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Abstract. This work aimed to study the thermal degradation 
process of the glycerine generated as by-product during biodiesel 
production. For this task, thermogravimetric analyses (TG) were 
conducted under argon atmosphere at various heating rates, and 
the different stages occurring during the pyrolysis were 
elucidated. 
Also, by the coupled use of TG and Mass spectrometry analyses 
(MS) it was possible to monitorize the gas emissions released 
during the pyrolysis, and thus have a better knowledge of the 
mechanisms governing the degradation process. 
From the experimental data, it was found that glycerin 
degradation occurs at various stages which are not apparently 
affected by the heating rate. The MS analyses on the emission of 
sulphur dioxide and dimethyl sulfide allowed identifying the 
release of these compound around the temperature of 370ºC. 
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1. Introduction 
 
There are many reasons that evidence the need of shifting 
our current energy system, mainly based on fossil fuels 
exploitation (up to 84% of global energy demand is based 
on fossil fuels) [1], towards a new scenery, in which 
alternative sources of energy will participate. Some of 
these reasons are the close and unavoidable fossil fuels 
exhaustion, the energetic dependence on traditional energy 
sources which is the basis of many geopolitical problems, 
the environmental problems associated with their 
exploitation and the increasing energy demand.  
  
The alternative energy resources such as nuclear power 
and renewable energy sources are nowadays being 
employed to generate electricity. In the transport field 
(which is responsible for the 18% consumption of primary 
energy worldwide) there are several alternatives able to 
substitute the fossil fuels role, such as biofuels.  

In this context, biomass stands as one of the most 
important renewable sources of energy, due to the well-
known advantages it provides. In the particular case of 
biodiesel, another attractive feature is added: it has 
potential to be used as alternative liquid transportation 
fuel.  
 
Of the several methods available for producing biodiesel, 
trastesterification of oils and fats is the most common 
method. In this process, the oil/fat reacts with an alcohol 
to form the biodiesel in the presence of a catalyst, and 
glycerin is formed as a by-product. As biodiesel 
production is increasing, so does the formation of 
glycerin. In view of this situation, the research 
community has recently showed more and more interest 
in studying possibilities to revalorize the glycerin 
produced during biodiesel production [2-5]. Up to now, 
the chemical synthesis of glycerin-derivative products 
(food, pharmaceutical, cosmetics, and others), is the most 
common option [4].  
 
As a consequence of the massive production of glycerol, 
its value is lower and lower, up to the point that it is 
currently considered as a waste product. Moreover, crude 
glycerol derived from biodiesel production possesses 
very low value because of the impurities. 
 
Further refining of the crude glycerol will depend on the 
economy of production scale and/or the availability of a 
glycerol purification facility. All the same, the 
knowledge of the glycerin degradation mechanisms 
provides important information for the improvement of 
the processes design.  
 
With these premises, this work aimed to study the 
thermogravimetric degradation of glycerin under an 
argon atmosphere, studying the process under different 
approaches:  

a) On the one hand, the effect of heating rate 
(in the range 20-100 K min-1) was studied, 
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analyzing its influence on the weight loss 
profiles. 

b) Also, the emission of sulphur compounds 
was monitorized and related to thermal 
degradation events. 

 
 
2.  Experimental 
 
Glycerin was provided by the Biodiesel manufacture plant 
of Bioenergética Extremeña, located in Valdetorres 
(Extremadura, Spain). The TG study was carried out using 
a thermobalance (Setsys Evolution, SETARAM) under an 
Ar flow of 100 cm3min-1. An initial mass of 15.0±0.1 mg 
was used, employing argon as carrier gas (100 cm3 min-1) 
and varying the heating rate conditions in the range 
previously described. The analyses were made in the 
temperature range 25-800 ºC.  
 
The study of the emissions released was made by coupling 
mass Spectrometer (Pfeiffer Tecnovac Thermostar 
GDS301 T3). The gas line between the TG and MS was 
heated to 200 ºC in order to avoid cold points and thus 
prevent the condensation of some of the gaseous products. 
The following mass spectrometer signals were 
monitorized: SO2 (m/z=64), S(CH3)2 (m/z=62), H2O (m/z= 
17 and 18), CO2 (m/z=44) and glycerin (m/z=73). 
 
In order to guarantee reproducibility of results each run 
was made three times and the signals were normalized to 
the initial mass of the sample. Thus, it was possible to 
compare the peak height of the same compound evolved 
from different samples. 

                
3. Results 
 
From the results obtained it was found that glycerin 
thermal degradation occurs following various different 
stages, at it can be seen from Figure 1.  
 

 
 

Figure 1. TG and DTG profiles of glycerin thermal 
decomposition. 

 

 
This decomposition profile can be associated with the 
chemical characteristics of glycerin (Figure 2): 
 

 

 
Figure 2. Molecular structure of glycerin. 

 
 

From Figure 1, it can be inferred that there is a slight 
weight loss up to 115ºC, which becomes more marked in 
the range 115-350ºC, when most of the glycerin has been 
pyrolyzed. At temperatures higher than 350 ºC, the TG 
curve only shows a residual mass proportion equal to 2%; 
which is similar to the ash content of the material. The 
DTG curve shows two peaks centered at temperatures 
135 and 295ºC, being the latter much wider, in 
accordance to a more persistent weight loss.  
 
The first decomposition stage can be associated with 
water release (glycerin is hygroscopic; i.e., it absorbs 
water from the air), while the second wide one is 
associated to its boiling and decomposition at 290°C [6]. 
 
The thermal instability of glicerin has been previously 
observed by other authors, which improved it by 
blending it with different plastiziers [7]. 

 
Figure 3 shows the TG profiles corresponding to runs 
made at the different heating rates. 
 

 
Figure 3. TG profiles under different heating rates. 

 
 
From Figure 3 it can be infered that the effect of this 
variable was more marked at the first stages of the 
decomposition, giving rise to a greater weight loss and a 
slight shift of the temperatures defining each stage 
towards lower temperatures.  
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Finally, the course of various emissions during thermal 
degradation processes was monitorized by coupled 
TG_MS analyses at a heating rate of 40 ºCmin-1. 
 
Figure 4 shows the ion intensity profiles of signals 
corresponding to m/z= 17 and 18, which can be related to 
water. From this Figure, it can be seen that the ion 
intensity starts increasing at temperatures close to 100 ºC, 
and then shows a continuous marked rise. 
While the former increase might be related to the water 
absorbed by glycerin, the subsequent one could be due to 
the release of water during the cracking reactions 
occurring when the decomposition temperature of glycerin 
is reached, although the saturation of the signal might also 
be postulated.  
 
 

 
Figure 4. Mass spectra associated to water, (m/z=17) 

and (m/z=18). 
 
 
Regarding the specie SO2 (as associated to the ion 
intensity signal of m/z=62) it was identified as a very well 
defined peak centered at 370ºC, corresponding to the 
second stage, attributed to glycerin decomposition (see 
Figure 5). The release of this compound can be related to 
the presence of K2SO4 (around 4-7 wt.%) in technical 
glycerin. 
Also, a well-defined signal was found for the ratio m/z=64, 
which could be related to the presence of dimethyl sulfide.  
 
 
Finally, the mass spectra signals associated to carbon 
dioxide (m/z=44) and pure glycerin (m/z=73) [8] have 
been plotted in Figure 6. 
First, the carbon dioxide profile is consistent with the 
hypothesis made before: its release is outstanding at 
temperatures higher than 200 ºC aproximatelly, as the 
previous weight loss was related to water. However, the 
ion intensity of carbon dioxide get greater as temperature 
is risen above this value, presenting a well defined peak 
around 280-300 ºC, which is consistent with the 
decomposition of glycerin. 

This signal gets more marked at higher temperatures, 
coinciding with the peak found for pure glycerin 
(m/z=73), which is released at the final stages of the 
decomposition. 
 

 
Figure 5. Mass spectra associated to sulphur dioxide 

(m/z=62) and dimethyl sulfide (m/z=64) 
 
 

 
Figure 6. Mass spectra associated to carbon dioxide 

(m/z=44) pure glycerin (m/z=73). 
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