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Analysis of VOCs Produced from Incineration
of Plastic Wastes Using a Small-Electric Furnace
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Abstract

This study analyzed concentrations of volatile organic compounds (VOCs) produced from incineration of plastic
wastes at 600°C. The plastic wastes used in this study included polyethyleneterephthlate (PETE), high density
polyethylene (HDPE), polyvinyl chloride (PVC), low density polyethylene (LDPE), polypropylene (PP},
polystyrene (PS) and other. Plastic wastes were heated from room temperature upto 600°C providing the
compressed air inside of a small-scale electric furnace for 90 minutes and then they were oxidized (incinerated) for
60 minutes at 600°C maintaining the same air supply. VOCs emitted from the incineration process were sampled
using an air sampling pump and Tedlar air bags for 150 minutes and then the components and concentrations of the
VOCs were analyzed by a GC~MS. The most prominent chemical structure of the VOCs obtained from the
incineration process of the HDPE, LDPE and PP, which include ethylene groups in their main chains, was
identified as aliphatic hydrocarbons such as 1-hexene. However, aromatics such as benzene were major chemical
structure from the incineration of PETE, PVC and PS which include benzene rings in their main chains. This study
estimated the total VOC production from the incineration of the plastic wastes based on the real plastic waste
production and the emission factors. 64% and 27% of the total VOC emissions consisted of aliphatic hydrocarbons
and aromatics, respectively, which have double bonds within their molecular structure and thus a high ground level

ozone formation potential.
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Table 1. Chemical structure of the plastics used for incineration by an electric-furnace.

Plastic name

Plastic acronym

Chemical structure with repeating unit

High (or Low)-Density polyethylene HDPE or LDPE ~(CH,-CHy)n-

Polypropylene PP -[CH,~-CH(CH;)In-

Polyvinyl chloride PVC —[CH,-CH(Cl)]n-

Polystyrene PS ~-[CH,-CH(C¢H;)In—

Polyethylene terephthalate PETE -{0~-CH,-CH,-0-CO-C¢H,-COIn~-
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A Compressed air, B : Ball flow meter, C: Incineration chamber,
D : Furnace, E: Filter, F: Impinger, G : Pump, H: Air sampling bag

Fig. 1. Schematic diagram for sampling of VOCs pro-
duced from incineration of plastics using an elec-
tric furnace.

sl AR R fo)setee) 4L 9
gtaEle] pwe 23] o4 ubEsle Alrlslgm,
B 24Y fA oA dejrie AF AJREAM= g
HFEAE 23] oy ubEsle AAHE o)HT o
A Mz, 5 P 49, aeln A
A4 39 olA} whEsle] VOCse] A 9 Aakiy
+ S¥gsigic) o Alge sl dgEE= VOCsy
AEEer 5~7% A5 DA} oo ks
AL ebligdeh ALgE Alme] w)Ee 3hes)
%ol 219 AgAolA dAske] Az ZupaEd
A% A b o2 ¥lEH (Pycnometer)of] g eoir]
3 ZefaEAlgo) ot polule FH4e B
=g FA3ld Ao g AAksigdch

3. @z o g

3.1 52 25 ¢ pH #Hsg

729 2o viehliglSo] 10g9] Belasle Arlz
bl ¥ &7AHE o aztegle) W3 25
Co} AbgolA] sl 600°C7HA] =@sh=d] of
90~95%-<] Aawglc} Eehaele W¥x] o Blank
Ao} exvh ezl Zelad 1008 Yaled
Ao Lxdsie S4eak Wil sl &
gaEle] FHHas Ao Zert gt ol F

187 sla] 4204 A 6%

700

600 - ol
500 /
400 e

300 /
200}—
100 /

0 10 20 30 40 30 60 70 80 90 100110120
Elapsed time (min)

Temperature (°C)

Fig. 2. Temperature profiles vs. time (based on plastics
of 10g and the electric furnace).
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Fig. 3. Average pH change in scrubbing medium (0.1N
NaOH 500 mL) of exhaust gases produced from
incineration of combustible plastics.
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Fig. 4. Bottom ash content from Incineration of plastic
waste.
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Table 2. Emission factor of volatile organic compounds from incineration (upto 600°C) of plastic waste using a small-

scale electric furnace.

Type of plastic waste PETE(l) HDPE(2) PVC(3) LDPE (4) PP(5) PS (6) Other (7)
VOCs Emission factor (ug of VOC/ kg of each plastic waste)
acetaldehyde 51.87
2-butenal 7.82
. n-butanal 1.53 7.19 7.05
Oc’ggl';f)ﬂn 4 furan 41.24 17.20 79.93
2-methyl furan 28.43 148.67 23.98 122.50 112.52 28.61 50.80
n-propanol 2.17
Sub total 130.88 165.87 23.98 124.67 112.52 11572 57.85
1 -butene 107.06 33.92 377.10 31.01 292.57
2-butene 186.81 476.80 377.58 201.08 106.67 123.14
cyclopentene 11.87 270.24 111 181.60 81.43 43.21 83.47
1 ~heptene 17.23 162.40 46.50 141.82 91.08 74.17 30.40
1-hexene 55.60 1388.25 111.41 782.35 1207.11 358.69 524.87
Aliphatic 2-hexene 5.74 368.06 65.31 401.39 30.26 33.68
alkene dl-limonene 2.65 5.70
1, 3-pentadiene 271.75 27.36 342.01 285.70 175.06 263.46
1, 4-pentadiene 25.63 208.32 133.98 82.54
| —pentene 8.97 693.11 21.34 449.27 359.13 101.85 143.83
2-pentene 5.83 391.31 143.10 78.92 45.81 30.80
Sub total 399.12 4081.48 285.69 2819.12 2925.82 1070.45 1608.75
cyclohexane 136.66 22.72 23.06
n-heptane 13.25 33.79
hexane 6.64 72.41 16.55 51.60 26.62 17.44 21.68
. ) 2-methyl butane 62.49
Aliphatic methyl cyclopentane 53.01
alkane n-nonane 6.93
n-octane 3.64 18.99
n—pentane 145.61 0.18 142.80 284.73 53.53 56.97
Sub total 146.94 218.02 42.90 281.20 334.08 175.51 78.66
benzene 762.12 929.50 545.71 1048.80 296.47 2795.69 558.98
ethyl benzene 22.04 61.60 703.30 22.65
Aromatic toluene 380.11 60.66 100.69 27.28 65.69 203.11 251.65
xylenes 4.83 39.84 12.86 691
Sub total 1142.23 990.16 646.40 1221.72 463.60 3714.96 840.19
) chloroform 2.53 6.11 4.35
Cf;‘r’;g;in 4 dichloromethane 108.79 7.56 5.70
Sub total 108.79 0.00 10.08 0.00 6.11 5.70 4.35
Total 1927.97 5455.53 1009.05 4327.94 3842.12 5082.34 2589.79
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Fig. 5. Relative emission patterns of volatile organic compounds obtained from incineration of plastic waste using a

small electric furnace.
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Table 3. Emissions of volatile organic compounds produced from the incineration at 600°C of plastic waste using a
small-scale electric furnace.

Plastic waste production

Type of plastic wastes PETE(1) HDPE(2) PVC(3) LDPE(4) PP(5) PS(6) Other(7) Total
“Toulp ;%‘3;2};33;&5;‘;;“ 66.5 714 4022 4874 7538 2782 753 27774
Relative composition of 239 2571 14.48 17.55 2714 1002 271 100

plastic wastes (%)
VOCs Emissions (mg of VOC / ton of plastic waste)
acetaldehyde 1.24 1.24
2~butenal 0.19 0.19
) n-butanal 0.04 0.72 0.19 0.95
Oxidized furan 0.99 442 8.01 13.42
compound
2-methy! furan 0.68 38.22 347 21.50 30.54 2.37 1.38 08.66
n-propanol 0.38 0.38
Sub total 3.13 42.65 347 21.88 30.54 11.60 1.57 114.83
1 -butene 2.56 8.72 102.34 3.11 7.93 124.66
2-butene 4.46 122.59 66.27 54.57 10.69 3.34 261.92
cyclopentene 0.28 69.48 1.61 31.87 22.10 433 2.26 131.93
1-heptene 0.41 41.75 6.73 24.89 24.72 743 0.82 106.76
| -hexene 1.33 356.92 16.13 137.30 327.61 35.94 14.22 889.45
Aliphatic 2~hexene 0.14 94.63 9.46 70.44 8.21 091 183.79
alkene dl-limonene 0.38 1.55 1.93
1,3 -pentadiene 69.87 3.96 60.02 77.54 17.54 7.14 236.07
1,4-pentadiene 6.59 56.54 13.42 2.24 78.79
[ -pentene .21 178.20 3.09 78.85 97.47 10.21 3.90 371.92
2-pentene 0.14 100.61 80.20 21.42 4.59 0.83 207.79
Sub total 9.54 1049.35 4137 494.76 794.07 107.26 43.60 2539.94
cyclohexane 327 6.17 2.31 11.74
n-heptane 1.92 593 7.85
hexane 0.16 18.62 2.40 9.06 7.22 1.75 0.59 39.79

. . 2-methyl butane 6.26 6.26

A;"E:sgc methyl cyclopentane 9.30 9.30
n—-nonane 1.00 1.00

n-octane 0.09 1.90 1.99

n-pentane 37.44 0.89 25.06 77.28 5.36 1.54 147.58

Sub total 3.51 56.05 6.21 49.35 90.67 17.59 2.13 225.51

benzene 18.21 238.97 79.02 184.06 80.46  280.13 15.15 896.01

ethyl benzene 3.87 16.72 70.47 0.61 91.67

Aromatic toluene 9.08 15.59 14.58 4.79 17.83 20.35 6.82 89.05
xylenes 0.85 10.81 1.29 0.19 13.14

Sub total 27.30 254.57 93.60 193.57 125.82  372.24 22,717 1089.86

) dichloromethane 2.60 1.09 0.57 4.27
Chlorine chloroform 037 1.66 0.12 2.14
compound ¢ b total 2.60 1.46 166 057 0.12 6.41
Total 46.08 1402.62 146.11 759.55 1042.75  509.25 70.18 3976.54

*Z22: AN A FAL 19989 = ol 2] (3} ) Fehaw) D el A B-47) 3 el AT AL AT 1996. ),

(A% £ 2003). dehq FekaEael araAe s A4 2N £¥atmg $stedo}
A ARYRHGES B 27l ok bs Aeloh
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Fig. 6. Contribution to the total emissions of the VOCs
obtained from the incineration of plastic wastes.
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