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Related research of regenerated fuel from waste lubricating oil
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Abstract: The overview of the evaluation, production and application of generated fuel from the waste lubricating oil
is performed. In addition to the ratio of the performance to cost, the guiding policies and laws about the generated fuel
from waste lubricating oil are needed to be further improved. The key factors influencing the yield and properties of the
regenerated fuel are the waste lubricating oil sources, pyrolysis methods , pyrolysis temperature , the catalyst, pre- and post-

treatment methods of waste lubricating oil. The regenerated fuel can be used for some burning equipments such as diesel

engines and boilers.

Key words: waste lubricating oil; regenerated fuel; pyrolysis; burning equipment

BEE DBl 1 R, T 2 il it SR A 8 1
S 1 o HL 22 Je 04 AT 1) ol 4l o S, R JLAFR
SRR A R DUAR 1 2. 6% B S K, F
2015 AE BRI T RAF L E] 4 170 J7 Vao G
IKARTEETFE A0 G, 2006—2010 473 [ il
PRRAERIIE 8. 4% ki THEAAY 1. 4% o BEAE
TG 5K i 45 Z247 K, JE 1 3 il (waste lubricating
oil, WLO) i AR FF R4 7. 57% 34 1<, 3% AT [l i %
WV 0% FHAE 2015 AR [ ATk ORI Y
R Z) 780 7 t,

B v i, H AT RS DL A B
D ZE 7 ; Qi Bl AL ; @BERE ; DL AR ©FHE
JRCT R o PR BRI B I B AL 25 5 Al B 2
B PRG-I o RHRC, Jn SRRE I8 3 il
FEAEHR AR 8 0 5 IR PR DL RR R B 76 1 T
FORE. X5 B AR S ER T 1 (R B DAL B 4
TR A RO B 5% B R0

1 RiEEREAREREINREITEN

] 411 25 % I VI VR S R IR LR T T R 5
PEMr. Turlough ™ 2534 1 5 118 Y iih 2 885 4 0 ek 28
i R E WA Al L By TR = R T A B X

% SHATEI . Vorapot 25" JEF A4 i A 101y i %
PR T AT BOR 5 R 8E J5 T R PEAL . Ampaitepin
AEIRFRE TR R G0 0 A28 AR AT T PP 4
RRI], 1 B I 2R G T S A R B s
A2 AL B, 2 B A A PR BUA IR R, PR AN S
— MBI PR (B A < 1), MRS
JRE U T 1 2L BSE ) 2R GRS T A 1 9 i ) S e — e
AR (k25 R A > 1) o Ampaitepin 25
XoF IR FHMT A2 T ot A B} 3 b I ) o AR A
FHHEAT TIPS 34T 1 oKk I/ N AR AR NS Y 246k
A B, 20 B T HL T A L AR, SRR
W1, NRE S EUAS FNZR T2 MR, PRI Ab 3 3 Ff g 53
Wy Jes 5 A AU 9. Hsu 25170 SR T2 R 4 A
(analytic hierarchy process, AHP) % i 1 Ji 7 A= 38 AR
HEAT T b e LA, S BUR R SR 38 Ml
A 7 ik R AR

] PN — 28 G2 2 38 XoF Yl i Vi P A BOR R AT 45
B, I3 T AR AL . S s T 3k
AR T 8 PR BOR , NS 5 8 E R 45, 38
PESTEE B 2 T T BORAR R I 1 b AR T Y K
J& , @ IF SR A IR AR AR R T AT
M B FARAE , - 4 R SRR , S R 10 ik

K Fs A A 2014 - 08 - 10

EEWA : [{E [ APEEEIUH (51407097 ,51376083 ) 5 H [E 1 1 5 B2 542 (2013M541613) s IT 5 AL v B Be TR BT Bt
PEB BT E R (1984 - ) Lo, o PR, EZAIAABLIOR 5 42 AR ,0513 - 85012608 , wang ~ xiangli@ 163. com,



2015 F 1 8

P AR IS I T A K
PRI, VIS ST A2 R 56 7% 29T 29 RE AN 3
BRI Lok, WA M RN T HOR RORAM Btk , 1]
LA ACER S FIFAE 8 3 R il A A7l
1 2 S 1 IR

PRI TR ik B D i S R A [ b Se [ K B 2%
PRSI EAN, FF 5 RS T P2 T 0 g A EE A A
BERSEIR o AR I T 2 RE 588 1k AL K
FARL 51 S BOR

2 KRR A R R T 5T

— S PV TR O AT BE AR B T Y, HRE
FRAE RSB, R AT B R Rk Y P 3, B
fofisE 2k R A AR I ) B P A Tk B AT AR SO
bR VFZ2 BRI T Il R A R SR L A P AR
BLH A3 A A S B R VR, ML) ki h
B A R RS SORRET |, PRI EE ek RS A R
SRS, BT DATEZE IR e AR R S R A, X
By R =By i BTLIREE A o5\ 43 = S (T = W 97 by = s
A R FEE T A A A S R AR, Bk I v
WA —AFE R RS S P v
PR BRI 2 Fh EBLHOR, B NS 5T
N GRORT IV T YR PR A R A T T — RIS

Seung —Soo %1 R TR ST (4 07 BRI ST 45
5 i VT A ] 2 S e S A 1) A A T AR R
o WFREERFRM, RWfE ) C 404 Cs ~ Cy,
(10.98% ~16.83% ) ,C,, ~ Cos (42.95% ~55.85% ) ,
>Cy5(27.32% ~46.07% ) , UM 0 £ 2253 i
REFE B Jy 400 ~460°C , fEREAL RN 11% ~96% I},
TEALRE R /NN 281. 78 ~447. 66 kJ/mol , [T )% 5% %

(B35 39 )

[18] Hsieh C C,Yao S C, Alyousef Y. Development of a silicon-based
passive gas-liquid separation system for microscale direct methanol
fuel cells[ C]//ASME 2003 International Mechanical Engineering
Congress and Exposition. American Society of Mechanical Engi-
neers,2003 ;397 —403.

[19] Salakij S, Liburdy J A,Pence D Vet al. Modeling in situ vapor ex-

[

traction during convective boiling in fractal-like branching micro-
channel networks [ J ]. International Journal of Heat and Mass
Transfer,2013,60.700 —712.

[20] Xu J,Vaillant R, Attinger D. Use of a porous membrane for gas bubble
removal in microfluidic channels ; Physical mechanisms and design cri-
teria[ J |. Microfluidics and nanofluidics ,2010,9(4/5) :765 —772.

[21] Conrath M, Dreyer M. Gas breakthrough at a porous screen[ J]. In-
ternational Journal of Multiphase Flow,2012,42.29 —41.

[22] Conrath M, Smiyukha Y, Fuhrmann E, et al. Double porous screen

EEWE : REBHEERRBEIE KRR HRE <4l

1.35, Seung—Ho % " SRBIFFE 1 i P 10 b il 1
T LR R N7 2N )1 A e 15 8] T 246 R E
FTEILRES RS . s 45 R, 2R i Sk &
YRR T 8504 B AE 24 LU R A1 21 LR, Fuentes
2SR R A3 07 S T AR R 8 R
ELfi(4: 1H19: 1) AT (2. 5.5 mg) FIRTR Y
T AR T R o 0 A R R R . BESE AR
B 2 B PR M 2 5 & 1R (2R 4E VK
A5) o Manar 2610 S6] B 15 T R0 T 2 3 640 TR 4
AT RER T, SR E = YA T T 09, %
F TR AL FN 2 KA AR LT % 7 f) s il
Song 45" SR T F Bk A7 I e, D €33 o i
FSCoy AT Hople o B SR KM, Rk £ EFH
35% ~40% A5 13% ~20% [ 2.5t 3% ~4% )
ZIFAHAL R S AL & 4. Seung —Soo 251 SR HI A
AT H AR I R I I AR LR R A
FE ] R A2 P SO £ A AR SR 2 AR R . BFSE
SO B MR I, R R S A
BB S5 B0 A 1) ik e S AL & W) i B8 . Thallada
LR S AR AR SRR T AR 8 3ok o s R T o
WA RN, B/ — AR BT 24 2 i sk J
ik 40 IR EALE)

Mustafa"®" S FFfi 1k 228 e 3 DA B2 T 9 3ok o 4 7
IR ( Gasoline <like fuel ,GLF) ., #3345 3R
FEUR B R A 92. 5% , TR EL VR I S A
{ELRS , DN A5 AR 95 . Demirbas' ' 3 5% FH 4 4k 224
i1k DA T T 3ol PR L G AUV R e . SRS R 3R
B RSB AL VE R 7RI 570 ~ 620 K B
PR SR AN Charusiri 25 K 2 Vi VT % £

PSRN IR G e A TR i . ATTEE R,

element for gas-liquid phase separation[ J]. International Journal of
Multiphase Flow,2013,50:1 —15.

[23] Chen H X,Xu J L,Li Z ], et al. Flow pattern modulation in a hori-
zontal tube by the passive phase separation concept[ J]. Interna-
tional Journal of Multiphase Flow,2012,45.12 -23.

[24] Chen H X, Xu J L,Li Z J, et al. Stratified two-phase flow pattern
modulation in a horizontal tube by the mesh pore cylinder surface
[1]. Applied Energy,2013,112 ;1283 — 1290.

[25] Chen H X,Xu J L, Xie J,et al. Modulated flow patterns for vertical
upflow by the phase separation concept[ J]. Experimental Thermal
and Fluid Science,2014,52 .297 -307.

[26] Xie J,Xu J L,Xing F,et al. The phase separation concept conden-
sation heat transfer in horizontal tubes for low-grade energy utiliza-
tion[ J]. Energy,2014,69 ;787 —800.

[27] WRZEE  ARIE R, 25745, 58 B A1 S0 Y0 445 4 11 s K 5P 45 Tl B
TWIRAILJ]. b T 254 ,2012,63(11) :3470 - 3477. A



<42 - LA AL T

HIMERIR 95. 8% WA EL N VI AN 4E 3 . Orhan
25150 PSR 7 1R 1 A ol e ) BB L 5 il
R ( Diesel -like fuel ) , BIFFE T B B2 B4 . B A1 F A AL
PR AR T TR 4 B R DR B i AV
AR R, WFoTas R, 78 A AL A5 i &
G3EN 2% W5 e 1 B S I, S e i dhBA b 1Y) 48
SR BRI Sk, B 1 R BROR R R 2R TR OR &
. Amnat 250 (i BT R T 4801 B X 1 i T
AR O AR . BFSE 2 SR 3] Bl R ot 5
IS N R S W N RN OB X s 1 S
9.04% . 15.61% . 5.00% . 23.30% . 25.58% Fil
0.87% , Mift)™ i C; ~ Cys kLR [C; ~ Cs M HE
Y PN S SN L S5 o P T S <
FHARE MRS A2 e T, BFoE 25 SR W, I ARL YR
SRR TR IR 88% |, 74 32 B R B2 SR I N O A IR
WEEY MR & i VRS R R R,
ILPAEESE . KL, kg —Fh gt m %
T T P2 R A T
(B F—{ w3 | —{ e TR |— Be%)

Utmdd e | 2ouen — mE — =i ]
1

HK kO
S S T i

] A — e 250 o R T 9 9 A R AT T A
SFERFTE o FRULAE R R B 20 (PE) R R
W5 (PP) R A 20 (PS) B TR & B8R 15 1 1 ¥ it
St R 2R BUR R . BFFE R, 2k 89% LU
bR B Lk 83% o 4 TR AL L A
R0 ol ) o e R O e T AR R O
Jiraa RO s IR N T il A R STHIR S $l sl
SR IR, X8 B 2 S PEHEAT T Rk, IR
2 IR NN SVAY R T PP | B v
o EEHFE T K% Wang 2572 DU ML | 14 56 |
TR 5 FEh A5 R il S B 9T %6 42, 1 R B Dk
FUTF AL A B A Ak 90 Jo i B R 9 I e
M, BRIE FAZT-00 ARHES DERG R, B 2K A 4L, it
JEVRIMA RN . S5 A B 4 D ER, R i
fif R AT e, SEETE TS A I H

3 KRR LA R AR

210 T i B P AR R 3% ] AR R A AR
T AN X et AT TSRS, A WS
B TP -5 SR S E AL AR

EIBEIH

L LT LR T O L 1% I ke )
U, BRI LA R 109% B, R S HLA S E A B
SIS BRI A ) AL (ELK I (R1E AT T A
SRR, £ E VGRS RE Steven 5 B R
TS AR T T T i R R 2 KB 1 HE i
P00, 004 R EPA B A5 06 55 , 92 08 ¥ 3t b 191
HO~T.5% . KL FF W], SEHLIS IR B i
JG CO FI NO, HEi %A Wl 4, HC  PM A0 4 HE
AT N, Tajima 25500 X S i HLAK R 0 i
AT RIS , 45 W, R 5 — E H BT
B,

A K, BT A R SR P T R ik T
(4RI . Orhan 487 JF & T VI HLA% A5 10 v
TP SRR BT L P R ORE O T 5 HE ORI B 5T
P PUEL DA K | EARIS, LA R
F24¥ 304 76 mm 1 71.5 mm, $iH Ky 1.3 L il &
G R FAAL g 7 AL . IR 45 SR F I, 3 LV
RBL XA BN AR TS 3T 3 AR I
WAL %A TR, B4 CO HEHORHE S IRLEE , Wi /b
HC Hi, Arpa 2528 55 IF 8 7V HLIR A 52
VT PR P T AL PR RIRA 3 TR A R A
B SRR . BFFT I, B HA T E AR, &
SR T UE R BB, ik
WHFER TR, ARSI IS , & 3L NO, HERGH I,
CO HERI . Arpa 25" ¥R TF Ji T S ALK T
R 1 i PR ST D) S AR Y P R S HE R B
BFFE . It SR 2 W, S HLAK P P A R i
0, BEAT R B e AU, T L 7E W 6 2 I & S L
S S R ) A0 RS T, HR S T R R
TFE.

5 FE AMIFFER L, T [ A O 5 1 i B FL AR
PRETEARBEI e b B BF ST IR B 5 /0, 7 583 bL b
FHVR AT o % 0 20 % R 780 e AL b R e 2
POR AT T HFFE, 00T T IR WL B i mT 474, 14
THT BB BB T R B T R 5%, R VR AR
W I s HEAT R A B R TR
FR, R BT LI R RS A4
POINIAR IS SRBL L FUBL | FURE RS R BE I I
W K TR R TR A R R

4 #hig

e L8210 T dah-FEF AR R0 5 T PR B T P 2
TESNA S G FRSE R MR P 7 1k 7 Bt — 2 i,
TEBCR G| 3 AR SCIE B 7 T o — v 5. BRI



2015 F 1 8

Z A, ey i g g 14 H I R A R EOR D5 A
LA, LR T T i A A B R T VR AL
FRIERR AL PR T T 5 08 . RN T T AR AN
7 PP A R ) A P R A R A RR R B 75

225 3k

(1] efEfE, EHE, A% RN M LS FHT]. RS
T fE,2012,(3) :29 -31.

TR REIHAS , XK AR , 4. B i 4P A AR BUAR S ATl K
L] i HIh,2008,23(2) .9 - 12.

[3] Turlough F, Guerin. Environmental liability and life-cycle manage-

[2

[

ment of used lubricating oils[ J]. Journal of Hazardous Materials,
2008,160(2/3) :256 —264.

[4] Vorapot Kanokkantapong, Worapon Kiatkittipong , Bunyarit Panyap-
inyopol et al. Used lubricating oil management options based on life
cycle thinking[ J ]. Resources, Conservation and Recycling, 2009,
53(5):294 -299.

[5] Ampaitepin Singhabhandhu, Tetsuo Tezuka. Prospective framework
for collection and exploitation of waste cooking oil as feedstock for
energy conversion| J |. Energy,2010,35(4) ;1839 —1847.

[6] Ampaitepin Singhabhandhu, Tetsuo Tezuka. The waste-to-energy
framework for integrated multi-waste utilization ; Waste cooking oil,
waste lubricating oil ,and waste plastics J]. Energy,2010,35(6) :
2544 -2551.

[7] Hsu Yu-Lung,Liu Chun-Chu. Evaluation and selection of regenera-
tion of waste lubricating oil technology[ J]. Environmental Monito-
ring and Assessment,2011,176(1/2/3/4) ;197 -212.

(81 The. v [ B o vy F3 AR T S WO AT [T ] & 1L T 1L
2011,38(4) :29 -31.

[9] Seung-Soo Kim,Byung Hee Chun,Sung Hyun Kim. Non-isothermal
pyrolysis of waste automobile lubricating oil in a stirred batch reac-
tor[ J]. Chemical Engineering Journal ,2003,93(3) ;225 —231.

[10] Seung-Ho Kim, Seung-Soo Kim, Byung-Hee Chun, et al. Pyrolysis
kinetics and characteristics of the mixtures of waste ship lubricating
oil and waste fishing rope[ J]. Korean Journal of Chemical Engi-
neering,2005,22(4) :573 -578.

[11] Fuentes M J,Font R, Gémez-Rico M F et al. Pyrolysis and combus-
tion of waste lubricant oil from diesel cars:Decomposition and pol-
lutants[ J].2007,79(1/2) ;215 - 226.

[12] Manar E Abdul-Raouf, Nermine E Maysour, Abdul-Azim A Abdul-

[

Azim et al. Thermochemical recycling of mixture of scrap tyres and
waste lubricating oil into high caloric value products[J]. Energy
Conversion and Management,2010,51(6) :1304 —1310.

[13] Song Geum-Ju, Seo Yong-Chil,, Pudasainee Deepak, et al. Charac-
teristics of gas and residues produced from electric arc pyrolysis of
waste lubricating oil[ J]. Waste Management,2010,30(7) :1230 -
1237.

[14

[N

Seung-Soo Kim, Jinsoo Kim, Jong-Ki Jeon,et al. Non-isothermal py-
rolysis of the mixtures of waste automobile lubricating oil and poly-
styrene in a stirred batch reactor[ J]. Renewable Energy,2013,54
(s1):241 -247.

[15] Thallada Bhaskara, Md Azhar Uddinb, Akinori Muto, et al. Recy-

TN : [RiEEHEE RSB KSR <43

cling of waste lubricant oil into chemical feedstock or fuel oil over
supported iron oxide catalysts[ J]. Fuel ,2004,83(1) ;9 - 15.

[16] Mustafa Balat. Diesel-like fuel obtained by catalytic pyrolysis of
waste engine oil [ J]. Energy Exploration & Exploitation,2008 ,26
(3):197 -208.

[17] Demirbas A. Gasoline-like fuel from waste engine oil via catalytic
pyrolysis[ J]. Energy Sources, Part A ; Recovery, Utilization and En-
vironmental Effects,2008,30(16) ;1433 — 1441.

[18 ] Charusiri Witchakorn, Ubonwat Jintana. Pyrolytic coprocessing of
used vegetable oil , waste lubricating oil and plastics to liquid fuels
on the turbular reactor[ C]. Proceedings of the 4th IASTED Asian
Conference on Power and Energy Systems Langkawi: Acta Press,
2008 :375 -379.

[19] Orhan Arpa, Recep Yumrutas, Ayhan Demirbas. Production of
diesel-like fuel from waste engine oil by pyrolitic distillation[ J].
Applied Energy,2010,87(1) :122 —127.

[20] Amnat Permsubscul, Tharapong Vitidsant, Somsak Damronglerd.
Catalytic cracking reaction of used lubricating oil to liquid fuels cat-
alyzed by sulfated zirconia[ J]. Korean Journal of Chemical Engi-
neering,2007 ,24 (1) ;37 —43.

[21

[

Su Shiung Lam, Alan D Russell,Chern Leing Lee et al. Microwave-

heated pyrolysis of waste automotive engine oil ; Influence of opera-

tion parameters on the yield , composition , and fuel properties of py-

rolysis oil[ J]. Fuel ,2012,92(1) ;327 —339.

(22] MU,y i, B, 5. B MR R ALt i A A% o I
Bl AL ). BURAE T ,2011,31(8) 247 - 49.

(23] 26T AR BRI AT il ] f e S B R WEE[ D] 38N 2 3L
PYHLT R, 2011,

[24] Wang Jiehong, Xia Shide, Xie Gang, et al. Reseach on waste oil
prdoducing diesel key technologies and cleaner production on new
technology[ J]. Acta Scientiarum Naturalium Universitatis Sunyats-
eni,2009,48(s2) ;116 - 120.

[25] Steven G Fritz, Brad McNett, Ray Schandelmeier. Exhaust emissions
from heavy-duty diesel engines operating on JP-8 blended with used
engine oil[ C]. American Society of Mechanical Engineers, Internal
Combustion Engine Division ( Publication) ICE. Fort Lauderdale
ASME,1998:1 -6.

[26] Tajima H,Takasaki K, Nakashima M,et al. Combustion of used lu-
bricating oil in a diesel engine[ C]. SAE Paper,2001.

[27] Orhan Arpa, Recep Yumrutas. Experimental investigation of gaso-
line-like fuel obtained from waste lubrication oil on engine perform-
ance and exhaust emission[ J |. Fuel Processing Technology,2010,
91(2):197 -204.

[28] Arpa O, Yumrutas R, Alma M H. Effects of turpentine and gasoline-
like fuel obtained from waste lubrication oil on engine performance
and exhaust emission[ J]. Energy,2010,35(9) :3603 - 3613.

[29] Orhan Arpa,Recep Yumrutas,Zeki Argunhan. Experimental inves-
tigation of the effects of diesel-like fuel obtained from waste lubrica-
tion oil on engine performance and exhaust emission[ J]. Fuel Pro-
cessing Technology ,2010,91(10) :1241 —1249.

[30] BWAR. FMEFTRLE ML b A BE XK B W FE [T ] B AR B
T1.7:,2000,(7) :31 -33.

[31] WEte. —F LR Begs . CN,2783144Y [ P]. 2006 - 05 -

24.1



