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7% PT. Williams, E. Sianey / Resources, Conservation cad Recycling 31(2007) 734-769
2 Materisis and methods
2.]. Waste plastic samples

Individual single plastic types were reacted under pressure and at 500°C in either a
witrogen atmosphere, pyrolysis conditions or hydrogen atmosphere, liquefaction condi-
tions. Five plastics which comprise the majority of European municipal solid waste were
wsed comprising, polyethylene (as high density polyethylenc), polypropylene, polystyrene,
polyethylene terephthalste and polyvinyl chloride. The polymers were obtained from BP
Chemicals Lid., Grangemouth, Scotland and were virgin polymers of 2-5 mm<liameter
size.

Two samples of real world post-consumer, mixed waste plastic obtained from municipal
solid waste were used for the experiments. One sample was obtained from Germany via
Dunles System Deutschisnd (DSD). The plastic sample was collected in Germany as part
of the green dot recycling scheme. The plastic sample was shredded and washed to remove
non plastic impurities. The samples were sized at 2-S inm granules.

The second wasie plastic sample was collected post-consumer municipal waste mixed
plastic. This sampie was coflected in Belgium by Fost Plus, the plastic was flaked and was
separated into a Jow density fraction through air separation. The low density fraction would
be expected to have a reduced fraction of the high density polymers, polyvinyl chloride and
polyethyiene serephthalate, with ana increased fraction of lower density polymers, including

memmm&ﬂuwwmw&wmq

The simnlated mixed waste plastic sample was made up from the main plastics found
in typical Evropean pxmicipal solid waste and comprised, polyethylene (as high density
polycthylene). polypropylenc, polystyrenc, polyethylene terephthalate and polyvinyl chio-
ride (APME, 2004). The actual proportions of each plastic used are shown in Table 1. Only
the main polymer fractions were used to make up the simulated municipal solid waste plas-
tic mixture, with no account for the nomerous minor components in the remainder of the
plastics wasie stream.

The sample mass used in the reactor for all samples was between 30 g and 40g. This
relatively large sample mass was important for the heterogencous samples of real world
" waste sampies, DSD and Fost Plus, and the simulated mixture of plastics. Such a large mass
of sampie ensared that the samples were a representative mixture of the plastic waste.

Table 1

Proportion of each plestic in the siwmiated icipel sofid waste plastic mixtuare

Plastic Proportion (w1%)
Palyettrylene (HDPE) “a
Polypropylesc (PF) 21.2
Polystyreae (PS) 133

Polyvisyl chiaride (FVO) 122
Polyetrylene terepithalae (PET) 89

X

%ﬂ-ﬂu E. Sianey / Resources, Conservation andrlfecycling 51 (2007) 754-769 757

' ’ Stirrer

Temperature £
~ Moxor Control
Lo ; Gas Inlet 00 O
§ b oo [ e |
8 oo )
t ot
LRV
= .
Plasiic
i& Fig. 1. Sch ic diagram of the pyrolysis/liquefaction reactor.

)
2.2. Pyrolysisfliquefaction reactor

e reactor was used for pyrolysis and liquefaction of the plastics and plastic
reactor used was an a Parr Mini Bench Top Reactor, Type 4561 m stirred
pressure reactor and was obtained from the Parr Instrument Co., Moline, IL, US, The
reactor hitd a volume capacity of 300 ml and a maximum operating pressure of 19.2 MPa
24:5082C and was constructed of type T316 stainless steel, with a flexible graphite gas-
ket Eig. 1 shows & schematic diagram of the reactor system. The reaction vessel was
dfirred using a Parr Instrument Co. magnetic drive. A stirrer shaft with rotor blades at the
base-was attached to an inner magnetic drive rotor powered through an outer magnetic
drive rotor. The reactor was heated using an external mantle type fumace, which con-
tacted the*sides and bottom of the reaction vessel. The reactor was fitted with a safety
Wafst disc. Gas pressures were recorded from the pressure gauge on the reactor, measuring
the fédctor-internal pressure. The temperature of the waste plastic sample in the reactor
was - madhi via a J type thermocouple, which was sheathed. A programmable tem-

periture Mhtroller controlled power input to the heater. Heating power was controlled to

- follgw a pre-Set temperature profile based on the reactor internal thermocouple reading. A
imum heating rate of 5°Cmin~! was established under experimental conditions to a

final temperature of 500 °C and the reactor was held at that condition for .1 h. The reac-
tor § nts and sample weight were recorded prior to assembling the reactor for each

experimehit. Gas samples were taken from the system.after it had cooled to room temper-
@i&fter the final pressure at room temperature had been recorded. The final weight of
s:gseons pmducts was determined at the end of each experimen\ after de-pressurizing
#Membling the reactor, The initial pressure of nitrogen used was 0.2 MPa, generat-

in imum pressure of approximately 10 MPa at S00 °C. The initial hydrogen pressure
1 MPa, which was higher than for the initial nitrogen atmosphere to allow for

hydrogen availability, representing 0.61 mo), or 1.2 g of hydrogen gas available

”» .

Y .
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