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Abstract

This study focuses on the automatic generatiorhbysbftware EXGAS of kinetic models for the oxidatof large
methyl esters using a single set of kinetic paramsefThe obtained models allow to well reprodueedkidation of
a n-decane / methyl palmitate mixture in a jetrstirreactor. This paper also presents the congtrueind a
comparison of models for methyl esters fromup to G- in terms of conversion in a jet-stirred reactod anf
ignition delay time in a shock tube. This comparnistudy showed that methyl esters larger than reittanoate
behave similarly and have very close reactivities.

Introduction is its ability to reproduce the early productioncafbon
Due to the depletion of fossil fuels, the developtne monoxide dioxide observed at low temperature by
of renewable energy is more vital than efef]. The Dagaut et al[8] during the experiments. The model
production of biofuels such as methyl esters ipredicts ignition delay times very close to those
encouraged by the European Union in order tobserved for n-decane in a shock tube and sugtiedts
incorporate them in existing diesel fuels. Molesulelarge methyl esters and alkanes of similar sizes hary
produced from vegetable oils are methyl esters witkimilar reactivity. This large model was reduced an
long carbon chain as methyl palmitate 44:,0,). Due used to model extinction and ignition of laminamno
to the large size of the related kinetic mechanjewer premixed flames containing methyl decandate
20000 reactions), it is necessary to determine the The purpose of this paper is to present detailed
optimal model in terms of size and performance Wwhickinetic mechanisms for the oxidation of severabéar
could serve as a good surrogate model to simufee tmethyl esters which have been automatically geedrat
oxidation of these large methyl esters and to itigate  with the software EXGAS using a single set of kimet
the difference with the combustion of alkanes iratlic parameters. The rules used for the automatic géoera
by the ester function. of these mechanisms are described in this papemand
Methyl butanoate (§1,00,) has been the subject of comparison of models for methyl esters frogup to
several modelling studies. Fisher et [@] proposed a C;;in terms of conversion in a jet-stirred reactod ar
first detailed kinetic mechanism for the oxidatwithis ignition delay times at low temperature (700<T<1KPO
species in 2000. This mechanism was validated agairis then performed.
experimental pressure data obtained in closed Messe
[4]. While the experimental studies have mainly beebDescription of the mechanisms generated with
performed under conditions corresponding to théh higEXGAS
temperature region, this mechanism, written by anal The detailed kinetic mechanisms used in this study
with n-alkanes, included all relevant pathwaysdoth have been automatically generated by the computer
low and high temperature regions. More recentlpackage, EXGAS. This software has already been used
Metcalfe et al[5] proposed a new version of the methyfor generating mechanisms in the case of alk&hes
butanoate mechanism based on that developed bgrFish?], ethers[13] and alkeneg$14]. We will recall here
et al.[3]. This model was validated against shock tubeery shortly its main features which have alreadgrb
data. Gail et al[6] proposed another version of themuch described and we will present the improvements
Fischer et al. mechanisf8] with validation using jet- of the reactions and rate constants needed to well
stirred reactor data, variable pressure flow rgadtda represent the behavior of methyl esters.
and opposed flow diffusion flame data. These stidie
led to a better understanding of the specific ckemi General features of EXGAS
due to the presence of the ester group but thay als The system provides reaction mechanisms made of
demonstrated that methyl butanoate is not a godhdree parts:
surrogate for biodiesels because the alkylic cieatoo e A comprehensive primary mechanism, where the
short and the influence of the ester group on thanly molecular reactants considered are the initial
chemistry is emphasized. Herbinet et[@].developed a organic compounds and oxygen. According to the
model for the oxidation of a larger methyl estegtinyl  choices of the user, the reactant and the prinadicals
decanoate, including all pertinent reactions to wd can be systematically submitted to the differepetyof
high temperature regions. The model has been vatida following elementary steps:
against limited available data. One feature of thizlel
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o Unimolecular initiations involving the breakingthe modified collision theory. The kinetic data,r fo

of a C-C or a C-H bond. which the calculation is not possible by KINGASe ar
o Bimolecular initiations with oxygen to produceestimated from correlations, which are based on
alkyl and *HQ radicals. quantitative  structure-reactivity relationships and

o Oxidations of alkyl radicals with Oto form obtained from a literature reviejirl].
alkenes and H@ radicals.

o Additions of alkyl (R¢) and hydroperoxyalkyl Generation of the primary mechanism of the oxidation
(*QOOH) radicals to an oxygen molecule. of methyl esters

o Isomerizations of alkyl and peroxy radicals The primary mechanisms have been generated using
(ROOe and «O0OQOOH) involving a cyclic transitionmainly the same rules as those proposed in the afase
state; for «OOQOOH radicals, we consider a dire¢he oxidation of alkanefgl.1]. No new specific reaction
isomerization-decomposition to give has been considered. The changes made in the
ketohydroperoxides and hydroxyl radicfl$]. estimation of kinetic data due to the presencestére

o Decompositions of radicals byB-scission function are the following:
involving the breaking of C-C or C-O bonds for all e Initiations by breaking of a C—C bond.
types of radicals (for low temperature modellinge t The activation energy of unimolecular initiation

breaking of C-H bonds is neglected). which involves the breaking of the C-C bond located
o Decompositions of hydroperoxyalkyl radicalsthe a position from the ester function has been taken
to form cyclic ethers and «OH radicals. equal to 93 kcal.mdl according to the value recently
o Metatheses involving H-abstractions bycalculated by EI Nahas et aj21]. For the other
radicals from the initial reactants. unimolecular initiations, the values proposed by
o Recombinations of radicals. El Nahas et al21] and those calculated using KINGAS

o Disproportionations of peroxyalkyl radicals[10] were in agreement within 2 kcal.rol

with HO,» to produce hydroperoxides and , O e Bimolecular initiations, oxidations and
(disproportionations between two peroxyalkyl ratica metatheses.
or between peroxyalkyl and alkyl radicals are Bimolecular initiations and metatheses involve an
neglected). H-abstraction from the initial reactant by oxygen

e A Cy-C, reaction base, including all the reactionsnolecules or small radicals, respectively. The ati@h
involving radicals or molecules containing lessnthaof an alkyl radical deriving from a saturated esézds
three carbon atomd.6]. The fact that no generic ruleto HO,» radicals and to the conjugated unsaturated
can be derived for the generation of the reactioresters. The bond dissociation energy of the C-Hdbon
involving very small compounds makes the use f thicarried by the carbon atom just neighboring therest
reaction base necessary. function (95.6 kcal.mél [20]) is close to that of a

e A lumped secondary mechanism, containing theertiary carbon atom (e.g. 95.7 kcal.fhadh isobutene
reactions consuming the molecular products of th@0]). The correlation used for the abstraction of an
primary mechanism, which do not react in the reacti H-atom from the carbon atom located énposition
base. For reducing the number of reactants in them the ester function has then been taken thes sem
secondary mechanism, the molecules formed in ther the abstraction of a tertiary H-atom in an akaor
primary mechanism, with the same molecular formulan alkyl radical.
and the same functional groups, are lumped into one e Intramolecular isomerizations of radicals
unique species, without distinguishing between the As in our previous workl0], the activation energy
different isomers[10]. The writing of the secondary is set equal to the sum of the activation energy fo
reaction is made in order to promote the formatibn H-abstraction from the substrate by analogous adslic
C,+ alkyl radicals, the reactions of which are alyeadand the strain energy of the cyclic transition estathe
included in the primary mechanidi®?]. activation energy for abstracting an H-atom frore th

Thermochemical data for molecules or radicals wergarbon atom located iro-position from the ester
automatically calculated and stored as 14 polynbmigunction has been taken to that for the abstraatiba
coefficients, according to the CHEMKIN Il formalism tertiary H-atom in an alkyl radical.
[17]. These data were automatically calculated using As they include seven members amongst which
software THERGAS18], based on the group and bondthree oxygen atoms, the strain energy of the cyclic
additivity methods proposed by Bengds]. In the case transition states involved in the isomerization} ghd
of esters, the bond dissociation energy of the BeHds  (2) presented in Figure 1 has been revaluated. The
carried by the carbon atom @nposition from the ester formation of such transition states never occurred
function has been taken equal to 95.6 kcal'molduring the oxidation of alkanes, since only cycles
according to the value proposed by L{@®] for ethyl involving up to two oxygen atoms could be formetleT
propanoate. strain energy of a cyclic transition state inclygdseven

The kinetic data of isomerizations, recombinationmmembers amongst which two oxygen atoms is taken
and unimolecular decompositions are calculatedgusirequal to 5 kcal.mdi[11]. The new strain energies have
software KINGAS[10] based on the thermochemicalbeen calculated by quantum methods at the CBS QB3
kinetics method§19] using the transition state theory orlevel of theory using Gaussian(32] as equal to 8.5



kcal/mol for reaction (1) and to 7.7 kcal/mol feaction promote the formation of radicals, the reactions of

(2). which are already included in the primary mechanism
i.e. G+ alkyl radicals, but also & methyl ester alkyl
0 - e radicals.
Rvko R%o R\CH-LO Starting from a decomposition by breaking of a
J =1 o P @ O-OH bond (Table 3), the species produced are carbo
? ‘o0 ? monoxide, carbon dioxide, formaldehydes, «OH and

alkyl radicals from ketohydroperoxide methyl esters
aldehydes, *OH and methyl ester alkyl radicals from

9 o # i hydroperoxides methyl esters, acrolein and *OH and
Rﬁ/ko R%O F*W/Mo o Mmethyl ester alkyl radicals from unsaturated
SN | { ) = o\OHc‘:H; hydroperoxide methyl esters (C While alkyl or

ot H methyl ester alkyl radicals of different sizes caa

Figure 1: Example of intramolecular isomerization®btained from the decomposition of hydroperoxides,

involving a transition state including a seven memb consider here only the formation of those contajnin
ring containing three oxygen atoms. about half of the atoms of carbon present in the

molecules for which the secondary reaction is eaitt

Decompositions of radicals 8¢scission .
2 posH ! thyscissi (]'able 3: Rules for the generation by EXGAS of the

The presence of oxygen atoms in the involve X . X .
radicals can have a significant impact on the \alok reactions of acyclic hydroperoxides formed durihg t
xidation of methyl esterRate constants are given in tre,

the activation energies of the decomposition bgnolunits
B-scission. Quantum calculations were performed fot Vaueorn Srodudis Rato Paramators

model reactions at the CBS QB3 level of theory gisir o :
Gaussian0322] in order to estimate these data with « Sl el LT CER (G Al )

. N L . ) *OH + " CaaHp102S 15.10%
given accuracy of *1 kcal.nidl Intrinsic Reaction nis even (= 4) 2o OeS xP
. ) : CayHn1yCHO (-21640/T)
Coordinate (IRC) calculations have been systemniitica ‘OH +"Cor kOS5 + 15 16° ex
performed at the B3LYP/6 31G(d) level of theory on nis odd (= 5) ey 2 o P
oy " C(n,3)/2H(n,z)CHO ('21640/T)
transition states, to ensure that they are coyrec o ;
. Decomposition of hydroperoxide unsaturated methyl esters
connected to the desired reactants and produdée Tla (CHen20:PZ9)
d|splays the values which have pgen used for tne B HCHO + CQ +"OH+ 1.5.10° exp
activation energies of the decompositions of oxpgge n=4 “CoHs (-21640/T)
radicals byp scission. C,HsCHO +'OH + 1.5.10% exp
n=5 .
I . . Cn-aHn7/0:S (-21640/T)
Table 2: Ac;twanon energies (kcal.mdlused for t.he Decomposition of ketohydroperoxide methyl esters (CoHn20:KPS)
decompositions byB-scission of oxygenated radicals HCHO + CO + CQ+ 1.5.10°exp
i i g n=4 ) )
involved in the oxidation of methyl esters OH+"CpaHins) (-21640/T)
Types of reaction Ea Nomenclature : S : ester (C-CO-0-C) ; P : hydrogiel® (-O-O-H) ;
RIC(//0)/O - R + CO? 51 U: -0-O ; E: ether (C-O-C) ; E#: cyclic etherA; : aldehyde
(-CHO) ; K : ketone (C-CO-C) ; Z : double bond (Q=C
R/C(//0)/OICH" - RIC//O + CHpl/O? 31.9
RICH/C(//0)/OICH; — RICHIICIIO + CHO™ 49.0 As distinguished in Table 4, two types of ethens ca

R/CH/CHy/C(//O0)/OICH; — RICH/ICH + CH3O/C/I0® 30,7  be obtained during the oxidation of methyl estetsers
RICHAIC/IO - R + CHlICHCF 39.9 w@th the ester functiqn inside_the ring (ES#x) atlders
) with the ester function outside the ring (E#xS).ttBo
RICH/CHIC(//0)/OICH ”bH * 349 types of ethers can react by H-abstraction and then
RICHIICH/C(OYOICH decomposition of the obtained radicals to give
:me Ca:cullati_on Eas Eeen per;orme(; ;gFg_H{, oxygenated radicals and, carbon dioxide and amekke
CThg g:lgﬁlzgg: hzz bgg;‘ ngg:n“;‘g d forr::R:zHg in the first case, and an unsaturated ester fos¢tend
' one. The cyclic ether radicals obtained by H-
abstractions from cyclic ethers with the ester fiomc
outside the ring and including the same number of
arbon atoms as the reactant and more than 3 atoms

leads to the formation of hydroperoxides, cyclicees, € cycle can sl react with oxygen molgcules and
ultimately lead to cyclic ether hydroperoxides & b

ketones and aldehydes bearing an ester functionegbs ecomposed. The - decomposition of cvelic ether
as of unsaturated methyl esters. New rules have be(ﬁ P : P y

Generation of the secondary mechanism of the
oxidation of methyl esters
The primary mechanism of the oxidation of ester

implemented in EXGAS so that reactions consumin ydroperoxides with an ester function outside tng r

these species are generated. These rules arebaeksiri dcs|2| cl:egdsdt_o ulnsaturated esters, carbon dioxid,
Tables 3 to 6. The general idea followed to writese 2" radicas.

: . Aldehydes and ketones bearing an ester function
rules is the same as that used for the secondaniesp )
obtained during the oxidation of alkang®]. It is to (Table 5) react by H-abstractions and lead to methy



ester alkyl radicals and, to carbon monoxide infifst
case, and to ketene molecules in the second case.

The addition of H atoms leads to the formation of

methyl ester alkyl radicals. The addition of «OHicals
produces formaldehydes and methyl ester alkyl edslic

Table 4: Rules for the generation by EXGAS of théropene and methyl ester alkyl radicals are forimed

reactions of cyclic ethers formed during the oxwlabf

methyl esters and of derived specigste constants are

given in cr, s, mol units. Small radicals involved in H-abstraos
are H, *OH, *HQ, +CH, *CH:00,*GHs.
Valueof n Obtained products

H-abstractions from cyclic ethers with the ester function inside
the ring (CoH 2n-20sE SH#x)*

Rate Parameters

As for the
abstraction 6
secondary H-atoms
from an alkane

n=4 .CnH(Zn.3p3ES#X

H-abstractions from cyclic etherswith the ester function inside
the ring (CqH (2n-20sE#xS)

As for the
abstraction 6
secondary H-atoms
from an alkane

n=5 .CnH(Zn.3p3E#XS

Decomposition of cyclo-ether-ester radicals ("C,H (2n-30sE S#x)

5.0.13% exp
n=4 CGO +'CHO + Qn—Z)H(Zn—A)
(-12480/T)
Decomposition of ester cyclo-ether radicals (*CyH 2-30sE#xS)
5.0.10° exp
n=>5 ‘CHO + GHO,S
(-12480/T)
6 "CH,CHO H S 5016 exp
n= + Gn2Hezn-
’ CoraHlen o0z (-12480/T)
Addition of O, on ester cyclo-ether radicals ("C,H 2n-30sE#XS),
onlyif x> 3
n>5 *CoH2n-30sE#XUS 3.0.16°T2°

|zomerisation of peroxy ester cyclo-ether radicals
(*CnH (20-30sE#xUS)

5.0.1°T?®
exp(-20130/T)

Addition of O, on hydroperoxide ester cyclo-ether radicals
('CnH(Zn.g)OsE#XPS), Only ifx>3

8.0.1¢° exp
(-12830/T)

Decomposition of peroxy hydroperoxide ester cyclo-ether
radicals ("CnH 2n-3O7E#xUPS)

"OH + GHn4OE#XKPS  1.0.16 exp(-3770/T)
Decomposition of ketohydroperoxide ester cyclo-ether

n=5 .CnH(Zn.3)05E#XPS

n=5 *CoHion 50/E#XUPS

n=5

(Cn H (2n-4)06E#X K PS)
_ *OH +°CHz + CHCO + 2 5.0.10° exp
n=5
CG, (-12480/T)
5 ‘OH + CG +"CHO + 5.0.10° exp
ns
Cin-2Hen-602S (-12480/T)

Ix is the size of the ring.

The number of possible secondary reactions is ﬂarge.CH3
in the case of unsaturated esters (Table 6): tlay c

react by H abstractions or by additions of smalicals.
The formation of oxygenated species
1,3-butadiene molecules or vinyl or allyl radicase

addition of «CH radicals.

Table 5: New rules for the generation by EXGASH t

reactions of ketones, aldehydes and alcohols formed

during the oxidation of methyl estemate constants are
given in cm, s, mol units. Small radicals involved in H-abstraos
are *H, *OH, *HQ, *CHs, *CH;00,*GHs.

Value Obtained

Rate Parameters
of n products
H-abstraction by small radicals for ester with aldehyde function
(CnH(Zn-Z)OSAS)
CO+ As for the abstraction of 3 primary
"Cr-nHin-30:S alkylic H-atoms from initial alkane
CO + As for the abstraction of (2n-6)
n>4 . secondary alkylic H-atoms from
= Co-vHeens02S initial alkane
Cco + As for the abstraction of 1
. aldehydic H-atoms from initial
Cin-1)H(zn-302S alkane

H-abstraction by small radicals for ester with ketone function
(CoH 20-20sKS)

CH,CO + As for the abstraction of 6 primary
*CirgHizn502S alkylic H-atoms from initial alkane
nz4 CH,CO + As for the abstra_ction of (2n-8) H
. secondary alkylic H-atoms from
CnoHeens025 initial alkane

Table 6: New rules for the generation by EXGASH t

reactions of unsaturated methyl estese constants are
given in cm, s, mol units. Small radicals involved in H-abstraos
are *H, *OH, *HQ, *CH;, *CH;00,*GHb.

Value of

n Obtained products

Rate Parameters

H-abstraction by small radicals for unsaturated methyl esters
(CoH 20-9022S)
As for the abstraction of 3

n=4 HCHO + CO +C;H3 primary alkylic H-atoms
from initial alkane
As for the abstraction of 3
_ . primary alkylic and of 2
n=>5 HCHO + CO +CsHs secondary allylic H-atoms
from initial alkane
HCHO + CO + GHg+ As for the abstraction of 3
. primary alkylic H-atoms
CroHen1y) from initial alkane
As for the abstraction of 2 H
nz6 C4Hs + "CprgH2n-902S secondary allylic H-atoms

from initial alkane

As for the abstraction of (2n
—10) secondary alkylic
H-atoms from initial alkane

"CoH3 + CnoH2n-602S

Additions on unsaturated methyl esters (CnH 2n-2022S)
.CHz-C(n,l)H(Zn,:;)OzS 1.32.16° exp(-1640/T)

'H
CHs-"CH-Cn.2H@n50:S 1.32.16° exp(-785/T)
HCHO +
: . 2.74.16? exp(520/T
O Cin-yHen-302S Xp( )

1.69.16" exp(-3720/T)

e
Cafls + "CoaHns0:S 9.64.16° exp(-4030/T)

and ofomparison of thereactivity of large esters
The software EXGAS was used to generate models

obtained by H-abstractions followed by decompositio for the oxidation of methyl esters fromy @ G by



using the rules described above. Because of the¥ est) comparison of ignition delay times over a ramde

group which breaks the molecule symmetry, modeais feemperature including the negative temperature

the oxidation of methyl esters are much larger tharoefficient (NTC) region,

models for the oxidation of n-alkanes. As an examplR) comparison of conversions of methyl esters in a

the model generated for methyl octanoatgH(@,) is jet-stirred reactor.

made of 668 species and 3905 reactions against 423

species and 2709 reactions for n-nonangH{g). As Comparison of ignition delay times of methyl esters

shown in Table 7 numbers of species and reactiofrom Cqto Cy7

increase drastically with the size of the molecule

making simulations very time consuming for the &ty Ignition delay times for methyl esters frong © Cy;

methyl esters. These models are so large that thesive been computed with the models generated with

prevent their use for the CFD data tabulation. EXGAS (Figure 3). Simulations were carried out at
temperatures from 700 to 1000 K, 13.5 bar initial

Table 7: Numbers of species and reactions in theéetso pressure, at stoichiometric conditions in air.i&hitnole

generated with EXGAS. fraction of methyl decanoate was set to 0.0134raaol

CoHigO,  CuHaO,  CigHaeO»  CisHaO:  CiHaO.  fractions of larger fuels were calculated so tha t
species 668 1159 1880 2877 4222 carbon content of each reacting mixture was idahtic
reactions 3905 6956 11790 28791 41573 It can be seen in Figure 3 that all methyl estengeh

very similar behaviors and that all models predicg
Very little experimental data are available for theshape due to the NTC in the temperature range 750 —
validation of models in the case of large esterd.000 K. As for n-alkane§l?], the computed ignition
Experimental conversion of methyl palmitate (bleshdedelay times of all the studied esters are veryeclos
with n-decane) in a jet-stirred reactor was comgpargemperatures below 750 K and above 1000 K. Some
with the computed conversions for a blend of n-deca differences are visible in the NTC region. Firse th
and methyl dodecanoate (Figure 2). No attempt wagnition delay times decrease when the size ofathgl
made to run simulations with the model for thechain goes up (at 800 K the ignition delay time for
n-decane/methyl palmitate blend because they woutdethyl hexadecanoate is 2.7319 against 5.5.10s for
have been very time consuming. Experiments wermgethyl octanoate). The second main difference és th
carried out at a pressure of 106 kPa, a residémeedf position of the end of the NTC region which is sduf
1.5 s and at stoichiometric conditions. The moléowards higher temperature when the size of therest
composition of the blend was 0.74 n-decane and 0.2®es up.
methyl palmitate. The initial mole fraction of ttieel

was 0.002. For the simulations the initial molecfian
of n-decane was the same than in the experimewts an, , |
the initial mole fraction of methyl dodecanocate was;
adjusted to have the same carbon content. TlF o1
agreement between experiment and modelling i§ j: ””””
satisfactorily for both fuels 2 .
(a]
c
gq—————————————————————————==== g 2 ==~ methyl octanoate
O methyl palmitate (experiment) Lee=n T g, «+ methyl decanoate
- = = methyl dodecanoate (modelling), o o :g‘ 232)/: ?;?:;:g':r?;;e
. y!

80 Le T N - 0.001 - ¥ = methyl hexadecanoate
£ ; o TN ," 1 T T T T T
5 60 ot : 0.9 1.0 11 12 13 14
2 ' ; 1000/T (K™
£ 40 o oh : Figure 3: Computed ignition delay times for methyl
o e ' p esters from gto C-.
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'-F__'m Comparison of conversions of methyl esters in a jet-

T T T T T T T T
500 600 700 800 900 1000 1100 1200
Temperature (K) . i . .
Figure 2: Comparison of experimental conversions of Conversions of neat methyl esters in a jet-stirred
methyl palmitate in a jet stirred reactor with carrgel eactor were computed at temperatures ranging from
conversions with methy| dodecanoate. 560 to 1200 K, at a pressure Of 106 kPa and at
stoichiometric conditions diluted in helium. In thase

Models generated with EXGAS were used t®f methyl decanoate the inlet mole fraction of fhel
of the size of the alkyl chain on the reactivityroéthyl Were calculated in order to keep constant the carbo

esters. Two sets of computation are proposed here: ~ content of each reacting mixture. It can be seen in
Figure 4 that all these methyl esters exhibit ayver

similar behaviour with the S shape due to the NTC.

stirred reactor
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parameters. Models have been generated for mettiy#] S. Touchard, R. Fournet, P.A. Glaude, V. Warth,
esters from ¢ to C These models contain many F. Battin-Leclerc, G. Vanhove, M. Ribaucour, R.

species and reactions because of the size of dotargs Minetti. Proc. Combust. Inst. 30 (2005) 1073-
and because of the loss of the symmetry due tester 1081.
function. [15] P.A. Glaude, F. Battin-Leclerc, R. Fournet, V.

The model generated for methyl octanoate was Warth, G.M. Come, G. Scacchi, Combust. Flame
compared with available jet-stirred reactor dathe T 122 (2000) 541-462. _
agreement between computed and experimental resilt§] P. Barbé, F. Battin-Leclerc, G.M. Céme, J. Chim.

was satisfactorily for the conversion of the reattnd Phys. 92 (1995) 1666-1692.

the mole fraction of most reaction products. ModelEl7] R.J. Kee, F.M. Rupley, J.A. Miller, Chemkin II: A
generated for methyl esters fromy @ C;; were fortran chemical kinetics package for the analysis
compared in order to highlight the influence of #iee of a gas-phase chemical kinetics, SAND89-8009B,
of the alkyl chain on the reactivity. This comparat Sandia Laboratories, 1993.

study showed that methyl esters larger than meth{d8] C. Muller, V. Michel, G. Scacchi, G.M. Céme, J.
octanoate behave very similarly with some slight  Chim. Phys. 92 (1995) 1154-1177

differences in the NTC region. As a result, spesigsh [19] S.W. Benson, Thermochemical Kinetics, 2nd ed.,
as methyl decanoate or methyl dodecanoate could be John Wiley, New York 1976.

considered as correct surrogates for saturated yinetfi20] Y.R. Luo, Handbook of bond dissociation energies

esters in real biodiesel fuels. in organic compounds, CRC Press, Boca Raton
2003.
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