PLASTIC PYROLYSIS OIL CHARACTERIZATION
FOR CIRCULAR ECONOMY APPLICATION

The large use of plastics in many sectors lead to the increase of global plastic production and consequently

to the generation of plastic wastes inducing environmental concerns associated with non-renewable fossil

resources and waste disposal. Sustainable plastics waste management remains therefore a major challenge

nowadays [1]. Circular economy approaches are currently attracting a lot of interest by relying on plastic waste

recycling and reuse [2]. Thermal treatments such as pyrolysis allow to degrade polymeric chains constituting

plastics into lighter and high value-added oil derivatives. In particular, the pyrolysis oil produced is considered

as an important source of fuels, chemicals and monomers, the basic unit of the plastic material that both

circumvent the above-mentioned problems. However, to improve conversion and valorization processes, an

advanced molecular description is essential.

Recycling

Device:

Plastic pyrolysis oils are described as complex mixture composed
of thousands of chemical species covering a wide range of
masses and polarity [3]. For this purpose, several analytical
methods can be applied depending on the desired information to
characterize plastic pyrolysis oil. The targeted approach including
infrared (IR), nuclear magnetic resonance (NMR) spectroscopies
and gas (GC) and liquid chromatography (LC) allows identifying
and quantifying known plastic pyrolysis oil components or their
chemical functions but are limited to tackle such highly complex
mixture [4-6]. Due to the complexity of the sample, ultra-high
resolution mass spectrometry is required. Fourier transform ion
cyclotron resonance (FTICR) mass spectrometry offers the best
performances in terms of resolution, mass accuracy and dynamic
range [7]. Indeed, it allows signals to be separated based on

their mass-to-charge (m/z) ratio and then assigned to a unique
molecular formula with an error less than 0.3 ppm (Figure 1). In
our context and for an advanced molecular description of complex
mixture, an untargeted approach, which ensures the detection and
the assignment of thousands of species at the molecular level, has
proven its efficiency [3, 8]. Typically, in this kind of approach, the
sample is directly introduced into the mass spectrometer without
an upstream separation step.

Plastic
Pyrolysis oil

FTICR analysis

T

D oo
n ooy

Mass spectrum

C13 H 11067

CIGH 704-
CuHnOs
\

262.975 263.025 263.075 263.125 263.175 myz

200 00 400 500 600 m/z

Figure 1. Analysis workflow with direct analysis by ESI-(-)-FTICR-MS and attribution of unique molecular formulas to each signal.

With FTICR analyzer, different sources of ionization could

be used. The choice of ionization method is significant and
depends on the type of information required [9]. Indeed, all
jonization sources present some specificities in term of ionization
efficiency, which allows their complementarity in the description
of a mixture. In this study, three atmospheric pressure ionization
sources were used. Electrospray ionization (ESI) is specific to
polar and mid-polar species. Typically, in negative mode ESI
acid species ionization is favored whereas in positive mode, the
ionization of basic species is dominant. Atmospheric pressure
photoionisation (APPI) and atmospheric pressure chemical
jonization (APCI) are less selective and allow the detection of
low-polarity species (Figure 2). Especially, with APCI, alkanes
jonization could be obtained by the use of hydrocarbon solvents
such as heptane [10].

How to represent the data set?

Many representations exist in literature to represent the observed
molecular information [11]. The heteroatoms class distribution

represents the relative abundance of the achieved molecular

species such as pure hydrocarbons (CH), oxygen-containing
species (0,), nitrogen-containing species (N,) and nitrogen- and
oxygen-containing species (OXNy)A To have more detailed about
the unsaturation degree of the detected species, their double
bond equivalent (DBE) can be calculated and represented versus
the number of carbon atoms. The DBE represents the number

of rings and unsaturated bonds and therefore its aromatic or
aliphatic character. In Figure 3, each point correspond to an ion
with its DBE and number of carbon atom. By choice, a color scale
is used to represent the relative intensity of each ion.

Results:

A pyrolysis oil was produced from municipal waste without
prior separation and was analyzed by FTICR analysis. The
nitrogen-containing species were detected using both positive
and negative modes ESI-FTICR. The other classes, such as
hydrocarbons and oxygenated species were detected using
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ionization sources has shown to be effective for the highlight of

different molecular classes. The molecular based information on
heteroatoms-containing compounds in a mixed plastic pyrolysis
oil by this untargeted method will enable to adapt the recycling/

refining process of plastics.
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