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Abstract 
In testing oxidation catalysts to treat exhaust from low temperature combustion vehicle engines, it was 
found that the exhaust conditions were such that both homogeneous and heterogeneous oxidation of 
some hydrocarbons took place.  During homogeneous oxidation in the presence of NO, the NO was 
easily oxidized to NO2 and the larger hydrocarbon species were partially oxidized to aldehyde and 
alcohol intermediates.  This homogeneous oxidation has interesting implications for the catalytic 
oxidation of CO and hydrocarbons on the catalyst, as the NO2 and hydrocarbon intermediates can have a 
beneficial effect on catalyst performance.  In this study we evaluated the effects these homogeneous 
reaction products have on the catalyst performance, as well as different hydrocarbon types and their 
effects, in the hopes to exploit these reactions. 
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New low temperature combustion (LTC) engines 
have been developed with improved fuel efficiency, and 
result in a coincident decrease in NOX formation.  The 
tradeoff for these LTC engines is that while the NOX 
concentrations are substantially lower, there are higher 
emissions of carbon monoxide and hydrocarbons by nearly 
an order of magnitude at certain engine operating 
conditions.  

As a direct consequence of the low levels of NOX and 
higher hydrocarbon concentrations, different hydrocarbon 
oxidation chemistry may be observed.  In a hydrocarbon 
and NO oxidation study using plasma-enhanced catalysis, 
it was shown that the higher the HC to NO ratio, the less 
energy was required to oxidize the hydrocarbon, more NO 
oxidation took place when the hydrocarbon oxidized, and 
more oxygenated hydrocarbons, namely acetaldehyde, 
were formed (Tonkyn et al., 2003).  A similar trend was 

observed in this study, where the presence of small NO 
concentrations lowered the temperature for the onset of 
hydrocarbon oxidation. 

While NO appears to be a good oxidant for the 
hydrocarbons in the gas phase, NO2 is also known to be a 
good oxidant in CO and hydrocarbon oxidation over 
catalysts for automotive exhaust control (Oh et al., 2013).  
The acetaldehyde, or other aldehyde and oxygenated 
hydrocarbons produced through this gas phase reaction, 
can also help to promote either further hydrocarbon 
oxidation or NOX reduction on the catalyst.  Therefore, it is 
apparent that it is important to study the impacts when both 
gas-phase reactions and solid catalyzed reactions are 
occurring together, and then determine how to exploit the 
homogeneous gas phase chemistry that is occurring. 



  
 

Materials and Methods 
Catalysts were synthesized based on a 1 wt% 

Pt/Al2O3 catalyst loading at different Pt:Pd ratios, and were 
washcoated at a loading of 1.59 g/in3 on cordierite.  
Steady-state experiments were done with and without the 
catalyst in the quartz reactor tube in order to evaluate 
hydrocarbon oxidation with and without the catalyst.  LTC 
simulated exhaust gas mixtures of 5000 ppm CO, 75 ppm 
C2H4, 65 ppm C2H6, 55 ppm C6H14, 190 ppm C12H26, 10% 
O2, 5% H2O, and 5% CO2 were used.  NO, at 25 ppm, was 
added in some experiments in order to demonstrate the 
effect of NO on the homogeneous gas phase reactions. 

Results and Discussion 
 As an illustrative example shown in Figure 1, the 
addition of 25 ppm NO to a hydrocarbon mixture in a 
blank tube shifted the onset of dodecane oxidation 
temperature by as much as 55°C.  NO2 formation was 
observed when dodecane oxidation began, showing its 
relevance in the oxidation mechanism. 

 
Figure 1: Dodecane Homogeneous Oxidation  

The implications of homogeneous NO oxidation with 
simultaneous hydrocarbon oxidation is very interesting.  It 
can be supposed that once the NO oxidized to NO2, the 
NO2 can then react with CO and hydrocarbons.  The NO2 would reduce to NO or N2; if it reduced to N2 then the 
mitigation of further downstream catalysts to reduce NOX 
could be possible, and if it reduced back to NO it could 
then be re-oxidized by the homogeneous oxidation reaction 
and behave in a cyclic nature to improve catalyst 
performance.  To show the significance these 
homogeneous reactions have, the oxidation behavior of the 
hydrocarbon mixture over a 1:1 Pt:Pd/Al2O3 catalyst was 
tested, and the results are shown in Figure 2.  
Homogeneous dodecane oxidation, occurring with NO, 
contributed a slight boost in the apparent conversion over 

the catalyst.  Homogeneous dodecane oxidation and the 
newly formed NO2 led to improved oxidation performance 
of the other hydrocarbons.  This is due to freeing up 
catalyst surface sites that were used in heterogeneously 
oxidizing the dodecane as well as using the NO2 as an 
oxidant.  Homogeneous oxidation reactions with alkanes, 
alkenes, and oxygenated hydrocarbons were also studied. 

 
Figure 2: Dodecane Heterogeneous and 

Homogeneous Oxidation 

Conclusions 
 Improved hydrocarbon oxidation has been 

observed in the presence of NO, which was due to a 
coupled effect of the gas phase hydrocarbon oxidation by 
NO, as well as an improved catalytic hydrocarbon 
oxidation reaction by the reduction of NO2 produced by 
the homogeneous gas phase reactions.  Further 
investigation into this is of interest; to identify how to 
accelerate or maximize the homogeneous reaction as well 
as designing catalysts to exploit these reactions. 
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