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Introduction 

Diesel engines are known to generate a high amount of pollutants emissions such as 

particulate matter, which consists mostly of carbonaceous soot. Associated to soot, many 

compounds forming the exhaust gases from the combustion of diesel fuel may be present. 

Among these, polycyclic aromatic hydrocarbons (PAH) are important pollutants that can 

even be adsorbed on the soot. In order to reduce soot emissions, oxygenated additives with 

different functional groups, such as alcohols, esters and ethers, have been proposed to be 

used as additives and blended with the diesel fuel. Some of these compounds may be 

produced through biorefinery processes, having thus a renewable character [1,2]. 

 

PAH have increased their importance along the past recent years because of  their 

carcinogenic and mutagenic potential, and for this reason USA Environmental Protection 

Agency (EPA) defined 16 priority PAH, which are regulated by USA government policies 

[3]. Recently, the oxygenated derivatives of PAH (OPAH) have also considered to be 

taken into account since they have been found to be mutagenic in bacterial and human 

cells [4]. Some studies have measured PAH and OPAH in the airborne particles, in order 

to analyze the harmful potential of the outdoor in urban, industrial and traffic 

environments/areas [5].  

 

In this context, our group aims to evaluate both the formation of PAH and OPAH 

generated during combustion processes, addressing the impact of the presence of 

oxygenated hydrocarbons on their concentration. In particular, the present study aims to 

identify and quantify PAH and OPAH of samples obtained from the pyrolysis of different 

oxygenated additives that could be blended with diesel fuel to reduce pollutants. 

Methodology 

The experiments are carried out under well laboratory conditions in a quartz flow reactor 

setup, in the 973-1473 K temperature range, by using different oxygenated compound inlet 

concentrations (approximately 90000 ppmv in carbon) and at atmospheric pressure. 

 

A method by trapping the PAH and OPAH in two phases is considered: the first phase is 

found on the soot surface and stuck on the reactor walls, and the other, which corresponds 

to the gas phase, is retained by XAD-2 resin. The PAH and OPAH retained on the soot 

surface and the resin are subjected to Soxhlet extraction, using dichloromethane, and later 

concentrated by rotary evaporation. Finally, all the samples are analyzed by gas 

chromatography-mass spectrometry (GC/MS) with a selected ion monitoring mode (SIM), 

in order to increase the sensibility and the selectivity. The GC/MS procedure improves the 
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previous method developed in our research group [6], using an electron ionization, with an 

Agilent 7890A gas chromatograph coupled to a 5975C mass spectrometer [7].  

 

The PAH measured are: naphthalene, acenaphthylene, acenaphthene, fluorene, 

phenanthrene, anthracene, fluoranthene, pyrene, benzo (a) anthracene, chrysene, benzo (b) 

fluoranthene, benzo (k) fluoranthene, benzo (a) pyrene, dibenzo (a,h) anthracene, indeno 

(1,2,3-cd) pyrene and benzo (g,h,i) perylene. The OPAH measured are: 9-fluorenone, 

9,10-anthraquinone, benzofluorenone, benzanthrone, benzo (a) anthracene-7,12-dione, 

naphthacene-5,12-dione, benzo (cd) pyrenone. 

Results 

The method has shown to exhibit a good efficiency for the identification and 

quantification of all the 16 PAH that were mentioned previously. Additionally, the initial 

tests on the analysis of the OPAH obtained in the pyrolysis of oxygenates, show a good 

isolation and resolution of the compounds identified. Further tests are being made in order 

to enhance the performance of the analysis of identification and quantification of OPAH. 
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