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Abstract — In Korea, although the generation of waste plastic has been increasing, the rate of recycling is
considerably low and moreover, there is no suitable method for the treatment of waste plastics. However,
pyrolysis, which is appropriate for the treatment of highly polymerized compounds, such as plastics, has
recently gained much interest. In this study, a property of the products from the pyrolysis of mixed waste
plastics, with a possible practical use for the recycling oil produced, were assessed. First of all, in order to
investigate the pyrolysis characteristic of waste plastics, TGA (Thermogravimetric analysis) and DCS (Dif-
ferential Scanning Calorimetry) were performed on a number of different plastics, including PP, LDPE,
HDPE, PET and PS, as well as others. According to the result, it appeared that PP was the most efficiently
pyrolyzed by changing the temperature, followed by LDPE, HDPE, PET, PS and the other plastics, in that
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order. From the results, the optimum conditions for pyrolysis were set up, and the different waste plastics
pyrolyzed. The recycling oil produced from the flammable gases generated during the pyrolysis was com-

pared with fuel oil by an analysis using the petroleum quality inspection method on KS(Korea industrial
Standard). The results of the analysis showed the recycling oil was of a similar standard to fuel oil, with the
exception of the ignition point, with a quality somewhere between that of paraffin oil and diesel fuel. With
respect to these results, the quality of the recycling oil produced by the pyrolysis of waste plastics was suf-

ficient for use as fuel oil.

Key words : Pyrolysis, Mixed waste plastics, Recycling oil, TGA, DCS
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Table 1. Experimental conditions for TGA and DSC
measurement

[tem Condition
Scan temperature 25~600°C
Heating rate 20°C/min
Purge rate 30 m//min
Purge gas N,
Sample weight 4~6 mg
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Fig. 1. Schematic diagram of pyrolysis process.
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Table 2. Operation condition of gas chromatography.

TPH BTEX

Operation condition

G.C model SHIMADZU 17A SHIMADZU 17A
Oven temp.

Initial 45°C (2 min) 50°C (3 min)

Slope 10°C/min 10°C/min

Final 310°C (5 min) 200°C (5 min)
Column HP-5 HP-5
Detector FID FID
Injection temp. 280°C 250°C
Detector temp. 300°C 260°C
Injection volume 2wl 1w
Flow rate 1.8 m/min 1.8 m//min
Carrier gas N, N,
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Fig. 2. TGA analysis of thermoplastic feeds.
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Fig. 3. DSC analysis of thermoplastic feeds.

Journal of Energy Engineering, Vol. 14, No. 2 (2005)



162 quH—EL .

PET, PS, Other 222 d&s7} AaHgln, ZE A
o] FHZakaee] 98% o)A Hal7} o] Fol A& Fal
3 5 vk HE ey AAEE MR o d8s)A
243 255 vehlE el AR Xfolel| 23t &
&2 FF AR zlbe] Wil Ao Ad=
23 Eekade] dRaA] 300°C ol3lellME 719 o
Bz} o] FolR)A] ¢kom oF 350°C~450°C AlelolA 7}
7 2hagt Balr} o] Foi RS Flalsll, TGA ¥474
JE B 438 FHH &5 o 5 U

Fig. 32 A4d =) Egk~de] DSC ¥4 AFHE o}
el Ao2 PETE §&0] 260°CR ¥7 4 =92
oF 468°CollM Esi7} BislA A=t HDPES] 2
Alew 141°Co|s 388°Cel|M Hallrt o] =)L )
9L, PPY] 4 153°Co2 A FHon Relire
oF441°Ce) ALz P}, PSS9 Other AA2] #Z=2}
~E] Balewl zhzt 452°C, 485°CE EAH 9o
Others] $4-2 116°CE e}, oj=i3t Ags7]E o
o] Felay A d¥E] B4 o B4 T o
HAxwle] 233 QxR o] 8-d £ gt

3-2. EgHIEAE 2| ¥ MYFYY

AR ZWEE batchr] o2 dEs|2o] FAE EA
5 Qe Aol AAFe] T, AMTE 52
slo] R 29 FAMIL gL WA dEsiE A
Alsigiet. o3t dEsze] FAMEE B EUE
glaEle] dialae] FANAMY E-ALPAE Table 300
Yepisich 99 2 EekaEle] 92sE E8 A
A% St AT} 95.93%2 B3 EekaE ] d R
o] 23l 7kAs AT gl on], Chare 4.07% Hl)
ZH . 7197 ER F 7| edR A S B Al
F 7] o2 WiEHE AT 3.05%0| T,
el 23] 3.13% F¥o] AAST, JFANA o
0.78%2] Tars AAL, AA=HE FF A 74
U89 oF 77.23%7 U2 AAFEAC. vREEQ) Al
Az QIR dib] YAEE U582 oF 60~75%%
el

Fig. 4% Batch?] |&a2x]o| &3l Eeind s 5
4 F 2%T ASAZIEA BAEE sS4
gl A3 vehigich. dEsA] F 400~450°C71A]
Zesed o 6A7ke] A8ET 9ler], 299 34

Table 3. Mass balance of pyrolysis process.
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Fig. 4. Oil yield for pyrolysis process.
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Table 4. Analysis of water concentration, elemental analysis, calorific value for recycling oil by pyrolysis.

Water concentration

Elemental analysis (wt%)

Calorific value

(wi%) C H

N S Cl (kcal/kg)

0.075 56.09 9.99 32.49

1.05 0.12 0.26 10,090

Table 5. Quality assessment of recycling oil.

Recycling Fuel

ftem oil standard

Water concentration (%) 0.075 below 0.5
Sulfur component (%) 0.108 below 0.2
Density (15°C, kg/m®) 732 below 850
Ignition poilnt (Tag, °C) -1 over 40

Kinematic viscosity (40°C, cst) 1.5 0.9~3.0

Ash (%) 0.03 below 0.2
Cd (mg/l) 097 -

Cr (mg/]) 0.88 -

As (mg/)N.D. -
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Table 6. Total petroleum Hydrocarbon analysis of
fuel oil and recycling oil.

Carbon Petroleum Lamp oil Light oil Recycling oil

chain (%) (%) (%) (%)
G, 20.59 5.61 427 498
Co 7941 4677 18.39 5.93
o - 2945 1475 50.88
Cu - 1635  10.01 1.66
Cis - 183 13.70 4.25
Ci - - 12.13 6.49
Cao - - 10.34 7.93
Car - - 7.42 5.45
Ca - - 5.48 4.62
Cas - - 1.79 2.18
Ca - - 1.71 5.62

DuraUASTELZE .01  MathaaiWASTEIZUMGT  Chwl
v ChesmeWABTEIRi 0oL Aveer;

Fig. 5. TPH analysis of gasoline.
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Fig. 7. TPH analysis of light oil.
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Table 7. Benzene, toluene, ethyl benzene, xylene
analysis of fuel oil and recycling oil.
Item Gasoline Lamp oil Light oil Recycling
(ppm)  (ppm)  (ppm)  oil (ppm)
" Benzene 629.50 14.68 1.31 7.05
Toluene 2170.79 70.27 2.62 32.51
Ethylbenzene 291.00 13748 4.60 62.08
m,p-xylene 689.08  185.95 6.72 8.13
o-xylene 211.18 4837 0.95 100.68
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Fig. 9. BTEX analysis of gasoline.
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Fig. 10. BTEX analysis of lamp oil
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Fig. 11. BTEX analysis of light oil.
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