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The thermal degradation of polypropylene over zeolite catalysts (H-ZSM-5, H-mordenite and H-theta-1) has been
studied; GC analysis of the product fractions revealed that 70-80% were of the gasoline range hydrocarbons.

Over the last few decades, there has been increasing concern
regarding the environmental problem caused by plastic waste
disposal. Recently, plastic waste disposal has been tackled
from several angles; for example, by plastics recycling, but this
accounts for only 1%, and the manufacture of photo- and
bio-degradable plastics. The degradation of these plastics
however depends on several factors, such as composition,
physical characteristics of the polymer and environmental
conditions including moisture and oxygen content, tempera-
ture and light. The degradation of these plastics has been
questioned on the basis of uncertainty over the degradation
byproducts, and whether the additives in the materials would
present health problems. Another approach involves incinera-
tion of these plastics, but problems with this method include
environmental and health hazards from the release of toxic
materials, together with the loss of fuel and chemicals
available from the plastics.

In this communication, we report a process whereby
polymers are degraded as model compounds, in the presence
of zeolite catalysts to gasoline range chemicals. In a typical
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experiment performed under static conditions, H-ZSM-5
(0.20 g) and polypropylene pellets (1.00 g) were placed in a
Pyrex reaction glass tube (300 ml), which was evacuated
(water pump), sealed, put into a metal guard tube and placed
in a preheated furnace at 350°C. After 2 h the guard tube was
removed from the furnace and allowed to cool to room
temperature, and then opened to a vacuum line. The emerging
gas was trapped at —45 °C (COx—chlorobenzene), Fraction A;
at —196 °C (liquid nitrogen), Fraction B; and on a previously
activated charcoal at —196°C, Fraction C. A liquid residue
remained in the reaction tube, Fraction D. The relative
proportions (by weight) of these fractions are in Table 1. The
conversion was taken as 100%, since no solid polymer
remained at the end of the reaction. At 300°C, the degrada-
tion was much slower as a solid mass of polymer was recovered
with about 80% (by weight) conversion to Fractions A-D with
a relatively lower conversion to Fractions B and C. Under
similar conditions in the absence of zeolite very little reaction
occurred as only resolidified polymer was recovered.
Fractions A~D were analysed using gas chromatography
and the products identified by comparison of their retention
times with those of authentic compounds (n-alkanes and
n-alkenes) in a calibration mixture of known composition.
Fraction C contained only methane; Fraction B contained a
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Table 1 Product fractions from polypropylene degradation over
zeolites at 350°C for 2 h

Fraction H-ZSM-5 H-mordenite H-theta-1¢
A 15 43 34
B+C 59 24 47
D 12 15 13

« The Si: Al content of H-theta-1 was 35.

mixture of C;—C; hydrocarbons as expected for a catalysed
reaction.! This fraction was then treated with bromine in
chloroform and analysed. The chromatogram was similar to
that of the unbrominated mixture, evidence that the original
fraction contained mainly saturated hydrocarbons of which
the C; and C, components comprised more than 70% (by
area) of this mixture. Product analysis of Fraction A showed
the mixture to contain aliphatic hydrocarbons in the Cs—Cy;
range, together with aromatic compounds (mainly benzene,
toluene and the xylenes).

It should be noted that in these reactions the polymer and
the zeolite were used in a 5: 1 ratio. As the amount of polymer
used is greater than that of the zeolite and yet there was a
reasonable conversion to products, we conclude that the
process is catalytic and that the cracking takes place inside the
zeolite cavitics. However, we believe that the cracking process
is initiated on the surface-active sites of the zeolite.

Other acidic zeolites investigated under similar conditions
were H-mordenite and H-theta-1. In both cases at 350 °C for
2 h the conversion was 100% as defined above. However, we
noted that lower proportions of Fractions B and C were
obtained (Table 1), whereas higher proportions of Fraction A
were obtained. The analyses of the fractions using gas
chromatography showed that components were essentially
aliphatic hydrocarbons, with no aromatic components, with
Fraction D showing products up to C,,. These results are
consistent with pore sizes and the acid sites of the three
zeolites. It is known that acid sites are related to catalytic
activity! and for a given zeolite as the Si/Al ratio increases the

375

relative catalytic activity increases,? even though activity per
acid site remains constant at higher Si/Al ratio. Therefore, for
our degradation reactions, H-ZSM-5 (Si/Al = 17) would be
expected to have a higher activity than H-mordenite (Si/Al =
8). The pore structures in the zeolites can affect product
distribution;? the initially cracked fragments can diffuse
through the pore of H-ZSM-5 (MFT structure with intersecting
5.4 x 5.6 and 5.1 x 5.5 A channels?) and react further in the
cavities created at the intersection of the two channels but not
in the channels of H-mordenite (MOR structure with one-
dimensional 6.1 x 7.0 A channels?) or H-theta-1 (TON
structure with one-dimensional 5.3 x 5.5 A channelsS), where
there are no cavities for further reaction, hence the higher
proportion of Fractions B and C in the H-ZSM-5 catalysed
reaction.

In conclusion, the zeolite H-ZSM-5 is an efficient catalyst
for the conversion of polymer to gasoline range chemicals. By
fine-tuning the process, any additives within the polymer
which may become toxic during incineration could be made
safe by making use of the known properties of the zeolites.

The authors are grateful to the Association of Common-
wealth Universities and The British Council for a scholarship
and BP Research (Sunbury-on-Thames) for providing the
zeolite samples.

Received, 7th November 1991; Com. 1/05678F

References

1 B. C. Gates, J. R. Katzer and G. C. A. Schuit, Chemistry of
Catalytic Processes, McGraw-Hill, New York, 1979, p. 32.

2 M.S. Spencer and T. V. Whittam, in Catalysis, ed. C. Kemball and
D. A. Dowden, (Specialist Periodical Reports), vol. 3, The
Chemical Society, London, 1980, p. 189.

3 W. O. Haag and R. M. Dessau, Proc. 8th Intern. Congr. Catal.,
Berlin, 1984, 11-305-11-316.

4 W. M. Meier and D. H. Olson, ‘Atlas of Zeolite Structure Types’,
2nd edn., Butterworth, London 1987.

5 S. A. L. Barri, G. W. Smith, D. W. White and D. Young, Nature,
1984, 312, 533.






