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weight compounds and therefore to a higher saponification 
value.  
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Fig. 1. Variation of saponification value during biodiesel 

synthesis 
 

3.2 Effect of purification step 
The effect of the two purification steps could be 

demonstrated by biodiesel characteristics before and after the 
purification. The characteristics determined: acid value, density 
and viscosity (Tab. 1-3) defined the completeness of the 
transesterification reaction and the quality of biodiesel, 
conforming the EN 14214 standard.  

 
Substrate analyzed Sample S0 Sample S1 Sample S2
oil 1.105 2.736 1.116
biodiesel before purification 0.837 0.833 0.82
biodiesel purification (step a) 0.56 0.78 0.544
biodiesel purification (step b) 0.41 0.27 0.41
Tab. 1. Acid value of the oil and biodiesel, [mg KOH/g oil] 

 
Substrate analyzed Sample S0 Sample S1 Sample S2
oil 0.916 0.9156 0.9224 
biodiesel before purification 0.8792 0.871 0.8794 
biodiesel purification (step a) 0.809 0.808 0.8 
biodiesel purification (step b) 0.833 0.811 0.845 
Tab. 2. Density of the oil and biodiesel, [g/ml] 

 
Substrate analyzed Sample S0 Sample S1 Sample S2
oil 23.21 27.46 28.28 
biodiesel before purification 2.1077 2.41 2.2173 
biodiesel purification (step a) 2.14 2.498 2.182 
biodiesel purification (step b) 2.196 2.4 2.23 
Tab. 3. Viscosity of the oil and biodiesel, [cP] 
 

 Acid value indicates the free fatty acids content in the 
sample and the proper ageing of the fuel (Enweremadu & 
Mbarawa, 2009). EN 14214 standard limits the acid value to 
0.5 mg KOH/g oil. It can be observed that waste cooking oils 
had much higher acid values due to the degradation reactions 
during frying which lead to a high content of free fatty acids. It 
also can be seen that purification steps provided lower values of 
acid index for biodiesel samples. Washing with acid solution 
was more efficient, all acid values being within the standard 
limit. This it can be explained by the fact that HCl was more 
reactive for the free fatty acids than distilled water. 

 Density is a very important parameter of biodiesel because 
it influences the injection performance of the fuel (Dias et al., 
2008). Density depends on methyl esters content and the 
remained quantity of catalyst and methanol (Enweremadu & 
Mbarawa, 2009; Predojevic, 2008). Comparative with oils, all 
biodiesel samples had lower values of density, confirming the 
biodiesel synthesis. Also they were in the range of 0.86-0.9 

g/ml specified by EN 14214 standard. In this case, biodiesel 
purified with hot distilled water registered the lowest values, 
probably because the heat of distilled water helped dissolving 
the catalyst and soaps. 

Viscosity is the major characteristic which affects the fuel 
atomization and the performance of the injectors. High 
viscosity leads to incomplete combustion of fuel and carbon 
deposition. Waste vegetable oils had higher viscosity values 
because of the oxidation and polymerization of triglycerides 
during cooking. Both washing methods caused similar viscosity 
reduction, in the same way like the biodiesel samples before   
purification.                 

  
4. CONCLUSION 

 
The following conclusions can be drawn from the study: 
• biodiesel synthesis monitoring showed different 

properties of waste cooking oils comparative with neat 
sunflower oil; 

• purification steps have positively affected the 
characteristics of biodiesel; 

• all the characteristics were of biodiesel in the limits of 
EN 14214 standard; 

• the results could not conclude which was the best 
purification step - purification method (b) was more 
efficient for acid value decreasing, while purification 
method (a) for density; similar results were obtained for 
viscosity; 

• large amount of water was needed in the purification 
steps. 

Because the results could not conclude which purification 
step is the most suitable for improving the quality of biodiesel, 
it will be necessary to determine other characteristics of 
biodiesel, like saponification, iodine, peroxide values, cetane 
index, water content, fatty acids methyl ester composition, 
product yield. Also, to avoid using large quantities of washing 
water, the next step of the research will be to test dry 
purification steps of biodiesel, using silica gel or magnesol. 
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