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Abstract  

The biomass fuels are energy entering the era of oil, however there is need for studies on the subject 
in order to achieve alternative energy sources. The objective work to study the production of biodiesel of 
fray oil being aimed at its alternative use as combustible. With a estechiometry of 1 mol of oil and 6 mols of 
alcohol, using ethylic and methylic route. Peroxide and acid values of biodiesel were analyzed and a 
stabilization of both tests can be noticed over the time.  Two natural antioxidants have been studied with 
promising results. 
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INTRODUCTION 

Transport is one of the most responsible for the emission of air pollutants, since they depend on the 

combustion of petroleum products such as gasoline and diesel. Of all primary energy consumed in the world 

in 1999, 43% came from petroleum, and this portion, 58% is allocated to the transport sector. One of the 

most pressing alternatives to minimize this problem are biofuels. By having plant origin, they benefit the 

cycle of carbon in the biosphere, and therefore are considered renewable, since the CO2 is reabsorbed during 

the burn plants that will produce it, causing a much lower impact to global warming because it reduces CO2 

emissions in general balance (MOTTA, SILVA & GONÇALVES, 2009) 

Vegetable oils as an alternative fuel began to be studied in the late nineteenth century by Rudolf 

Diesel, and these were used in fresh. But the direct use in engines has many problems, eg.: accumulation of 

oily material in injection nozzles, formed coal deposits in the combustion chamber, the power output was 

low and releasing acrolein (propenal) which is toxic. However, alternatives have been considered for 

improving the performance of vegetable oils cycle engines diesel (GARDNER, KAZI, ELLIS, 2004) 

Belgian scientist in 1937, G. Chavane patented production process transesterified oils (biodiesel) as 

transesterification significantly minimizes the problems presented in the combustion of oil in natura 

(KNOTHE, 2001).  This reaction is relatively simple and the product obtained has properties very similar to 

those of petrodiesel (GARDNER, KAZI, ELLIS, 2004) 

The large-scale use of energy from biomass is touted as a great option that could contribute to 

sustainable development in environmental, social and economic (LOBO, FERREIRA, CRUZ, 2009) valuing 

rural labor, as well as in the industrial sector valuing skilled labor in the fuel production. As the 

environmental aspect the contribution is large, as there will be a significant reduction in levels of 
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environmental pollution, as biodiesel is free of sulfur and aromatic compounds (LEE, HERAGE, YOUNG, 

2004). 

Although it still has a stake in the fledgling biodiesel production, vegetable oil used is considered an 

important part of the national biodiesel. The reasons are many: in addition to being available in large 

quantity and at low cost, this oil today, represents an environmental problem of major proportions. 

Preventing that oil is thrown down the drain the country will also be reducing pollution and helping to lower 

the costs of water treatment in Brazil (FREITAS, 2008). 

The frying process is carried out in open containers, at high temperature (180-200°C), in direct air 

contact. These conditions cause changes in the physicochemical oils (thermo-oxidation, rancidity), some of 

which are visible as browning, increased viscosity, foaming and smog (REDA, 2004). 

Rancidity reactions can be summarized as autoxidation reactions involving the formation of free 

radicals, responsible for the deterioration for oils and fats. In response to this, there arise a number of 

different types of antioxidants in order to prolong the life of the vegetal oils (REDA, 2004) Also 

antioxidants are used in order to stabilize biodiesel in the oxidation of these fuels. 

Lipid oxidation occurs naturally in any food containing fat (HOSSAIN, et al., 2008) occurs when the 

atmospheric oxygen dissolved in the oil or reacts with unsaturated fatty acids, which are much more reactive 

greater the number of unsaturations (MORETTO, FETT, 1998). Oxidation form hydroperoxide  molecules, 

creating acids that attack metals, rubbers and elastomers. Another unpleasant consequence of oxidation is 

that it also triggers polymerization processes,  gums formation  and sediments that tend to clog filters and 

nozzles injections (LOMBARDO, 2008) 

 Rancidity reactions can be summarized as autoxidation reactions involving the formation of free 

radicals, responsible for the deterioration of oils and fats. In response to this, there many number of different 

types of oxidants in order to prolong the life of the vegetal oil (REDA, 2004). Antioxidants are used also in 

order to stabilize biodiesel in the oxidation of these fuels. Recently, several products of vegetable origin, 

such as fruit, leaves, seeds and oils received attention because they are biologically sources of the 

compounds with activity antioxidant (SALDANHA, 2005). Several studies have been directed towards 

finding natural products with antioxidant activity. These studies are focused on phenolic compounds of plant 

origin, since they act as free radical acceptors, breaking the chain reaction of limpid oxidation (SOARES, 

2002). 

This work aims to study the production of biodiesel from waste frying oil, and evaluate its acid value 

and peroxide content, and asses their stability using natural antioxidants.  

 

EXPERIMENTAL 

 

Before starting the transesterification process carried out a comparison of peroxide content and acid 

value between the clean corn oil and oil used for frying. 

The methods of analysis parameters of both the vegetable oil used were the same for biodiesel, but the acid 

value was expressed in percent: 

The acidic percentage was obtained equation 1: 

IAAcid ×= 503,0%       (Equation 1) 

 

Where IA is acid index 
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Obtaining biodiesel from waste frying oil 

With a stoichiometry of 1 mole of oil and 6 moles of alcohol calculations were made to determine the 

amount of methanol or ethanol used in the transesterification. Was placed in a flat-bottomed flask three 

mouths, 100g oil for preheating in a heater blanket with stirring, engaging in one of the side burner a 

mercury thermometer with ground joint (Incoterm) and the central mouth of a capacitor Allihn ball type 200 

mm. Then added the alcohol from the catalyst 0.5% by weight (metallic sodium in pieces), leaving the flask 

at reflux for two hours in the case of ethanol for one hour using methanol, while stirring constantly and a 

temperature around 70 ° C.   

 

Methyl route 

 After removing the system from the reflux the product was transferred to a separator funnel and 

allowed to stand for 12 hours. The biodiesel was separated from the glycerin and then washing was carried 

out for the purification of biodiesel. Washing was performed first with 50 ml of aqueous hydrochloric acid 

(0.5% v / v), then 50 mL of saturated NaCl solution and finally 50 ml of distilled water according to the 

procedure described by Geris et al. (2007).  To remove traces of moisture biodiesel was filtered using 

anhydrous sodium sulfate. 

 

Ethyl route 

 Using ethanol in the transesterification, it is difficult to separate the glycerin from biodiesel after 

decanting. To accelerate the separation were added 8.4 g of glycerin P.A. to the mixture under stirring, and 

then recovered 48.42 g of glycerin. The same washing process route was applied to methyl and ethyl route. 

  

Glycerin purification 

To improve the quality of the biodiesel derived glycerin (crude glycerin) was performed in 

laboratory, a purification procedure. In a test tube containing 10 ml of crude glycerin were added 1 mL of 

concentrated sulfuric acid and the product neutralized with sodium bicarbonate until the release of gas 

ceases. 

 

Peroxide biodiesel 

Biodiesel can oxidize in the presence of O2 forming peroxide. The peroxide index (PI) is expressed 

in mill equivalents of active oxygen per kg of raw grass (SILVA, BORGES, FERREIRA, 1999). 

The PI was determined by titration with sodium thiosulfate by the AOCS method  

The procedure for the analysis occurs according to Table 1: 

Table 1. Procedure for analysis of the peroxide content 

Amostra Branco 

1g sample --- 

10 mL chloroform 10 mL chloroform 

15 mL acetic acid (pure) 15 mL acetic acid (pure) 

1 mL iodine saturated 1 mL iodine saturated 

5 minutes in dark 5 minutes in dark 

50 mL destilated water 50 destilated water 

3 drops starch solution 3 drops starch solution 

volume consumption Na2S2O3  volume consumption Na2S2O3 
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IP Calculus:             

 

( )

thsampleweig

Nnn
IP

1000' ××−
=      (equation 2)  

 

Where: 

 

n =  sample volume consumption Na2S2O3; 

n’ = white volume consumption  Na2S2O3; 

N =  Na2S2O3 concentration in mol/L 

 

Adding natural antioxidant 

Vekiari et al. (1993) fractionated oregano extract with various solvents (petroleum ether, ethyl ether, 

ethyl acetate and butanol). The fraction soluble in ethyl ether was more effective in protecting lard (in the 

dark at 65°C) against oxidation and its activity was equivalent to BHT. The same was observed in corn oil 

and soybean refined stored in the dark at 35 to 65°C under frying operation. 

Thus, the solvent extraction was performed by taking 5 g of commercial oregano and adding 50 ml of 

ethyl ether. The beaker was capped so that the solvent does not evaporate and was kept at rest for 24 hours. 

For comparison we also carried out the same procedure with the roasted yerba mate trade. Each solution 

obtained was filtered and added to biodiesel, freshly prepared at a ratio of 1:6 (v/v). Thereafter the ether 

used in the extraction was evaporated at room temperature. 

The acid number, based on EN 14104, is given by mass of sodium hydroxide required to neutralize 

the free fatty acids contained in 1 g of sample (KUSDIANA, SAKA, 2001) 

2g were weighed biodiesel / fatty material in an Erlenmeyer flask, and adding 25 mL of ethanol-ether 

solution (2:1) and two drops of phenolphthalein. The mixture was titrated with 0.1 M NaOH until change of 

color. The result was expressed in mg KOH/g sample. 

IA  Calculus:              

 

 
( )
wheigt

MfV
IA

cons ××××
=

100
1000

282
.

    (equation 3)   

 

Where: 

=.consumV Volume of sodium hydroxide spent 

=f  Correction factor solution of sodium hydroxide 

( )=
1000

282  Equivalent of oleic acid; 

=M Concentration of sodium hydroxide in mol/L 

 

 

RESULTS AND DISCUSSION 

 

Preliminary tests with the frying oil used in the transesterification 

 

The recycling of vegetable oils with high acid number (as used in frying) transesterification  by base 

catalysis to obtain alkyl esters can present some problems that would lead to the need for pre-treatment to 
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lower the acidity, because a large amount free fatty acids in these oils neutralize the basic catalyst to form 

soap and emulsions, thus impairing the separation of esters and glycerol, as well as compromising the yield 

and quality of produced monoesters (CANAKCI, GERPEN, 1999). 

 

Table 2. Peroxide content and acid value of frying oil used in the transesterification 

 Clean oil  Frying oil 

Peroxide content 3,09 meq./kg sample 4,5 meq./kg sample 

Acid value 0,1417% 0,354% 

 

Crude oils commercially have found an acid value between 0.5 - 3% (EN 14104, 2001),  is 

recommended for complete reaction in biodiesel production that the content of free fatty acids is less than 

3% (CANAKCI, GERPEN, 1999) Thus, it was necessary to treat the oil used for obtaining biodiesel as the 

MI is below the recommended maximum (3%) as shown in Table 2. 

According to the parameters set by the law (KUSDIANA, SAKA, 2001) it can be seen that both the 

frying oil and for clean oil acquired from trade, peroxide values did not exceed the limit established by law, 

where the maximum allowed is 10 meq g/kg. However, it can be seen that the oil showed clean peroxide 

content lower than the value found for frying oil, which may indicate a higher level of oxidation of the latter, 

because peroxides are the primary products from lipid oxidation (STORCH et al., 2008) 

 

Yield of reaction 

Methanol is the most commonly used alcohol to obtain biodiesel due to its low cost in most countries 

and its advantages physical and chemical properties (Polarity, shorter chain alcohol reacts rapidly with 

triglyceride and easily dissolves the basic catalyst). Moreover, it allows the simultaneous separation of 

glycerol. The same reaction using ethanol is more complicated because it requires anhydrous alcohol,  with a 

low content of water to lead to separation of glycerol (GERIS et al., 2007) 

Table 3 shows the maximum yields of biodiesel obtained from used frying oil methyl and ethyl per 

route. 

 

Table 3. Maximum yields obtained in the transesterification 

Alcohol Yield obtained in the transesterification 

Methanol 96,2% 

Ethanol 63,7% 

 

It is noted from Table 3 that biodiesel obtained from used frying oil methyl route has a higher 

efficiency due to kinetic features that methanol gives the reaction when compared to ethanol. 

 

Glycerin purification 

After purification procedure glycerin were obtained with the following three stages consisting of: 

fatty acids, glycerin, catalyst and salts, the latter two being in the same phase. 
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Figure 1. Glycerin purification: 1 ° tube with the crude glycerin and 2 tube with the purified glycerin 

 

The glycerol obtained from the biodiesel could then be pre-purified from a simple procedure, thereby 

increasing its value. 

 

Peroxide content 

The peroxide content was measured over a period of 125 days after preparation of biodiesel obtained from 

frying oil, and the data obtained from the analysis were plotted on a graph as a function of time to analyze 

the change in peroxide level on days 
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Figure 2. Evolution of peroxide content 

 

 The oxidation of lipids has three distinct phases: induction or initiation, propagation and ending 

(MORETTO, FETT, 1998) Figure 2 shows the propagation phase from the start of the analysis, one 

exponential phase where the free radicals formed react with the substrate to give new free radicals and 

hydroperoxides (STORCH, et al., 2008) the peroxide content increases with time and tends to stabilize after 

approximately 50 days. This stabilization period corresponds to terminating with the formation of stable 

products, byproducts of oxidation, obtained by splitting and rearrangement of epoxides and peroxides, 

volatile and non volatile (STORCH et al., 2008).
 

 

Acid value 

Similarly to the peroxide, the acid value was measured for a period of 46 days after the preparation of 

biodiesel obtained frying oil and plotted on a graph of percentage of acidity versus time in days to examine 

the variation the level of acidity during this period. 
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Figure 3. Evolution of acid value 

 

The acid number, as shown in the graph of Figure 3, is increasing over time, but presenting minimum 

variation remained within specification until 35. On day 46 the acid value reached 0.55 mg KOH / g 

exceeding the limit set by ANP 25 which is up to 0.50 mg KOH / g of oleic acid. 

 

Peroxide content with the addition of antioxidant 

No significant differences were observed between the biodiesel sample containing oregano oil as an 

antioxidant, and biodiesel sample without antioxidant. This is perhaps due to the absence of antioxidants in 

the oil due to the process of production and purification. 
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Figure 4. Peroxide content of biodiesel with the addition of antioxidants 
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In Figure 4 it can be seen that the period of propagating the oxidation of the methyl esters was 

delayed in both treatments containing natural antioxidants. In the first 26 days of study, biodiesel containing  

mate extract showed the lowest peroxide content. Instead, the biodiesel sample without antioxidant 

presented in this range, a higher level of peroxide. 

 

Conclusion 

 

Frying oils constitute an interesting source for obtaining biodiesel after prior purification to remove 

water which interferes with both production and the presence of salts which cause corrosion in engines. The 

analysis of peroxides and unsaturated fatty acids are important to estimate the stability of the product. The 

methyl route is preferred due to their better performance. The use of natural antioxidants can replace 

artificial in good yield. 
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