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Abstract: Chemical recycling of waste polypropylene (PP) is an essential method for tackling plastic pollution and
supporting a circular economy. Pyrolysis can transform this waste into liquid plastic pyrolysis oil, which, however,
contains contaminants and is usually rich in olefins and aromatics, making it unsuitable for direct use as fuel. This
work demonstrates a "pyrolysis—distillation—hydrogenation" process and assesses its scalability and potential for
product upgrading. Pilot—scale pyrolysis of waste PP in a 3—m? rotary kiln at 600°C produced 65 wt.% oil and 13
wt.% solid residue. However, the derived plastic pyrolysis oil (PPO) contained extremely high levels of impurities,
such as chlorine, silicon, and phosphorus. Consequently, the PPO was further distilled under atmospheric pressure,

with particular emphasis on the concentrated C,,—C,, fraction, which has a carbon—number range similar to that of

W EA: 2026-03-30  fEEEH: 2026-05-20

BIEIEE: AR (1994—) 2o it W FRIESE 5%, piaoweiling@dicp.ac.cns KA (1981—) , 55, -k, #F5E B4, songbohe@dicp.ac.cn

F—1EE: LREEZ(1997—), J B LiF584:  xingshan.shi@njtech.edu.cn

SRR RS, R, B0 T, FEE, XL, WA, BEAR I, U200, (IR . SR DU 9R P SR SR ) TR A R PR SR 0. A T34,
XXXX, XX(XX): 1-12

Citation: SHI Xingshan, LI Fuzheng, LI Xinyu, PIAO Weiling, DENG Kai, CHEN Zhouhai, XUE Weiyang, HE Jitong, HE Songbo. Pilot-scale
pyrolysis of waste polypropylene to produce plastic pyrolysis oil[J]. CIESC Journal, XXXX, XX(XX): 1-12



-2 T e FXXE

jet fuel and diesel. This target fraction yield was 14.6 wt.%, but it still had high levels of olefins (8.5 wt.%) and
methylnaphthalenes (14.2 wt.% ). Therefore, subsequent catalytic hydrogenation over a Ni-Mo/Y312 catalyst at
350°C was performed to effectively upgrade this stream. This led to a change in the oil from reddish—brown to water—
white, with a yield exceeding 96.5 wt.%, and a significant reduction in olefin content from 85.3% to 1.3 wt.%.
Additionally, the removal rates for 1-methylnaphthalene and 2-methylnaphthalene were 90.3% and 50.6%. This
pilot—scale validation of the "pyrolysis—distillation—hydrogenation" process provides essential parameter data and

serves as a reference for scaling up, supporting the industrial implementation of chemical recycling of waste plastics.
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Fig. 1 Schematic diagram of the pilot—scale waste plastic pyrolysis
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Fig.2 Schematic diagram of the distillation unit
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Fig. 4 Yields of oil, solid residue, and gas from lab—scale

waste polypropylene pyrolysis at different temperatures
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Fig.5 Furnace temperature, drum temperature, and pressure

during pilot—scale pyrolysis of waste polypropylene
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Table 2 Physicochemical properties of the pyrolysis oil

from pilot—scale pyrolysis of waste polypropylene
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Fig.7 TGA weight-loss profiles of the pyrolysis char derived

from waste polypropylene pyrolysis
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Table 3 XRF results of the pyrolysis char derived from waste polypropylene pyrolysis (dry basis)

B CaO(wt%)  TiO,(wh%)  Si0,(wt.%) Fe,0,(wt.%) Cr,0,(wt.%)

Br(wt.%) NiO(wt.%) Cl(wt.%) Hifth (wt.%)

8]
i 84.9 6.1 3.8 2.1

0.9 0.5 0.5 0.4 0.8
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Fig.8 Distillation fractions of waste polypropylene pyrolysis oil
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Fig.9 Appearance and compositional changes of the C,—C ,

fraction before and after catalytic hydrogenation:
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Fig.10  XRD patterns of hydrogenation catalyst
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Table 4 Specific surface area and pore structure

parameters of hydrogenation catalyst
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Lzl (m*/g) (nm) (em’/g)
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Used 123.96 9.99 0.36
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