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The most feasible alternative among fuels derived from biomass seems to be the biodiesel, having the required characteristics for a
total or partial substitution of diesel oil. Therefore, the aim of this work is to evaluate the thermal and rheological behavior of the
blends of diesel with the methanol biodiesel obtained from soybean oil, using B5, B15 and B25 blends. All thermogravimetric
curves exhibited one overlapping mass loss step in the 35-280°C temperature range at air atmosphere and one step between

37-265°C in nitrogen. The rheological study showed a Newtonian behavior (#=1) for all blends.

Keywords: biodiesel, blends, rheology

Introduction

The biodiesel, a non fossil fuel derived from renew-
able sources, can be considered as a promising poten-
tial source for a gradual substitution of petroleum-
based diesel all over the world. Therefore, many ef-
fects have been done in several countries in order to
avoid the operating problems and to more adaptable
in the diesel fuel engines [1, 2].

Biodiesel fuels are generally classified as fatty
acid esters, derived from the catalyzed trans-
esterification of fats and oils generally with metha-
nol, although other alcohols also can be used.
Graboski and McCormick [3] provided a recent ex-
tensive review of the utilization of biodiesel fuels in
compression ignition engines. The general conclu-
sion from the literature is that, in terms of power,
wear, efficiency and emissions, biodiesel is a viable
alternative. The reported results in the literature are
somewhat different. Viscosity is one of the most im-
portant characteristic of biodiesels and should be
maintained within pre-determined limits since it has
great influence on the fluidodynamic properties of a
fuel which concerns to the diesel engine operation
(e.g. fuel circulation and fuel injection) [4].

Therefore, researchers tested several types of
transesterified oils and these works showed good re-
sults upon the usage of these transesterified oils in
diesel engines [5].

It was pointed out that the development of die-
sel-biodiesel blends in proper proportions cause less
environmental problems and affect advantageously
the operation time of the engine [6].
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Thus, the present paper studies the thermal and
rheological behavior of the blends of diesel and the
methanol soybean biodiesel B5, B15 and B25. Pure
diesel was used as reference.

Experimental
Samples

The reaction for the production of biodiesel was car-
ried out with a 6:1 fixed ratio of methanol:soybean,
with 1% catalyst (KOH), under constant mixing and
controlled temperature. Thus, the cleavage of
triacylglyceride molecules occurred, producing a
mixture of the methyl esters of corresponding fatty
acids and glycerin as a co-product [7]. After the puri-
fication step, the biodiesel was mixed with diesel with
proper amounts, to form B5, B15 and B25 blends. A
D type diesel was used in the blends. The pure diesel
was represented by D100.

Methods

Thermal study

TG/DTA curves were recorded simultaneously using
SDT 2960 TA Instruments Thermal Analyzer. A dy-
namic method was used, at a heating rate of
10°C min'. The initial sample mass was
10.00+£0.5 mg, in synthetic air and nitrogen atmo-
spheres, with a flow rate of 110 mL min', in the
28—600°C temperature range [8—12].
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Rheological study

In the rheological study, diesel and diesel/biodiesel
blend were evaluated. The rheological parameters were
determined using a Brookfield LV-DVII viscosimeter.

Results and discussion
Thermal study

All the TG curves of the diesel/biodiesel blends, in
synthetic air atmosphere present one complex mass
loss step in the 35-280°C temperature range (Fig. 1a).
This step comprises the evaporation and/or combus-
tion of the methyl esters of the fatty acids of soybean
oil (characteristic for pure biodiesel) and, as well as
evaporation and/or combustion of the other compo-
nents of the diesel, e.g. paraffins, naphthenes, olefins
and aromatics, with a C12-18 carbon number [2].

TG curves of the diesel/biodiesel blends ob-
tained in nitrogen atmosphere (Fig. 1b) present also
only one mass loss between 37-265°C. Thus, this step
included all the mass losses, which are due to the
evaporation and/or pyrolysis of the previously listed
compounds. It can also be observed that the TG
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Fig. 1 TG curves of diesel and diesel/biodiesel blends in
a — synthetic air and b — nitrogen
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curves are more similar in nitrogen atmosphere than
in synthetic air. Between the diesel and the blends
there are larger differences in the recorded mass loss
values in the same temperature range.

For example for pure diesel, only one mass loss
step takes place between 41 and 251°C in air, while in
nitrogen it shifts to 44-254°C. As stated above, this
mass loss is related to the evaporation and/or decom-
position of the diesel compounds, either by combus-
tion in air or by pyrolysis in nitrogen.

According to TG curves it should be emphasized
that during thermal decomposition the diesel/biodiesel
blends exhibit similar behavior to diesel, with the ad-
vantage of reduction of the emission of harmful gases.

The calorimetric data of the diesel/biodiesel
blends and pure diesel, obtained in synthetic air and ni-
trogen are presented in Table 1. A higher number of
transitions are observed in air. In this analysis, the first
transition is endothermic, attributed the evaporation of
small carbon chains, while the other ones are exother-
mic, related to the combustion of the organic com-
pounds. In nitrogen there was an endothermic transi-
tion attributed to the evaporation and/or pyrolysis of
the organic compounds (Fig. 2).

Table 1 Calorimetric data of diesel and diesel/biodiesel
blends in different atmospheres

Temperature/°C—enthalpy change/J g™'

Sample
synthetic air nitrogen
223-422
B5 419-192 149-414
238-548
BIS 365-5.73 182-323
447-20.9
102-68.9
246-107
B25 371-19 5 154-420
511-60.8
D100 174-505 159415
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Fig. 2 DTA curves of diesel and diesel/biodiesel blends in
nitrogen atmosphere
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Rheological study

Most low molecular mass fluids obey the Newtonian
model over a wide shear range rates — typically over
several log cycles of shear. However, with high mo-
lecular mass and more complex liquids, deviations
from the Newtonian model are observed [13, 14].

For the case of time-independent fluids, the ap-
parent viscosity may increase, remains unchanged or
decreases with the shear rate. These fluids are known
as dilatent, Newtonian and pseudoplastic, displaying
values of n>1, n=1 and n<1, respectively.

All the diesel/biodiesel blends (B5, B15 and
B25) as well as the pure diesel (D100) exhibited a vir-
tual Newtonian behavior, displaying a power index,
n~1.004 (Fig. 3). Such behavior is evidenced by the
linear variation of shear stress with the shear rate.

Compared to the pure diesel, pure biodiesel has a
high viscosity, which may lead to operating difficulties
during its application in an unadapted diesel engine
which can be solved by blending of pure biodiesel with
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Fig. 3 Shear stress vs. shear rate for diesel and its blends con-
taining biodiesel
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Fig. 4 Viscosity of diesel and diesel/biodiesel blends
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diesel (with about 25% (v/v) proportions in B25) De-
spite of their higher viscosity compared to the pure die-
sel (Fig. 4), the blends are still fulfil the requirements
diesel oil of ANP (The Brazilian National Agency for
Petroleum, Natural Gas and Biofuels).

This viscosity increase is caused by the high mo-
lecular mass of the original triglycerides containing
long length chain fatty acids. The transesterification
process reduces the molecular mass of the compounds
minimum by 30% of its original value leading to
lower viscosity.

Conclusions

Based on the TG and DTA curves, the thermal profiles
of diesel and diesel/biodiesel blends could be evalu-
ated in synthetic air and nitrogen atmosphere. These
results indicate similar thermal behavior meanwhile
the blends emitted less amount of harmful substances.

The rheological study showed that all the blends
presented a nearly Newtonian behavior. Despite of
presenting a higher viscosity than diesel, the viscosity
of the blends fulfils the requirements of ANP.
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