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ABSTRACT

Kinetic tests on pyrolysis of the mixture of waste automobile lubricating oil and
polystyrene were carried out with thermogravimetric technique at the heating rates of
0.5, 1.0, 2.0C/min in a stirred batch reactor. The activation energy and the reaction
order were determined at conversions of 1 to 100% using differential method. The
mixture of waste automobile lubricating oil and polystyrene was pyrolyzed at lower
temperature rather than waste automobile lubricating oil and polystyrene. respec-
tively. Also, the thermal decomposition took place in two broad reaction steps. The
pyrolyzed oil of mixture represented high selectivity of styrene monomer and dimer
like that of polystyrene pyrolyzed products.

Key Words : Waste Automobile Lubricating Oil, Polystyrene, Pyrolysis, Thermo-
gravimetric Technique, Carbon Number Distribution
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Table 1. Properties of waste automobile
lubricating oil (ASTM D 2140)

Dynamic viscosity (20C, m%/sec) 0.50
Density (20T, g/cm? 0.8797
Gravity (15.6/4) 0.8833
Paraffin (wt%) 58
Naphthane (wt%) 42

o GCH #LE & AAH0] 0.53mm, 2] 5me
HP-1 capillary column& AM&3tic. Q8# A
48 £4¥€ 9% Gas Chromatographyd] 2#d&
Table 48} 2t}
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Table 2. Characteristics of polystyrene used in this study

M. M, Ty (T)

ACp [J/g' .C] T [.C]

4H,, (J/g - T)

ps* 313,700 169,500

101.48°

0.29° - -

? Hannam Chemical Co. [GP-150)

® Measured by DSC [PERKIN-ELMER 7 Series Thermal Analysis System)

Table 3. Elemental analysis of waste automobile |ubricating oil and polystyrene

Element ( wt% )

Sample H/C ratio
C H N S
Waste automobile lubricating oil 81.50 18.16 - 0.34 2.67
Polystyrene 91.60 8.07 - 0.15 1.06
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Table 4. Conditions of gas chromatography for ASTM D 2887

Detector

FID

Column

HP-1 capillary column
(5m X 0.53mm X 2.65um thickness, Methyl Silicon Gum)

Carrier gas

Helium, 17ml/min

Initial temperature 100TC
Injector temperature programming Heating rate 10C/min
Final temperature 400T
Initial temperature 50T
Oven temperature programming Heating rate 10C/min
Final temperature 350°C

Detector temperature 350TC

2 3

(0Op—10
P

1

N
1. Nitrogen bomb 9. Condenser
2. Flowmeter 10. Circulator
3. Ball valve 11. Solenoid valve
4. Heater 12. Cylinder
5. Pyrolysis reactor 13. Wet gas meter
6. Thermocouple 14. Reservoir
7. Stirrer 15. Balance
8. Temperature, pressure and 16. GC

rpm controller 17. Computer

Fig. 1. Schematic diagram of pyrolysis reac-
tor for thermogravimetric analysis.
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Fig. 2. Effect of different heating rates on
the conversion for pyrolysis rate of
waste automobile lubricating oil, poly-
styrene and waste automobile lubri-
cating oil/polystyrene mixtures.
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Fig. 3. Variation of the instantaneous reac-
tion rate with temperature at dif-
ferent heating rates for pyrolysis of
waste automobile lubricating oil, poly-
styrene and waste automobile lubri-
cating oil/polystyrene mixture.
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Fig. 4. Calculated activation energies at dif-
ferent conversions for pyrolysis of
waste automobile {ubricating oil,
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Fig. 5. Overall reaction order for pyrolysis
of waste automobile lubricating oil,
polystyrene and waste automobile.
fubricating oil/polystyrene mixture.
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Table 5. Kinetic parameters of the mixture
of waste automobile lubricating oil
and polystyrene at the non-iso-
thermal pyrolysis

Average .
activation Reaction Frequency
X energy order factor

WLO 0~1.0 319.25 1.35 334.29
PS 0~1.0 221.00 0.32 60.60
WLO/PS 0~1.0 263.84 0.46 103.31
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Fig. 6. Carbon number distribution of waste
automobile lubricating oil upon heat-
ing rate change.
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Fig. 7. Carbon number distribution of poly-
styrene upon heating rate change.
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Fig. 8. Carbon number distribution of waste
automobile lubricating oil/polystyrene
mixture upon heating rate change.
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