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The thermal degradation characteristics of high molecular components obtained from pyrolysis of mixed waste plastics
have been studied by thermogravimetric analysis (TGA) and gas chromatography spectrometry (GC-MS). The kinetics of
thermal degradation has been studied by a conventional nonisothermal thermogravimetric technique at several heating rates
between 10 and 50 ‘C/min. The dynamic thermogravimetric analysis curve and its derivative have been analyzed using
a variety of analytical methods reported in the literature to obtain information on the kinetic parameters such as activation
energies and reaction orders. The yields of liquid products have been monitored by batch pyrolysis reactor under various
reaction temperatures and reaction times. And the characteristic of liquid products with the increase in reaction temperature

has been performed by GC-MS.
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Table 1. Proximate Analysis

Item Weight fraction (%)

Initial moisture 1.80
Volatile matter 98.16
Fixed carbon 0.00
Ash 0.04
4 Vent
— Product
6

1. Pyrolysis reactor
3. Condenser
5. Thermocouple

2. Heating mantle
4. Stirrer
6. PID temperature controller

Figure 1. Schematic diagram of pyrolysis reactor.
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Table 2. Analysis Conditions of GC-MS

Item Conditions

Column EC-1 (30 m~0.25 mm~0.25 um)

Column material 100% Dimethylpolysiloxane
Column Carrier gas He

Injector temperature 280 C

Source temperature 200 C

Interface temperature 250 C

Initial temperature 40 C

Initial time 4 min
Oven  Heating rate 7 C/min

Final temperature 280 C

Final time 15 min
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Table 3. Kinetic Parameters Determined by Freeman-Canoll Method

Heating rate /3 Activation energy E

Order of reaction n

(K/min) (kJ/mol)
10 0.83 28.7
20 0.81 28.3
30 0.79 28.2
40 0.79 31.5
50 0.75 29.9
;'g | —— 10°C/min
8 Ola | %o, — - 20°C/min
o \\~ ——- 30°C/min
g 0.7 1 N - 40°C/min
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Figure 2. TG and DTG curves for various heating rates in nitrogen
atmosphere.
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Figure 3. Activation energies over a range of conversion determined
by Friedman and Ozawa methods.
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Table 4. TG-DTG Data at Maximum Thermal Degradation Rate
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Heating rate A (K/min) Thermal degradation rate H,,

Temperature K Fractional weight loss @

10 6.6439x107
20 5.6694x10°
30 5.3949x10°
40 5.5234x10°
50 5.4204x10°

536.45 0.5500
569.25 0.5714
575.45 0.5674
588.85 0.5728
591.45 0.5824

Table S. Kinetic Parameters Determined by Flynn-Wall Method

Heating rate Order of reaction Activation energy

B (K/min) n E (kJ/mol)
10 1.67 58.9
20 2.86 102.0
30 2.57 90.8
40 2.94 109.6
50 3.27 123.3

Table 6. Kinetic Parameters Determined by Coats-Redfem Method

Activation energy

Heating rate Order of reaction

A (K/min) n E (kJ/mol)
10 1.00 30.3
20 1.00 315
30 1.00 31.1
40 1.00 35.0
50 0.75 28.7
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Figure 4. Liquid products yield and reaction temperature with increas-
ing of reaction time.
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Figure S. Molecular weight distribution obtained from GPC.
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Figure 6. GC-MS chromatogram of liquid products at 350 C.
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Table 7. Quantitative Analysis for Liquid Products by GC-MS
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Aliphatic compounds

Temperature range (C)

Aromatics compounds

Cs~Cio Ci~Cis Ci6~Cao Ca1~Cso

20~320 24.16% 49.68% 20.17% - 5.99%
320~340 11.67% 60.87% 24.36% - 3.10%
340~350 22.33% 59.1% 9.16% - 9.41%
0~30 min at 350 C 36.26% 41.27% - - 22.47%
30~60 min at 350 C 53.12% 29.01% - - 17.87%
350~375 C 12.69% 63.81% 19.97% - 3.53%

0~30 min at 375 C 0.48% 76.12% 23.40% - -
30~60 min at 375 C 16.56% 77.14% 1.38% - 4.92%
60~90 min at 375 C 34.65% 56.62% - - 8.73%
90~120 min at 375 C 44.35% 44.23% - - 11.42%
375~400 C 7.97% 65.64% 24.34% 0.30% 1.75%
0~30 min at 400 C 1.03% 67.85% 27.36% 3.43% 0.33%
30~60 min at 400 C 30.36% 63.30% 5.28% - 1.06%
60~90 min at 400 C 49.41% 47.94% 0.28% - 2.37%
90~120 min at 400 C 60.60% 36.32% - - 3.08%
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