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ABSTRACT

In this study, the fuel characteristics, thermal decomposition behavior, and kinetics of sugarcane leaves
(Khon Kaen 3) were investigated as a solid biofuel. Characterization of the sugarcane leaves was undertaken in
terms of chemical composition, proximate and ultimate analyses, heating value, and functional group. Thermal
decomposition (25-800 °C) was analyzed in nitrogen atmospheres by non-isothermal thermogravimetry analysis
using heating rates of 5, 10, and 20 °C/min. The kinetic analysis was carried out via two model-free methods: the
Kissinger—Akahira—Sunose (KAS) and the Flynn—Wall-Ozawa (FWO). The results showed that sugarcane leaves
contained the highest value of cellulose (41.41%), followed by hemicellulose (36.68%), and lignin (6.39%). The
fixed carbon, volatile matter, ash, and higher heating value of sugarcane leaves were 14.38%, 69.63%, 9.04%, and
17.76 MI/kg, respectively. The atomic oxygen-to-carbon (O/C) and hydrogen-to-carbon (H/C) ratios of sugarcane
leaves were 0.77 and 1.64, respectively, which are not suitable for use as solid fuels. Additionally, the hydroxyl
group oscillations were presented in sugarcane leaves; therefore, the quality of sugarcane leaves should be
improved. The kinetics analysis showed that the mean activation energies of the KAS and the FWO models were

similar, namely 197.66 kJ/mol and 197.88 kJ/mol, respectively.
Key words: sugarcane leave, biofuel, kinetic, thermal decomposition, thermogravimetric analysis
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Table 1 Chemical components of sugarcane leaf

AWSOUGI 232256 LuNggaADN lansy
nlansu (Dietenberger and Hasburgh, 2016)

08191500 dadruvesSinaaniululudeenny

Yr

Tunisanuililinifesay 6.52 F9d1n217d9
X Aa a I 4

Usznnldqananiiuilueanisenoudosay 25
(Novaes ef al., 2010) HAIBNTUTIAATINIADU 9
nulydszinn 1y (Non-wood materials) Faud
WSuadaniiudnyunu sy idulendre 1laen
o A ) A ' "y

aamaes Tuduizaa Integsznineiesas 49-7.77
(Owonubi et al., 2021) ludestiiisauduly (Vein)
UANUYUIBBNNINLFUAA19TY (Midrib) 10
o 1 1 o A 1 o
dudeedsang q 1nneauded lignn o iradues

Yd 2 o & o= @ A Aay yga
Tuldanide sadusatuaruvesniyni ldiany
<=3 a a @ [ ~ ] o
uRanusnadaniiuludaaruin luunin vag
NUINANTRENINHANITANYIVO Pereira ef al.
2015) nnuNnludselsuaantiuiosay 11.13
ufveliUSuranaaglaguaziaiitsag laan
YA o 22 A Y] ' Y
Indifganunationniiesdreanuuanaianu 'y
I{

7133 11 Indl (Genotype) vosdoe azamninadow
a a = a
M35 Aav Ia (Mason et al., 2020) H9U3u1w
AniuUNUANAIIAUAINAADAIAIINS DU

(Demirbas, 2001) Y9IFILIAASF U

Chemical component (wt.%, dry basis)

Biomass References
Cellulose  Hemicellulose Lignin Other*
Sugarcane leaf 41.4140.18 36.68+0.38 6.394£0.19  15.53+0.01 Present work
41.09 35.07 11.13 - (Pereira et al., 2015)
40.8 28.7 22.7 13.7 (Franco et al., 2013)
Sugarcane bagasse ~ 44.43+0.86 22.9+0.67 17.52+0.65 14.18+0.24 (Maryana et al., 2014)

*Calculated by difference (Cellulose + Hemicellulose + Lignin + Other = 100%).
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Table 2 Ultimate, proximate and heating values of sugarcane leaf

Analysis Sugarcane leaf

[Present work]

Sugarcane leaf and top Sugarcane bagasse

(Chatrattanawet ef al., 2018)  (Castellanos et al., 2012)

Proximate analysis (wt.%, as received basis)

Moisture 6.96+0.03 9.20 4.26
Fixed Carbon 14.38+0.47 16.90 11.03
Volatiles 69.63%0.55 67.80 77.99
Ash 9.04+0.05 6.10 6.72
Ultimate analysis (wt.%, dry basis)
41.41+0.12 46.152 47.63
H 5.72+0.01 5.632 6.16
N 0.60+0.08 0.443 0.42
O* 42.41+0.08 41.485 38.46
S 0.15+0.02 0.188 0.31
O/C molar ratio 0.77 0.67 0.61
H/C molar ratio 1.64 1.45 1.54
Molecular formula C,HO,
Heating value (MJ/kg, dry basis)
LHV 16.39+0.04
HHV 17.76+0.05 16.73

*Calculated by difference (C+H+N+O+S+Ash = 100%).
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Figure 1 FTIR spectra of sugarcane leaf
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Figure 2 TGA and DTG of sugarcane leaf
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