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Abstract — Pyrolysis is an environmental and economical process, through which fuel oil may be obtained and waste poly-
mers may be recycled. However, the carbon déposwhich forms to depths of several mm, reduces heat transfer and limits
operation time and decreases the reactor efficiency by way of corrosion and oxidation of the reactor. In this study, £xperiment
were focused on examining how the carbon deposition is generated in the continuous pyrolysis reaction by feeding base lubri-
cating olil, lubricating oil and waste lubricating oil. Moreover, effects of minerals, reaction temperature, additives agd feedi
rates on carbon deptisn were examined. Zinc and calcium increase the coke formation, but sulfur additives in feed suppress
the carbon deposit. Iron material in the pyrolysis reactor shows that coke formation increases with iron oxidation.
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Table 1. Properties of waste lubricating oil

oo

Analyses Values
Elements(wt%)
C 81.50
H 11.95
N 0.12
S 0.19
Ash 0.63
Dynamic viscosity(rfisec) 0.50
Density(20°C, g/cn?) 0.8797
Specific gravity(15.6/4) 0.8833
Paraffin(wt%) 58
Naphtha(wt%) 42
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Fig. 1. Schematic diagram of pyrolysis reaction system.
3. Heater
4. Condenser

1. Liquid reservoir
2. Pump

?

Fig. 2. Schematic diagram of pyrolysis system with a reflux unit.
1. Tubular reactor 3. Condenser
2. Feed tank 4. Feed pump
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Table 2. Pollutants of waste lubricating oil

Conc.(ppm)
Minerals Pollutant sources
Ranges  Average
Metals
Barium 10-1630 820  Additive package
Aluminum 4-41 23 Engine wear
Calcium 969-3986 2478  Additive package
Cadmium 1 1 Outside sources
Chromium 8-65 37 Engine wear
Copper 0-430 215 Engine wear
Iron 10-750 380 Engine wear
Lead 1-13885 6943  Additive package
Magnesium 3-999 501  Additive package
Manganese 1-420 211 Engine wear
Nickel 0-5 3 Engine wear
Vanadium 0-13 7 Engine wear
Zinc 20-2500 1260  Additive package
Non metals
Bromine 9-430 2201  Additive package
Chlorine 300-3000 1650 Additive package
Nitrogen 300-6000 3150 Additive package
Phosphorus 15-1500 758  Additive package
Sulfur 1300-12000 6650 Additive package
Semivolatile organics
Phenol 10-25 Base stock/Outside sources
Pyrene 30-45 Base stock
Benz anthracene 18-20 Base stock
Benzo pyrene 5-610 Base stock
PCB 2-8 Outside sources
Nitrosoamines Base stock
Chrysene Base stock
Benzo phenanthrene Base stock
Table 3. Minerals in waste lubricating oil
Content Capacity (ppm wt)
Al 8.5
P 600.0
K 13.0
Ca 1100.0
Cr 4.0
Mn 3.6
Fe 76.0
Ni 4.0
Zn 770.0
Sn 18
Pb 11.0
Mg 370.0
Si 22.0
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Fig. 6. Effect of metal oxide on coke deposition.
Table 4. Mineral content in coke
Element External Coke (wt%) Internal Coke (Wt%)
Ca 4.38 6.13
Mg 1.35 1.94
Zn 5.35 2.78
P 2.68 3.84
Pb 0.072 0.058
Cr 0.025 0.035
16000
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Fig. 7. Ca XPS result of coke deposition.
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