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Abstract:

The present work proposes a detailed kinetic
model for the thermal oxidation of ethanol/air
mixtures at intermediate temperatures and high
pressures, validated against ignition delay times
measured in a shock tube behind reflected shock
waves. Ignition delay times were measured un-
der stoichiometric conditions at 10, 30, and 50
bar and from 650 to 1220 K. From a multi-
ple linear regression analysis using In(7) as the
dependent variable and (1/7T) and In(p) as in-
dependent variables an expression of 7/us =
10717 exp(+12400 K/T) (p/bar)~ 983 was curve
fitted for the measured range of temperature,
pressure and stoichiometric mixture. The kinetic
model was built up by incorporating available sub-
mechanisms for ethanol chemistry (Marinov) as
well as Cs-chemistry (Konnov), taken as central
kernel. Additionally, other key reactions obtained
from computational chemistry and available on
the literature (Lin) were included. For improve-
ment of the model, the sensitivity of each reaction
on temperature, OH, HyO5, and CoH5OH concen-
trations was determined using a perfectly-stirred-
reactor assumption for temperatures of 1100, 950,
and 800 K at all pressures and stoichiometric mix-
ture. The sensitivity analysis identified a set of
important reactions involving the H-atom abstrac-
tion from the ethanol molecule by the hydroper-
oxy radical (HOz), giving CH;CHOH, acetalde-
hyde and H3Os. The model predicts the global
trend with temperature and pressure as well as the
lower sensitivity of the ignition delay time with
pressure at higher pressures.

1. Introduction

There are several motivations to investigate
and learn about the combustion of ethanol.
In summary, there is a need of a) alternatives
to conventional hydrocarbon fuels, especially
from renewable sources, b) reduction of pol-
lutant and carbon emissions from energy and
power, and c¢) additives to control engine knock
(Curran et al. (1992)). These needs are grounded
on economic and environmental considerations.
In the last sixty years, several authors have
focused on ethanol oxidation. As results of
these efforts a limited quantity of experimental
and numerical investigations about ethanol
kinetics involving different experimental setup
and numerical models is available. From the
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pioneering works, using a well-stirred reaction
vessel, Barnard and Hughes. (1960) showed that
the pyrolysis of ethanol at temperatures between
849 and 897 K can be described as a homogeneous
reaction of first order. Gulder. (1982) measured
laminar burning speed of ethanol-air in lean and
rich mixtures in a constant pressure bomb at
pressure of 1 bar and room temperature. More
recently, Borizov et al. (1991) used a reaction
vessel to experimentally analyze the pyrolysis of
ethanol at 1 bar and a temperature range of 700 -
1700 K. These results where later complemented
by detailed laminar flame and shock tube data.
Egolfopoulos et al. (1992) measured laminar
burning speed, ignition delay time and chemical
species in ethanol/(air/O3) mixtures by using
a shock tube, a counter-flow twin flame and a
flow reactor. Kohse-Hoéinghaus et al. (2007)
reported  chemical  species  measurements
and flame structure of ethanol/O2 mix-
tures at 298 K and low pressures (0.05 bar).
Natarajan and Bhaskaram (1981) reported igni-
tion delay time measurements in a shock tube
for pressures of 1.0 and 2.0 bar and high temper-
atures. Borizov et al. (1989) measured ignition
delay times in ethanol/Os mixtures by using the
shock tube at pressures between 0.5 and 6 bar.
Dunphy and Simmie (1991) measured ignition
delay times in a shock tube of ethanol/O; mix-
tures at high temperatures and pressures of 1.8 to
4.6 bar. Curran et al. (1992) measured ignition
delay times of ethanol/Os mixtures in a shock
tube at high temperatures and a pressure of 2.3
bar for lean and rich mixtures. Li et al. (2007)
report measurements of stable species in the
ethanol oxidation in a variable pressure flow reac-
tor. The measured species were CoH50H, H50,
CoHy, CHy, CH3CHO, CO and COa,, at pressure
range of 3 to 12 bar, initial temperatures from
800 to 950 K and equivalence ratio from 0.3 to
1.4. Recently, the available data was extended to
higher pressure. Cancino et al. (2007) reported
measurements of ignition delay times in a high
pressure shock tube from 690 to 1200 K and
pressure of 30 bar. To the author’s knowledge,
these are the highest pressures reported so
far for ethanol oxidation. Detailed chemical
kinetic mechanisms have also been developed
using these experimental results as guidance.
Natarajan and Bhaskaram (1981) reported a
detailed kinetic model for the high-temperature
oxidation of ethanol containing 56 elementary re-
actions, including the bimolecular decomposition
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reaction CoHsOH + M = CH,OH + CHjz + M,
in other words, proposing the C-C cleavage of
ethanol. Validation against experimental data of
ignition delay time in a shock tube at pressures of
1.0 and 2.0 bar and temperatures between 1300
and 1700 K resulted in good agreement with the
pressure dependence. Borizov et al. (1989) and
Borizov et al. (1992) reported another detailed
kinetic model for the high-temperature ignition of
ethanol involving 94 elementary reactions. This
kinetic mechanism was built starting from the
Natarajan and Bhaskaram (1981) model, adding
reactions that describe the pyrolysis of ethanol
and some reactions representing the thermal
oxidation by active radicals, not considered in
the Natarajan model. The model was validated
against experimental results of ignition delay
time in shock tubes for stoichiometric, lean
and rich compositions at pressure of 1 atm and
a good agreement was found. In the nineties,
Marinov (1999) developed a comprehensive model
composed by 383 elementary reactions among
57 chemical species for the high-temperature
ethanol oxidation. It included an accurate kinetic
data-set for ethanol oxidation, reaction routes
involving H-abstraction, C-C and C-O cleavage
were proposed and computational chemistry
methods were used in order to determine the
Arrhenius parameters. It was validated against
experimental results of ignition delay time in
shock tube, laminar flame speed in counterflow
twin flame and chemical species concentrations
in jet-stirred reactor. Good agreement was found
in general with all measurements. More recently,
Saxena and Williams (2007) reported a kinetic
model with 288 elementary reactions among
57 chemical species. This model is about 100
elementary reactions smaller than Marinov’s and
also predicts the nitrogen oxidation chemistry.
It was validated against experimental results
of ignition delay time in a shock tube at high
temperatures (1300 to 1700 K) and pressures of
1.0 and 2.0 bar for stoichiometric, lean and rich
ethanol/Og/Ar mixtures. The Saxena model was
also validated against laminar burning velocity
data from Egolfopoulos et al. (1992). Marinov’s
and Saxena and William’s models were also tested
by Li et al. (2007). They proposed an improved
detailed kinetic model for pyrolysis and oxidation
of ethanol based mostly on their previous work
(see references in Li et al. (2007)). Their model
consists of 39 chemical species and 238 reversible
elementary reactions and was developed in
a hierarchical manner. The final mechanism
was validated against the experimental re-
sults of shock tube from Curran et al. (1992)
and Natarajan and Bhaskaram (1981),
laminar  flame from  Gulder. (1982) and
Egolfopoulos et al. (1992) (from 300 to 450
K), and their own variable pressure flow
reactor (temperature from 800 to 950 K,
pressure from 3 to 12 bar and equivalence
ratio from 0.3 to 1.4). An agreement better
than previous models (Marinov (1999) and
Saxena and Williams (2007)) was obtained. The
comparison with shock tube ignition delay from 2
to 4.5 bar resulted in the same trend of reduction
of ignition delay time as presure increases. But,
there was a tendency of overpredicting the

ignition delay in the lower temperature range at
higher pressure. Numerical studies on ethanol
decomposition using computational chemistry
have also been reported. They have been useful
in completing the gaps on thermodynamic and
chemical kinetic parameters as well as in pointing
out important reactions and reactions with
a very high reaction barrier. Marinov (1999)
used RRKM theory to analyze the multichannel
decomposition of ethanol. In this study, he
determined the reaction rate parameters of
the thermal decomposition of ethanol at high
temperatures, involving new degradation routes
like H-abstraction. These new data permitted
to increase the accuracy of the kinetic modeling
resulting in a good comparison to a host of
experimental data.  Recently, Li et al. (2004)
found that Marinov’s model underestimates
the production rate of HoO and CoHy as well
as the overall ethanol consumption. He then
presented a new set of Arrhenius parameters
for the decomposition reactions; CoH50H +—
C2H4 + HQO and CQH5OH = CH3 + CHQOH
Finally, Lin et al. (2002), Lin et al. (2003) and
Lin et al. (2004) published the most recent
kinetic data obtained from computational chem-
istry for the thermal oxidation of ethanol. They
provided a new kinetic database allowing for ther-
mal decomposition of ethanol and ethanol-radical
reactions. High barrier reactions are detected
and critical reactions are identified.

This work has two objectives: (1) to report ex-
perimental results of shock tube experiments at
high pressures and intermediate temperatures for
ethanol, which have not been covered in the liter-
ature so far, and (2) to propose a detailed kinetic
model for the ethanol oxidation obtained by using
and improving available kinetic models.

2. Chemical reaction pathways for
thermal oxidation of ethanol

The oxidation of hydrocarbons proceeds either by
hydrogen atom abstraction or by cleavage of C-C
bonds at primary or secondary carbon atoms. In
the case of aliphatic alcohol hydrocarbons, the hy-
droxyl group plays a very important role for the
oxidation and as a third pathway the cleavage of
the C-O bond can occur. Any of the three paths
follows after a temperature activated perturbation
of the energy field of the molecule and proceed ei-
ther by intramolecular (isomerization), giving sev-
eral sub-structures, or as a result of collision with
active radical species. Several authors have qual-
itatively described the decomposition of ethanol.
Recently, Lin et al. (2002), Lin et al. (2003) and
Lin et al. (2004) reported 11 different routes for
ethanol decomposition involving reactive radical
species. Figure 1 summarizes these major routes.
Box I shows the decomposition routes involving
methyl giving methane and hydrogen atoms as a
product in three routes. Box II depicts H abstrac-
tion involving H atoms and producing molecular
hydrogen via three routes and additional other un-
stable species. Box III depicts the H abstraction
by a unimolecular self-cleavage process; all routes
giving acetaldehyde, molecular and atomic hydro-
gen. Box IV shows the decomposition process
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by unimolecular self-cleavage, involving the C-C
and C-O bonds and the products are formalde-
hyde, methane and other unstable species. One
can clearly see that the pyrolysis of ethanol pro-
ceeds by a chain-branching mechanism where free
radical species like methyl and H atoms produced
in boxes III and IV feed the active radical species
for pathways of boxes I and II. Kinetic models
of ignition of ethanol/Os, Borizov et al. (1992)
and ethanol/air, Cancino and Oliveira (2006),
Gardiner (2000) show that during the induction
period ethanol is consumed almost completely.
The depletion of the fuel is induced by oxidative
pyrolysis. Therefore, the ethanol oxidation model
capable of describing accumulation of the prod-
ucts during the induction period and the promoter
effect on the ignition process must be based on
an ethanol pyrolysis mechanism, such as the one
described above. Since the pathways depicted in
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Figure 1. Ethanol decomposition pathways

Figure 1 proceed at different rates depending on
the range of temperature and pressure, a careful
analysis and comparison to critical experiments
may be able to reveal the most important routes at
different pressure and temperature regimes. Ex-
cluding a single result at 30 bar, the low temper-
ature data has been measured up to 4.5 bar and
high temperature data has been measured up to
12 bar. Using the available chemical mechanisms,
it has been observed that the predictions overesti-
mate the shock tube ignition delay data at higher
pressures. Therefore, questions remain whether
the patterns discussed above are still correct for
higher pressures and also how the rates of the dif-
ferent paths behave as pressure is increased. In
the following, new measurements of ignition de-
lay are presented and compared to an improved
detailed chemical kinetic model.

3. Experiments

3.1. Experimental set-up

The experiments were carried out in the high-
pressure shock tube at the University of Duisburg-
Essen. This facility, depicted in Figure 2, has an
internal diameter of 90 mm, divided by an alu-
minum diaphragm into a driver section of 6.1 m
and a driven section of 6.4 m in length. The
driven section is pumped down to pressures be-
low 10~2 mbar in between the experiments. Gas
mixtures were prepared by injecting liquid ethanol
into a stainless-steel mixing vessel and subse-

quent complete evaporation and mixing. The to-
tal amount of fuel and air was controlled mano-
metrically in order to ensure the desired equiva-
lence ratio. The shock tube was heated to 348
K . The shock speed was measured over two in-
tervals using three piezo-electric pressure gauges.
Pressure data were recorded with a time resolu-
tion of 0.1 ws. The temperature and pressure
behind the reflected shock wave were computed
from the measured incident shock speed and the
speed attenuation using a one-dimensional shock-
tube model (shock-tube code of the CHEMKIN
package Kee et al. (2000)). The estimated uncer-
tainty in reflected shock temperature is less than
25 K. The experiments were carried out with syn-
thetic air containing 79.5% Ny and 20.5% O,. The
ignition was observed by side-wall measurement of
pressure profiles with a piezo-electric gauge (PCB
HM 112 A03) located 15 mm upstream of the end
flange. Also, the CH* emission at 431.5 nm from a
side wall was selected by a narrow band pass filter
(5 nm HWHM) and detected with a photomulti-
plier. All ignition delay times shown in this work
were determined by extrapolating the steepest in-
crease of the CH* chemiluminescence emission sig-
nal to its zero level on the time axis. The driver
gas was mixed in-situ by using two high-pressure
mass-flow controllers (Bronkhorst Hi-Tec flow me-
ter F-136AI-FZD-55-V and F-123MI-FZD-55-V).
Helium was used as the main component and Ar-
gon was added to match the acoustic impedance of
the test gas. The required driver gas composition
was calculated by a spreadsheet analysis prior to
the experiments using equations by Oertel (1996)
and Palmer and Knox. (1961). Concentrations of
5 to 20% Ar in He were required to generate tai-
lored shock waves.

m Piezo pressure transducers ’—%
@ Test section
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e Photomultiplier kg
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Figure 2. Experimental setup of the high-pressure
shock tube facility

3.2. Measured ignition delay times

The ignition delay times evaluated from the CH*
emission are listed in Table 1 along with the re-
spective pressures p and temperatures T, for sto-
ichiometric ethanol-air mixture. At temperatures
lower than those shown in Table 1 no ignition
was observed within the test time of our exper-
iment (15 ms). Figure 3 shows the experimen-
tal results for ignition delay time as a function of
temperature (as an Arrhenius plot) for different
pressures and stoichiometric composition.  All
data was curve-fitted to an equation of the form
7T =Aexp( B/ T)p*, where z is the pres-
sure exponent. Multiple linear regression analyses
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Table 1. Measured ignition delay times in shock tube
for stoichiometric ethanol-air mixture

1) T5 [K]  ps [bar] 7 [us]
1.0 1223 10.5 70
1.0 1223 10.5 70
1.0 1190 10.0 140
1.0 1145 11.0 252
1.0 1096 9.0 409
1.0 1049 10.1 738
1.0 992 9.8 1171
1.0 954 10.3 1698
1.0 900 10.1 N-I
1.0 1197 30 25
1.0 1152 30 38
1.0 1138 32 75
1.0 1116 31 80
1.0 1045 30 267
1.0 999 30 547
1.0 949 30 1244
1.0 912 31 877
1.0 881 31 2788
1.0 848 30 2715
1.0 801 30 3755
1.0 789 29 N-I
1.0 1234 53 16
1.0 1168 52 30
1.0 1085 48 134
1.0 1065 52 156
1.0 999 50 511
1.0 937 48 1006
1.0 881 48 2095
1.0 841 49 3304
1.0 781 47 N-I
1.0 769 45 N-I
N-I - No ignition
10000
= 10 bar Exp
® 30 bar Exp o o ¢
50 bar Exp .

1000

100 4

Ignition delay time t© / us

10 o

7/ us =107 exp(+12400K / T)(p/ bar) ¥

T T T T T T T T T T
080 085 09 09 1.00 105 110 LI5 120 125

1000K/T

Figure 3. Experimental and curve fitted ignition delay
times for stoichiometric ethanol/air mixture

using In(7) as the dependent variable and (1/7)
and In(p) as independent variables identified an
expression of 7 = 10717 exp(+12400/T) p~283,
with T in K, p in bar and 7 in us, for the measured
range of temperature and for a stoichiometric mix-
ture. The curve fitting suggests an apparent ac-
tivation energy of 24.6 kcal/mol. The fitting is
shown in Figure 3. The measurements exhibit a

decrease in ignition delay time as the pressure in-
creases. There is also a smaller sensitivity to pres-
sure at higher pressures. The variation with tem-
perature at higher temperature tends to become
smaller but the data does not indicate the exis-
tence of a negative temperature coefficient (NTC)
region. These results are next used as a basis to
extend current detailed chemical kinetic models
for ethanol oxidation.

4. Detailed chemical kinetic model-
ing

4.1. Model development

In the present work, the Konnov (2000) and
Marinov (1999) detailed kinetic models were
taken and tailored to build up the proposed
model. Initially, the extensively tested kinetic
model for small hydrocarbons of Konnov was ex-
tended to the combustion of ethanol by adding
the reactions described by Marinov that were
missing in Konnov’s mechanism. Then, in or-
der to further improve the predictive capabil-
ity of the model, a comprehensive review of the
literature was performed and new kinetic data
was found in Li et al. (2004), Lin et al. (2002),
Lin et al. (2003) and Lin et al. (2004). They al-
lowed for an update of the values of the reac-
tion constants of several elementary reactions in-
volving ethanol. Some elementary reactions that
appeared neither in Konnov’s nor in Marinov’s
mechanisms were also added. The adaptation
process of the kinetic model was based on blend-
ing the different sub-mechanisms for ethanol and
other sub-structures from Marinov, Li and Lin et
al., that were not taken into account by Konnov,
calculating ignition delay times with the subse-
quently formed mechanisms and comparing the
results generated by the modified and base mech-
anisms. In summary, the model allows the spe-
cific reactions for ethanol decomposition of Figure
4. Lin et al. (2002) found that at pressures below

C2H50H — C2H4+H20 (1)  H+C2H,OH — CH3CHOH + H2 (12)
— CH3+CH20H 2) — C2H40H + H2 (13)
— CH3CHO +H2 3) — C2H50 +H2 (14)
— C2H30H +H2 “4) — C2H5+H20 (15)

— CH4+CH20 5)
— CH4+CHOH (6)
—CH3CH+H20 (7)

CH3+C2H50H —> CH4+CH3CHOH  (16)
—CH4+CH3CH20  (17)

— C2H5+OH (8) — CH4+CH2CH20H  (18)
— C2H50 +H ) — CH30H + CH3CH2 (19)
— CH3CHOH+H (10) — H+CH3CH20CH3  (20)
— C2H40H+H 1n

Figure 4. Specific reactions for ethanol decomposition

10 bar, the unimolecular decomposition of ethanol
occurs primarily by the dehydration reaction pro-
ducing CoHy + H5O, represented by reaction (1).
At high-pressure limit and over 1500 K the pro-
duction of CHz and CHyOH becomes dominant,
represented by reaction (2). The Hy-molecular
elimination process, represented by reactions (3)
and (4), is not important throughout the temper-
ature range investigated (700 - 2500 K). Concern-
ing the chain-propagation reactions by the H atom
reactions 12 to 15) the reaction of dehydration
15) has a high energy barrier and the possibility
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that the reaction (15) proceeds is very low. In this
group of reactions, reaction (14) represents about
10% of the total reaction rate in the temperature
range analyzed by Egolfopoulos et al. (1992). Re-
actions (12) and (13) remain, however, the most
important. In the CHs-radical chain-propagation
reactions, reactions (19) and (20) have higher en-
ergy barriers and their feasibility can be ruled out
kinetically. The other reactions forming methane
by H abstraction, reactions (16), (17) and (18),
remain important and, at higher temperatures
(T > ~1200 K), reaction (18) becomes dom-
inant. These oxidation routes lead ultimately
to the production of methane, formaldehyde and
other oxygenated hydrocarbons, as depicted in
Figure 1, whose kinetics are well treated in the
Konnov mechanism. In the proposed detailed
kinetic model the most important reactions for
the ethanol oxidation were selected and placed,
ruling out those reactions whose energy barri-
ers limitations were noted by the different au-
thors. The final proposed detailed kinetic model
is composed by 136 chemical species and 1136
elementary reactions. Table 2 shows the major
characteristics of the detailed kinetic mechanism
used in this work. The sensitivity analysis (dis-

Table 2. Characteristics of the detailed kinetic models

Kinetic model Konnov Marinov Proposed
in this work
Elements 5 4 5
Chemical Species 127 54 136
Elementary reactions 1200 390 1136
NOx chemistry Yes No Yes
Presurre Range [atm)] 0.9-75 1.0 - 4.5 0.9 - 50
Temperature Range [K] — > 1000 700 - 1200

cussed below) revealed that reaction CoHsOH +
HO; = SC3H50 + H505 has the largest sensi-
tivity on temperature, OH, HoO and CoH;OH
concentrations in the whole temperature inter-
val tested. To impove the predictive capability
of the kinetic model, the original Arrhenius pa-
rameters of this reaction in the Konnov mecha-
nism were altered. The total reaction rate con-
stant for this reaction in the proposed mecha-
nism was formed by the sum of three constants:
ko = 1.01 x 10™18 exp(+41351/RT), k, = 4.65 x
101297 —4L37 and k, = 2.45 x 10237497 A
similar expression for this rate constant was not
found in the literature and this is advanced here
as a way of better predicting the measurements
for higher pressure and lower temperature.

4.2. Results and comparison to measure-
ments

Figure 5 shows the comparison between the mea-
sured and the predicted ignition delay times.
The kinetic model is able to predict the general
trends with temperature and pressure, including
the smaller dependence with pressure for higher
pressures and a smaller dependence with temper-
ature for lower temperatures. At the pressure of
10 bar, the detailed kinetic model over predicts
the ignition delay time for higher temperature.

4.3. Sensitivity analysis

A first-order sensitivity analysis of the effect of
each reaction on temperature, OH, Hs0O5, and

10000

@«
=l
~ 1000

e

Q
£

%, ®  Exp 10 bar
= ® Exp 30 bar
'z Exp 50 bar
§ 1007 Num 10 bar
= Num 30 bar
o0 Num 50 bar

10 T T T T T T T T
080 085 090 095 100 1.05 110 LI5 120 125 130

1000K/T

Figure 5. Comparison between predicted and mea-
sured ignition delay times for ethanol/air stoichiomet-
ric mixture

CoH50OH concentrations was performed to find
out which reactions dominate the ethanol oxida-
tion at high pressures and also which reaction
coefficients need to be systematically improved.
For the analysis, we assumed that the combus-
tion process occurs in a perfectly stirred reactor
starting at time ¢ = 0 s and ending at ¢ = Ty,
The conditions of the reactor were set at stoi-
chiometric composition, pressures of 10, 30, and
50 bar and temperatures of 1100, 950, and 800
K. The sensitivity map was generated from the
output files from CHEMKIN and shows the more
sensitive reactions for the entire kinetic evolution
of the system. The sensitivity map shows that
reactions CoHsOH + HOy = SCoH50 + H04
(Rl), SCyH;0 + Oy = CH3CHO + HO» (R?),
CyH;0H + OH = SCyH;0 + Hy0O (R3) and
HO; + HO2 = Hy02 + Oy (R4) are the more
sensitive reactions at high pressures (10, 30, and
50 bar) and for intermediate and high tempera-
tures (800, 950, and 1100 K). It seems that at
high pressures the main ethanol oxidation path is
dominated by the H-atom abstraction by the hy-
droperoxy radical (HOz), producing CH3CHOH
(named SCoH50 in this work), one of the three
isomers of CoH50. This route corresponds to re-
action R1 above and is represented schematically
in the top part of Figure 6. This path leads to the
hydrogen peroxide sub-mechanism. In the bottom
part of Figure 6, is represented the H,-abstraction
path by collision with a third-body M. This path
results also in the production of CH3CHOH which
is then oxidized forming acetaldehyde, leading to
the acetaldehyde sub-mechanism, and HO5. This
corresponds to reaction R2 above. The hydroper-
oxy radical (HO3) feeds reaction R1 giving more
SCoH50, forming a cycle for the production of
SC3H50 and HO5 and depletion of ethanol. R3
becomes relevant when the pool of HO is formed.
The reaction proceeds and more SCoH5O are pro-
duced. With the increase of HO5 concentration,
reaction R4 becomes important.
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Hydrogen peroxide <= H,0, CH;CHOH
chemistry set
Hs - Abstraction |+Ho
C,H;OH |}~ 2
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H CH;CHOH
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Figure 6. Main ethanol oxidation route at high pres-
sure

5. Conclusions

In this paper we proposed a detailed kinetic model
for the thermal oxidation of ethanol/air mix-
tures at higher pressures and intermediate and
high temperatures. The model results from a
combination and tailoring of the Konnov (2000)
and Marinov (1999) models. Initially, the ex-
tensively tested kinetic model for small hydro-
carbons of Konnov (suitable for hydrocarbons
with up to 3 carbon atoms) was extended to in-
clude the combustion of ethanol by adding the
reactions described by Marinov. Then, in or-
der to further improve the predictive capability
of the model, a comprehensive review of the liter-
ature was performed and new kinetic data was
added from Liet al. (2004), Lin et al. (2002),
Lin et al. (2003) and Lin et al. (2004). There
data enabled us to update the values of the re-
action rate constants of several elementary reac-
tions involving ethanol. Some elementary reac-
tions that appeared neither in Konnov’s nor in
Marinov’s mechanisms were also added. A first-
order sensitivity analysis revealed that reaction
CyH5;0H + HO5; = SCoH50 + H50O5 had the
largest sensitivity on temperature, OH, HyO5 and
CoH5OH concentrations in the whole tempera-
ture interval tested. Then, the rate constants
for this reaction were modified in order to better
predict the measurements for higher pressure and
lower temperatures. The final mechanism is com-
posed of 136 chemical species and contains 1136
elementary reactions. The model was then vali-
dated against experimental data of ignition delay
time from shock-tube measurements in the pres-
sure range of 10 < p < 50 bar and temperature
range of 750 < T < 1200 K. The detailed kinetic
model predicts the reduced pressure sensitivity of
the ignition delay time at higher pressures. Ad-
ditionally, it predicts the global trend with tem-
perature. No negative temperature coefficient re-
gion was detected in the temperature and pressure
range analyzed. From the detailed kinetic model-
ing, a possible main oxidation route for ethanol
oxidation at high pressures is suggested. This
route involves the H-atom abstraction from the
secondary carbon of the ethanol molecule by reac-
tion with hydroperoxy radical, giving CH3CHOH
and H2O2 as major products. It is recommended
a more complete comparison of predictions with
this reaction mechanism against previous mea-
surements and also a more thorough study of the
reactions pointed as the most sensitive, especialy
the reaction CoHsOH + HO, = SCyH50 + H05.
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