-fuel surrogates
 4 , 5 ]. In the experimental and theoretical study of 
amirez et al. [3] a very similar reactivity between

ommercial diesel and a diesel surrogate fuel con-
tituted by a simple AMN/n-decane mixture was
bserved. Violi et al. [4] used AMN as represen-
ative of the diaromatic species in the blend of 
 six-component mixture formulated to reproduce
he distillation and compositional properties of a
P-8 aviation fuel. AMN was also included in the
even-component mixtures developed by Kathro-
ia et al. [5] to model 26 jet fuels and to investigate
he influence on the formation of soot precursors
f different chemical classes of compounds, i.e.,
-paraffins, iso-paraffins, cyclo-alkanes, aromatics.
owever, despite the fact that AMN represents the

rimary reference bicyclic aromatic compound of 
iesel fuels with a null cetane number [3] as well as
 key precursor of larger polycyclic aromatic hydro-
arbons (PAHs) and soot [6] , only few experimental
nd modeling studies focusing on neat AMN com-
ustion are available in the literature [ 3 , 7–10 ]. 

In this work, we measured laminar flame speeds
LFS) of AMN/air mixtures in a spherical ves-
el at 1 bar and at three unburned gas tempera-
ures (T in = 425 K, 445 K, 484 K). To the best of 
ur knowledge, these are the first measurements of 
MN/air laminar flame speeds available in the lit-

rature, while previous experiments only focused
n speciation [3] and autoignition properties [7] –

8]. Then, AMN reactivity was modeled and up-
ated in the CRECK kinetic mechanism by apply-

ng analogy and systematically extending reaction
lasses and rate rules from toluene, being the mono-
yclic aromatic counterpart of AMN, thus featur-
ng strong chemical similarity. Specifically, H-atom
bstraction reactions by H, OH and CH 3 radicals
rom both the methyl group and the aromatic rings
f AMN and toluene were computed based on ab-

nitio calculations to validate the kinetic assump-
Please cite this article as: A. Nobili, L. Pratali Maffei, M. Pelucc
methylnaphthalene laminar flame speeds, Proceedings of the Co
08.017 
tions adopted herein. Additional oxidation path-
ways were derived entirely by analogy describing
the evolution of similar chemical species coher-
ently with toluene. The kinetic mechanism thus
obtained satisfactorily predicts measured laminar
flame speeds. Sensitivity and flux analyses were per-
formed to assess key reactions and chemical path-
ways involved in AMN combustion at the condi-
tions investigated, and to highlight the robustness
of the analogy approach adopted. 

2. Methods 

2.1. Experimental setup 

The laminar flame speeds were measured in a
spherical vessel of 56 L (i.d. 48 cm) equipped with
optical access through 4 quartz opposite windows
(100 mm optical diameter, 50 mm thickness). The
vessel was maintained at a homogeneous tempera-
ture by means of a circulating thermal heating fluid
and insulation. In the present study, the initial tem-
perature (T in ) was varied (425 ±1 K, 445 ±1 K, and
484 ±1 K), with equivalence ratio ranging from 0.8
to 1.35, while the initial pressure in the spherical
bomb was fixed to 1 bar. The minimum and maxi-
mum flame radius vary from 10 mm to 14 mm (to
avoid influences on the ignition event) and from 37
mm to 46 mm depending on the flame ideality, re-
spectively. 

A Z-type Schlieren set-up coupled with a high-
speed camera (Phantom v1610, 25000 frames per
second acquisition rate) was used for visualization
and recording of the expanding flames, while the
pressure time histories were measured with a piezo-
electric pressure transducer (Kistler 601A coupled
to a Kistler Type 5011B Charge Amplifier). Exam-
ples of images for an α-methylnaphthalene prop-
agating flame at ϕ= 1.1 and T in = 445 K are pre-
sented in the left top panel of Fig. 1 . The left bot-
tom panel shows the corresponding pressure pro-
file. In particular, the pressure signals were used
to verify that the measurements were performed
at nearly constant pressure conditions. An average
increase of 0.7% in the pressure profiles was ob-
served between the initial time and the time of the
last recorded images. The images were then pro-
cessed to obtain the flame radius as a function of 
time (Canny method), from which the adiabatic un-
stretched gas speed of the burned gases relative to
the flame could be derived by solving the non-linear
Equation S1 reported in the Supplementary Mate-
rial (SM). The unstretched laminar flame speed of 
the unburned gases was finally obtained from the
continuity equation. The average estimated errors
in the three sets at T in = 425 K, 445 K, and 484 K are
0.7 cm/s, 0.8 cm/s, and 1.0 cm/s, respectively, based
on the uncertainty in the determination of the radii
( ±1 pixel). Finally, the radiation-correction terms
calculated based on the equation proposed by Yu
hi et al., Experimental and kinetic modeling study of α- 
mbustion Institute, https://doi.org/10.1016/j.proci.2022. 
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Fig. 1. α-methylnaphthalene/air flame propagation at ϕ= 1.1, T in = 445 K, P in = 1 bar (top left panel) with the corresponding 
pressure profile (bottom left panel). The pressure profile between 4.04 and 12.04 ms is zoomed in the right panel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

et al. [11] is on average equal to 0.68 cm/s, 0.70 cm/s,
and 0.75 cm/s for T in = 425 K, 445 K, and 484 K, re-
spectively. 

The reactant mixtures were prepared directly in-
side the vessel using the partial pressure method
The partial pressures were measured with two ca-
pacitive manometers (MKS Baratron Type 631, ac-
curacy 0.5%) of different full scales (100 Torrs and
1000 Torrs). Based on the precision of the capac-
itive manometers, the uncertainty in the equiva-
lence ratio ( ϕ) is around 1%. All the experiments
were performed using laboratory dry air (0.209
O 2 + 0.791 N 2 ), while two different AMN samples,
i.e., by Alfa Aesar (97% purity) and Acros Organ-
ics (98% purity) were considered in order to assess
the influence of the corresponding impurities on
the laminar flame speed measurements. In partic-
ular, the AMN from Alfa Aesar contains consid-
erable amounts of methyl-substituted thiophenes
while the AMN from Acros Organics contains hy-
drogenated impurities. Details of the two fuel sam-
ples are reported in Fig. S1 of SM. Only a slight
shift was observed in the flame speed profiles ob-
tained with the two different mixtures at 484 K
(Fig. S2), with a maximum discrepancy of 0.8 cm/s
on the fuel rich side. Therefore, the presence of dif-
ferent impurities in the fuel samples did not signif-
icantly influence the laminar flame speed measure-
ments. 

The experiments performed at T in = 484 K were
also used to assess the repeatability of the exper-
imental data due to errors in the determination
of the flame radii. In particular, the experiments
at three different equivalence ratios, ϕ∼0.80, 1.07,
and 1.35, were repeated three times each and the
related results are reported in Fig. S7 of SM. The
variation in the measured laminar flame speed at
each ϕ is much lower than the corresponding ex-
perimental errors. Thus, it was possible to assume
that the uncertainties due to the raw data treat-
ment were conservative estimates of the errors. The
Please cite this article as: A. Nobili, L. Pratali Maffei, M. Pelucc
methylnaphthalene laminar flame speeds, Proceedings of the Co
08.017 
Markstein lengths were also estimated, and an ex- 
cellent repeatability of the measurements was ob- 
served. Further details of the experimental appa- 
ratus have been reported in previous publications 
[ 12 , 13 ]. Experimental data are provided in tabular 
form in the SM. 

2.2. Kinetic mechanism 

From the modeling standpoint, the aim of this 
work is to update the AMN chemistry within the 
CRECK gas-phase kinetic mechanism [14] by ap- 
plying analogy and rate rules from toluene. This 
approach is motivated by the fact that the devel- 
opment of a detailed kinetic mechanism for AMN 

combustion entirely based on high-level theoreti- 
cal calculations is inhibited by: i) the exponential 
increase of intermediates and related isomers in- 
volved in PAH chemistry compared to those partic- 
ipating to MAH chemistry [15] ; ii) the high compu- 
tational cost of electronic structure calculations for 
PAHs preventing the straightforward use of state- 
of-the-art theoretical methodologies recently ap- 
plied to MAH chemistry [ 16 , 17 ]. 

Hence, in order to prove the validity of the anal- 
ogy discussed in Section 2.2.2 , we also computed 

rate constants for H-atom abstraction reactions by 
H, OH and CH 3 , at the same level of theory for 
both toluene and AMN. The selected radicals are 
abstracting species involved in MAHs pyrolysis and 

combustion [ 14 , 18 ]. 

2.2.1. H-atom abstraction rate constant 
calculations 

The rate constants of H-atom abstraction re- 
actions were calculated through Ab Initio Transi- 
tion State Theory based Master Equation methods 
(AI-TST-ME [19] ), as implemented in EStokTP 

[20] . EstokTP automatize routines employ Gaus- 
sian G09 [21] and Molpro 2021 [22] for electronic 
hi et al., Experimental and kinetic modeling study of α- 
mbustion Institute, https://doi.org/10.1016/j.proci.2022. 
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Fig. 2. Per H-atom basis H-atom abstraction rate con- 
stant by H, OH, CH 3 from a) the methyl group and b) 
the ortho-site of the aromatic rings of toluene (solid lines) 
and AMN (dashed lines). Dotted lines in b) represent the 
rate constnt computed by applying the rate rule. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tructure and MESS [23] for rate constant calcula-
ions. Geometries and frequencies of the station-
ry points on the potential energy surface (PES)
ere calculated with the M06-2X functional us-

ng 6-311 + g(d,p) basis set [24] . This methodol-
gy already proved accurate in the calculation of 
he rate constants for H-atom abstraction reactions
rom toluene [14] . In this respect, it is noted that
he rate constant of the H-atom abstraction by
H was already reported in our previous work on

oluene [14] . The energies of the stationary points
n toluene PESs were refined at the CCSD(T)/aug-
c-pVTZ level of theory [ 25 , 26 ], and corrected
or basis set size effects with the change between
ensity fitted (DF) MP2 with aug-cc-pVQZ and
ug-cc-pVTZ basis sets, as described in [25] . The
esulting energy barriers estimated at M06-2X/6-
11 + g(d,p) and at CCSD(T)/CBS levels of the-
ry differ by about 1-2 kcal/mol. Hence, the DFT
nergy barriers of the H-atom abstractions from
MN were corrected according to the difference
etween the CCSD(T) and DFT calculations of 
he corresponding TS in toluene. This approach al-
eady proved successful in the estimation of energy
arriers for MAHs within the same reaction class

17] . 
Internal rotations were treated with the one-

imensional hindered rotor models, and the tor-
ional potential was determined with 20 ° interval
cans at the same level of theory used for geom-
try optimization. Van der Waals wells that pre-
ede and follow the TSs were also determined (as in
14] ), so as to compute properly the energy barrier
or quantum tunneling corrections with the Eckart

odel [27] . Rate constants were determined in the
00–2000 K temperature range using microcanon-
cal variational transition state theory (VTST), as
mplemented in MESS [23] . Input files for the mas-
er equation calculations are available as supple-
entary materials. 

The calculated rate constants are reported in
ig. 2 . 

Fig. 2 a shows that very similar values were
btained for toluene and AMN in the case of 
 and CH 3 radicals abstracting from the methyl

roup, with an average discrepancy of only 22%.
n the contrary, the H-atom abstraction by OH

rom toluene methyl group is larger than that from
MN by a factor of up to 1.5. This is due to the
igher rotational barriers associated with the tor-
ions of the OH and CH 3 -OH groups related to
he larger steric hindrance and the interaction with
he second aromatic ring. The maxima for the hin-
ered rotation of these groups were found to be 7
nd 2 kcal/mol in AMN, while 3 and 1 kcal/mol
n toluene, respectively. It is also noted that the
tructures of the two TSs are slightly different, with
he OH tilted towards the second aromatic ring in
MN and perpendicular to the plane in toluene.
his might increase the error in the correction in the
nergy barriers calculated at the DFT level of the-
Please cite this article as: A. Nobili, L. Pratali Maffei, M. Pelucc
methylnaphthalene laminar flame speeds, Proceedings of the Co
08.017 
ory. The H-atom abstractions from the ortho site
of the aromatic rings, i.e., the most reactive site,
were found to be systematically faster in toluene
than in AMN (factor of ∼1.5 on average), in the
whole temperature range of interest ( Fig. 2 b). Be-
cause of the vicinity of the ortho site to the methyl
group, a similar theoretical explanation for the de-
crease in the rate constant applies (i.e., higher steric
hindrance and torsional barriers). 

2.2.2. Analogy and rate rules from toluene kinetics 
The analogy and rate rules approach widely

used in the literature [28] was adopted to develop
the AMN model from that of toluene, recently re-
vised in the CRECK kinetic framework based on
theoretical determination of rate constants [14] .
The analogy and rate rule approach assumes that
chemical species with the same functional groups
feature similar reactivity. This assumption was suc-
cessfully used to describe the pyrolysis and com-
bustion kinetics of different classes of chemical
species, such as n-alkanes [29] , phenolic [30] and
aromatic species [17] . Moreover, H-atom abstrac-
tion rate constants discussed in Section 2.2.1 pro-
vided an additional reliable theoretical reference for
the application of such rules. 

Based on analogy rules, all the rate constants
of H-atom abstraction reactions from the methyl
functional group of AMN were assumed to be
equal to those of toluene. The theoretical findings
reported in Fig. 2 a support this approach, except
from the rate constants of the H-atom abstraction
by OH from AMN. Hence, this rate constant was
implemented directly from the theoretical calcula-
tions due to the significant difference with its ref-
erence rate constant. On the other hand, following
the rate rule approach [28] , all the rate constants
of H-atom abstraction reactions per site from the
aromatic rings of AMN were reduced to 7/10 of 
the corresponding rate constants of toluene. This
scaling factor stems from the different number of 
hi et al., Experimental and kinetic modeling study of α- 
mbustion Institute, https://doi.org/10.1016/j.proci.2022. 
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Table 1 
List of reaction with pre-exponential factor A of the Arrhenius law tailored 
from toluene kinetics. 

Reaction A AMN 

/A TOLUENE 

H + C 10 H 7 CH 3 = H 2 + C 10 H 6 CH 3 7/10 a 

OH + C 10 H 7 CH 3 = H 2 O + C 10 H 7 CH 2 1/1.5 b 

O + C 10 H 7 CH 3 = H + CH 3 C 10 H 6 O 7/10 a 

2C 10 H 7 CH 2 = > BINs 1/4 c 

C 10 H 7 CH 2 + C 10 H 7 CH 3 = > H + BINs d 1/4 c 

2C 10 H 6 CH 3 = > H 2 + BINs 1/4 c 

C 10 H 6 CH 3 + C 10 H 7 CH 3 = > H + BINs 1/4 c 

a Based on the rate rule. Same scaling applied to all the H-atom abstraction 
and ipso-addition reactions occurring on each site in the aromatic ring of AMN 

b From theoretical calculations ( Fig. 2 a). c Based on symmetry considerations. 
d BINs represent lumped pseudo species describing large PAHs and carbona- 
ceous particles in the soot model [31] coupled with the gas-phase kinetics. 

Fig. 3. (a) Laminar flame speeds of an AMN/air mix- 
ture at P = 1 bar varying the initial temperature T in . Er- 
ror bars, with a maximum of ±1 cm/s are also reported. 
(b) Comparison between LFS measured and computed in 
this work with those obtained with other literature models 
[ 7 , 14 ]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H atoms as well as from the systematic reduction
of the rate constant obtained from theoretical cal-
culations. The rate constants thus obtained for the
H-atom abstraction by H, OH and CH 3 radicals on
AMN perfectly match with those computed theo-
retically, as shown in Fig. 2 b. 

The same approach was applied to ipso-
substitution reactions on AMN. The different sym-
metry of AMN and toluene was also considered in
the scaling of the rate constants of addition and
recombination pathways leading to larger PAHs
growth. Rate constants tailored from toluene ki-
netics in the development of AMN mechanism are
summarized in Table 1 . 

Overall, except for the rate constants of the H-
atom abstraction by OH from the methyl moiety,
discrepancies well below a factor of 2 were ob-
tained between the investigated rate constants for
the mono- and di-aromatic hydrocarbon. Hence,
the kinetics of unimolecular decomposition and
isomerization reactions involving AMN was im-
plemented in analogy with the toluene chemistry
from the CRECK kinetic mechanism [14] , to which
the AMN sub-mechanism was coupled. In doing
so, 16 diaromatic hydrocarbon and oxygenated in-
Please cite this article as: A. Nobili, L. Pratali Maffei, M. Pelucc
methylnaphthalene laminar flame speeds, Proceedings of the Co
08.017 
termediates were added to the kinetic model (see 
Section 3 , 2 and Table S1 of SM) in analogy with 

those primarily involved in toluene combustion. 
Thermodynamic properties of such species were 
adopted from Burcat’s database [32] , when avail- 
able, or in analogy with structural isomers. The gas- 
phase mechanism was then coupled to the latest 
version of the CRECK soot model [31] to account 
for the formation of large PAHs with > 20 C-atoms 
from AMN combustion, by correcting the kinetics 
of resonantly stabilized aromatic radical condensa- 
tion to soot particles from analogous PAH recom- 
bination rate constants. 

3. Results and discussion 

3.1. Laminar flame speed results 

Numerical simulations were performed with 

OpenSMOKE ++ [33] . Measured laminar flame 
speeds of AMN/air mixtures at T in = 425 K, 445 K, 
484 K are compared with model results in Fig. 3 a. 
The model satisfactorily predicts the flame speed 

profiles as a function of the equivalence ratio for 
all the three initial temperatures considered. The 
highest flame speeds are obtained at ϕ= 1.1, with 

an increase of 4.6 cm/s from T in = 425 K to 445 K 

and of 9.2 cm/s from T in = 445 K to 484 K. Interest- 
ingly, similar variations in the maximum LFS were 
observed in toluene/air combustion at atmospheric 
conditions [34] with comparable initial temperature 
difference, i.e., 3.7 and 8.2 cm/s from T in = 298 K 

to 318 K and from T in = 318 K to 358 K, respec- 
tively. No significant differences in the experimen- 
tal Markstein lengths could be observed between 

the three sets (Fig. S5). Fig. 3 b compares model 
predictions at T in = 445 K with those of its pre- 
vious version [14] and of the model proposed by 
Narayanaswamy et al. [7] . While the former un- 
derestimates by ∼11 cm/s the experimental data, 
the latter shows a better quantitative agreement but 
with peak flame speed shifted towards lower equiv- 
hi et al., Experimental and kinetic modeling study of α- 
mbustion Institute, https://doi.org/10.1016/j.proci.2022. 
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Fig. 4. Sensitivity analysis of LFS to model rate con- 
stants for AMN/air flame at T in = 445 K, ϕ= 1.1, P = 1 bar. 
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lence ratio than the measured one (i.e., ϕ= 1.05 vs
.1), and it is also characterized by a larger con-
ribution of fuel unimolecular decomposition re-
ctions to LFS, in both lean and rich conditions,
ith respect to the here proposed model (see Fig.
9 of the SM). Therefore, this study achieves a sig-
ificant improvement in the model predictive capa-
ility compared to previous literature mechanisms.
he model was also tested by comparison with igni-

ion delay times of AMN/air 8,9] and AMN/O 2 /Ar
10] mixtures, as well as with speciation of AMN
yrolysis [35] and oxidation [36] from the litera-
ure at different operating conditions (P = 1-40 bar,
 = 800-1400 K, ϕ= 0.5- ∞ ), as reported in Table S2
nd Figs. S10–S13. 

A sensitivity analysis of laminar flame speeds
as performed for the case at T in = 425 K and
= 1.1. Results from the analysis are reported in
ig. 4 . Along with reactions between C 0 -C 1 species

elevant for H radical formation (H + O 2 = O + OH,
H + CO = H + CO 2 , HCO + M = H + CO + M), H-

tom abstractions by H and OH from the methyl
unctional group of the fuel govern the reactivity
f AMN, as in the case of toluene/air combustion
t the same operating conditions (Fig. S8 in SM).
lso, phenylacetylene (C 6 H 5 C 2 H), primarily pro-
uced by the oxidation of two-ring aromatic and
xygenated species (see also Fig. 6 ), plays a key
ole. Indeed, its oxidation by OH forming ketene
CH 2 CO) and the highly reactive phenyl radical
C 6 H 5 ), compete with H-atom abstraction by OH
rom AMN, which instead produces a resonantly
tabilized radical (C 10 H 7 CH 2 ). 

.2. AMN versus toluene reactivity 

Fig. 5 shows the comparison between the sim-
lated LFS profiles of AMN and toluene at atmo-
pheric pressure and for two different initial tem-
eratures, i.e., T in = 425 K (solid lines) and T in = 445
 (dashed lines). Experimental data by Wang et al.

37] for toluene/air flame speeds at T in = 423 K are
lso reported in comparison with the measure-
Please cite this article as: A. Nobili, L. Pratali Maffei, M. Pelucc
methylnaphthalene laminar flame speeds, Proceedings of the Co
08.017 
ments for AMN/air mixtures from this work. In
both model simulations and experiments a higher
reactivity of toluene is observed, with a maximum
laminar flame speed at ϕ= 1.1 which is ∼6 cm/s
faster on average than that of AMN in the range of 
equivalence ratio considered. The reasons behind
this difference are explored in the following discus-
sion. 

To investigate similarities and differences in the
main reaction pathways involved in AMN and
toluene combustion, a flux analysis was carried out
at T in = 445 K and ϕ= 1.1 for both fuels. Results
are reported in Fig. 6 . In general, mono- and di-
aromatic hydrocarbons and oxygenated intermedi-
ates with analogous structures are involved in the
combustion of toluene and AMN, highlighting the
strong correspondence in the kinetics of the two
fuels. Specifically, the same fiv e primary intermedi-
ates are firstly produced, but with different branch-
ing ratios. The reaction flux of AMN towards its
radicals, i.e., C 10 H 7 CH 2 and C 10 H 6 CH 3 , is slightly
reduced, while those toward naphthalene (C 10 H 8 ),
naphthoxy (C 10 H 7 O) and methylnaphthol radical
(OC 10 H 6 CH 3 ) are fostered compared to the respec-
tive pathways in toluene oxidation. This is primar-
ily due to the H-atom abstraction rate constants
from AMN that are different from toluene as dis-
cussed in Section 2.2.2 . 

Decomposition pathways of the two fuel rad-
icals, with the unpaired electron on the methyl
group (C 10 H 7 CH 2 ) and the aromatic ring (lumped
C 10 H 6 CH 3 ), are highlighted in red and blue, respec-
tively. Ethyl-naphthalene (C 10 H 7 C 2 H 5 ) and naph-
thoquinone (C 10 H 6 O 2 ) species were included in the
updated AMN sub-mechanism in analogy with the
key intermediates involved in toluene chemistry. 

Their inclusion allowed to significantly improve
the predictive capability of the model compared to
hi et al., Experimental and kinetic modeling study of α- 
mbustion Institute, https://doi.org/10.1016/j.proci.2022. 
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Fig. 6. Comparison between flux analyses of AMN/air 
and toluene/air combustion at T in = 445 K and ϕ= 1.1. The 
main aromatic intermediates involved in toluene com- 
bustion are represented with solid aromatic rings, while 
those participating to AMN combustion with an addi- 
tional dashed ring. Thicker arrows represent preferential 
chemical pathways. Red and blue structures distinguish 
the pathways originating from methyl group and the ring, 
respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Simulated mole fraction profiles of H and HCO 

radicals and acetylene (C 2 H 2 ) in AMN/air (blue lines) 
and toluene/air (black lines) mixtures at T in = 455 K and 
ϕ= 1.1. 
its previous version, as shown in Fig. 3 b. In fact,
benzoquinone and its two-rings counterpart naph-
thoquinone (C 10 H 6 O 2 ) are main products of suc-
cessive reactivity of toluene and AMN aromatic
ring radicals, respectively. Their oxidation then pro-
duces CO and alkynes, i.e., C 6 H 5 C 2 H and C 2 H 2 for
AMN and toluene, respectively ( Fig. 6 ). The subse-
quent oxidation of C 6 H 5 C 2 H was found to be one
of the most sensitive reactions for AMN laminar
flame speed, as shown in Fig. 4 . It can be observed
from Fig. 6 that the reaction fluxes of both ben-
zene and phenyl radical in toluene are also similar
to those of their two-ring counterparts, corroborat-
ing the resembling kinetics of toluene and AMN. 

As aforementioned, LFS is strictly related to
H radical formation [38] . In particular, the higher
LFS of toluene ( Fig. 5 ) is a consequence of the
corresponding larger H radical mole fraction with
respect to that obtained in the AMN/air mix-
tures, as also reported in Fig. 7 , while the com-
puted adiabatic temperatures of the two flames
are comparable (2396 vs 2400 K for toluene and
AMN, respectively). This result is expected since
toluene features a higher H/C ratio than AMN
(1.14 vs 0.91), which leads to larger H radical pool,
also considering that a larger fuel mole fraction
is required in toluene/air mixtures to reach the
same equivalence ratio as AMN/air mixtures (e.g.,
Please cite this article as: A. Nobili, L. Pratali Maffei, M. Pelucc
methylnaphthalene laminar flame speeds, Proceedings of the Co
08.017 
0.025 vs 0.017 for ϕ= 1.1, respectively). Fig. 7 also 

shows that the mole fraction of formyl radical 
(HCO) and acetylene (C 2 H 2 ), as primary precur- 
sors of H radical through HCO + M = H + CO + M 

and O + C 2 H 2 = H + HCCO reactions, respectively, 
is larger in toluene flame, as expected from the de- 
composition channels of the two fuels reported in 

Fig. 6 . 

4. Conclusions 

Laminar flame speeds of pure α- 
methylnaphthalene/air mixtures were measured for 
the first time in this work. A consolidated spherical 
vessel apparatus was used for the measurements, 
performed at 1 bar pressure and three different ini- 
tial temperatures (T in = 425 K, 445 K, and 484 K), 
with equivalence ratio from 0.8 to 1.35. The AMN 

kinetic sub-mechanism was updated in analogy 
with toluene chemistry, exploiting the resembling 
chemical features of AMN and toluene, and cou- 
pled to the CRECK gas-phase and soot models. 
Rate constant of H-atom abstraction reactions 
by H, OH and CH 3 radicals from both fuels were 
computed with theoretical calculations to further 
assess the validity of the analogy and rate rule ap- 
proach adopted. It was found that it is reasonable 
to assume the same rate constants used in toluene 
kinetics for H-atom abstraction reactions from the 
methyl functional group of AMN, however the 
rate constants of the H-atom abstraction by OH 

was found to be a factor of 1.5 lower than that on 

toluene. The rate constants of H-atom abstraction 

reactions from the aromatic rings obtained via rate 
rules application successfully match the results of 
the theoretical calculations. Model simulations sat- 
hi et al., Experimental and kinetic modeling study of α- 
mbustion Institute, https://doi.org/10.1016/j.proci.2022. 
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sfactorily predict measured laminar flame speeds
n all the conditions experimentally investigated.
lux analyses show the several analogies between

he main reaction channels of aromatic and oxy-
enated intermediates participating in toluene
nd AMN combustion. On the other hand, it
as highlighted that the higher H/C ratio as well

he higher concentration of formyl radical and
cetylene in the toluene flame, produces a related
arger H radical pool, which accelerates the LFS.
his largely determines the differences between

oluene and AMN, with the latter showing LFS
ompared to toluene as highlighted by both the
xperimental measurements and model results. 
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