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Abstract : In this study, the properties of the pyrolysis products of plastics, primarily consisting of sorted high crystalline
polypropylene (HCPP) in automobile shredder residue (ASR), at reaction temperatures ranging from 380 to 530 °C were
investigated. The pyrolysis was conducted using a twin auger pyrolysis system and the yield and properties of the pyrolysis oil were
observed as the reaction temperature changed. The optimal yield of pyrolysis oil was 38 wt% at a reaction temperature of 428 °C.
According to the results of the GC-MS analysis, the concentration of aromatic compounds in the pyrolysis oil increased as the
reaction temperature increased. The primary compounds were benzene, xylene, and toluene, and oxygen and nitrogen compounds
were detected in significant amounts. Based on the results of the GC-MS analysis, the hydrocarbons were sorted by carbon number
in order to analyze the naphtha content. The pyrolysis gas and char were analyzed by using GC-TCD/FID and ICP-OES instruments,
respectively. The concentration of propene gas was the highest, and as the temperature increased, more methane gas was produced.
In the case of the char, alkaline earth metals such as calcium and magnesium, as well asi ron, were detected, and the effects of these
metals on the pyrolysis oil yield were investigated.
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Figure 1. Pictures of raw ASR fluff (left) and sorted HCPP from
ASR (right).
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Figure 2. DSC curves (the left side is sorted plastic from ASR, and the right one is virgin HCPP).

Table 1. Main properties of the feedstock

Proximate analysis™ Contents (wt.%) Ultimate analysis"® Contents (wt.%)
Volatile matter 89.5 C 75.5
Fixed carbon® 0.1 H 11.7

Ash 10.2 N 1.6
Moisture 0.2 S 0.04
0° 0.9

Metal Contents (wt.%)
Fe 0.07 Si 0.6
Mg 0.02 Ca 0.4

. . b . .
“as received basis; "by difference; ‘dry ash free basis
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Figure 4. TG and DTG curves of the feedstock (the left side is TG, and the right one is DTG curves).
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Figure 5. Mass balance of pyrolysis products.
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Table 3. Main compounds of pyrolysis oil

Table 4. Elemental analysis of pyrolysis oil

Compounds (area %) Run 1 | Run 2 | Run 3 | Run 4 Ultimate analysis (wt.%) Run1|Run2 | Run 3 | Run 4
Aliphatics (sum) 49.9 51 58.9 3.7 C 85.6 | 84.8 | 83.1 | 86.7
2,4-Dimethyl-1-heptene 124 | 10.5 7.5 - H 139 | 134 | 144 8.9
1,4-Dimethyl-cyclooctane 2.6 - - - N 0.3 0.2 0.3 0.3
2,2-Dimethyl-3-octene 34 35 - - S - - - 0.01
4-Methyl-heptane 1.1 - 1.4 - Higher heating value (MJ/kg) | 48.8 | 47.5 | 483 | 413
Others 30.4 37 50 3.7
Aromatics (sum) 0.8 1.6 6.7 84.3 d|&Ht}. Kusenberg 52 FES 2 Y o]F5U4A9 THi
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Table 5. Petroleum-based fuels in pyrolysis oils

Components (area %) | Run1 | Run2 | Run3 | Run 4
Naphtha 36.6 373 46 78.5
Diesel 6.8 7.5 10.2 1.5
Heavy oil 2.5 2.7 1.9 -
Others 4.8 4.7 10.5 7.8
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Table 6. Metal composition of pyrolysis char

Metal contents (wt.%)
Fe 1.3 Si 0.2
Mg 2.9 Ca 1.9

Table 7. Gas composition of the experiments

Compounds (wt.%) Run 1 Run2 | Run3 | Run4

Hydrogen 1.0 0.5 1.1 0.1
Carbon monoxide 4.5 1.1 0.8 -

Carbon dioxide 15.2 3.0 1.3 0.4
Methane 2.3 4.3 6.3 11.5
Ethane 5.4 7.4 7.4 9.9
Ethene 2.8 7.9 11.3 15.5
Propane 3.9 33 2.3 3.1
Propene 24.2 27.6 26.9 27.2
Others 29.2 26.6 29.2 223
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