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Copyrolysis Characteristics and Kinetic Analysis of Typical Constituents of Plastic Wastes

LIU Yi-bin, MA Xiao-bo, CHEN De-zhen, ZHAO Lei, ZHOU Gong-ming
(Tongji University, Yangpu District, Shanghai 200092, China)

ABSTRACT: Study copyrolysis of typical constituents of
plastic wastes can provide theoretical and experimental
references for the design of pyrolysis technology of plastic
wastes. Differential thermal and thermogravimetric (TG)
experiments were made by using typical constituents of plastic
wastes: polyethylene (PE), polypropylene (PP), polyvinyl
chloride (PVC) and their mixtures over the range from room
temperature to 700 ‘C at the heating rate of 10 ‘C/min in
nitrogen atmosphere. The mutual effects of typical constituents
of plastic wastes were analyzed, and pyrolysis kinetic
investigations were carried out by Coast-Redfern integration
method. Co-pyrolysis characteristics and kinetic parameters of
typical constituents of plastic wastes were obtained. The results
show that PP accelerates the pyrolysis of PE whereas PVC
decelerates the pyrolysis of PE and PP on account of the
intermolecular transfer of free radical ; Synergistic or
impedimental effects present over the different temperature
ranges during co-pyrolysis of mixed plastics; Comparing the
experimental activation energy E. with the linearly combined
activation energy E. of mixed plastics, stabilization of mixed
plastics is reduced effectively as a result of the intermolecular
transfer of free radical, which makes plastic wastes pyrolyse
easily.
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Tab.1 Composition of mixed plastics and their proportion
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Fig. 1 DTA curves of the single plastics
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Fig. 2 DTA curves of mixed plastics
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Tab. 2 Pyrolysis characteristic parameters of plastic

samples
K ARSI C Trmax! 'C (dm/ dt)mex/(Mg/min) S9%
To Tt g1 g2 U 1 I 2
PE 430 524 506 — 8.7 — 7.4
PP 385 488 470 — 8.7 — 1.4
PVC 265 537 314 489 6.1 23 162
PE/PP 386 516 491 — 6.7 — 35
PE/PVC 297 528 323 510 2.9 49 105
PP/PVC 300 525 324 478 2.9 3.7 8.1
PE/PP/PVC 329 527 316 507 0.8 7.0 8.3
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Fig. 5 Correlative curves of Am for mixed plastics and
temperature
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Tab. 3 Kinetic parameters of plastic samples

FE W REIC RVHIL RS f (o) Ei/(kJ/mol) Gil% EJ/(ki/mol) Ed(kd/mol)  A/min™  HIXZRHr
PE 430~520 15(1+a)P[1+a)* -1 293.0 92.1 293.0 — 8.99x107  0.9955
PP 385~479 15(1+a)P[1+a)? -1 228.0 94.4 228.0 — 2.38x10*  0.9997

. 265~385 1-a) 102.9 67.0 179 1.99x108 0.9637

409~530 0.25(1 - a) [-In(1 - )] 159.0 24.4 ' 6.98x10° 09261

PE/PP  390~510 15(1+a)P[1+a) -1 191.7 92.7 191.7 260.5 2.07x10"  0.9984
PEIPVC 300~370 0.25(1-a) [-In(1- )] 229.6 27.8 1929 2055 5.66x10"  0.9874
410~530 15(1+a)P[1+a)? -1 73.7 61.6 ] ) 7.49x10° 0.9624

oppye 3007385 0.25(1-a) [-In(1- )] 57.7 28.1 016 173.0 0.80x10° 0.9873
395~530 15(1+a)P[1+a)* -1 97.2 57.7 ’ ) 1.36x10° 0.9858

280~370 15(1-a)*P[a-a)™ -1 147.4 6.5 5.75x10° 0.9544

PE/PP/PVC 143.1 259.2

380~528 15(1+a)P[1+a)P -1 142.8 91.4 ' ) 3.06x10° 0.9769
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