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Abstract
The present paper addressed the production of soot precursors, acetylene, benzene and higher aromatics,
by the paraﬃnic (n-, iso-, and cyclo-) and aromatic components in fuels. To this end, a normal heptane
mechanism compiled from sub-models in the literature was extended to large normal-, iso-, and cyclo-paraﬃns by assigning generic rates to reactions involving paraﬃns, oleﬁns, and alkyl radicals in the same reaction class. Lumping was used to develop other semi-detailed sub-models. The resulting mechanism for
components of complex fuels (named the Utah Surrogate Mechanism) includes detailed sub-models of n-butane, n-hexane, n-heptane, n-decane, n-dodecane, n-tetradecane and n-hexadecane, and semi-detailed submodels of i-butane, i-pentane, n-pentane, 2,4-dimethyl pentane, i-octane, 2,2,3,3-tetramethyl butane, cyclohexane, methyl cyclohexane, tetralin, 2-methyl 1-butene, 3-methyl 2-pentene and aromatics. Generic rates of
reaction classes were found adequate to generate reaction mechanisms of large paraﬃnic components. The
predicted maximum concentrations of the fuel, oxidizer, and inert species, major products and important
combustion intermediates, which include critical radicals and soot precursors, were in good agreement with
the experimental data of three premixed ﬂames of composite fuels under various conditions. The relative
importance in benzene formation of each component in the kerosene surrogate was found to follow the
trend aromatics > cyclo-paraﬃns > iso-paraﬃns > normal-paraﬃns. In contrast, acetylene formation is
not that sensitive to the fuel chemical structure. Therefore, in formulation of surrogate fuels, attention
should be focused on selecting components that will yield benzene concentrations comparable to those produced by the fuel, with the assurance that the acetylene concentration will also be well approximated.
 2006 The Combustion Institute. Published by Elsevier Inc. All rights reserved.
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1. Introduction
The present paper is directed at the development of kinetic mechanisms for predicting the
q
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concentration of the soot precursors acetylene
and benzene in surrogate mixtures representing
liquid transportation fuels. Liquid transportation fuels are mixtures of paraﬃns (normal-,
iso-, and cyclo-), and aromatics. Previous combustion studies of surrogate formulations for
transportation fuels include a fuel-rich premixed
ﬂame of kerosene composed of 79% paraﬃns,
10% cyclo-paraﬃns, and 11% aromatics studied
by Vovelle and co-workers [1]; premixed ﬂames
of two gasoline fuels approximately 60% of
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which were paraﬃns by Hakansson and coworkers [2].
Kinetic mechanisms have been assembled from
the literature and extended for the normal-, iso-,
and cyclo-paraﬃns to form the Utah Surrogate
Mechanism [3]. Because of space limitations, the
extension of the mechanisms to be discussed here
are limited to those of large normal-, iso-, and
cyclo-paraﬃns that are major components of
transportation fuels and also found in minor
amounts in natural gas [4].
The widely studied heptane reaction set [5,6] is
often used as a building block for mechanisms of
higher paraﬃns. A lumping procedure for the
detailed kinetic models was well described in the
excellent review by Ranzi et al. [7]. The present
paper emphasizes ﬂame studies, drawing on previous experimental and numerical studies of higher
paraﬃns: by Bales-Gueret, Cathonnet, Dagaut
and co-workers on the oxidation of n-decane
[8,9] and kerosene [10] in jet stirred reactors; by
Vovelle and co-workers on n-decane [11] and kerosene [12] fuels diluted with argon in both a jetstirred reactor at a pressure of 6000 Pa and in
atmospheric ﬂames [13]; by Fournet et al. [14]
on the combustion of n-hexadecane in a well-stirred reactor at three diﬀerent equivalence ratios;
and the numerical studies of larger paraﬃn components in liquid transportation fuels by BattinLeclerc and co-workers [15,16] who applied an
automatically generated mechanism with 7920
reactions to a JSR experiment and a premixed
ﬂame; by Kyne and co-workers [17] to model a
JSR experiment, a premixed ﬂame and several
counter-ﬂow diﬀusion ﬂames, with a kerosene surrogate composed of 89% n-decane and 11% toluene; by Mawid and co-workers [18] on modeling
the ignition data for n-decane; by the development
of mechanisms of n-decane [12,19,20] guided and
validated by the data in the Vovelle experiments
[11,13] mentioned above.
The numerical accuracy in predicting concentrations of larger oleﬁns plays an important role
in combustion modeling since these species are
among the ﬁrst intermediates formed from the
decomposition of large paraﬃns, mainly via b
scission, and the deviations of their concentrations may propagate to smaller oleﬁns, via hydrogen addition reactions followed by b scission of
large oleﬁns. Also larger oleﬁns are important
sources of allylic radicals formed via thermal
decomposition; allylic radicals determine the concentrations of many important aromatic precursors such as propyne, butyne, butene isomers
and most unsaturated species that constitute
major formation routes for benzene [3]. The
emphasis of the mechanism development in the
present study for combustion of composite fuels
is therefore on reactions that involve the evolution
of soot precursors, such as oleﬁns and other
unsaturated species, and the formation of

benzene, in addition to the fuel consumption
and the formation of major products. The above
reactions form the basis for correctly identifying
major benzene formation pathways in ﬂames with
composite fuels based on the chemical structure of
the individual fuel species.
2. Experimental data, reaction model, and surrogate formulation
The mechanism is based on that of n-heptane
[3], which is extended to include more than two
dozen sub-models of oleﬁns, tetralin, C4–C16 paraﬃns and aromatics. The extended mechanism
(Utah Surrogate Mechanism) was previously used
to model premixed ﬂames of n-heptane [21] (P =
760 torr, U = 1.0 and 1.9), isooctane [3]
(P = 760 torr, U = 1.9), n-decane [21] (P =
760 torr, U = 1.7), cyclohexane [22] (P = 30 torr,
U = 1.0), and a PSR experiment of n-hexadecane
[21] (P = 760 torr, U = 1.5). In the current study,
the extended mechanism is used to model three
premixed ﬂames burning composite fuels of kerosene [1] (P = 760 torr, U = 1.7), gasoline [2]
(P = 760 torr, U = 1.0) and natural gas [4]
(P = 40 torr, U = 1.0). The kinetic simulation tool
used for this study is CHEMKIN IV [23].
Surrogate formulation is one of the most
important aspects necessary to achieve numerical
accuracy in predicting the ﬂame structure of a
complex composite fuel. A surrogate is usually formulated to match the chemical and physical characteristics of the real fuel, by representation of the
fractions of diﬀerent chemical families, by use of
an equivalent chemical formula, or by use of the
functional groups in the composite mixture [24],
with the composition adjusted to meet certain
objective functions (e.g., ignition, sooting tendency, and fuel stability) and constraints (simplicity,
cost of components). Ranzi and co-workers [25]
suggested a surrogate for the kerosene ﬂame [1]
that satisﬁes the chemical composition constraints
of the fuel, and includes 73.5% n-dodecane, 5.5%
isooctane, 10% methyl cyclohexane, 10% toluene
and 1% benzene. The surrogate can be represented
by an equivalent chemical formula of C10.72H22.36
and will be adopted in this work. Turbiez et al.
[4] measured the ﬂame structure of a synthetic natural gas, which consisted of 88.4% methane, 9.52%
ethane, 1.84% propane, 0.09% n-butane, 0.07%
iso-butane, 0.05% n-pentane, 0.05% iso-pentane
and 0.05% iso-hexane. A surrogate of 22 components, a close approximation to the fuel, will be
used to simulate the European Unleaded Certiﬁed
Gasoline ﬂame [2] including 1.7% (in volume) nbutane, 15% iso-pentane, 3.4% n-pentane, 4.8%
iso-hexane, 2.6% n-hexane, 1.4% benzene, 8.6%
cyclohexane, 10.1% toluene, 4.4% 2,4-dimethyl
pentane, 1.0% n-heptane, 10.6% isooctane, 2.6%
2,2,3,3-tetramethyl butane, 13.7% xylenes, 2.5%
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ethyl benzene, 5.5% methyl ethyl benzene, 5.5%
propyl benzene, 3.0% methyl styrene, 1.1% ethyl
naphthalene, 0.8% 2-methyl 1-butene, 0.7% 1-pentene, and 1.0% 3-methyl 2-pentene.
3. Mechanism generation of paraﬃn species
The basics of normal paraﬃn consumption in
ﬂames (see e.g. [7,12,21]) involve either thermal
decomposition or hydrogen abstraction to form
alkyl radicals, each of which decomposes via b
scission to form one smaller alkyl radical and
one oleﬁn. Therefore with reliable sub-mechanisms of oleﬁns and alkyl radicals, the normal
paraﬃn decomposition can be described by a
cascading decomposition chemistry of oleﬁns
and alkyl radicals of homologous series, as illustrated by the shaded area in Fig. 1. The methodology can be easily extended to the
mechanism generation of iso- and cycloparaﬃns.
Major reaction classes that involve paraﬃns,
oleﬁns, and alkyl radicals in the extended mechanism are assigned similar rates with adjustments
for diﬀerent reaction sites; the generic rates of
these reactions are summarized elsewhere [21].
These reactions in mechanisms of large paraﬃns
include fuel consumption routes via hydrogen
abstraction and thermal decomposition reactions,
as well as other subsequent reactions to consume
the direct intermediates from the fuel decomposition. Generic rates are not assigned to reactions
that involve alkynes, allylic radicals, and other
unsaturated species due to the paucity of the literature for these reactions. However, rates of
those reactions were carefully estimated [3] by
consulting ﬁndings in the literature for the same
or similar reactions with adjustments in the statistical factor and activation energy. Only a few
of these reactions need to be reevaluated during
the mechanism generation of large paraﬃn submechanisms since they involve mostly smaller
species.

Paraffin
Fuel
H. Abstraction
and Thermal
Decomposition

Alkyl
Radical

β Scission

Olefin
H Addition
then β Scission

Fig. 1. The decomposition of normal paraﬃns can be
presented as a collection of cascading decomposition
sub-mechanisms of homologous series of oleﬁn species
and alkyl radicals.
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Thermal decomposition involves C–C r bond
cleavage only, and decomposition reactions are
assumed similar except for those forming C2H5
and CH3 radicals. For example, in reactions forming the methyl radical, the energy barrier is
increased by 14.6 kJ/mol since CH3 is the least stable alkyl radical. Hydrogen abstraction involves
ﬁve diﬀerent abstractors, which include H, OH,
O, CH3, and O2. In detailed sub-mechanisms, all
conjugate alkyl radicals formed from hydrogen
abstraction of the fuel are included to account
for the fuel decomposition more accurately.
Reactions of isomerization, b scission, and
hydrogen abstraction by O2 describe the chemistry of alkyl radicals in detail. Alkyl radicals convert to each other via isomerization. Reactions
via a transition state of a six-membered intra-molecular ring of carbon and hydrogen atoms are
preferred and given an energy barrier 16.7 kJ/
mol lower than those of other isomerization reactions. Those from primary to secondary radicals
are also favored by a decrease of 12.6 kJ/mol in
the energy barrier due to the less stable nature
of the former. Alkyl radicals decompose via b scission forming oleﬁns with the double bond at the
end of the carbon string. Conjugate oleﬁns of
the fuel are formed mainly via hydrogen abstraction by O2. Isomers of conjugate oleﬁn are lumped
into one species to reduce the model size, and the
pre-factors of reaction rates involving these isomers are adjusted accordingly.
Oleﬁns are consumed via hydrogen addition
followed by b scission (major) and thermal
decomposition (minor) to form allyl radicals.
The consumption of smaller oleﬁns and alkyl radicals formed in larger paraﬃn decomposition is
added in the extended mechanism using generic
rates. Reactions of oleﬁns and alkyl radicals with
seven carbons or less were already included in the
base mechanism of n-heptane.
Lumping techniques have been used in the
generation of the sub-mechanisms of iso- and
cyclo-paraﬃns. For example, the sub-model of
methyl cyclohexane (MCH) is built by collecting
reaction routes that have proven to be important for normal paraﬃns. Like normal paraﬃns,
iso- and cyclo-paraﬃns decompose mainly via
hydrogen abstraction that is surpassed in importance by thermal decomposition only at high
temperatures. Hydrogen abstraction and subsequent b scission reactions of conjugate alkyl isomers, however, are combined into one
composite step; for example a typical reaction
in the MCH sub-mechanism represents one of
the following scenarios, which include three to
four elementary steps:
1. MCH + X = HX + MCH radical
MCH radical = heptenyl radical
Heptenyl radical = oleﬁn + allylic radical

Line missing

404

H.R. Zhang et al. / Proceedings of the Combustion Institute 31 (2007) 401–409

2. MCH + X = HX + MCH radical
MCH radical = heptenyl radical A
Heptenyl radical A =heptenyl radical B
Heptenyl radical B = oleﬁn + allylic radical
3. MCH + X = HX + MCH radical
MCH = heptenyl radical A
Heptenyl radical A = heptenyl radical B
Heptenyl radical B = diene + alkyl radical
Only the most powerful hydrogen abstractors
in ﬂames, H and OH radicals, are included in
lumped reactions. The composite reactions are
assigned generic rates of hydrogen abstraction
at secondary carbon sites, by assuming that
the hydrogen abstraction is the controlling step
and that the following b scission is much faster.
The conjugate species of the fuel from hydrogen
abstraction sometimes undergoes isomerization,
which is assumed instantaneous, before further
decomposition. Only isomerization reactions via
a transition state ring consisting of ﬁve-seven
atoms are included. Thermal decomposition
reactions, which are assigned generic rates, also
represent combined elementary reactions including a unimolecular step followed by b scission.
Rates of combined reactions of hydrogen
abstraction and thermal decomposition are
adjusted in the pre-factor to account for the
number of all possible reactions according to
the products.
Also, competing decomposition routes of
cyclohexanes for benzene formation are proposed via cascading hydrogen abstraction followed by dehydrogenation reactions through
the use of generic rates as illustrated in Fig. 2,
by assumption that the hydrogen abstraction is
the controlling step, with adjustments in statistical factors to account for the number of possible abstraction sites. For example, the generic
rate is adjusted for hydrogen abstraction from
methyl cyclohexane to account for the one
hydrogen on the tertiary carbon and the ten
other hydrogen atoms on the secondary carbons. Only the two most powerful hydrogen
abstractors, H and OH radicals, are included
and the intermediates and products are lumped
to reduce the size of the extended mechanism.
For example, all three isomers of methyl cyclohexene are represented by one species. Dehydrogenation of cyclohexanes gets more favorable as
the ring becomes more unsaturated due to the
emerging aromaticity.

4. Numerical results
Predicted concentrations of selected species
using the Utah Surrogate Mechanism in three pre-

+X -HX

-H

+X -HX

-CH3

+X -HX

-H

+X -HX

-CH3

+X -HX

-H

+X -HX

-H

+X -HX

-CH3

+X -HX

-H

Fig. 2. Benzene formation routes from methyl cyclohexane. X = H, OH.

mixed ﬂames of kerosene [1] (P = 760 torr,
U = 1.7), gasoline [2] (P = 760 torr, U = 1.0) and
natural gas [4] (P = 40 torr, U = 1.0) are compared to experimental data in Figs. 3–5. The temperature proﬁles of these ﬂames were shifted
downstream in order to account for probe eﬀects
as discussed in detail elsewhere [21].
Because of the diﬃculty of following the fuel
consumption in complex fuels, the predicted and
measured consumption rates of oxygen are compared instead as shown in Fig. 3. The good
agreement between predicted and measured concentrations for O2 is also found for major products and important intermediates. Detailed
comparisons between the measured and predicted concentration proﬁles of other species within
the kerosene ﬂame were reported elsewhere [3].
The predicted peak concentration of 1-pentene
in the kerosene ﬂame is within 5% of the measured value; those of 1-butene and di-acetylene
are within 10%; those of ethylene and propylene
are within 20%; those of acetylene, allene, and
benzene within 30%; and those of iso-butene
and methane within 50% of the experimental
data.
The measured fuel consumption rate in the
gasoline ﬂame, represented by the proﬁles of
major components of iso-pentane, isooctane, and
toluene in Fig. 4, is successfully reproduced.
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Fig. 3. Predicted and measured proﬁles of selected species in the kerosene ﬂame [1]. The symbols represent the
experimental data and the lines with symbol the simulations. HAB, height above burner.
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Fig. 4. Predicted and measured proﬁles of selected species in the gasoline ﬂame [2]. The symbols represent the
experimental data and the lines with symbol the simulations.

The predicted concentrations of major oleﬁns are
in good agreement with the experimental values.
The peak concentration of propylene is under-predicted by 18.4% only. Those of ethylene and
isobutene are over-predicted by 40–60%; however,
the unexpected plateau in the proﬁles of these species makes it more diﬃcult for the simulation to
capture the experimental trend. A similar ﬂat
shape is observed in the concentration proﬁle of
methanol; the predicted concentrations of methanol are able to match the experimental data in the
reaction zone only. The predicted benzene concentrations lie within the experimental uncertainties.
The high concentration at the burner surface is a
result of the benzene fraction in the fuel, and the
simulation captures the unique feature of slow
consumption of benzene due to the contribution

of cyclohexane dehydrogenation. The most successfully modeled species is probably 1,3-butadiene, the maximum concentration of which is
over-predicted by 3.0% only. The maximum concentration of acetylene is under-predicted by a
factor of two, likely due to the semi-detailed
sub-mechanisms used for several major components other than the normal paraﬃn fractions.
The predicted and experimental concentrations
of selected species in a natural gas ﬂame are compared in Fig. 5. The fuel conversion rate has been
well reproduced for the major components of
methane, ethane and propane, and for the minor
fractions of n-butane, i-butane, n-pentane, and ipentane. It is noteworthy that the simulation is able
to capture the experimental trends of slow
consumption in the reaction zone for certain fuel
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Fig. 5. Predicted and measured proﬁles of selected species in the natural gas ﬂame [4]. The symbols represent the
experimental data and the lines with symbol the simulations.

fractions, such as butanes, showing plateau shapes
in the simulated concentration proﬁles of these
components. The slower decomposition of butanes
results from the formation of these species via the
recombination of smaller C1 to C3 alkyl radicals
that are abundant from the decomposition of
major fuel components. The experimental concentrations of the oxidant and two major products of
carbon dioxide and water vapor are almost perfectly reproduced, providing another evidence of the
successful modeling of the fuel conversion rate in
the ﬂame. The predicted concentrations of oleﬁns
match the experimental proﬁles very well. For
example, the predicted peak concentration of propylene is 18.4% higher than the measured value,
with the peak position correctly estimated. The
peak concentration of ethylene is also predicted
well, and is only 13.1% higher than the experimental maximum. The measured proﬁle of acetylene,
one of the most important soot precursors, is also
well reproduced, the peak concentration of which
is over-predicted by 31.2%, with the position predicted correctly. The predicted concentrations of
H and OH, the most important radicals, are in
good agreement with the experimental proﬁles with
the maximum deviations of 20% (H) and 10%
(OH). This is a credit to the experimental results
given the diﬃculty in measuring these species.
5. Discussion
The Utah Surrogate Mechanism has been validated for 41 ﬂames of C1 to C16 fuels, which
include paraﬃns, oleﬁns, acetylenes, oxygenates,
and aromatics in this and previous work [3,21].
The maximum concentrations of benzene in 15
out of 22 ﬂames, in which benzene concentration
was measured, were predicted within 30% of the

experimental data. The major benzene formation
pathways have been mapped out in ﬂames burning a series of fuels, such as acetylenes, butadienes, and large normal-, iso- and cyclo-paraﬃns,
which are major components of practical fuels
[26]. The contributions of diﬀerent constituents
in a complex fuel to the total benzene formation,
therefore, can be assessed by numerically modeling each constituent separately, in ﬂames having
a ﬁxed equivalence ratio.
In Table 1, the predicted benzene concentrations in the kerosene ﬂame are compared with
those obtained in a series of modeled ﬂames,
burning an individual fuel component in each
ﬂame under the same experimental conditions
(temperature proﬁle included) except for the fuel
composition. These modeled ﬂames used the same
equivalence ratio as the kerosene ﬂame (U = 1.7),
with the N2 mole fraction ﬁxed. For example, the
most important benzene producer besides the benzene fraction in the fuel is methyl cyclohexane.
The benzene mole fraction in the methyl cyclohexane ﬂame (MCH/O2/N2 = 0.044/0.2719/0.6841,
U = 1.7) reaches 4.14 · 10 3 at 0.0737 cm above
the burner surface, compared to 7.45 · 10 5
obtained in the n-dodecane ﬂame (n-C12H26/O2/
N2 = 0.0266/0.2893/0.6841, U = 1.7) at the same
location. The predicted benzene concentrations
in modeled naphthene and substituted benzene
ﬂames are one order of magnitude higher than
those obtained in iso-paraﬃn ﬂames and are two
orders of magnitude higher than those from normal paraﬃn ﬂames. The predicted total concentration of C5+ aromatic species in naphthene
ﬂame is one order of magnitude higher than those
obtained in normal- and iso-paraﬃn ﬂames.
A rough estimation of the contribution from
each individual component to soot precursor formation in the kerosene ﬂame and the sum of these
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Table 1
Soot precursor production potentials of individual fuel components
Height above burner (cm)

Normal C12H26

0.0211
0.0737
0.1

Benzene concentration (ppm) at U = 1.7, P = 1 atm
22.9
66.6
1300
794
74.5
226
4140
2620
76.2
316
3700
3860

Iso C8H18

47700
28400
17800

485
850
638

0.1158

Acetylene concentration (ppm) at U = 1.7
13400
10100
10900

7000

10300

12300

0.0737

C5+ aromatic species concentration (ppm) at U = 1.7
208
566
5490
38500

34800

2300

contributions are presented in Table 2, obtained
by using the sum of the predicted benzene concentrations of each component in modeled ﬂames
weighed by the molar percent of this component
in the kerosene surrogate. The estimation was
compared with results obtained using the surrogate fuel (last column in Table 1). The estimated
sum roughly reproduces the measured benzene
concentration in the kerosene ﬂame with deviations of +20–60%, and overestimates the total
C5+ aromatic concentration by a factor of two.
The overestimation is a consequence of the substantial production from modeled aromatics
ﬂames, and implies the catalytic eﬀects on the
decomposition of aromatic species when paraﬃnic
species are presented in ﬂames, due to enhanced
formation of radicals. The naphthene and aromatic fractions yield benzene and C5+ aromatic concentrations about one order of magnitude greater
than those obtained from paraﬃn fractions.
In contrast, acetylene formation is not sensitive
to fuel structure; acetylene concentration is highest in the ﬂame of n-dodecane (Table 1), with a
value only twice that in the toluene ﬂame and
comparable to those in the ﬂames of other components. More interestingly, the sum of the weighted
the acetylene concentrations derived from ﬁve
modeled ﬂames (12,298 ppm) estimates the acetylene concentration through the use of the full surrogate (12,300 ppm) almost exactly. Acetylene
concentrations in a practical fuel, therefore, very

Methyl cycloC6

C6H5CH3

C6H6

Full surrogate

likely can be estimated from those obtained, via
experiments or simulations, in ﬂames of representative chemical compounds under similar
conditions.
6. Conclusions
A new mechanism was generated and extended to describe three common composite fuels,
and was validated with data obtained over a
range of equivalence ratios from 1.0 to 1.7.
Mechanism generation through the use of generic
rates has greatly reduced the mechanism generation eﬀort, and proved to be successful as seen in
the comparison between the calculated and measured concentrations, which include those of soot
precursors, for composite fuels containing high
concentrations of paraﬃns. The ability to predict
the formation of soot precursors such as acetylene and benzene is one of the major contributions of the present paper. The relative
tendency of each component to form soot precursors can guide the formulation of future fuels
that produce less soot, which is desirable in combustors such as gas turbines. Results reported in
Tables 1, 2 infer strong precursor production
potential of certain fuel fractions in liquid transportation fuels. The importance of naphthene
and aromatic fractions in benzene formation is
clear, although these fractions account for only

Table 2
Contributions of individual fuel components to soot precursor formation
Height above burner (cm)
Mole %

n-C12H26

i-C8H18

73.5

5.5

CH3-cycloC6
10

C6H5CH3
10

C6H6

Sum

1

100

79.4
262
386

477
284
178

707
1027
1007

700

103

12298

348

4931

0.0211
0.0737
0.1

Benzene concentration (ppm) · fuel fraction
16.8
3.7
130
54.8
12.4
414
56.0
17.4
370

0.1158

Acetylene concentration (ppm) · fuel fraction
9849
556
1090

0.0737

C5+ aromatic species concentration (ppm) · fuel fraction
153
31
549
3850
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20% of the surrogate. In contrast, the ﬂames of
each individual component in the kerosene produce similar amounts of acetylene. In the formulation of surrogate fuels to simulate soot
formation, major attention should be given to
the components leading to benzene formation,
an important species in particle nucleation and
surface condensation, since the formation of
acetylene, the addition of which dominates soot
surface growth, is relatively insensitive to fuel
composition. Interestingly, the ﬁndings support
the generalization that the propensity for benzene formation in this study is consistent with
the generalization that soot propensity of fuel
components is given by aromatics > cyclo-parafﬁns > i-paraﬃns > n-paraﬃns.
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Comment
Robert J. Santoro, Penn State University, USA. Have
you compared your kinetic chemical reaction results
with an equilibrium calculation for the fuel mixture?
Reply. This question was targeted to the predictions
summarized in Table 1. The equilibrium concentrations
for acetylene and benzene under these conditions are

much lower than the values predicted by the kinetic
model for the surrogate mixture, as well as for the individual surrogate components. Thus, we are far from
equilibrium at these conditions.
It is interesting to note that while the H/C ratios for
normal-, iso- and cyclo-paraﬃns are approximately the
same, and thus would produce similar equilibrium
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levels, there were signiﬁcant diﬀerences among the
benzene and aromatic concentrations predicted for premixed ﬂames of these fuels, which would indicate a
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kinetically controlled structural eﬀect on the formation
of aromatics. Such an eﬀect was not observed for
acetylene formation.

