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The need to replace diesel with an alternative fuel that has similar 
properties lead the automotive industry to use diesel/biodiesel 
blends. The main physicochemical properties of biodiesel are 
comparable to those of conventional middle distillate fuels, thus it 
can be used as an alternative solution for diesel [1]. However, it is 
susceptible to oxidation causing corrosion to metal and elastomer 
parts. Hence, to improve the oxidation stability of the fuel, 
antioxidants can be used [2].  

The purpose of this research was to study the oxidation stability of 
diesel/biodiesel blends with antioxidant additives using the method 
Rancimat (EN 15751) and the method PetroOXY (ASTM D7525-
prEN 16091) [3-4]. More specifically, the diesel fuels that were used 
were a desulfurized straight run (SR) sample and a hydro cracking 
(HC) sample, which were provided by Hellenic Petroleum S.A., 
whereas the biodiesel was provided by ELIN Biofuels S.A. The 
ratios chosen for the study were B7 and B10. According to 
European Standard EN 590, B7 is the current required biodiesel 
ratio for the blends, whereas B10 is considered the most likely 
future specification [5]. All three of the antioxidants were produced 
in the Laboratory of Fuel Technology and Lubricants of the National 
Technical University of Athens in Greece. Two of them were of 
phenolic type, whereas the other one was of aminic. For each of the 
antioxidants the oxidation stability of the originated blends was 
measured at six concentrations (50, 100, 200, 400, 600, 1000 ppm). 

 

Figure 1: Synthesis of the phenolic antioxidants I, III 
 Antioxidant Ι: R1 = OH, R2 = H, R3 = C4H9  
 Antioxidant III: R1 = OH, R2 = H, R3 = C14H29. 

 

 

Figure 2: Synthesis of the aminic antioxidant II 
 Antioxidant IΙ: 4-tert-butyl-2,5-bis (dioctylamino)-1- 

benzenol  
 

Table 1: Properties of the biodiesel sample 

 

Table 2: Properties of the diesel samples

 
 

 
At first, we measured the induction periods of neat biodiesel 
samples with the produced antioxidants. The results are presented 
extensively in the following figures. 

 

Figure 3: Oxidation Stability of biodiesel samples according to 
Rancimat and PetroOXY method 

 

The induction periods of the blends are presented extensively for 
both methods in the following figures. 

 

Figure 4: Oxidation Stability of HC diesel/biodiesel B7 according to 
Rancimat and PetroOXY method 

 

Figure 5: Oxidation Stability of SR diesel/biodiesel B7 according to 
Rancimat and PetroOXY method 

 

Figure 6: Oxidation Stability of HC diesel/biodiesel B10 according 
to Rancimat and PetroOXY method 

 

Figure 7: Oxidation Stability of SR diesel/biodiesel B10 according 
to Rancimat and PetroOXY method 

 

As far as the biodiesel was concerned, it was observed that the 
aminic antioxidant (II) did not improve its oxidation stability. On the 
other hand, the two phenolic antioxidants (I and III) satisfied the 
specifications at the low concentrations of 50ppm and 100ppm 
respectively.   

Moreover, during this study it was observed that both phenolic 
antioxidants improved the oxidation stability of all blends. However, 
the aminic antioxidant satisfied the specifications only for the blend 
of SR diesel/biodiesel B7. The B10 samples showed lower 
induction periods due to the increased ratio of biodiesel in the final 
sample, but overall similar behavior between the respective blends.  

Table 3: Minimum required concentration for the satisfaction of the 
specifications 

 

Finally, even so the SR diesel presented better oxidation stability 
than the HC diesel; the respective blends did not show similar 
behavior. More specifically, the sample of SR diesel/biodiesel B7 
could not satisfy the specifications with the use of phenolic 
antioxidant III, whereas the HC diesel/biodiesel B7 needed only 
100ppm of the specific additive. Also, the SR diesel/biodiesel B7 
blend needed 200 ppm of the antioxidant additive I, whereas the 
HC diesel/biodiesel B7 blend only 100ppm of the same additive. 

Another interesting observation was that the only sample that 
satisfied the specifications for the aminic antioxidant was the SR 
diesel/biodiesel B7 at only 50ppm.  
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