
Topic 7  
Peroxy radical chemistry and autoignition  



Low temperature combustion  

Å Combustion in the 500 ð 
1000 K range shows regions 
of slow reaction and regions 
of explosion or ignition.  

Å Cause of ôknockõ in gasoline 
engine and of the desired 
autoignition  in diesel 
engines 

Å There is a region of 
ònegative temperature 
coefficientó, where the 
reaction changes from 
branching to termination as 
T increases, in the 
boundary between low 
temperature and high 
temperature combustion  

Å Peroxy radical chemistry is 
central to combustion in 
the low temperature regime  
 



Autoignition  chemistry  
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Negative temperature coefficient  
Westbrook et al, Comb and Flame, 156(2009) 181  

 Computed ignition delay times 
for stoichiometric  n-alkanes in 
air at 13.5 bar.  

Å Shock tube ignition delay times for 
n-heptane and n-decane, all at 13.5 
bar pressure and stoichiometric  
fuel/air. Experiments are n -heptane 
(diamond) and n-decane (Triangle) n -
Heptane  (square) Computed results 
n-decane (circle)  



Static reactors: Early studies of alkane oxidation kinetics and 
mechanism by Baldwin, Walker and co -workers  

Å The techniques rely on end product analysis using gas 
chromatography. Three techniques were used:  

ïAddition of small amounts of alkane, RH, to a slowly reacting 
H2 + O2 mixture at ~ 750 K allowed measurements of, e.g. OH, 
H, HO 2 + RH. H2 + O2 provides a well -controlled environment 
containing the radicals. (JCS Faraday Trans 1., 1975, 71, 736)  

ïOxidation of aldehydes (550 ð 800 K). Aldehydes  act as a 
source of alkyl radicals, e.g. 2 -C3H7 from 2 -C3H7CHO (JCS 
Faraday Trans 2., 1987, 83, 1509)  

ïDecomposition of tetramethylbutane  (TMB) in the prsence of 
O2. System acts as a source of HO 2. (JCS Faraday Trans 1., 
1986, 82, 89)  

 



Whole system studies  
Provide targets for mechanism evaluation  



Flow reactor study of dimethyl  ether oxidation at low T  
 Fischer et al. Int  J Chem Kinet  (32, 741, 2000)  

 

Å 550ð850 K, 12ð18 atm, at equivalence ratios of 0.7  - 4.2 

Å FTIR, non -dispersive IR (NDIR) (for CO and CO 2), and electrochemical 
(for O 2) 



Mechanism 



Sensitivity 
analysis  

Å See also Fischer et al. Int  J Chem Kinet  (32, 713, 2000) for a study 
at higher T (2.5 atm, 1118 K) using the same technique 

Å Other methods used: Jet Stirred reactor (Proc Comb Inst, 1996, 
23, 627).  



Jet stirred reactor, coupled with synchrotron vacuum ultraviolet 
photoionization  molecular-beam mass spectrometry  

Battin -Leclerc  et al, Ang. Chemie (International edition), 49 (2010)3169  

Å Provided direct observation of speciated  hydroperoxides  for 
the first time  



Experimental and modelling observations, oxidation of n -butane 

Å Experiment: m/z 48 (green circles), 56 
(white squares, the signal is divided by 7.5), 
62 (purple circles), 72 (black squares), 90 
(blue circles, the signal is divided by 4) and 
104 (red circles)  

Å Calculated: (ppm) CH3OOH (48)  (green 
line,mole fraction divided by 5), C2H5OOH 
(62) ( purple line), C4H9OOH ( 90)  (blue 
line), the C4 ketohydroperoxides  (104) (red 
line), butenes (56)  (dash line, mole fraction 
divided by 5), and C4H8O products ( 72)  
(black line)  
 

Mass spectrum, 590 K, 

 photon energy 10.0 ev 

n-butane 



Evidence for a third O 2 addition in 2 -methylhexane combustion  
Wang et al, Proc  Combustion Inst 36 (2017) 373 ð382   

Keto-dihydroperoxide        Diketo -hydroperoxide  
 Dihydroperoxy  cyclic ether         Ketohydroperoxide  cycli  ether  



Mechanism extensions following obeservations  

Å Blue arrows show extensions to mechanism of Mohamed et al, J Phys Chem, 
120 (2010) 3169  


