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Abstract—The regeneration of waste lubricating oil was carried out under the conditions of temperatures 383 K,
423 K and 473 K, and 8.0-16 MPa pressure range by using propane solvent at supercritical condition. The contents
of impurities and heavy metals contaminated in the refined oils that were regenerated at all the experimental conditions
were fully satisfied the environmental criteria when used as fuel. The extraction yield was up to about 85%, according
to the increase of pressure, but the optimum condition was likely to be that of 423 K and 10 MPa, considering

the physical properties such as color and impurity contents in the refined oil.
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Table 1. Analysis results of refined oil from waste lubricating oil(W-2)

A -

A1 el

Temp. Press. Color Water content Residual carbon Ash content Sulfur content  Acid value Metals[ppm]

[K] [MPa] [ASTM] (ppm] [wt%) [Wt%) [wi%] [mg-KOH/gl Pb  Cr  Cd
383 20 D8.0 657 055 0.38 053 0.04 181 16 01

10.0 D8.0 - 0.73 0.40 0.39 0.063 10.8 1.2 0.1

13.0 D8.0 - 0.57 042 0.30 0.06 209 0.2 0.2

16.0 D8.0 917 0.71 049 0.45 0.06 213 13 0.2

423 8.0 4.5 - 0.12 0.05 0.35 0.01 8.6 None 0.1

10.0 L75 717 0.34 0.27 0.36 0.03 10.8 0.7 0.1

13.0 D8.0 590 0.39 0.24 0.39 0.04 19.8 0.6 0.2

16.0 D8.0 833 0.54 0.37 (.78 0.06 16.0 0.2 0.1

473 80 L35 - 0.09 None - - None 1.3 0.4

100 L35 - None None 0.22 0.05 None 1.1 0.1

130 L6.5 469 0.20 0.15 0.29 0.05 2.1 1.1 0.0

16.0 D8.0 667 0.21 0.09 0.29 0.05 None 0.7 0.0

Sample(W-2) D8.0 2706 0.90 0.46 048 0.07 19.6 13 0.2

* - 10000 8.0 1.5 1.0 - 100.0 10.0 2.0
*. Environmental criteria of fuel oil regenerated from waste lubricating oil T
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Fig. 1. Schematic diagram of apparatus for supercritical fluid ext -

raction.
A: Propane cylinder I : Micrometering valve
B: Cooling unit J : Cold trap
C: Back pressure regulator K: Rota meter
D: Liquid pump L: Wet flow meter
E : Rupture disk P : Pressure guage
F: Oil reservoir T : Thermometer
G: Separator TC : Temperature controller
H: Heating element
LPGE AHAskA] 943 a2 Abg-shsdch
2-2. wHwY

AutoclaveAre] %414 F2%x](Model $#08U 06 50 FS)<]
M%F Fig 13+ 22 A5 Algsle 382 F2243E
sysdch AYE Alzsbr] el AR F71E AFHZE
¥ohd F ZsMateiol A HEBRe ABE FEF dHF T
Fach fefql 2o dapo g FFE ¢ UEE AR AE
22353 cylinder 58] 4905 FF3tn A 435 ¢zt
Z2E AR F 1S Az AAHT oste] HY4H7A st
srgich gL Wiz Aslel sty dAsA A AlEF
o}2 A) (Asakawa, Fk103)e] 2Jsted B =%l Bourdond FHA=
22354 429 FAE AFRXEAR AddHe HEERH £
dgle 2222 Eoth 2Fx+ WA 17mm, Zeo] 270 mm,
WgHo] ¢ 63cm’e)x W4He] Wt AEE A7e] ¢f 3mm<
S T2 AP wA7 F FAEA ok 1EY FE529 9

HE
T

syerRe) X347 X1% 1996 23

stod 05K o9 2318 258 =H3lglon A™dYE TE
SxAA SJ5tod vle) A AR AR PR B o

7] Slte] we kel A4 BHE FE0l Folok s o 10g
o4 HEBHE P EUCh T oz mEBo] haislo]
A g 3ol thed gal ol whet oy

F2] Hf-Hfo] dojupa] el 4fo]
wgolrt. o] & =] ffaf =
a7k ole ol g

1m

Hgshe dabo] dofrir] o
5o AR Eg o|2H g FHY
*JH]“’J U &-2 o} Al dgsksk
FEFS FET YA A EFEL VIR oy W S
A A Atz ghsl #AEe Al F88+= UzlE 9 cold
trapell 4 B2]5 3 T 232 rotameters} wet gas meterol| 4] 7
5l ¥ ool w}EHC) A9 P w2 JAgke) L2sgg
AFg2-8}o] 383 K, 423 K, 473 K9] 5.9} 8.0-16 MPa®] s ¢l 4
AFBFEe 22 HPES Y8R " A 2859 Y

Ho H
3RS M

2 =
T%ia

3. dn 9 oF

3-1. HWAIX}(swelling factor)e] F4t

fofql 24A Aefe] TEPo] FHF Foll S o F R
Ez2e] EFEQ H4Fe] AlHe] AARch 229 7] ¥
AL FEFHANY F2ED 89 FFEE F& dAsed o
%9 FAYEE odofot s A farz 1AL HFHLE X
Fe w2zl (palpun)/(1—x) 22 A4bgch o714 p,
Zoll A F8F E&NA LE, g FUL Tl A FulQl
o] 3y 8o WEx x & §A F 409 EEEo|ct
33t 409 Ue g A4str] HAste] Tejast Sandler[4]7}
gk Pitzer] wh-3-Atelel sd=)lE %3 3-parameter?] A&
Ahgiedok o7]4 N EEAL L2y n-wdzhE Ao
o]52] WUk Spencer?t Adler[5]7} #|qkgk 3 Rackett4] &
Abg-gtgich =3 Keslere} Lee[617} Azt uhyw) 2e] 875
7habe] Ao 2 ety 1 YAISA R W dAlA e 150
Aokgt ez Asksdet. &, vlF(60°F/60°F), FA[7]dA
A olgk Watson?| Kalzl, ##4]H(MeABP) 2. 2%€ o|& &
ZA[9]slr 223 R/ PR o|AdEA Y EFE

0
o

.
}ﬂl ox, o
o

%

é o |1



2894 FA AT H&8Fe ALl BY saxdT 125

o
o

g
o
T

[H)

Q

. 1

(I

23

[F & Y
\

Swelling factor [~]
o
o

—
o
T

0.0 : : : ‘-
00 02 04 06 08 1.0

Mole fraction [—]

Fig. 2. Relation between swelling factor and propane composition at
423 K and 10.0 MPa.
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Fig. 3. Pressure effect on yield of waste lube oil(W-2) extracted by
supercritical propane[383 K, 100 mi(STP)/min].
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Fig. 4. Pressure effect on yield of waste lube 0il(W-2) extracted by
supercritical propane[423 K, 100 mi(STP)/min].
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Fig. 5. Pressure effect on yield of waste lube oil(W-2) extracted by
supercritical propane[473 K, 1060 mi(STP)/min].
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Fig. 6. Effect of waste lube 0il(W-2) yield on temperature and pres-
stire.
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