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Abstract. Thermally Simulated Depolarization Current measurement is an excellent but not
widely used method for identifying relaxation processes in polymers. The DMA method is
used here to analyze the mechanical changes depend on temperature in biopolymers. The two
techniques take advantage of the energy changes involved in the various phase transitions of
certain polymer molecules. This allows for several properties of the material to be ascertained;
melting points, enthalpies of melting, crystallization temperatures, glass transition temperatures
and degradation temperatures. The examined biopolymer films are made from biological
materials such as proteins and polysaccharides. These materials have gained wide usage in
pharmaceutical, medical and food areas. The uses of biopolymer films depend on their
structure and mechanical properties. This work is based on pectin and gelatin films. The films
were prepared by casting. The casting technique used aqueous solutions in each case of sample
preparation. The manufacturing process of the pectin and gelatin films was a single stage
solving process.

1. Introduction

The past few years have witnessed rapidly expanding interest in food additives as sources of
biomolecules with potential to replace synthetic polymers in medical applications with
biocompatibility, bioactivity, biodegradability for unique applications.

Due to biomolecules having become more available, ever increasing demand for high-performance
"natural" matrices for biomedical and pharmaceutical applications such as organ regeneration and
tissue engineering, gel like bandages, wound dressing, medical structure line, artificial limb, controlled
drug delivery systems, films, contact lenses and capsules for oral ingestion.[1]

Biopolymer films and biofoils are formed from natural polymers, of animal or plant origin, such as
polysaccharides, lipids and proteins. The biopolymers are neutral and always renewable, because they
are made from plant materials which can be grown indefinitely.

Pectin is s a structural heteropolysaccharide contained in the primary cell walls of terrestrial plants.
it is mainly extracted from citrus fruits, and is used in food as a gelling agent, particularly in jams and
jellies. It is also used in dessert fillings, medicines, sweets, as a stabilizer in fruit juices and milk
drinks, and as a source of dietary fiber [2].

Gelatin is a mixture of peptides and proteins produced by partial hydrolysis of collagen extracted
from the bovine, pork fish or poultry skin, bones, and connective tissues of animals. Gelatin is a
typical material used in the medical or pharmaceutical fields [3].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



ICCMPT IOP Publishing
IOP Conf. Series: Materials Science and Engineering 175 (2017) 012028 doi:10.1088/1757-899X/175/1/012028

2. Experimental section

2.1. Materials

The biopolymer films were produced from pectin and gelatin (food additive) with different percentage
of glycerol. For using casting techniques the following describes the method for each material. In the
case of pectin and gelatin 2 m/m % aqueous solutions were made at room temperature, and drying in
Petri dish in 35°C and 45% humidity. The films were then stored in desiccators at a relative humidity
of 25%, for a period of three days to reach the equilibrium moisture in this environment before
characterization. After sample preparation examine the movement of the molecules with DMA and
TSD method.

2.2. Dynamic Mechanical Analysis

Dynamic mechanical analysis (abbreviated DMA) is a technique used to study and characterize
materials. Dynamic Mechanical Test was carried out on strips cut from plates of about 1 mm thickness
with Rheometrics Scientific MK-III instrument in dual cantilever mode at 1Hz frequency and 2°C/min
heating rate. Glass transition temperatures were determined as the maximum temperature of
mechanical loss factor (tg §) maximum.
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Figure 1. DMA curves (tgd left, E’ right) of pectin
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Figure 2. DMA curves (tgd left, E’ right) of gelatin

Both pectin and gelatin (Fig. 1 and Fig.2) has multiple transitions in the investigated temperature
range. Interestingly, the transition of lower temperature is not sensitive to presence of glycerol; the
higher temperature ones are strongly dependent. The plasticizing effect is very strong for it.
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In case of pectin the transition temperature goes below the transition temperature of low peak with
5% glycerol, the transitions are fused into each other.

In case of gelatin at least three transitions are present in the material. Similarly to the pectin the
transition of lowest temperature is also almost independent of glycerol content. The high temperature
transition is a doublet and the glycerol acts for both process. The peaks are unified without glycerol
but split transitions are detected with even low, 2% glycerol concentration.

The nature of low temperature transition is still unknown.

2.3. Thermally Simulated Depolarization Current measurements (TSD)
TSD experiments were carried out on a SETARAM TSC II instrument using helium gas as heat
transfer medium.

e The sensitivity of the instrument is 10™"°A.
Disk samples were used with sputter-coated gold electrodes
Polarizing temperature: 125°C
Polarization time: 10 minutes
Polarizing field: 300 V/mm
Cooling: 5K/min
Start temperature: -150°C
Heating rate: 5°C/min (after 10 minutes isothermal at -150°C)
Final temperature: 125°C

Although the basic principle of the TSDC is simple, there are two difficulties. The first one is
technical, measuring extremely low currents, in case of polar polymers through even 5 decades. The
second one is the evaluation and interpretation of the depolarization curves. For the analysis of the
depolarization processes the method is described in [4], although this paper deals with PVC, i.e. a
strongly polar polymer.
Supposing that the relaxation processes follow the Arrhenius law, the relaxation time of dipoles can
be calculated as follows
A
Ty = 7,68 M
where; A is the activation energy of the process.
Py polarization is frozen in the polymer during the cooling in electric field. Heating the sample in
zero field (short circuited) the decaying polarization at t time is:

t1
—[=dt
I::‘(t) :Po e( ° J (2)
the liberating charges produce current. The current density is
: P, i1 (3)
= -Toexp| — [=at
o = exp( {T J
Using a constant b heating rate the temperature of the sample is
T =T, + bt “
and the depolarization current density is
_ P, 171 (5)
= Oep| - = [ZdT
Jo T exp[ b ;[ T }

Replacing the ©(T) from eq. (1)
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The equation can be used for I(T) current, too, if the d thickness and A area of the sample is known.
Let C = APy/to and B = A/Rbr,, replace A/RT =s
ly =C exp%s -Ble(s2-25° +65...[ } (7)

This equation describes an asymmetric peak as a function of temperature and the A activation energy
can be calculated from the half width of the peak as:

A =2.406R 1 !
?I f (8)
or both from the maximum and lower half
1
A =1.443R 1
f ﬁ 9)
and the maximum and upper half
1
A =0.962R 1
T, T, (10)
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Figure 3. The shape of an ideal depolarization peak calculated by eq. (7) and the temperatures for
determination of activation energy
The o surface charge density can be obtained from the full charge Q and the A area of the sample.
c=Q/# (11)

The surface charge density can be used for determination of permittivity change of transition called
oscillator strength (gy-€,,)

Ae = o/Eg (12)
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This is the most characteristic to the transition, because does not contain dimensions and electric field.
For evaluation of depolarization current spectra our previously developed software was used. This
program calculates the currents for 1 kVmm™ field and 30cm” electrode area and all current data are
picoampers.

In case of zero external field, i.e. in short circuited state the measured depolarization current is the
sum of currents of individual processes.

n
lam = Z laen (13)
i=1

The eq. (8) with (9) or (10) can be used for resolving partly overlapping peaks.

The thermally stimulated discharge current method has effective frequency dependence on the
activation energy and temperature range of transition. Although the determination of effective
frequency has about 20% uncertainty, the effective frequency of these measurements are in the 10~ Hz
range.

e = 0.113 RbTAZ (14)

m

Biopolymers are not hard to investigate by depolarization method because of their polar nature. The
polarization processes are quick, independent of the mobility of the polymer backbone. However,
oxidative degradation and humidity can cause enough polar —-C=0 groups. Even the glass transition
does not produce detectable depolarization current signal in the -110 — 125°C range. It must be
mentioned that the depolarization currents and the relaxation strength values are at least two orders of
magnitude smaller than in case of polar polymers, e.g. PVC [4].

Pectin has two extremely intensive peaks in the 0-50°C range (Fig. 4 and 5). These peaks might
origin from segmental movements but their intensity (I...) is amplified by ionic contamination.
Because of the acidic nature of pectin, it contains free charge carriers. Low temperature peaks are also
multiple ones showing independent molecular motions in the material.

According to the TSD curve the gelatin also contains more polar components (Fig. 6). There are no
extremely high current peaks; the gelatin do not traps ions. The high temperature peak is undoubtedly
twin process supporting the DMA results.
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Figure 4. Pectin TSD curve before and after Figure 5. Pectin TSD curve before and after
resolution resolution (Low temperature peaks magnified)
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Figure 6. Gelatin TSD curve before and after resolution

TSD spectra were resolved by our own software. Data of resolved transitions are summarized in Table
1.

Table 1. TSD results of pectin and gelatin biofilms

Examined Peak location; | Peak height; Ag::::tlon
material; peaks | Smax [°C] Lnax [PA] A [kJ/%nyol]
Pectin
1 49 308000 7
2 34.75 25700 150
4 -8.2 140 55
5 -39.7 6.7 30
6 -79.5 6.7 16.5
Gelatin
1 -81 12.7 23
2 84.4 330 76
> 41 14 4

3. Summary
The aim of this work was to perform DMA and TSD measurements pectin and gelatin biofilms. Both
techniques revealed that these bio-materials have multiple transitions in the -120 — 80°C temperature
range. These transitions are completely different in terms of compatibility with very polar plasticizer,
namely the glycerol.

The difficulty of DMA method is that we work at the lowest force limit of the instrument because
thin films can be produced only.
The TSD requests thin film specimens, but the method is sensitive to ionic contaminations. The
resolving power of TSD is excellent. Using plasticizing additives of different polarity, we intend to
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identify the nature of the transitions found. Both methods are suitable for these investigations and well
complement each other.
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