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Abstract— The experimental study for reuse of waste lubricating oil was carried out, by using flow-type apparatus newly
manufactured for supercritical propane extraction. The weight ratio of solvent and waste lube oil was changed between 1.5
" and 19. The recovered lube oil extracted under the supercritical condition of 150 °C and 10 MPa was ca. 85 % of the waste
oil, that was good agreement with the results of our previous work. The physical properties and contents of impurities in
the recovered lube oil were measured according to ASTM and the relation between weight ratio of solvent and removal of

impurities was discussed.
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Fig. 1. Schematic diagram of flow-type apparatus for supercritical
fluid extraction.
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A : Waste lube oil reservoir I : Separator with sight glass 319l EFL AR BAZ W2} LT AE Alsle] 278
B : Liquid pump ; (T100m1) oz en2 _f_ 43}03\;} _-_7]%%_7,:_\: O] ALEER 4T A} )
C : Back pressure regulator : Traj
D: Proparll)e cylinderg K: Rotl;meter ted Z2ge] Aol o2k Skl Al stolet.
E : Cooling unit L : Wet gas meter
F : Constant temperature air bath P : Pressure transducer 2-2, Alg{HHH
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Table 1. Analytical results of refined and waste lublicating oil
Oil WO A B C D CR E *
Sp. Gr. [60 °F/60 °F] 0.8858 0.8751 0.8731 0.8719 0.8680 0.8968 0.8838 -
ColorfASTM] D 8.0 35 L 35 L 35 25 D 8.0 L 35 -
Viscosity[cst] @40°C 70.95 31.58 29.18 25.80 20.01 216.26 105.83 -
@100 °C 10.38 5.46 5.10 4.77 4.10 21.82 14.04 -
Viscosity index [-] 132 109 106 104 105 121 134 -
Ash content [wt%] 0.47 0.11 0.11 0.09 0.06 0.76 0.97 <15
Residue carbon [wt%] 0.93 0.12 0.12 0.11 0.06 1.63 1.18 <8.0
Water content [ppm] 1130 295 235 181 178 1390 1465 <10000
Sulfur content [ppm] 3500 3640 3550 3525 3337 3925 2775 <10000
Mg 416 T T T T 806 563 -
Zn 755 61.8 62.3 55.6 55 1227 1142 -
Ca 155 T T T T 342 2498
Metal content Cd T T T T T T T <2.0
[ppm] Pb 192 49.0 31 30 20 263 29 <100
Cr 13 8.0 7 6 6 18 6 <10
As 0.6 - - - <6.0
Total acid no.[mg-KOH/g] 428 1.72 1.96 1.90 1.89 75 2.8 -
Total base no.[mg-KOH/g] - 0.75 - - - - - -
Pour point [}C] - -10 - - - - , _
Solid point [C] - -125 - - - - - -
Benzene insoluble [wt%] - 0.071 - — _ _ _ _
Toluene insoluble [wt%] - 0.065 - - - - - -
Pentane insoluble [wt%] - 0.077 - - — _ _ _
Heptane insoluble [wt%] - 0.082 - - - - - -
Precipitation no. [ml] - TRC - - - - - -

WO : Waste oil, A, B, C, D : Extracted oil at different weight ratios of solvent(Solvent ratio :

Product in market, * : Environmental criteria for using as fuel oil, T: Trace

A=15.5, B=10.4, C=6.3, D=2.5), CR : Residue oil of C, E:
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Fig. 2. Relation between weight ratio of solvent and lube oil solved
in supercritical propane.
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Fig. 3. Relation between extraction yield and weight ratio of solvent.
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Fig. 4. Weight ratio of solvent vs. specific gravity and viscosity of re-
generated oil.
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Fig. 5. Removed ash, water, sulfur and residue carbon contents vs.
weight ratio of solvent.
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Fig. 6. Weight ratio of solvent vs. removed metal amount.
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