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ABSTRACT Carbon neutrality is the balance between carbon emission and absorption from the soil, forest, and oceans. A variety of
renewable energy sources, such as solar, wind, hydrogen, biomass energy, and waste energy, have been studied worldwide to achieve
carbon neutrality by 2025. In particular, pyrolytic oil produced from plastic and biomass is considered a promising energy for
achieving carbon neutrality because it can be effectively used not only for heat transfer but also as transport fuel. Furthermore,
pyrolytic oil produced from plastics has been used as a feedstock in chemical processes to produce sustainable monomers and
chemicals. However, most plants used for producing pyrolytic oil have been built in batch, not continuous manufacturing. Therefore,
it is essential to scrutinize the thermal decomposition characteristics of plastics and biomass to build commercial plants. In this study,
to discover the kinetic parameters and dynamic thermogravimetric characteristics, the thermal degradation of 3 types of plastics
(LDPE, HDPE, PP) and sawdust was examined using a TGA under a nitrogen atmosphere of isothermal conditions in the range of
375°C, 400°C, 425°C, and 450°C. The results showed that the calculated activation energy was LDPE 136.11 kJ/mol, HDPE 181.99
kJ/mol, PP 149.39 kJ/mol, and Sawdust 34.73 kJ/mol.
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Table 1. Properties of LDPE, HDPE, PP and Sawdust feedstock

, HHV Elemental analysis (wt%, Dry and Ash—free basis)
Materials :
(kcal/kg, Dry basis) c H o* N S
LDPE 11034.85 86.05 14,33 0.00 0.19 0.00
HDPE 11197.25 85.73 14.63 0.00 0.18 0.00
PP 11104.75 85.84 14,62 0.00 0.19 0.00
Sawdust 4231.20 43.70 5.49 50,78 0.03 0.00
*By difference
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Table 2. Experimental conditions

Reaction Temperature Materials Heating rate Time to Reaction Holding time
('C) (°C/min) temperature (min) (hr)
LDPE 12
) HDPE 12
375°C 24
PP 7
Sawdust 15 12
400°C 26
425°C All 28 7
450°C 30
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Table 3. Kinetic constant and correlation coefficients

Materials T (°C) k,min”" Correlation coefficient, R?
375 0.0043 0.96
Low density polyethylene 400 0.0102 0.97
(LDPE)
(0.1<6<0.9) 425 0.0337 0.97
450 0.0522 0.99
375 0.0039 0.95
High density polyethylene 400 0.0096 0.97
(HDPE)
(0.1<6<0.9) 495 0.0352 0.93
450 0.1245 0.97
375 0.0172 0.98
POlyIzg’gylene 400 0.0455 0.98
(0.126<0.9) 495 0.1136 0.97
450 0.3105 0.99
375 0.1396 0.98
Sawdust 400 0.1879 1
(0.1<0<0.65) 425 0.3186 1
450 0.3197 1
375 0.0034 0.99
Sawdust 400 0.0041 0.98
(0.65<0<0.9) 425 0.0050 0.97
450 0.0051 0.98
Table 3& EW A3 F RG] & AL Felgt Apo| &2 QI7E Egd st 2| 2] X}Olﬂ AT o 4= Sl
4 e, ol = £E0] ARG FRPSS Mol Kim et al (1999)° S 71EEEE B2 shof nlEy &
=t} E3F 2 AR RS (k) g 227 Eobd S 283k ZetAE 9| Kinetic 75 53T
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o, SHA] ARl vRet o] E2j&dd 7% EAF 129
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Fig. 7. In k versus 1/T for LDPE, HDPE, PP and Sawdust

Table 4. The value of In (k), Activation energy, Arrhenius pre—exponential factor

Materials T(C) In (k) Ea (kJ/mol) A
375 —5.45
Low density polyethylene 400 —4 59
(LDPE) : 136,11 4.11x10°
(0.1<0<0.9) 425 —3.39
450 —2.95
375 —5.55
High density polyethylene 400 —4 65
(HDPE) . 181,99 1.57x10"
(0.1<0<0.9) 425 —3.32
450 -2.08
375 —4.06
Polypropylene 400 ~3.09
(PP) : 149.39 1.82x10%
(0.1<0<0.9) 425 —2.18
450 -1.17
375 -1.97
Sawdust 400 -1.67 )
(0.1<0<0 65) 195 gy 47.24 9.18x10
450 -1.14
375 —5.68
Sawdust 400 —5.50 .
(0.65<0<0.9) 425 —-5.30 22.21 215210
450 —5.28
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