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The combustion characteristics of a mixture of acetaldehyde, oxygen and argon behind a reflected shock wave 
at temperatures ranging from 1320 to 1897 K at 100 torr were studied. The emission from the OH radical at 
306.4 nm and the pressure profile behind the reflected shock were measured to monitor ignition delay time. The 
ignition delay times were computed from a proposed mechanism of 110 elementary reactions involving 34 spe­
cies. The simulation and sensitivity analysis confirms that the main channel for oxidation of acetaldehyde at 
high temperature consists of the Rice-Herzfeld mechanism, the decomposition and oxidation of HCO, and the 
reaction of H with O2.

Introduction

The gas-phase oxidation of acetaldehyde has drawn a 
great deal of attention, since acetaldehyde is an important 
intermediate in the oxidation of many hydrocarbon fuels. 
Most of works on the oxidation of acetaldehyde use a static 
reactor1 and a continuous-flow stirred tank reactor (CSTR)33 
Those systems are designed for the low-temperature com­
bustion (T < 800 K) in order to study the autoignition condi­
tions that produce knock in a spark-ignition engine. The 
low-temperature oxidation of acetaldehyde in the CSTR 
exhibits oscillatory cool flames and ignition. The oscillatory 
phenomena in the CSTR have been described using a 
detailed elementary reaction mechanism. Simulations of the 
autoignition have demonstrated that the oxidation of acetal­
dehyde at the low temperature is initiated via the formation 
of peracetic acid, which generates a branching chain reac­
tion. Peracetic acid is also one of the important intermediates 
in the combustion of n-butane at low temperature4 The 
high-temperature oxidation of acetaldehyde has been inves­
tigated in a turbulent flow reactor by Colket et al.5 and in a 
jet-stirred reactor by Dagaut et al.6 The methyl and hydroxyl 
radicals play the major role in the oxidation of acetaldehyde 
in the high temperature, while alkyperoxide intermediates 
have been excluded from the reaction mechanism in the 
combustion of hydrocarbon fuels at high temperature.7

Up to date, a few paper dealing with the combustion of 

acetaldehyde behind shock wave has been published"9 
Daguet et al. also measured ignition delay times in the acet이- 

dehyde oxidation behind the reflected shock.6 However, a 
comprehensive work on the oxidation of acetaldehyde in the 
shock tube has not been reported. This study investigated the 
combustion of acetaldehyde at high temperature in detail. The 
ignition delay time of acetaldehyde and oxygen mixture 
diluted in argon was monitored behind a reflected shock by 
measuring pressure profile and the OH radical emission pro­
file. The detailed kinetics of the ignition of acetaldehyde 
were proposed from simulations of the ignition delay time.

Experimental Section

The shock tube apparatus with a driven section of 3,100 
mm long and 24.3 mm intern이 diameter has been described 
in detail elsewhere.10,11 Test gas mixture was prepared by 
mixing acetaldehyde (Fukuda, 99%+), oxygen (99.9% pure) 
and argon (99.999% pure) manometrically within an error of 
‘0.1 torr and was stored in a Pyrex flask connected to the 
driven section of the shock tube. The gases were kept warm 
at ca. 30 oC and stirred in order to prevent the condensation 
of acetaldehyde. The driver gas was pure grade helium 
(99.999%). Eight different mixtures, as listed in Table 1, 
were prepared. The argon concentration was varied to exam­
ine the effect of argon on the ignition delay time.

The reflected shock parameters (T5, P5) were calculated 

Table 1. Experimental conditions for CHCHO-O-Ar mixtures behind a reflected shock p=100 torr)

Mixture —
Concentration(M)/10^ Equivalence Ratio 

㈣
T (K) P (atm) T Ws)

CH3CHO O2 Ar

A 1.59 4.76 46.5 0.83 1320-1646 3.254-4.640 171-916
B 3.17 6.34 43.4 1.25 1358-1897 3.526-5.975 108-840
C 3.17 4.76 44.9 1.67 1414-1702 3.642-4.882 301-960
D 1.06 2.64 49.2 1.00 1372-1678 3.314-4.550 250-992
E 2.12 5.29 30.0 1.00 1314-1517 3.410-4.319 273-656
F 2.12 5.29 35.5 1.00 1399-1522 3.717-4.264 341-657
G 2.12 5.29 45.5 1.00 1342-1857 3.372-5.644 96-861
H 2.12 5.29 55.0 1.00 1455-1505 3.619-3.997 489-663
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from the incident shock speed and the composition of the 
mixture in the driven section by using the NASA/Lewis 
equilibrium program. In this program, the composition of 
the mixture is assumed to be fixed for any thermodynamic 
process from the initial condition to the shocked condition!2 
The ignition delay time was simulated using the CHEMKIN 
package,13 which includes thermodynamic data for chemical 
species considered in the mechanism. Analysis of our mech­
anism was also performed using KINALC package14

Results and Discussion

Ignition Delay Time. Figure 1 shows a typical oscillo­
gram of profiles of the pressure and OH emission intensity 
observed at the end of the driven section. The signals were 
triggered simultaneously when the incident shock wave 
passed through a pressure transducer installed at 255 mm 
from the end plate. The arrival of the reflected shock 
induced a mild pressure rise, followed by a sharp pressure 
spike, which is associated with the ignition. At the same 
time, a sudden increase in the OH emission is observed. The 
ignition delay time, T, is defined as the period between the 
arrival of the reflected shock and the maximum OH emis­
sion intensity. The ignition delay time derived from the pres­
sure profile is the same as that derived from the OH 
emission. It is worth noting that a typical pressure oscillo­
gram could not be obtained from the mixture with more than 
95% Ar. In this study, we confined our attention to mixtures

Figure 1. Typical oscillograme of pressure (upper) and 306.4 nm 
emission intensity (lower) profiles in CHCHO-O-Ar mixture 
behind a reflected shock (A: point triggered by an incident wave 
B: an arrival of a reflected shock and C: onset of detonation). Th 
sweep speed is 0.2 ms/div.

with less than the 95% Ar. The range of the observed igni­
tion delay times and the reflected shock temperature (75) for 
each mixture are also listed in Table 1.

The plot of In T vs. 1/75 is very useful for formulating 
observed ignition delay times thermodynamically. In Figure 
2 the relationship between In T and 1/75 for each mixture is 
quite linear. Accordingly, the observed ignition delay times

Figure 2. Plot of ln (T您)vs. 1/T for CHCHO-O-Ar mixture: (a) A (0, 3 : 9 : 88) and D (▼ , 2 : 5 : 93), (b) B (■ , 6 : 12 : 82) and C 
(△, 6 : 9 : 85), (c) E (9,5.7 : 14.1 : 80.2) and G (▽, 4 : 10 : 86), and (d) F (▲ , 5 : 12.5 : 82.5) and H (□, 3.4 : 8.5 : 88.1). The lines 
represent calculated values for the corresponding mixtures.
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Figure 3. Plot ofy ys. 1/T for C+CHO-2-Ar mixture: A (O , 3 : 
9 : 88), B (■ , 6 : 12 : 82), C (△, 6 : 9 : 85), D (▼ , 2 : 5 : 93), E 
(9, 5.7 : 14.1 : 80.2), F (▲ , 5 : 12.5 : 82.5), G (▽, 4 : 10 : 86) 
and H (□ , 3.4 : 8.5 : 88.1), where y = ln{T(1.584 x 10-6 
[CH3CHO]°・41 [O2「°58 [Ar]°$)}.

can be fitted to an Arrehenius formula

T = $ exp(E/RT5) [CH3CHO]a [。2卩[Ar]c

where $ is the pre-exponential factor, E is an activation 
energy, and a, b and c are reaction orders. Multiple regres­
sion analysis was employed to obtain the best-fit parameters. 
The final results are

t = 1.584 x 10-6 exp(E/RT5) [CH3CHO]0-41 [。刃项58 [Ar]0-31

E = 18.62 kcal-mol-1 (± 0.61 kcal-mol-1)

where T and concentration are given in s and mol dm-1. The 
reliability of these results can be tested by plotting all data as 
ln{T(1.584 x 10-6 [CH3CHO]0-41 [O2]-0'58[Ar]0-31)) ys. 1/T5. 
As shown in Figure 3, all the points lie close to a sin읺e line, 
the slop of which represents the value of E/R.

The observed activation energy of acetaldehyde is very 
low, compared with the reported values for some com­
pounds. The observed vale is higher that that of acetylene 
(14.7 kcal-mol-1)11 but is comparable with that of ethylene 
oxide (19.3 kcal-mol-1).16 Previously, we reported the theo­
retical values for the activation energies and energy changes 
for the decomposition of ethylene oxide.10 The conforma­
tional energy of acetaldehyde is 30.46 kcalmol-1 higher than 
that of ethylene oxide. Therefore, the combustion of ethyl­
ene oxide should be more exothermic than that of its isomer, 
acetaldehyde. However, the activation energy of the two iso­
mers is almost the same. It should be noted that under simi­
lar experimental conditions, the acetaldehyde mixtures 
produced much longer delay times than ethylene oxide. For 
the equivalent-ratio mixture (diluted in Ar with ca. 85% 
mole ratio) at T5=1430 K, the delay time was observed to be 
ca. 670 卩s for the acetaldehyde mixture and ca. 60 /ds10 for 
the ethylene oxide mixture. Provisionally, it is assumed that 
the reactivity between the isomers is related to the induction 
period rather than the activation energy. Argon inhibits the 
oxidation of acetylene and ethylene oxide, although in the 

acetaldehyde oxidation the Ar content has a negligible effect 
on the ignition delay time compared with the effects of ace­
taldehyde and oxygen.

Simulating the Ignition '이ay Time. Experimental and 
modeling studies of acetaldehyde oxidation have been focused 
on low temperature phenomena.3 Below 500 K, H-atom 
abstraction by molecular oxygen is the major initiation step 
and the propagation steps involve formation of acetylper- 
oxyl radical via O2 addition:

CH3CHO + O2 = CH3CO + HO2

CH3CO + O2 = CH3CO3

In the chain branching reaction, the acetylperoxide radical 
accelerator forms via the formation of peracetic acid:

CH3CO3 + CH3CHO = CH3CO3H + CH3CO

CH3CO3H = CH3 + OH + CO2

As temperature increases above 500 K, the rate of the 
decomposition of acetyl radical increases relative to the 
addition of O2:

CH3CO + M = CH3 + CO + M (10)

Cavanagh et al? proposed the detailed mechanism of acetal­
dehyde oxidation at low temperature that involves methyl­
peroxy and acetylperoxyl reactions. Initially, we considered 
their mechanism to calculate the ignition delay time. How­
ever, the calculated ignition times were not close to the 
observed values. This necessitated developing a more reli­
able kinetic scheme to explain our observed ignition delay 
times in CH3CHO-O2-Ar mixtures behind a reflected shock. 
At high temperature, the channel via acetylperoxide radical 
was found to be insensitive to the ignition delay time. 
Instead, we added a fairly simple Rice-Herzfeld mechanism6 
to the reaction scheme (reactions (2), (3), (6) and (10)) as 
initiation and chain steps. These are well accepted for acetal­
dehyde pyrolysis. In addition, the H-atom abstraction of ace­
taldehyde was also considered as another initiating reaction:

CH3CHO + M = CH3CO + H + M (1)

We added some reactions of methane with Q and small rad­
icals to our reaction scheme, since methane may be formed 
from the reaction of acetaldehyde with methyl radical. The 
dimerization of methyl radical and its subsequent reactions, 
which might be additional steps, are also included in our 
scheme.

To fit the observed ignition delay times more precisely, the 
elementary steps responsible for the chemiluminescence of 
OH radical were incorporated into the scheme. In the pre­
mixed flame, the strong OH emission from the reaction zone 
of hydrocarbon flame is associated with CH oxidation?7

CH + O2 = CO + OH* (31)

This reaction is very exothermic (AH = -159.3 kcal at 1000 
K) and it might provide sufficient energy to excited OH from 
the ground 2n state to the emitting 2£ state of OH (U =92.8 
kcal-mol-1). In the hydrogen-oxygen reaction in shock tube
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Table 2. Reaction mechanism and rate constants fOr C+CHO- 
Oz-Ar mixtures behind a reflected shock

No. Reaction A n Ea ref

)
)
)
)
)
)
)
)
 

(1 
(2 
(3 
(4 
(5 
(6 
(7 
(8

CHCHO+M=CHCO+H+M 5.00E14 0.0 88000 [19]
CHCHO+M=CH+HCO+M 3.00E14 0.0 80000 [19]
C+CHO+H=CHCO+H 8.00E12 0.0
CH3CHO+OH=CH3CO+H2O 4.15E11 0.0
CH3CHO+OYH3CO+HO2 5.03E13 
CH3CHO+CH3=CH3CO+CH 2.00E-6 
CH3CHO+HO=CH3CO+H2O21.50E12 
CHCHO+HCO=CHCO+ 7.80E13 
CHO

(9) CH3CHO+CH3O=CHKO+ 1.37E12 
CHOH

(10) CHCO+M=CH+CO+M 2.00E10
(11) CHCO+M=CHCO+H+M 3.00E13

4206 adjusted
517 adjusted

0.0 364800 [4]
5.6 2464 [3]
0.0 10036 [3]
0.0 8440 [21]

0.0 3000 [4]

0.0 15000 [19]
0.0 8000 [20]

H2/2./H2O/6./CH/2./CO/1.5/CO/2./C2H/3./Ar/0.7./

(12) CHCO+O=HCO+HCO 1.00E13 0.0 5960 adjusted
(13) CHCO+OH=CH2O+HCO 2.80E13 0.0 0 [22]
(14) CHCO+OH=HCCO+HO 1.00E13 0.0 2630 [10]
(15) HCCO+H=CH+CO 1.50E14 0.0 0 [21]
(16) HCCO+O=CO+CO+OH 1.46E12 0.0 2500 [21]
(17) CH+O=CH3+HO 7.94E13 0.0 55887 [23]
(18) CH+O=CH+OH 1.02E09 1.5 8609 [23]
(19) CH+OH=CH3+HO 1.60E06 2.1 2462 [24]
(20) CH+H=CH+H2 2.20E04 3.0 8842 [22]
(21) CH+HO=CH3+HO 2.00E13 0.0 18000 [24]
(22) CH3+CH3=M+CH+M 2.12E16 -0.97 620 [25]

+/2./+O/6./C+/2./CO/1.5/CO/2./C+/3./Ar/0.7/

(23) CH+CgCH+H 4.99E12 0.1 10600 [25]
(24) CH+O=CHO+O 2.68E13 0.0 28800 [25]
(25) CH+O=CHO+OH 5.34E13 0.0 34574 [24]
(26) CH+OH=CHOH+H 5.63E13 0.0 6118 [22]
(27) CH3+H=CH+H 9.00E13 0.0 15100 [22]
(28) CH+H+M=CH+M 8.00E26 -3.0 0 [22]

HO/5./CO/3./CO/2./H/2./
(29) CH3+OH=CH+HO 7.50E06 2.0 5002.4 [23]
(30) CH3+HO=CH3O+OH 2.00E13 0.0 0 [25]
(31) CH+O=CO+OH 2.00E13 0.0 0 [4]
(32) CH+O=CO+H+H 1.60E12 0.0 1000.1 [22]
(33) CH+CO+M=CHCO+M 2.76E13 0.0 -14799 [23]

HO/5./CO/3./ CO/2./H2/2./
(34) CH+H=C+H 1.50E14 0.0 0 [22]
(35) C+OH=CO+H 5.00E13 0.0 0 [22]
(36) CH+H=CH+H2 1.15E08 1.9 7530 [25]
(37) CH+O=CH+OH 8.98E07 1.92 5690 [25]
(38) C2H+OH=aH5+HO 3.54E06 2.12 870 [25]
(39) aH+CH3=aH5+CH4 6.14E06 1.74 10450 [25]
(40) aH5+H+M=aH+M 5.21E17 -0.99 1580 [25]

+/2./+O/6./C+/2./CO/1.5/CO/2./C+/3./Ar/0.7/

(41) aH5+H=aH+H2 2.00E12 0.0 0 [25]
(42) CH5+O=CH3+CHO 1.32E14 0.0 0 [25]
(43) aH5+O=C2H+HO 8.40E11 0.0 3875 [25]
(44) aH+H+M=aH5+M 1.08E12 0.45 1820 [25]

(45) GH+HYaH+H 1.33E06 2.53 12240 [25]

Table 2. Continued

No. Reaction A n Ea ref

(46) CH+O=CH+HCO 1.92E07 1.83 220 [25]
(47) CH+OH=CH+HO 3.60E06 2.0 2500 [25]
(48) aH+M=C2H+H2+M 8.00E12 0.44 88770 [25]

+/2./+O/6./C+/2./CO/1.5/CO/2./CH/3./Ar/0.7/
(49) aH+CH3=C2H3+CH4 2.27E05 2.0 9200 [25]
(50) CH+H+M=CH+M 6.08E12 0.27 280 [25]

+/2./+O/6./C+/2./CO/1.5/CO/2./CH/3./Ar/0.7/
(51) ch+h=ch+h2 3.00E13 0.0 0 [25]
(52) CH+O=CHCO+H 3.00E13 0.0 0 [25]
(53) CH+OH=CH+HO 5.00E12 0.0 0 [25]
(54) CH+OwHCO+CHO 3.98E12 0.0 -240 [25]
(55) CH+H+MCH+M 5.60E12 0.0 2400 [25]

H/2./HO/6./CH/2./CO/1.5/CO/2./aH/3./Ar/0.7/
(56) CH+O=CO+CH 1.02E07 2.0 1900 [25]
(57) CH+O=OH+CH 4.60E19 -1.41 28950 [25]
(58) CH+O=H+HCCO 1.02E07 2.0 1900 [25]
(59) CH+OH=CHCO+H 2.18E-4 4.5 -1000 [25]
(60) CH+OH=H+HCCOH 5.04E05 2.3 13500 [25]
(61) CH+OH=aH+HO 3.37E07 2.0 14000 [25]
(62) CH+OH=CH+CO 4.83E-4 4.0 -2000 [25]
(63) CH+O=CH+CO 5.00E13 0.0 0 [25]
(64) CH+OH=H+HCCO 2.00E13 0.0 0 [25]
(65) CHO+H+M=CHOH+M 5.00E13 0.0 0 [25]

H/2./HO/6./CH/2./CO/1.5/CO/2./aH/3./
(66) CHO+H=H+CHOH 3.40E06 1.6 0 [25]
(67) CHO+H=H+CHO 2.00E13 0.0 0 [25]
(68) cho+h=oh+ch5 3.20E13 0.0 0 [25]
(69) CHO+O=OH+CHO 1.00E13 0.0 0 [25]
(70) CHO+OH=HO+CHO 5.00E12 0.0 0 [25]
(71) CHO+O2=HO+CHO 4.28E-13 7.6 -3530 [25]
(72) CHO+OH=HCO+HO 3.00E13 0.0 1200 [26]
(73) CHO+HO=HCO+HO2 4.40E06 2.0 12000 [26]
(74) HCO+M=CO+H+M 2.50E14 0.0 16800 [23]

CH/3./HO/5./CO/3./CO/2./H/2./
(75) HCO+H=CO+H 2.16E14 0.0 0 [26]
(76) HCO+H+M=CHO+M 6.56E14 0.0 -8659 [26]

HO/5./CO/3./CO/2./H2/2./
(77) HCO+O=CO+HO 4.22E13 0.0 1700 adjusted
(78) HCO+O=CO+OH 3.00E13 0.0 0 [26]
(79) HCO+HCO=CHO+CO 4.50E13 0.0 0 [26]
(80) CO+OH=CO+H 4.40E06 1.5 -700 [26]
(81) CO+HO=CO+OH 1.50E14 0.0 23600 [26]
(82) CO+O+M=CO+M 6.17E14 0.0 3002 [23]

CH/3./HO/5./CO/3./CO/2./H/2./
(83) H+O=OH+O 1.20E17 -0.91 16500 [26]
(84) H+O+M=HO+M 3.61E17 -0.72 0 [23]

H/3./HO/21./O/0./CO/5./CO/2./
(85) O+H=OH+H 1.50E07 2.0 7600 [26]
(86) H+O+M=OH*+M 1.20E13 0.0 6930 [26]
(87) OH*+M=OH+M 5.20E10 0.5 0 [26]
(88) OH*+HO=OH+HO 8.60E12 0.5 0 [26]
(89) OH*+H=OH+H 1.50E12 0.5 0 [26]
(90) OH*+H=OH+H 1.50E12 0.5 0 [26]
(91) OH*+O=OH+O 1.50E12 0.5 0 [26]
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No. Reaction A n Ea ref

Table 2. Continued

Rate constants are expressed in the form k=$7 exp(-(/RT) where units 
are mol, m^, s, K and cal-mol-. Reversed reactions were automatically 
included in the computer program through equilibrium constants 
computed from polynomial fits to thermodynamical data.

(92) OH*+O=OH+O 1.50E12 0.5 0
(93) OH*+OH=OH+OH 1.50E12 0.5 0
(94) OH*=OH+hY 1.40E06 0.0 0

hv /3064/
(95) OH+M=H+O+M 1.10E17 -0.6 102490
(96) OH+H=HO+H 1.00E08 1.6 3300
(97) OH+OH=HO+O 1.50E09 1.14 0
(98) H+H+M=H+M 6.40E17 -1.0 0

HO/0./CO/0./H/0./
(99) O+M=O+O+M 1.20E14 0.0 107800

HO/5./
(100) OH+H+M=HO+M 7.50E23 -2.6 0

HO/5./
(101) H+HO2=OH+OH 1.50E14 0.0 1000
(102) H+HO=H+O2 1.00E14 0.0 700
(103) O+HO2RH+O2 2.00E13 0.0 0
(104) OH+HO=HO+O2 2.00E13 0.0 0
(105) HO2+HO2=H2O2+O2 2.00E12 0.0 0
(106) H+HO=HO+OH 1.00E13 0.0 3600
(107) O+H2O2PH+HO2 2.80E13 0.0 6400
(108) OH+HO=HO+HO2 7.00E12 0.0 1400
(109) H2O2+MRH+OH+M 1.20E17 0.0 45500
(110) HO+H=H+HO 5.01E13 0.0 7900

]

]
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below 2000 K, the excited OH radical was found to be 
formed mainly in the following reactio슈8

H + O + M = OH* + M (86)

(△+ = -104.3 kcal at 1000 K). The excited OH radical may 
loose its energy nonradiantly through collisions with some 
chemical species or radiantly by emitting the 306.4 nm pho­
ton:

OH* = OH + hv (94)

We examined the excitation and de-excitation steps of the 
OH radical in the mechanism scheme.

The final reaction scheme for ignition of acetaldehyde­
oxygen mixtures diluted in Ar consists of 110 elementary 
reactions involving 34 species and is listed in Table 2. The 
calculated values for the ignition delay times for all mixtures 
studied are shown as lines in the corresponding figures. As 
shown in Figure 2, there is good agreement between the cal­
culated and the experimental values for mixtures E and G 
with ⑦=1. As the equivalence ratio increases over ⑦=1, the 
calculated values become shorter and shorter than the corre­
sponding observed values. Contrary, for the fuel-lean mix­
ture (mixture A), the calculated values are longer than the 
corresponding observed values. These deviations are due to 
that acetaldehyde and oxygen play roles as an inhibitor and a 
promoter, respectively. A sensitivity analysis was performed 
to identify significant reactions in the acetaldehyde oxida-

20
。-20
-40
0̂

s
 
0
M
O
U
①
 s

12 13 14 15 33 72 73 74 75 77 80 81 83 84 85 96 101 102 103 104 105 109

Reaction Number

Figure 4. Sensitivity spectrum of ignition delay time in mixture * 
at 1499 K. The solid and open bars represent the results ol 
multiplying the indicated rate constants by 5 and 1/5, respectively 
The numbers indicate the reaction number in Table 2.

-100

tion. To determine the sensitivity of each reaction to the igni­
tion delay time, one must find out how the rate constant of a 
given elementary reaction give rise to an effect on the calcu­
lated ignition delay time. Defining the sensitivity as T'-T)/ 
t x 100 where T and t are the calculated delay times from 
after and before the change in rate constant, a computer sim­
ulation was performed for mixture *, by multiplying rate 
constant of a given reaction from Table 2 by 5 or 1/5. The 
sensitivity spectrum, shown in Figure 4, confirms that the 
oxidation acetaldehyde is initiated via rupture of C-C bond

CH3CHO + M = CH3 + HCO + M (2)

rather than the abstraction of H atom:

CH3CHO + M = CH3CO + H + M (1)

The chain reaction is promoted by the attack of H, OH and 
HO2 radicals to form acetyl radical:

CH3CHO + H = CH3CO + H2 (3)

CH3CHO + OH = CH3CO + H2O (4)

CH3CHO + HO2 = CH3CO + H2O2 (7)

These reactions, which consume H, OH and HO2 have a strong 
effect on acetaldehyde oxidation ignition. The reactions of 
CH3CHO with OH and HO2 are the main propagation steps, 
while the decomposition of CH3CO to CH2CO supplies addi­
tional H atoms to promote reactions (83) and (102).

Our oxidation mechanism is represented schematically in 
Figure 5. Most part of acetaldehyde become to CHCO through 
H-atom abstraction channels. The C-C bond breaking occurs 
through two dissociative attacks of O atoms and OH radi­
cals. The attack of O atoms on CHzCO forms two equivalent 
ratio of HCO radical, while the attack of OH radicals pro­
duces CH2O and HCO radicals. The most striking features in 
the acetaldehyde oxidation are the chain propagation reac­
tions generated by HCO:

HCO + M = CO + H + M (74)

HCO + O2 = CO + HO2 (77)



492 Bull. Korean Chem. Soc. 2000, Vol. 21, No. 5

Figure 5. Pathway diagram showing oxidation routes of C+CHO. 
The values represent molar production rates (mol cm!3 s-') at 
c=310 您 and T=1499 K.

The sensitivity spectrum shows that these reactions moder­
ately affect the ignition delay time of the acetaldehyde oxi­
dation. The decomposition of HCO subsequent to reaction 
(2) supplies H radical in the high-temperature region in part 
and promotes the production of OH radical via the reaction 
of H atom with oxygen molecule:

H + O2 = OH + O (83)

Reaction (83) is one of the most important branching chain 
reactions in the oxidation of hydrocarbon fuels, since the 
80% of oxygen molecule is consumed via this reaction. This 
reaction, however, competes strongly with the reaction 
between H atom with HO2 radical:

H + HO2 = H2 + O2 (102)

The sensitivity spectrum shows that ignition is very sensitive 
to reactions of hydroperoxyl radical producing H, O2 or 
H2O and decomposition of H2O2.

Conclusions

This shock tube study of CHCHOQ-Ar behind a reflected 
shock reveals the ignition kinetics of the acetaldehyde oxida­
tion. The experimental data match the mechanism scheme 
consisting of 110 elementary steps well. The decomposition 
of acetaldehyde into HCO and CH3 might initiate the oxida­
tion of acetaldehyde. The elementary steps associated with 
the decomposition and oxidation of HCO play a key role in 
ignition. The main propagation steps involving CHCHO are 
the reactions with OH and HQ. The mechanism of acetalde­
hyde oxidation at high temperature is quite different from 
those for cool flame phenomena at low temperature, in 
which the acetaldehyde oxidation has been characterized by 
the rate of branching through formation of hydroperoxides, 
such as CH3CO3H and CH3OOH.
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