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Abstract — Oil formation rate, composition of crude oil and formation of side products such as a-methyl styrene, ethyl
benzene, benzene, toluene, dimer and trimer on thermal degradation of polystyrene were affected by various factors.
Especidly, formation of organic residue formed during reaction gave an important influence on formation of oil and
composition of crude oil. Also, composition of formed crude oil showed a significant difference on reaction time. These
results were caused by organic residue and carbonized solid formed during continuous reaction. Increase of residue and
carbonized solid gave a decrease of yield of styrene and an increase of formation of a-methyl styrene, ethyl benzene,
benzene, toluene. New reaction system was proposed for continuous operation at the thermal degradation of polystyrene.
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Fig. 1. Amounts of feeding material for rpm of screw.

Table 1. Effect of reaction temperature on the pyrolysis of polystyrene
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Fig. 2. Apparatus for the continuous operation at the degradation of
waste polystyrene.
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Reaction temperature (°C) 350 360 370 380 390
Formation of oil (ml/min) 0.84 132 2.88 419 6.86
Product oil (%) 66.5 775 85.0 89.0 95.0
Residue (%) 320 20.6 13.7 9.3 35
Carbon (%) 15 19 13 17 15
Chemical composition of oil (Wt%)
Styrene monomer (wt%) 67.37 67.74 70.30 71.07 70.68
a-methyl styrene (wt%) 387 345 2.84 2.60 229
Toluene (Wt%) 4.29 377 2.46 277 1.96
Benzene (wt%o) 0.24 0.23 0.19 0.16 021
Ethylbenzene (Wt%) 1.90 1.68 1.09 0.92 0.78
Others (Wt%) 22.33 2313 2322 2248 24.08
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70 12 Table4. Molecular weight of polystyrene, organic residue and carbon
£ 60 | 110 g formed from thermal degradation
25 | % g Mn Mw Polydispersity
g .| 18 % z Waste polysiryrene 95807 207,273 216
é 30 —=—EB 6 & % Organic residue 1,406 3,352 237
° —e—SM 4 E‘ )
8 207 ——a-MS , g Table5. Effects on carbon and residue formed at thermal degradation
& 10 HHH—H—/ ® of polystyrene
0L = ‘ 0 -
0 1 2 3 4 5 6 7 Catalyst NO Carbon Residue
Reaction time (hr) residue 5% 5%
Fig. 4. Composition of crude oil formed at the continuous operation Formation of ail (ml/min) 7.35 6.26 6.76
of degradation of waste polystyrene. Yield of oil (wt%) 93.9 89.6 88.6
Residue (Wt%) 6.86 6.40 474
Table 2. Effect of reaction time on degradation of waste polystyrene Carbon (wt%) 0.33 0.98 208
Reaction time(min) 30 60 90 120 150 Chemical composition of oil (wt%)
Styrene monomer (wt%) 738 678 638 596 572 Styrene monomer 60.8 616 57.6
a-methyl styrene (wt%) 125 147 192 262 421 a-methyl styrene 22 9.6 74
Toluene (Wt%) 170 167 160 172 242 Toluene 21 39 40
Benzene (wt%o) 0.09 0.14 0.09 0.10 0.08 Benzene 01 0.1 0.1
Ethylbenzene (Wt%) 015 050 015 006 032 Ethylbenzene 0.3 21 29
Others (Wt%) 230 284 324 3B9 37 Others 345 22.8 282
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Fig. 5. Effects of residue on operation times operation at thermal degra-
dation of polystyrene.
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Fig. 6. Composition of crude oil formed at the continuous operation
of degradation of waste polystyrene using modified reactor.
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