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Resource recovery of waste plastics has emerged as a research priority. Globally, approximately 360 million
tons of plastic waste are generated worldwide annually, most of which are still treated through environmentally
detrimental practices such as incineration and landfilling'. This linear economic model urgently needs to shift
towards upcycling, a circular paradigm in which plastic waste is converted into materials with enhanced value and
functionality. Catalytic transformation of plastics into carbonaceous materials for environmental catalysis offers a
strategic pathway, simultancously advancing waste valorisation and pollution mitigation within a circular
framework’.

The prevailing strategy for preparing such catalysts from plastic precursors typically involves introducing
exogenous transition metals (e.g., Fe, Co, Cu) during thermal treatment’. Although effective, this approach
consumes metal resources and entails long-term risks associated with metal ion leaching. By contrast, metal-free
carbon catalysts seek to derive activity solely from heteroatom-doped carbon frameworks, offering superior
environmental compatibility. However, this route is fundamentally constrained by the physicochemical
characteristics of plastic pyrolysis. At elevated temperatures, intrinsic heteroatoms crucial for active-site formation
(particularly nitrogen) tend to volatilize, while the carbon framework graphitizes into a chemically inert phase. To
address these challenges, template-assisted strategies have been explored. Compared with exo- and endo-template
methods, which are generally less suitable for plastics, inorganic salt templates have emerged as a promising
alternative. Molten salts can act simultaneously as fluid templates and reaction media, confining pyrolytic
intermediates, modulating carbon microstructure, and supplying doped heteroatoms®. This multifunctionality has
enabled high-performance metal-based catalysts from plastics. Yet their potential to directly engineer the carbon
lattice into highly active, metal-free catalysts—via concurrent control of intrinsic and extrinsic heteroatom
doping—remains largely unexplored.

In this work, we established a conceptual and practical framework for waste plastic resource recovery,
showing that common inorganic salt templates can directly upcycle discarded plastics into high-performance,
metal-free Fenton-like catalysts. Using nylon-6 as a representative feedstock, we synthesized the PACI-900
catalyst via a simple NaCl-templated pyrolysis route (Figure 1a). Mechanistic investigation revealed two in-situ
functions of the molten salt: (i) thermodynamic stabilization that preserves intrinsic nitrogen from the decomposed
polymer backbone, and (ii) simultaneous chlorination of the evolving carbon lattice through CI incorporation.
Elemental analysis confirmed both nitrogen retention and chlorine doping. Complementary morphology and
electronic-structure characterizations are consistent with these results. This synergistic N-retention/Cl-doping
mechanism creates locally asymmetric electronic environments, lowering the activation barrier for
peroxymonosulfate (PMS) dissociation, and enabling efficient phenol degradation (Figure 1b). The catalyst
exhibits a pseudo-first-order rate constant two orders of magnitude higher than its non-templated counterpart and
performance comparable to various metal-based catalysts (Figure lc, d).

The practical utility of environmental catalysts lies in their performance under realistic conditions. Systematic
evaluations across different pollutants, pH values, coexisting anions/cations, and real water matrices (Figure 2a)
demonstrate the robustness of the PACI-900/PMS system in complex aqueous environments. A truly valuable
upcycling strategy must also be broadly applicable. Catalysts prepared using KCI, LiCl, NaF, NaBr, or Nal as
templates during pyrolysis all show excellent pollutant degradation efficiencies (Figure 2b). Moreover, diverse
real nylon wastes—including nylon-66, nylon-12 pellets, nylon mesh, ropes, fabrics, and discarded nylon
shuttlecocks—were successfully converted into active catalysts via the same NaCl-templated pyrolysis route
(Figure 2c). This strategy further extends to other heteroatom-containing plastics, such as polyurethane and
polyvinyl chloride. Life cycle assessment indicates substantial sustainability benefits across multiple
environmental impact categories (Figure 2d). Collectively, these findings demonstrate that our approach is not
restricted to model plastics but provides a general platform for transforming diverse waste plastics into functional,
metal-free carbon catalysts. By turning plastic waste into catalysts for water treatment, this work provides a
feasible and sustainable pathway for waste plastic resource recovery. It shifts plastic upcycling from reliance on
exogenous metal additives to the rational design of intrinsic activity via synergistic heteroatom engineering,
opening new avenues for high-value, metal-free functional materials directly derived from post-consumer waste.
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Figure 1. a Schematic illustration of the synthetic procedures of PACI-900. b The degradation of phenol in
different catalysts-activated PMS systems. ¢ Comparison of pseudo-first-order rate constants for different catalysts.
d Comparison of normalized k-values of PACI-900 and literature-reported Fenton-like catalysts.
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Figure 2. a The removal efficiency of PACI-900/PMS systems in the presence of different conditions. b
Comparison of pollutant removal efficiency and pseudo-first-order rate constants of catalysts synthesized by
replacing NaCl with LiCl, KCI, NaF, NaBr, and Nal. ¢ Comparison of the pollutant degradation performance of
catalysts prepared from industrial and household plastic products. d Life cycle assessment analysis comparing the
capacity of PACI-900 and PA-900 to treat 1 kg of the same wastewater.
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