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Abstract 

Biofuels obtained from biomass are an interesting alternative to fossil derived fuels 

and they could provide about 25% of global energy requirements. A proper 

knowledge about their pyrolysis and combustion behavior and the possible 

formation of toxic intermediates is then necessary. The problem involves several 

oxygenated species, so that it needs a systematic approach. This work is focused on 

the characterization of the gas-phase kinetics of acetic acid, ketene and 

acetaldehyde. Obtained results show the reliability of the proposed model. 

 

Introduction 

Hydrocarbon pyrolysis and combustion is extensively described and great results 

have been obtained but, especially for oxygenated species, such as aldehydes, acid, 

and alcohols, a lot of work is still required. Oxygenated species are very abundant 

in the tar released from biomass pyrolysis [1]. Large vapor residence times and 

temperatures higher than 750 K improve successive cracking of primary products 

reducing yields of organic liquids. Lower temperatures lead to condensation 

reactions and the subsequent formation of lower molecular weight liquids which 

can also react [2]. Therefore there is a continuous interest in successive gas phase 

reactions of volatile species released from biomass pyrolysis [3]. The importance 

of molecular paths and four/six center reactions for oxygenated species is proved 

by the actual research interest on these topics [4-6]. An existing and well proved 

kinetic model [7] is successfully validated in comparison with experimental data of 

pyrolysis of ketene, acetic acid, and acetaldehyde.  

 

Kinetic scheme and numerical methods 

The major reactions path of the kinetic sub-mechanism for the pyrolysis and 

oxidation of ketene, acetic acid, and acetaldehyde are summarized in Table 1. 

Figure 1 shows the major reaction paths of Ketene, Acetic Acid, and Acetaldehyde 

pyrolysis. The successive decomposition, pyrolysis and oxidation reactions of the 

small radicals and molecules involved are already considered in the whole 

oxidation mechanism up to C16. 

The overall kinetic scheme is based on hierarchical modularity and is constituted 

by ~400 species involved in more than 10000 reactions [7]. The complete 
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mechanism, is available at [www.chem.polimi.it/CRECKModeling/]. DSMOKE 

and OPENSMOKE codes are used for all the simulations, reaction flux and 

sensitivity analysis [8].  
 

Table 1. Main Reactions of Ketene, Acetic Acid, and Acetaldehyde  
R k=A T

n
 exp (-E/RT)* A n E 

 Ketene    
1 CH2CO+[M]#CH2+CO+[M]                                                         k∞=.55E+13 0 59270. 
2 H+CH2CO=H2+HCCO                                                                  .36E+12 0 8600. 
3 CH3+CH2CO=CH4+HCCO .38E+10 0 13000. 
4 CH2+CH2CO= CH3+ HCCO                                                               .36E+11 0 11000. 
5 CH3CO=CH2CO+H                                          .10E+15 0 49000. 
6 H+CH2CO=CH3+CO .10E+04 2.00 2000. 
7 HCCO+HCCO=C2H2+CO+CO   .10E+11 0 0 
8 HCCO+VIN=pC3H4+CO .30E+11 0 0 
9 HCCO+ C2H3 =C4H4+CO   .10E+10 0 0 
10 HCCO+ aC3H5= C4H6+CO .10E+10 0 0 
 Acetic Acid    

11 CH3COOH > CO+OH+CH3                                                                   .63E+16       0 91600.    
12 CH3COOH > CH3+CO2+H                                                                   .25E+15            0 88000.    
13 CH3COOH = CH4+CO2                                                                   .15E+14       0 70000. 
14 CH3COOH = CH2CO+H2O                                                                   .14E+13       0 65000. 
15 R+CH3COOH > RH+CH2CO+OH   3 Hprim* 

1 Hprim* 16 R+CH3COOH > RH+CH3+CO2 
 Acetaldehyde    

17 CH3CHO = CH3+HCO              .15E+17 0 85000. 
18 CH3CHO = H2+CH2CO .40E+12 0 80500 
19 CH3CHO = CH4+CO                                                                     .10E+15 0 79000 
20 CH3+CH2O = CH3CHO +H                                 .20E+09       0 7600. 
21 R+CH3CHO = RH+CH3CO   1 Hacyl* 

3 Hprim,α* 22 R+CH3CHO = RH+CH2CHO 
*  Units are mole, l, s, kcal 
 

Four center concerted path molecular reactions of acetic acid and acetaldehyde 

constitute an useful example of this reaction class. For these small species, six 

center reactions are not present. While these molecular reactions account for ~5% 

of the decomposition at low temperatures (i.e. T<800 K), at higher temperatures in 

combustion conditions, they account for more than 50%.  Acetic acid can form CH4 

and CO2 through R13 and also CH2CO through the dehydration reaction R14. An 

activation energy of 74. kcal/mol was estimated by Duan and Page [9] for acetic 

acid decarboxylation through a four-center transition state leading to methane and 

carbon dioxide. Always according to Duan and Page, the two step dehydration, 

leading to ketene and water, has an overall activation energy of 73.1 kcal/mol, 

while the activation energy of the one step dehydration is 76.4 kcal/mol. 
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Figure 1. Major reaction paths of CH2CO, CH3COOH, and CH3CHO. 

 

Ketene 

The high temperature (1100-1921 K) pyrolysis of ketene was studied by Hidaka et 

al. [10] behind reflected shock waves. Reaction times was about 0.002 s and total 

pressures between 1.2 and 2.7 atm. Figure 2 shows a very satisfactory comparison 

between model predictions and experimental data of several intermediate and final 

products. Ketene conversion mostly moves through the H-abstraction reactions. H 

radical is the prevailing abstracting radical only at the highest temperature, while at 

intermediate temperatures, CH2 and CH3 radicals are more active. Together with 

CO, C2 species and methane account for more than 95% of the carbon balance. 

Self-recombination reaction of HCCO is an important source of acetylene, while 

other recombination reactions of HCCO radical contribute to explain the minor 

formation of C3 and C4 intermediates. H, CH2 and CH3 radical addition reactions 

on ketene complete the main ketene reactions in Table 1.   A similar agreement is 

also obtained comparing the model with experimental data of ketene oxidation 

behind reflected shock waves in the temperature range 1050-2050 K at pressures 

between 1.1 and 3.0 atm [11]. 

 

Acetic Acid 

The products of acetic acid pyrolysis where analyzed in the paper of Mackie and 

Doolan [12], with the aim of producing a decomposition kinetic scheme based of 

experimental results. Experiments where performed in a ideally isothermal shock 

tube. The results enlight two main competing decomposition mechanisms forming 

respectively CO2 and CH4 and CH2CO  and H2O. The analyzed temperature range 

was 1300-1950 K. At these high temperatures, molecular reactions account for 

more than 50% of the decomposition, and the CO2 formation is more important 

than the ketene formation. Chain initiation and H abstraction reactions explain the 

remaining conversion.  The comparison with experimental data [12] are shown in 

figure 3. 
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Figure 2. Ketene pyrolysis. Comparison between experimental data  [11] 

(symbols) and model predictions (lines with small symbols).  

 

 
Figure 3. Acetic acid pyrolysis. Comparison between experimental data [12] 

(symbols) and model predictions (lines with small symbols).   
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Acetaldehyde  

Colket et al. [13] studied the high temperature acetaldehyde pyrolysis in a flow 

reactor and found the following rate parameters of the chain radical initiation 

reaction R17: k = 10
15.85±0.21 

exp [(-81775±1000)/RT]  [s
-1

]. These kinetic 

parameters are well consistent with successive studies and the kinetic parameters 

reported in Table 1. Further experimental measurements of the high temperature 

pyrolysis of acetaldehyde behind reflected shock waves with reaction times 

between 1.5 and 2.9 ms were reported  by Hidaka et al. [14]. Figure 4 shows a 

comparison between experimental data and model predictions. These data refer to a 

mixture 2.0% CH3CHO, in the temperature range 1000 - 1700 K at total pressures 

between 1.2 and 3.0 atm. H-abstraction reactions dominates at temperatures lower 

than 1300 K, while the molecular path to form CH4 accounts for about 5% of 

acetaldehyde decomposition only at the highest temperatures. Acetaldehyde 

pyrolysis is only partially affected by the molecular reaction to form methane and 

CO. The abstraction of the weak acylic bond of H atom is the prevailing 

decomposition path with the formation of CH3CO radical, responsible of the low 

temperature oxidation mechanism [15]. The H abstraction on the methyl group is 

less important and forms the resonantly stabilized CH2CHO radical. Successive 

reactions of these species have been already analysed in previous papers.   

 
Figure 4. Acetaldehyde pyrolysis. Comparison between experimental data [14] 

(symbols) and model predictions (lines with small symbols).  

 

Conclusions 

This kinetic work evidences the most important decomposition reactions for 

Ketene, Acetic Acid and Acetaldehyde which are important primary products of 

biomass pyrolysis. The importance of concerted reaction paths is also highlighted.  
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