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Abstract: We have monitored the behaviourdifferent polyethylene foils including
virgin medium density polyethylene (MDPE), MDPE containing fmoydative additives
(238, 242) and MDPE with proxydative additives and thermoplastic starch (297) in the
soil for a period ofone yearA foil based on a blend of polyester and polylactic acid (BASF
Ecovio) served as degradable control. The experiment was carried out by weekly
measurements of conductivity and capacity of the soil, since the satupnalogous to a
condenserpf which the insulating lagr was the foil itself. The twelve replications allowed
monthly samplingthe specimen taken out from the soil each month were tested vigrally f
thickness, mechanical propertiemorphologicaland structural changesand molecular
mass Based on the obtained capacity values, we found that among the polyetfuils,
the one that contained thermoplastic starch extenuated the most. ThiadfdHe greatest
decrease in tensile strength and elongatiobredk due to the presence of thermoplastic
starch.The starch can completely degrade in the; $bils, the foil had cracks and pores.
The polyethylene foils that contained pwydant additives showed smaller external
change compared to the virgin foil, since there was no available UV radiatooxggen
for their degradation. The smallest change occurred in the virgin pdise¢hipil. Among
the five examined samplethe commercially availableBASF foil showed the largest
extenuation and external change, ardkterioratedhe most in the soil.

Keywords: polyethylene foil in soil, capacity, conductivity, tensile strength,
elongation at break
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1. Introduction

Since the upswing of the plastic industry, there have been debates about
reducing plastic waste whether by recycling, elimination or renwment& or
biodegradation. The time needed for their degradation is unknown for most
plastics. These materials can resist degradation for centuries on waste ditpesal
without light and oxygen. This problem could be solved by using and producing
biodegradald plastic foils. However, it is very important to know what
“biodegadable plastic” mean which can be easily misunderstood by the-non
professional publi¢l]. It is not known how much time is needed for the plastic
foils to be degradedto what extent thy degrade and how they affect the
environment.

In our research, we have monitored the behaviour of polyethplesed foils
in the soil for one yeamased on capacity and conductivity measurements. We
investigated monthly the changes in thickness, molecular mass, mechanical,
structural and morphological properties of the foils.

2. Materials and methods

The list of the examined foils is given in Tab. 1. We prepared 6ribags
from the plastic foils, in 12 repetitions.

Tab.1. Composition of the examideplastic foils

Signs Composition

340 | MDPE (medium density polyethylehéTisza Chemical Works, TVK)
MDPE + preoxidative additivegsalts of metals with different oxidation
238 | degree: Fe 072 %, Co M15 %, Zr 0031 %, Mn Q006 %, total metal
content:0.124 %) (BMEQualchem Zrt)

MDPE +pro-oxidative additivesFe Q051 %, Co 0,025 %, Zr 0,024 %,
Mn 0.044 %- total metal content:.044 %) (BMEQualchem Zrt)

MDPE +pro-oxydative additivegMn 0.0103 %, Co @094 %, total metal
content: 00197 % + thermoplastic starc{8.75 %) (BMEQualchem Zrt)
BASF | Mixture of thermoplastipolyester and polylactic acid (BASF, Ecovio)

242

297

The soil used in the experiment

The soil originated from G6doll6-Szaritopuszta, from the experimental farm
of Szent Istvan University. It was a brown forssii; its characteristics are listed in
Tah 2.
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Tab.2. Parameters of the examined brown forest soil

Ko pH oH.o  Total NI\?Q'NN"L Total AL-P,Os  AL-K,0
A kel 2 0 & 0

C% mg/kg N% mg/kg mg/kg
25 49 57 058 55 008 33 135

The nutrient and moisture content of the soil was adjusteddar ¢t prepare
convenient circumstances for the degradation by the soil microorganisnss tidnu
carbonto-nitrogen ratio was adjusted by NWO; addition, and the proper moisture
content was set by distilled water (60% of outdoor field capacity).

Setup of the experiments

The experimental setup is represented by Figure 1.

Fig. 1. The experimeatdesign
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The measuring cells

The plastic bags were filled with soil and placed in a bealeoffgoil; thus,
the plastic bags were surrounded by soil. Measuring electrodes were put into the
soil that was in thelastic bag and into the soil that surrounded it. The beakers
were kept in plastic boxes in which the moisture cortadtpreviously beerset,
and it was aerated at certain times.

Capacity and conductivity measurements

The basic principle of the capacity measurement is that the plastic foil, along
with the soil, behaves as a condenser, its armature is the soil, and thgnigsu
layer is the plastic foil. The capacity correlation of this system is theniokp

C = capacity of the condenser (F)
&g, A A = surface (rf)
N d d =distance (m)
€= dielectric constant of the vacuum (As/Vm)
€= relative dielectric constant of the insulating material

C

The capacityis directly proportional to the area of the armature (soil layers)
and inversely proportional to the distance between them. Thus, the increéhse of
capacity values can be expected as the insulating layers (foils) become thinner.

The electrical conductity is produced in the electric field by the movement
of the charge carriers (electrons and ipttg)s,in this casewe consider the soil as
a conductor in which the conductivity depends on the soil moisture content and the
insulating layer is the foil. lus, we assume the phenomenon of the electrical
conductivity when a crack occurs on the insulator.

As a reference, measuring cells were set in three repetitions, which only
contained the prepared soil.

The measuring circumstances of thickness, molecular mass, mechanical,
structural and morphological properties of the foils #mresults are written in
detail in Heffner, 2013 and Vargha, 20[24 3].

3. Results and discussions

It can be seen in Figure 2 that the capacity was measured in all measuring
cells. The soil sample that did not have foil can also behavecasdenserits
capacity can be several times higher than that of the measuring cells thatecbntain
foils.

During the measurements, we found that the soil moisture content decreased
thus,we had to rewet them twice in order to help degradation. It can be seen in the
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figure that as water was added on the 81* and the 177" day there was a sudden
increase in capacity. The greatest capacity increase was found in the BASF and in
the 297 foil. We assume that the soil microorganisms started to degrade the easily
mobilizable organic polymers (polylactic acid, starch); thus, the structure of the
foils changed, and microcracks were formed. The degradation of the above-
mentioned foils was confirmed by the change in mechanical properties, molecular
mass and in surface morphology. The virgin polyethylene foil and the foils
containing polyethylene and pro-oxidants did not show significant change in
capacity during the measurements.
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Fig. 2. Capacity change of the plastic foils in time

The changes in the conductivity values are shown in Figure 3. The
conductivity values of the virgin polyethylene foil (340) showed a little change
only after the addition of water, from which we can conclude that there was no
significant degradation on this foil. Similarly, the polyethylene foils that contained
pro-oxidative additives showed similar behaviour, i.e. their degradation was
negligible, due to the lack of oxygen and UV radiation. However, the test results of
the other properties of these foils (change in thickness, decrease in molecular mass
and change in surface) suggest signs of initial degradation [2].
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Fig. 3. Capacity changes of the plastic foils in time
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The conductivity values were significantly highie the case of the poly
ethylene foil with thermoplastic starch and of the polylactic-besked BASF foil
compared to the virgin and poxidantcontaining polyethylene foils. This also
supports the possibility of the biological degradation that we iomad at the
capacity results. We have to point out, however, that after the decomposition of the
easily mobilizable organic materials further degradation of the polyethglamonly
occur when the long chains are broken to smaller units [4, 5, 6]

4. Conclusion

We foundthat the measurement of capacity and conductivity is suitable for
the continuous monitoring of the degradation of the different plastic foimii.
Within the one year of the experiment, only the polymers that have easily
mobilizableorganic material could be degragdédwever this does not mean that
polyethylenebased foils are biologically degradable. Concerning the polyethylene
foils with pro-oxidative additives, their degradation in soil is negligible due to the
lack of required enditions (UV radiation, appropriate amount of oxygen).

Acknowledgements

The research was funded by the National Development Agency (NFU) Project
TechO9BDREVAM-2.

References

[1] Kyrikou, I., Briassoulis D. (2007, Biodegradation ofagricultural plastic films: A critical
review.Journal of Polymere Environment 15, 125-150.

[2] Heffner, T. (2013, Kornyezetben lebomlé folidk viselkedése talajpan. Biodegradalhaté félia
kidolgozasa. Szakdolgozat, Budapesti Miiszaki és Gazdasagtudomanyi Egyetem, Budapest.

[3] Vargha, V.(2014), Behavior of polyethylene films in soi™ International Conference on Bio-
Based Polymers and Composites, Visegrad Hungary, August 228,

[4] Shah A. A, HasanF., HameedA., HameedS. (2008, Biological degradation of plastics: A
comprehensive revievBiotechnology Advances 26, 246-265.

[5] Scott G. (2000, Green Polyrers.Polymer Degradation and Stability 68, 1-7.

[6] Artham T., Doble M. (2008, Biodegradation ofdiphatic and aromatic polycarbonates.
Macromolecular Bioscience 8(1), 14-24.



