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Abstract During the last years, the demand for biofuels
has increased significantly. In Brazil, a production of
1 billion liters of biodiesel was produced by the end of
2007, due to its obligatory use in the composition of the
diesel for vehicle use. In this production, a hundred thou-
sand tons of glycerol are produced as by-product, for which
alternative uses are needed. As glycerol has already been
studied by other conventional characterization methods in
the past, thermal analysis has been used mostly for char-
acterization of sub ambient temperature properties of
glycerol. In this paper, thermogravimetry (TG), derivative
thermogravimetry (DTG) and differential thermal analysis
(DTA) were used for its thermal characterization above
room temperature. Thermal stability was determined from
experimental data, which show that even in air, only a very
small part of the volatilized glycerol is burned out. A
thermogravimetric quantitative method was developed to
determinate the water content of glycerol-water mixtures,
which also was used to quantify the water impurity in pro-
analysis samples of glycerol, showing compatible results
with those obtained by Karl Fischer method.
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Introduction

The growing demand for energy, on a global scale, is
limited in many ways. The restrictions vary in order of
magnitude and importance, but are imposed for technical,
technological, economic, social, civil, legal, political and
environmental reasons. In this scenario, biofuels are gain-
ing space and interest, as they are able to find in a smaller
space of time, the answers for these questions. Biodiesel,
according to Brazilian regulation [1, 2], is a “biofuel
derived from renewable biomass for use in internal com-
bustion engines with compression ignition or, as regulation
for generation of another type of energy that can replace
partially or totally fuel fossil.” The American Society for
Testing and Materials (ASTM), in method ASTM D6751/
2002 (Terminology item) establishes that biodiesel is “a
fuel composed of mono-alkyl ester-long chain fatty acids,
derived from vegetable oils or animal fats, designated
B100.” Biodiesel is typically produced by the reaction of
vegetable oils or animal fats with alcohol, methanol or
ethanol, in the presence of catalysts, to produce mono-
alkyl-esters and glycerin, which is removed from the ester
[1, 3, 4].

The growing offer of glycerin in the market has been the
subject of discussions among those who see it a good
occurrence [5] and those who prefer to call it a “tsunami of
glycerin”, an allusion to the devastating effects that could
cause in the economy [6]. According to Bougas [6], in 2007
the production of glycerol was ten times higher than that
offered by Brazilian chemical industries [7], and this would
be a worrying factor, because prices tend to drop danger-
ously. In Brazil, a production of 1 billion liters of biodiesel
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was produced by the end of 2007 [1], due to the Brazilian
11097/2005 law, which obligates until 2013 the addition of
5% of biodiesel in the composition of the diesel oil used in
vehicles [6]. This content in 2008 has to be 2% [1, 2, 4].

Glycerin, glycerol or 1,2,3-propanotriol is a polyalcohol
or polyol [8, 9], which has some peculiar characteristics
[10-12]: it is very soluble in water, liquid in environmental
conditions, colorless, odorless, viscous, very sweet (which
derives its name glykys, “sweet” in Greek [13]), and with
thousands of uses [5]. It is employed in the industries of
paper, cosmetics, food, tobacco, and drugs, in addition to
being raw material for hundreds of other products, in
industries of explosives, polymers (e.g. as a plasticizer
[14]) and biotechnology [5-7, 15]. The three hydroxyls
ensure the formation of hydrogen bonds responsible for its
high boiling point (290 °C), and infinite solubility in water
and ethanol [8, 9, 11], but also make the glycerin a
hygroscopic substance [16]. The determination of the water
content in liquid systems has been made by different
methods, as the Coulometric Karl-Fischer Titration [17]
or, specifically in the case of binary systems water—
glycerol, through the thermal conductivity method, devel-
oped by Yang et al. [18]. According to American Society
for Testing and Materials method ASTM E-1064-08, “The
precision and accuracy of the coulometric technique
decreases for concentrations of water much greater than
2.0% because of the difficulty in measuring the small size
of sample required.” Meanwhile, the method of thermal
conductivity is satisfactory for all concentrations [18].
Thermal analysis has been used mostly for vegetal oils [19,
20] and characterization of sub ambient temperature
properties of glycerol [21-23].

The thermal stability is a very important data when
glycerin is thought as a fuel, itself. Some industries are
already burning it, as a source of energy, replacing part of
the oil [6], but this can lead them to a problem, because
heating glycerin can produce acrolein, a very toxic product
[12, 24]. In this work, we show that through TG/DTG and
DTA analysis, the glycerin thermal behavior above room
temperature may be analyzed and its water content may be
determined by derivative thermogravimetry.

Experimental

Pro Analysis (P. A.) glycerol from VETEC (minimum
99.5%), and its mixtures with distilled water were pre-
pared, with concentrations of water from 3 to 30%. The
analysis were performed in a simultaneous TA Instruments
TG-DTA equipment, model SDT 2960, with a 10 °C/min
constant heating rate, from 30 to 1,000 °C. By way of
comparison, tests on air and nitrogen ambient were
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Fig. 1 TG, DTG and DTA curves of glycerol in air and in nitrogen
100 mL min~! flow, at a heating rate of 10 °C min~!

performed, both in 100 mL min~! flow, were done. About
10-20 mg of sample were used in open platinum pans.

Results and discussion

Figure 1 shows the TG/DTG and DTA curves of pure
glycerin in air and nitrogen. As can be seen from the TG
curve, and more precisely from the DTG, in the operation
conditions of the experiments, the mass loss due to
vaporization of glycerol starts at 120 °C in both cases.
Actually, the onset temperature in the case of airflow is
194 °C with the mass loss ending at 246 °C. In nitrogen
flow, the onset temperature is 199 °C, showing a little
higher thermal stability, which also causes the end of mass
loss to occur at 249 °C. The shape of DTG curve in
nitrogen is typical of a kinetic process of mass loss of order
zero [25] due to the practically vertical end of the DTG
peak. In airflow, from TG and DTA curves, it can be seen
that there is an overrun of the temperature, due to partial
burning of the sample. When it occurs, the exothermal
partial combustion phenomenon gives an extra source of
energy into the heating chamber of the furnace, so the
heating system turns off. This causes a decrease of the
temperature until the system starts heating again, when the
programmed temperature is higher than the temperature
attained during the cooling caused by the interruption of
the heating current.

Figure 2 is a typical TG/DTG curve of the P. A. glyc-
erol, showing details of the beginning of the volatilization
process. The nominal concentration of the pro analysis
glycerol, according to the manufacturer was “minimum
99.5%”, witch means a value near 0, 5% of water. Indeed,
it’s possible to see a little mass decrease between 30 and
100 °C, due to water loss, which is the most volatile, and
some initial glycerol vaporization after that, as indicated by
the different behavior of the DTG line curvature, at this
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Fig. 2 Details of the determination of the water content from the TG
and DTG curves of a P. A. glycerol sample in nitrogen
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Fig. 3 TG/DTG curves of the water—glycerol mixtures

temperature range. The middle of the straight part of the
DTG line, is the considered point, in this graphic at
85.69 °C, related to the descending TG curve, up to where
the mass loss is due to the water release, which corresponds
to 0.55% of the initial sample mass. This matches with the
nominal concentration (0.5%) and, in order to validate the
method, samples of the same pro analysis glycerol were
analyzed using the KF (Karl Fischer) Metrohm 836ASTM
method, and the results (0.60%, 0.62%, and 0.58%) gave
the average concentration as 0.60%, an expected value for
an hygroscopic substance such as glycerol. As Karl Fischer
analyses were performed at the end of the study, 1 year
after the thermal analyses have been performed, the little
difference observed, may be due to some water absorption
from ambient humidity.

Mixtures of glycerol-water were analyzed. Figure 3
shows the TG/DTG curves of the solutions freshly prepared
containing 3%, 7%, 10%, 20%, and 30% of water. Using
the same method described above, the obtained values were
compatible with the nominal ones.

Figure 4 shows the comparison between values obtained
by the developed method from TG/DTG curve data, and
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Fig. 4 Comparison between prepared and experimental (TG/DTG)
values for water content

the nominal ones. It is important to notice that the glycerol
used for the preparation of the solutions carried the 0.55%
of water previously determined. Thus, the water concen-
tration in the prepared solution has been corrected on this
basis.

Conclusions

e The TG/DTG curves show that the thermal stability of
glycerol is quite the same in both atmospheric air and
nitrogen.

e The quantitative method developed by TG and DTG to
determinate the water content can be used for glycerol—
water mixtures to quantify the water impurity in pro-
analysis samples of glycerol.
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