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Thermal Decomposition of Plastics under Steady-Rate Temperature Elevation
— A Basic Study for Plastic Recycling —

Yoshimitsu UEMURA, Shingo KURAUCHI and Yasuo HATATE

Several types of plastics (polyvinyl chloride, polypropylene, polystyrene, Resol and Novolak) were
thermally decomposed under steady-rate temperature elevation using a modified thermobalance. Residual
carbon yield was focused on. This study was carried out as a starting point of developing a new plastic-
recycling process in which plastics are decomposed to mainly obtain carbon and hydrogen. Polyvinyl
chloride, Resol and Novolak yielded carbon residue after the decompoesition experiment, while no carbon
residue was observed for polypropylene and polystyrene. When polystyrene was decomposed with other
plastics which produced carbon residue (i.e., polyvinyl chloride, Resol and Novolak), the carbon yield was
larger than estimated (the simple sum of two plastics contributions). On the other hand, when polypropyl-
ene was decomposed with other plastics which yielded carbon residue, the carbon yield could be estimated

from the simple sum of two plastics contributions.

Keywords: Plastic, Thermal Decomposition, Carbon, Mixing Effect
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Table 2 Experimental conditions
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Fig. 1 Experimental apparatus

Table 1 Plastics used

Plastics Characteristics _ Suucture Xc
polyvinyl chloride P 700
- 1000 -CHCI-C-)n 0.384
(PVC) P 2500
MITTO.53] g/10min]
polypropylenc — ]
MITS.20( g/10min] (-CHCH,CL -)n 0.857
rr) ;
ML 1681 g/10min}
MET 1.50] g/10min|
POIYSIYreNe |1y 4 001 g/ioming | (-CHI(Cul15)-Cllaon | 0.923
>
(l S) MET TLO] g/10min}
alkali-catalyzed . Ol n
phienol-formaldehyde '"“I\““g)!ﬂinl e 0.682
resin 59 ) [ !
(Resol) RO (€101 m=1
acid-caialyzed melting point
phenol-formaldehyde | ggr- on oy "” ot (H(Hl
resin el f w ’(‘ 0.750
(Novolak) L ~

X carbon content (weight fraction) in plastic
P: polymerization degree
MFI: melt flow index
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Fig. 2 Decomposition profile of polyvinyl chloride un-
der carbon dioxide {30m!l-NTP/min) atmosphere
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Fig. 3 Decomposition profile of polyvinyl chloride un-
der nitrogen (240mI1-NTP/min) atmosphere
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Fig. 4 Decomposition profile of polypropylene under
carbon dioxide (30m1-NTP/min) atmosphere
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Fig. 5 Decomposition profile of polystyrene under car-
bon dioxide (30m1-NTP/min) atmosphere
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Decomposition profile of Resol under nitrogen
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Fig. 7 Decomposition profile of Novolak under nitro-

gen (200m1-NTP/min) atmosphere

Table 3 Decomposition onset temperature (T.) and car-
bon ylcld (Y) of plastic

.
Plastic

PVC(P=700)
i1 PVC(P=1000)
PVC(P:

| Novolak
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Fig. 8 Decomposition profile of PVC (10wt%) and PS
(90wt%) mixture under nitrogen (200ml-NTP/
min) atmosphere
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Fig. 9 Decomposition profile of PVC (30wt%) and PS
(70wt%) mixture under nitrogen (200ml-NTP/
min) atmosphere
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Fig.10 Decomposition profile of PVC (50wt%) and PS
(50wt%) mixture under nitrogen (200ml-NTP/
min) atmosphere
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Fig.11 Decomposition profile of PVC (50wt%) and PP
(50wt%) mixture under nitrogen (200ml-NTP/
min) atmosphere
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Fig.12 Decomposition profile of Resol (40wt%) and PS
(60wt%) mixture under nitrogen (200ml-NTP/
min) atmosphere
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Fig.13 Decomposition profile of Resol (40wt% ) and PP
(60wt%) mixture under nitrogen (200ml-NTP/
min; atmosphere
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Fig.14 Decomposition profile of Novolak (40wt%) and
PS (60wt%) mixture under nitrogen (200ml-NTP
/min) atmosphere
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Table 4 Decomposition onset temperature (T:) and car-
bon yleld (Y) of mixed plastic

lem 1 I Plainr Ti Xe Y Y(cal) | Figure
_Name | [wt%] Name th n] LY (-] I-f -} | No.
"o 90 | 290 | 0869 0027 | 0013 | 8 |
pVC " 30| PS(MFI=4.0) 70| 280 | 0.761 | 0065 | 0.039 | 9
(P=1000) 50 50 280 | 0.621 | 0.098 | 0.065 | 10
o 50 50 270 | 0.654 | 0.067 | 0.065 | 11
Resol | a0 60 | 170 | 0.827 | 0.332 | 0.236 | 12
_ A0 PP(MFI= 52) 60 180 0.787 | 0.259 | 0.236 13
Novolak | 40 | PS(MMFI=4.0) | 60 220 | 0.854 | 0.242 | 0178 | 14

40 | PP(MFI=5.2) 60 100 [0.814 | 0183 | 0178 15 |
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