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Abstract — Kinetic tests on pyrolysis of waste lubricating oil were carried out with thermo gravimetric technique at the heat-
ing rates of 0.5, 1.0, 2.0 °C/min and pressure of 1 and 2 atm. The activation energy and the reaction order were determined at
conversions of 1 to 100%. The activation energies were increased slowly at 1 atm, but took a constant value until a given
degree of conversion at 2 atm. Waste lubricating oil was thermally cracked in semi-batch reactor of 400-460 °C at 1 and 2 atm
for 2 hours. As the reaction temperature increased, the yields of product oils increased, but the product of light hydrocarbon oils
decreased. The optimum temperature of pyrolysis of waste lubricating oil was 440 °C at 1 atm.
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Fig. 1. Schematic diagram of pyrolysis reactor.
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
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Table 1. Properties of waste lubricating oil[ASTM D 2140]

Dynarnic viscosity(m?/sec) 0.50
Density(20 °C, g/lem®) 0.8797
Gravity(15.6/4) 0.8833
Paraffin(wt%) 58
Naphthane(wt%) 42
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Table 2. Conditions of gas chromatography for ASTM D 2887

Column ID 0.53 mm X 7.5 m, HP-1 capillary column
Carrier gas Helium, 17 ml/min
Injector temperature Initial temperature 100°C
programming Heating rate 10 °C/min
Final temperature 350°C
Oven temperature Initial temperature 35°C
programming Heating rate 10 °C/min
Final temperature 350°C
Detector temperature 375°C
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Fig. 2. The effect heating rate on the pyrolysis rate of waste lubricating
oil.
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Fig. 3. Variation of the instantaneous reaction rate with temperature at
different heating rates for pyrolysis of waste lubricating oil.
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Fig. 4. Calculated activation energies at different conversions for py-
rolysis of waste lubricating oil.
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Fig, 5. Calculated reaction order at different conversions for pyrolysis
of waste lubricating oil.

Table 3. Kinetic parameters of waste lubricating oil pyrolysis

Pressure Conversion Activation energy Reaction order
[atm] [%] [kJ/mol]
1 0-20 306.134 0.51
21-100 336.198 0.08
2 0-20 304.236 0.50
21-100 289.796 0.08

1 400°C

Product oil [ wt% ]

0 20 «© oS % 100 120 140
Time [ min ]
Fig. 6. The effect of temperature on the pyrolysis rate of waste lu-

bricating oil(1 atm).
|
1 400°C
2 420°C
100 3 440°C
. 4 460°C
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Fig. 7. The effect of temperature on the pyrolysis rate of waste lu-
bricating oil(2 atm).
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Table 4. Analysis of product oil-effect of heating rate(300-500 °C)

Heating rate Pressure CsC;; Cpp-Cig CipCys  >Cys
[°C/min] [atm] [wt%]  [wt%]  [wt%]  [wt%]
Waste lubricating oil - - 1.51 15.08 83.41
05 1 16.83 22.37 33.47 27.32
2 16.43 10.08 37.20 36.29
1.0 1 1339  18.03 3212  36.66
2 16.82 10.99 39.48 32.73
20 1 10.98 13.31 29.64 46.07
2 13.48 8.55 36.42 41.55
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Table 5. Analysis of product oil-effect of temperature(400-460 °C)

Temperature  Pressure Conversion Cs-Cyy C;p-Cig CioCys >Cys
[°C] [atm] %] [Wt%] [wi%] [wi%] [wi%]

Waste lubricating oil ~ — - - 1.51 1508 8341
400 1 30.80 3286 3992 2087 635

2 3629 23.06 3031 2850 18.13

420 1 7780 1639 2093 3337 29.32

2 71.89 17.34 2460 2954 2853

440 1 91.57 892 977 2659 5458

2 80.77 1331 817 2349 5504

460 1 91.63 856 1037 2638 5428

2 7979 1431 1734 2611 4224
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