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New Technology Development for Production of
Alternative Fuel Oil from Thermal Degradation of Plastic Waste'
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Abstract

For treating a huge amount of plastic waste with the environment problem, pyrolysis of plastic waste into alternative fuel oil
is one of important issue in recycling methods. This study was introduced over the trend of generation of plastic waste, in Korea
pyrolysis technology in domestic and foreign countries, basic technology in pyrolysis process and new technology of pyrolysis
developed in KIER (Korea Institute of Energy Research). The characteristics of process developed in KIER are the continuous
loading treatment of mixed plastic waste with an automatic control system, the minimization of wax production by circulation
pyrolysis system in non-catalytic reactor, the reuse of gas produced and the oil recovery from sludge generated in pyrolysis plant,
which have greatly the advantage economically and environmetally. The experiment result data in 300 ton/yr pilot plant showed
about 81 wt% liquid yield for 3 days continuous reaction time, and also the boiling point distribution of light oil (LO) and heavy
oil (HO) produced in distillation tower was a little higher than that of commercial gasoline and diesel, respectively.
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Table 1. Generation and recycling amount of plastic waste in Korea.
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1990 2,935 312 474 2,773 1,885 1,045 176 9.3%

1991 3,731 248 991 2,988 2,031 1,030 174 8.5%

1992 5,169 166 1,957 3,378 1,943 1,154 173 8.9%

1993 5,777 185 2,335 3,627 2,392 1,312 207 8.6%

1994 6,223 159 2,373 4,009 2,769 1,417 374 13.5%

1995 6,689 195 2,767 4,117 2,800 1,540 440 15.7%

1996 7,260 229 3,110 4,440 3,020 1,640 486 16.1%

1997 7,261 121 3,696 4,046 2,800 1,400 500 17.0%

1998 7,891 65 5,161 2,795 1,901 950 - -

1999 8,608 119 4,699 4,028 2,739 1,350 - -

2000 8,673 116 4,448 4,431 3,500 1,400 - -

2001 8,996 106 4,726 4,376 3,422 1,353 854 25.0%

2002 9,534 189 4,875 4,848 3,650 1,500 908 25.0%
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Table 2. Consumption amount of plastic types in Korea
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Table 3. Recycling trend of waste materials in Korea (2000).

(2000). 229 | A7 | 2220 | A4 [#@eold|zasy
&= AL (HE) Hl & (%) 14.9%
5l o] 0, 0, 0, 0, N
P 1 o ABLE| 598% | 63.1% | 674% | 67.7% (24
Apl 8 594 15.7
- 250 119 Table 4. Plastic type composition of mixed plastic waste
A : obtained from five big apartments in capital region.
Chlh da b 385 102 e S 74 ug
BT A S5 325 8.6 PE 7,040 g 30.2%
sto] ZF 303 8.0 PP 6,080 g 26.1%
7 F 261 6.9 PS 4410 g 18.9%
2 ANEFE 235 6.2 PET 5,180 g 222%
A&7 F 121 32 71€¢ 605 g 2.6%
7)€} , 174 4.6 FA 23315 ¢ 100%
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Table 5. Experimental conditions of pilot plant in KIER.

Experimental Parameter Experimental Condition
Raw material (wt ratio) PE/PP/PS(5/3/2)
Feeding rate (Kg/hr) about 20

Melting temperature (°C) 250-300

Reaction temperature (°C) 390-420

Reaction time (day) 5

Oil yield (wt%) 81.8

—O— gasoline
if —O— kerosene
1T —4— diesel

Boiling Point(°C)

° 10 20 30 40 50 B0 70 80 90 100
Mass(%)

Fig. 6. Boilong point distillation of light (top) and heavy
(bottom) oil products in distillation tower.
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Table 6. Properties of liquid product.
Hems Values
. LO (Top) HO (Bottom) GR
Ignition point ("é) - 14 >40
Pour point (°C) <-50 2.5 <-15
Copper corrosion (100°C, 3 h) 1 1 <1
10% carbon residue (wt%) 0.02 0.04 <0.15
Ash (wi%) . 0.002 0.007 <0.02
Kinematic viscosity (40°C) <1.0 . 4.86 1.4-3.0
Density (kg/m’, 15°C) 761 828 815-855
Distillation (Tyg) 247 372 <325
o2 JIEdRTE Y, ARA FhREte B &2 Table 7. Heavy metal contents in liquid product.
=8 BZE Hold AR, dF MBS THET = Heavy LO HO GR value
< BEYE ol 0w FREY ¢4 24g & metal (ppmm) (ppm) (ppm)
o sl 3% Bevt ok 2T SR S cr <10 <o <10
oA AL AYFE A FRE AL 0UF 1Y we P 10 L0 <10
BEY 2ES ol U ARud ¥ Be4 2 cd <10 <10 <10
2% wolw itk wel A4Ee 37 BEE 3R As 10 <10 <10
gol o 279 WL B¥e} e 25 e - : o
% d3ke AlEe Bed BEXE 2 Aol ).
=3 T FR AF AHES sl 243 E2ls)st A el AEEA 2AY 1 ppme)dkE GR7IFE
A9l 54 5L GR7IFE %3 97 Table 63 Table 2 U315 '
7ol Uepdich. Qlshd e HEl GRS ZhETh F AL
29 ol @7 fEHIME SHE F AHES A 4. 4 2
Fa] W v, SRE sl wHlA A¥ES &
% 7 vebdth ol FREY & 218 £d 3 =W FekiE gigle] deEe mel AR-F H7)E
Agtd dart ok &, SFY deAe A B HEgaE SAES AT A7 400%E ool T,
AP ENRS o] Qdsbgel W) Wi Bl o]EX ABH 5% F7H sl Az AR BAR AR
WA ARE AR 4 9T, ZRT ade] T o) Sjslol gt sBakay A2 wwe Bol ol
WHES GRS ATT AHES Pof BohE Sob B e WYl el oAel U, Ba 47 A2
Yoh EQ FE BN, 10905 AR Jelm AEg b AE, 98 BA2 ARE A9 wHe 43 2
< GRZIE el & dxet stk sAw Axe} el ok AEE WEo g B AE8-e dPE
Ue 2 90% FF =T SHRE ool AAE dlsl 7besiA g, iR H$= £ HZwiad g
AEEY 7S hollA AF3 ZHT e Auld A4 HE wiEE7] wjiol ESio] o3 A ed Ayt
=o] dojA)7] dEo] ARk AA] ARZ A3 wo]l ZAAAS A 2x) B 2EE Folv ¥3F
= 79 Aasioy ATE L, FRY e A7 & Q1 WA £ dijle] HiL ot
2 Aol EFEo] Aol AR A7 e oA A B drolA e g st 22 AsE 2
Stod NFslEE gavt AeA]7] wiiol] Al v of &g AL HoF AL o4 HE Y ARFE o
2 2L ol & A7t gleele Az o #F Ay 2L 52 ¥ & 502 AAFol o
T oywA] ES GRS & dAIs Qo). w=g ahar, 3 HEE 7kt seAe ARE AREEIA
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