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Microwave co-pyrolysis of waste polyoleﬁns and waste cooking oil:
Inﬂuence of N2 atmosphere versus vacuum environment
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Microwave co-pyrolysis (MCP) of waste cooking oil (WCO) and waste polyoleﬁns (WP) was examined for its
potential to convert these wastes into liquid fuel. The inﬂuence of performing the pyrolysis process under N2
atmosphere and vacuum environment was investigated with emphasis on the temperature proﬁle, heating rate,
and the yield and properties of the liquid oil obtained. Diﬀerent ratios of WP to WCO (1:2, 1:1.5, 1:1, 1.5:1, and
2:1) were also investigated. MCP performed under vacuum environment recorded higher heating rates
(20–24 °C/min) and higher yield of liquid oil (up to 62 wt.%) compared to that performed under N2 atmosphere
(18–22 °C/min of heating rate and 24–50 wt.% of liquid oil). The high heating rate resulted in shorter reaction
time and lower power consumption, leading to lower energy consumption by the pyrolysis process. The liquid oil
comprised C13–C24 hydrocarbons (aliphatics, aromatics) within the hydrocarbon range of diesel fuel. It also
showed promising green properties comprising low nitrogen and oxygen content, and free of sulphur. Combined
with the detection of high energy content (42–49 MJ/kg) and low moisture content (< 1 wt.%), the liquid oil
shows great potential to be used as a fuel. Our results show that MCP performed under vacuum environment
shows potential as a promising pyrolysis approach with improved heating performance and production of hydrocarbon fuel with desirable fuel properties.

1. Introduction
Increased demand and consumption of plastics in daily activities
(e.g. packaging and storage application) has inevitably resulted in
generation of waste polyoleﬁns (e.g. high density polyethylene, low
density polyethylene), particularly from household activities. In addition, the consumption of cooking oil in commercial activities, catering
and household cooking has led to massive production of waste cooking
oil each day throughout the world [1]. In the European Union, it has
been reported that the generation of waste materials of these nature
(e.g. waste cooking oil, waste polyoleﬁns) are more than 200 million
tons/year [2,3]. In Malaysia, the production of waste polyoleﬁns and
food waste has been increasing up to 38,000 tons per day [4]. Due to

increased generation of these waste materials and the scarcity of land
adequate for landﬁlls, the disposal of these wastes has become a substantial challenge faced by all communities globally. Therefore, the
conversion of these waste materials into an energy source has been
researched as a potential solution.
In recent years, researchers are concentrating on transforming waste
materials into hydrocarbon fuel via thermochemical routes (e.g. pyrolysis, gasiﬁcation, hydroprocessing) [5–9]. Microwave pyrolysis
technology has been researched as a promising technique for eﬃcient
conversion of waste materials into a cleaner energy [10–15]. It is a
thermal decomposition process that is operated under an inert environment using microwave heating as a heat source. The thermal decomposition of waste materials occurs at high temperature (e.g.
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