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Abstract—The validity of using kinetic scheme reduction procedures to compare various kinetic models as
well as the values of kinetic parameters of individual steps present in the literature is analyzed. The peculiar-
ities of the development of the gas-phase reaction block as a part of the heterogeneous-homogeneous model
of the oxidative coupling of methane (OCM) are considered and approaches to the selection of kinetic
parameters of elementary steps are analyzed. It has been demonstrated that kinetic models developed in
accordance with the principle of “independence of kinetic parameters” can exhibit low predictive power due
to existing uncertainties in the values of the parameters presented in well-known review papers and databases.
In addition, the effects of the accounting of the heterogeneous reaction block and variation of the OCM reac-
tion conditions on the results of the reduction of the detailed kinetic scheme are addressed. It has been shown
that the use of reduction procedures to analyze the mechanism of complex processes is limited due to the high
degree of conjugation between their individual stages and the strong dependence of kinetic constants on the
parameters of state.
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Partial oxidation and oxidative dehydrogenation of
light alkanes — the major components of natural and
associated petroleum gases — are considered as prom-
ising alternative to the existing technologies for the
production of basic intermediates of organic and pet-
rochemical synthesis from petroleum feedstock [1]. A
special place among them is occupied by oxidative
coupling of methane (OCM) to higher hydrocarbons,
including ethylene [2–6]. On the one hand, methane
is abundant and relatively low-cost hydrocarbon feed-
stock. On the other hand, ethylene is one of the most
demanded and scant intermediate products in petro-
chemistry.

A characteristic feature of the OCM reaction is that
the activation of methane occurs over catalyst active
sites and is accompanied by the release of free radicals
to the gas phase [7–9]. Molecular products of OCM
reaction are formed in a complex combination of sec-
ondary free-radical reactions both in the gas phase,
and on active sites on the surface [10, 11]. For this rea-
son, the kinetic features of the process are determined
by the strong conjugation of heterogeneous and
homogeneous factors. The experimentally observed
values of the reaction rate are resulted from a complex

combination of heterogeneous and homogeneous pro-
cesses in which catalytic active sites play a dual role,
participating both in the generation of primary radi-
cals, and in the termination of homogeneous chains
[10, 12]. Since OCM catalysts are also effective in
high-temperature oxidative dehydrogenation and
cracking of C2+ alkanes, which proceed via a similar
mechanism [10, 13], the OCM reaction can be consid-
ered as a convenient model in studying a wide range of
hydrocarbon oxidation processes. To analyze their
kinetics, complex multistep schemes have to be uti-
lized, which allow one to trace the development of the
process in time, to determine the product formation
pathways, and to predict the effect of various factors
on the characteristics of the process. Such models are
an efficient tool to investigate the detailed reaction
mechanism and to analyze a complex kinetic phenom-
ena accompanying the processes under consideration.

Soon after the discovery of the OCM, the first
attempts were made to explain some of its regularities
by the free radical nature of the process [14–16] and to
describe them in the framework of heterogeneous–
homogeneous kinetic schemes [17–19]. According to
the most common approach, the kinetic scheme of a
heterogeneous–homogeneous process is formed by
two blocks, homogeneous and heterogeneous (see,
e.g., [11, 12, 20]). The first block is a detailed descrip-

Abbreviations and notation: OCM, oxidative coupling of meth-
ane; RT, relative tolerance; CAS, catalytically active sites.
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tion of the processes taking place during hydrocarbon
oxidation in a gas phase. All elementary steps involving
molecular and radical species formed by the homoge-
neous oxidation also occur during the catalytic pro-
cesses accompanied by the release of free radicals into
the gas phase. The second block is required to describe
the interaction of these species with surface active
sites. The development of both blocks requires the
compliance with a number of principles, including the
completeness and openness of the description, its
thermodynamic consistency, and also the indepen-
dence of kinetic parameters [11].

In the present work, the peculiarities of the devel-
opment of the gas-phase reaction block of the kinetic
model were considered, and approaches to the selec-
tion of kinetic parameters of elementary steps are ana-
lyzed.

A large number of kinetic models of gas-phase oxi-
dation of light hydrocarbons, which differ both in
number of species and elementary steps, and in
approaches to filling them with the kinetic parameters
are currently available in open sources. In our opinion,
the most comprehensive kinetic scheme of light
alkane transformations is the model of the C1–C5
hydrocarbon oxidation developed by the Combustion
Chemistry Center, National University of Ireland
Galway (Galway, Ireland) [21]. This model is con-
structed hierarchically and includes blocks of oxida-
tion of hydrogen, CO, C1–C5 hydrocarbons, and also
various oxygen-containing compounds. The develop-
ment of the model started in 2010 and is still in prog-
ress. Its most recent version, Aramco 3.0 (hereinafter
referred to as AramcoMech), containing 3037 reac-
tions of 581 species, was published in 2018 [22].
Numerous refinements and corrections were made
both in the step scheme, and in the values of rate con-
stants for individual elementary steps throughout the
model development [23–30]. Moreover, in certain
cases, the thermodynamic parameters of individual
substances were also refined (see, e.g., [30]). In our
opinion, an important advantage of AramcoMech
model is that its authors avoided the fitting of the
parameters of individual steps for increasing the accu-
racy of the description. The kinetic constants were
selected based on the most recent and, according to
the authors of the model, most reliable literature
sources. The further optimization includes a detailed
analysis of the entire scheme and its individual blocks
(submechanisms), which is performed as follows. For
example, methane oxidation was considered in reac-
tors of various types (constant-pressure f low reactor,
adiabatic reactor, jet-stirred reactor, shock tubes,
etc.), and the sensitivity of individual elementary steps
was analyzed [30]. Further, the kinetic parameters of
the particular steps are verified by comparing the cal-
culation results with experimental data obtained inde-
pendently. Wherein only kinetic data published in
open sources (both experimental data, and theoretical
estimates) are considered. In other words, maximum
efforts were made to eliminate mechanistic (or, put it
better, mathematical) fitting of the kinetic parameters
and the simultaneous variation of the parameters of a
significant number of elementary steps. The final
model was verified on a large basis of independent
experimental data obtained in a broad variety of reac-
tion mixtures and reaction conditions. The calculation
results were also compared with the results obtained
using other kinetic schemes [31–36].

In many cases, the AramcoMech model most
accurately described the available experimental data.
The results of the comparative analysis are open access
[21]. As noted above, this scheme can be considered
the most comprehensive and consistent among the
currently available in the literature. However, the
approach accepted by the model developers for selec-
tion of the kinetic parameters of individual steps is
indistinct. In particular, it was stated in [30] that filling
the model with kinetic parameters should not be per-
formed without referring to experimental data, i.e.
comparison of simulation and experimental results is
required. In other words, according to the authors, , a
kinetic model with high predictive power and high
computational accuracy cannot be developed if one
strictly adheres to the principle of independence of
kinetic parameters, i.e., uses the values of parameters
presented in the most reliable reviews and databases.
That is, it is necessary to assess how well different pub-
lished values of kinetic parameters allow to describe
the existing independent experimental data. In our
opinion, it is of undoubted interest to independently
evaluate the validity of this statement. For this pur-
pose, in the present work, we performed a comparative
analysis of simulation results obtained by models, the
parameters of which were selected in accordance with
to two different approaches: by strictly following the
principle of using the kinetic parameters obtained
from independent kinetic experiments [11] and by
more f lexible approach enabling the variation of
parameter values over certain ranges determined by
the scatter in the literature data [22].

One of the most well-known kinetic schemes con-
structed according to the principle of independence of
kinetic parameters is the Leeds methane oxidation
mechanism developed in the early 2000s at the Uni-
versity of Leeds, Leeds, UK [34]. This model also
contains blocks of oxidation of hydrogen, carbon
monoxide, ethane, and ethylene. Its authors com-
pletely abandon the fitting of kinetic parameters for
increasing the accuracy of the description, but unlike
the AramcoMechv scheme [22], the Leeds model was
filled with the kinetic parameters without referring to
any experimental data. The values of the kinetic con-
stants were obtained from open access databases [37,
38], and an algorithm was proposed in which the
sources were arranged in the order of maximum reli-
ability of presented data [39]. The rate constants for
the reverse reactions were calculated using thermody-
KINETICS AND CATALYSIS  Vol. 62  No. 1  2021
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namic data from the CHEMKIN software [40], which
made the scheme thermodynamically consistent. It
was shown that the obtained kinetic model describes
well the experimental data on the velocity of the lami-
nar f lame propagation and ignition delays in the
methane oxidation. As noted above, the model [22]
was validated over a much wider array of independent
experimental data and initial conditions. The compar-
ative analysis performed by its authors showed that, in
some cases, the difference between the results of the
calculations according to the schemes [22] and [34]
was significant. However, it is not clear if the observed
disagreement in the results of simulation is related to
the difference in the approaches to the selection of
kinetic parameters. Strictly speaking, a direct compar-
ison of the results of the calculations by schemes [22]
and [34] is not correct because the considered models
were initially developed for different applications and
differ significantly in the sets of elementary steps. Fill-
ing the scheme [22] with the kinetic parameters in
accordance with the “independent” approach [34] is
time-consuming. For this reason, as an alternative
approach to analyzing various descriptions and sets of
parameters, we compared the kinetic schemes
obtained by reduction of the initial “complete” mod-
els using standard approaches. This work describes the
results of such comparative analysis, in which the
model [22] was chosen as the base “complete”
scheme. In addition, the effect of taking into account
the block of heterogeneous reactions and variation of
the initial reaction conditions on the results of the
reduction of the detailed kinetic scheme with various
sets of kinetic parameters are addressed.

The reduction of large kinetic models is of unique
significance The increasing role of computational
methods in investigating various processes and devel-
oping technologies and equipment (including chemi-
cal production) requires one to construct sufficiently
compact kinetic models capable of being coupled with
computation of hydrodynamics and heat and mass
transfer. In this context, it is of interest to investigate in
what extent the size of “complete” kinetic schemes
(the number of components and reactions between
them) can be reduced with retaining an initial accu-
racy of description. Bearing in mind the strong conju-
gacy of the kinetics of heterogeneous–homogeneous
processes and the strong dependence of the rate con-
stants of individual steps on the physical parameters
(first of all, on temperature), we also considered the
effect of taking into account the block of heteroge-
neous reactions and varying the OCM reaction condi-
tions on the results of the reduction of the complete
scheme.

COMPUTATION PROCEDURE
The kinetic simulations were performed using the

Chemical WorkBench software (KintechLab, Russia)
[41]. It allows one to analyze complex multistep pro-
KINETICS AND CATALYSIS  Vol. 62  No. 1  2021
cesses in a wide range of initial conditions (operation
modes, types of reactors). Methods of multistep
kinetic scheme reduction and their main features were
described in detail elsewhere [42]. The kinetic scheme
[22] was reduced by successive application of three
algorithms:

—DRG, method of analysis of direct relationship
graph;

—CSP, graph of computational singular perturba-
tions;

—DSA, method of direct sensitivity analysis.
All calculations were performed for a batch isother-

mal reactor of the calorimetric bomb type (at 900,
1000, 1100, and 1200 K) operating at constant pressure
(1–10 atm) for the initial mixture containing 79 mol %
CH4, 20 mol % O2, and 1 mol % N2. A criterion of the
proximity of the reduced mechanism to the initial
(“complete”) one was the requirement that the maxi-
mum relative tolerance (RT) of concentrations of the
reactants (CH4 and O2) and the main products (CO2,
CO, C2H6, C2H4, and H2) in the calculations accord-
ing to the complete and reduced schemes at a given
time should not exceed a certain threshold value. To
estimate the effect of this parameter on the result of
the reduction, two threshold values, 0.05 and 0.1, were
considered. In the further calculations, RT was taken
to be 0.1.

The determination of the kinetic parameters of the
reduced model utilizing the “independent” approach
was performed using the NIST Chemical Kinetics
Database [37]. The priority sources were chosen to be
the works [43–46]. If these works contained no data
on some of the steps, then the kinetics parameters
were not replaced; i.e., the parameters [22] were used.

A comparative analysis of the reduced schemes
with different sets of kinetic parameters was performed
by the direct sensitivity analysis method, which con-
sists in the-determination of the change in the con-
centration of component i with varying rate constant
for step j at a given time. One the one hand, this
method enables allows one to determine the steps that
make the essential contribution to the transformation
of individual components of the reaction mixture, and
on the other, to estimate the effect of the inaccuracy in
the values of kinetic parameters of individual steps on
the calculation results.

The heterogeneous–homogeneous reaction sys-
tem was described using the previously developed
approach [12], according to which a block of heteroge-
neous reactions was added to the complete AramcoM-
ech scheme. The composition of this block and the
corresponding rate constants were determined
according to the procedure described previously (see
[11, 47–49]). The reaction system was described in a
quasi-homogeneous (or quasi-catalytic) approxima-
tion, i.e. catalytic active sites were added to the homo-
geneous gas mixture as free particles. Their concentra-
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Table 1. Results of the reduction of the AramcoMech
mechanism* at various relative tolerances (RT)

* Only reactions of species containing no more than three carbon
atoms were taken in to account.

RT Number of species Number of reversible reactions

0.05 60 141
0.1 49 96
tion was varied from 0 to a value corresponding to the
average concentration of surface sites in a unit volume
of granules of a solid substance with a packed density
of 1 g/cm3 and a specific surface area of 10 m2/g, i.e.,
~2 × 1019 cm–3. This value virtually overlaps the range
of the average concentration of surface sites per unit
volume of the reaction zone for the most efficient
OCM catalysts.

RESULTS AND DISCUSSION
Effect of the Relative Tolerance on the Results

of the Reduction
We started from the analysis of the effect of the rela-

tive tolerance value on the results of the AramcoMech
kinetic scheme reduction. The calculation was per-
formed for an isothermal reactor in the temperature
range 900–1000 K and the pressure range 1–10 atm.
To simplify the analysis, only reactions of species con-
taining not more than three carbon atoms were taken
into account. As a result, two descriptions were
obtained, the main parameters of which are presented
in Table 1. As it can be seen from the table, the rougher
approximation results in the kinetic scheme reduced
more significantly.

Another result was less expected. It was demon-
strated that the significantly more compact scheme,
which was obtained at RT = 0.1, contained several
reactions that were not present in the reduced scheme
at RT = 0.05. Apparently, the exclusion of reactions
that do not largely affect the total conversion/forma-
tion of certain components of the reaction mixture
leads to significant rearrangement of the contributions
of various reaction pathways. This indicates that the
described reduction procedure is strictly formal and
can be applied for the process optimization, but is
unsuitable to analyze the mechanism of a complex
process.

Results of the Reduction of the AramcoMech Scheme 
with Different Sets of Kinetic Parameters

An essential drawback of the direct sensitivity anal-
ysis procedure is that the calculated “sensitivity”—the
derivative dCi/d(lnkj)—depends on the initial selec-
tion of kinetic parameters included in the model. The
same can be applied to the other reduction methods
used in this work.
Comparison of reduced kinetic schemes cannot
reveal the effect of the values of parameter on the
result of the reduction procedure because of structural
difference between the initial descriptions. To evaluate
this effect directly, the following approach was pro-
posed. The initial AramcoMech model was reduced at
1000 K and atmospheric pressure. Next, the kinetic
parameters of the elementary steps included in the
reduced scheme were replaced in the initial model by
those presented in the literature [31–34], and then
such a modified kinetic model was reduced. For sim-
plicity, the scheme produced by the reduction with the
kinetic parameters accepted in the work [22] is further
referred to as “initially reduced”; and the one reduced
with the kinetic parameters from the database [37] is
further referred to as “modified.” The reduced
scheme, two sets of kinetic parameters, and the rate
constants calculated for a temperature of 1000 K are
presented in Table 2.

As can be seen from the Table 3, the model
obtained by the reduction of the modified scheme
does not include a number of important steps involv-
ing the methyl radical. One of them is the formation
and decomposition of the CH3O2 radical. This process
determines the position of the left boundary of the
“OCM window” and the abrupt decrease in the selec-
tivity to C2 hydrocarbons at low conversions in the
temperature range <900–950 K [11, 16]. The obtained
result is likely to be due to the fact that if the kinetic
parameters [43–46] are used, this significantly
increases the rates of steps (18), (30), and (39) (see
Table 2). This results in the decrease in the contribu-
tions of the other reactions involving the methyl radi-
cal to the overall process. The increase in the rate of
step (39) in the modified scheme also leads to the fact
that Scheme 2 contains more steps involving the C2H3
radical than Scheme 1. Thus, this example very clearly
demonstrates the effect of uncertainties in the values
of the kinetic parameters of individual steps on the
composition of the reduced kinetic Schemes.

The data in Table 2 show that, for some elementary
steps, the difference in the values of the rate constants
exceeds one order of magnitude. Such a difference in
the parameters predictably affects the calculation
results. In particular, if the concentration of oxygen
(the limiting reactant in the standard settings of the
OCM process) at a given time is used as a criterion to
estimate the overall process rate, then the reaction in
the modified scheme proceeds slightly faster (Fig. 1).
The difference between the two schemes is even more
significant if the distributions of the methane oxida-
tion products are compared (Figs. 2a–2d). The sensi-
tivity analysis demonstrated that, in the modified
kinetic scheme, the current oxygen concentration is
most sensitive to steps (13), (17), (18), and (30).
According to the analysis results, the first three reac-
tions favorably affect the oxygen conversion rate (i.e.,
KINETICS AND CATALYSIS  Vol. 62  No. 1  2021
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Table 3. Differences between the step schemes obtained by
reducing the AramcoMech 3.0 model (1000 K, 1 atm) at
various initial values of the kinetic parameters*

* Scheme 1 was obtained by reducing the initial AramcoMech 3.0
model; Scheme 2, by reducing the AramcoMech 3.0 model with
modified kinetic parameters.

No. of step Reaction

Present in Scheme 1, absent in Scheme 2

1 H + O2 + M ⇄ HO2 + M
2 CH3 + H + M ⇄ CH4 + M
3 CH4 + CH3O2 ⇄ CH3 + CH3O2H
4 CH3 + O2 + M ⇄ CH3O2 + M
5 CH3O2 + CH3 ⇄ CH3O + CH3O
6 CH3O2H ⇄ CH3O + OH
7 CH3O + O2 ⇄ CH2O + HO2

8 CH2O + CH3O2 ⇄ HCO + CH3O2H
9 HCO + M ⇄ H + CO + M

10 C2H4 + H + M ⇄ C2H5 + M
11 C2H5 + HO2 ⇄ C2H5O + OH
12 C2H4O(1–2 ) ⇄ CH3 + HCO
13 C2H4 + HO2 ⇄ C2H4O(1–2) + OH

Present in Scheme 2, absent in Scheme 1 
14 CH2O + OH ⇄ HCO + H2O
15 C2H3 + O2 ⇄ CH2CHO + O
16 C2H3 + O2 ⇄ CHOCHO + H
17 C2H3 + O2 ⇄ CH2O + HCO
18 C2H4 + O ⇄ CH2CHO + H
19 C2H6 + HO2 ⇄ C2H5 + H2O2

20 CH2CHO + M ⇄ CH3 + CO + M
21 CH2CHO + O2 ⇄ CH2O + CO + OH
with increasing rate constant, the process rate
increases), whereas reaction (30) affects adversely.

Figure 1 presents the results of the calculations,
which show that the alternating replacement of the
kinetic parameters of steps (13), (17), (18), and (30)
from the works [45, 46] by the data from [22] affects
oxygen conversion. In the case of steps (13) and (17),
the observed effect is less significant, which is likely to
be due to a relatively small difference between the rate
constants for these reactions (see Table 1). For reac-
tions (18) and (30), the rate constants at 1000 K as cal-
culated from the data [45, 46] are by factors of 12 and
34, respectively, higher than those calculated from the
data [22]. The rates of the steps of the chain branching
(18) and termination (30) decrease in the transition
from the data [45, 46] to [22]. Correspondingly, in the
former case, the process rate abruptly decreases, and
in the latter, it increases (Fig. 1, curves 3 and 4). It is
interesting to note, that the effects of the replacements
of the kinetic parameters of the considered steps com-
pensate each other: after the simultaneous replace-
ment of the parameters for steps (13), (17), (18), and
(30), the change in the oxygen conversion over reac-
tion time becomes insignificant (Fig. 1, curve 5).
However, in this case, the distribution of the reaction
products changes significantly: the fraction of C2
hydrocarbons decreases, and the fraction of carbon
oxides simultaneously increases (Figs. 2a–2d). Such a
redistribution of the products toward deep oxidation is
expectable because the value of the rate constant for
the recombination of methyl radicals accepted in the
AramcoMech model is much lower. The further anal-
ysis revealed that the amount of the formed ethylene
also noticeably depends on the rate of step (39) – of
the ethylene molecule interaction with the methyl rad-
ical, for which the rate constant calculated from the
data [45] is by a factor of 46 higher than that accepted
in the model [22]. Correspondingly, with varying rate
constant for this step, the amount of ethylene in the
reaction products changes substantially (Fig. 2b). As
for carbon oxides, the analysis of the kinetic scheme
showed that their concentrations are most sensitive to
a change in the parameters of step (15). The rate con-
stant for this reaction calculated from the data [43] is
by a factor of 16 higher as compared to that calculated
from the data of [22]. Predictably, the replacement of
the parameters of this step leads to a substantial
change in the ratio between the concentrations of car-
bon oxides (Figs. 2c, 2d). Noteworthily, the rate con-
stant for reaction (15) affects weakly the amount of the
formed C2 hydrocarbons (Figs. 2a, 2b).

The following analysis demonstrated that the con-
centrations of the products and the reactants have
much lower sensitivity to the parameters of all the
other individual steps, and the differences observed in
Figs. 1 and 2 between the corresponding curves are
caused by the accumulation of differences in the val-
ues of the kinetic parameters (Table 1).
KINETICS AND CATALYSIS  Vol. 62  No. 1  2021
Thus, the performed analysis shows that the most
significant contribution to the observed difference in
calculation results based on the data of [22] and [45] is
due to the effect of the kinetic parameters of steps (15),
(18), (30), and (39), which differ by more than an
order of magnitude. Below, we consider each of these
reactions in more detail.

Oxidation of CO by the hydroperoxide radical. The
reaction

(15)

is one of the most important in the conversion of CO
to CO2. Moreover, this reaction transforms the HO2 rad-
ical, which is relatively low active in hydrogen atom
abstraction reactions, into the highly active OH radical.

In the model [22] uses the data from the recent
work [50], in which the kinetic parameters of step (15)
were estimated based on quantum-chemical calcula-

2 2CO HO CO OH+ +�
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Fig. 1. Dependence of the current oxygen concentration
on the reaction time. Curves 1–5 were obtained by the
replacement of the kinetic parameters of individual steps of
the modified scheme by the parameters of the AramcoM-
ech scheme: the replacement of the parameters of (1) step (13);
(2) step (17); (3) step (18); (4) step (30); and (5) steps (13), (17),
(18), and (30). 
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tions. Since the works [45, 46] contain no data on the
kinetic parameters of step (15), let us consider the
parameters proposed in the works [43, 44]. As is seen
from Table 4, the rate constants calculated from the
data of the works [43] and [44] are virtually the same,
whereas their difference based on the data from the
work [50] is more than an order of magnitude. The
kinetic parameters from the works [43] and [44] were
used in the models [31] and [33], respectively. The values
of parameters accepted in the schemes [35, 36] give inter-
mediate values of the rate constant for step (15). Thus,
the performed analysis showed that the kinetic parame-
ters of step (15), which were used by the developers of the
model [22], also may require refinement.

Oxidation of methyl radicals. The analysis of the
data on the kinetic parameters of the reactions of the
methyl radical interaction with oxygen:

(18)3 2 2CH O CH O OH.+ +�
Table 4. Temperature dependence of the rate constants for 
sources

Reaction T, K
Aramco 3.0 [22] Tsang 

Kon

CO + HO2 ⇄ CO2 + OH

800 0.7
900 3.2

1000 10.8 1
1100 30.3 5
1200 72.6 12
1300 154.3 26
is even more complicated. This reaction is the key step
responsible for the sharp decrease in the selectivity in
the OCM process at temperatures above 1100–1200 K
(thus determining the upper boundary of the OCM
window [11]) and for the formation of syngas in the
homogeneous partial oxidation of methane.

The authors of the model [22] indicated “Klippen-
stein S.J. Personal communication, 2009” as the pri-
mary source of information about the parameters for
this step. One can assume that the authors of the
model used the parameters presented by S. J. Klippen-
stein in a private communication. It is unknown
whether or not these data are published. The database
[37] contains few sources of data for reaction (18);
most of the data were obtained in the high-tempera-
ture range (>1500 K). Along with the data of the work
[45], Table 5 also presents the rate constants calculated
from the data of the recent experimental works [51, 52].
With regard to the other kinetic schemes, the parameters
close to those from the work [52] are accepted in the
model [31], whereas the parameters from the work [45]
are utilized in the schemes [33] and [35]. The reaction (18)
is not included in the model [36].

Thus, a significant difference between the kinetic
parameters for step (18) presented in the work [45] and
used by the authors of the kinetic schemes [22, 32, 33,
35, 36] is revealed.

Recombination of methyl radicals. The reaction

(30)
determines the very possibility of the formation of C2+
hydrocarbons during the methane oxidation, and the
efficiency of this reaction (in comparison with the
other reactions of methyl radical) governs the primary
selectivity of the process.

Table 6 illustrates the temperature dependence of
the rate constants for reaction (30) at 800–1300 K that
were calculated from the data [22] and [46]. The data
in the model [22] are based on the results of the exper-
imental work [53]. As is seen from the presented data,
the rate constants calculated from the data of the
works [22] and [46] differ by more than an order of

3 3 2 6CH CH M C H M+ + +�
KINETICS AND CATALYSIS  Vol. 62  No. 1  2021

the reaction CO + HO2 ⇄ CO2 + OH according to various

k ⋅ 1017, cm3 molecule–1 s–1

et al. [43], 
nov [33]

Warnatz [44],
Gri-mech 3.0 [31] San Diego [35] Milan [36]

8.7 8.9 1.8 2.6
45.3 46.2 9.1 12.9
70.0 173.0 32.8 46.8
01.7 509.4 93.6 134.1
36.1 1252.7 224.0 322.2
51.1 2682.2 468.9 676.7
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Fig. 2. Dependence of the current concentration of (a) ethane, (b) ethylene, (c) CO, and (d) CO2 on the reaction time.
Curves 1–5 were obtained by the replacement of the kinetic parameters of individual steps of the modified scheme by the param-
eters of the AramcoMech scheme: the replacement of the parameters of (1) steps (13), (17), (18), and (30); (2) steps (13), (15),
(17), (18), and (30); and (3) steps (13), (15), (17), (18), (30), and (39). 
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magnitude. As it was demonstrated above, such a dif-

ference has a critical effect on the simulation results. For

the further analysis the kinetic parameters of the reaction

(30) accepted in the well-known kinetic models of the

oxidation of light alkanes [31, 33, 35, 36] were chosen.

The values of the rate constant calculated from these data

are the same order, and the data [53] almost completely

coincide with the data [33]. Thus, the observed differ-

ence between the results of the simulations using the
KINETICS AND CATALYSIS  Vol. 62  No. 1  2021

Table 5. Temperature dependence of the rate constants for t
sources

Reaction T, K Aramco 3.0 

[22]

Baulch et

[45]

CH3 + O2 ⇄ CH2O + OH

800 9.1 198.5

900 23.6 370.9

1000 52.4 611.5

1100 103.9 920.5

1200 188.2 1294.3

1300 318.0 1727.0
well-known and well-proven models and those based on
the data of the review [46] raises doubts about the validity
of the parameters presented in it.

Reaction of ethylene with the methyl radical. The
description of the interaction of ethylene with the
methyl radical is probably the most ambiguous. The
step

(39)2 4 3 2 3 4C H CH C H CH+ +�
he reaction CH3 + O2 ⇄ CH2O + OH according to various

k × 1017, cm3 molecule–1 s–1

 al. Gri-mech 3.0 

[31]

Konnov [33], 

San Diego [35]

Srinivasan et al. 

[51]

Yu et al.

 [52]

1.1 198.5 21.6 0.9

4.5 370.9 55.5 3.7

13.9 611.5 118.2 11.4

35.2 920.5 219.2 28.8

76.3 1294.3 366.9 62.4

147.1 1727.0 567.4 120.0
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Table 6. Temperature dependence of the rate constants for the reaction CH3 + CH3 + M ⇄ C2H6 + M according to various
sources

Reaction T, K

k × 1030, cm6 molecule–2 s–1

Aramco 3.0 

[22]

Baulch et al. 

[46]

Gri-mech 3.0 

[31]

Konnov 

[33]

San Diego 

[35]
Milan [36]

CH3 + CH3 + M ⇄ C2H6 + M

800 2.9 294.5 2.5 3.3 2.4 2.6

900 2.8 156.6 2.3 3.0 2.3 2.3

1000 2.6 87.4 2.0 2.7 2.1 1.9

1100 2.3 50.9 1.7 2.4 1.7 1.5

1200 2.1 30.8 1.4 2.0 1.4 1.2

1300 1.8 19.2 1.2 1.7 1.1 0.9

Table 7. Temperature dependence of the rate constants for the reaction C2H4 + CH3 ⇄ C2H3 + CH4 according to various
sources

Reaction T, K

k × 1015, cm3 molecule–1 s–1

Aramco 3.0 

[22]

Baulch et al. [46], 

Konnov [33]

Tsang et al. 

[43]

Warnatz 

[44]

Gri-mech 3.0 

[31]
Milan [36]

C2H4 + CH3 ⇄ C2H3 + CH4

800 0.04 6.3 1.5 0.6 0.7 0.3

900 0.2 13.7 4.6 1.4 1.8 0.7

1000 0.5 25.5 11.6 2.6 3.7 1.7

1100 1.5 42.5 25.5 4.3 6.8 3.4

1200 3.3 64.9 50.6 6.6 11.5 6.3

1300 6.9 92.9 92.4 9.4 18.1 10.6
is quite important because it determines the rate of
homogeneous activation and consecutive transforma-
tions of ethylene, which results in the decrease of
OCM selectivity at relatively high conversions: of all
the radical species, methyl radicals have the maximum
concentration in the reaction mixture.

The description of the model [22] contains no data
on the source of the kinetic parameters for this step.
The rate constant calculated from the parameters used
in the model [22] differs from that obtained based on
the data [46] by a factor of more than 40 (see Table 7).
Note that the values calculated from the data of the
other works, including well-known reviews [43, 44],
and the kinetic models [31, 36], also differ from each
other and are intermediate between the data [22] and
[46]. The kinetic parameters from work [46] is
accepted in the scheme [33], while the model [35]
does not include the reaction (39).

Effect of Taking into Account the Heterogeneous 
Reactions on the Results of the Reduction

As already noted, the OCM process is free-radical
and at the same time heterogeneous catalytic; i.e., its
total rate and the product composition are determined
by a set of a large number of steps occurring both in the
gas phase and with the participation of the catalyst sur-
face sites. It was shown above that the values of the
kinetic parameters of homogeneous steps significantly
affects both the simulation results and the results of
reduction procedure. It can be expected that the addi-
tion of heterogeneous reaction block can significantly
affect not only the calculation results (what have
already been reported earlier [12]), but also the results
of the reduction procedure of the homogeneous part
of the combined model.

It was previously shown [11, 12, 49] that the addi-
tion of the block of heterogeneous reactions to the
detailed kinetic scheme of gas-phase methane oxida-
tion leads to several main changes. For example at
increasing concentration of catalytically active sites
(CAS), the part of the kinetic curve corresponding to
an increasing reaction rate gradually disappears and at
the highest CAS concentrations the process becomes
linear, i.e., starts with the maximum reaction rate,
which gradually decreases as the reactants are con-
sumed. Although the maximum reaction rate can be
reached in the pure homogeneous process (due to the
development and branching of chains, the time of
attaining a certain conversion decreases with increas-
ing CAS concentration. The selectivity to the desired
products of the OCM reaction (C2 hydrocarbons)

passes through a maximum with increasing CAS con-
centration: the selectivity increases at low concentra-
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tions because of the high rate of generation of methyl
radicals and the increasing efficiency of their recombi-
nation and then drops due to the-contribution of the
heterogeneous deep oxidation.

The results of the reduction depend on the intro-
duction of CAS to the system. However, this depen-
dence is nonmonotonic. At a relatively low CAS con-

centration (~7 × 1017 cm–3), the total number of steps
in the homogeneous part of the reduced system
increases. Due to the sharp increase in the rate of gen-
eration of-methyl radicals and concentration of C2

and C3 hydrocarbons, an increase in the contribution

of reactions of these substances is observed. Mean-
while, the reduced scheme does not include 11 reac-
tions of species containing ≤2 carbon atoms, which
were present in the scheme before adding CAS.

With a further increase in the CAS concentration,
the number of homogeneous reactions in the reduced
scheme progressively decreases. At a CAS concentra-

tion of ~1 × 1019 cm–3, only 25 reversible reactions
remain in the scheme. Variation of the CAS concen-
tration causes no change in the composition of the
heterogeneous block in the reduced scheme.

Thus, the results of both simulations and reduction
of the heterogeneous–homogeneous scheme of the
oxidation of methane indicate a significant effect of
the heterogeneous factors on the overall process due to
the strong kinetic coupling between homogeneous and
heterogeneous processes. In particular, the addition of
the heterogeneous block to a detailed kinetic scheme
of methane oxidation leads to a significant changes of
the observed kinetic features and affects the relative
contributions of individual steps. In practical terms,
the presence of surface active sites significantly alters
the selectivity to the desired products.

Effect of Temperature on the Results of Reduction
The high sensitivity of the result of the reduction to

the values of the kinetic parameters should inevitably
lead to the fact that the set of steps comprising the
reduced kinetic scheme changes with varying reaction
conditions and initial values of physical parameters.
Indeed, e.g., due to the strong temperature depen-
dence of the rate constants, the ratios between the
contributions of different steps to the overall kinetics
also vary widely with varying temperature. Hence, the
relative “weight” of different steps changes with vary-
ing temperature in the isothermal process and much
more in the non-isothermal (e.g., adiabatic or auto-
thermal) process.

In this work, the effect of temperature (900–1200 K
at an interval of 100 K) on the results of reduction was
studied for the initial kinetic scheme consisting of the
homogeneous and heterogeneous blocks (CAS con-

centration 7 × 1018 cm–3). As in the variation of the
CAS concentration, the composition of the heteroge-
neous block in the reduced scheme changes slightly
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with varying temperature. However, the homogeneous
part of the scheme is strongly affected by temperature.
An increase in temperature leads to a decrease in the
contribution of reactions of alcohols and aldehydes
(substances that form mainly through CH3O2 radicals)

and an increase in the contribution of reactions of C1–C2

species in high oxidation states, which are intermedi-
ates in the formation of carbon oxides (first of all, CO)
through steps of type of (18) (see above). As a result,
the number of reversible homogeneous reactions in
the reduced scheme increases from 25 at 1000 K to 45
at 1200 K.

Importantly, because of the high exothermicity of
the reactions of the formation of carbon oxides, using
“short” schemes, which were obtained by reduction at
relatively low temperatures (e.g., 1000 K) and
neglected high-temperature steps, can lead to signifi-
cant errors in calculating the adiabatic or autothermal
(with a partial loss of the released heat) process. Simi-
larly, at relatively low temperatures, for more accurate
reproduction of selectivity data, the scheme should be
supplemented with steps that are absent in reduced
schemes obtained for high temperatures.

We considered two approaches to obtaining
reduced schemes, which are valid over a wide tem-
perature range. One of them is to perform the reduc-
tion during the calculation of the adiabatic process.
The second is to combine the schemes obtained in dif-
ferent temperature ranges by adding substances and
reactions from high-temperature schemes to low-tem-
perature ones (or vice versa). Although the size of the
descriptions obtained using the second approach is
higher, the accuracy of the calculations using these
descriptions is generally much higher (the results are
closer to those obtained using the complete schemes)
than in the case of using the first approach.

SUMMARY

Compliance with the principle of independence of
kinetic parameters; i.e., the complete abandonment of
the fitting of the values of kinetic parameters for
reaching an agreement between the calculation results
and experimental data, is one of the main require-
ments in creating a consistent and unambiguous
description of a process [11]. Otherwise, the parame-
ters within a complex scheme become strongly cou-
pled with each other and with the results of the “base”
experiments. Such fitting also imposes restrictions on
the further development of the model and ambiguates
the results of calculations in the parameter ranges out-
side those of the base experiments. Ideally, the deter-
mination of the parameters of the kinetic model
should be carried out using open databases without
tying or fitting to experimental data. However, the
analysis performed in this work showed that the mod-
els obtained using this approach may have low predic-
tive power because of the existing uncertainties in the
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values of parameter presented in the well-known
review papers and databases [43–46].

As an alternative compromise, the approach pro-
posed by the authors of the model [22] can be consid-
ered. This approach also requires the abandonment of
the fitting of the values of the kinetic parameters. The
main criterion for the parameters selection is the max-
imum proximity of the description to the experimen-
tally observed features over a wide range of reaction
mixtures and reaction conditions. The authors of the
model [22] assert that the kinetic parameters pre-
sented in independent sources (e.g., in [43–46]) do
not take into account the reciprocal influence of all
the elementary reactions and species, which emerges
in their introduction to the total kinetic description.
Therefore, the simple determination of such parame-
ters of the kinetic scheme does not give sufficiently
accurate description of the process. This statement
contradicts one of the main concepts of chemical
kinetics, namely, the principle of independence of
rates of elementary steps. For this reason, the opinion
of the authors of the AramcoMech model [30] can
probably be understood only in the sense that some
published values of the kinetic parameters were
obtained not in a direct experiment, but by analyzing
the regularities of complex processes and using some
kinetic models. Because of this, certain values of
parameters are model-dependent. In other words, if
their determination from the existing data on the char-
acteristics of the overall process used other models
with other sets of steps and/or parameters, the numer-
ical values might be different. In such an interpreta-
tion, the approach proposed by the authors of the
model [22] is a reasonable trade-off between the strict
adherence to the principle of independence of kinetic
parameters together with a priori preference of some
literature data over others and arbitrary fitting of val-
ues of kinetic parameters for maximizing the accuracy
of the description of the model experiments.

In the present work we demonstrated that the
reduction of large kinetic schemes is a convenient and
reliable tool to compare different kinetic descriptions
and sets of parameters available in the literature. How-
ever, using the obtained reduced descriptions (both for
analyzing the mechanism of processes, and for model-
ing real processes and reactors) requires great care. In
the former care, the results of comparing the calcu-
lated and experimental data may be interpreted incor-
rectly because complex reactions may have several
routes with strong conjugation between them. In the
latter case, significant calculation errors may emerge
because of the strong parametric dependences (on
temperature, pressure, and reactant concentrations)
of the kinetic constants and the rates of the entire pro-
cess. The real combinations of the parameters may dif-
fer significantly from those at which the reduction was
performed. Finally, the reactions and even compo-
nents of the reaction mixture that are not included in
the kinetic description may become quite significant
in some stages of the process under the particular con-
ditions.

FUNDING

This work was supported by the Russian Foundation for

Basic Research (project no. 18-33-00798).

CONFLICT OF INTEREST

The authors declare that they have no conflicts of interest.

REFERENCES

1. Krylov, O.V. and Arutyunov, V.S., Okislitel’nye
prevrashcheniya metana (Oxidative Transformations of
Methane), Moscow: Nauka, 1998.

2. Mitchell, H.L. and Waghorne, R.H., US Patent
4205194, 1980.

3. Fang, T. and Yeh, C., J. Catal., 1981, vol. 69, no. 2,
p. 227.

4. Keller, G.E. and Bhasin, M.M., J. Catal., 1982, vol. 73,
no. 1, p. 9.

5. Hinsen, W., Bytyn, W., and Baerns, M., 8th Interna-
tional Congress on Catalysis: Proceedings, Berlin: Verlag
Chemie, 1984, vol. 3, p. 581.

6. Ito, T. and Lunsford, J.H., Nature, 1985, vol. 314,
no. 6013, p. 721.

7. Driscoll, D.J., Martir, W., Wang, J.-X., and Lunsford,
J.H., J. Am. Chem. Soc., 1985, vol. 107, no. 1, p. 58.

8. Sinev, M.Yu., Korchak, V.N., Krylov, O.V., Grigo-
ryan, R.R., and Garibyan, T.A., Kinet. Katal., 1988,
vol. 29, no. 5, p. 1105.

9. Feng, Y., Niiranen, J., and Gutman, D., J. Phys.
Chem., 1991, vol. 95, no. 17, p. 6558.

10. Lomonosov, B.I. and Sinev, M.Yu., Kinet. Catal., 2016,
vol. 57, no. 5, p. 647.

11. Sinev, M., Arutyunov, V., and Romanets, A., Adv.
Chem. Eng., 2007, vol. 32, p. 167.

12. Lomonosov, V., Gordienko, Yu., Ponomareva, E., and
Sinev, M., Chem. Eng. J., 2019, vol. 370, p. 1210.

13. Sinev, M.Yu., J. Catal. 2003, vol. 216, nos. 1–2, p. 468.

14. Sinev, M.Yu., Vorob’eva, G.A., and Korchak, V.N.,
Kinet. Katal., 1986, vol. 27, no. 5, p. 1164.

15. Sinev, M.Yu., Korchak, V.N., and Krylov, O.V., Kinet.
Katal., 1987, vol. 28, no. 6, p. 1376.

16. Labinger, J.A. and Ott, K.C., J. Phys. Chem., 1987,
vol. 91, no. 11, p. 2682.

17. Zanthoff, H. and Baerns, M., Ind. Eng. Chem. Res.,
1990, vol. 29, no. 1, p. 2.

18. McCarty, J.G., McEwen, A.B., and Quinlan, M.A.,
Stud. Surf. Sci. Catal., 1990, vol. 55, p. 405.

19. Tjatjopoulos, G.J. and Vasalos, I.A., Catal. Today.,
1992, vol. 13, nos. 2–3, p. 361.

20. Sun, J., Thybaut, J.W., and Marin, G.B., Catal. Today,
2008, vol. 137, no. 1, p. 90.

21. http://www.nuigalway.ie/combustionchemistrycentre.
KINETICS AND CATALYSIS  Vol. 62  No. 1  2021



ANALYSIS OF HETEROGENEOUS-HOMOGENEOUS MODEL 115
22. AramcoMech Version 3.0, 2018. http://www.nuigal-

way.ie/combustionchemistrycentre/mechanismdown-

loads.

23. Zhou, C.-W., Li, Y., Burke, U., Banyon, C., Somers, K.P.,

Ding, S., Khan, S., Hargis, J.W., Sikes, T., Mathieu, O.,

Petersen, E.L., AlAbbad, M., Farooq, A., Pan, Y.,

Zhang, Y., Huang, Z., Lopez, J., Loparo, Z., Vasu, S.S.,

and Curran, H.J., Combust. Flame, 2018, vol. 197,

p. 423.

24. Li, Y., Zhou, C.-W., Somers, K.P., Zhang, K., and

Curran, H.J., Proc. Combust. Inst., 2017, vol. 36, no. 1,

p. 403.

25. Zhou, C.-W., Li, Y., O’Connor, E., Somers, K.P., Thi-

on, S., Keesee, C., Mathieu, J., Petersen, E.L., DeVert-

er, T.A., Oehlschlaeger, M.A., Kukkadapu, G.,

Sung, C.-J., Alrefae, M., Khaled, F., Farooq, A., Dir-

renberger, P., Glaude, P.-A., Battin-Leclerc, F., Sant-

ner, J., Ju, Y., Held, T., Haas, F.M., Dryer, F.L., and

Curran, H.J., Combust. Flame, 2016, vol. 167, p. 353.

26. Burke, U., Metcalfe, W.K., Burke, S.M., Heufer, K.A.,

Dagaut, P., and Curran, H.J., Combust. Flame, 2016,

vol. 165, p. 125.

27. Burke, S.M., Burke, U., Mc, DonaghR., Mathieu, O.,

Osorio, I., Keesee, C., Morones, A., Petersen, E.L.,

Wang, W., DeVerter, T.A., Oehlschlaeger, M.A.,

Rhodes, B., Hanson, R.K., Davidson, D.F., Weber, B.W.,

Sung, C.-J., Santner, J., Ju, Y., Haas, F.M., Dryer, F.L.,

Volkov, E.N., Nilsson, E.J.K., Konnov, A.A., Alrefae, M.,

Khaled, F., Farooq, A., Dirrenberger, P., Glaude, P.-A.,

Battin-Leclerc, F., and Curran, H.J., Combust. Flame,

2015, vol. 162, p. 296.

28. Burke, S.M., Metcalfe, W.K., Herbinet, O., Battin-Le-

clerc, F., Haas, F.M., Santner, J., Dryer, F.L., and

Curran, H.J., Combust. Flame, 2014, vol. 161, p. 2765.

29. Kéromnès, A., Metcalfe, W.K., Heufer, K.A., Dono-

hoe, N., Das, A.K., Sung, C.-J., Herzler, J., Nau-

mann, C., Griebel, P., Mathieu, O., Krejci, M.C., Pe-

tersen, E.L., Pitz, W.J., and Curran, H.J., Combust.
Flame, 2013, vol. 160, p. 995.

30. Metcalfe, W.K., Burke, S.M., Ahmed, S.S., and Cur-

ran, H.J., Int. J. Chem. Kinet., 2013, vol. 45, p. 638.

31. Smith, G.P., Golden, D.M., Frenklach, M., Mori-

arty, N.W., Eiteneer, B., Goldenberg, M., Bow-

man, C.T., Hanson, R.K., Song, S., Gardiner, W.C., Jr.,

Lissianski, V., and Qin, Z. http://www.me.berke-

ley.edu/gri_mech.

32. Wang, H., You, X., Joshi, A.V., Davis, S.G., Laskin, A.,

Egolfopoulos, F., and Law, C.K. USC Mech Version

II. High-Temperature Combustion Reaction Model of

H2/CO/C1-C4 Compounds. http://ignis.usc.edu/

Mechanisms/USC-Mech%20II/USC_Mech%20II.htm.

33. Konnov, A.A. Detailed reaction mechanism for small

hydrocarbons combustion. Release 0.5, (2000), avail-

able as Electronic Supplementary Material to: Cop-

pens, F.H.V., de Ruyck, J., and Konnov, A.A., Com-
bust. Flame, 2007, vol. 149, p. 409.

34. Hughes, K.J., Turanyi, T., Clague, A.R., and Pilling, M.J.
The Leeds methane oxidation mechanism, Version 1.5.
2001. http://garfield.chem.elte.hu/Combustion/mecha-
nisms/ metan15.dat.

35. Chemical-Kinetic Mechanisms for Combustion Appli-
cations, San Diego Mechanism web page, Mechanical
and Aerospace Engineering (Combustion Research),
University of California at San Diego. http://combus-
tion.ucsd.edu.

36. C1–C3 mechanism, Version 1412, December 2014.
http://creckmodeling.chem.polimi.it.

37. NIST Chemical Kinetics Database. https://kinet-
ics.nist.gov/kinetics.

38. Baulch, D.L. Reaction Kinetics Database. School of
Chemistry. The University of Leeds.

39. Hughes, K.J., Turányi, T., Clague, A.R., and Pilling, M.J.,
Int. J. Chem. Kinet., 2001, vol. 33, p. 513.

40. http://www.reactiondesign.com/products/chemkin/
chemkin-2.

41. http://www.kintechlab.com/ru/produkty/chemical-
workbench.

42. Lebedev, A.V., Okun, M.V., Chorkov, V.A., Tokar, P.M.,
and Strelkova, M., J. Math. Chem., 2013, vol. 51, p. 73.

43. Tsang, W. and Hampson, R.F., J. Phys. Chem. Ref. Da-
ta, 1986, vol. 15, p. 1087.

44. Warnatz, J., Combustion Chemistry, Gardiner, W.C., Jr.,
Ed., New York: Springer, 1984, p. 197.

45. Baulch, D.L., Cobos, C.J., Cox, R.A., Esser, C.,
Frank, P., Just, T., Kerr, J.A., Pilling, M.J., Troe, J.,
Walker, R.W., and Warnatz, J., J. Phys. Chem. Ref. Da-
ta, 1992, vol. 21, p. 411.

46. Baulch, D.L., Bowman, C.T., Cobos, C.J., Cox, R.A.,
Just, T., Kerr, J.A., Pilling, M.J., Stocker, D., Troe, J.,
Tsang, W., Walker, R.W., and Warnatz, J., J. Phys.
Chem. Ref., 2005, vol. 34, p. 757.

47. Sinev, M.Yu., Catal. Today, 1992, vol. 13, no. 4, p. 561.

48. Sinev, M.Yu., Catal. Today, 1995, vol. 24, no. 3, p. 389.

49. Sinev, M.Yu., Russ. J. Phys. Chem. B, 2007, vol. 1,
no. 4, p. 329.

50. You, X.Q., Wang, H., Goos, E., Sung, C.J., and Klip-
penstein, S.J., J. Phys. Chem. A, 2007, vol. 111, p. 4031.

51. Srinivasan, N.K., Su, M.C., and Michael, J.V., J. Phys.
Chem. A, 2007, vol. 111, p. 11589.

52. Yu, C.L., Wang, C., and Frenklach, M., J. Phys. Chem.,
1995, vol. 99, p. 14377.

53. Wang, B.S., Hou, H., Yoder, L.M., Muckerman, J.T.,
and Fockenberg, C., J. Phys. Chem. A, 2003, vol. 107,
p. 11414.

Translated by V. Glyanchenko
KINETICS AND CATALYSIS  Vol. 62  No. 1  2021


	COMPUTATION PROCEDURE
	RESULTS AND DISCUSSION
	Effect of the Relative Tolerance on the Results of the Reduction
	Results of the Reduction of the AramcoMech Scheme with Different Sets of Kinetic Parameters
	Effect of Taking into Account the Heterogeneous Reactions on the Results of the Reduction
	Effect of Temperature on the Results of Reduction

	SUMMARY
	REFERENCES

		2021-02-21T22:54:56+0300
	Preflight Ticket Signature




