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ABSTRACT In this study, we investigated the properties of the pyrolysis products of highly crystalline polypropylene, a commonly
used automotive material, and mixed plastics containing polyamide (PA) and acrylonitrile butadiene styrene (ABS). All the pyrolysis
experiments were performed using a fixed-bed pyrolysis system designed for controlled temperature conditions. The components and
heteroatom contents of the oils were analyzed using gas chromatography-mass spectrometry and elemental analysis. Based on the
elemental analysis, calibration curves for the nitrogen content in oils were plotted, and guidelines for using steam-cracking criteria
were proposed. The ratios of PA and ABS satisfied the steam-cracking criteria when the PA and ABS contents were 2 wt.% or less and
0.5 wt.% or less, respectively. Through elemental analysis using Dulong’s formula, we also calculated the higher heating value of the
pyrolysis oils. Based on these findings, the potential use of mixed pyrolysis oils in petrochemical processes was explored.
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Table 1. Main properties of the feedstocks
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Fig. 1. Schematic diagram of a fixed—bed pyrolysis system
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Proximate analysis™ (wt.%)

Ultimate analysis® (wt.%)

HCPP PA ABS HCPP PA ABS
Volatile matter > 99.9 > 99.9 99.9 C 87.4 64.7 86.4
Fixed Carbon” <0.1 (0.1 0,11 H 12.3 10.3 8.5
Ash 0.1 0.1 0.1 N <0.01 1.6 5.1
Moisture 0.1 0.42 0.37 S 0 0.01 0.05
o’ 0.3 13.4 0
Metal Contents (ppm)
HCPP PA ABS HCPP PA ABS
Ca 30.4 0 3.3 P 30.1 46,7 54.7
Fe 17.1 13.7 14.4 Si 353.2 469.2 1368.7
K 0 0 154.4 Mn 0.3 0.4 277518.2

. . b . .
“as received basis, by difference, ‘dry ash free basis
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Table 2. Experimental conditions
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Runs 1 2 8 4 5 6 7 9 10 11 12 13 14 15
Ratio - - - - - - 98:2 | 97:3 | 95:5 [90:10 | 70:30 ] 99.5:0.5]99.2:0.8 | 98.6:1.4 | 90:10
Nitrogen
content - - - - 1.6 | 5.1 1024 |0.36 | 0.59 | 1.17 | 3.49 0.04 0.05 0.08 0.52
(wt. %)
Reaction
Temperature | 460 | 480 | 510 | 550 480
(0
Weight 150 g
Reaction time 2 hr
Flow rate 9
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Carrier gas Nitrogen
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Fig. 2. TG and DTG curves of HCPP
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Fig. 3. TG and DTG curves of PA
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Table 4. Elemental analysis of pyrolysis oil

Ultim:a(tltvatﬁ/sa'VSiS HCPP PA ABS
o 84.8 71.1 85.8
H 13.9 10.3 3.8
N 0.1 9.1 4.8
S 0.02 0.02 0.02
o 1.2 9.5 0.5
Tl | 4 | me |

a: by difference
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Table 5. Ultimate analysis of HCPP pyrolysis oil mixed with

PA/ABS
;’:g‘itg Mixed PA Mixed ABS
o (with HCPP) (with HCPP)
(Wt.%)

Runs 7 8 9 |10 | 11 |12 | 13| 14 | 15

C 85.6183.8(80.6|82.8/83.8|83.1[83.9]84.9|85.6

H 13.8(14,3|13.6|13.2|13,2|13.6 | 14,7 | 14,6 | 14.1

N ]0.09]0.22|0.24]0.39]0.81]0.03]0.23|0.24 | 1.48
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Table 6. Gas composition of the experiments

Compounds (wt.%) HCPP PA ABS
Hydrogen 0.2 - 0.1
Carbon dioxide — - 1.1
Methane 1.5 0.9 3.4
Ethane 2.2 - 0.7
Ethene 1.6 0.3 22.1
Propane 481 - 0.4
Propene 13.6 0.4 3.5
Others 7.2 19.7 8.1
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