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Kinetic analysis of mechanisms of complex pyrolytic reactions
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Abstract

Detailed reaction mechanisms are available for the description of the pyrolysis of many compounds. These mechanisms may consist of

hundreds of species and thousands of reactions. Effective analysis of large reaction mechanisms includes uncertainty analysis, which provides

information on the reliability of the mechanism and reaction flux analysis, which facilitates the chemical understanding of the process. Reduction

of large mechanisms may include the detection and elimination of redundant species and reactions. Another branch of methods, like the QSSA,

ILDM, or repro-modelling utilize the very different timescales that are usually present in chemical kinetic systems.

The methane pyrolysis mechanism of Dean et al. containing 1604 irreversible reactions of 189 species was investigated at atmospheric pressure and

1100 K temperature. According to uncertainty analysis, for this system the rate coefficients of all crucial reaction steps are relatively well known. This

mechanism was reduced to 338 reactions of 62 species, which could be simulated 11.5 times faster, while the calculated concentration profiles of the

mainproducts remainedalmost identical.Dimensionanalysis revealedthat theprocesscouldbemodelledbyasystemofdifferentialequationshaving18

variables only. These results were obtained using computer codes KINALC, MECHMOD and FluxViewer, which are freely available through the Web.

# 2006 Published by Elsevier B.V.

Keywords: Complex reaction mechanisms; Uncertainty analysis; Reaction fluxes; Reduction of mechanisms; Quasi-steady-state approximation; Dimension
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E1. Introduction

The primary aim of most recent research in applied and

industrial chemistry is to contribute to the protection of the

environment. Environmental friendly design and control of

chemical processes means that fewer pollutants are produced and

fewer by-products are formed. To achieve it, very detailed

knowledge of chemical processes is needed. The ultimate level of

information is when the process is described by a detailed

reaction mechanism. Such reaction mechanisms are available for

many important processes. These may contain several thousand

reactions of several hundred species, and the parameterised

temperature and pressure dependence of all rate coefficients.

Large reaction mechanisms are usually utilized in the

following three steps. First, the detailed reaction mechanism

is created and validated using all available experimental infor-

mation. The next step should be the analysis of the mechanism

and a characterization of the limits of its application. Simulation
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of a large reaction mechanism might consume too much

computer time, when applied for real-time process control or in a

computational fluid dynamics (CFD) code that simulates a

complex flow field. Therefore, the final step can be the reduction

of the reaction mechanism to an almost equivalent smaller

computation model. This paper does not deal with the creation of

a detailed reaction mechanism, but discusses possible ways for

the analysis and reduction of such mechanisms.

2. Computer codes for the simulation and analysis of

gas kinetic mechanisms

Probably the CHEMKIN-II package [1] made the highest

influence on the simulation of gas kinetic processes. This

package was made in the SANDIA National Laboratories and it

was distributed as a freeware till 1995. The CHEMKIN package

consists of not only a collection of Fortran codes but also

thermodynamic and transport databases. The package includes

a series of simulation programs for various frequently applied

conditions and a collection of utility subroutines for the

calculation of thermodynamic and chemical kinetic quantities.

The CHEMKIN project was later taken over by the Reaction

Design, Inc. [2], which released the CHEMKIN 3.x, and
l. (2006), doi:10.1016/j.jaap.2006.09.007
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CHEMKIN 4.x versions. The ‘‘CHEMKIN format’’ became a

standard for the representation of high temperature gas kinetic

mechanisms, used also by other simulation codes.

KINALC [3] is a program that was created for the analysis of

gas kinetic mechanisms. It was written as an extension to the

CHEMKIN-II package and can be used for the analysis of

CHEMKIN-format mechanisms. KINALC is not applicable for

carrying out simulations, but can read the concentrations and

sensitivities calculated by the CHEMKIN simulation codes.

Although it was prepared in accordance with the CHEMKIN-II

package, recently it was made compatible also with Chemkin

versions 3.x and 4.x. KINALC contains 17 different methods

for the analysis of complex reaction mechanisms and a part of

these will be discussed in this paper.

KINALC is accompanied by two utility programs. MECH-

MOD can be used for modification of reaction mechanisms, like

changing reversible reaction steps to pairs of irreversible ones,

automatic changing of units, elimination of species from the

mechanism, and modification of thermodynamic data. Flux-

Viewer is a code for the animation of reaction fluxes. Computer

codes KINALC, MECHMOD and FluxViewer are freeware and

can be downloaded from the Web [4].

3. Pyrolysis of methane

The various methods for the kinetic analysis of mechanisms

of complex pyrolytic reactions will be illustrated on the

analysis of a methane decomposition mechanism. Sheng and

Dean [5] created a reaction mechanism to simulate the

pyrolysis of n-butane, and also n-butane–steam vapour and n-
U
N
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Fig. 1. Calculated concentration–time curves of methane pyrolysis at conditions X

Dean mechanism (189 species and 1604 irreversible reactions), while the open circle

(see text). The vertical error bars show 1s uncertainty of the calculated concentra
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butane–N2 mixtures. This mechanism was used to describe the

chemical reactions within the anode channel of a solid-oxide

fuel cell and it contains 2498 irreversible reactions of 291

species. It was the starting point for the creation [6] of a reaction

mechanism to describe the gas-phase reactions of methane and

natural gas with air and steam in non-catalytic regions of a

solid-oxide fuel cell. This mechanism, containing 6914

irreversible reactions of 349 species, describes both the

pyrolysis and the fuel-rich oxidation of methane. The authors

of the mechanism, Gupta et al., reported the testing of it against

the methane pyrolysis measurements of Back and co-workers

[7] (see Fig. 1 in article [6]). We have received a slightly

updated version of the mechanism [8]. Since we wanted to use it

to describe the pyrolysis and not the oxidation of methane, all

oxygen-containing species were removed by MECHMOD.

This resulted in a mechanism containing 1604 irreversible

reactions of 189 species. From now on, this mechanism will be

referred to as the ‘Dean mechanism’ in this paper. Using the

Dean mechanism and the SENKIN simulation code of the

CHEMKIN-II package, we successfully reproduced Fig. 1 of

the Gupta et al. article [6].

The Dean methane pyrolysis mechanism was investigated at

the following conditions: the pressure is constant 1 atm,

temperature is constant 1100 K, the gas initially contains pure

methane and the process is simulated until 2000 s. Analysis and

reduction of the mechanism was carried out at 12 reaction times

located at 10�2, 3.6 � 10�2, 10�1, 3.6 � 10�1 s, etc. These

points were selected to be equidistantly spaced in a logarithmic

timescale. The calculated concentration–time curves are

indicated by solid lines in Fig. 1.
C

l. (2006), doi:10.1016/j.jaap.2006.09.007

0(CH4) = 1.0, T = 1100 K, p = 1 atm. The solid lines are related to the original

s belong to the reduced mechanism of 62 species and 338 irreversible reactions

tions.

http://dx.doi.org/10.1016/j.jaap.2006.09.007
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T. Kovács et al. / J. Anal. Appl. P

+ Models

JAAP 1972 1–7

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156157

158

159

160

161

162163164

165

166

167

168

169170

169170

171172173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225
U
N

C
O

R
R

E

4. Uncertainty analysis: assessment of the reliability of

kinetic models

All parameters of models are uncertain causing an

uncertainty to the model results. Uncertainty analysis is the

common name of a branch of mathematical methods for the

calculation of the uncertainty of models. Uncertainty analysis

methods, from a practical point of view, can be sorted to three

main groups. Using the local uncertainty analysis [9], the

uncertainty of only one parameter is investigated at a time. This

method is based on partial derivatives and it is computationally

very cheap. Using a screening method, like the Morris method

[9,10], the effect of changing several parameters simulta-

neously is investigated in a wide range of parameters. This

method requires moderate computer time, but provides only

qualitative information on the effect of the uncertainty of

parameters.

Global uncertainty analysis methods provide the most

information and are computationally the most expensive. Using

these methods, all parameters are changed simultaneously, and

their joint probability density function (pdf) is taken into

account. Examples for global methods are Monte Carlo

analysis using Latin Hypercube sampling [9] and the Sobol’

method [11].

We have recently published a series of papers on the

uncertainty analysis of combustion [12–14] and atmospheric

chemical [15–17] systems using a wide range of methods. We

found that the method of local uncertainty analysis provided

results in good agreement with the more sophisticated global

methods in the cases of the investigated chemical kinetic

systems.

The first step of uncertainty analysis of chemical kinetic

systems is the determination of the uncertainty of rate

parameters. Uncertainty factor f j is given in several data

collections [18–22]. This factor is defined in the following way:

f j ¼ log10

�
k0

j

kmin
j

�
¼ log10

�
kmax

j

k0
j

�
(1)

where k0
j is the recommended value of the rate coefficient of

reaction j, while kmin
j and kmax

j are the possible minimal and

maximal values of kj, respectively. Assuming that the deviation

of ln kmin
j and ln kmax

j are 3s from ln k0
j , the variance of ln kj can

be calculated:

s2ðln k jÞ ¼
�

f j ln 10

3

�2

(2)

Using the rules of error propagation and assuming the

independency of rate coefficients, the variance of model result

yi due to the uncertainty of kinetic parameters, denoted by

s2
KðyiÞ, can be calculated:

s2
K jðyiÞ ¼

�
@yi

@ ln k j

�2

s2ðln k jÞ (3)

s2
KðyiÞ ¼

X
j

s2
K jðyiÞ (4)
Please cite this article in press as: T. Kovács et al., J. Anal. Appl. Pyro
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SK%i j ¼
s2

K jðyiÞ
s2

KðyiÞ
� 100 (5)

Here, @yi/@ ln kj is the semi-normalized local sensitivity

coefficient, and SK%ij is the percentage contribution of

parameter j to the variance of model output i. Local uncertainty

analysis of chemical kinetic models is encoded to KINALC as

option UNC_ANAL.

Local uncertainty analysis of the Dean mechanism was

carried out at the conditions given in Section 3. For all reactions

that are also present in the Leeds methane oxidation mechanism

[4,23], the same uncertainty factors were used as in the article

of Zádor et al. [14]. The uncertainty factors of the other

reactions were looked for in data collections [18–22], and when

not found, these were set to f i = 0.5, which is a typical value for

less known reactions. Error bars in Fig. 1 show the calculated

1s uncertainty of the simulated concentrations. At small

reaction times (small conversion of methane) the uncertainties

are relatively low and these are also low at high reaction times

near the equilibrium. The concentrations of some species (e.g.

benzene, hydrogen atom) have significant uncertainties at

360 s, in the time interval of rapid concentration changes. The

general picture is rather satisfying because it shows that the

calculated concentration profiles have usually small uncer-

tainty. It is recommended in general that all published

simulation results should be accompanied with uncertainty

calculation to show the reliability of the calculated results.

KINALC calculates not only the uncertainty of model

results, but also the percentage contribution of the uncertainty

of kinetic parameters to the uncertainty of results according to

Eq. (5). Fig. 2 shows contributions SK%i j to the uncertainty of

methane concentration at 360 s. Reaction CH3 + H(+M))
CH4(+M) gives the main part of the uncertainty, and only 5

reactions of the 1604 reactions contribute more than 5%! Using

more accurate rate parameters for these five reactions, more

accurate methane concentration could be calculated. The

accuracy of the other reaction rate parameters does not

influence significantly the calculated CH4 concentration.

Although a great part of the 1604 reaction steps of the

mechanism are kinetically not well known, low uncertainty of

the simulation results indicate that the reaction parameters that

are crucial for the simulation of the concentration profiles of the

main products have low enough uncertainty.

5. Rate-of-production and reaction flux analysis

The classic method for the investigation of reaction

mechanisms is the rate-of-production analysis (ROPA). Using

this method, the contribution of each reaction step to the

production rate of each species is monitored at several reaction

times. KINALC provides such lists in a detailed (option

ROPAD) or in a brief form (option ROPAB). As an example,

Fig. 3 shows the main contributions of the reaction steps to the

production rate of methane at 360 s. In principle, rate-of-

production analysis provides all information that is needed for

the analysis and reduction of detailed mechanisms. However,

yrolysis xxx (2006) xxx–xxx 3
l. (2006), doi:10.1016/j.jaap.2006.09.007
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Fig. 2. Relative contribution of the uncertainty of rate coefficients to the

uncertainty of the calculated methane concentration at t = 360 s. CY13PD

denotes cyclo-1,3-penthadiene and CY13PD5 denotes the corresponding radi-

cal with a missing H on carbon atom 5.
R
R

this method provides huge amount of numbers and therefore

other methods are more appropriate.

Transformation of one species to another is traditionally

depicted by reaction flux plots. Such figures frequently appear

in textbooks (see, e.g. [24,25]). In the Turns book [25] the

reaction flux plot is explained in such a way that each arrow

represents an elementary reaction, and the width of an arrow is

proportional to the destruction rate of the reactant. However,

definition of reaction fluxes should be based on a conserved

property, like the number of element atoms in the species. Revel

et al. [26] defined the proper calculation of element fluxes and

this calculation is encoded to KINALC as option ATOMFLOW.

The output of KINALC is the ordered list of element fluxes

from one species to another at each reaction time investigated.

This information can be interpreted by graphical postprocessor

code FluxViewer.

FluxViewer is a Java code that puts one label for each

species on the screen. These labels can be moved around using

the drag-‘n’-drop method allowing a proper arrangement of
U
N

C
O
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Fig. 3. Contribution of the reaction steps to the production rate of methane at

t = 360 s.
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species. The program interconnects the labels with arrows; the

widths of the arrows are proportional to the logarithm of the

element fluxes. FluxViewer produces movies about the change

of fluxes as a function of time, temperature or (in the case of

flames) distance. Also, frames from the movie can be saved.

Fig. 4 is a frame from the reaction flux movie, which shows the

main C-atom fluxes in the Dean mechanism at 360 s.

6. Elimination of redundant species and redundant

reactions

Most published reaction mechanisms contain redundant

species and reactions, because the authors of the mechanisms

are cautious and regularly include marginally important species

and reactions. Also, the mechanisms are usually created for a

wide range of conditions, while these are utilized in a narrower

range of circumstances. Elimination of redundant species and

reactions from a mechanism has two benefits: (i) a smaller

mechanism is better interpretable from a chemical point of

view; (ii) simulation of a smaller mechanism requires less

computer time.

The aim of chemical kinetic models is to provide

information about the concentration of the important species

or to reproduce some important features, like laminar flame

velocity. Kinetic models usually include necessary species that

are not important, but the presence of them is required for the

accurate calculation of the concentration of important species

and of important features. Any other species present in a kinetic

mechanism are redundant. A possible algorithm [27] for the

detection of redundant species can be based on the inspection of

the Jacobian. An element of the normalized Jacobian (yi/f j)(@f j/

@yi) provides information about how the production rate of

species j changes if the concentration of species i is perturbed.

If the square of changes is summed up for all important species,

then the obtained value Bi characterizes the strength of the
l. (2006), doi:10.1016/j.jaap.2006.09.007

Fig. 4. The main C-atom fluxes at t = 360 s.

http://dx.doi.org/10.1016/j.jaap.2006.09.007
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direct link of species i to the group of important species:

Bi ¼
X
j¼1

�
yi

f j

@ f j

@yi

�2

(6)

Species having high Bi values are closely linked to the impor-

tant species. In the next step, the species having the highest Bi

value is also included into the summation and vector B is

recalculated. This procedure is repeated until a gap appears in

the series of the ordered Bi values. Species having Bi values

above the gap are closely linked directly or through other

species to the important species and these are the necessary

species. Because the Jacobian depends on the concentrations,

the redundancy of species has to be investigated at several

reaction times. A species is redundant, if it is redundant at each

time investigated. All consuming reactions of the redundant

species can be eliminated from the mechanism. More details

about the detection of redundant species are discussed in

articles [27,28]. This algorithm is encoded as option CON-

NECT in KINALC.

A possible method for the reduction of detailed reaction

mechanisms is the principal component analysis of the rate

sensitivity matrix F (PCAF method) [29]. Eigenvector–

eigenvalue analysis of matrix F̃
T
F̃ provides the list of important

reactions, where in matrix F̃ ¼ fðk j= f iÞð@ f i=@k jÞg index i

refers to the important and necessary species. All important

reactions have large eigenvector elements in a parameter group

characterized by a large eigenvalue. A reaction is redundant, if

it is found redundant at each time investigated. Option PCAF of

program KINALC allows a quick start for using this method for

the reduction of mechanisms.

As a first step, the importance of species was determined by

option CONNECT of KINALC. We considered CH4 and its

main decomposition products, C2H4, C2H2, C3H6, and C6H6 as

important. The necessary species were determined using the

method above at each reaction time investigated. All in all, 127

species were found redundant at all reaction times. These

species had 618 irreversible reactions; therefore, after the

elimination of redundant species and all their reactions the

mechanism contained 986 irreversible reactions of 62 species.

In the next step, further redundant reactions were identified

using option PCAF of KINALC. The importance of reactions

was determined at the same reaction times, and the thresholds

for eigenvalues and eigenvectors were 1010 and 0.01,

respectively. In this step, the number of species remained

identical, but the number of reactions decreased radically

further to 338. Fig. 1 demonstrates the good agreement between

the results of the full mechanism and the reduced mechanism

after the elimination of both the redundant species and

reactions. The deviation between the two simulation results for

the important species is less than 1%.

The original mechanism contained 189 species and 1604

irreversible reactions, while the obtained reduced mechanism

contained 62 species and 338 reactions. It is expected that the

simulation time is roughly proportional to the square of the

number of species, thus 1892/622 = 9.3 times increase of

simulation speed was anticipated. Handling less reactions
Please cite this article in press as: T. Kovács et al., J. Anal. Appl. Pyro
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allows further savings in computer time and, by comparing the

actual CPU times, 11.5 times increase of the simulation speed

was measured.

7. Mechanism reduction based on timescales

Elimination of redundant species and reactions from the

mechanism resulted in significant savings in simulation time.

However, in many practical applications spatially inhomoge-

neous problems are simulated, occasionally at complex

geometries. Therefore, further reduction in computer time is

needed that can be achieved on the basis of the existence of very

different timescales in chemical kinetic systems.

The traditional mechanism reduction method that is based

on timescales is the quasi-steady-state approximation (QSSA).

The key of the application of the QSSA is the proper selection

of the QSSA-species. Let the original concentration vector y be

split to y(1) and y(2), according to the non-QSSA and QSSA-

species, respectively. This means that the original Jacobian @f/
@y can also be partitioned accordingly, e.g. @f(2)/@y(2) shows the

effect of changing the concentration of QSSA-species on the

production rate of QSSA-species.

Denote y(2) the concentration of QSSA-species calculated by

the solution of the kinetic system of differential equations and

Y(2) the same concentration set calculated using the QSSA.

This means that Dy(2) = y(2) � Y(2) denotes the error of the

quasi-steady-state approximation. If Dy
ð2Þ
i is small, then species

i is a good candidate for being a QSSA-species.

Error Dy(2) of the quasi-steady-state approximation can be

calculated [30] via solving the following algebraic system of

equations:

dyð2Þ

dt
¼ Jð22ÞDyð2Þ (7)

If the QSSA is applied for a single species only, then the

corresponding error can be calculated in the following way:

�Dyi ¼
�
� 1

Jii

�
dyi

dt
(8)

This means that the QSSA error for species i is equal to the

product of the lifetime of this species and the production rate of

the species [30]. KINALC calculates the QSSA error for a

group of species (option QSSAG) and for each species

separately (option QSSAS).

The error of the QSSA for each species was calculated for

the reduced Dean mechanism and the list of species having the

smallest estimated QSSA error at time 360 s is given in Fig. 5.

Similar calculations were carried out at each reaction time. A

species can be a QSSA-species if its calculated QSSA error is

small at each time investigated. The analysis revealed that the

QSSA could be applied for 36 species out of the 62 ones,

therefore the concentrations of only 26 species should be

calculated by solving the kinetic system of differential

equations.

The concept of intrinsic low-dimensional manifolds [31]

(ILDM) can be considered as a further development of the
l. (2006), doi:10.1016/j.jaap.2006.09.007

http://dx.doi.org/10.1016/j.jaap.2006.09.007
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Fig. 5. Species causing the lowest error when considered as a QSSA-species

and the estimated related QSSA error at t = 360 s.

Fig. 6. Change of the dynamical dimension of the methane pyrolysis model

with reaction time (see text).
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quasi-steady-state approximation. With some simplification,

low-dimensional manifolds are attracting geometric forms in

the space of concentrations that the trajectories of simulations

approach. The speed of approaching these manifolds depends

on the timescales of the system. These timescales at any

reaction time can be determined by the eigenvalue–eigenvector

decomposition of the Jacobian:

L ¼WJV (9)

where J = @f/@y is the Jacobian, W and V are the matrices of left

and right eigenvectors, respectively; L is a diagonal matrix and

its diagonal elements are the eigenvalues of the Jacobian.

Denote lj the jth eigenvalue of the Jacobian and wj the

corresponding left eigenvector. Measures 1/jljj are called the

timescales of dynamical systems. In non-linear systems, these

timescales change with the values of variables and therefore

with time.

A simple method was suggested for the calculation of the

dimension of the manifold [32]. In a dynamical system of n

variables, the degree of freedom of the movement in the space

of variables is n1 = n � nc, where nc is the number of

conservation relations, which is equal to the number of zero

eigenvalues of the Jacobian. The columns of matrix W indicate

the basic excitation directions (called modes) in a dynamical

system at a given point in the space of variables. In all these

directions, distance from the stationary point in this direction

can be calculated by equation:

Dzi ¼
wif

li
(10)

If the state of the system is close to the stationary value of mode

i, that is if Dzi < zthres, then the system is not moving towards

this direction. Let nr denote the number of such so called

relaxed modes. The actual dynamical dimension of the evolve-

ment of the system is nD = n � nc � nr. For justification and

details see [32]. This method is encoded as option ILDM in

program KINALC.

The change of the dynamical dimension of the Dean

mechanism was calculated till 6000 s. Fig. 6 shows that the

dimension is between 2 and 9 till 200 s. After this time, it
Please cite this article in press as: T. Kovács et al., J. Anal. Appl. Pyro
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 Pincreases up to 18 and then sharply decreases to 1–3. At larger

reaction times the dimension is two or one, while at the

equilibrium it reaches zero. The time interval of high dimension

coincides with the interval of fast concentration changes.

Dimension analysis revealed that the dynamical description

of the system can be based on an only 18-variate system of

differential equations and the values of the other variables can

be calculated by algebraic equations. It is a usual result of

dimension analysis that the minimum number of variables is

less than the number of non-QSSA-species, indicating that the

QSSA is not optimal for the utilization of very different

timescales.

An approach for the reduction of the methane pyrolysis

model, alternative to the ILDM [31] or the QSSA [30], would

be to carry out thousands of simulations using the original

detailed reaction mechanism and fitting the coefficients of an

18-variate system of difference equations to the simulation

results. This method is called repro-modelling and it had been

shown [33,34] to allow very fast (in some cases several

thousand times faster), but accurate simulations of complex

chemical kinetic systems.

8. Summary

As a result of the fast progress of experimental and

theoretical reaction kinetics, detailed reaction mechanisms are

available for many chemical processes, including the pyrolysis

of several compounds. These mechanisms may consist of

hundreds of species and thousands of reactions. Several

methods exist for the analysis of large reaction mechanisms.

Many of these methods were discussed in a review paper [35]

and these methods are readily available in computer code

KINALC [3]. KINALC is a kinetic analysis postprocessor to the

CHEMKIN gas kinetics simulation packages (versions

CHEMKIN-II, 3.x and 4.x).

Reliability of reaction kinetic models can be assessed by

uncertainty analysis. Chemical interpretation and understand-

ing of complex reactions is very important and it can be based
l. (2006), doi:10.1016/j.jaap.2006.09.007
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T. Kovács et al. / J. Anal. Appl. Pyrolysis xxx (2006) xxx–xxx 7

+ Models

JAAP 1972 1–7

455456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545545
O
R

R
E

on reaction flux analysis. A graphical tool called FluxViewer is

available to visualize the main chemical pathways and their

change with conversion.

The applicable methods include the identification of the

redundant species in the mechanism via the analysis of the

Jacobian of the system of kinetic differential equations. Using

the principal component analysis of the rate sensitivity matrix,

the redundant reaction steps can be identified. In most cases,

one third of the species and two third of the reaction steps can

be eliminated from mechanisms published in the literature.

Further reduction of reaction mechanisms can be achieved

by considering the very different timescales of kinetic models.

KINALC can be used for the estimation of the error of the

quasi-steady-state approximation, and therefore it is applicable

for the selection of the QSSA-species. The quasi-steady-state

approximation is not the most effective method for the

reduction of large reaction mechanisms and the minimal

number of variables in an equivalent kinetic model can be

determined by dimension analysis.

All methods were illustrated on the analysis and reduction of

a methane pyrolysis mechanism, which contained 1604

irreversible reactions of 189 species.
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[15] J. Zádor, V. Wagner, K. Wirtz, M.J. Pilling, Atmos. Environ. 39 (2005)

2805.
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