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Table 1
Proximate analysis of plastics (7).
Type of plastics Plastics type marks Moisture (wtk) Fixed carbon (wt) Volatile (wt¥) Ash (wt¥) Ref.
Polyethylene terephthalate (PET) A 0.46 777 9175 0.02 9]
U') 0.61 1317 8683 0.00 [10]
PET
High-density polyethylene 0.00 001 9981 0.18 [11]
2 0.00 003 9857 1.40 [10]
HOPE
Polyvinyl chloride (PVC) N 0.80 630 93.70 0.00 [12]
L%) 0.74 519 5482 0.00 [10]
v
Low-density polyethylene 0.30 000 99.70 0.00 [13]
L - - 99,60 0.40 [14]
LDPE
Polypropylene 0.15 122 95.08 3.55 [15]
5 0.18 016 9785 1.99 [10]
PP
Polystyrene 0.25 012 9963 0.00 [16]
0.30 020 9950 0.00 [13]
P5
Polyethylene (PE) 0.10 004 98 87 0.99 [15]
Acrylonitrile buradiene styrene (ABS) L 0.00 112 9788 1.01 [17]
Polyamide (PA)or Nylons 0.00 069 9078 0.00 [17]
Polybutylene terephthalate (PET) OTHER 0.16 288 9712 0.00 [10]
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Table 2
Comparison of HDPE pyrolytic oil and conventional fuel properties.

Type of oil HDPE pyrolytic oil properties Conventional fuel properties
[24] [25]

Boiling point (*C) Cv (M]jkg) Boiling point (*C) Cv (M]/kg)

Gasoline 82-352 420 A0-200 434-465
Kerosene 150-300 43.0-46.2
Diesel 150-390 428-458
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Fig. 1. Illustration of batch reactor with stirrer equipment |62
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s

Fig. 2. Diagram of fixed-bed reactor [62).
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Table 3

Comparison of fuel properties of gasoline fraction obtained using three type of HZSM-
5 with different ratio of Si0,/AlLOy [79].

Si0.(ALOy Octane number Olefins (vol¥) Aromatics (vol) Benzene (volX)

30 94.1 331 43.3 4.2
80 BE.7 612 13.5 1.3
280 85.9 639 6.9 0.46
Required 95 <18 <35 <1
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Table 5
The effect of carrier gas on the product yield and the condensed product composition [57]
Carrier gas Maolecular Condensed Non- Coke yield Olefins Paraffins Maphthenes Aromatics Olefins paraffin
weight product yield (%) condensable (%) (%) (%) (%) (%) ratio
product yield
(x)
Hy 2 967 3 03 30.86 4653 2054 207 0.66
He 4 947 32 21 4332 3341 19.29 3.98 1.3
Nz 28 923 41 3.6 4463 3287 17.23 527 1.36
Ethylene 28 938 5.1 1.1 4176 3476 19.75 373 1.2
Propylene 42 878 87 25 4236 3185 2052 487 1.33
Ar 37 848 9.8 5.4 4521 2527 21.93 7.59 178
Mo carrier gas 51.3 338 149 nd? nd nd nd nd. nd.

T: 450 =C, stirrer rate: 50r min~', catalyst/PP=0.1.
* Mot determined.

Table 6

Fuel properties of plastic pyrolysis oil
Physical properties Type of plastics (experimental typical value) Commercial standard value

(ASTM 1979)
PET [19,111] HDPE [23] PVC [19,112] LDPE [113] PP (23] PS [114,115] Gasoline [23) Diesel [23]

Calorific value (M]/kg) 282 40.5 211 395 40.8 430 425 430
API gravity @ 60 °F na 27.48 3898 4775 33.03 na 55 38
Viscosity (mm?s) na 5.08° 636" 5.56° 4,00° 1.4° 117 19-4.1
Density @ 15 °C (g/cm®) 080 0.89 0.84 078 086 0.85 0.780 0.807
Ash (wtX) na 0.00 na 002 000 0.006 - 0.0
Octane number MON { min} na 85.3 na na 87.6 na 81-85 -
Octane number RON (min) na 95.3 na na 97.8 90-98 91-95 -
Pour paoint (°C) na -5 na na -9 —67 - 6
Fash point (*C) na 48 40 41 30 26.1 42 52
Aniline point (*C) na 45 na na 40 na 71 775
Diesel index na 3105 na na 3435 na - 40

n.a, not available in the literature.
* Viscosity at 40 °C.
" Viscosity at 30 °C.
© Viscosity at 25 “C.
4 Viscosity at 50 °C.
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Table 7
Main oil composition from the pyrolysis of plastics.

PET [19] HDPE [15] PVC [19] LDPE [45] PP[15] PS [34]
1-Propanone 1-Methylcyclopentene Azulene Benzene 2-Methyl-1-Pentene Benzene
Benzoic acid 3-Methylcyclopentene MNaphthalene, 1-methyl- Toluene 3-Methylcyclopentene Toluene
Biphenyl 1-Hexene Biphenyl Kylene 1-Heptene Ethylbenzens
Diphenylmethane Cyclohexene Maphthalene, 1-ethyl- Dimet hylbenzene 1-Octene Xylene
4-Ethylbenzoic acid 1-Heptene Naphthalene, 1-{2-propenyl)- Trimethylbenzene C4-C13 hydrocarbon Styrene
4-Vinylbenzoic acid 1-0Octene MNaphthalene, 2,7-dimethyl- Indane Over C14 hydrocarbon Cumene
Fluorene 1-Nonene Maphthalene, 1,6-dimethyl- Indene Benzene Propylbenzene
Benzophenone 1-Decene Maphthalene, 1,7-dimethyl- Methylindenes Toluene 2-Ethyltoluene
4-Acetylbenzoic acid 1-Undecene Maphthalene, 1,4-dimethyl- Naphthalene Xylene Maphthalene
Anthracene 1-Tridecene MNaphthalene, 1,6,7-trimethyl- Methylnapht halenes Ethybenzene Diphenylmethane
Biphenyl-4-carboxylic acid C4-C13 hydrocarbon  SH-Fluorene Ethylnaphthalene Indene Anthracene
1-Butanone Over C14 hydrocarbon  MNaphthalene, 1-{2-propenyl)- Dimethylnaphthalene Biphenyl 1.2-Diphenylethane
m-Terphenyl Benzene Phenanthrene, 1-methyl Acenaphthylene 22-Diphenylpropane
Toluene Fluoranthene, 2-methyl- Acenaphthene 1.3-Diphenylpropane
Kylene 1H-Indene, 2,3-dihydro-5-methyl- Trimethylnaphthalenes Phenylnapht halene
MNaphthalene, 2-phenyl- Fluorene Diphenylbenzene
Tetramethylnaphthalene Triphenylbenzene
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Table 8
Summary of studies on plastic pyrolysis.

Reference” Type of Reactor Process parameters Yield Others

plastic Temperature (*C) Pressure Heating rate  Duration  Oil Gas  Solid

(*C/min) (min}) (WLE) (wiX) (wi)
[19] PET Fixed bed 500 - 10 - 231 7689 0
[5] PET - 500 1atm [ - 38.89 5213 898
[23] HDPE Horizontal steel 350 - 20 30 BO.BS 1724 188
[60] HDPE Semi-batch 400 1 atm 7 - 82 16 2 Stirring rate 200 RFM,
FCC catalyst 10wtk

[48] HDPE Batch 450 - - &0 745 5.8 19.7
[59] HDPE Semi-batch 450 1 atm 25 - 91.2 41 47 Stirring rate 50 RPM,

FCC catalyst 20wt

[77] HDPE  Fuidized bed 500 - - 60 85 10 5 Silica alumina catalyst
[26] HDPE  Batch 550 - 5 - 847 163 0
[27] HDPE  Fuidized bed 650 - - 20-25 685 315 0
[19] PVC Fixed bed 500 - 10 - 123 877 0
[29] PVC Vacuum batch 520 2kPa 10 - 1279 0.34 2813 Also yield HOl = 58.2 wti
[34] LDPE Pressurized batch 425 0.8-4.3 MPa 10 60 835 10 05
[32] LDPE Batch 430 - 3 - 75.6 B2 75 Also yield wax = 8.7 wt
[5] LDPE - 500 1 atm 6 - 80.41 1943 016
[31] LDPE Fixed bed 500 - 10 20 85 5 o
[26] LDPE Batch 550 - 5 - 931 146 0O
[45] LDPE Fuidized bed 600 1 atm - - 5.0 242 0O Also yield wax = 24.8 wik
[23] PP Horizontal steel 300 - 20 30 69.82 2884 134
[35] PP Batch 380 1atm 3 - 80.1 6.6 133
[60] PP Semi-batch 400 1atm 7 - 85 13 2 Stirring rate 200 RPM,
used FCC catalyst 10 wtk
[57] PP Semi-batch 450 1atm 25 - 923 41 36 Stirring rate 50 RPM,
used FCC catalyst 10 wtk
[5] FP - 500 1 atm [ - 8212 1776 012
[36] FP Batch 740 - - - 488 496 16
[60] PS5 Semi-batch 400 1 atm 7 - 50 [ 4 Stirring rate 200 RPM, used FCC
catalyst, cat/poly =10 wjw
[34] PS Pressurized batch 425 031-1.6 MPa 10 &0 97 250 05
[49] PS Batch 500 - - 150 9673 327 0 Used Zn catalyst, cat/poly =5 wfw
[36] PS Batch 581 - - - 835 99 06 64.9 wt® of liquid comprised of

styrene

° All experiments used nitrogen gas as fluidizing medium,
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