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Abstract: Polymers are extensively used advanced materials. The most commonly used polymers
in industry are non-biodegradable and petroleum derived. The increasing demand for these types
of polymers brings along the problem of accumulation of plastic waste in the environment and
depletion of fossil resources. At this point, biodegradability of polymers gains great importance as
well as bio-based polymers produced from renewable resources. In this study, bio-based
polyamide 5.6 polymer (PA56) was incorporated with olive stone powder (OSP) in order to
manufacture a biodegradable polyamide compound, and its degradability was investigated.
The olive stone powder was incorporated into polyamide 5.6 at 10% (w/w) with a twin screw
extruder in order to manufacture the compound, PA56/OSP10. The characterization of the PA56/
OSP10 compound was done using Fourier transform infrared (FTIR) spectroscopy. The
biodegradability of the PA56/OSP10 compound was examined through a natural soil burial test
which lasted for 6 months. The sign of degradation was assessed by both weight loss
measurements and visual observations. At the end of 6 months, 5.24% weight loss and surface
deformation were determined for the PA56/OSP10 compound. These results suggest that olive
stone powder can be considered as a green alternative to conventional biodegradation additives
for polymer compounding.
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1. Introduction

The worldwide production of plastics was 359 million tonnes in 2018 [1]. This number is
expected to reach 400 million tonnes in 2020 [2]. Since most of these polymers are non-biodegradable,
they do not decompose naturally and cause accumulation of plastic waste in the environment. At this
point, biodegradability of polymers gains great importance.

Polyamides are the petroleum derived polymers with repeating amide linkage (~C(O)-NH-) in
their backbone. However, polyamide 5.6 (PA56) is classified as a bio-based polyamide since
cadaverine monomer, which is one of its building blocks, is synthesized via biological method from
renewable resources [3].

Biodegradability is the breakdown of organic substances by living microorganisms [4]. This
process takes place via the secreted enzymes, which lead to specific chemical reactions for the
cleavage of specific chemical bonds [5].

Olive stone powder (OSP) is produced by grinding olive stones, which are the soil wastes of the
olive oil manufacturing industry. The reported researches in the literature about utilization of OSP
in polymer industry includes its usage as a filler to polylactic acid matrix biocomposites [6], as
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reinforcement in polypropylene composites [7], and as a filler for polyvinyl composites [8]. However,
there is not any study in the literature about the biodegradability of bio-based polyamide 5.6
compound with olive stone powder.

In this study, a novel bio-based polyamide compound was manufactured by incorporating olive
stone powder with bio-based polyamide 5.6 polymer. In addition, biodegradability of this compound
was investigated through a natural soil burial test for 6 months. The characterization of the
compound was done with Fourier transform infrared (FTIR) spectroscopy, and the biodegradation is
assessed with weight loss measurements and visual observations. The aim of the present work is to
evaluate the olive stone powder as a green biodegradability additive for bio-based polyamide 5.6.

2. Experiments

2.1. Materials

Bio-based polyamide 5.6 (PA56), a 45% renewable polyamide grade, was obtained from Cathay
Industrial Biotech Ltd., China. The PA56 has a specific gravity of 1.14 g/cm? and a relative viscosity
of 2.7 cP. Olive stone powder (OSP) was supplied by Biotechnology Laboratory of Istanbul Technical
University, Turkey.

2.2. Compounding and Sample Preparation

OSP was introduced to PA56 at 10% (w/w) with a twin screw extruder, Haake MiniLab II
(Thermo Scientific, Germany), in order to manufacture the biodegradable polyamide compound,
PA56/0OSP10. The compounding was done at 265 °C for 10 minutes with a screw speed of 100 rpm
and test samples were prepared with injection molding. Neat polyamide 5.6 pellets were also
injection molded and were used as controls during the applied tests.

2.3. Fourier transform infrared (FTIR) analysis

The characterization of the polyamide 5.6, olive stone powder and PA56/OSP10 were done by
using FTIR spectrophotometer, Spectrum100 (Perkin Elmer, USA). The applied scan range was 4000
- 650 cm!, the resolution was 4.0 cm! and the number of scans was 64.

2.4. Biodegradability

The biodegradability of the PA56/OSP10 compound was examined through a natural soil burial
test for 6 months. The test was conducted at the Istanbul Technical University, Istanbul (latitude:
41.105595, longitude 29.025339) from February 2020 to July 2020. Meteorological data were obtained
from Turkish State Meteorological Service [9]. The used test samples were 3 cm by 3 cm square pieces,
and five test samples were used for PA56/OSP10 compound. The molded neat polyamide 5.6 was
used as a control. The samples were weighed after dried in an air-drying oven at 80 °C for 24 h. Then
they were buried into the soil. Every 30 days, the samples were dug out for examination. They were
washed in distilled water and dried before undergoing weight loss measurements and visual
observations. For visual observation, images of the compounds and controls were taken before and
after the soil burial in order to spot the differences.

3. Results and Discussion

3.1. Fourier transform infrared (FTIR) analysis

The FTIR spectrum of the manufactured PA56/OSP10 compound was overlapped with the
spectrum of PA56, and given in Figure 1. Both PA56 and PA56/OSP10 exhibited characteristic FTIR
absorption bands of the amide linkage at 3304 cm™ with N-H stretching, at 1632 cm? with C=O
stretching and at 1533 cm with N-H bending. The main difference between their spectra was
observed when PA56/0OSP10 compound presented two peaks, at 1080 cm! and at 1018 cm'. However,
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neat PA56 showed no peaks at these wavelengths. These arisen peaks are corresponding to C-O-C
stretching, which indicates the presence of the OSP in the PA56/OSP10 compound. This finding is
important since it proves the incorporation of OSP into the PA56, meaning the extrusion
compounding process was successful.
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Figure 1. The FTIR spectra of the PA56/OSP10 compound and the polyamide 5.6

3.2. Biodegradability

Even though bio-based materials are composed of or derived from biological products, it does
not mean that the material is biodegradable [10,11]. Thus, the biodegradability of bio-based
polyamide 5.6 was investigated with natural soil burial test. At the end of 6 months, 5.24% weight
loss was determined for the manufactured PA56/OSP10 compound. The weight percentage of the
OSP, types of microorganism present in the soil, meteorological data based on location, and the burial
time of the samples in soil are the factors which affect the biodegradability. By changing any of these
factors, biodegradability of the polymer compounds can also be changed.

The changes in the surface apperances of the buried and the unburied samples were done from
the taken images. The buried PA56/OSP10 samples showed surface deformations, abrasions and
discolorations, whereas buried PA56 samples displayed only discoloration. These findings also
suggest the biodegradation of the PA56/OSP10 compound during the natural soil burial test.

4. Conclusions

This study investigated the biodegradability effect of olive stone powder on bio-based
polyamide 5.6 polymer. For this purpose, a novel bio-based polyamide compound, PA56/OSP10, was
successfully manufactured from 90% (w/w) bio-based polyamide 5.6 and 10% (w/w) olive stone
powder, by extrusion compounding method. Natural soil burial test was applied and the buried
PA56/0OSP10 compound showed 5.24% (w/w) degradation at the end of 6 months. Surface
deformations, abrasions and discolorations were also observed for these compounds. In the light of
these findings, olive stone powder can be considered as a green biodegradability additive for the bio-
based polyamide 5.6 polymer.
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The following abbreviations are used in this manuscript:
PA56: Polyamide 5.6
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