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Figure 1 (Color online) (a) ’lp magic angle spinning (MAS) NMR spectra of LSP-Z100 and HZSM-5 loaded with TMPO. (b) Hydride transfer
between i-CsH;, and C¢D,, over LSP-Z100 and HZSM-5. Reprinted with permission from Ref. [24], under a Creative Commons CC-BY 4.0 license.
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Figure 2 (Color online) Proposed hydrogen spillover mechanism between Ru and WO,. Reprinted with permission from Ref. [63], under a CC-BY-

NC-ND 4.0 license.
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Figure 3 (Color online) Schematic illustration showing that mSiO,/Pt-X/SiO, catalyzes the hydrogenolysis of melt-phase PE into a narrow C,;-
centered hydrocarbons under very low Pt loadings. Reprinted with permission from Ref. [67]. Copyright 2022, American Chemical Society.
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Figure 4 (Color online) (a) Proposed reaction pathway for the degradation of PE through catalytic cross-alkane metathesis. Reprinted with
permission from Ref. [20]. Copyright 2016, The American Association for the Advancement of Science. (b) Proposed pathway for tandem cracking-
alkylation of polyolefin with i-CsH,,. Reprinted with permission from Ref. [21]. Copyright 2023, The American Association for the Advancement of
Science.
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Figure 5 (Color online) (a) Upgrading conversion of PE to liquid alkylaromatics over Pt/y-Al,O; catalyst. (b) Proposed reaction pathway of PE to
alkylaromatics and alkylnaphthenes via tandem hydrogenolysis-dehydrocyclization-aromatization. Reprinted with permission from Ref. [32].

Copyright 2020, American Association for the Advancement of Science.
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Figure 6 (Color online) Proposed reaction pathway for coupling of n-
hexane and CO to aromatics over HZSM-5. Reprinted with permission
from Ref. [79]. Copyright 2020, American Chemical Society.
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Figure 7 (Color online) (a) Proposed reaction pathways for the cracking-aromatization of PE with CO over Ru/Nb,O5 and ZSM-5. (b) GC spectra of
liquid products from octanol (CgOH) conversion, octene (Cg ) co-conversion with methanol over ZSM-5 and Nb,Ojs catalysts, and PE degradation
under syngas over Ru/Nb,O5 and ZSM-5 catalysts; the product distributions of polysubstituted aromatics (e.g., tetramethylbenzene) for PE degradation
(27%) and octanol conversion (21%) are very similar, whereas octene co-conversion with methanol (51%) shows a markedly different distribution
corresponding the Prins reaction pathway. (c) Scheme of CO insertion into alkyl species and initial chain growth of Fischer-Tropsch process.
(d) Thermodynamic comparison between CO insertion on alkyls and initial chain growth of Fischer-Tropsch process. Reprinted with permission from
Ref. [81]. Copyright 2025, John Wiley and Sons.
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Figure 8 (Color online) (a) Proposed reaction pathway for CO,-facilitated upcycling of polyolefins to aromatics (BTX), catalyzed by a bifunctional
Pt/MnOx-ZSM-5 catalyst. Reprinted with permission from Ref. [26], under a Creative Commons CC-BY 4.0 license. (b) Proposed pathway for
hydrogen capture and CO, hydrogenation during PE-CO, co-conversion in the presence of Bronsted acid sites of HZSM-5 and CuZnZrOx catalyst.
Reprinted with permission from Ref. [25]. Copyright 2024, American Association for the Advancement of Science.
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Figure 9 (Color online) (a) Photograph of the powder PE and
scanning electron microscopy (SEM) image of the s-ZSM-5.
(b) Hydrocarbon distribution of the products from PE conventional
thermal depolymerization at 440 °C and catalytic depolymerization over
s-ZSM-5 at 280 °C. Reprinted with permission from Ref. [82].
Copyright 2022, American Chemical Society.
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Figure 10 Yields of cracking and isomerizing ethenolysis on various
examples of commercial and waste polypropylene: PP (1.00 g,
23.8 mmol of monomer units), WO,;/SiO, (400.0 mg,
0.1075 mmol W), and Na/y-Al,0; (400.0 mg, 1.740 mmol Na) heated
to 320 °C under 15.0 bar of ethylene (175 mmol) for 90 min. Reprinted
with permission from Ref. [36]. Copyright 2024, The American
Association for the Advancement of Science.
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Figure 11 (Color online) Proposed reaction pathways for ethylene and propylene production from polyolefins via KDRC strategy. The KDRC
strategy aligns the formation of butene and pentene with dimerization-B-scission to enhance yields of ethylene and propylene. Reprinted with
permission from Ref. [38]. under a Creative Commons CC-BY 4.0 license.
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Figure 12 (Color online) (a) Schematic of tandem chemical oxidation and bioconversion for mixed plastic waste upcycling. Reprinted with
permission from Ref. [92]. Copyright 2022, The American Association for the Advancement of Science. (b) Selective upcycling of waste polyolefins to
high-value nitrogen-containing compounds. Reprinted with permission from Ref. [94]. Copyright 2024, American Chemical Society.
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Figure 13 (Color online) (a) Illustration of the range of amide incorporations accessible. (b) Proposed reaction pathway for catalytic amination of
polyethylene. Reprinted with permission from Ref. [99]. Copyright 2023, The American Association for the Advancement of Science.
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Abstract: Polyolefin (polyethylene/polypropylene) plastics are widely used due to their low cost, durability, broad
processability, and favorable performance profiles. Nonetheless, their chemical upcycling remains highly challenging
owing to the inert nature of the C(spz)—C(sps) bonds, resulting in most polyolefins being discarded as waste. Effective
upcycling of waste polyolefins not only mitigates plastic pollution but also enables value enhancement and expanded
functionality. This review summarizes recent advances in chemical upcycling strategies that convert waste polyolefins
into value-added functional materials, small-molecule chemicals, and new polymeric structures. We discuss a diverse
range of approaches, including functionalization; catalytic cracking, hydrogenolysis/hydrocracking, and tandem
catalysis; as well as depolymerization—repolymerization routes. Collectively, these strategies allow the production of
high-quality, high-value products from waste polyolefins under relatively mild conditions, offering critical
environmental and economic opportunities aligned with carbon-neutral and sustainable development goals.
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