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Abstract—The removal efficiency of the contaminated constituents existing in the waste automobile lube
oils mixed with petroleum atmospheric residues during a re-refining process was investigated by a vacuum
TBP distillation. The refined fuel oils and asphalts with higher qualities were obtained by this process and
more than 95% of heavy metals, ash and carbon residue contents in the waste lube oils were eliminated
to vacuum residues. The increased yield and improved quality of distilled products were identified in the
range of 0-20% blending ratio of waste lube oils to atmospheric residues. These experimental results showed
the reasonable agreements with the calculated values provided by process simulation using PRO II.
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Table 1. Average properties of new and used oils

For gasoline engine

For diesel engine

New oil Car center Taxi New oil Bus
Specific gravity, g/cm® 0.8696 0.8828 0.8795 0.8835 0.8911
API gravity 28.79 29.39 27.29
Viscosity, ¢St
@40C 91.93 7542 65.48 104.90 106.62
@100C 14.19 13.93 10.69 14.52 15.23
Viscosity index 160 192 153 143 156
Pour point, T =31 -39 -39 -35 —36
Sulfated ash, wt% 1.03 0.90 0.83 1.46 1.19
Total acid number, mgKOH/g 3.70 5.89 4.50
Sulfur, wt% 0.40 0.33 0.80
Insolubles, wt%
pentane 0.070 0.075 0.072
toluene 0.092 0.043 0.035
Moisture, wt% 1.05 0.36 0.28
Carbon residue, wt% 1.64 131 2.23
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Fig. 1. Schematic diagram of vacuum distillation unit.
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Table 2. Properties of used oil and its vacuum distillates
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Used oil ~380C 380-440T 400-500C 500TC +
Yield
vol% - 6.64 4481 31.16 16.09
wt% - 6.57 44.19 30.56 17,51
Properties
Viscosity, ¢St @507 - 9.2 16.1 299 1294
@100
Specific gravity(15/4C) 0.8945 0.8714 0.8687 0.8645 0.9594
Pour point, € -39 - -15 -12 24
Conradson carbon residue, wt% 1.798 0.0396 0.0579 0.0130 10.082
Ash, wt% 0.8998 0.011 0.012 0.011 5.084
Water, vol% 1.30 - - - -
Elemental analysis
Sulfur, wt% 0.430 0.268 0.172 0.170 0.688
Pb, ppm 6939 3 6 04 3946
Cr, ppm 4 0 0 0 25
Cd, ppm 1 0 0 0 04
Ca, ppm 1476 0 0 0 8429
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Table 3. Properties of mixed oil and its vacuum distillates

kb

5 vol% 10 vol% 20 vol%
feed <560 >560 feed <560  >560 feed <560  >560

Yield

vol% - 52.45 47.55 - 55.54 44.46 - 68.28 31.72

wt% - 4964  50.36 - 52.73 4727 - 6554 3446
Properties

Viscosity, ¢St @50C 429 431 - 369 36.3 - - - -

@100t - - 2266 - - 1853 - - 2364

Specific gravity(15/4C ) 0962 0916 1027 0959 0914 1026 0945 0.900 1.020

Pour point, T 15.0 420 48.0 12.0 39.0 45.0 120 320 42,0

Conradson carbon residue, wt%  10.37 - 22.06 9.58 - 2254 7.51 0.53 21.89

Ash, wt% 0.142  0.002 0.199 0.172 0.003 0.314 0.271 0.005 0.781

Water, vol% 0.1 - - 0.1 - - 0.23 - -

Sulfur, wt% 3.56 2.54 491 343 2.26 4.88 2.88 193 4.67
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Fig. 2. Distillation curves of used oil and distilled products
by ASTM D1160 method[15].
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Table 4. Various operation parameters in simulation of
vacuum distillation unit

Operation parameter Input data
Theoretical plate number 9
Heater outlet temperature 400T
Cutting temperature
LVGO 155C
HVGO 309C
Swing cut 382C
Tower top pressure 80 mmHg
Flash zone pressure 100 mmHg
Stream flow rate
Feed 20,000 B/D
LVGO 2,660
HVGO 6,110
Swing cut 2,100
Vacuum residue 9,010
Steam flow rate
Middle pressure steam 2272 Kg/hr
Stripping steam 1430 Kg/hr
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