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During its course in the fuel system, the fuel is subjected to thermal stress, leading to the 

formation of solid deposits in the fuel system and injectors, and thus causing clogging 

phenomena and a malfunction of these devices.  

The notion of thermal stability, which in some cases is illustrated by the formation of solid 

deposits in jet fuel, is related to the chemical composition and the presence of oxygen 

naturally dissolved in fuel. However, the understanding of oxidative fuel degradation is based 

on little known autoxidation mechanisms. 

Experimentally, the investigation of the oxidation sensitivity of jet fuel is carried out using 

the PetroOXY device, thanks to model molecules of linear alkane and monoaromatic type, n-

dodecane (n-C12) and 1,2,4-Trimethylbenzene (1,2,4-TMB), respectively. First, the model 

molecules are studied pure in order to highlight their behavior under thermo-oxidative 

stresses. Secondly, these molecules were mixed in proportion 80 % n-dodecane /20 % 1,2,4-

TMB, in order to model a fuel surrogate.  

Beyond a color change (colorless to yellow), the results revealed that the induction period is 

significantly lower for the pure molecules whereas for the mixture, the induction time is 

doubled. Moreover, the appearance of a gel, probably a precursor of solid deposits is 

observed, showing clearly the interactions between the molecules.  

The mechanisms involved during this process were determined using several analytical 

characterization techniques (GC, GC/MS) allowing us to identify the products of oxidation 

formed but also the quantification of them using chemical techniques (Peroxide Value, Total 

Acid Number, water content). 
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INTRODUCTION 

 

Jet fuel, although used primarily to give energy to the aircraft engine, can also serve as a 

coolant. As a result, it can reach temperatures above 200 °C. This thermal stress leads to the 

degradation of the fuel, producing in some case the formation of deposits in fuel systems and 

injectors. The formation of such deposits results in a loss of thermal transfer efficiency and 

can lead to malfunction of the injectors, whose mission is to reduce NOx and CO2 emissions. 

This implies regular cleanings and would thus be at the origin of immobilization of 

commercial aircrafts. The thermal stability of jet fuel is thus the linked to economic and 

environmental criteria. Thermal stability refers to the tendency of a fuel to degrade and form 

deposits according to the temperature range to which it is subjected.
1, 2 

Thus, under the effect 

of temperature, this term includes two phenomena: autoxidation and thermal cracking. 

Autoxidation occurs at moderate temperatures between 140 and 250 ° C, and results from the 

complex interaction between dissolved oxygen and hydrocarbon molecules. Indeed, when the 

fuel is in contact with the air, the oxygen present in the atmosphere dissolves naturally in the 

fuel and reacts to form free radicals, which initiate and propagate autoxidation reactions.
3-8

  

Thus, the formation of solid deposits in fuels results initially from autoxidation reactions, 

which act as radical precursors and in a second phase reactions of thermal decomposition of 

fuels.
9
 In our study, we focus exclusively on autoxidation reactions. 

 

BACKGROUND 

 

It is generally accepted that the autoxidation process proceeds through a radical-type 

mechanism involving dissolved oxygen. Zabarnick (1993)
10

 proposed a mechanism to 

describe the oxidation of fuels which was inspired by the oxidation mechanism at low-

temperature. Heneghan (1994)
11

 then proposed that the autoxidation mechanism can be 

detailed as follows: 

 

Initiation step:   Radical formation R
•
 

Propagation step:   R
•
 + O2         RO2

•
 

     RO2
• 
+ RH          RO2H + R

•
 

Termination step:   RO2
•
 + RO2

• 
       termination products  

where RH is a hydrocarbon representing an aliphatic chain of alkane type, R• is the 

hydrocarbon alkyl radical, RO2• is the peroxide radical, RO2H is a hydroperoxide.  

A pseudo-detailed mechanism, given in Figure 1, was recently reported by Kuprowicz and 

al.
12

 and West 13.  



3 

 

 

Figure 1 - Pseudo-detailed mechanism of fuel autoxidation  

 

In this cyclic mechanism, a first initiation reaction consists in the hydrogen atom abstraction 

from a carbon atom to form an alkyl radical R•. The alkyl radical reacts rapidly with 

dissolved diatomic oxygen, to very quickly form an alkyl peroxide radical RO2
•
. The latter is 

not as reactive as the carbon free radical, but is sufficiently reactive to remove another 

hydrogen from a carbon to form a hydroperoxide RO2H and regenerate another alkyl radical 

R•, thus propagating the cycle of the chain. The new carbon free radical formed can then 

again react with the oxygen to continue the propagation cycle. This chain reaction ends when 

two free radicals react with each other, this constitutes the termination step. Antioxidants 

(AH) and SH reactive sulfur species can also interfere in the process.
 8, 14

 

 

Various studies have highlighted the oxidation products resulting from autoxidation reactions 

of alkanes. 
2, 15, 16, 17-20, 21, 22-30 

Indeed, the hydroperoxides, the primary oxidation products, degrade to form secondary 

oxidation products, displaying shorter chains. The main reaction products include the 

following species: ketones, acids, aldehydes and alcohols.
22-25, 27, 31 

 

 

The objective of this study is to deepen the knowledge of the thermo-oxidative mechanisms 

of liquid fuels. The complexity of the phenomena and their interactions require simplifying 

the approach and working on model molecules. The behavior of the constitutive molecules of 

Jet A-1 kerosene like linear alkane and monoaromatic will be evaluated. As Jet A-1 is a blend 

containing 40% of linear alkanes and 25% of 1, 2, 4-TriMethylBenzene (1,2,4-TMB), the 

behavior of pure n-dodecane and of 1,2,4-TMB subjected to autoxidative conditions will be 

first studied. In a second step, once the degradation mechanisms of these model molecules 

will be understood, it will be possible to blend them in proportions close to that of the Jet A-1 

(80 % n-dodecane/20 % 1,2,4-TMB) to model a fuel surrogate.  
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EXPERIMENTAL SECTION 

 

PetroOXY device 

 

The PetroOXY device (Anton Paar) was used to carry out the oxidation stability studies 

(Figure 2). 5 mL of fuel are introduced into a glass crucible which is inserted into the 

hermetic chamber of the apparatus and subjected to a static pressure of pure oxygen of 700 

kPa and heated up to 160 ° C. The pressure and the temperature are measured continuously in 

the test cell. In this way, it is possible to follow the pressure decrease that reflects the oxygen 

consumption during the oxidation process, and thus the progress of the oxidation reaction. 

The ROOT method establishes the induction period (IP) defined as the time required to 

observe a pressure drop of 10 % compared to the maximum pressure observed, and therefore 

determine the overall kinetics of fuel oxidation. (Figure 3) 

 

 

 
Figure 2- PetroOXY Device Figure 3 - Definition of the induction period 

 

In order to emancipate from naturally dissolved oxygen molecules in the fuels and possible 

diffusion phenomena, the fuel is degassed in an ultrasonic bath for 2 minutes, in order to take 

into consideration only the pure oxygen introduced by the PetrOXY device.  

In this study, the tests are performed for a fixed IP value for a pressure drop of 10 % in order 

to compare the stability to oxidation with a fixed initial pressure in pure oxygen of 700 kPa 

and at different temperatures: 140, 150 and 160 °C.  All the oxidized samples were tested 

four times with this device to validate the repeatability of the tests. 

At the end of a test and after cooling the device, the gaseous and liquid phases are recovered 

and analyzed. 

 

Characterization techniques 

 

Analytical characterization 
 

Gas phase analysis is performed using a Varian 4900 micro-GC. This equipment contains 

four analytical columns equipped with a Thermal Conductivity Detector (TCD). Each column 

is specific and permits to identify and quantify the gaseous products formed. It allows 

identifying gas products such as oxidized molecules (alcohols, aldehydes, ketones ...), shorts 
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alkanes (C2 to C5), O2, H2, CO, CO2 and CH4 (carrier gas: He or Ar). Calibration is performed 

before each test. The dioxygen content is deduced from the volume of dioxygen initially 

introduced and the remaining content is detected in the gas phase. 

 

Liquid phase oxidation products are analyzed by gas chromatography (GC) using a Varian 

3900 chromatograph. This apparatus consists of an automatic sampler 8410, a fused silica 

capillary column (phase type: VF-5 ms), a FID detector, and the carrier gas is He. A 

temperature program has been optimized for the analysis of liquid products obtained for the 

model molecules. The consumption of hydrocarbon model molecules is followed by GC. 

Standard solutions are prepared by mixing different volumes of model fuel and a solvent to 

establish a calibration curve. Standard solutions and oxidized samples are injected at least 

three times and the chromatographic peak area differences must be less than 1% to validate 

the analysis. The identification of the species present in the liquid phase was carried out by 

analyses of gas chromatography coupled with mass spectroscopy (GC/MS) using a Varian 

450 GC/320 MS chromatograph and with the same columns and temperature programs that 

were previously used on the Varian 3900. The MS fragmentation is performed by electronic 

impact of 70 eV.  

 

At the end of a test, the liquid phase is collected and weighed. By this way, the quantification 

of the gas phase is carried out by determining the rates of gasification and dioxygen 

conversion.  

The gasification rate of was calculated according to the formula: 

 

Gasification rate (%) = (mi - mf - ms / mi) x 100 

With:  

mi : initial mass of model molecule introduced (g) 

mf : final mass of the oxidized liquid phase recovered (g) 

ms : mass of solid formed (g) 

 

The dioxygen conversion rate was calculated using the following formula: 

 

Conversion rate of O2 (%) = (ni, O2 – nf, O2 / ni, O2) x 100 

With:  

ni, O2: initial quantity of dioxygen introduced into the PetroOXY chamber (mol) 

nf, O2: final quantity of dioxygen remaining in the gas phase (mol), which is found following 

the relation:  

nf, O2 (mol) = n Total gases - n oxidized gases formed 

 

The quantification of the liquid phase was carried out by determining the conversion rate of 

the pure molecules and calculated following the formula: 

 

Conversion rate of pure molecule (%) = (ni, - nf, /ni,) x 100 

 

 



6 

 

Chemical characterization 

 

Determination of the Peroxide Value (PV) 

 

The quantification of the peroxide species formed in the liquid phase was carried out by the 

standardized method NF T 60-220 
32 

to obtain the peroxide value (PV). It is the number of 

milliequivalents of active oxygen present in peroxidic form, in a dm
3
 of fuel. This method is 

based on titration by sodium thiosulphate solution of iodine molecules released by iodide 

oxidation by hydroperoxides samples.
33

 

Determination of Total Acid Number (TAN) 

 

The total acid number (TAN) indicates the quantity of acid species present in sample 
2, 34

 and 

more exactly the mass of potassium hydroxide required to neutralize the free acid present in 1 

g of fuel sample.
 
The method used to determine the TAN is based on ASTM D3242.

35
 The 

maximum allowable acidity for Jet A-1 kerosene is 0.10 mg KOH / g in ASTM D1655.
36

 

 

Measurement of water content 

 

The water content was measured using a Karl-Fisher coulometer (Metller Toledo C30). The 

principle of this device is based on coulometric titration. It allows the determination of small 

amounts of water in a sample by means of a current measurement during a quantitative 

reaction between water and iodine. 

 

Model molecules 

 

N-Dodecane (+> 99%) and 1, 2, 4-Trimethylbenzene (+> 99%) were purchased from Alfa 

Aesar.  The boiling point of these two molecules is 216.3 °C for n-dodecane and 169.0 °C for 

1, 2, 4-TMB, which allows us to reach the high temperatures imposed by the PetroOXY 

device.  

 

RESULT AND DISCUSSION 

 

Evolution of the tests duration 

 

The oxidation studies has been carried out using the PetroOXY device frequently used for 

oxidation stability studies of fuels and oils, in particular for small-scale rapid oxidation tests 

(ROOT) of fuels. This device has many advantages, such as working with a small sample 

volume while having good repeatability according to ASTM D7545 
37

 to study the oxidation 

stability of fuels. 
38-42

 

 

During a test, the evolution of the pressure over time is followed. It mainly corresponds to 

dioxygen consumption, related to the progress of the oxidation of the molecules but also to 

the formation of gaseous products. Figure 4 presents the evolution curves of the pressure as a 
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function of time for the 2 model molecules and the blend. It shows that for a fixed 

temperature and initial pressure, the induction time is different and depending on the nature 

of the molecule. 

 

 
Figure 4 - Evolution of the dioxygen pressure as a function of time 

(Ti = 160 °C, PO2 = 700 kPa) 

 

The results summarizing the induction time are grouped together on Table 1. These results 

show that the induction time decreases with increasing temperature. This is consistent 

because temperature is a kinetic factor. 

 

Table 1– Induction times for the two model molecules and the blend 

 n-C12 1, 2, 4 - TMB Mixture 

n-C12 : 1, 2, 4-

TMB 

Temperature 

(°C) 

Induction time 

(min) 

Induction time 

(min) 

Induction time 

(min) 

140 159,88 147,88 281,90 

150 67,63 71,38 114,75 

160 32,72 36,08 54,44 
 

 

In addition, in the Figure 5, the separately oxidized model molecules have relatively close 

induction times. However, when these two molecules are mixed, the induction time is longer. 

The fact that the behavior of the model molecules and that of the mixture is different 

highlights a possible interaction between the two model molecules. 
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Figure 5 – Evolution of the induction times of the oxidation tests as a function of temperature 

 

Based on the values presented on Table 1 and the results presented in Figure 5, it appears 

that the induction time decrease the same way with the temperature for the two model 

molecules but faster for the blend.  

 

Gasification rate 

 

Quantification of the gas phase formed is carried out by determining the rate of gasification. 

The results are grouped in Table 2. They show that the gasification rate seems to decrease 

with the temperature.  

In addition, Table 2 shows that oxidized n-dodecane has a 1% higher gasification rate than 

oxidized 1, 2, 4-TMB. This implies that a linear alkane molecule will produce more gaseous 

products than a monoaromatic molecule. 

In the case of the mixture, it is interesting to note that the blend produces more gaseous 

products at low temperature than the two model molecules but less at high temperature. 

 

Table 2- Gasification rate 

 

 n-C12 1, 2, 4 - TMB Mixture 

n-C12 : 1, 2, 4-TMB 

Temperature  

(°C) 

Gasification rate 

(%) 

Gasification rate 

(%) 

Gasification rate       

(%) 

140 3,83 2,93 4,88 

150 3,41 2,85 3,49 

160 3,08 2,79 2,39 
 

 

Conversion rate of dioxygen 

 

Quantification of the gas phase is completed by determining the conversion rate of dioxygen. 

The results are presented on Figure 6 and show that the conversion rate increases with 

temperature.  
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In the case of model molecules, it has been observed that although the induction time is 

relatively close (Table 1), the conversion rates are different. This implies that for a given 

temperature, the conversion rate of the dioxygen depend on the nature of the molecule. 

Indeed, in the case of n-dodecane the conversion rate of dioxygen is 4 % higher than that of 

1, 2, 4-TMB. This implies that the dioxygen consumption is higher for a linear alkane 

molecule than that for a monoaromatic molecule. 

In the case of the mixture, an intermediate result is obtained, resulting from the proportion of 

the nature of the constituent molecules of the mixture. 

 

 

Conversion rate of model molecules  

 

The quantification of the liquid phase is carried out by evaluating the conversion rate of the 

model molecules. The results are presented in Figure 7  which represents the conversion rate 

of model molecules according to the temperature.  

In the case of the model molecules, it shows that their conversion rates increase with the 

temperature and that the conversion rate of 1, 2, 4-TMB is higher than that of the n-dodecane. 

According to the Table 1, the induction time of 1, 2, 4-TMB and n-dodecane are relatively 

close regardless of the temperature. This implies that for the same induction time, 1, 2, 4- 

TMB is more consumed than n-dodecane. Thus mono-aromatic molecules are more sensitive 

to oxidation than linear alkane molecules.  

In the case of the blend, the inverse trend is observed. The conversion rate of the two reagents 

decreases, surprisingly with the temperature. The conversion rate of 1, 2, 4-TMB remains 

always higher than that of the n-dodecane. 

 

 
Figure 6 – Conversion rate of dioxygen 
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Figure 7- Conversion rate of model molecules (%) 

 

The high consumption of dioxygen but the low conversion of pure n-dodecane would be 

explained by a highest reactivity of the secondary products than that the parent molecule. The 

dioxygen is more consumed during the formation of the secondary products as products 

carboxylic acids are formed. An opposite trend could be observed with the 1, 2, 4-TMB.  

In the case of the blend, the conversion rate of the parent molecule seems to be exacerbated 

without important modification of the dioxygen consumption. Thus, the quantity of 

secondary products should be reduced and the induction time would increase as the first step 

of oxidation of the parent molecule is the slowest. With the increase of the temperature, the 

kinetics of the reactions are accelerated, the induction times are very close. 

 

Kinetics of dioxygen consumption and model molecules 

 

Kinetics of dioxygen consumption 

 

Progress parameters studied previously made possible to highlight the kinetics of 

consumption of dioxygen, shown in Figure 8. This figure shows that the speed of 

consumption of dioxygen decreases with decreasing with temperature regardless of the model 

molecule studied.  
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Figure 8 – Kinetic of dioxygen consumption 

 

In the case of n-dodecane, the dioxygen is consumed more quickly than in the case of 1, 2, 4-

TMB.  This result is consistent with the result obtained on Figure 6 . In addition, this figure 

highlights the fact that dioxygen is consumed less rapidly in the case of the mixture.  

 

Kinetics of consumption of model molecules 

 

The kinetics of consumption of the model molecules has also been determined and is 

presented in Figure 9. The results show that the speed of consumption of the model 

molecules decreases with decreasing temperature. In addition, the kinetic consumption of the  

1, 2, 4-TMB is higher than that of the n-dodecane. Thus the mono-aromatic are consumed 

much faster than the linear alkane. For the mixture the speed of consumption of the n-

dodecane is equivalent to that of the 1, 2, 4-TMB. Moreover, being present in lower 

proportion initially (at 20% while n-dodecane is present at 80%), this may also explain the 

fact that it is consumed more slowly. 

 

 
Figure 9 – Kinetics of consumption of oxidized model molecules 
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Analysis of gas phase products 

 

Gas phase analysis identified molecules such as H2, CO, CO2, short alkanes and alkenes from 

C2 to C5, as shown in the chromatograms in Figure 10. The presence of CO2 as well as short 

alkanes and alkenes induces the presence of a potential decarboxylation mechanism. 

 

  
Figure 10 – Chromatograms of the gaseous phase( Ti = 160 °C, PO2 = 700 kPa) 

 
Quantification was carried out and is presented in Figure 11. This figure shows that the 

amount of gas decreases with increasing of the temperature. These results are in agreement 

with the gasification rates obtained and presented on Table 2.  

It is noted that the amount of gas formed is greater in the case of 1, 2, 4-TMB.  

 

  

 

 
Figure 11 – Evolution of mole number of gaseous products as a function of temperature 
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Analysis of liquid phase products 

 

The GC analysis allowed to showing the pure reagent on the liquid phase before and after 

their oxidation. Before the oxidation, each molecule presents one characteristic peak. For the 

model molecules, the n-dodecane and the 1, 2, 4-TMB indicates one peak at 34 min and 27 

min, respectively. For the blend, two peaks are presented characterizing the n-dodecane and 

the 1, 2, 4-TMB.  

Figure 12 shows the products formed after oxidation. In comparison with the pure reagents 

chromatogram result, some additional peaks are observed. These are oxidation products.  

 

 
Figure 12 -  GC chromatogram of the liquid phase products oxidized  at 160 °C 

 

For the blend, it is possible to note the presence of peaks, at the same retention times, as those 

present on the chromatogram of the model molecules. This indicates that the oxidation 

products formed in the case of the mixture are roughly the same as the molecules formed in 

the case of the oxidation of pure n-dodecane and 1,2,4-TMB.  

The identification of these products has been done by GC/MS and shown that the products 

obtained in the liquid phase resulting from the oxidation of the two model molecules and of 

the mixture are: alcohols, carboxylic acids, ketones, aldehydes, benzenes alcohol, benzenes 

aldehyde, alkanes and aromatics hydrocarbon. 

According to the literature, in the context of alkane autoxidation reactions, the ketone species 

are formed by a reaction of dismutation and hydrogen transfer reaction. In addition the β-

scission reaction is dominant for alkoxy radicals. Therefore, the majority of alcoholic species 

are formed by dismutation reactions. It also helps to explain the low yield of alcohols 

compared to ketones and acids. Finally, the majority of organic acids are formed by the 

Baeyer-Villiger reaction pathways.
 25 

However, some differences persist between the two model molecules concerning oxidized 

products formed. Indeed, on the chromatogram of 1, 2, 4-TMB, it is noted the presence of 3 

peaks around 40 min. These peaks are absent in the mixture. GC/MS identification revealed 

that these were benzoic acid molecules as shown in Figure 13.  
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In addition, it is also interesting to note that the 1, 2, 4-TMB does not form ketones species, 

which induces that it promotes the oxidation of primary alcohols. 

 

 
Figure 13 -  Zoom of between 35 and 42 min of chromatogram of the oxidation of the liquid 

phase of the n-C12, 1, 2, 4 – TMB and the mixture n-C12/ 1,2, 4 –TMB (80:20) 

 

It is accepted that the peroxides species are the primary oxidation products. Thus they will be 

form and then will be decompose to interact and form the secondary oxidation products 

including the type species: ketones, acids and aldehydes. This is why it is interesting to also 

quantify the TAN number. The results are shown on the Figure 14 - and it is another way to 

highlight the presence of liquid oxidized products characteristic of hydrocarbon oxidation. 

This shows the evolution of each of these parameters as a function of the temperature and that 

the amount of liquid oxidation products increases with temperature. 

 

(a) 

 

(b) 
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(c)  

Figure 14 - Evolution of the parameters quantifying the formation of oxidation products as a 

function of temperature (a) the Peroxide Value,(b) the Total Acid Number and (c) the water 

content 

 

Figure 14 (a) shows the amount of PV formed during the oxidation reactions. It shows that 

the amount of PV formed by 1, 2, 4-TMB is higher than that of n-dodecane. Figure 14 (b) 

shows that TAN is higher in the case of n-dodecane oxidation than in the case of 1, 2, 4-

TMB. This indicates that more acids species are produced during the oxidation of alkanes 

than in the case of monoaromatic molecules. This is confirmed by the GC/MS analysis, 

which further identifies a higher quantity of acid species during the oxidation of n-dodecane, 

especially the ketones species, which are absent during the oxidation of the 1, 2, 4-TMB.  

Figure 14 (c) shows that the water content is higher in the case of the 1, 2, 4-TMB than that 

of the n-dodecane. This can be explained by the fact that during the oxidation reaction of a 

primary alcohol, before forming a carboxylic acid, the latter oxidizes forming an aldehyde 

molecules and a water molecule 
43

.According to Figure 13, the 1, 2, 4-TMB forms many 

benzene aldehyde species, and therefore, more generally, a higher amount of aldehyde, than 

the oxidized n-dodecane. This may explain the high water content observed in the case of 1, 

2, 4-TMB oxidation.   

 

Analysis of the solid phase 

 

At the end of a test, no solid phase was detected in the context of the oxidation of the model 

molecules. 

However, in the case of the blend, the formation of a viscous and transparent gel was detected 

on the surface of the crucible in the form of a thin film. Unfortunately, this deposit could not 

be analyzed to the extent because it is formed in very small quantities. 

 

CONCLUSIONS 
 

The aim of this study is the oxidation sensitivity of two model molecules: n-dodecane and 1, 

2, 4-TMB, and their mixture (80:20 ratio respectively) using the PetroOXY device to 

compare their behavior under thermo-oxidative stress. The studies were carried out under 

dioxygen pressure of 700 kPa, with ∆P of 10 % and at three different temperatures: 140, 150 

and 160 °C. The results showed that the behavior of the molecules depends on the nature of 

the hydrocarbon families studied. 
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The first observation is that the alkanes and mono aromatics molecules have relatively similar 

induction times, whereas the blend of these two compounds induces an induction time twice 

as long. This result is interesting in that it reveals the presence of an interaction between the 

two molecules. 

The second observation relates to the dioxygen conversion rates, which is higher in the case 

of n-dodecane. This is explained by the structure of the molecule. In fact, in the case of a 

linear alkane, the structure of the molecule has a long chain, so the dioxygen reacts more 

easily with the alkane, unlike the aromatic molecule where a steric gene is to be considered.  

The last observation concerns the conversion rate of the model molecules. The results showed 

their conversion rates increase with the temperature and the conversion rate of 1, 2, 4-TMB 

was higher than that of n-dodecane. However, in the case of the blend, the conversion rate 

decreases with temperature.  

The gas phase analyzes showed the formation of: H2, CO, short alkanes and alkenes from C2 

to C5 and of CO2, showing the presence of a potential decarboxylation mechanism. 

The liquid analysis highlights the formation of different species depending to the nature of 

the model molecule. In the case of n-dodecane: alcohols, aldehydes, carboxylic acids, 

ketones, and alkanes are formed. In the case of the 1, 2, 4-TMB the analysis revealed the 

presence of aromatic hydrocarbon and oxidized benzene like benzene alcohol, benzene 

aldehyde and benzoic acid. In the case of the blend, all the molecules formed in the case of 

the model molecules are present with the exception of benzoic acid only present in the case of 

the oxidation of 1,2,4-TMB. 

Finally, it has been observed the formation of a gel in the case of the mixture. This allows 

highlighting the interaction between linear alkanes and mono aromatic molecules. This 

phenomenon will be further characterized in future studies. 

Other molecules will be studied alone or blended in order to identify their interactions 

between each other. 
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