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Abstract 

The primary objective of the present work is to collect and review the vast amount of experimental data 
on rich laminar premixed flames of hydrocarbon fuels reported in recent years, and to analyze them by using 
a detailed kinetic mechanism, identifying aspects of the mechanism of PAH and soot formation requiring 
further revisions. The kinetic assessment was hierarchically conducted, with the progressive extension of 
the core C 0 –C 2 NUIG mechanism up to the CRECK kinetic mechanism of PAH and soot formation. This 
mechanism is here adopted to evaluate and analyze the extensive amount of experimental data collected. 
Therefore, it provides a kinetic guideline, useful to critically compare and unify flames involving similar fuels 
and/or conditions from different sources. The relevant effect of soot particles formation on heavy PAHs con- 
centration is also discussed, together with the kinetic analysis highlighting systematic deviations and critical 
issues still existing in the present model. The model performances were evaluated using the Curve Matching 
approach (Bernardi et al., 2016). Considering the challenges of quantitative PAH measurements and asso- 
ciated uncertainties, this extensive database is a further value of this paper and is beneficial for improving 
reliability of kinetic models in a wide range of conditions. 
© 2018 The Authors. Published by Elsevier Inc. on behalf of The Combustion Institute. 
This is an open access article under the CC BY license. ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Polycyclic aromatic hydrocarbons (PAH) are
arcinogenic compounds harmful to human health.
n addition to this, PAHs are also precursors of 
oot by means of radical addition reactions on
ouble bonds, cyclization, and formation of res-
nantly stabilized radicals, finally resulting in in-
ipient soot [1] . The formation of soot has been
ntensively studied through different modeling ap-
roaches [2–4] . However, all of them require pre-
ictive and comprehensive detailed kinetic mecha-
isms able to correctly describe PAHs formation for
 wide range of fuels and operating conditions. 

PAH growth and soot formation are typically
nvestigated in nearly sooting or sooting premixed
aminar flames [5] . A large number of experimen-
al studies of rich premixed laminar flames have
een presented in the past decades, providing a
assive amount of detailed information on tem-

erature and concentration profiles for individual
ames. The last effort to collect and review several
ames for different hydrocarbon fuels dated back
o over eight years ago and consisted of 22 flames
6] . Since then, advances in analytical techniques
nd additional measurements drove improved pre-
ictive capabilities of kinetic models. These ad-
ancements motivate the comprehensive collection
ere reported which is used to gain significant in-
ights on current knowledge of PAHs and soot
hemistry. This work provides the basis for fur-
her improvements of the CRECK soot model by
eans of a hierarchical approach to the modeling

f PAHs kinetics in flames. 
The motivations and objectives of the present

ork are: 

(i) To organize an extensive data collection of 
literature measurements in rich laminar pre-
mixed flames of different hydrocarbon fuels;

(ii) To critically assess the model performance
through extensive comparisons with experi-
mental data by means of a statistical analysis
using the curve matching (CM) approach [7] .

Simulations of all the flames are done with the
pdated CRECK kinetic mechanism of PAH and
oot formation [8,9] , which includes the reference
 0 –C 2 chemistry developed at NUIG [10] . These

imulations are useful both for the evaluation of the
onsistency of experimental data and for identify-
ng limitations in kinetic models. To our knowledge,
his work constitutes the first effort toward such an
xtensive and systematic analysis on PAHs chem-
stry, also highlighting the effect of soot formation
n the yields of intermediate PAHs. 

Table 1 summarizes the experimental condi-
ions of the laminar flames here investigated. The
atabase provided in the Supplementary Mate-
ial (SM) accounts for 60 flames, for more than
0 different C 1 –C 10 fuels, in a wide range of 
 

equivalence ratios ( φ = 1.00–3.06) and pressures
( P = 0.03–1.00 atm). 

2. Kinetic mechanism and numerical methods 

The gas-phase high temperature CRECK mech-
anism (244 species and ∼6000 reactions) imple-
ments a C 0 –C 3 core mechanism obtained from
the H 2 /O 2 and C 1 /C 2 subsets from Metcalfe et al.
[10] , C 3 from Burke et al. [11] , and heavier fuels
from Ranzi et al. [12,13] . This important step to-
ward the unification of core mechanisms allows
to more effectively focus the attention on specific
features of heavier and more complex molecules
such as PAHs. The thermochemical properties were
adopted, when available, from the ATcT database
of Rusic [14] or from Burcat’s database [15] . Un-
available properties of some species were obtained
from group additivity method [16] . The kinetic
mechanism with thermodynamic and transport
properties is attached as Supplementary Material
to this study. 

With the aim to update the detailed kinetic
mechanism towards PAH and soot, the dominant
molecular weight growth pathways described ac-
cording to the HACA mechanism [17] , were revised
based on the recent theoretical study by Mebel et
al. [18] . To fit this detailed and accurate descrip-
tion to the constrained size of the CRECK model
[12,13] , many isomer species were lumped, where
appropriate. Regardless, the relative branching ra-
tios are taken into account in the lumped mecha-
nism, treating reactions with explicit forward and
backward rates. In fact, as already discussed else-
where [8,19] , the CRECK mechanism involves only
20 lumped species and 16 radicals for the progres-
sive growth from naphthalene to C 20 species, which
are the first soot precursors (BIN1). Additionally
to HACA mechanism, the mass growth through
light and heavy resonantly stabilized radicals (from
propargyl C 3 H 3 , up to indenyl (C 9 H 7 )) is also con-
sidered [12] . 

The soot mechanism, based on a discrete
sectional model, is then coupled to the PAH
sub-mechanism to describe the evolution from gas-
phase to solid particles. The whole range of carbon
atoms of heavy PAH and soot particles (from 20
up to more than 10 8 C atoms) is divided into 25
sections with a spacing factor of two. 25 classes of 
lumped-pseudo species called “BIN” are consid-
ered with three different hydrogenation levels. The
first four BINs (up to 160 carbon atoms) are heavy
PAH, while heavier BINs are soot particles (up to
4 × 10 4 carbon atoms) and then soot aggregates.
Thus, the soot kinetic model involves 150 molecular
and radical species for describing the formation of 
soot particles up to ∼0.2 μm, i.e. 3.2 × 10 8 carbon
atoms. The soot kinetic model consists of surface
growth, nucleation, coagulation and oxidation
processes. The surface growth reactions include
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Table 1 
Flame database. Experimental conditions and global error index (Ei) calculated using the Curve Matching approach [7] . 

No. Fuel T max (K) P (atm) � v 0 (cm/s) a Ei Ref. 

1 CH 4 1600 1.00 2.5 5.24 0.33 Marinov et al. [27] 
2 CH 4 1776 1.00 2.4 5.00 0.24 Alfè et al. [31] 
3–5 CH 4 1682–1709 1.00 2.2–2.6 5.35 0.31 Melton et al. [24] 
6–7 CH 4 1805–1850 0.26 2.1–2.3 8.55 0.4 El Bakali et al. [32] 
8–9 CH 4 /H 2 1683–1701 1.00 2.2–2.4 5.90–6.20 0.25 Mze Ahmed et al. [33] 
10 C 2 H 2 1850 0.03 2.5 97.00 0.24 Bastin et al. [34] 
11 C 2 H 2 1901 0.03 2.4 50.00 0.25 Westmoreland et al. [35] 
12 C 2 H 2 1992 0.12 2.8 20.40 0.34 Bockhorn et al. [36] 
13 C 2 H 2 1912 0.03 2.25 63.08 0.31 Li et al. [37] 
14 C 2 H 2 2121 0.04 2.4 58.95 0.29 Bierkandt et al. [38] 
15–16 C 2 H 2 /C 3 H 4 -A 2200–2300 0.03 1.7–2.4 72.75 0.21 Miller et al. [39] 
17 C 2 H 4 1430 1.00 3.1 6.42 0.45 Castaldi et al. [40] 
18 C 2 H 4 1600 1.00 2.8 6.84 0.21 Harris et al. [41] 
19–20 C 2 H 4 1592–1610 1.00 1.5–1.9 3 0.42 Barbella et al. [42] 
21–23 C 2 H 4 1552–1818 1.00 2.4 2–6 0.33 Ciajolo et al. [43] 
24 C 2 H 4 1710 1.00 2 5.87 0.38 Carbone et al. [25] 
25 C 2 H 4 1574 1.00 2.8 4.90 0.32 Migliorini et al. [44] 
26–28 C 2 H 4 1556–1643 1.00 2.3–2.9 6.73 0.51 Xu et al. [27] 
29 C 2 H 4 2192 0.03 1.9 62.5 0.33 Bhargava et al. [45] 
30 C 2 H 6 1600 1.00 2.5 6.37 0.34 Marinov et al. [27] 
31–34 C 2 H 6 1681–1800 1.00 2–2.6 6.19–7.26 0.38 Melton et al. [26] 
35–36 C 3 H 4 2185–2262 0.03 1.8 48.2 0.28 Hansen et al. [46] 
37 C 3 H 6 2306 0.05 2.3 50.00 0.23 Bohm et al. [47] 
38 C 3 H 8 1250 1.00 2.5 4.77 0.35 Marinov et al. [48] 
39 C 4 H 6 2050 0.03 2.4 50.00 0.28 Cole et al. [49] 
40 NC 4 H 10 1600 1.00 2.6 6.38 0.4 Marinov et al. [50] 
41–44 CYC 5 H 8 2098–2168 0.05 1.7-2.6 50–54.7 0.3 Lamprecht et al. [51] , 

Hansen et al. [52] 
45 C 6 H 6 1905 0.03 1.8 50.00 0.24 Bittner et al. [53] 
46–48 C 6 H 6 1778–2101 0.04 1.25–2 36.10 0.25 Yang et al. [54] 
49–50 C 6 H 6 1742–1850 1.00 1.8–1.9 4.00 0.42 Tregrossi et al. [55] 
51–52 C 6 H 6 1720–1810 1.00 2 3-4 0.31 Russo et al. [56] 
53–54 C 6 H 6 1722–1885 0.05 2 35–40.5 0.28 Vandooren et al. [57] [58] 
55 C 6 H 6 /CH 4 1500 0.05 1 1.8 0.23 El Bakali et al. [59] 
56 CYC 6 H 12 1752 1.00 2. 3 4.00 0.29 Ciajolo et al. [60] 
57 C 7 H 8 1743 0.05 2.00 40.50 0.26 Detilleux et al. [61] 
58-59 NC 7 H 16 /IC 8 H 18 1614 1.00 1.9 4.12-4.98 0.19 El Bakali et al. [62] 
60 C 10 H 8 1860 0.03 1.7 50.00 0.34 Griesheimer et al. [63] 
a Cold gas velocity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HACA mechanism, as well as gaseous species
and PAH condensation reactions. The condensing
species are molecules and radicals of aromatic
starting from benzene and phenyl radical. The
complete soot sub-mechanism consists of ∼400
species and 25,000 reactions. Further details on
the soot model are available in [8,9] . 

2.1. Numerical methods 

Numerical simulations were performed using
the 1-D laminar flame solver implemented in the
OpenSMOKE ++ suite of programs [20] . The
mixture-average diffusion coefficient was used in
the simulation. Thermal diffusion (Soret effect) is
also included in species transport equations. Solu-
tion gradient and curvature coefficients of 0.05 and
0.5 were assigned to ensure the smoothness of the
calculated profiles. The measured temperature pro-
files were imposed to the simulations to account for 
the unknown conductive and radiative heat losses. 

2.2. Curve Matching and performance evaluation 

Assessing the overall performances of the ki- 
netic model over the wide set of experimental 
flames is a challenging task, because of the large 
number of species profiles. The Curve Matching 
approach [7] was here adopted to evaluate the 
agreement between experimental data and model 
predictions. It performs quantitative and qualita- 
tive error comparisons by the transformation of 
discrete experimental data and model predictions 
into two different continuous functions. It provides 
individual error indices, which account not only 
for square errors, but also for the shape of the 
species profiles. An integrated error index ( E flame ) 
of each flame (average over all species) and an in- 
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egrated error index ( E species ) of each species (aver-
ge over all flames) are also provided. Error indices
ange between 0 (accurate model) and 1 (inaccurate
odel). 

. Results 

Before discussing PAHs formation in sooting
ames, it is first important to assess the model reli-
bility in predicting the main combustion features
f key PAH precursors such as cyclopentadiene
nd single ring aromatics. Comparisons of model
redictions with experimental data for the lami-
ar flame speed of acetylenic species, cyclopenta-
iene, benzene and toluene are therefore reported

n the SM. These comparisons confirm and em-
hasize the role of resonantly stabilized radicals in
educing laminar flame speed [12] . The interest in
yclopentadienyl radical is also due to its role in
aphthalene formation through self-recombination
eactions. Moreover, the interest in phenyl radi-
al chemistry is due to its relevance in the HACA
echanism. 

All the 60 flames were simulated, with and with-
ut the soot sub-mechanism, and detailed results
nd comparisons with the experimental measure-
ents are reported in the SM. As reported in Table
 , the integrated error index (Ei) varies from ∼0.15
n the case of n-heptane (Flame 58), up to > 0.5 for
thylene Flame 26, indicating a very poor predic-
ive capability. A preliminary analysis of the error
ndex trend does not seem to indicate systematic
eviations depending on fuels, equivalent ratios, or
oot yields. Due to space limitations, in the attempt
o obtain the most significant, effective and general
verview, scatter plots between the maximum pre-
icted and measured value of measured species are
ere reported as a global measure of model per-

ormances, together with the error index of each
pecies. The SM contains the complete set of com-
arisons, also grouping the same species in different
ames. 

.1. Major species formation in flames 

Figure 1 shows the parity diagrams of max-
mum experimental and predicted concentrations
f major species in rich flames, for different fu-
ls. As expected, CO is the primary component in
ich conditions. Predicted CO profiles agree within
0% with the measurement and do not show sys-
ematic deviations. The model captures CO 2 pre-
ictions quite well, also for C 6 H 6 /O 2 /Ar at φ = 1.25
Flame 46, Yang et al., 2015), where CO is largely
onverted to CO 2 , after reaching its maximum con-
entration. A similar degree of accuracy is found
or H 2 and H 2 O, even if larger deviations are ob-
erved in most of CH 4 flames where both species
re under-predicted. 
The scatter diagrams of CH 4 and the sum of 
C 2 H 4 and C 2 H 2 are also satisfactory. Larger uncer-
tainties are indeed observed for the parity diagrams
of individual species C 2 H 4 and C 2 H 2 , as reported
in the SM. Similar deviations are also observed us-
ing other literature models [21,22] . Although C 2 H 2
predictions are more accurate for atmospheric
flames, more scattered results are observed at lower
pressures, where over- or under-predictions up to
a factor of ∼3 are highlighted. C 2 H 4 seems sys-
tematically over-predicted in CH 4 and C 2 H 6 flames,
highlighting shortcomings in both C 2 H 6 formation
and dehydrogenation pathways within the C 0 –C 2
mechanism. C 3 H 4 s (propyne and allene) and ben-
zene are correctly predicted by the model, whereas
diacetylene (C 4 H 2 ), despite its lower concentration,
deserves greater attention. 

Large under-predictions of C 4 H 2 are in fact ob-
served in atmospheric flames, whereas minor dis-
crepancies are obtained at low pressures. Similar
disagreements are observed with KAUST [21] and
Blanquart et al. [22] mechanisms (see SM). The lack
of consistent findings, together with the possible
relevance of C 4 H 2 in soot formation mechanism,
suggests the need of further investigating acetylenic
species kinetics. 

3.2. Heavier aromatics and PAHs formation in 
flames 

Figure 2 shows the scatter plots of PAHs clearly
highlighting the higher propensity of C 3 + fuels to
form heavier species. The overall prediction of 
PAHs in atmospheric flames is satisfactory, but
most of the low-pressure benzene flames show an
overestimation of phenylacetylene (C 6 H 5 C 2 H) and
underestimation of naphthalene (C 10 H 8 ). Similar
deviations are also obtained with [21] and [22] (see
SM). This suggests that pressure dependent rates of 
acetylene addition might require further revision. 

It has to be noted that Fig. 2 shows the scatter
plots of heavier species as predicted with the com-
plete kinetic mechanism, also including the soot
model. Together with the previous comments on
the observed deviations at low pressures, it is worth
noting the general over-predictions, at high pres-
sures. The lumping of heavy species can partially
explain these deviations. In facts, lumped phenan-
threne groups not only anthracene, but also C 13 and
C 15 homologous species. 

Figure 3 shows the error index of different
species, as averaged over the different flames, ver-
sus the number of available data. The convergent
behavior suggests the importance of the number of 
measurements to improve model reliability. Good
predictive capabilities are shown for benzene and
gaseous species for which not only the availabil-
ity of many reliable data, but also the information
gained from quantum chemistry ensure a deeper
knowledge. 
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Fig. 1. Scatter plots of the maximum calculated and measured concentration of major species. Each marker represents 
main fuels, �:CH 4 , �: C 2 H 2 , �: C 2 H 4 , 

� 

: C 2 H 6 , and ◦: C 3 + . Void symbol: low-pressure flames. Filled symbol: atmospheric 
flames. 

Fig. 2. Scatter plots of maximum experimental and predicted concentration of phenylacetylene, naphthalene, and phenan- 
threne. Symbols as in Fig. 1 . 

Fig. 3. Error index of different species. Filled symbol: 
aromatic species. Void symbol: gaseous species. 

 

 

 

 

 

 

 

 

 

 

3.3. Effect of soot on PAH predictions 

Although it is intuitive that accounting for soot
formation leads to a reduction of PAH concentra-
tion [23] , the scope of this section is to quantify this
effect, by comparing model predictions with and
without soot mechanism. Figure 4 clearly shows
this relevant effect on benzene profiles from CH 4
[24] , C 2 H 4 [25] , and C 2 H 6 [26] flames. The inclusion
of the soot significantly reduces not only the maxi-
mum but the entire benzene yields along the space
domain (dashed lines in Fig. 4 ), with an improved
agreement in all the three cases. 
Soot presence affects the benzene yield in Flame 
4 and 5 (CH 4 /O 2 /Ar – φ = 2.4–2.6 – Melton et 
al. [24] ). On the contrary, this effect is negligible 
when considering the benzene formation in Flame 
1 (CH 4 /O 2 /Ar – φ = 2.5 – Marinov et al. [27] ), as 
reported in the SM. By comparing the temperature 
profiles of these flames, it is possible to note that the 
maximum temperature of Flame 1 ( T max = 1600 K) 
is about 100 K lower than the maximum tempera- 
ture of Flames 4 and 5, even though the flame con- 
ditions are very similar. By correcting and assum- 
ing a higher flame temperature profile for Flame 1, 
it is possible to observe the soot influence and to 

achieve a better agreement with experimental data 
(see SM). This critical analysis of the consistency 
of similar flames shows one of the useful aspects 
of the database. 

Relevant variations of C 10 H 8 and mainly of 
heavier PAHs are also observed, as reported in the 
SM. Figure 5 shows the predicted reduction of 
the error index of major PAH in sooting flames 
at different equivalence ratios. The reduction per- 
centage is calculated by comparing error indices 
with and without soot model. As expected, the soot 
chemistry allows to reduce the average error in- 
dices, with average reductions of about 10%, in- 
creasing at richer conditions. The 33% reduction 

of the error index of pyrene at φ = 2 – Flame 31 
[26] is not very significant, because of its very low 

concentration ( < 1 ppm). Close to non-sooting con- 
ditions the differences decrease to less than 1%. The 
blue line shows the average reduction of error in- 
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Fig. 4. Comparison between experimental (symbols) and predicted C 10 H 8 profiles. Model predictions with (dashed lines) 
and without soot kinetic model (solid lines). Left panel: CH 4 flames (Flames 3–5) [ 24 ]. Middle panel: C 2 H 6 flames (Flames 
31–34) [ 25 ]. Right panel: C 2 H 4 flames (Flame 24) – φ = 2 [26] . 

Fig. 5. Reduction of error index of intermediate PAHs at 
different equivalence ratio. (For interpretation of the ref- 
erences to color in this figure legend, the reader is referred 
to the web version of this article.) 
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ex, increasing for higher soot propensity condi-
ions (i.e. higher equivalence ratios). This improve-
ent in error index confirms the important role of 

AH condensation and soot growth processes. 
Additionally, the model performance evalua-

ion suggests that validation of PAH without the
oot sub-mechanism is misleading, particularly in
ich flames. As demonstrated in [3] , the coupling
f different PAH mechanisms to the same soot
odel provides significantly different predictions.
he database reported herein is also useful for the

election of the most appropriate PAH mechanism
nd for the verification of PAH consumption by
oot model. 

To verify the overall performances of the model
n predicting soot volume fraction, Fig. 6 shows a
omparison with data collected in CH 4 and C 2 H 6
ames by Melton et al. [24,26] , as well as in the
C 2 H 4 flame of Carbone et al. [25] . Good agree-
ment is observed for CH 4 and C 2 H 6 flames. While
soot volume fraction from CH 4 is consistently
under-predicted mainly for short distances from the
burner, for the ethane cases a better agreement is
observed, with maximum deviations of a factor of 
∼2 for the intermediate φ = 2.4 case. A reasonable
agreement with the experimental data is observed
in the C 2 H 4 flame of Carbone et al. [25] . 

The overall reasonable agreement between ex-
perimental data and model predictions allows to
rely on the analysis of the PAH-soot interaction
through the surface growth reactions. Figure 7
schematically shows the relative contributions of 
HACA mechanism and PAH condensation reac-
tions to the formation and growth of soot parti-
cles, obtained from the soot model at different pres-
sures. Acetylene is mostly involved in the HACA
mechanism with the growing of PAH species. At
atmospheric pressure, incipient soot particles form
near flame region and react with aromatic radi-
cals via chemical condensation. PAHs also inter-
acts with soot particles, in the post-flame region.
Thus, the role of C 2 H 2 and HACA mechanism in
the successive soot growth decreases, because of 
the preferential addition to most abundant PAH
than to the heavy particles present in lower con-
centrations. Mainly in very rich flames at high pres-
sure, benzene and heavy PAHs condensation reac-
tions on soot particles play a relevant role. Because
of their relative concentration, benzene contribu-
tion is the dominant one, followed by phenylacety-
lene and naphthalene. At lower pressure instead,
acetylene addition dominates over PAH condensa-
tion, as PAH concentration strongly depends on
pressure [18] . This pressure effect is in agreement
with the observations with Guo et al. [28] . However,
the different relative role at atmospheric condition
from this work is due to the concerned PAH in
the model and PAH chemistry. In addition to pres-
sure, the two competitive pathways depend on tem-
perature and equivalence ratio. In particular, lower
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Fig. 6. Comparison between predicted (lines) and measured (symbols) soot volume fraction in different flames. 

Fig. 7. Relative contributions of HACA mechanism and 
PAH condensation reactions to the growth of soot parti- 
cles at low (dashed lines) and atmospheric pressure (solid 
lines). The thickness of the arrows represents the impor- 
tance of the different paths. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Temperature effect on soot formation of C 2 H 4 
flame (Flame 27) [29,30] . Comparison of measured (sym- 
bols) and predicted (lines) soot volume fraction. 
temperatures and higher equivalent ratios increase

the relative role of PAH condensation compared
to C 2 H 2 addition. Mainly in methane and ethane
flames, it is important to highlight that acetylene is
also involved in benzene formation, via the methyl
addition to form propargyl radical. 

3.4. Experimental uncertainties and temperature 
effect on soot predictions 

Accurate experimental temperatures are crucial
for kinetic studies especially in rich flames where
soot fouling and disturbances can affect measure-
ments [27] . Flame 27 (C 2 H 4 ) [29,30] is chosen to
demonstrate the temperature effect. The simulated
temperature profile is obtained from Menon et al.
[30] that used a spectral line reversal technique up
to ∼10 mm and two-color pyrometry technique,
where the presence of soot perturbs the substantial
absorption of radiation from the lamp. This con-
firms the challenges of accurately measuring tem-
peratures in sooting conditions. 

Figure 8 shows the comparison between mea-
surements and model predictions. The model sat-
isfactorily agrees with the experimental measure- 
ments when using the original temperature profile. 
Model predictions obtained perturbing the temper- 
ature profile of ±50 K are also reported. These tem- 
perature variations strongly impact soot formation. 
At higher temperatures, soot volume fraction in- 
creases of a factor of ∼2. This is justified by higher 
yields of C 2 H 2 from C 2 H 4 dehydrogenation, en- 
hancing PAHs production. Conversely, the sooting 
tendencies decrease with temperature. These results 
highlight the importance of accurate temperature 
measurements. Besides the obvious impact of tem- 
perature on kinetics, thermodynamic effect is also 

expected on PAH and soot formation at high tem- 
peratures. 

4. Conclusions 

The upgraded CRECK kinetic model, hierar- 
chically obtained by assembling the C 0 -C 2 NUIG 

mechanism [10] , the kinetic mechanism of heavy 
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uel combustion including PAH formation [12] , and
he soot model [8,9] was used to simulate the whole
et of rich laminar premixed flames. Besides the im-
ortant steps toward a unified core mechanism, this
xtensive validation provides a significant overview
f the current understanding of the molecular
eight growth kinetics leading to nanoparticle for-
ation under high-temperature sooting conditions.
he flame database extends the previous one of 

aminar premixed flame speeds [12] , and constitutes
n added value to this work and a valuable source
f information for the whole combustion commu-
ity. Moreover, the overall kinetic mechanism in-
luding soot formation is furtherly validated over
his database, and is provided as Supplementary

aterial. This comprehensive validation shows re-
ions of fuels/conditions where model predictions
re quite accurate (CO, CO 2 , H 2 , C 2 H 2 , C 6 H 6 , etc.)
nd more importantly, highlights areas requiring
urther attention (C 4 H 2 and other polyyne species).
his mechanistic study clearly highlights the im-
ortant role of PAHs as surface growth species,

argely contributing to the successive soot forma-
ion. The effect of the soot formation model was
lso quantitatively investigated, highlighting its im-
ortance on heavy PAHs concentrations. The re-
uction in the average error index of intermediate
AHs shows that neglecting the successive soot for-
ation leads to deviations up to 10%. The better

ualitative and quantitative agreement obtained by
sing the complete kinetic model proves that the
oot sub-mechanism is necessary to properly ana-
yze rich sooting flames. 

Finally, this paper demonstrates that not only
inetic model uncertainties and simplifications, but
lso experimental uncertainties in temperature and
AHs measurements significantly affect predicted
oot yields. Therefore, more significant insights can
nly be obtained from a comprehensive mechanism
alidation relying on all the possible target flames,
oming from different facilities, for different fuels
nd experimental conditions. 
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