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Kinetic study and pyrolysis of palm kernel shell (PKS) and
palm empty fruit bunches (EFB) for bio-oil production
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ABSTRACT
This research investigated the chemical composition, thermal behavior and kinetics of the pyrolysis process
of palm kernel shell (PKS) and palm empty fruit bunches (EFB), which are the wastes from the oil palm industries.
The chemical composition of bio-oil produced by pyrolysis process with the fixed bed reactor was also studied.

The result showed that PKS had higher content of volatile matter, carbon content and calorific value; while, it had
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lower oxygen content and ash content than those of EFB. The thermal behavior obtained from TGA at heating rate
of 20 °C/min showed that there were three steps of thermal degradation of both PKS and EFB. The first step
involved the moisture evaporation and thermal degradation of main decompositions (cellulose, hemicellulose and
lignin) was in the second step. The last step was the slow decomposition of carbonaceous material. The activation
energies of both sample were analyzed by Flynn-Wall-Ozawa (FWO) and Kissinger- Akahira- Sunose (KAS) method
presented in the same range (232-237 kJ/mol) without difference between two methods. Bio-oil produced from
the pyrolysis process at 500 °C was analyzed by GC/MS. These bio-oil consisted of aromatic, aliphatic, fatty acid,
oxygenated and nitrogenated compounds. The fatty acids were the main compound found in bio-oil from EFB;
while, aromatic hydrocarbons were the major product in bio-oil from PKS. Therefore, PKS and EFB have potential
for energy application and the pyrolysis oil is considered as a chemical source and can be upgraded to commercial

fuels.
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acid wag Stearic acid USu1auunnie 55% @autndudinin

NNTAUIAUNULNEY 10% F9a15UTLNBUAINENIAINTH

Pl Duansaasulunisuanlulamwals (Knothe, 2015)
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solU (Du et al,, 2011)
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A15199 2 USunauansusenauinuludhiudinmessnzanuidusazneateunay (Area %)

Peak area(%) Peak area(%)

Chemical name Formula

PKS EFB

Styrene CgHg 0.21

2-Phenylpropene GoHio 0.14
Acetic acid C,Hl0, a.77 0.18
Pentadecane CysHsp 0.40
n-Hexadecane CigHaa 0.20
Heptadecane Cy7H3g 0.16 0.39
Phenol CeHsO 16.7 0.41
2,6-Dimethoxyphenol CgH1003 39 0.56
Methyl palmitate Cy7H340, 5.94
2-Heptadecanone Cy7H340 0.78
2,6-Dimethoxyphenol CgH1003 0.56
Palmitonitrile CiH3N 0.84
Methyl stearate Ci9H380, 0.96
Methyl 9-cctadecenoate CioH3605 4.46 4.46
n-Pentacosane CysHs, 0.71
n-Hexacosane CogHsq 0.66
Palmitic acid Ci6H3,0, 4.72 31.67
Stearic acid CigH360, 3.34 3.34
9-Octadecenoic acid Ci8H340, 2.79 18.55

Mono(2-ethylhexyl) phthalate Ci6H2504 277
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