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Abstract 
Aim of this work is to discuss and verify the ability of a lumped kinetic model of 
methyl-esters to simulate the oxidation and pyrolysis of mixtures of these 
components with alcohol fuels. The comparisons between recent experimental data 
and model predictions further confirm the validity of the kinetic model and the 
promising perspective of the lumped approach. The results here presented also 
show the potential benefits and drawbacks of these mixtures, when they are 
compared to more conventional fuels. 
 
Introduction 
In recent years, the interest in diesel engines is growing because of their higher 
efficiency compared to gasoline SI engines. Moreover, the reduction of CO2 
emissions leads to a continuous research effort towards environmentally 
sustainable fuels, independent on the fossil ones. Biodiesel fuels are typically 
complex mixtures of large Fatty Acid Methyl Esters (FAMEs) and represent a valid 
alternative to the common diesel fuels, because they derived from biomass, they 
are renewable and biodegradable and they reduce pollutant emissions, not only in 
terms of CO2 but also in terms of soot and PAH. This growing interest for using 
methyl esters as renewable fuels directs the research activity towards a better 
understanding of their combustion behavior, in surrogate mixtures and in alcohol-
biodiesel fuel blends in diesel engines. Mixtures of methyl octanoate, as a valuable 
surrogate of biodiesel, with 1-butanol [1] and with ethanol [2] were recently 
studied experimentally in a jet-stirred reactor (JSR) at 10 atm, at a constant mean 
residence time of 0.7 s, over the temperature range 560-1190 K, and for several 
equivalence ratios ranging from 0.5 to 2. 
A general semi-detailed or lumped kinetic scheme of oxidation and pyrolysis of 
methyl esters [3] is here further validated in comparison with experimental data 
related to methyl octanoate mixtures with ethanol and 1-butanol. 
 
Kinetic Mechanism and Lumping Procedures  
Very recently, the general kinetic model of pyrolysis and oxidation of hydrocarbon 
and oxygenated fuels has been extended towards bio-fuels and methyl esters. 
Namely, while Van Geem et al. [4] discussed the pyrolysis and oxidation behavior 
of enzymatic-butanol, which is a mixture of acetone, butanol and ethanol, Grana et 
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al. [3] submitted a kinetic modeling work on methyl-butanoate and small methyl-
esters. Here we analyze the capability of the model to simulate the combustion 
behavior of mixtures of methyl-esters and alcohol fuels. 
The kinetic scheme is developed with a modular and hierarchical approach. This 
method starts from lower molecular weight compounds of a family of species and 
proceeds to higher molecular weight compounds. Moreover, it allows extensions to 
other compounds using similarity and analogy rules. Thus, the methyl esters and 
alcohols sub-mechanisms are merged into a general pyrolysis and oxidation model 
of hydrocarbon and oxygenated fuels (http://creckmodeling.chem.polimi.it), in 
order to model the total combustion from primary fuel to final products. 
Furthermore, we use the lumped reduction method and the lever rule to decrease 
the number of species and make the scheme more flexible and reliable over a wide 
range of operating conditions. 
The features of the mechanism are illustrated in detailed for methyl esters [3], from 
methyl formate up to methyl butanoate, and for the mechanism of butanol [5]. The 
aim of this paper is to present and validate the kinetic model against experimental 
data of combustion of biodiesel-alcohol surrogate fuel available in literature [1, 2]. 
 
Methyl Decanoate Kinetic Mechanism 
The kinetic mechanism of methyl butanoate [3] is also extended to methyl 
decanoate, thanks to the modular and hierarchical approach, as well as to the 
similarity of the lumped reactions of these esters. Furthermore, both mechanisms 
are simplified by using the same lumping procedures already discussed and 
extensively validated for hydrocarbon fuels. Moreover, the methyl ester 
mechanism is further simplified by using the lever rules: the intermediate methyl 
esters between methyl butanoate (MB) and methyl decanoate (MD) are not 
introduced in the scheme, but they are simply described as a mixture of two 
reference species. Thus, methyl octanoate (MO) will be described as a mixture of 
33% MB and 67% MD on molar basis.  
MB and MD kinetic mechanism contains both the high and the low temperature 
oxidation paths. The main difference between these two fuels is the length of the 
primary intermediate products. The primary low temperature mechanism of MB 
and MD are schematically reported in Figure 1. First we have the formation of the 
primary radicals, RMBX and RMDX. RMDX lumps the 10 possible isomer radical 
obtained from H-abstraction reactions on MD, while RMBX groups the 
corresponding 4 radicals from MB. For both the fuels there are a lumped peroxy 
(RMBOOX and RMDOOX) and a lumped alkyl-hydro-peroxy radical (QMBOOX 
and QMDOOX), typical of the low temperature mechanism. The alkyl-hydro-
peroxy radicals can decompose to form unsaturated esters (methyl crotonate and 
MDOLE10), or hetherocycle components and ketones (ETEROMB and 
ETEROMD), or can add a further O2, continuing the branching path forming 
hydroxy-alkyl-hydro-peroxide radicals (ZMBOOX and ZMDOOX), precursors of 
very unstable keto-hydro-peroxides (MBKETO and MDKETO). 
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The high temperature mechanism of MB and MD proceeds with H-abstraction 
from fuel, forming RMBX and RMDX, and subsequent β-scission reactions, which 
decompose the fuel to small olefins and methyl esters radicals or unsaturated 
methyl esters and alkyl radicals, depending on the β-decomposition path.  
 

  
Figure 1. Low temperature mechanism of methyl butanoate (panel A) and methyl 

decanoate (panel B). 
 
Figure 2 represents the comparison between high temperature mechanism of 
methyl butanoate and methyl decanoate, for a JSR, at 1100 K, pressure of 1 atm 
and a conversion of ∼50%. The results are quite similar, except the formation of 
large methyl alkenoates and large olefins, which are typical products of methyl 
decanoate. Besides, both fuels have initiation reactions, which count only for a 5%. 
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Figure 2. High temperature mechanism of methyl butanoate (panel A) and methyl 

decanoate (panel B) in a JSR (T=1100 K, P=1 atm, and conversion ∼50%). 
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Globally the methyl butanoate and methyl decanoate sub-mechanisms have 
required only 24 new species (12 for each scheme), for modeling both high and 
low temperature. This limited number of new species is due to the lumping 
reduction technique and to the modular and hierarchical approach. 
 
Butanol Kinetic Mechanism 
The butanol kinetic mechanism is available in literature [5], and it considers the 
primary decomposition of its four isomers. The moderate low temperature 
reactions of n-butanol are also included. Methatesis reactions, very important path 
of fuel decomposition, together with isomerization reactions and four center 
molecular dehydration reactions are schematically reported in Figure 3. 
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Figure 3. Primary decomposition reaction of n-butanol. 

 
Comparisons of experimental data and model predictions 
The oxidation of methyl octanoate-ethanol [1] and methyl octanoate-1-butanol [2] 
mixtures was studied experimentally in a JSR at 10 atm, at constant mean residence 
time of 0.7 s, over the temperature range 560-1200 K, and for variable equivalence 
ratios in the range of 0.5-2. Both these studies yielded a large set of experimental 
data consisting of concentration vs temperature profiles for reactants, stable 
intermediates and final products. These experiments constitute a further set of data 
very useful for the validation of the overall kinetic model. As already mentioned, 
the kinetic scheme simply refers to methyl-butanoate (MB) and methyl decanoate 
(MD), then, methyl octanoate (MO) is here considered as a mixture of the two 
reference components. The predicted methyl octanoate is simply the sum of the 
unconverted MB and MD. Figure 4 and 5 show the main characteristics of the 
conversion behavior of the 80/20 mixtures of methyl octanoate-ethanol and 1-
butanol, respectively. In these experiments, it is relevant to observe that ethanol 
and 1-butanol are both oxidized under cool flame conditions in the temperature 
range (550-800 K), mainly due to the low temperature reactivity of methyl 
octanoate.  A similar behaviour is also observed for the other analyzed mixtures. 
It is also possible to observe the good model prediction of the NTC zone for both 
mixtures, evident in the methyl-octanoate molar fraction profile. Figure 6 shows 
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that model predictions properly reproduces the experimental results. The oxidation 
of methyl octanoate-1-butanol mixtures produces less acetaldehyde than the 
corresponding methyl octanoate-ethanol mixtures. This result is of interest in terms 
of air quality preservation. 
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Figure 4. Main characteristics of the conversion behavior of the 80/20 mixtures of 

MO-ethanol. 
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Figure 5. Main characteristics of the conversion behavior of the 80/20 mixtures of 

MO-butanol. 
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Figure 6. Acetaldehyde formation methyl octanoate-ethanol and -butanol mixtures. 

Panel a) Mixture 50/50. Panel b) Mixture 80/20. 
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Conclusions 
Despite the lumped approach and the use of the lever rule to emulate the 
combustion behavior of methyl octanoate, the proposed kinetic mechanism 
generally represents fairly well the experimental measurements of biodiesel-
alcohol surrogate fuels under the reported conditions. The present validation of the 
kinetic model of methyl-esters for the intermediate methyl octanoate lays the bases 
for its reasonable extension to the heavier methyl esters, constituting real bio-fuels, 
such as methyl palmitate, methyl oleate, methyl stearate, methyl linoleate, methyl 
linolenate. 
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