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ABSTRACT

The permeation characteristics and reclamation efficiency of waste lubricating oil were studied as a function of the types of ceramic
composile membranes and the membrane separation process variables. The oil permeability of the TiO, coroposite membrane(pore
size 0.015 pm) was directly proportional to the crossflow velocity(0 22~ 00 misy and temperarore( 1 30°C ~200°C). Tn the baich
concentratfon process, as the concentration factor increased, both the permeability and the ash content of the permeate decreased. The
average ash conlents of the total permeate through the A6 alumina membrane(average pore size (.8 |tm), Z1/A6 and Z1/A4(pore size
0.23 um)/A7{pore size'6 [m) zirconia composite membranes(average pore size 0.07 1) were about 0.063 wt%, 0.045 wt% and 0.08
wi% in the region of 1~2 concentration factor, respeciively. The ash content of the mixed permeate through the A& alumina and
zirconia composite membrang was about 0.06 wt% and it can be also reduced to 0.06 wi% in the Z1/A6 membrane and below (.003
wt% in the TiO/Z1/A6 membrane. It was concluded that the treated oil obtained from the mulii-step membrane separation process
could be used as reclaimed lubricating oil as well as reclaimed fuel oil.
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Fig. 1. Diagram of the crossflow filiration apparatus for recla-
mation of waste Inbricating oil.
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Table 1. Component Analysis of Waste Lubricating Oil

Property/Constilnent Waste lubricating oil
Viscosity (cSt) 40e 6679
100°C 10.5
Viscosity index 145
Carbon residue 14685
Sulfur (wt%) 0.423
TBN (Total Base Number)} 4.85
Ash (wt%) 0.7226
Mg 296.86
Ca 84777
Metal (ppm) ~p 690.74
7n 776.07
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Fig. 2, Permeate flux vs. operating time for various membranes
(temperature |50°C, crossflow velocity 0.9 m/fs, trans-
membrane pressure |96 bar).
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Table 2. Analysis of the Ash Content in Initial Permeates

Membrane type | Ash content (wt%) | Permeate flus(fm” + 1)
A6 0.227 5
AT 0.7 1800
Z1/A6 0.19 35
Z1AAINT 0.24 74
TIO+Z1/AG 0.08 0.77
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Table 3. Quality Standard of Reclaimed Fuel Gil

Other treatment
method* Thermal cracking
Carbon residue (wi%) <2 <0.03
Water and precipitate <05 <00
(vol%)
Ash (wL%) <0.5 < (.05
Sulfir (wi%) <1 <03
|_ Cd <l Not detected
Pb <30 Not detected
Metal (ppm)
Cr <2 Mot detected
As <2 Not detected

*gther treatment method Chewucal wreatment and centrifigal separa-
tion, settling separation, filtering etc.
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Table 4. Analysis of Reclaimed Lubricating Qils Treated by the

Z1IA6 and TiO/Z1/A6 Composile Membranes

Test ilem First Second Furst
Sampie reclaimed oil | reclaimed oil | retentate
o 40°C 66.92 66.86
Viscosity (cSt) -
100°C 6.021 6.02
Carbon residue (wi%) 0.2025 0.1880 7.5317
Sulfur (wit7) 0.152 0.145 0.873
TBN 0 0 241
(.0063
) 5
Ash 0.0629 (00.003)* 25688
Mg 12.068 0 968.05
Ca 22.135 1.6429 2054.6
Metal {ppm)
P 12405 17.310 2140
Zn 85.967 0 24313

*reated by TiOy/Z1/A6 composite membrane.

1378 2% 150°C. =l §2 09 mfs, =7 49 196
bar?} #H-&EFo FEE IA o}ﬂl ARG e AR
AselA HA71F37)7F 0.8 pme] SRub (A6, 0.07
um¢) A =2sjel Bk (Z1/A6) 28T 15 nm ¢ ElEF
Uel £E3E (TIOyZUAGYE &3 27 F3-59] ash &%
£ 27} 023 wi%, 0.19 wie LB 0.08 wi%o]3 e
Ea ek fluxye 5 fm’ - h 3.5 Vo’ - h 9F 077 Y’ - h A
FoolRi), AR Falae whe] FR BARle] 27
EA ] w2 HEt A Qs vl WarlEssst
oF 6 um Axelm 29 AAES] Ao g dFopyd
2HATE Al 271 Y F£AE0] 1800 ¥m’ - h AE
qort oF 1 AT Ax AHIFeE 10 im' - h AR 71
FesFene #lgo) F Gola fouling HAbo] UL Y
/‘* n::l)‘l];]_

2, A7)Fe] GREGE FJERH R ¢ ESE X

Zaelz]F2r] 007 um)E ZHT ZI/A4AT BT
Eﬂ}%kf 74 Jm’ - h AER P EL ghe Ushidd)

3. dFULAG) 2 XZ2ZUONZI/AG, ZU/AMATY B39
of elgt 17} F3-52 T &35 A48-8-(ash content 0.06
wi%h, 40°C EHE 66.9 cSt, 100°C EHE 6.02 SO
Z1/A6 A 23 ol Baluk B TO,Z1/A6 B3lete s A
AAsle ohetA] whHEe] 3L Bite] AEfe] ash F@F
£ ZHF 0006 wi% 2 0~0.003 wi% 7] wE 5 99l
o, ol A dufE Wk O}Ha} AFEETHEE
253 3 S Arojrh HASHE AT ALY
ash Freel| o WHE71Eel 05 Wt% ofstolma L Ao
A AT RE BT By ESacas 2Ry A4
oA Fahge] ZUANAGS zﬂ olstaE s) i &
Ak 3 vkl gk ATt olFfox ol & Aot
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