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Preparation of Fuel from Co-pyrolysis of Waste Vegetable
Oil and Waste Polyethylene Plastics
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Abstract; The production of high quality renewable hydrocarbon fuels through catalytic pyrolysis of waste
vegetable oil and polyethylene with the ZrO,/Al,0,/TiO, polycrystalline ceramic foam as catalyst in the
high-pressure reaction kettle was carried out. The effects of reaction temperature, time, catalyst amount
and material feeding ratio were investigated on the production of renewable hydrocarbon fuels through
catalytic pyrolysis of waste vegetable oil and polyethylene. The optimal condition was achieved that the
reaction temperature was 430°C , the reaction time was 40 min, the dosage of the catalyst was 15% , the
quality ratio of waste vegetable oil and waste polyethylene plastic was 1:1, and liquid product yield was
65.9% . The GC —MS analysis indicated saturated hydrocarbon percentage of TIC peak areas in pyrolysis
liquid product was close to 100% , 97. 85% of which were straight-chain alkanes. The pyrolysis gas and
liquid products were precisely analyzed to deduce co-pyrolysis with ZrO,/Al,0O,/TiO, polycrystalline
ceramic foam catalyst mechanism. Pyrolysis oil properties were determined. Compared with biodiesel and
0" diesel, pyrolysis oil heat value was higher, and the density and viscosity were similar to 0% diesel.
Freezing point and cold filter plugging point were better than those of biodiesel. The low temperature
fluidity was good. It proved the feasibility to derive renewable hydrocarbon fuel from co-pyrolysis of waste
vegetable oil and waste polyethylene plastics with Zr0O,/Al,0,/TiO, polycrystalline ceramic foam catalyst.
Key words: waste vegetable oil; waste polyethylene plastics; co-pyrolysis; fuel; polycrystalline ceramic

foam catalyst
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Tab.1 Properties of waste edible oil( WEQO)

2R KM
W/ (grem ) 0.916 9
W fti/ (mg-g™") 1.593
AR/ (mg-g™") 192. 44
Bk % 0.16
C 78.14

H 9.27

TCE R R % S 0.13
N 0.10

0 12.36

Cis.0 7.9

B L T 43 4% Crn 42
Cig. 38.7

Cis.2 51.3

], 38 N, 2 min HERR 28 P9 25 3, OQHTHEACR, JF )5
PR, B R RN B [R]85 5% 3 80 1/ min, [N 45
S5, WA A A O Bk it [ R B v B 28 A i Tk
VEVRIFAE 60°C T4 1 h, g T MR SR PR it RIH 2 5
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3 o) AR 5 e DR 2R B L ) A AR R R
JoT 5t bG A AIF T O 2 A Tl I 5 R SR LM R IR R
it ] B AR B 43 4 AT B 5 T
1.3 HBBBRSESH

SR GG — MS (Agilent 6890N/5973 ) 43 #7 24 fi#
WARA Sy, (3% A HP — Sms, A1 60°C (2 min) ,
FFiE 3 2R 10°C/min T+ 5 280°C , 54k % I 250°C
AN (1.0 mL/min) , #HH 0.2 pL, 230 b
200 1, Ji 3% 4% {4 EM LR 941V, B F R IR E
230°C , 210 L BF 280°C
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Tab.2 Solid, liquid and gas proportions produced
from catalytic pyrolysis of waste vegetable oil and

polyethylene under different conditions
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Fig. 1

IR ZEAL B W) GC — MS Ui AL LL

Percentage of TIC peak areas of different compounds

Fg 343 B AR VR R AR R
B P iR WRRE L BO% B Bk
/C /min BAE/%  /(gog) /% /% /%
340 40 5 10: 10 28.4 48.3 23.3
370 40 5 10: 10 18.6 54.4 27.0
400 40 5 10: 10 7.7 59.3  33.0
430 40 5 10: 10 2.4 63.1 34.5
460 40 5 10: 10 2.3 62.4 353
430 20 5 10: 10 14.3  55.9 29.8
430 30 5 10: 10 9.6 59.7 30.7
430 40 5 10: 10 2.4 63.1 34.5
430 50 5 10: 10 2.5 62.3 35.2
430 60 5 10: 10 2.7  57.6 39.7
430 40 0 10: 10 6.6 61.2 32.2
430 40 5 10: 10 2.4 63.1 34.5
430 40 10 10: 10 2.2 64.6 33.2
430 40 15 10: 10 1.9 659 32.2
430 40 20 10: 10 2.1 652 32.7
430 40 15 0:20 1.5 69.2 29.3
430 40 15 5:15 1.6  67.3 31.1
430 40 15 10: 10 1.9 65.9 32.2
430 40 15 15:5 2.7  61.7 356
430 40 15 20:0 4.1 57.5 38.4

B 2 B TR] PR A 750 45 o 3, AR A R 5
BLICHE N5 FEAR 9 R 5 B P 25 AR 430°C 40 min |
15% M, A A 0 inh i R0 1 3R & 0 SR} I EE
(I T, VPR A 5 2 B o R AT 1 A 5, LR A5
10: 10,

2.1.1 iR E

BAR =Wy de 2k F 200 H AR ek 7 B ke FR e
Mk ke o FLBE Be SR i B 1 B T B0 A AE Cy — Gy, 18
T AR LG 10 B v ) O+ Tk, IR B T 8.95% o ARl
JER BEMG 55 2R M Sk R ) R S TR 26 A
AP AR LB TR 1

VARG 5 2R LM TR K tE T SR W i
ORI S S Rt 7/ R ENER Y SIS P N S
AR LA L& A S WA o ot e e i AR L 491 Bt ot T
B 2R, S T S B, ARG AR 2T L B
35 B 86.27% , I 7 et B i £ e B AR T i O
T, ek E 19.85% b ke ke A A
Yy e 28 A0 55 55 & de 0k SR A AL, T 5 B e ke
(1) £ A2 AL A I o

in liquid products from catalytic pyrolysis of waste oil and

polyethylene at different temperatures

2.1.2 )% A

AN [ Sz IO Bsf [] T 2 gk AR 7 0 43 A 32 SR e
Ko, oW O 05 e, How B g 04 T AR L BB, A
& 2, B A5 sy B 8] o 3880, e 4 06g T AR L 91 A% 1k R
R 2 T A I 1 R A, T 5 7 e A S o ke
P54 A B, b e e e TE AR e 91 A s AT LA Gk )
95.15% , FRifizg OB o] 38 n, ah Ag 5 2R & I 3t
SRR BE R ) A IR R Y R R,
FfiE i Diels — Alder 535 52 W B B30 e & , 24 e &

S A 5 A o
100 -
B mE
90 4 - %i)ﬁg
704 e EENEY

VTR Eb/%
2

20 3‘0 4b Sb 6‘0
£} 8]/min
B2 O[] b a] R Bl G 5 2R 40 36 2 AR P
AR A S YW GC— MC I T AR L 41
Fig.2 Percentage of TIC peak areas of different
compounds in liquid products from catalytic pyrolysis

of waste oil and polyethylene at different time

2.1.3  fEALFR A Ll

Wik 3,2r0,/A1,0,/TiO, A5 S i B 451 X0 2
R AAS 7 e DS O A S WA ER 25 AN AR 59
LB Jo e 14y 0ee T B EE 1A 58.02% | il 4 i A 5
FUAS AR 30, B A s 1 e i B LG 1) S 4 S BROE T
1o Ji B A R B, foe i I8 B 97. 85% 5 97 ke AE AL
FIB M 10% ~15% W 2080 B, 2 ATEH Y 0 ~
20.32% o BEAE AT EE A3 I, O S0 1k
2, DR IHG o e 11 0 T AL L 48] 8 M (LR A R0 9 o
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Fig. 3

Percentage of TIC peak areas of different compounds
in liquid products from catalytic pyrolysis of waste

oil and polyethylene at different catalyst amounts

2.1.4 Ypkpi

P SR A PR bk i 5 A SR 0 SR TR T )
AN [l R AL & 0 1 e i AL EL B A 22 EOR (1 4)
Pk 2 AR R A Wy Uik IR L B e ke Y A T R L i) A
28.14% , 37 kN 21.5%, &% A AL & W I
40. 81% H 4 IR0 1l IR 5 1 5 £ 0 Z L oA B
10: 10 I, B Joe Jas e 1h BR L 1) 5 ik 97. 85% , R &
s X 1 R AR 9 AR A A I e e A 3
PSR A WITE L P AR S I R IR R, R
1) 6 A7 AR B4 14 e [0 4 D A A 590 4 4 T
N BEA S AL R R A D b ke

Bl 4 TR Weh BT b HE T R AR 5 3R 2 0 3R W A
PR AN R R AL W GC — MS W T AR LE 41

Fig.4 Percentage of TIC peak areas of different compounds

in liquid products from catalytic pyrolysis of waste oil and

polyethylene at different material feeding ratio

2.2 KEVMHESKRZHEERLNBYIEHER
AN T SR 25 AF T A UM W AR L,
t4% H, .CO .CH, M CO,. 1EHBLH A 2 AF (SRt

J& 430°C | J i B[] 40 min A A6 57 52 20 B 15%
PRI G 55 B R M SRS EE D 1 1) I SR
SR d H, i 25.40% ,CO N 6.78% ,CH, K
25.18% ,C0O, #9.39% ,

LA H, #1CH, &85 ,CO Ml CO, &
AR D HEWTH R CO AT CO, = 2R I8 Tl g
IR 7 R IR A AR , 1, T ZORIR T 3R &0 P Jo
DN 2 B i B RO, CH, FE 2R T CO il CO,
5 H, BN o 45 A SRR 5y ST, R
LI THEP AR Z AT RS KRR
SR A f A LA HEAT 77 0 v ) B — 6O ] 5 A A A
RIE(CRIReibee) o B O A 5 A b5
I A S M Aot 55 v ) A, B el 6 T L o 1 2% 1k %
IO T e A 1) e i, fE S S 2R R 7 b A e
7 AR S AR D DRI A DR R AR i I S R R 2
Wi BB Zx0,/ AL 0,/ Ti0, HEALAE FITF % A2 B [
SN, R T AR AR A o H AT SC A AL
BT E D A i B — PR
2.3 RBBRES S HRMERNE

e FOIE HL ) ) 28 A5 A, S B 430°C | BB I
6] 40 min #4457 i 0 80 15 % , B2 0 b i 45 1R
RO WE T = LR 1V AR =8 7= RN
65.9% . 2 GC— MS 73 #r, T2 ke 45 B i [a] Lz
T AR LG B T 63 o 2R A A R A 28 7 iy e T AR LE

£3 EEMBESERZEREBEEEN
E R R EFEERE
Tab.3 Residence time and percentage of TIC peak

areas of liquid products from catalytic pyrolysis

of waste oil and polyethylene

JZES 15 B8 1 ]/ min W T AR L/ %
B g5 5.08 2.26
+—h 6.76 3.74
+ 8.35 4.91
=% 9.84 6.92
+ e 11.24 7.89
bk 12.57 8.93
RPAY S 13. 81 7.16
RRR 15. 00 9.05
AN 16.12 5.50
RIRS 17. 19 6. 63
i 18. 21 5.46
B 19. 19 6. 14
By R 20. 12 4.38
e 21.02 4,82
AUk 21.89 3.85
Tk 22.72 3.02
ke 23.52 3.16
I B Y ST 24.29 2.19
il WA 25.04 1.84
ke 18.21 5.46
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3 &R

(1) FH Zr0,/A1,0,/TiO, Z fi il IR b & fiE L
7R AL R AB W I 5 % 2R s SRR G 2R ) 45 R
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PO L, fE B A5 1R 8, WA 7= W 7 R 65. 9% o

55 R R LA VOB AL 2R 2 ) A B T AR A
A oA

GC — MS 37 2 ], ¢ ffk 38 VA% 1 A0 06 288 7™ Wy e ThT AR
F B 23 100% , Horr 97.85% S FLAE Be ke, I 9128
FEWT T R i G 5 B 2R L0 BRI R LB
(2) MZE T AR HR0 A 5 iz B R I
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R4 RBREEYEBR O SLEHMERILE
Tab.4 Property of product obtained in microwave

pyrolysis oil compare with biodiesel and 0" diesel

J2 O 5 Seqih Xt b, A 0% aih PR W] S v T 2R ) S il

T SRR EORIL DRI 0 e, 5 RS SRR 4 O 5 AR
EANEE/ (mm® s 3.31 4.50 3.00 ~8. 00 %\éél'ﬁ%ﬂzéﬂg,'ﬁigﬁﬁﬂ:éw%(ﬂﬂ J&ﬂbﬁﬁ‘@ﬁ} ,J‘}_F
WA/ (KIg™") 46.2 38.0 43.0 — M R AR o DA B8 43 A AT N R AR
o i/ 18 -5 0 S VG 5 5 20 9 2 5 T A
ALLTAC S e R 1A RGR AR

5 £ X #

XL, ERM, £RI%E, 4F.
111.

Tl e 2k D' Bz B 3l 2 AL W B AR Tl A R ORI S [T ] R LM i, 2012, 43(2) 106 -

Liu Yuhuan, Wang Yunpu, Wang Yingkuan, et al. Microwave-assisted pyrolysis of swida wilsoniana fruit oil soap for preparing
renewable hydrocarbon fuel via selective decarboxylation[ J]. Transactions of the Chinese Society for Agricultural Machinery,2012,
43(2):106 —=111. (in Chinese)

Wiit, w803, B/, S5 MEAL RO 5 R 10 TR AL T 200 A A A i R S A St ORE LD ] AR f 2 5 Tk, 2012,
Chen Jie,Jiang Jianchun,Nie Xiaoan,et al. Diesel-like fuel obtained from tung oil using pyrolysis and esterification coupling[ J].
Energy & fuels, 1994, 8(6):

Walendziewski J, Steininger M. Thermal and catalytic conversion of waste polyolefines[ J]. Catalysis Today, 2001, 65(2) : 323 -

Artetxe M, Lopez G, Elordi G, et al. Production of light olefins from polyethylene in a two-step process: pyrolysis in a conical

Industrial & Engineering Chemistry Research, 2012,

Wang Weicheng, Thapaliya Nirajan, Campos Andrew, et al. Hydrocarbon fuels from vegetable oils via hydrolysis and thermo-

Almeida Tarciana M, Bispo Mozart D, Cardoso Anne R T, et al. Preliminary studies of bio-oil from fast pyrolysis of coconut fibers

Abnisa Faisal, Arami-Niya Arash, Daud WMA Wan, et al. Characterization of bio-oil and bio-char from pyrolysis of palm oil

Wang Congxin, Liu Qianhe, Song Jie, et al. High quality diesel-range alkanes production via a single-step hydrotreatment of

2
32(2): 25 -29.
Chemistry and Industry of Forest Products, 2012, 32(2): 25 -=29. (in Chinese)
3 Conesa J A, Font R, Marcilla A, et al. Pyrolysis of polyethylene in a fluidized bed reactor[ J].
1238 - 1246.
4
330.
5
spouted bed and downstream high-temperature thermal cracking [ J].
51(43): 13915 - 13923.
6
catalytic decarboxylation[ J]. Fuel, 2012, 95(1) : 622 - 629.
7
[J]. Journal of Agricultural and Food Chemistry, 2013, 61(28): 6812 — 6821.
8
wastes[ J]. Bioenergy Research, 2013, 6(2) : 830 - 840.
9
vegetable oil over Ni/zeolite catalyst[ J]. Catalysis Today, 2014, 234. 153 - 160.
10

Congxin W, Qianhe L, Xuebin L, et al. Influence of reaction conditions on one-step hydrotreatment of lipids in the production of
iso-alkanes over Pt/SAPO-11[J]. Chinese Journal of Catalysis, 2013, 34(6) . 1128 - 1138.

Zhang Haiping, Lin Hongfei, Zheng Ying. The role of cobalt and nickel in deoxygenation of vegetable oils[ J].
B: Environmental, 2014, 160 — 161 415 —422.

Applied Catalysis

(THE 140 W)


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20120222&journal_id=jcsam

140 | 1 R A= 2016 4

5

9
10

11

13
14

15
16

18
19

20

Montazar A, Sadeghi M. Effects of applied water and sprinkler irrigation uniformity on alfalfa growth and hay yield [ J].
Agricultural Water Management, 2008, 95(11) . 1279 - 1287.
Al-Gaadi K A, Patil V C, Madugundu R, et al. Response of alfalfa to precision fertigation in Saudi Arabia[ C] //9th European
Conference on Precision Agriculture, The Netherlands:Wageningen Academic Publishers, 2013.737 - 743.
Lamm F R, Harmoney K R, Aboukheira H A, et al. Alfalfa production with subsurface drip irrigation in the central great plains
[J]. Transactions of the ASABE, 2012, 55(4): 1203 - 1212.
T4, 2% AT, . PAERBKEMEIIRIERIT]. T 52X LEH5,2005,22(3) : 220 -224.
Yu Yajun,Li Jun,Jia Zhikuan,et al. Research progress of water and fertilizer coupling on dry land [J]. Agricultural Research in
the Arid Areas, 2005, 22(3) : 220 —224. (in Chinese)
H AR BN REE. AEPKIEREB R RIT]. YEY 5 ,2007(6) : 18 -22.
PR, BT AR T L SR O LA IS A A R e B R A I F LR [T ] Bl FF4E,2005,22(7) 18 - 15.
Zeng Qingfei, Jia Zhikuan, Han Qingfang, et al. Review on the effect of fertilization on the production and quality[ J]. Pratacultural
Science, 2005,22(7) : 8 =15. (in Chinese)
B IMIEA SR A, S 30 bt XSS AR AR A BN SR AT s [T ] b R A4 4R ,2012,34(2) 52 - 57.
Xie Yong,Sun Hongren,Zhang Xinquan,et al. Effects of N,P and K fertilizer on alfalfa and recommend fertilizer rate in Bashang
Area[ J]. Chinese Journal of Grassland, 2012, 34(2) : 52 —=57. (in Chinese)
de Oliveira W S, Oliveira P P A Corsi M, et al. Alfalfa yield and quality as function of nitrogen fertilization and symbiosis with
Sinorhizobium meliloti[ J]. Scientia Agricola, 2004, 61(4) :433 —438.
GB/T 19797—2012 Ay BE B ohoL S R F 4% BB ALK 58 20 A 2 S BERY M E [ S ] . 2012,
Allen R G, Pereira L S, Raes D, et al. Crop evapotranspiration guidelines for computing crop water requirements—FAO irrigation
and drainage paper 56[ C] //FAO, 1998.
NGB, A RBUY. BB AR SBR[ M. de st o E ROk s A, 2008 .2 - 33.
BRI SRR e . 2 T R e DX IS X R B 564K B A AR i e [T ] B 24 4R ,2012,21(5) 1204 - 212,
Cai Guojun, Zhang Rendou, Chai Chunshan. Effect of fertilization on biomass of alfalfa in returned farmland in semiarid loess
hilly area[ J]. Acta Prataculture Sinca, 2012,21(5) :204 —212. (in Chinese)
Silva L L. The effect of spray head sprinklers with different deflector plates on irrigation uniformity, runoff and sediment yield in
a Mediterranean soil[ J]. Agricultural Water Management, 2006, 85(3) ; 243 -252.
IRAHE B FF, HERR 5. B AEE TS o0 ST B 25 5 K ORI [T]. B2l KR, 2014(3) : 11 - 12.
IR SRR, B, S AN R AR B AR SR e R RO SR U RS [T ] PR AL A e, 2004,13 (1) ¢ 14 - 17.
Wan Sumei, Hu Shoulin,Zhang Bo,et al. The study on hay yield and nutrition of alfalfa cultivars[ J]. Acta Agricultural Boreali-
occidentails Sinica, 2004, 13(1): 14 —17. (in Chinese)
o, 5 A . B AR [ T]. R E B, 1994(1) : 16 - 19.

(L#EE 181 ,T)

12

13

14

15
16

17

18

19

20
21

Je,czmionek L, Porzycka-Semczuk K. Hydrodeoxygenation, decarboxylation and decarbonylation reactions while co-processing
vegetable oils over NiMo hydrotreatment catalyst. Part II : thermal effects—experimental results[ J]. Fuel, 2014, 128, 296 —
301.

Kimura T, Imai H, Li Xiaohong, et al. Hydroconversion of triglycerides to hydrocarbons over Mo-Ni/vy-Al, O, catalyst under low
hydrogen pressure[ J]. Catalysis Letters, 2013, 143(11) . 1175 - 1181.

Sharma B K, Moser B R, Vermillion K E, et al. Production, characterization and fuel properties of alternative diesel fuel from
pyrolysis of waste plastic grocery bags[J]. Fuel Processing Technology, 2014, 122 79 -90.

Bagri R, Williams P T. Catalytic pyrolysis of polyethylene[ J]. Journal of Analytical and Applied Pyrolysis, 2002, 63(1): 29 —41.
Zhang Xuesong, Lei Hanwu, Yadavalli G, et al. Gasoline-range hydrocarbons produced from microwave-induced pyrolysis of low-
density polyethylene over ZSM-5[J]. Fuel, 2015, 144 . 33 -42.

Abbas-Abadi M S, Haghighi M N, Yeganeh H. Evaluation of pyrolysis product of virgin high density polyethylene degradation
using different process parameters in a stirred reactor[ J]. Fuel Processing Technology, 2013, 109: 90 - 95.

Liu Mi, Zhuo Jiankun, Xiong Sijian, et al. Catalytic degradation of high-density polyethylene over a clay catalyst compared with
other catalysts[ J]. Energy & Fuels, 2014, 28(9) : 6038 - 6045.

AW, X E IR, KA S — R T A A Sl v AL S e A R B A O i MR e[, CN201410002106. 5[ P].
2014 —4 —30.

Sergeev G B. Nanochemistry[ M]. Amsterdam; Elsevier Science Ltd. , 2006.

Herskowitz Mordechay. Reaction system for production of diesel fuel from vegetable and animals oils; USA, US 2008/0066374 Al
[P]. 2008 — 04 —20.



