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Table 1- Automobile Production in 2020[3]

Number Model Production Quantities in 2020
1 Passenger Cars 903314
2 Vans 80805
3 Trucks, Pickup Trucks, and Tractors 5840
4 Buses 944
5 Minibuses and Midibuses 789
6 Total Production 991692
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Table 2- The number of used oil filters produced by Automobiles in 2020

Annual Count of Used Qil Filters in Tehran 2677568
Annual Count of Used Oil Filters in Other Cities 1636292
Total Annual Production of Used Qil Filters 4313860
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Table 3- Weight of used filters, used oil, and ferrous scrap produced by 2020 model automobiles

Number Parameter Weight (Ton)
1 Light-Duty (LD) Used QOil Filters Produced Annually 2588.32
2 Heavy-Duty (HD) Used Qil Filters Produced Annually 2059.9
3 Total 4648.22
4 Used Oil Produced 2556.52
5 Ferrous Scrap Produced 1859.29
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Table 4- Effect of Processing Technology on Material Recovery[8]

Number Process Used oil Filter media Ferrous scrap
1 Unprocessed None recovered None recovered Unacceptable as scrap (30-50 wt. % steel)
2 Gravity Drained 30-70% recovered None recovered Unacceptable as scrap (50-60 wt. % steel)
3 Crushed & drained 50-98% recovered Usually remains with Inconsistent scrap quality (60-85 wt. %
ferrous scrap steel and 2-20 wt. % oil causing fuming
during melting)
4 Dismantling 50-90 % recovered Disposed in landfill or Good scrap quality (95+ wt. % steel but
waste-to-energy when lower overall recovery because significant
available or required steel is disposed of with the filter media)
5 Pyrolysis 60 - 85% recovered Vaporized and Excellent scrap quality (95%+ wt % steel
(additional 5-25% combusted, ash remains but low density)
combusted as fuel) with the scrap
6 Shredding 75-95% recovered Fluff disposed in landfill Excellent scrap quality (95+ wt % steel)
or waste-to-energy when
available or required
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Table 5- The results of scrap melting tests[8]
Scrap | Crushed & Drained | Oil Filter Bricks (%) | Dismantled (%) | Shredded (%) | Pyrolysis (%)
Materia (%)
C 1.61 1.59 0.05 0.04 3.11
Mn 0.15 0.20 0.12 0.21 0.17
P 0.053 0.033 0.006 0.017 0.049
S 0.061 0.048 0.030 0.022 0.051
Si 0.00 0.02 0.01 0.20 0.07
Cu 0.013 0.014 0.031 0.047 0.025
Ni 0.01 0.00 0.00 0.01 0.01
Cr 0.02 0.03 0.02 0.03 0.01
Mo 0.00 0.00 0.01 0.01 0.01
Sn 0.031 0.034 0.043 0.020 0.027
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Table 6- test samples

Number Sample Manufacturer Quantity (g)
1 used oil Collected from Automotive Service Centers 8
2 filter paper Filter Sarkhan Industrial and Manufacturing Company 2
3 Rubber gasket Filter Sarkhan Industrial and Manufacturing Company 1
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Table 7- tests conditions

Experiment number Temperature (°C) Reaction time (min) Nitrogen flow rate (2o)
1 360 30 200
2 360 90 200
3 440 30 200
4 440 90 200
5 520 30 200
6 520 90 200
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Figure 1- schematic of the experiment
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Table 8- Residue and residue-to-feed ratio in used oil pyrolysis

Experiment number Temperature (°C) Reaction time (min) Residue (g) Residue to feed ratio (%)
1 360 30 5.04 63
2 360 90 1.19 14.84
3 440 30 0.05 0.625
4 440 90 0.09 1.125
5 520 30 0.08 1
6 520 90 0.14 1.75
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Figure 2- Residue produced in experiment number 2
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Figure 4- Percentage of residue to feed with respect to temperature
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Figure 6- The Effect of Residence Time on the Residue Yield in the Used Oil Pyrolysis Process
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Table 9- Residue and residue-to-feed ratio in gasket pyrolysis

Experiment No. Temperature (°C) Residence Time (min) Residue (g) Percentage of residue to feed (%0)
1 360 30 0.47 47
2 360 90 0.46 46
3 440 30 0.44 44
4 440 90 0.43 43
5 520 30 0.43 43
6 520 90 0.41 41
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Figure 7- Percentage of residue to feed with respect to temperature in gasket pyrolysis
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Table 10- Residue and residue-to-feed ratio in paper pyrolysis

Experiment No. Temperature (°C) Residence Time (Min) | Residue (g) | Percentage of residue to feed (%)
1 360 30 0.68 34
2 360 90 0.66 33
3 440 30 0.66 33
4 440 90 0.65 325
5 520 30 0.66 33
6 520 90 0.65 325
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Figure 9- Residue prbduced in filter paper pyrolysis
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Table 11- Composition of Feed

No. Sample Feed (9)
1 Used oil 8
2 Gasket 1
3 Filter paper 2

= Used oil = Gasket = Filter paper
Figure 13- Composition of feed
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Figure 14- Contribution of each material to residue generation in experiments 3 to 6
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Used oil filters contain both significant environmental hazards and valuable components suitable for reuse,
justifying their recycling. Among various recycling methods, pyrolysis has been employed in this project.
This study investigates the behavior of each influential material in residue production, including used oil,
rubber gasket, and filter paper, with the alteration of two parameters: temperature and residence time,
individually. Experiments were conducted at temperatures of 360, 440, and 520 degrees Celsius, with two
residence times of 30 and 90 minutes, under a constant nitrogen flow rate of 200 ml/min. The residue yield
was measured after each experiment. In the pyrolysis of used oil, with an increase in temperature and
residence time, the residue production initially decreased due to the advancement of primary thermal cracking
reactions in the feed. However, secondary thermal cracking of hydrocarbons present in the reactor led to a
subsequent increase in residue production. In the pyrolysis of rubber gasket, the residue production trend
consistently decreased with rising temperature and residence time, indicating the progression of pyrolysis and
initial thermal cracking, as well as the vaporization of solid hydrocarbon materials at higher temperatures. In
the examination of the effect of temperature and residence time on filter paper pyrolysis, it was observed that
increasing these parameters reduced the efficiency of residue production. This reduction could be attributed to
either the initial thermal cracking of the filter paper or the secondary thermal cracking of the produced
residue.

Keywords: Used oil filters, Pyrolysis, Ferrous scrap
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