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Abstract: The massive accumulation of plastic waste has emerged as a major challenge that severely restrict the
ecological environmental management, carbon resource recycling, and petrochemical feedstock security, making the
development of highly efficient and sustainable pyrolysis—based recycling technologies significant. This review
focuses on the reactors, catalysts and co—pyrolysis in waste plastic pyrolysis, and further discusses its industrial
applicability through integrating scale—up, techno—economic analysis (TEA), and life cycle assessment (LCA). The
analysis indicates that the waste plastic pyrolysis process optimization not only bases on the oil yield or single—pass
conversion as the evaluation criterion, but also should take feedstock composition, heat transfer and residence time,

acidity and pore architecture of catalysts, metal/oxide interfaces, catalyst lifetime, and product substitution routes
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into consideration together. Regarding the reactor, fixed-bed and batch/semi-batch reactors are suitable for
mechanistic investigation and catalyst screening, whereas fluidized—bed, spouted—bed, and rotary kiln reactors are
conducive to continuous and large—scale treatment. Auger reactors and microwave/radiofrequency reactors are more
relevant to distributed treatment and special energy—input intensification, respectively. On the catalyst aspect,
zeolites, FCC catalysts, metal oxides, and clay catalysts demonstrate diverse advantages in cracking, aromatization,
deoxygenation, dechlorination, and coke resistance, but their performance strongly depends on plastic type, reaction
atmosphere, and target products. In co—pyrolysis, biomass, low—rank coal, and waste tires can improve product
composition through hydrogen donation, radical stabilization, mineral catalysis, and aromatization. However, the
synergistic effect should be should be quantitatively evaluated by the deviation between the experimental value and
the theoretical weighted value. Future researches should shift from single—performance improvement to continuous
reactors, catalyst regeneration, feedstock classification, pyrolysis oil standardization, and TEA/LLCA integrated

evaluation, thereby promoting the transition of waste plastic pyrolysis from laboratory feasibility to engineered and

low—carbon applications.
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Fig. I A schematic diagram of typical reactors for plastic waste pyrolysis: (a) fixed—bed reactor; (b) fluidised—bed reactor; (c) auger

reactor; (d)rotary kiln reactor; (e) microwave rector
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hierarchical s—ZSM-5 zeolites with different structures; (c) gas and liquid phase product yields from HDPE degradation over B—zeolites

with different crystal grain sizes; (d) overall HDPE conversion as a function of the total acidity of the catalyst
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Fig. 3 Structure—reaction relationships for promoting polymer—directed conversion using metal oxides and supported catalysts: (a)
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Table 2 Pyrolysis condition of different catalysts and pyrolysis products of plastics

1ok N mE e _ N 2%
ftAl 27 FR2ER (c) P[] R FRE 43 A (%) ik
O kW OREY
. 75
KR A1 PE 450 N, 342 160 498 /  [87]
min
PP 754 140 106 /
PS 128 540 332 /
JZ B HDPE 380 2h / 151 819 30 / [88]
Al-MCM-41 PE:PP=6:5 500 348 649 03/
. 50
USY Wi 1 PP 450 N, 168 820 12 / [89]
min
PE 268 710 22 /
20% Al-AL0, 20% PET + PS 450 1h / 505 446 /  3.89 [90]
30
Fe—PILC 42% HDPE + 35% PP + 18% PS + 5% PET 500 N, 18.0 793 /27 [91]
min
30
FCC PP 450 N, 66.0 290 5 /o 176]
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Table 3 Objectives, advantages, and product types of co—pyrolysis between plastic waste and typical solid wastes
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Fig. 4 Synergistic effect of biomass—plastic co—pyrolysis and product quality regulation: (a) apparent activation energy of biomass/

plastic mixtures at different conversion levels; (b) synergistic interactions between beechwood and different polymers during co—

pyrolysis; distribution of functional groups in products derived from the co—pyrolysis of lignocellulosic biomass with (¢) PP and (d) PS
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