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Metrological study of typical Brazilian diesel  
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Abstract. New alternative energy has been an interesting field for research and development in attempt to diminish the 

environmental imbalance that has occasioned several climatic changes occurred over the past decades. This research area has obtained 

a great advance in methodologies to produce alternative energies, where is possible to produce energy through alternative sources that 

usually are less polluting and are useful to replace the crude oil and petroleum derivatives. These alternative energy sources have 

become an important tool in the fight against pollution. Among some alternatives energy, stands out biodiesel an available alternative 

fuel, which is capable to diminish problems related to important areas as environmental and social development.  From this point 

INMETRO, has developing, in line with the policy of the Brazilian government, studies to obtain alternative and renewable sources of 

energy as bioethanol and biodiesel. This work shows a methyl biodiesel short-time stability study in attempt to observe how much 

temperature can affect the biodiesel quality. Were used two methodologies to verify the biodiesel quality, the oxidative stability by 

Rancimat method and Iodine Index. 

 

 

1. Introduction  

The actual world is completely dependent of energy. 

Every section of the society needs energy to make easy, 

simple things as to work, for example. This dependence 

is related to keep every human been alive, as the 

equipment in the hospitals and is even related to study, 

the use of internet, notebooks, to connect people, 

batteries from cell phones, for example, the transports by 

plane or even by car or by ships, i and even is related to 

work, is an important tool in the factories and even in the 

business centres in the modern world.  Energy is also 

present in our houses, facilitating to cook, to watch tv and 

even to do something more usual and simple as to clean 

the house, the garden. 

The search for new types of energy has developed 

many methodologies to substitute the old ones used in the 

last years, as the electricity and the conventional use of 

fossil fuel. In the last years were find out some ways to 

obtain energy from nature, as the solar energy, the wind 

energy and the one that uses the water, river force. Was 

even produced energy that use a strong chemistry 

reaction as the nuclear energy. All these energies have 

found its place in the actual world, but the biggest 

modern concern is to obtain an energy that not only can 

substitute the fossil source energy, more than it, the 

research departments around the world want to produce a 

less polluting energy, a clean, green chemistry. This idea 

is to produce a methodology that should not produce a 

large amount of residues and even more don’t liberate 

toxic components at the atmosphere, diminishing the 

amount of pollutants in the air. 

Research groups have found this kind of green 

chemistry, at the alternative renewable energy sources to 

produce fuel. These fuels can substitute the fossil ones 

that are difficult to find, to produce and that still can 

liberate many pollutants, as aromatics and derivatives of 

sulphur compounds. Two groups have achieved a certain 

prominence, attention, the methodologies to produce bio-

ethanol and biodiesel.  

 

1.1 Biodiesel: 

The use of vegetable oils as an alternative fuel for 

diesel engine was discovered more than 100 years ago, in 

the Paris world exhibition in 1900, when Rudolph Diesel 

used peanut oil in an engine ignition [1]. This predicted 

saying, "The use of vegetable oils as fuel engine may be 

negligible in the present moment, but in the future may 

become so important as oil and coal as energy sources." 

The biodiesel term is a subject still under discussion. 

Some definitions consider biodiesel as a mixture of any 

vegetable oils with fuel, diesel and fossil derivative 

others consider the alkyl esters mixture from vegetable 

oils or animal fats with fossil fuels.  

According to the Brazilian legislation, biodiesel is a 

mixture in different proportions of alkyl esters from 

vegetable oils or animal fats with fossil diesel. Under the 

chemical aspect biodiesel can be defined as alkyl esters 

derived from fatty acids obtained from oils, vegetables or 

animal fats, which suffering a chemical reaction, 

transesterification with short chain alcohols such as 

methanol and ethanol [2].  

Transesterification: Chemical reaction between an 

ester (RCOOR ') and an alcohol (R''COH) resulting in a 
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new ester (R''COOR') and an alcohol (RCOH). Illustrated 

in the below Figure 1: 

 

 
 

Figure 1: Transesterification reaction.  

 

This reaction type used in biodiesel production is the 

reaction between the triglycerides, main components of 

vegetable oils and fats that react with short chain 

alcohols, methanol and ethanol, resulting methyl esters 

derived from fatty acids, with the byproduct glycerol 

formation. 

In general terms these reactions take place under 

acid catalysis, base, enzyme or through the use of 

heterogeneous catalysts. Among the heterogeneous 

catalysts, we can highlight the use of zeolites [3], clays, 

ion exchange resins and oxides. 

 

1.2 Catalysts: 

Heterogeneous catalysts [4,5]has many advantages, 

one of them is the reaction work-up, i.e., post-treatment 

reaction, separation and purification steps, since these can 

be easily removed and the catalysts in general way,  can 

be reused many times. Another interesting factor is the 

fact that this type of catalysis, difficult the formation of 

byproducts, such as saponification [6-8]. The greatest 

difficulty encountered in using this reaction type is 

directly related to problems in relation between the 

diffusion systems, oil / catalyst / methanol. Basic 

Catalysis [9], are procedures that use in general alkoxides 

of sodium and potassium, carbonates and hydroxides of 

these elements. Among these three groups it is found that 

alkoxides catalysts are financially unfavorable because 

they are more expensive but also difficult to handle 

because they are hygroscopic, and facilitate the 

achievement of side products such as derivatives of 

saponification, but have the advantage of carrying out the 

reactions in milder temperatures, produce high levels of 

esters derived from fatty acids and do not have corrosive 

properties as acid catalysts. 

Inorganic catalysts, as sulfur and chlorides 

compounds are the most commonly used acid catalysts. 

This type of catalysis [10] has as main advantage the 

absence of products derived from saponification 

reactions, higher yields but has some disadvantages such 

as the fact that the reactions are performed in a highly 

corrosive and reactive post-treatment, where the medium, 

the rinse water should be neutralized. 

A natural catalyst, the use of enzyme is a fourth 

class of compounds used to produce biodiesel [11]. In 

general its use  is complicated by the fact that the enzyme 

generally are a specific material, and extremely expensive 

in relation to this type of reaction, are sensitive to the 

presence of methanol and ethanol, which causes 

deactivation of the same [12]. 

 

1.3 Sources to obtain biodiesel: 

 Sources used to biodiesel production are chosen 

according to the yield of oil by seed, by the quality of the 

obtained oil and the availability of the same in each 

region taking into account the relative low cost of 

production and favorable economies of scale. For 

example, the use of refined oil would not be favorable 

due to high production costs and low production scale, on 

the other hand the use of seeds, algae and fat have a low 

production cost and greater availability than refined oils 

or recycled , which is a favorable factor for the 

production of biodiesel from these elements. 

An important factor for choosing a source of biodiesel 

production plants is the relationship between how much 

oil the seed produces and the yield of oil per hectare. 

Among the most studied are  soybean, Babassu 

(Orbiginia sp.), Andiroba (Carapa guianensis), coconut, 

castor oil, fish oil, microalgae (Chorella vulgaris) [13], 

rice [4], wheat, tobacco [15], Jatropa Curcas [16], pequi 

(Caryocar sp.), Karanja (Pongamia glabra) [17], salmon 

[18], coffee beans [19],  cooking oils [20], among others.  

All biodiesel sources are chosen even according to the 

chemical composition of their fatty acids in relation to the 

size of their chains, unsaturation degree and the presence 

of other chemical functions, important factors that 

influence the biodiesel quality. 

 

1.3 Biofuel advantage: 

Biodiesel, an important renewable fuel, nowadays is 

considered an environmentally and socially favorable fuel 

by many factors. Its social impact is directed related to 

the rural areas job creation, in many different sectors, 

taking development since the beginning of biodiesel 

production process until to the most advanced techniques, 

the final stage production. These steps can be exemplified 

by the following examples:  In the initial biodiesel 

production chain the stage of cultivation, agriculture 

development, followed by the industrial transformation of 

organic matter to biofuel to the advanced stage of 

research, where genetic engineering could lead to future 

energy sources that provide greater amounts of good 

quality oils, where the most desirable products are 

produced, thus performing a migration of various sectors 

of the major centers for the field, rural areas. This is 

environmentally friendly because seeds plantation  reduce 

the amount of CO2 in the atmosphere through 

photosynthesis. Biodiesel decreases the release of gases 

that cause global warming, because when using biodiesel 

mixed with diesel causes a lower elimination of carbon 

dioxide and sulfur, produce less smoke and particulate 

emissions. 

1.4 Objective: 

This work is focused on a biodiesel short time 

stability study according to isoguide 35. This study serves 

as basis for future biodiesel material reference obtaining 

and even as an important factor of an oil and methyl 

biodiesel data base from typical Brazilian seeds.  

 

1.5 Methodologies: 

• Oil extraction:  

The seeds were dried in an oven at 50 C for 24 h. 

Then were conditioned in cartridge and the oil was 

extracted by hexane in a Soxhlet extracted apparatus.  
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• Biodiesel synthesis: 

The dried oilseed oil was reacted with the catalyst, 

potassium hydroxide dissolved in methanol for 45 

minutes under heating of 50 C. The reaction medium was 

transferred to a separation funnel and left by 24 hours to 

separate the biodiesel from the glycerin, lower phase by 

decantation. After this step, the organic layer was washed 

three times with hydrochloric acid solution, followed by 

water until the neutral pH. The obtained biodiesel was 

dried and characterized according to Brazilian legislation. 

 

• Iodine index determination: 

The iodine index was determined by titration 

according to EN 14111. 

 

• Oxidative stability determination: 

The oxidative stability was determined by Rancimat 

apparatus according to EN 14112. 

 

• Short-term stability study: 

The studied samples were separated in three groups. 

The first group contained the biodiesel under an oxidative 

atmosphere. The second group contained the blend 

biodiesel-diesel sample under an oxidative atmosphere. 

The third group contained diesel sample under oxidative 

atmosphere. All the three groups were studied, the first 

one, time zero was prepared and analyzed and the others 

were analyzed under heating at 50 C during the following 

weeks. By the end of each week the samples were 

analyzed, obtaining the results for the total of four weeks.  

The short-term stability study was realized in accordance 

with the classical design method. In attempt to evaluate 

the samples stability were used two different methodologies, 

oxidative stability by Rancimat and Iodine index. The first 

one was maintained at the reference temperature of T = (20 

± 2) °C during the whole time of the study (5 weeks). The 

second bottle was maintained at T = (50 ± 2) °C for a period 

of 1 week, and the third one was maintained at T = (50 ± 2) 

°C for 2 weeks, the same procedure was followed for all the 

samples until arrive the last one.  
 
1.6 Results: 

 

Sample Result 

(gI2/100g) 

Time 

(weeks) 

Soybean methyl 

biodiesel 

128,8704 0 

Soybean methyl 

biodiesel 

135,3154 1 

Soybean methyl 

biodiesel 

135,2677 2 

Soybean methyl 

biodiesel 

130,9165 3 

Soybean methyl 

biodiesel 

131,6404 4 

Figure 1: Iodine index results from Soybean methyl 

biodiesel. 

 

 

 

 

Sample Result 

(gI2/100g) 

Time 

(weeks) 

Diesel 16,0557 0 

Diesel 20,6531 1 

Diesel 20,7016 2 

Diesel 20,7675 3 

Diesel 17,9515 4 

Figure 2: Iodine index results from diesel. 

Sample Result 

(gI2/100g) 

Time 

(weeks) 

Blend 26,3859 0 

Blend 26,7224 1 

Blend 26,3516 2 

Blend 30,4170 3 

Blend 25,06 4 

Figure 3: Iodine index results from 5% soybean methyl 

biodiesel blend in diesel. 

Sample uncertainty average P value 

Methyl 

soybean 

biodiesel 

2,4018 132,4021 0,852202655 

Diesel 1,5624 19,2259 0,493052918 

Blend – 5% 

biodiesel in 

diesel 

1,9347 26,9874 0,832653338 

Figure 4 : Results from the three analyzed compounds 

related to P value, average and uncertainty. 

  

 The obtained results show that the three analyzed 

compounds continue stable through the time. All the 

samples were analyzed from zero point, without have 

been heated until the last week study, after been heated at 

50ºC for fourth week . Initially the results don’t show any 

tendency effect. Has been verified a linear result, where 

was observed a satisfactory result showing that this 

process don’t degrade the biodiesel, continues stable, 

especially for this parameter. The evaluated samples were 

not degraded by time, neither were influenced by heating. 

Has been realized a F test: Variance regression analysis 

to verify the stability variation. (iso guide 35:2006). 

 

 

Figure 5 : Biodiesel analysis by oxidative stability by 

Rancimat. 
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To maintain biodiesel stable for more time is necessary to 

use antioxidant. This type of compound is very sensible 

to heating, even to low heating (50ºC). 

The obtained material can be stable through one month 

under 50ºC ,  just need to add a little amount of 

antioxidant to keep this one in a better condition. 
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