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Reaction Kinetic Study on Pyrolysis of Waste Polystyrene using Wetted Column Reactor
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Abstract — Conversion to oil, yield of styrene and formation of side products such as o-methyl styrene, ethyl benzene,
benzene, toluene, dimer and trimer were affected by residue formed during thermal degradation. Also, control of reac-
tion temperature had a difficulty at the first stage. Thus, new reaction system using wetted-wall type reactor was pro-
posed and examined on various parameters such as reaction temperature, feeding rate and removal velocity of formed
vapor. Optimun condition was obtained from continuous thermal degradation using wetted-wall type reactor and reac-
tion kinetic study was carried out at new type reactor.
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Fig. 1. Supply of waste polystyrene using extruder.
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Fig. 2. Amounts of feeding material for rpm of screw.
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Fig. 3. Schematic of the thermo degradation of waste polystyrene.
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Table 1. Change of styrene monomer on reaction time

Reaction time(min)

Composition(wt.%) 30 60 % 120130

Styrene monomer 73.8 678 63.8 596 572
a-methyl styrene 1.25 147 192 262 421
Toluene 1.70 1.67 1.60 1.72 242
Benzene 009 0.14 0.09 0.10 0.08
Ethylbenzene 0.15 050 015 006 032
Others 23.0 284 324 359 357

Table 2. Effects of residue formed at thermal degradation of polystyrene
Amounts of residue(wt.%)

5 10 15 20 25
Composition(wt.%)
Styrene monomer 64.83 6248 5659 5027 45.52
o-methyl styrene 1.57 718 899 1126 14.03
Toluene 2.03 460 544 573 672
Benzene 0.06 0.05 0.14  0.18 0.18
Ethylbenzene 0.18 265 487 755 8.66
Others 3133 23.03 2397 2501 2489
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Fig. 4. Composition of crude oil formed at the continuous operation
of degradation of waste polystyrene.
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Fig. 5. Effect of feeding rate on the quantity of product oil.
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Table 3. Effect of feeding rate on the composition of product oil

.. . Feeding Rate (kg/hr)

Composition of oil (wt.%) 038 3 3

Styrene monomer 67.7 70.3 70.7
Ethyl benzene 0.78 0.10 0.80
o-methyl styrene 2.62 1.52 2.83
Benzene 0.10 0.10 0.10
Toluene 391 2.79 3.48
Others 24.89 25.19 22.09
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Fig. 6. Effect of reaction temperature on the quantity of product oil.
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Fig. 7. Effect of reaction temperature on formation of styrene mono-
mer, ethyl benzene and o-methyl styrene.
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