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Study on the pyrolysis mechanism of
polyethylene, polystyrene, and polyvinyl chloride by TGA-FTIR
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Abstract: The pyrolysis behaviors of three kinds of typical plastics like polyethylene ( PE), polystyrene (PS)
and polyvinyl chloride ( PVC) were investigated through thermal gravimetric analysis ( TGA) and Fourier
transform infrared spectroscopy ( FTIR). The results showed that the thermal stability of these plastics increases
following the sequence of PVC < PS < PE. PE pyrolysis is a typical one-stage reaction and involves irregular
chain scission; the products of PE pyrolysis are complicated and changed gradually during the pyrolysis process :
alkanes are the main products in the preliminary stage, while alkenes with trace amount of alkynes are the main
products in the rest of pyrolysis process. PS pyrolysis is also a typical one-stage reaction with styrene as the main
product, which suggests that the main reaction is depolymerization of PS to styrene monomer. PVC pyrolysis
includes two events, i. e. dechloridation of PVC and rearrangement of conjugated polyene, in which aromatic
compounds were found in the pyrolysis products; the dechloridation of PVC and the rearrangement and
cyclization of conjugated polyene may take place simultaneously, which creates the potential for producing dioxin
during PVC pyrolysis.
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Table 1 Proximate and ultimate analysis of experimental samples
Ultimate analysis w,;/ % Proximate analysis w,,/ % Onev
Sample
C H (0] N S Cl A % FC /(MI-g™)

PE 85.66  14.08 0.00 0.00 0.39 0.05 0.00 99.98 0.02 44.09
PVC 38.56 4.61 0. 00 0.00 0.40 57.04 0.00 94.78 5.06 19. 88
PS 92.16 7.72 0.00 0.00 0.26 0.36 0.04 99.12 0.39 37.45
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Figure 1 TG-DTG curve of PE under
the heating rate of 40 °C/min
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Figure 2 FT-IR 3D spectra of pyrolysis process of
PE under the heating rate of 40 °C/min
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Figure 3 FT-IR curves of different phases of pyrolysis process
of PE under the heating rate of 40 C/min
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Figure 5 FT-IR 3D spectra of pyrolysis process
of PS under the heating rate of 40 °C/min
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Table 2  Characteristic parameters of samples’ pyrolysis process

DTG, /C Residue
/(% +min™") /%
0.0247 530 1.50
0.0226 500 0.50
0.0150 413 33.54

0.003 5 570 5.70

Sample #/C  1,/TC

PE 420 490
PS 370 445
PVC 270 324
413 500

t;: initial reaction temperature; #,: peak reaction temperature
DTG, : the peak value of derivative thermo-gravimetry ( the
maximum reaction rate )

t;: final reaction temperature
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Table 3  Assignments of the IR bands to vibrational modes of atomic groups

Sample Group Vibrational mode Assigned wavenumber o/cm™"
PE -CH, - C-H stretching 2928, 2856
=C-H =CH stretching 3016
-C=C- —-C=C- stretching 1641
=CH, =CH, scissoring 1462
=C-H =C-H wagging 910, 950, 987
-CH, —-CH, deformation 1370
=C-H =(C-H stretching 3300
PS mononuclear aromatic C-H C-H stretching 3077
=C-H =CH stretching 3027
-C=C- —-C=C- stretching 1631
aromatic C=C C=C stretching 1495, 1590
olefinic =CH, =CH, scissoring 1443
olefinic =C-H =C-H out-of-plane bending 910, 989
aromatic C-H C-H wagging 695
-CH, - —CH, - stretching 2927, 2854
PVC H-ClI H-CI stretching 2600 ~3 100
-CH, - C-H stretching 2926, 2854
=C-H =CH stretching 3015
aromatic C-H C-H stretching 3090 ~3 075
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Figure 9 FT-IR curves of different phases of pyrolysis

process of PVC under the heating rate of 40 C/min
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