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worldwide and theses problems can get worse, as the
number of diesel powered vehicles is increasing
significantly.

Abstract.
Nowadays air pollution has been regarded as a serious
environmental problem. One of the main generators of air
pollution is the transportation, since the gas combustion from
various chemical species is emitted mainly in urban
transportation, using mainly diesel fuel. The use of renewable
fuels is an attractive alternative choice to reduce environmental
impacts. Brazil stands out in the current world scene as a major
of alternative energy producer. Brazilian government introduced
a program that includes blends of biodiesel to diesel in order to
reduce the environmental impact caused by air pollution.
Therefore, this study aims to evaluate the emission of gaseous
pollutants using a diesel engine bench with mixtures of B5, B10,
B15, B20, B25 and B50 of biodiesel in diesel. For this type of
analysis, the Infrared Analyser was used to detect CO2 in the
range of 1.88 to 2.76 %, electrochemical sensors were used to
detect CO in the range of 1161 to 1485 ppmv and NOx in the
range of 213 to 351 ppmv.

Biodiesel is a renewable fuel with a potential to reduce
greenhouse gas emissions, which makes it a promising
fuel. Thus, Brazilian government instituted in 2005 the
Law 11097, issued by the Brazilian Biodiesel Program
(ANP, 2005) that determines the addition of percentages
of biodiesel in diesel form a binary mixture called BXX
(in which XX is the percentage of biodiesel added in the
diesel initial volume), and starting in the same year the
B2, which was sold in Brazilian gas stations. Since then,
biodiesel consumption exceeded 40 billion litters per year
[17]. Biodiesel production has considerably grown in
Brazil, especially after the mandatory addition of 5%
biodiesel (B5) in diesel from January 1st, 2010 [17]. In
2014, Brazilian government provides for the addition of
10% of biodiesel to diesel (B10) [18, 19].
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Brazil was the second largest producer of biodiesel, after
Germany [20]. As the main Brazilian oilseed, soybean
corresponds to 86.7% of the biodiesel production in the
country [21]. Brazil is a tropical country with a vast
territory, intense sunlight, high biodiversity in oil plants,
abundant water resources, regular rainfall and advanced
agricultural technology. These characteristics ensure
economic advantages in the production of biodiesel.
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1. Introduction
Atmospheric pollution is one of the most serious
environmental problems today. Phenomena such as acid
rain, photochemical smog, ozone layer depletion, global
warming and human health problems are directly related to
the increase of this form of pollution [1-15]. The increase
in greenhouse gases emission is noticed worldwide.
Human activities are the main reasons for this increase.
The sector of urban and cargo transportations are the major
emitters of greenhouse gases, especially because they use
diesel as fuel [16].

Biodiesel also provides interesting socioeconomic
advantages, because its production increases the jobs
supply, contributes to the establishment of man in the
countryside and does not require technological changes
in engines using percentages up to 20% of biodiesel
added to diesel. [22, 23].
In this work, we present a study of gaseous emissions in a
bench engine where we simulated binary mixtures (diesel
and biodiesel) in the following proportions: B5, B10,
B15, B20, B25 and B50. We detected the following

Diesel is an important fuel used both for public and private
transport sector and its use is expected to increase in the
near future. However, diesel is one of the largest
contributors to environmental pollution problems
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gases: carbon dioxide (CO2), which is a powerful
greenhouse gas, carbon monoxide (CO), which is harmful
to human health [24-28], as well as a modulator of
methane and tropospheric ozone which are important
greenhouse gases [29-36] and nitrogen oxides (NOx),
which are generators of acid rain, harmful to human health
[37- 41] and, in the presence of solar radiation, they are
considered precursors of tropospheric ozone [42].
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Infrared analyser URAS-14 (Hartmann & Braun) was used
to detect carbon dioxide (CO2) in our samples. To detect
carbon monoxide (CO) and nitrogen oxides (NOx), an
electrochemical sensor Tempest 100 (Telegan Gas
Monitoring TP20729) was used. In this work, it was
possible to detect CO2 in % range and CO and NOx in
ppmv range.
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Fig. 1. CO2 concentration in different binary mixture.

As the carbon dioxide gas comes from the complete
combustion which was related to the temperature of the
gases, when using the engine at high rotation, the
temperature was increased, providing the best gas
emission that has been observed in the results [43].

Experimental Section
The samples were produced by the combustion of binary
mixtures (diesel/biodiesel) in Toyama brand engine (6.7
HP, 296 cc, with direct injection system and manual start).
The engine was kept running for 5 minutes to stabilize,
before starting the measurements, in order to standardize
them. Two modes of operation of this engine were used in
this experiment: low rotation speed (3000 rpm) and high
rotation speed (9000 rpm).

Figure 2 shows the obtained carbon monoxide (CO)
concentration after combustion in a diesel engine
operating on different binary mixtures of soybean
biodiesel and diesel oil. Wherein noted that the CO
emission was reduced in both modes of operation (high
and low) of the blends B5, B10, B15 and B20. The
samples from B25 and B50 showed a different behaviour.
This fact may explain why, according to literature, diesel
engine requires no modification when using biodiesel up
to a concentration of 20%, but higher concentrations have
to be used after some changes in engine [44-48]. As we
have not changed the engine, our results proved this
assertion.

The samples were collected due to the pressure difference
and stored in a metal container (canister) internally coated
with teflon for 2 minutes at room temperature and later,
the same gas was sucked by vacuum pump of the collector
AVOCS
(Graseby)
(Sample
Canister
volatile
environment). Then, the samples were removed for
analysis of gas, with the photoacoustic analyser (URAS).
The same gas was sucked by Tempest via cannula, in
which the result could be obtained in real time.
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This procedure was adopted to collect the samples of
biodiesel blends in diesel B5, B10, B15, B20 and B25 (B5,
which means a 5% blend of biodiesel in diesel fuel, and so
on). Measurements began with B5, considered as the
Brazilian standard diesel currently, and for this reason, it
was not possible to study the diesel without the addition of
biodiesel in this paper.
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2. Results and Discussion

0
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The concentration of carbon dioxide (CO2) emitted by the
exhaust of a diesel engine working with binary mixtures of
soybean biodiesel and diesel oil (B5, B10, B15, B20, B25,
B50) is shown in Figure 1, being the errors bar derived
from the statistical error of five repetitions using the same
parameters. We can observe that the emission of CO2 was
reduced when the engine was operated at low speed,
especially for the sample B50. We also observed that the
emission of gases in high speed rotation mode remained
practically constant in all samples. No significant change
with the addition of higher biodiesel concentrations could
be observed, except for B50, in which the emitted gas was
reduced.
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Fig. 2. CO concentration in different binary mixture.

In Figure 2, CO concentration was the lowest in the low
speed rotation mode, except for the binary mixture B50.
This result was consistent with the work of Mothé (2010)
[43] and Ileri and Koçar (2009) [44], who reported that
during the operating cycle, the catalytic activity is higher
due to increased exhaust temperature, reducing CO
emissions. Almeida (2002) [45] explains that as a greater
amount of air provided to increase the rotational speed of
the engine, the intensity of turbulence in the combustion
chamber is increased, affecting the process air-fuel
mixture, resulting in increased rate of complete
combustion, thereby reducing CO emissions.
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In this work, the infrared gas analyser and the
electrochemical sensors were sensitive and selective to
detect polluting gases. It was possible, due to the wide
dynamic range of detection of photoacoustic technique
and selectivity, to detect different gases with the
electrochemical sensors in ppmv range.

The sample B50 shows an anomalous behaviour, which
can be explained by the fact that it contain more biodiesel,
so it is more viscous and, according to Tulcan (2009) [46],
carbon monoxide is produced when the carbon atoms are
not completely saturated during the process. Thus,
combustion can be influenced by increased viscosity of the
biodiesel compared to diesel.

We concluded that binary mixtures until B20 do not
show an increase in the emission of gases analysed in this
paper, at laboratory conditions with a bench motor, in
relation to diesel fuel, with the exception of NOx gas,
although some studies has made vehicle adaptations with
the addition of catalysts aiming at reducing the gas
enabling improvements population with the biodiesel.

In Figure 3, the concentration of nitrogen oxides (NOx)
from the combustion of binary mixtures is presented.
Currently, there are many peculiarities in the analysis of
NOx, which may be related to the type of fuel, the fuel
quality, the fuel spray characteristics, operating conditions,
engine technology, the compression ratio, the geometry of
the combustion chamber (related to the propagation speed
of the flame), the equivalence air/fuel ratio, pressure and
temperature of air injection, the chemical properties of the
fuel, and the percentage dissipation gas in ambient air.

Brazil is a large country, with continental dimensions,
where the transport of passengers and cargo is
predominantly by road, using diesel, which is a fossil
fuel. Thereby, increasing the percentage of biodiesel in
binary mixtures can be energetically and environmentally
favourable, since biodiesel is a renewable fuel. Brazilian
government has a proposal to increase the percentage of
biodiesel in binary mixtures, from B10 to B20.
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Therefore, there is a great effort to turn the Brazilian
transport system into a more sustainable one, through the
adoption of governmental programs that stimulate the use
of biofuels, such as ethanol and biodiesel, in substitution
of fossil fuels, mainly diesel and gasoline.
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Fig. 3. NOx concentration in different binary mixture.

In this work, it can be observed in figure 3 that in low
speed rotation mode, NOx increases when the
concentration of biodiesel increases. This result is
consistent with the literature and can be related to the
higher cetane number of the biodiesel providing the
combustion at higher temperatures. Furthermore, the
presence of oxygen in the molecule of biodiesel can also
increase the rate of NOx formation [49-52].
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