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ABSTRACT The pyrolysis characteristics of high-density polyethylene (HDPE), low-density polyethylene (LDPE), and polypropylene
(PP) were analyzed numerically using a 1D plug flow reactor (PFR) model. A lumped kinetic model was selected to simplify the
pyrolysis products as wax, oil, and gas. The simulation was performed in the 400-600°C range, and the plastic pyrolysis and product
generation characteristics with respect to time were compared at various temperatures. It was found that plastic pyrolysis accelerates
rapidly as the temperature rises. The amounts of the pyrolysis products wax and oil increase and then decrease with time, whereas the
amount of gas produced increases continuously. In LDPE pyrolysis, the pyrolysis time was longer than that observed for other plastics
at a specified temperature, and the amount of wax generated was the greatest. The maximum mass fraction of oil was obtained in the
order of HDPE, PP, and LDPE at a specified temperature, and it decreased with temperature. Although the 1D model adopted in this
study has a limitation in that it does not include material transport and heat transfer phenomena, the qualitative results presented herein
could provide base data regarding various types of plastic pyrolysis to predict the product characteristics. These results can in turn be
used when designing pyrolysis reactors.
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Fig. 1. Schematic of a plug flow reactor (PFR)
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Fig. 2. Reaction pathways of plastic pyrolysis

Table 1, Kinetic parameters for HDPE, LDPE, and PP. Reaction
orders (n) of all reactions are set to be one

HDPE LDPE PP
A Es A Es A E,
(min™ | (kd/mol) | (min™) | (kd/mol) | (min™) | (kd/mol)
k| 1,14E7 113 1,44E7 111 1,42E7 109
ky | 1,564E7 | 110.7 | 0.68E7 186 0,55E6 104
ks | 0.63E7 | 213.3 | 0.90E7 159 0,95E7 17
k| 0,73E7 107 2.45KE7 116 2.7TAE7 110
ks | 0.48E7 | 125.3 | 2.40E7 131 1,97E7 134
ks | 2,26E7 125 0,89E7 129 0,67E6 230
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Table 2. Calculation conditions of PFR modeling

Residence time

Temperature
(°C) HDPE (s) LDPE (s) PP (s)
400 8776 11970 7313
450 2451 4085 2451
500 1146 2292 1146
550 718 897 538
600 507 338 338
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