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This paper evaluates the effects of carbon black incorporation on the mechanical and electroconductive properties of
biodegradable materials. Biodegradable composites based on Mater-Bi® (MB) filled with 1, 2 or 4 wt% carbon black
(CB) were prepared by melt mixing. Mater-Bi® is a commercial bio-plastic extensively used in food packaging
applications. The thermal, mechanical and electrical properties of the biodegradable matrix and its composites were
investigated. The electroconductive properties of the prepared materials were tested to determine the percolation

threshold and dielectric relaxation.
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INTRODUCTION

Most  known polymers have excellent
dielectric properties. However, a certain level of
electrical conductivity is required for some
applications related to antistatic, semiconductor
and electromagnetic interference phenomena. For
this  purpose, electroconductive  matrices
(polyaniline and polypyrrole)'™ or the addition of
electroconductive fillers are most often used.
Carbonaceous particles with various types of
structure, including carbon black (CB),”"! carbon
nanotubes (CNTs),'*"* carbon fibers (CF)"*"'° and
graphene,'”" are used to produce electrically
conductive materials. The final properties of such
composites depend not only on the dispersion and
concentration of the filler, but also on the
structure of the particles.

The most commonly used conductive filler for
polymers is carbon black — it is designed to
increase conductivity, which is often used in
packaging to discharge electrical charge. An
important parameter is the critical content of the
filler, known as the percolation threshold, which
shows the minimum amount of filler to increase
the conductivity of the composite. The value of
the percolation threshold should be as low as
possible to preserve the mechanical properties of

the composites, minimize processing problems
and reduce the final cost of the materials.”’

Mater-Bi® (MB) is a group of biodegradable
materials developed from natural agricultural
products produced by the Italian concern
Novamont. These materials are based on
thermoplastic starch, which is mixed or grafted
with biodegradable polyesters from vegetable oil
to increase the flexibility and moisture resistance
of the obtained material. MB is used as packaging
material for the production of packaging films,
thermoformed trays and containers, foamed
mouldings and foamed material for filling free
space in transport packaging, as well as for the
production of bags for biodegradable waste for
composting. MB degradation occurs after 80
days.212

The purpose of this work has been to develop
biodegradable composites based on a Mater-Bi®
matrix, with the addition of electrically
conductive filler with different contents. Thermal,
mechanical and electrical conductivity as well as
dielectric relaxation tests will determine the
usability of the developed polymer composites for
electrical applications.
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EXPERIMENTAL
Materials

The thermoplastic biopolymer matrix used in this
work is a starch-based biopolymer Mater-Bi® EF51L,
supplied by Novamont (Italy). Carbon Black
(Ketjenblack EC-300J, Akzo Nobel Polymer
Chemicals) was used as filler.

Preparation of samples

The polymer matrix was blended with CB (1, 2, 4
wt%). All the materials were plasticized and blended in
a Haake PolyDrive mixer (temperature of 190 °C, rotor
speed of 60 rpm, for 6 min).

Methods
Thermal properties

Differential scanning calorimetry (DSC Q20, TA
Instruments, USA) was used to investigate the thermal
properties, following ISO 11357-5 standard. The
thermal ramp was from 40 °C up to 200 °C, at the rate
of 10 °C min™" under nitrogen flow. The cooling rate

was set to -5 °C min~".

Mechanical properties

Tensile properties were tested at a speed of 10
mm/min by using a LLOYD LR10K machine (Lloyd
Instruments Ltd., UK).

Resistivity measurements

Samples were prepared by press moulding in the
form of plates and, for minimizing the contact
resistance, gold electrodes were vapor-deposited on
each sample. The current flow was measured using a
Keithley 6512 electrometer from Keithley Instruments,
while the voltage supply was a High Voltage Power
Supply GPR-30H100 (GW Instek).

Dielectric relaxation measurements

Dielectric relaxation measurements were performed
on RLC Bridge HP4284A, 4-electrode system.
Samples were formed as pellets, cut out from
previously press moulded plates, with a diameter of
12.85 mm and thickness of 0.30 mm. The thickness of
the reference sample (Teflon®), used for determining
the dissipation capacitance, was 1.46 mm (the diameter
remained unchanged).

The materials, in the form of pellets, were attached
to the instrument without any further treatment. No
metal layer (e.g.: silver paste or cuprum foil) was
placed onto its surface prior to the experiment. The
samples were tightly held within the measuring device
by a spring lock mechanism. All the measurements
were repeated at least twice (each time on a different
pellet) for the same composite material. The
temperature and relative humidity remained unchanged
during the whole experiment (29 °C, +/-1 °C, 38% RH,
+/-2% RH).
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RESULTS AND DISCUSSION
Thermal properties

According to the information provided by the
producer, MaterBi is a material based on
thermoplastic starch, which is mixed or grafted
with biodegradable polyesters.”’ During the DSC
measurements, the glass transition temperatures
Tg = -27.9 and Tg, = 63 °C for the MB matrix
were noted (Table 1). Similarly, DSC
thermograms showed two temperature transitions
related to the melting process (Tm = 122.6 and
Tm, = 166.7 °C). Double peaks Tg and Tm can be
derived for thermoplastic starch and polylactide
(PLA), respectively. The cold crystallization
temperature 7Tcc (107.8 °C) during heating and the
crystallization temperature 7c (66.6 °C) during
cooling were also recorded. The addition of 1, 2
or 4% CB did not affect significantly the Tg and
Tg, values. After the addition of CB, there was a
slight decrease in Tcc and a significant increase in
Tc (up to about 20 °C with 1% addition; and 2 °C
with 4% CB addition). A slight change in 7m and
Tm, was also observed for the composites, an
increase in melting temperature by approximately
2-3 °C was obtained. Therefore, a small amount
of CB affects the formation of crystallites and
their melting process in the composites based on
MB. This means that carbon black acts as a
nucleating agent in the polymer matrix, which is a
known phenomenon, as described in -earlier
studies.””

Mechanical properties

The mechanical properties, such as Young’s
modulus, tensile strength and elongation at break,
of the composite materials were evaluated. The
obtained data confirm that the addition of 1 wt%
CB to the polymer matrix results in a visible
decrease in the mechanical properties of the
composite.*®

The material becomes stiffer (increasing
Young’s modulus, Fig. 1) and less elastic
(decreasing  tensile strength, along with
decreasing elongation at break, Figs. 2 and 3).
This is mainly connected to CB particles blocking
the polymer orientation during the elongation
process.

Resistivity measurements

From the obtained results, one can observe that
the percolation threshold for the composites
containing carbon black is below 1 wt% (Table
2). Such low percolation threshold is related to



the tendency of carbon black to form complex
fractal structures, which, in turn, promote the

Composites

generation of electrically conductive pathways in
the polymer matrix.

Table 1

Thermal properties of MB and MB/CB composites

Sample Tg (°C) Tg, (°C)  Tcc (°C) Tm (°C) Tm, (°C) Tc (°C)
MB -27.9 63.0 107.8 122.6 166.7 66.6
MB + 1%CB -28.3 62.8 106.5 126.3 168.3 86.3
MB + 2%CB -28.0 62.9 106.6 125.7 168.1 86.8
MB + 4%CB -28.1 63.4 106.2 125.6 168.3 89.6
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Figure 3: Elongation at break of electroconductive composites

Dielectric relaxation measurements

The materials in the form of pellets were
assessed in terms of their possible dielectric
relaxation properties. The results are presented in
Figures 4 and 5, in two graphs distinguishing
between dispersion (Fig. 4) and loss (Fig. 5). The
addition of subsequent amounts of CB is reflected
in the increasing overall value of both real and
imaginary parts of dielectric permittivity.
Although the increase is not proportional,
especially for the sample containing 2% CB,
which was expected to reflect a more significant

dielectric character, it can be stated that the
discussed dependency is respected.

Although not obvious, a relaxation signal is
recorded for the samples containing carbon black
at a concentration level not less than 2%. This
phenomenon is observed on both the dispersive
and the loss curves for the samples containing 2%
and 4% CB. The respective relaxation frequencies
are located around 10 kHz and 35 kHz, which is
clearly seen on the dielectric curves presented in
Figures 4 and 5.
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Resistivity measurements of selected composites
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Figure 4: Real part of complex dielectric permittivity
measured in the frequency range of 25 Hz-1 MHz

It has to be noted that, for high frequencies,
another absorption curve appears, as may be
remarked in Figure 4. Unfortunately, because of
instrumental limitations, it was impossible to
record the whole second relaxation curve.
However, based on the values for the real part of
dielectric permittivity measured for the loaded
samples at 1 MHz, and comparing them to the
reference sample (MB) (Fig. 4), there is enough
space for an additional dispersion process. On that
basis, the increasing values of the imaginary part
of dielectric permittivity at 1 MHz can be
assumed as a relaxation curve onset.

An interesting fact is the precession of the
relaxation frequency from around 10kHz to
35 kHz, when increasing the CB ratio from 2% to
4%. The presence of the maximum peak on the
loss curve is an indication of the appearance of
relaxation, being the result of the discrete
structure (the isolation of singular species) of the
CB particles formed in the polymer composite.
This arrangement, when it comes to a higher
filling ratio, may loosen the entanglement of the
polymer chains, unlocking additional freedom
degrees, thus shifting the relaxation process to
higher frequencies.

CONCLUSION

The present work allowed drawing the
following conclusions.
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Figure 5: Imaginary part of complex dielectric permittivity

measured in the frequency range of 25 Hz-1 MHz

The addition of 1, 2 and 4 wt% carbon
black affects the formation of crystallites
in the MB matrix.

The obtained composites present a low
percolation threshold (below the addition
of 1 wt% filler).

® A decrease in the mechanical properties of

the developed materials is noticeable,
although it does not limit the application
of the materials (i.e. in packaging).

¢ Concentrations of carbon black higher than

of 2 wt% lead to the formation of a

relaxation system with at least one

discreet relaxation frequency. Increasing
the amount of the filler leads to a shift of
the relaxation frequency to higher values.
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