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Introduction 

 
Renewable energy is becoming a priority in this modern era due to decline in petroleum resources along with 

necessity for emission reduction resulting from the use of fossil fuel resources. Biomass is considered as a promising 

renewable energy resource to substitute conventional fossil fuels. The availability of biomass energy potential in India 

is estimated as 26 GW [1]. Biomass can be converted to various fuels, chemicals and also for energy generation 

through thermochemical pathways viz., combustion, gasification and pyrolysis. Among the thermochemical 

conversion techniques, pyrolysis is considered as most efficient process due to its higher feed to fuel ratio compared 

to combustion and gasification process [2]. Thermogravimetric analysis is one of the important techniques to study 

the primary reactions of decomposition of solids. It is also used to study the devolatilization of biomass under inert 

and oxygen atmospheres as it provides accurate data on the occurrence of intrinsic reaction [3]. Kinetic study of 

biomass is of utmost importance because it is needed for the design of pyrolysis reactors and gasifiers [4,5]. 

 Pyrolysis is the thermal decomposition of biomass in the absence of oxygen to obtain solid, liquid and gaseous 

products. It is classified in terms of temperature and heating rate as, slow pyrolysis for the production of biochar and 

fast pyrolysis (higher heating rate) for the production of bio-oil. Thermal decomposition kinetics of biomass is a key 

component in the efficient design of thermochemical processes for the conversion of biomass into energy and 

products [6]. Cellulose, hemicellulose and lignin are the basic units of biomass and the thermal degradation of these 

components ranges between 470 and 770 K starting with hemicellulose at 470-530 K, followed by cellulose at 570 to 

620 K and then by lignin at 550 to 770 K [7, 8]. Nocera et al. [9] conducted pyrolysis experiments at different heating 

rates to study the decomposition temperature of different polymers. They found that the mass loss and its rates were 

strongly affected by the heating rates and the depolymerisation temperature was mainly between 200 and 400°C. The 

effect of particle size on slow pyrolysis kinetics was studied by Suriapparao and Vinu [10]. The study revealed high 

yield of aromatics with medium sized particles (0.3 - 0.5mm); and reduced yield of phenolics and linear hydrocarbons 

and increased production of gases (CO and CO2) with particle size. 

 In the present study, pyrolysis of sugarcane bagasse at five different heating rates were conducted using 

thermogravimetric analyzer (TGA) to study thermal degradation of the biomass. Non-isothermal kinetic study of the 

sugarcane bagasse was carried out by the application of KAS kinetic model and the activation energy of the process 

was also calculated [11]. 
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Materials and Methods 

Sample Preparation 

 

 The sugarcane bagasse samples were obtained from nearby areas in and around TNAU, Coimbatore. The raw 

sample as received contained 45 (%)w moisture. The moisture content was lowered to 8-10 (%)w by drying in hot air 

oven at 103 ± 5°C. The air-dried samples were ground and sieved to obtain uniform particle of size in the range of 0.1 

- 0.2 mm. The samples were also subjected to proximate and biochemical analysis and the results are given in Table 

1. 

Table 1. Characteristics of sugarcane bagasse 

 

Parameters Values 

Proximate analysis (%) 

Volatile matter 

Ash content  

Fixed carbon 

 

79.00 

16.19 

13.17 

Biochemical analysis (%) 

Cellulose 

Hemicellulose 

Lignin 

Extractives  

 

36.19 

31.57 

18.67 

11.71 

  

From table 1, volatile and ash content of the sample was found to be 79 and 16.19 (%)w. Fixed 

carbon in the sugarcane bagasse was 13.17 per cent. Cellulose, hemicellulose and extractives in the sample 

was 36.19, 31.57 and 18.67 while extractives were 11.71 per cent, respectively.  

 

Experimental technique 

 The pyrolysis experiments were done using thermogravimetric analyser (Model: TGA Q50, TA 

instruments) coupled with data processor. Thermogravimetric analysis is used to determine a material’s 

thermal stability by monitoring the weight change that occurs during heating in controlled atmosphere. The 

instrument has a wider range of operating conditions from room temperature to 1100°C. Nitrogen was used 

as purge gas at flow rate of 60 ml min-1. The experiments were carried under non-isothermal conditions from 

room temperature to 950°C by placing the sugarcane bagasse sample in the TGA platinum pan and varying 

the heating rate from 10°C min-1 to 50°C min-1. In this study, approximately 10 mg of sample is used for 

each analysis. The samples undergo different stages such as drying and depolymerisation during pyrolysis 

process. Weight losses with respect to temperature rise were continuously recorded with computer working 

simultaneously with furnace.   

 

Kinetic study 

 Thermogravimetric curves were used to obtain the kinetic parameters such as activation energy (Ea) and 

frequency factor (A) by Kissinger-Akahira-Sunose (KAS) method. General kinetic equation of non-

isothermal degradation process is given by, 

 
where, 

 x - degree of conversion;  A - frequency factor;  R - gas constant; β - heating rate; T - temperature 

 E - activation energy 

 

Integrating from the initial condition of x=0 at T=T0, we obtain 

 
For KAS method, Coats-Redfern approximation is used for temperature integration [12] and the above 

equation is transformed into, 
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Taking logarithm and rearranging the above equation, 

 
by plotting ln β/T2 versus 1/T, a regression line could be derived at different temperature heating rates. The 

activation energy and frequency factor can be calculated from the slope. 

 

Results and Discussion 

 

TGA  

 Pyrolysis experiments were performed with sugarcane bagasse biomass at five different heating rates 

and thermogravimetric curves are given in Fig. 1. 

 

 
Fig.1. Thermogravimetric curves at different heating rates. 

 

 From the thermogravimetric curves, almost similar trend of degradation was observed regardless of 

heating rates. Generally, the pyrolysis process is divided into three stages viz., (i) dehydration stage at 

temperature below 150°C in which the water molecules and lower molecular weight compounds were 

removed, (ii) devolatilization stage from 150 to 500°C consists of two exothermic processes where the main 

components, hemicellulose, cellulose and lignin were decomposed and a higher amount of volatile vapours 

formation occur [13].  This stage is referred as active pyrolysis stage.  During this stage, higher molecular 

weight compounds (i.e., oligomeric components from the depolymerization of hemicellulose, cellulose and 

lignin) are depolymerized to lower molecular weight compounds such as phenols, acids, aldehydes, ketones 

etc. with the exposure to continuous heat.  During decomposition of cellulose, the bonds associated with 

cellulose are split into monomers at lower temperature and with the increase of temperature, integration of 

bonds resulted to the formation of liquid [14].  (iii) At final stage, lignin was endothermically decomposed 

at temperatures above 500°C at a slower rate.  Char is the major product during this stage (passive 

pyrolysis).  

 Fig. 1. depicts the major weight losses that occurred at different heating rates. Heating rate is considered 

as one of the important factors in pyrolysis process. It can be observed that 70 per cent of weight loss 

occurred between 300 and 400°C which was mainly due to the degradation of cellulose and hemicellulose. 

The residue (char) at the end of the reaction ranges between 9.11 (10°C min-1) and 15.42 (50°C min-1) per 

cent, respectively. TGA curves indicate that, increase in heating rate from 10 to 50°C min-1 resulted into 

increased char obtained during thermal decomposition. It may be due to the fact that the lower heating rates 

resulted to better effective heat transfer to the inner core and among the surface of the particle causing more 

weight loss in the form of volatile content. Thus, at the higher heating rates, the char residue at the end of 

pyrolysis experiments also increased. Similar results were observed by Regina et al., [15]. 
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 The weight loss curves shifted to a higher temperature region as the heating rate was increased from 10 

to 50°C min-1. The peak temperature at the four different heating rates was found to be 316.14, 330.12, 

334.23, 345.78 and 355.7°C, respectively. The shift of temperature profile to the right might be due to the 

thermal lag in the heat transfer between the inner and outer surface of the biomass [14]. Due to the 

prolonged residence time at lower heating rate (10°C min-1), the temperature profile along the cross-section 

of the biomass is linear with the outer surface area, and the inner core of biomass is maintained at the same 

temperature for a specific period. At higher heating rates (40°C min-1), the temperature profile was different 

between outer and inner core of biomass along the cross section [16].  From the TG-DTG thermographs, it 

was observed that the different trends are mainly attributed to the chemical composition viz., cellulose, 

hemicellulose and lignin components. 

 

Thermal degradation kinetics 

TGA analysis of the biomass was conducted at five different heating rates and KAS method was used to 

determine the kinetic parameters. The regression lines based on the above method was plotted and the 

values of R2, activation energy and frequency factor are listed in Table 2. 

 

Table 2. Kinetic parameters by KAS method 

 

Heating rate  

(°C min-1) 

R2 Activation energy  

(Ea, kJ mol-1) 

Frequency factor 

(A, s-1) 

10 0.94 115.25 7.89 

20 0.96 112.16 7.85 

30 0.96 112.40 7.85 

40 0.96 113.03 7.87 

50 0.96 110.76 7.85 

 

 It can be seen that the values of determination coefficients are higher than 0.90 in all the heating rates. 

The activation energies are in the range between 110 and 116 kJ mol-1 which was lower than the values 

reported in the literatures [13, 17]. This may be due to the various kinetic models viz., Flynn-Wall-Ozawa 

method and Vyazovkin method used for the calculation of kinetic parameters. The value of frequency factor 

lies in the range from 7.85 to 7.89. The variation in A values signified the complex reactions during the 

thermal degradation of biomass [18]. Activation energy in the process must be lower during a chemical 

reaction. Higher value of activation energy represents difficulty in the occurrence of reaction. It also 

determines the reactivity and rate of the reaction. Thus, different activation energies at different heating 

rates illustrated the various characteristics of thermal decomposition process of sugarcane bagasse samples. 

It also indicates the complexity of physical and chemical transformations at different reaction stages. The 

activation energy obtained were found to be similar as reported in the literature for different biomass. The 

values were found to be lower than value obtained for elephant grass (183.8 kJ mol-1), eucalyptus (208 kJ 

mol-1) [19] and rice husk (221 kJ mol-1) [20]. 

 

Conclusion 

Pyrolysis of sugarcane bagasse was experimented in thermogravimetric analyser to study the thermal 

degradation and determination of kinetic parameters using Kissinger-Akahira-Sunose method. The pyrolysis 

reaction occurred in the temperature range of 290 – 410 °C. Activation energy values were in the range of 

110 - 116 kJ mol-1 for different heating rates under non-isothermal condition. Frequency factor values were 

in the range between 7.85 and 7.89. The results confirmed that the sugarcane bagasse can be used as 

potential feedstock for the production of good quality fuels and value-added chemicals. 

 



Chemical Science Review and Letters  ISSN 2278-6783 

DOI:10.37273/chesci.cs2053022041             Chem Sci Rev Lett 2022, 11 (41), 19-23          Article 2053022041 23 

References 

 
[1] Ministry of New and Renewable Energy, Government of India, New Delhi. 2021. https://mnre.gov.in/file-

manager/annual-report/2020-2021/EN/pdf/3. Annual Report, 2020 - 21. 

[2] Lim, A. Bridgid, L. Zeinab, A. Kiew, L. 2016. Kinetic Analysis of Rice Husk Pyrolysis Using Kissinger-

Akahira-Sunose (KAS) Method. Procedia Engineering. 148: 1247 - 51 

[3] Mani, T. Pulikesi, M. Jalal, A. Nader, M. 2010. Pyrolysis of Wheat Straw in a Thermogravimetric Analyzer: 

Effect of Particle Size and Heating Rate on Devolatilization and Estimation of Global Kinetics. Chemical 

Engineering Research and Design. 88(8): 952 - 58. 

[4] Yu, J. Joseph, D. 2018. Validation and Application of a Kinetic Model for Biomass Gasification Simulation 

and Optimization in Updraft Gasifiers. Chemical Engineering and Processing - Process Intensification. 125: 

214 - 26.  

[5] Liu, H. Ahmad, M.S. Alhumade, H. Elkamel, A. Sammak, S. Shen, B. 2020. A Hybrid Kinetic and 

Optimization Approach for Biomass Pyrolysis: The Hybrid Scheme of the Isoconversional Methods, DAEM, 

and a Parallel-Reaction Mechanism. Energy Conversion and Management. 208: 112531. 

[6] Ounas, A. Aboulkas, A. Harfi, K. Bacaoui, A. Yaacoubi, A. 2011. Pyrolysis of Olive Residue and Sugar Cane 

Bagasse: Non-Isothermal Thermogravimetric Kinetic Analysis. Bioresource Technology. 102(24): 11234 - 38.  

[7] Liu, Wu. Wen, L. Hong, J. Han, Y. 2017. Fates of Chemical Elements in Biomass during Its Pyrolysis. 

Chemical Reviews. 117(9): 6367 - 98. 

[8] Zabaniotou, A. Kantarelis, E.K. Theodoropoulos, D.C. 2008. Sunflower Shells Utilization for Energetic 

Purposes in an Integrated Approach of Energy Crops: Laboratory Study Pyrolysis and Kinetics. Bioresource 

Technology 99(8): 3174 - 81. 

[9] Nocera, F. Gagliano, A. Patania, F. Bruno, M. Scire, S. 2016. Slow Pyrolysis Kinetics of Apricots Stones by 

Thermogravimetric Analysis. IREC 2016 - 7th International Renewable Energy Congress. 

[10] Suriapparao, V. Vinu, R. 2018. Effects of Biomass Particle Size on Slow Pyrolysis Kinetics and Fast Pyrolysis 

Product Distribution. Waste and Biomass Valorization. 9(3): 465 - 77. 

[11] Chao, M. Weimin, L. Xiaobo, W. 2014. Influence of Antioxidant on the Thermal-Oxidative Degradation 

Behavior and Oxidation Stability of Synthetic Ester. Thermochimica Acta. 591: 16 - 21. 

[12] Thipkhunthod, P. Meeyoo, V. Rangsunvigit, P. Kitiyanan, B. Siemanond, k. Rirksomboon, T. 2006. Pyrolytic 

Characteristics of Sewage Sludge. Chemosphere 64(6): 955 - 62. 

[13] Damartzis, D. Vamvuka, S. Zabaniotou, A. 2011. Thermal Degradation Studies and Kinetic Modeling of 

Cardoon (Cynara Cardunculus) Pyrolysis Using Thermogravimetric Analysis (TGA). Bioresource Technology 

102 (10): 6230 - 38.  

[14] White, J. E. Catallo, W. J. Legendre, B. L. 2011. Biomass pyrolysis kinetics: A comparative critical review 

with relevant agricultural residue case studies, Journal of Analytical and Applied Pyrolysis. 91(1): 1–33. 

[15] Regina, E. Zanatta, T. Olinek, R. Jamal, A. 2016. Kinetic Studies of Thermal Decomposition of Sugarcane 

Bagasse and Cassava Bagasse. Journal of Thermal analysis and Calorimetry. 125 (1): 437 - 445. 

[16] Braga, R. M. Melo, D.M.A. Aquino, F.M. Freitas, J.C.O. Melo, M.A.F. Barros, J.M.F.  Fontes, M.S.B. 2014. 

Characterization and comparative study of pyrolysis kinetics of the rice husk and the elephant grass. Journal of 

Thermal analysis and Calorimetry. 115(2): 1915 - 1920. 

[17] Griffin, G. J. 2011. The Effect of Fire Retardants on Combustion and Pyrolysis of Sugar-Cane Bagasse. 

Bioresource Technology 102(17): 8199 - 8204.  

[18] Kongkaew, N. Pruksakit, W. Patumsawad, S. 2015. Thermogravimetric kinetic analysis of the pyrolysis of rice 

straw. Energy Procedia. 79: 663-670. 

[19] Yuan, X. He, T. Cao, H. Yuan, Q. Cattle manure pyrolysis process: Kinetic and thermodynamic analysis with 

isoconversional methods. Renewable Energy. 107: 489 - 496. 

[20] Conesa, J. A. Marcilla, A. Caballero, J. A. Font, R. 2001. Comments on the validity and utility of the different 

methods for kinetic analysis of thermogravimetric data. Journal of Analytical and Applied Pyrolysis. 58: 617 - 

633. 

© 2022, by the Authors. The articles published from this journal are distributed 

to the public under “Creative Commons Attribution License” (http://creative 

commons.org/licenses/by/3.0/). Therefore, upon proper citation of the original 

work, all the articles can be used without any restriction or can be distributed in 

any medium in any form.  

     Publication History 

Received 04.02.2022 

Revised 17.02.2022 

Accepted 18.02.2022 

Online 22.02.2022 

 

 


