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The degradation of several polymers has been studied aiming at reeycling use of hydro-
carbon resources. In the first year of the two years project, the thermal decomposition of
pelystyrene and polypropylene were carried out in both bulk and solution. In the second
year, we have extended the study to thermal decomposition and hydrocracking of oxygen
containing polymers such as phenolic resin, pelycarbonate, and poly(2,6-dimethyl.1,4-pheny-
lene oxide) in the presence and absence of solvent.

1) Polystyrene was decomposed over the temperature range from 280°C to 440°C
under nitrogen atmosphere. The analysis by gel permeation chromatography showed a
marked decrease in molecular weight from initial 200, 000 to ten thousands. In addition, the
products with a molecular weight of several hundreds were also formed. With increasing
reaction temperature and time, the low molecular weight fractions increased and no high
malecular weight fractions were observed when polystyrene was decomposed at 400°C in
1 hour.

2) Polypropylene was found to be less readily decomposed than polystyrene and little
decomposition occurred below 400°C. In a bulk decomposition at 400°C in 1 hour, more than
60 low molecular weight products were observed by gas chromatography, which decreased
to less than 30 when decomposed in tetralin. This implies the formation of olefins in the
absence of hydrogen donor, which was ascertained from IR analysis.

3) The thermal decomposition of novolak for 1 hour gave aromatic compounds in 55 and
91% yields at 400°C and 435°C respectively. The crosslinked phenolic resin was more stable
and gave aromatic compounds in 33, 61 and 93% vyields respectively in 1hour at 400°C,
435°C and 450°C. Phenol and cresol were obtained as major products from novolak, while
cresol was recovered predominantly from crosslinked phenolic resin. In tetralin, the de-
composition proceeded straightforward, but some aromatic substitution and discoloration
were observed in a-methylnaphthalane solvent. Small accelerating effect of hydrogen was
observed.

4) The rate of thermal decomposition of polybisphenolcarbonate in tetralin increased
with increasing temperature and at 435°C it was decomposed completely in 1hour to the
compounds having a molecular weight below 1000 and gave aromatic compounds in 93%
vield. In a-methylnaphthalane solvent, the yield of aromatic compounds was small, the
aromatic substitution and discoloration being important reactions. In the absence of solvent,
much CO; was found but the yield of aromatic compounds was small. The decomposition
was suppressed under high pressure of nitrogen as well as hydrogen.

5) The decomposition of poly(2,6-dimethyl-1,4-phenylene oxide} in tetralin proceeded
smoothly above 400°C and at 435°C it was decomposed completely in 1hour fo the com-



pounds with molecular weight smaller than 1,000. Since only a small amount of products
with medium molecular weight was obtained, it was assumed that the decomposition took
place from the chain end to give cresol exclusively. In a.methylnaphthalane, depolymeri-
zation was observed but some aromatic substitution was also observed. In the absence of
solvent, the rate of decomposition was slow but dimethylphenol monomer was recovered as
major products. The iron catalyst supported on strong acid Si0,-ALQO; was most effective
in the hydrocracking and it gave dimethylphenol in high yield and suppressed disceloration.

For all cases, it was found that the hydrogen donor solvents, especially tetralin, were

quite effective in the thermal decomposition to obtain hydrocarbon fuels.
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