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Abstract 
In this study the thermal oxidative stability of a kerosene-type Jet A-1 commercial 
aviation fuel has been investigated by using a three-dimensional (3-D) excitation-
emission matrix fluorescence (EEMF) method. The fuel was thermally stressed in 
flow test conditions over a range of temperatures in the autoxidative regime. To 
determine the effect of dissolved oxygen on aviation fuel thermal stability, the 
measurements were conducted for both air-saturated and fully deoxygenated fuel 
samples. The increase in fuel temperature results in a large red-shift of the 
fluorescence signals for the air-saturated fuel; however, fully deoxygenated fuel 
showed no difference in the fluorescence spectra with respect to neat fuel. The 
observed increase in the emission wavelengths of the collected spectra may be 
attributed to the formation of high-molecular mass compounds within the liquid 
fuel. These species are formed as a consequence of the chemical reactions activated 
during the thermal stress. The use of 3-D fluorescence spectra for aviation fuel 
analysis is shown to be a fast, suitable and easily implementing tool to establish a 
fuel quality verification procedure. Also, the level of fuel thermal degradation may 
be ascertained using this method and may be of great interest in the aim of better 
thermal managing control of turbine engines. 
 
1. Introduction 
The use aviation fuel as coolant to remove waste heat loads produced by the 
turbine engines, is a technological goal of great interest for the aircraft industry. 
However, kerosene-type aviation fuels, have the tendency to degrade at high 
temperatures and form solid deposits. Such phenomena is generally referred to as 
thermal stability of the fuel and is one of the specification required for commercial 
aviation fuel and one of the most critical fuel properties. The main problem 
concerning the fuel instability at elevated temperatures is the formation of solid 
deposits and gums within the fuel lines; thus constricting the fuel flow and 
increasing pressure drops [1]. Depending on the temperature experienced by the 
liquid fuel during the heat transfer, two different mechanisms were shown to be 
responsible for the fuel thermal degradation process and the formation of deposits.  
At high fuel temperatures, generally above 400 °C, the fuel instability mechanism 
is characterized by the breakdown of the hydrocarbon chemical bonds by pyrolytic 
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thermal cracking reactions. This condition is usually referred to as pyrolytic regime 
or simply aviation fuel thermal instability [2]. At lower temperatures, typically 
between 150 °C to 350 °C, hydrocarbon fuels react with dissolved oxygen to form 
free-radical species. These free-radical species, formed as results of the fuel 
oxidation reactions, then may react with naturally occurring heteroatomic 
molecules (nitrogen–, sulphur–, and oxygen–containing compounds), to form 
species that are precursors for the formation of gums and oxidative deposits. This 
mechanism is usually referred to as autoxidation regime or aviation fuel thermal 
oxidative instability [1-5]. 
In the present study, a commercial Jet A-1 aviation fuel was thermally stressed 
within the autoxidation regime in flow test conditions in a range of temperature 
from 120 °C to 200 °C. Furthermore, in order to address dissolved oxygen 
dependence on fuel thermal oxidative stability, Jet A-1 was stressed in both air 
saturated and fully deoxygenate conditions, namely 100% O2 and 0% O2 
respectively. Thermally stressed aviation fuel was then investigated by UV-visible 
fluorescence measurements. In particular, three-dimensional fluorescence plots of 
the Jet A-1 fuel samples, obtained by scanning the excitation wavelength and 
keeping constant the spectral range of emission wavelengths, were used as 
experimental method to investigate the level of fuel degradation under the different 
stressing conditions. The implementation of this method is aimed to better 
understand the fluorescence characteristic of a commercial jet fuel as function of 
stressing temperature and dissolved oxygen content. The 3D EEMF approach, in 
fact, ensure that every possible excitation/emission combination will be analyzed 
by the spectrophotometer. Furthermore, this methodology may have the potential to 
lead to the development of fluorescence-based tester for aviation fuel thermal 
stability verification. 
 
2. Experimental 
 
2.1 Jet A-1 sample preparation 
The aviation fuel used in the present study was a commercial Jet A-1, provided and 
certified from Shell Canada. The Jet A-1 was thermally stressed in flow conditions, 
from 120 to 200 °C, within a horizontal, Thermcraft tube furnace with a heated 
length of 91 cm. Temperature refers to the fuel temperature as measured right after 
the furnace exit. Details of the fuel thermal tester have been previously reported in 
the literature [4]. After heating in the tube furnace, the fuel was immediately 
cooled to quench the chemical reactions, to prevent damage to the valves and the 
analytical equipment, and to allow the fuel to be sampled. The flow rate was fixed 
for all the experiments at 1 mL/min corresponding to a thermally stressing resident 
time of 132 s. The aviation fuel was thermally stressed at air-saturated dissolved 
oxygen (100% O2, corresponding to about 70 ppmv of O2 dissolved) and fully 
deoxygenated (0% O2) conditions, achieved by nitrogen sparging procedure. [4,5] 
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2.2 Fluorescence measurements 
Three-dimensional excitation/emission fluorescence spectra were obtained on a 
Perkin-Elmer Model LS-50B luminescence spectrophotometer. The emission 
spectra were collected in the range of 300 – 600 nm, with a resolution of 0.5 nm 
(∆λem=0.5 nm). Excitation was increased from 330 nm to 520 nm by intervals of 
10 nm (∆λex=10 nm). Thus, a maximum of twenty independent spectra were 
collected for each sample of fuel. All the fluorescence spectra were corrected for 
self-absorption. Furthermore, the light scattering signals relative to each of the 
detected spectrum was subtracted in order to have a clear representations of the 
fluorescence regions in the 3-D plots.  
 
3. Results and discussion 
The formation of gums and solid deposits within the fuel is a very complex process 
which includes: liquid-phase chemical kinetics, polymerization and/or clustering 
reactions to form high-molecular mass compounds, solubility, and mass transfer 
phenomena [1-5]. Many years of research in this field have lead to the conclusion 
that fuel oxidation is the result of a free-radical mechanism, which involves: fuel 
hydrocarbon molecules, dissolved molecular oxygen, and heteroatomic species 
containing oxygen, nitrogen, and sulfur in aromatic functional groups. These 
heteroatomic molecules, also known as antioxidants, can easily lose a hydrogen 
atom because of their weak O-H, N-H, and S-H bonds. As a result, antioxidants can 
interfere with the free-radical oxidative mechanism, resulting in a slower oxidation 
rate and, if present at high concentrations, promote and increase the amount of 
gums and solid deposits [2,3]. Also, it is well known that reducing the dissolved 
oxygen content in the fuel results in a general improvement of the fuel thermal 
stability (i.e., less gums and solid deposits) [2-5]. 
Typical fluorescence spectra of a thermally stressed fuel sample at 140 °C with 
100% dissolved oxygen are shown in Figure 1a, while a cross-section of the 
relative contour plot is shown in Figure 1b.  
 

(a) (b)(a) (b)

 
Figure 1. Three-dimensional fluorescence plot of a thermally stressed Jet A-1 fuel 
sample @ 140°C in air-saturated condition (a). The relative counter plot diagram 

(b). 
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The emission fluorescence spectra were collected starting at the excitation 
wavelength of 330 nm because of the light absorption properties of the Jet A-1 fuel 
used. The 330 nm wavelength, correspond to the optical absorption edge of the 
commercial Jet A-1 used in the present work. This optical property is related to the 
concentration and chemical identity of the constituent aromatic hydrocarbons in the 
fuel [6].  
The effect of increasing fuel temperature on the fuel’s fluorescence properties is 
reported in Figure 2. A large red-shift of the fluorescence spectra for the thermally 
stressed fuel sample is observable when compared to the spectra of neat unstressed 
fuel.  

Unstressed Jet A-1 Jet A-1 @ 120 °C

Jet A-1 @ 160 °C Jet A-1 @ 200 °C

Unstressed Jet A-1 Jet A-1 @ 120 °C

Jet A-1 @ 160 °C Jet A-1 @ 200 °C

 
Figure 2. Three-dimensional fluorescence plots of stressed Jet A-1 at different 

temperature, in air-saturated condition. 
 
In a contour plot of a 3D fluorescence spectra, smaller aromatics compounds with 
fewer conjugated rings are located in the lower-left area of the diagram while the 
higher-molecular mass aromatics are located in the upper-right area of the 
diagram.22-23 As shown in Fig. 4, the aviation fuel used in the present study has a 
maximum fluorescence excitation (λex) and emission (λem) at wavelengths of 330 
nm (limited by the light absorption properties of the Jet A-1) and 350 nm 
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respectively, which may corresponds to an aromatics mixture containing mainly 
one or two condensed aromatics rings [7]. Over the range of stressed fuel 
temperatures from 120 to 200 °C investigated in this study, it is reasonable to 
consider that the rate of pyrolytic reactions for the hydrocarbon fuel molecules are 
negligible, and therefore, larger condensed aromatics cannot be formed within the 
fuel [1]. This is further confirmed by our fluorescence measurements performed in 
absence of dissolved oxygen in the fuel samples, see Fig. 3.  

Unstressed Jet A-1 Jet A-1 @ 200°C (0 % O2)Unstressed Jet A-1 Jet A-1 @ 200°C (0 % O2)

 
Figure 3. Counter plots of both unstressed Jet A-1 and deoxygenated Jet A-1 at 

200°C. 
 
Even at temperatures as high as 200 °C the resulting 3D fluorescence counter plot 
shows nearly no difference as compared to the unstressed aviation fuel. It is worth 
noting that at the same temperature, 200 °C, the air-saturated fuel sample, see Fig. 
2, showed a very large red-shift as compared to the neat Jet A-1 sample.  
The very large red-shift in the fluorescence emission observed in the Figure 3, may 
only be attributed to the formation within the thermally stressed fuel samples of 
high-molecular mass compounds with increasing conjugation resulting from the 
autoxidation mechanism. This compound are likely to be related to the autoxidation 
instability phenomenon responsible for gums and solid deposit formation in the 
low temperature regime, i.e. no hydrocarbon pyrolysis reactions.  
 
4. Conclusion 
In this study, Jet A-1 aviation fuel, was thermally stressed over a range of 
temperature to cover the entire autoxidative regime. Moreover, the jet fuel was 
stressed in both air-saturated and fully deoxygenated conditions in order to 
evaluate dissolved oxygen dependence on the aviation fuel instability. The 
unstressed and thermally stressed fuel samples were then characterized by 3D 
fluorescence analysis. The increase in fuel temperature results in a large red-shift 
of the fluorescence spectra which increases by increasing the fuel temperature. 
Such red-shift in the emission spectra was not observable if the oxygen was 
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removed by fuel. As a result, the autoxidation products, possible precursors of the 
oxidative deposits, are most likely large polymer or cluster of heteroatom aromatic 
compounds. These compounds, as compared to the naturally-occurred aromatic 
heteroatom species, have higher-molecular mass, higher polarity, lower solubility 
in the fuel, as well as a higher conjugation level and most likely higher structural 
rigidity. Finally, from a technological point of view, the 3D fluorescence analysis 
seems promise to be a powerful methods to evaluate the level of fuel thermal 
degradation (thermal stability) and eventually the level of fuel aging (storage 
stability). 
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