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Abstract: This study investigates microwave-assisted monomer recovery from plastics through thermal decomposition.
We used polystyrene foam and acrylonitrile-butadiene-styrene(ABS) resin, varying microwave output from 1 to 6 kW and
employing barium oxide and zeolite catalysts. Microwave output and catalyst changes yielded varying oil quantities and
purities. Higher microwave power increased oil recovery. At 3 kW output and with barium oxide catalyst, we observed
the highest styrene monomer purity in the microwave-assisted polymerization process. For the ABS, increasing carbon
black content enhanced acrylonitrile oil recovery. This work contributes insights into optimizing microwave-based mono-
mer recovery from plastics.
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Figure 1. Experimental setup used for microwave pyrolysis.
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Table 1. Experimental Parameters for MAP of PS

Exp. MW power Type of PS:CB:Cat_alyst

(KW) Catalyst wt% ratio

P1 1 - 10:1:0

P2 3 - 10:1:0

P3 6 - 10:1:0

P4 1 BaO 10:1:1

P5 3 BaO 10:1:1

P6 6 BaO 10:1:1

P7 1 Zeolite 10:1:1

P8 3 Zeolite 10:1:1

P9 6 Zeolite 10:1:1
Table 2. Experimental Conditions of ABS Pyrolysis

Exp. MW power (KW) Absorber ABS:absorber

Al 6 CB 10:1

A2 6 CB 10:3

A3 6 CB 10:5
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Table 3. Results of PS Pyrolysis with Various MW Power

. T @outtet Solid Liquid Gas
Experiment (K) (Wi%) (Wi%) (Wi%)
P1 372.95 55.2 32.7 12.1
P2 429.45 314 48.2 159
P3 458.95 272 58.1 14.7
P4 375.95 51.7 422 12.3
P5 425.65 21.63 54.94 23.43
P6 460.95 13.04 64.53 2243
P7 369.05 39.04 45.92 15.04
P8 423.25 17.24 56.88 25.88
P9 459.85 10.65 64.58 24.77
100
B Residue yield
B Oil yield
B Gas yield
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Figure 2. Graphical results of PS pyrolysis with designated exper-
imental condition.
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Table 4. Temperature of PS, CB, Zeolite and BaO Under 1 kW
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Materials 1 min 3 min 5 min
PS 300.2 302.3 305.6
BaO 316.8 3534 3772
Zeolite 318.1 365.5 398.4
CB 3532 548.2 Above 623
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Table 5. Amount of Qil Recovery over Time (unit: g)
Time
Experiment

10 min 20 min 30 min
P1 21.5 147.9 327.5
P2 50.4 159.2 480.2
P3 80.2 220.1 580.0
P4 424 178.2 420.2
P5 80.4 270.2 549.4
P6 110.0 380.0 645.3
P7 62.5 2174 459.2
P8 88.3 290.1 568.8
P9 111.0 400.2 645.8
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Figure 3. Results of oil recovery over time.
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Table 6. EA Results of Styrene Recovered Oil

Ultimate analyses

Exp. C Wt%) H Wt%) N Wi%) S (wt%)

Pl 21.31 1.76 9.29 2031 12.10
P2 46.63 1.65 9.49 2154 2826
P3 40.84 1.36 9.16 20.88  30.03
P4 45.94 1.78 9.27 2101 2581
P5 37.43 0.61 11.13 2539 61.36
P6 28.58 0.4 12.43 285 71.45
P7 35.88 0.78 9.8 2233 46.00
P8 28.37 0.54 11.54 2648  52.54
P9 37.36 0.59 11.16 2558  63.32

Table 7. EA Results of Recovered Oil After the 1** Distillation

Ultimate analyses

Exp. C/H
C (Wt%) H Wit%) N (wi%) S (wt%)
Pl 0.91 2.57 11.18 25.93 0.35
P2 1.42 241 10.12 2241 0.58
P3 2.14 2.26 10.45 24.08 0.95
P4 21.42 3.6 9.15 19.8 5.95
P5 24.24 4.02 9.72 21.32 6.03
P6 2542 4.05 9.24 20.27 6.28
P7 31.14 5.37 12.02 26.29 5.80
P8 30.46 522 11.76 25.74 5.84
P9 30.57 52 11.57 25.77 5.88

Transmittance (%)
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Figure 4. FTIR results of recovered styrene oil and zoom on aro-
matic zone and C=C of vinyl group signal.
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Table 8. GC/MS Results of Recovered Styrene Qil after Distillation

Experiment Output Purity
P1 1 kW 87.06
P2 3 kW 90.43
P3 6 kW 89.73
P4 1 kW 90.82
P5 3 kW 95.43
P6 6 kW 92.87
P7 1 kW 91.78
P8 3 kW 92.17
P9 6 kW 90.78
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Figure 6. Graphical results of ABS pyrolysis with designated exper-
imental condition.
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Table 9. EA Results of ABS Recovered Oil after 1% Distillation

Ultimate analyses

Experiment C/H
C Wt%) H (wt%) N (wt%) S (Wt%)

Al“ 72.96 6.77 5.31 0.77 10.78

A2 64.47 5.39 1.01 0.38 11.96

A3° 31.28 2.63 0.46 0.07 11.89

“10:1 145 C distillation, *10:3 145 C distillation, €10:5 145 C distillation.
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