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Abstract

In response to environmental demands, pyrolysis is one of the practical methods for obtaining reusable oils from waste
plastics. However, the waste plastic pyrolysis oils (WPPO) are consumed as low-grade fuel oil due to their impurities. Thus,
this study focused on the upgrading method to obtain naphtha catalytic cracking feedstocks from WPPO by the hydro-
processing, including hydrotreating and hydrocracking reaction. Especially, various transition metal sulfides supported catalysts
were investigated as hydrotreating and hydrocracking catalysts. The catalytic performance was evaluated with a 250 ml-batch
reactor at 370~400 °C and 6.0 MPa H,. Sulfur-, nitrogen-, and chlorine-compounds in WPPO were well eliminated with nick-

el-molybdenum/alumina catalysts. The NiMo/ZSM-5 catalyst has the highest naphtha yield.
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Table 1. Heteroatoms and Boiling Point Distributions of Waste Plastic Pyrolysis Oil
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Sample
WPPO Naphtha fraction Heavy fraction
Sulfur 108 44 119
Heteroatoms Nitrogen 1549 1209 1659
[wppm]
Chlorine 410 610 392
Light naphtha (30~90 °C) 5.5 8.5 -
Heavy naphtha (90~180 °C) 30.5 85.5 18.5
Distillation . . o
[wi%] Middle distillates (180~343 °C) 39.5 6.5 55.5
Vacuum gas oil (343~524 °C) 22.0 - 21.0
Vacuum residue (> 524 °C) 2.5 - 55
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Figure 1. GC-SCD chromatographs of waste plastic pyrolysis oil,
naphtha fraction and heavy fraction.
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Figure 2. GC-NPD chromatographs of waste plastic pyrolysis oil,
naphtha fraction and heavy fraction.
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Table 2. Major Sulfur- and Nitrogen-Compounds of Waste Plastic
Pyrolysis Oil

Sample
Heteroatoms
WPPO Naphtha Heayy
fraction fraction
Benzothiophene 3 4 -
Sulfur- benzothiophene derivatives 8 18 9
compounds
4-metyl-dibenzothiophene 11 - 16
Pyridine 15 26 -
Nitrogen- Anline 506 957 -
compounds
Indole 528 - 1062

Table 3. Characterization of Commercial Hydrotreating Catalysts

Metal contents

%) BET
Sample
p Type Surface Total Mean
name Co pore pore
. Mo area .

(or Ni) (mYg) volume diameter
& (cm’/g) (nm)
HDT1 CoMo/Alumina 4.0 8.1 2523 0.61 9.68
HDT2 CoMo/Alumina 2.9 103 2828 0.38 5.37

HDT3 NiMo/Alumina 4.5 9.9 2534 0.65 10.32
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Figure 3. Conversions of heteroatoms in naphtha fraction of waste
plastic pyrolysis oil.
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Figure 4. Conversions of heteroatoms in heavy fraction of waste
plastic pyrolysis oil.
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Table 4. Physical Properties of Hydrocracking Catalysts

Catalyst name Zeolite name SAR Surface area [m%g]

NiMo/Mordenite CBV 10A 13 425
NiMo/Y-zeolite CBV 720 30 720
NiMo/ZSM-5 CBV 8014 80 425
NiMo/Beta CP 814E 25 680

Figure 5. Reaction temperature effect on hydrocracking product
distributions.
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