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Abstract. Emissions of greenhouse gases (GHGs) and other pollutants have increased considerably over the past 

decades due to the continued use of energy derived from fossil fuels. This has led to problems and environmental 

impacts that motivate the use of clean and renewable energy sources and unconventional combustion processes. 

Biomass is a renewable source and has great potential for CO2 neutral energy generation. Among all the alternatives 

for the use of biomass, thermochemical conversion processes are the most efficient, and pyrolysis is the process 

capable of producing biofuels, minimizing dependence on fossil fuels. The most studied types of pyrolysis are: rapid 

pyrolysis and slow pyrolysis. The slow pyrolysis of biomass is mainly intended to produce biochar; however, a fraction 

of bio-oil is obtained, which presents a high content of oxygenated components, receiving less attention being 

discarded as residue. Several studies have highlighted the use of catalysts to improve biochar and bio-oil quality. 

However, it is noteworthy that the literature presents few studies regarding the effect of the use of catalysts in the slow 

pyrolysis of biomass. In Brazil, sugarcane is an important energy crop used for ethanol production, thereby, large 

quantities of sugarcane bagasse are generated. Nowadays there are many alternatives for use this resource, one of 

them is pyrolysis. In literature, several works have studied the fast pyrolysis of sugarcane bagasse for biofuel 

production, however, the possibility of obtaining bio-oil through slow pyrolysis has not yet been studied. Thus, the 

objective of this work is to study the catalytic slow pyrolysis of sugarcane bagasse for bio-oil production.  
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1. INTRODUCTION 

 

Currently, 80-85% of the world's energy demand is supplied mainly by fossil fuels such as coal, oil and natural gas. 

The constant use of fossil fuels generates large amounts of greenhouse gases (GHG) to the atmosphere (Abbasi and 

Yozgatlilgil 2014; Saidur et al., 2011). Of the total GHG emitted, 3/4 correspond to carbon dioxide (CO2) which is the 

main anthropogenic emission responsible for global warming (Huaman and Jun 2014; Lin et al., 2011). According to 

the Intergovernmental Panel on Climate Change (IPCC, 2013), there is a direct correlation between rising GHGs and 

global warming. To meet the high energy demand aiming at the reduction of GHG emissions, mainly CO2, several 

alternatives were proposed, among them the use of biomass. Biomass is the fourth largest source of energy in the world 

and has been found to be a potential source of renewable energy, since it can simultaneously solve the problems of 

energy demand and chemical production (Saidur et al., 2011; Tinwala et al. al., 2015, Kim et al., 2017). Biomass 

utilization can be achieved through biochemical and thermochemical conversion methods. However, thermochemical 
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conversion has received increased attention because of its rapidity and greater efficiency when compared to biochemical 

conversion (Tripathi et al., 2016). 

Among all thermochemical processes, pyrolysis has the potential to produce biofuels with a high energy density 

from non-food resource sources (agricultural, urban, industrial and animal waste) (Demiral and Sensöz 2006). 

According to Kabir and Hameed (2017), pyrolysis using lignocellulosic biomass not only produces renewable but also 

petrochemical fuels; consequently, this can minimize dependence on fossil fuels. Biomass pyrolysis is the process of 

thermal decomposition in an inert medium which result in three products: a solid (biochar), a liquid (bio-oil) and a gas 

(pyrolytic gas) (Demiral and Sensöz 2006; Tripathi et al. al. 2016). Among the most studied types of pyrolysis are rapid 

pyrolysis and slow pyrolysis. 

Slow pyrolysis of biomass is primarily intended to produce biochar (Russell et al., 2017). Biochar may have several 

applications, such as in agriculture, water treatment and catalytic chemical processes (Tan et al., 2015, Lee et al., 2017). 

In the slow pyrolysis process, biochar is the dominant product fraction, however, a significant fraction of bio-oil and a 

lower fraction of pyrolytic gas are also produced. Diverse studies have shown that the bio-oil and pyrolytic gas fractions 

produced by the pyrolysis process can be used as a source of heat in the process, reducing the cost of processing (Park 

et al., 2014; Dunningan et al., 2016). Depending on the type of biomass and operating conditions, the bio-oil produced 

presents a considerable content of oxygenated components, therefore receives less attention (due to the low HHV) being 

discarded as waste (Kabir and Hameed 2017). 

On the other hand, based on the experience obtained in the production of bio-oil by rapid catalytic pyrolysis, there is 

a great interest in the use of catalysts in the slow pyrolysis of biomass since it can increase the productivity of the 

biochar, and the quality of the bio-oil produced (Russell et al., 2017). Thus, both products (i.e., biochar and bio-oil) 

could be used as the chemical base for the synthesis of other products or as an energy source, improving the yield of this 

process. 

Currently, the literature presents several papers that discuss the study of the slow thermal pyrolysis of several 

biomasses, however, there are few studies regarding the effect of the use of catalysts in the process of slow pyrolysis of 

biomass. This work to study the effect of adding a catalyst (CaO) on the yield of slow pyrolysis of sugarcane bagasse 

and into properties of their products. 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

 

Figure 1a shows a sample of sugarcane bagasse in natura. For experimental test a sample of sugarcane bagasse was 

milled until a particle size of 200μm. This granulometry was selected to get an appropriate mixing with the catalyst. 

 

 
Figure 1. (a) Sugarcane bagasse (a) in natura; (b) particle size on range of 250 - 500μm. 

 

2.2 Experimental setup  

 

Figure 2 exhibit the experimental setup used for the test. For experimental test was considered a temperature of 

400°C. The mass fractions of catalyst used are 10%; 20%, and 30%. In all experiments the mass of biomass was 20g. 

The catalyst (calcium oxide) was previously mixed with biomass being a IN-SITU catalyst pyrolysis. A flow rate of 

100ml of nitrogen gas is used to carrier the material volatile.  
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Figure 2. Experimental setup of the catalytic slow pyrolysis.  

 

2.3 Characterization techniques  

 

In this section is showed the techniques used for characterization of products. TGA analysis was performed by TA 

Instruments (SDT Q600) in duplicate using a mass of 10 ± 0.5mg, a heating rate of 10°C/min and an inert atmosphere 

of nitrogen. HHV was determined using a Calorimeter IKA C500. All tests are performed in duplicate using a mass of 

(0.5 ± 0.05) g. FTIR analysis was performed in a Perkin Elmer Spectrum 100 FTIR/ATR analyzer to measure the 

emission of absorption and diffusion of an infrared spectrum into the sample. A pH meter model 522 of MS Tecnopon 

equipment was used to determine the pH of the samples. 

 

3. RESULTS AND DISCUSSION 

 

Figure 3 shows three mass loss peaks that are characteristic of lignocellulosic materials. The first mass loss event 

refers to the loss of moisture (53 °C). The second and third events refer to the decomposition of hemicellulose, 

cellulose, and lignin, and depending on the temperature each of these elements dominates the rate of decomposition. In 

the second event (293 °C) the hemicellulose decomposition is initially dominant, but the lignin also decomposes at this 

temperature. The third mass loss (354 °C) is mainly related to cellulose decomposition, and at the end of the event 

lignin begins to dominate the rate of mass loss and continues to decompose above 400 °C. 

 

 
Figure 2. TG and DTG curves of sugarcane bagasse.  
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Figure 3 shows the products yield obtained in all conditions studied in this work. Without catalyst is the reference 

condition (41% biochar, 49% bio-oil and 10% pyrolytic gas). It can be observed that as the catalyst concentration 

increases there is a progressive reduction in the bio-oil yield. The biochar content increases considerably due to the 

increased catalyst content, however, when it is used 10% of catalyst, it can be observed a reduction of biochar yield 

which show an additional decomposition of biomass cause an increased pyrolytic gas yield. Using 20% and 30% of 

catalyst the pyrolytic gas yield is almost constant, however, the bio-oil continues reducing.  
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Figure 3. Products yield from pyrolysis conditions. 

 

Figure 4 exhibit the bio-oil obtained from the experimental test. In all conditions that used catalyst observed a 

clarification of bio-oil color (Figures 4a and 4b). Besides that, it was visualized a strong smell of volatile product.  

 

  
 

 

Figure 3. Bio-oil from sugarcane (a) without catalyst and (b) with catalyst. 

 

 

Table 1 shows that bio-oil in all condition has an acidic pH on range of 3 – 4.5, however, as the catalyst content 

increases the pH value increases. The use of catalyst can somehow improve the conditions of the bio-oil, aiming its use 

as a fuel. A reduction of pH could be attributed to the reaction between calcium oxide and organic acids, for example, 

calcium reacting with acetic acid can be form calcium acetate.  

 

 

 

 

(a) (b) 
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Table 1. pH values of bio-oil. 

 pH 

Without cat. 3 

10% cat. 3 

20% cat. 4 

30% cat. 4,5 
 

Figure 4 shows the FTIR spectra of bio-oil from pyrolysis of sugarcane bagasse. It can be observed a chance of 

chemical composition of bio-oil by using of catalyst (CaO). An increase of catalyst has no significant chance on 

chemical composition of bio-oil.  

The peak at 3395 cm-1 is related to O-H stretching vibration that was caused by water or alcohol in the bio-oil. The 

peak at 2928 cm-1, which may attribute to C-H stretching, by presence of alkyl C-H. The C=O stretching vibration at 

1705 cm-1 indicate the presence of ketones, aldehydes, esters or acids. The peak at 1367 cm-1 indicate the presence of 

alkanes by C-H bending vibrations. The peak at 1514 cm-1 indicate the presence of alkenes by C=C skeletal vibration. 

The bands at 1232, 1115 and 1021 cm-1 are related to C-O stretching vibration, showing possible existence of acids or 

alcohols in the bio-oil. 

The use of the catalyst causes a uniformity of the spectrum, indicating a regularization in the chemical composition.  

There is a significant increase in the band corresponding O-H stretching vibration caused by water or alcohol. There are 

no significant differences among the FTIR spectra of bio-oil using catalyst.  
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Figure 4. FTIR spectra of bio-oil from sugarcane without catalyst and using catalyst. 

 

4. CONCLUSIONS 

 

The results show an increase of yield of biochar and a reduction of bio-oil yield. The use of catalyst improves the 

quality of bio-oil. The catalyst causes a change in the composition of the bio-oil. 
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