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ABSTRACT
The major obstacle to the implementation of chemical recycling of plastics is the lack of technologies capable of handling the physical and chemical complexity of mixed plastic waste while achieving high recovery of valuable chemicals and stable operation. Under the European Commission framework for determining circular content, the process economics are increasingly driven by maximizing conversion to chemicals rather than fuels. In previous work, our group reported a high-performing P-modified HZSM-5 for the ex situ catalytic pyrolysis of polyethylene (PE) and mixed polyolefins (MPO), achieving a maximum light olefins yield of 82% in a micropyrolysis unit. Maintaining such a high yield under continuous, high-throughput conditions requires intensified heat and mass transfer, ultra-short thermal pyrolysis residence times, and a narrow residence-time distribution. 
Here, we demonstrate a vortex reactor design for fast pyrolysis under transport-intensified conditions, operating at a plastic feed rate of 1 kg h-1 and an N2 flow rate of 7 m3 h-1, coupled to a catalytic fixed-bed reactor. Continuous experiments were performed using molten PE and MPO, fed from a twin-screw extruder at 350 °C into an N2 stream, then thermally cracked in a vortex reactor and catalytically upgraded in a fixed-bed reactor. The catalysts investigated were commercial HZSM-5 (Si:Al = 55), phosphorus-modified HZSM-5 (P 55), and severely steamed P 55 (P SS 55). Online product analysis was performed using a refinery gas analyser (RGA) and comprehensive two-dimensional gas chromatography with atomic emission detection (GC×GC-AED). 
PE and MPO thermal pyrolysis in the vortex reactor yielded a product slate highly enriched in straight-chain alkenes (>60 wt%), while the formation of branched alkenes and aromatics remained limited. This relatively narrow product distribution is consistent with rapid primary cracking and limited secondary reactions, as expected under transport-intensified conditions with short, narrow vapor-phase residence times. During ex-situ catalytic pyrolysis, the highest light-olefin yield was obtained at 600 °C, where P SS 55 produced 84 wt% light olefins with methane limited to 2 wt%. This represents a step change relative to state-of-the-art plastic pyrolysis oil production followed by steam cracking at a similar scale, where the overall yield of valuable chemicals is typically limited to 55–60%. Continuous feeding over 5 h showed negligible catalyst deactivation using P SS 55 in contrast to HZSM5 and P 55. This was consistent with the limited changes observed in the physicochemical properties of P SS 55 following deactivation and regeneration. 
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