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Resumo

Atualmente, o biodiesel ¢ apresentado como o principal substituto do combustivel diesel derivado de
hidrocarbonetos por ser um combustivel similar ao diesel e menos danoso ao meio ambiente. No entanto,
sua maior susceptibilidade aos processos oxidativos tem sido considerada um dos principais desafios a
logistica do biodiesel. Neste contexto, o presente trabalho estudou alguns fatores interferentes no
processo de oxidacio do biodiesel. Uma vez que a baixa estabilidade a processos oxidativos especialmente
durante armazenamento prolongado ¢ um dos principais problemas relacionados com a produgio,
distribuicdo e consequentemente com a representatividade do biodiesel no cenario energético brasileiro e
mundial.
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Abstract

Currently, the biodiesel has been showing as the main diesel fuel substitute derived from hydrocarbons by
be is a fuel like to diesel and less harmful to the environment. However, your greater susceptibility to
oxidative processes have been considered one of the main challenges the logistics of biodiesel. In this
context, the present work studied some interfering factors in the oxidation process of biodiesel. Once the
low oxidative processes stability especially during extended storage is one of the main problems related to
the production, distribution and consequently with the representativeness of biodiesel in the Brazilian and
world energy scenario.
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Resumen

En la actualidad, biodiesel se presenta como el principal combustible sustituto para derivado de
hidrocarburos por ser un combustible similar al diesel y menos perjudicial para el medio ambiente. Sin
embargo, su mayor susceptibilidad a los procesos de oxidativo ha sido considerado uno de los principales
retos de la logistica de biodiesel. En este contexto, el presente trabajo estudié algunos factores que
interfieren en el proceso de oxidacion del biodiesel. Una vez la estabilidad de los procesos oxidativos baja
especialmente durante un almacenamiento prolongado es uno de los principales problemas relacionados
con la produccion, distribucién y, en consecuencia, la representatividad del biodiesel en el brasilefio y
cenario de energfa del mundo.
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Introduction

The replacement of energy derived from fossil fuels is one of the most discussed current
technological issues. This is due to the negative impact on the environment due to the burning of
fossil fuels, as well as instability in demand and supply and the rising production cost of
petroleum products (Fattah ez @/, 2014). This is a non-sustainable energy which has uneven
geographical distribution. These facts have motivated by the world energy scene to seek
alternative less environmentally harmful fuels (AHMED ez a/., 2014).

Among the various options researched, biodiesel, a mixture of fatty acid alkyl esters,
which can be used in conventional diesel engines with almost none change (VELJKOVI¢ ef al,
2015). Thus, biodiesel is gaining worldwide attention in recent years because of its physical and
chemical characteristics like petrochemical diesel (LEUNG ef 4/, 2010). Moreover, this biofuel
has as main characteristics: (I) Lubricating action; (II) Higher cetane number; (III) Increased
efficiency in the combustion process and consequently a lower emission of particulate matter and
carbon monoxide in the atmosphere compared to diesel (BAMPI ¢f a/., 2013). These aspects have
made biodiesel be considered a potential replacement for petrochemical diesel fuel (LEUNG e7
al., 2010).

Currently, biodiesel is primarily synthesized by transesterification of oils or fats together
with short chain alcohol in the presence of a catalyst (methanol and ethanol), either sodium
hydroxide (NaOH) or potassium hydroxide (KOH) which are the most commonly used
(PASQUALINO ef al., 2006; DEMIRBAS; DEMIRBAS, 2007, VELJKOVI¢ ef al., 2015). In
Figure 1 the mechanism of the methyl transesterification reaction is shown (using methanol as

the short chain alcohol).
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Figure 1. Mechanism of the transesterification reaction with methanol.
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Currently, refined or semi-refined vegetable oils are the raw materials predominantly used
in the transesterification reaction (QIAN e al, 2013). These sources provide numerous
advantages to biodiesel, with renewability as its main feature (SCHLEICHER e7 a/., 2009).

Although biodiesel has several important advantages, it is more prone to oxidation
processes when compared to petrochemical diesel. This fact is due to the presence of unsaturated
bonds in the molecules that biodiesel inherited from the original raw material. This susceptibility
to oxidation has a significant impact on its quality during the storage process and long-term
handling (FU ez al., 2016; MEYER e al., 2012). The present work aimed to analyze the Interfering

factors in the oxidation of biodiesel and their mixtures

1. MAIN BIODIESEL DISADVANTAGE

Currently the susceptible nature to oxidation due to the presence of unsaturated fatty
acids is considered as the main biodiesel disadvantage (YAAKOB ¢ al., 2014). Since the profiles
of the fatty acids (chain length and degree of unsaturation in the oil), influence the
physicochemical properties of the mixture of esters produced from the same (FATTAH ez al,
2014; YAAKOB ef al, 2014). According to Santos et al (2014) the oxidation process is

characterized as an exothermic reaction.
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Given that the presence of bis-allylic settings ((CH=CH-CH , -CH=CH-), where the
central methylene group is activated by two double bonds, contributes to increased susceptibility
to oxidative processes of the chains in the presence of atmospheric oxygen, thus favoring

polymerization reactions (MEIRA ez a/, 2011). Figure 2 shows the double bonds in the molecule

structure of a fatty acid methyl ester (methyl linoleate).

Figure 2. Structure of the fatty acid methyl ester molecule (methyl linoleate).
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According to Karavalakis ef a/. (2010) polyunsaturated methyl esters are more vulnerable
to oxidative processes when compared to monounsaturated esters, due to the greater presence of
allylic methylene settings. By contrast, the saturated fatty acids are less unstable to oxidation
processes (MEIRA ez al, 2011).

Thus, biodiesel is characterized as a fuel with diminished stability to oxidative processes
when compared to petrochemical diesel (JAIN; SHARMA, 2012), as the main raw materials used
for biodiesel production include mainly edible oils, inedible oils, waste oils and animal fats
(AVHAD; MARCHETTI, 2015). Raw materials which generally have at least one methylene
group in its composition. Then making the produced mixture of esters less stable to the oxidative
process when compared with petrochemical diesel fuel, thereby reducing the biodiesel quality and
hampering its commercialization.

The quality that in Brazil is defined by the National Agency of Petroleum, Natural Gas
and Biofuels (ANP), which is based on the standards of the American Society for Testing and
Materials (ASTM) D6751 and European standards (EN14214), base standards which have been
adapted to meet the requirements of Brazilian raw materials (GOMES ef a/., 2015).

Although the physicochemical properties of biodiesel have met the regulation since the
composition of fatty acid methyl esters may be affected by numerous degradative processes such
as: (A) autoxidation in the presence of atmospheric oxygen; (B) thermal degradation or thermal

oxidative degradation; (C) hydrolysis and (d) microbial contamination of the fuel, they can deviate
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from the standard during the storage and handling process (FATTAH et al., 2014; JAKERIA ez
al., 2014).

Thus, the deterioration of biodiesel has been considered the greatest concern currently
experienced by producers and distributors of this biofuel, as during storage biodiesel can deviate
in their physicochemical properties causing significant impact on their quality. Accordingly, the
oxidation has been increasingly studied since the typical storage conditions (exposure to air and

temperature) promote oxidative biodiesel degradation (VEGA-LIZAMA et al., 2015).

2. OXIDATIVE PROCESS IN BIODIESEL

Oxidation, the leading cause of biodiesel degradation is a complex process in which
numerous mechanisms are involved (FATTAH et a/., 2014; KNOTHE, 2007).

According to Lapuerta ez al. (2012), the biodiesel oxidation process can proceed by two
mechanisms, autoxidation and photooxidation. However, according to the same authors
mentioned above, the photo-oxidation mechanism usually occurs due to biodiesel exposure to
ultraviolet light together with the presence of a photosensitizer. Therefore, it is almost unlikely to
participate in biodiesel degradation. According to many authors use interchangeably the term
oxidation and autoxidation as the main degradation processes in biodiesel (LAPUERTA e al.,
2012). This degradation contributed by the presence of pro-oxidants, temperature, light exposure
and dissolved oxygen rate (BELHAJ; ARAB-TEHRANY; LINDER, 2010). In the oxidation
process, the unsaturated fatty acids, primarily the polyunsaturated are oxidized, forming odorless
and tasteless hydroperoxides, which are decomposed into more stable secondary compounds
(POYATO et al., 2014). Through a free radical mechanism this mechanism has been studied since
the 1940s (CARVALHO e# al., 2016).

Susceptibility increases when biodiesel is exposed to elevated temperatures in the
presence of oxygen molecules. This combination influences a significant role in the degradation
(LEUNG et al., 2000).

In biodiesel production the autoxidation is a crucial phenomenon because it affects the
quality of this fuel (ZULETA e# al, 2012). It has caused an increase in viscosity and acidity
thereof since the low oxidative stability of biodiesel (SANTOS ¢# al., 2014). This last characteristic
probably because of the oxidation process which produces besides water, free fatty acids such as:
formic acid, acetic acid, propionic acid, caproic acid, among others (HASEEB ez a/., 2010). In
addition to also producing alcohols, aldehydes, peroxide, insoluble gum in water and sediments
(JAIN; SHARMA, 2010).
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In biodiesel oxidation stability depends on the susceptibility to degradation by oxidation
reactions of the same, which has highly influenced by the composition of unsaturated esters (FU
et al., 2010).

According Fu et al. (20106), there are two types of biodiesel stability: (I) Storage stability

and (II) Oxidation stability.

2.1. Biodiesel oxidation stability

The oxidation stability refers to the tendency of the fuel to react with oxygen molecules in
the atmosphere (FU ez al., 2016). Since biodiesel resistance to oxidative processes is easily affected
in contact with air especially during long-term storage periods (KNOTHE, 2005).

According to Yaakob ef a/. (2014) the composition and amount of ester molecules is the
most important factor because it affects its properties, including, oxidation resistance, affecting
the biofuel quality.

According to the last mentioned author the composition of fatty biodiesel acids,
especially the position of the number of esters and bis-allylic methylene (adjacent portions to the
double bond), determines the speed of the oxidation process.

A minimum stability to the oxidative process is necessary not only for newly
manufactured biodiesel, but mainly for its long-term storage, handling and use (RAWAT ez a/,
2015). Thus, the low oxidation stability compared with petrochemical diesel fuel has been a major

obstacle associated with biodiesel commercialization (AGARWAL e7 al., 2015).

2.2. Biodiesel storage stability

In accordance with Dwivedi; Sharma, (2015), Fu e 4/ (2016), storage stability is the
resistance capacity of a liquid fuel to change in their physicochemical characteristics due to
interaction with the environment. Changes which foster sediment formation, changes in
pigmentation among other changes, thus contributing to reducing the purity of such fuel
(DWIVEDI SHARMA, 2015). According to Beck e7 a/. (2014) biodiesel stability during storage is
influenced by numerous factors, such: the molecular structure of the fatty acids, the presence of
oxygen as well as partial pressure and the presence of peroxide compounds, metal ions,
antioxidants, etc.

These compounds cause problems due to the deterioration process of biodiesel

properties during the storage period.
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Once in storage conditions, biodiesel is exposed to water molecules and oxygen, which
contributes to the oxidative rate (OBADIAH e# a/., 2012). Deteriorations which are characterized
as striking in quality even when compared to diesel fuel derived from hydrocarbons (BOUAID;

MARTINEZ; ARACIL, 2007).

2.3. Biodiesel degradation in the presence of oxygen

While there are increased trade prospects for biodiesel, concerns remain about resistance
to oxidative processes which cause the degradation during storage BOUAID; MARTINEZ;
ARACIL, 2007). In accordance with the last mentioned author this is justified due to the
chemical structure of biodiesel (presence of the double bond in the molecule) that has a high
level of reactivity with oxygen, especially when placed in contact with atmospheric air.

According to Jakeria e al. (2014) when biodiesel has exposed by oxygen molecules, it
connects directly to the bis-allylic site adjacent to the double bonds of the molecule. At the same
time, the autoxidation chain reaction starts and, finally, peroxide formation.

According to Yaakob 7 al. (2014) biodiesel degradation from autoxidation involves three
phases: initiation, propagation and termination.

Autoxidation is the main cause of biodiesel degradation, which usually comprises three steps
(Figure 3): (I) the release of hydrogen radicals by radical initiators; (II) Formation of peroxides
and carbon radicals when hydrogen radicals interact with oxygen; (III) Subsequent reaction of

carbon radicals with oxygen (FU et al., 2010).

Figure 3. Lipid oxidation mechanism. Where: unsaturated fatty acid (USFA); Free
radical (Re); Peroxide radical (ROQO¢), and hydroperoxide (ROOH).

Initiation: HRH+I — R +1IR

1) Re + O, — ROO-*
Propagativos:

2) ROO* + RH — ROOH Re

I)Re+ R* — R-R
Termination:

2) ROO* + ROO* — ROOR + O,
Source: adapted from Shahabuddin ez a/. (2012).

In accordance with Sarin ef /. (2009) during the oxidation process the fatty acid methyl

ester generally forms a double bond radical, which rapidly reacts with oxygen (biradical molecule)
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forming the peroxide compound. With the formation of peroxides, which are relatively unstable
compounds, and react intramolecularly (acting on the double bond of the low molecular weight
radicals) forming acids, aldehydes, ketones, alcohols, olefins, and alkanes, species. These are in
turn may participate in reactions forming oligomeric compounds and polymeric products
(CHRISTENSEN; MCCORMICK, 2014).

According to Sarin ez a/. (2009) during this degradative process up to 100 new radicals are
quickly produced from one radical, characterizing that biodiesel decomposition occurs at an
exponential rate and results in the formation of several byproducts.

In accordance with Knothe, (2005) esters exposure to oxygen molecules has determined a
factor in the degradation process since the diminished biodiesel resistance to oxidation coupled
with the presence of oxygen during its long term storage favors oxidation processes. This
susceptibility is more significant when the biodiesel is exposed to high temperatures in

conjunction with the presence of oxygen and water (LEUNG ef /., 2000).

2.4. Water content in biodiesel

Numerous alternative raw materials aimed at biodiesel production have been studied, but
most of them have impurities, especially free fatty acids and water which hinders the
transesterification reaction (PECHA e7 al., 2016). Since the water molecules in the reaction system
show a competition with alcohol molecules, thereby promoting the hydrolysis process of
triglycerides (SOARES ef al., 2013).

Thus, decreasing the interaction between the lipid material and the short chain alcohol
and consequently the rate of conversion of triglycerides to esters, because the hydrolysis reaction
of ester (saponification) is a primary competitor of the transesterification reaction of lipid
compounds (SOARES ez 4/, 2013). The saponification reaction favors the deactivation of the
catalyst in addition to preventing the process of purification of the products (synthesized esters)
(PECHA et al., 2016).

Thus, the presence of water molecules has been undesirable in raw materials
(oils/vegetable fats) for biodiesel synthesis since the presence of such a molecule has some
negative effects on the synthesized biodiesel such as: (I) Reduction of calorific value generated
during the combustion process; (II) Provides corrosion of the fuel pump and the fuel injection
system and tubes; (III) Promotes biodiesel hydrolysis reaction to form free fatty acids (BHUIYA
et al., 2016). Besides contributing to the consumption of the catalyst (filling of the active site of

the catalyst) reducing the efficiency for the reaction system (KUSDIANA; SAKA, 2004).
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The increases in moisture content in biodiesel are often caused by three reasons: (I)
Improper treatment after processing; (II) Absorption of atmospheric moisture during storage, or
(III) Physical processes (condensation and precipitation) during the temperature variation of the
storage period. Above all, the presence of water molecules in biodiesel is considered as an
essential characteristic for the growth of microbial strains (SORIANO ez a/., 2015).

Therefore, the volume of biodiesel applied in diesel blends is a critical factor that can
determine the extent of biodeterioration and its impact on quality (SORIANO e¢7 a/., 2015). The
removal of water molecules in fuel systems is extremely difficult, especially when a high
percentage of biodiesel is added to fossil fuel due to the higher volume of water present in the
biodiesel composition (SORIANO ez al., 2015).

However, according to Leung e a/ (2006) the biodiesel hydrolysis effect is minor
compared to the effect caused by the exposure of such biofuel with oxygen molecules and high
temperatures. Thus, the authors suggest that biodiesel does not degrade so rapidly under high
moisture, as exposure to oxygen and high temperatures, which are the main factors affecting the

biodiesel degradation rate.
2.5. Microbial degradation in biodiesel

According to Pullen and Saeced (2012) the water molecules present in the biodiesel and
petrochemical diesel blends can promote microbial growth and lead to corrosion of the tank. It
participates in the formation of emulsions as well as contributes to hydrolysis reaction or
hydrolytic oxidation of such mixtures.

This fact was favored since the main raw materials currently used in biodiesel synthesis,
are characterized as more hygroscopic compared to petrochemical diesel (SORATE; BHALE
2015). Feature which also favors a greater susceptibility to biodegradations compared to fossil
fuels (SORENSEN ¢ al, 2011). This degradative process, usually caused by changes in
temperature and consequently in the medium (SORENSEN e7 a/., 2011). Besides the presence of
free fatty acids and other water molecules.

However, the microbial biodegradation process in biodiesel has been slow since the
microorganisms responsible for this degradation process, mostly show relatively slow growth
kinetics. Thus, the problems related to this event will develop subsequently to numerous months
after the fuel storage (BUCKER ez al., 2011).

In the case of degradation from microorganisms in biodiesel, so far there are few studies

on the response of microbiological populations, as well as research related to the corrosion
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process influenced microbiologically, which alter the chemical conditions of the fuel
(SORENSEN e¢f al., 2011). Which according to the author above makes it difficult to predict
and/or prevent this process. As such degradation process in biodiesel is about four times faster
than the same process in diesel derived from hydrocarbons (DEMIRBAS, 2009).

According to Schleicher ef al. (2009) the exact reasons for the great biodegradability of
biodiesel have mostly still unknown. However, it has known that biodegradation of organic
compounds by microorganisms occurs mostly with oxidation-reduction reactions in the presence
of certain electron acceptors (GOMES, 2008).

Then, the high oxygen usually present content in biodiesel contributes to the
biodegradation process (DEMIRBAS, 2009).

This degradation is also favored due to lower toxicity of biodiesel for some strains
present in the soil. In the same context, Cyplik ez 2/ (2011) cited in his studies that the
microorganisms have showed a more intense rate of biodegradation in aerobic medium from
biodiesel compared to the same degradative process with petrochemical diesel as the carbon
source.

This increased degradative efficiency by microorganism strains with biodiesel as a source
of energy and carbon. It is possibly a result of biofuel present as a carbon source more easily
assimilable by some strains due to the presence of a carboxylic group that has attached to the
aliphatic chain and has easily hydrolyzed enzymatically by some microorganisms (OWSIANIAK
¢t al., 2009; CYPLIK ez al., 2011).

Thus, these microorganisms get the essential nutrients for development more easily when
compared to obtaining nutritional sources from the petrochemical diesel (OWSIANIAK ez 4L,
2009). According to Schleicher e al. (2009) the largest microbial degradative rate in biodiesel has
directly influenced among other parameters by the supply of nutrients and oxygen in the
biodiesel. Thus, microbial growth could be a consequence of biodiesel biodegradability
(SCHLEICHER ¢t al., 2009).

During the biodiesel, auto-oxidation process the onset of water and oxygen molecules
have been by the addition to the carbon source that is essential substance for the growth of some
strains.

According to Pasqualino ez a/. (2006) the larger the amount of biodiesel added into the
diesel will be generated a biodegradability of the remaining mixture. Since the higher the
percentage of biodiesel in the blend (diesel/biodiesel), the higher the hygroscopic natute thereof,

thus contributing to the growth of strains which may alter the physicochemical characteristics of
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the mixture. Given that many microorganisms have characterized by the potential consumers of
methyl esters to obtain a source of energy and carbon (RON; ROSENBERG, 2002). Thus, Table

1 shows some microbial strains reported in the literature as potential biodegrades of biodiesel and

mixtures thereof.

Table 1. Biodiesel biodegrading Microorganisms

Microorganisms Species

o Psendomonas aeruginosa
®  Dseudomonas oleovarans
o Dseudomonas gladioli

o Burkolderia cepacia

Bacteria
o Burkholderia gladioli
o Escherichia coli
o Bacillus subtilis
o Marinomonas vaga
*  Candida
®  Pichia
= Rhodotorula
Yeasts = Saccharomyces
u  Sporobolomyces
= Rhodotorula
o Aspergillus japonicas
o Aspergillus terréus
Filamentous fungi o Aspergillus niger

o Aspergillus flavius
o Aspergillus versicolor

Source: adapted from Rocha, (2011).
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2.6. Biodiesel thermal stability

According to Pullen; Saeed, (2012) the oxidation and elevated temperatures may
result in degradation of biodiesel and consequently affect the engine performance. This
author mentions that the fuel thermal stability has the same tendency of generating
insoluble compounds when exposed to high temperature conditions.

Thus, many parameters may affect the stability of vegetable oils and biodiesel.
Among these parameters the exposure to elevated temperature has a significant effect on
biodiesel degradation due to increased degradative rate, playing an important role in
biodiesel stability studies (JAIN; SHARMA 2012).

The temperature is an important role in the deterioration of the quality of the fuel
(JAKERIA et al., 2014). It is responsible for the formation of dimers and polymers in
biodiesel (LIN e# al., 2014). These compounds can clog the fuel filter of the engine due to
resinous generated as well the oil tar derived from hydrocarbons (JAKERIA ez al., 2014).

Consequently, despite extensive research aiming at biodiesel quality in this field the
effects of thermal decomposition on biofuels properties have not yet been well established
(LIN ez al., 2014; JAIN; SHARMA, 2010). However, it is known that unsaturated fatty acids
are more susceptible to thermal degradation (LIM; LEE, 2014).

In accordance with LI e a/ (2015) the thermal degradation of biodiesel mainly
involves the physical and chemical processes of dissociation and volatilization of the
carbon present in the chain.

In the same context, Singer and Ruhe (2014) cited that during the thermal
decomposition of fatty acid methyl esters the following occurs: (I) Breakage of bonds and
C — C, C— O bonds by B-scission reactions; (II) Subsequently, these connections have
broken by two competing pathways, the deoxygenation (C—C bond cleavage) producing
hydrocarbon radicals and concomitantly the cleavage of the C connection of the C—C
chain hydrocarbons; and (III) Once again, the deoxygenation process provides the
reduction of chains in the above formed molecule .

According to Jain; Sharma, (2010) biodiesel thermal instability have directly related
by the increase of the oxidative rate even when exposed to high temperatures, which in
turn contributes to an increase in the formation of insoluble products. Thus, contributing
to increasing the density, viscosity, high surface tension, vapor pressure and heat of

vaporization (vaporization enthalpy) from the mixture of esters (LIN e a/., 2014).
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According to Singer and Rithe (2014) when these changes in biodiesel
characteristics are favorable there are numerous processes, such as corrosion, filter
plugging, formation of deposits on injector parts can also possibly contribute to operational
failure of such equipment.

The same author mentions that biodiesel degradation has also haven occurred due
to recirculation of fuel molecules inside the engine, especially since the molecules which
have not gone through a combustion process, can move up numerous times within the
system fuel until they are eventually injected into the combustion chamber. The repeated
exposure to high temperatures leads to a gradual thermoxidative degradation of these
molecules. Moreover, such fuel can deteriorate during storage or in the tank system
(SINGER; RUHE 2014).

Thus, the aiming to predict the oxidative degradation for the duration of the
storage process, there are standards available that discuss the minimum specification related
to oxidation stability during use of biodiesel in the engine. However, at the same time there
are no specifications available exclusively for the thermal stability. Specification for thermal
stability can be developed from the relationship between oxidation and thermal stability
(JAIN; SHARMA, 2012).

3. CHANGES IN BIODIESEL DURING THE DEGRADATIVE PROCESSES

According to Stromberg ef al. (2013) the biodiesel oxidation process has directly
related by an increase in acidity level due to the formation of compounds such as formic
acid, acetic acid and propionic acid, which contributes to an increase in total acid number
of the oxidized fuel.

According to Biucker ez /. (2014), fuel biodeterioration has been proven by the
accumulation of particulate matter, as well as the degradation of the fuel components such
as hydrocarbons, fatty acid esters, etc. Given that, numerous biodiesel properties (viscosity,
acidity and induction period) are directly influenced by a possible degradation (CANHA ez
al., 2012). Thus, contributing to the forming of deposits inside the fuel tanks which causes
clogging of fuel filters, injection systems, and encourage corrosion in the fuel system
(FOCKE et al., 2012).

In the same context, Leung e a/. (2000), suggested from numerous studies that high

temperature, coupled with exposure to air, considerably increase the degradation rate of
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biodiesel. Therefore, the biodiesel exposure to air or the temperature itself. However, it had
little effect on the biodiesel degradation. According to the last mentioned author, the water
content in biodiesel contributes to the degradation process of biodiesel due to hydrolysis,
but its effect is minor compared to the effects of air exposure and high temperature.
According to Dinkov e al. (2009), the instability to oxidation processes has been
characterized as one of the main obstacles to increased acceptance of biodiesel by
manufacturers of equipment, engines and fuel injectors, and thus an expansionary barrier
on the market for that fuel. In this context, there are numerous approaches aimed at
preventing the biodiesel oxidation process as much as possible or even slowing down its
rate. Among these measures, one of them can try to avoid contact between the fatty acids
with air, pro-oxidants, high temperatures and the presence of light. However, these
measures are not always feasible, so that the use of antioxidants is of significant interest
(KNOTHE, 2007). In view of this, many researchers have been investigating and
characterizing many antioxidants as a potential strategy to slow the oxidative degradation
especially during biodiesel storage (PULLEN; SAEED (2012). This action is a practical
solution for biodiesel to become more stable to autoxidative processes, without modifying

the fuel properties (VELMURUGAN; SATHIYAGNANAM, 2016).

4. ANTIOXIDANT AGENTS USED IN BIODIESEL

Characterized as antioxidant compounds, substances that at considerably lower
concentrations compared to oxidable substrates, delay the process of lipid autoxidation,
reducing the oxidation rate or prolonging the induction period of the same (SILVA ¢z al.,
1999). According to Carvalho e7 al. (2016) the use of antioxidants in biodiesel has increasing
the stability index of oxidative processes, and thus meet or exceed the value specified by
the rules.

According to Rashed ez a/. (2016) the antioxidants has been used as well as since the
addition of a small number of antioxidants in the fuel inhibits the formation of free radicals
by reaction with peroxyl radicals forming new inert radicals, thus obstructing the
propagation step.

Thus, these antioxidants significantly retard the biodiesel degradation process

(RASHED et al., 2016).
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However, in accordance with Agarwal ef /. (2015) antioxidants are effective in very
low concentrations. However, many of these compounds have demonstrated limited
effectiveness with increasing its concentrations. Furthermore, the wuse of large
concentrations of such additives makes the process economically unfeasible (RAWAT ez 4/,
2015).

According to Velmurugan; Sathiyagnanam, (2016) many compounds are classified
according to their mode of action. Among these it can be cited the terminators of free
radicals, chelating metal ions or oxygen scavengers. Free radical terminators are primary
antioxidants. They donate one or more of an electron or hydrogen atom (ROO-) a

derivative of free radicals (VELMURUGAN; SATHIYAGNANAM, 2016). Thus, Table 2

shows a comparison between some antioxidants and their mechanisms of action.

Table 2. Antioxidant agents and their mechanisms of action

Antioxidant type Mechanism of action Examples
Stabilizers e  kill switches from free radicals
of hydroperoxides e  Avoids the decomposition of e Phenolic compounds

hydroperoxides in free radicals

Synergists *  Promote the activity of e Citric acid, ascorbic acid
antioxidants
Metal Inactivators e  Bind heavy metals making them e Phosphoric acid, Maillard
inactive compounds, citric acid

Kill Switches O,

i e Converts Singlet Ozin O triplet e Carotenoids
Singlet
Hyd ide-reduci y i i
ydroperoxide-reducing e  Reduce hydroperoxide radical not e Proteins, amino acids.
substances roads

Source: adapted from Pokorny, (2007); Pereira, (2010).

According to Liang ez /. (2006) most of the antioxidants used in biodiesel from
numerous materials have different effects on the improvement in oxidative stability.
However, many antioxidants (conventional butylated hydroxytoluene (BHT), butylated
hydroxy anisole (BHA), tert-butylhydroquinone (TBHQ), propyl gallate (PG) and
pyrogallol (PA), as well as some additives commonly are used in biodiesels to improve the
oxidative stability, are usually phenolic compounds developed from petrochemical fuels

(KREIVAITIS e al., 2013).
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According to the last cited author many synthetic antioxidants have a
characteristically low biodegradability, high toxicity, and have little viability and efficiency in
some applications. In accordance with Agarwal et al. (2015), the TBHQ antioxidant, PY

and PG are highly effective for biodiesel produced from rapeseed oil, sunflower oil, frying

oil and beef tallow while BHA and BHT demonstrated limited efficiency to such materials.
CONCLUSION

Among the liquid biofuels currently surveyed, biodiesel is still the one that faces the
largest industrial barriers when it comes to increasing its representation in the global energy
matrix in an economically viable way. Thus, the inclusion of such fuel with expressiveness
in the global energy scenario is still quite far way.

Since the characteristics evident in the currently available raw materials require
costly expenditures to obtain it (as the predominant raw material in the whole world is still
mostly producing vegetable oils, which are also normally intended for other purposes). In
addition to others the expensive antioxidants which undoubtedly are used in mixtures of
esters produced to obtain the quality standards established by the competent agencies like
ASTM US, EN in the European Union, and the National Agency of Petroleum, Natural
Gas and Biofuels - ANP in Brazil. These factors are the main barriers to production and

marketing of biodiesel highlighted by the industries.
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