W) Check for updates

WMR

Waste Management & Research
1-4
© The Author(s) 2021

Short Communications

Influences of bioplastic polylactic acid
on near-infrared-based sorting of
conventional plastic

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/0734242X211003969
journals.sagepub.com/home/wmr

©SAGE

Xiaozheng Chen"”, Nils Kroell'*’, Ke Li, Alexander Feil

and Thomas Pretz

Abstract

Bioplastics are developed to replace oil-derived plastics due to the high consumption of oil and related environmental impacts of
oil-derived plastics. It was predicted that bioplastics can potentially replace 94% of conventional plastic production. With their
increasing market share, more bioplastics will end in conventional post-consumer plastic waste streams. Although part of bioplastics
is biodegradable and could be biologically decomposed, mechanical recycling achieves higher ecological benefits mainly because of
its low pollution risk and the reduction in requirement for virgin feedstock. In this study, the classification of lightweight packaging
waste with inflow of bioplastics, more specifically polylactic acid (PLA), was analysed with near-infrared spectroscopy to evaluate the
influence of bioplastics on sorting processes of conventional plastics. Besides which, the sortability of PLA was determined through
investigating the physical and the spectroscopic characteristics of both non-degraded and degraded PLA. The results show that the
classification of all the materials was possible with a pixel-based accuracy of higher than 97.4% and PLA does not influence the
sorting process of conventional plastics regarding detection and classification. Furthermore, the sorting of PLA from post-consumer

waste is possible, which makes further recycling theoretically achievable.
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Introduction

Biobased and biodegradable plastics are produced and applied in
different areas as a consequence of the high consumption of non-
renewable crude oil for the production of fossil-based plastics
and the generated environmental problems (European Bioplastics,
2018), for example, ocean plastic pollution (Jambeck et al.,
2015). According to the study of Shen et al. (2009), bioplastics
have the potential to replace 94% of oil-derived conventional
plastics. One of the most widely used bioplastics is polylactic
acid (PLA), which is derived from fermented plant starch and is
completely biodegradable (Emadian et al., 2017). The market
share of PLA was predicted to rise in the next decades and could
reach up to 16.2% of plastic production (Shen et al. 2009).

With the increasing market share of bioplastics, the processing
of end-of-life bioplastics needs to be considered (Rujni¢-Sokele
and Pilipovi¢, 2017). Although part of biobased plastics is biode-
gradable, degradation is not the only or the most optimal treat-
ment method for biodegradable plastic waste. According to life
cycle analysis, mechanical recycling of plastics achieves the high-
est environmental benefits because of its relatively simple pro-
cess, low pollution risk and the reduction in requirement for virgin
feedstock (Dilkes-Hoffman et al., 2019). Most of the biobased and
biodegradable plastics can be processed with conventional waste

management options and have thus the potential to be reproduced
to new products (Colwill et al., 2010, Dilkes-Hoffman et al.,
2019). A closed-loop recycling system for specific post-industrial
bioplastics, for example, PLA, has been developed by RE|PLA
Cycle GmbH (Recyclingmagazin, 2012).

Post-consumer bioplastics that are disposed of will end in the
waste flow together with conventional plastics, for example, in
lightweight packaging (LWP) waste in Germany. However, the
existence of PLA in recyclates of other materials can cause a
deterioration of properties (Rujni¢-Sokele and Pilipovié, 2017),
for example, the maximum proportion of PLA which does not
influence the material properties is for polypropylene (PP) 3 wt%,
for high-density-polyethylene (HDPE) 2 wt%, for polyethylene
terephthalate (PET) 0.1wt% and for polystyrene (PS) 10wt%
(Cornell, 2007; European Bioplastics, 2015; Hiebel et al., 2017;
Niaounakis, 2013). Moreover, sorting of PLA enables further
mechanical recycling, which brings benefits to the environment
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Figure 1. (a) Approximate proportion of polypropylene, high-density-polyethylene, polyethylene terephthalate and polystyrene
in lightweight packaging waste (Interessengemeinschaft der Thermischen Abfallbehandlungsanlagen in Deutschland, 2015);

and (b) the composition of applied materials.

and a reduction of exploitation of primary resources (Dilkes-
Hoffman et al., 2019).

To determine influences on detection and recycling of bio-
plastics in conventional post-consumer plastic waste and
ensure an accurate sorting, LWP waste with PLA was analysed
and sorted with near-infrared (NIR) spectroscopy — the state-
of-the-art technology in plastic sorting (Feil and Pretz, 2020).
The aim of this research is to determine the possibility of clas-
sifying PLA and other main conventional plastics. For this pur-
pose, the PLA samples were degraded under laboratory
conditions, and the samples with different degradation levels
spectroscopy.
Furthermore, to ensure the sorted and recycled quality of PLA

were recorded and analysed with NIR
products, the possibility to distinguish non-degraded and
degraded PLA samples was investigated.

Material and methods

In Germany, post-consumer plastic packaging waste is collected
together as LWP waste, which is chosen for the simulation of the
sorting process of conventional plastics and PLA in this investi-
gation. The degradation of PLA samples and the detection as well
as the classification analysis were carried out in laboratory scale.

Sample selection and collection

As reported by Interessengemeinschaft der Thermischen
Abfallbehandlungsanlagen in Deutschland [German Association
of Waste-to-Energy Plants] (2015), the four dominant types of
LWP are PP, HDPE, PET and PS, which account for 70 wt% to
90wt% of the total amount of the three-dimensional fraction in
LWP waste. In most post-consumer waste processing plants, only
these four types of plastics are sorted (Interessengemeinschaft
der Thermischen Abfallbehandlungsanlagen in Deutschland,
2015). For this reason, these four materials were collected and
applied for the simulation and analysis. Figure 1(a) shows an
approximate proportion of each material in the post-consumer

LWP waste (Interessengemeinschaft der Thermischen Abfallbe-
handlungsanlagen in Deutschland, 2015). According to the study
of Shen et al. (2009), PLA has the potential to replace 10 wt% of
PP, 10wt% of HDPE, 20wt% of PET and 10wt% of PS. Based
on this, the material composition for the sorting analysis with a
total mass of 2.5 kg was defined (see Figure 1(b)).

The PLA samples were transparent disposable cups, which is
the most common application of PLA in the household area and
ends most likely in LWP (Shen et al., 2009). The samples made
of conventional plastics were collected from German LWP waste.
PLA cups were provided by the company Huhtamaki Foodservice
(Alf/Mosel, Germany).

Degradation of PLA

The degradation of PLA takes place under humid conditions with a
rising temperature (Shen et al., 2009). Through laboratory tests, it
was proven that with a temperature of higher than 58°C and a non-
neutral, especially alkaline environment, the degradation process of
PLA is much faster (Adam et al., 2016; Piemonte and Gironi, 2013;
Scaffaro et al., 2019; Shen et al., 2009). In this research, the samples
made of PLA were degraded in an alkaline environment with a pH-
value of 10 and a temperature of about 65°C to accelerate the deg-
radation process. After 1, 3, 5, 7, 14 and 21 days, the samples were
dried and analysed with NIR spectroscopy.

Spectra analysis

The NIR spectra of the samples were captured with a Helios-G2-
320 NIR sensor from EVK DI Kerschhaggl GmbH (Raaba,
Austria) in a spectral range of approximately 930nm to 1700nm.
The spectral resolution is 3.1 nm/pixel, and the spatial resolution is
0.8 mm/pixel. Two halogen lamps with a power of 300W each
were used as emitters. The reflection of the radiation from the sur-
face is captured by the NIR sensor, as shown in Figure 2.

The classification of plastics with NIR spectroscopy is owing
to their specific NIR-active chemical structures and thus a
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Figure 2. Near-infrared sensor and halogen lamps
arrangement.
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characteristic spectrum in NIR wavelength area is obtained
(Masoumi et al., 2012). The difference in spectra is represented
by changing of the intensities of the reflected radiation.
Consequently, the first derivative of the reflected radiation was
used for determining the difference and for the classification. The
classification was conducted with a partial least squares (PLS)
discriminant analysis algorithm, and a component number of 10
was chosen. The implementation was based on the function
“PLSRegression” from Scikit-learn (Pedregosa et al., 2011). To
precisely determine the proportion of misclassification, the spec-
tral data were pixel-based classified.

Results and discussion

Classification of conventional plastics
and non-degraded PLA

The spectra of the conventional plastics and non-degraded PLA
were firstly compared to each other, and the samples were clas-
sified to determine the sortability. Figure 3 shows the mean
spectra processed with first derivation of the conventional plas-
tics and PLA.

From Figure 3 it is seen that different kinds of plastics have
their own particular spectra. The difference between each mate-
rial is sufficiently significant for a proper classification of the
particles, and the classification accuracy of all the pixels was
higher than 99%. From the detection and classification point of
view, the maximum acceptable mass percentages of PLA in other
material fractions were not reached, which means that the inflow
of PLA in LWP would not influence the sorting of conventional
plastics. In addition, the sorting of PLA from post-consumer
waste is theoretically possible, which is the precondition for fur-
ther processing and recycling.

Influences of PLA degradation

The samples with different degradation levels were analysed
both in physical aspects and with NIR spectroscopy. With the
degradation time extended, the colour of the samples has changed
from transparent gradually to opalescent. In addition, the samples
were becoming more and more brittle and after 14 days, they
could no longer keep their original form but were present in small
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Figure 3. The mean spectra of polypropylene, high-density-
polyethylene, polyethylene terephthalate, polystyrene and
polylactic acid, processed with first derivative.
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Figure 4. Spectra of polylactic acid (PLA) in different
degradation levels (PLA<n>: PLA samples after n days
degradation).

pieces. Samples after 7days of degradation were too brittle so
that a mechanical processing of these samples would be infeasi-
ble. The mean spectra of PLA in different degradation levels pro-
cessed with first derivation are shown in Figure 4.

As shown in Figure 4, the general form of the spectra of the
first 7days remains almost unchanged. However, there are still
slight differences in the spectra: the longer the degradation is, the
higher is the intensity of peaks. One possible reason is that the
samples are gradually less transparent and thus absorb and reflect
more radiation in specific wavelength area. In this way, the inten-
sity of the peaks increases. After 7days, new peaks occurred in
the wavelength area from about 1350nm to 1450 nm, and with
time extended, the intensity of the peaks increased. The reason
could be the release of new chemical bonds, which absorb energy
of radiation in this wavelength area.

Based on this observation, it was investigated if PLA samples
with different degradation levels can be differentiated from each
other by the PLS classification algorithm. As the samples after
7 days were not able to be mechanically processed (too brittle),
the classification between “mechanical treatment possible”
(=5days degradation) and “mechanical treatment not possible”
(=7 days degradation) was determined. With the used PLS algo-
rithm, a classification accuracy of higher than 96.5% was
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achieved. This is owing mainly to the appearance of new charac-
teristic peaks. Consequently, a sensor-based quality control of
PLA is theoretically possible, as new peaks occur when new
kinds of materials or chemical bonds are released.

After degradation, the samples were mixed with other kinds of
plastics and analysed again with NIR spectroscopy. Although the
spectra of PLA after degradation changed slightly because of new
peaks, the detection and classification of all the materials were suc-
cessful with a classification accuracy of 97.4%, as the spectra of
degraded PLA keep the characteristic peaks of non-degraded ones
and the variation is acceptable to be classified as the same material.

Conclusion

Through analysis and classification of the main conventional plas-
tics in LWP (PP, HDPE, PET and PS) and PLA with NIR spectros-
copy, it was determined that from a detection and classification
point of view, the sensor-based sorting of conventional plastics
and bioplastics is possible. Both non-degraded and degraded PLA
can be clearly differentiated from conventional plastics (PP,
HDPE, PET and PS) by NIR spectroscopy. In order to avoid an
inflow of bioplastics in the product fraction of conventional plas-
tics, sorting recipes of existing sensor-based sorting equipment
should be adjusted to supress a false ejection of bioplastics.
Furthermore, additional sorting stages may be required to separate
bioplastics to generate a pure bioplastic fraction for further pro-
cessing. In addition, PLA should be sorted out shortly after collec-
tion to keep the original form and physical characteristics, and to
avoid an unwanted degradation. Our findings that non-degraded
and degraded PLA can be differentiated by NIR spectroscopy may
be used to sort the bioplastics’ fractions into one fraction for
mechanical recycling and another for further degradation (com-
posting). For a more accurate determination of degradation levels,
samples in different colour, transparency and more degradation
levels should be investigated in further research.
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