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Methods for obtaining biocomposite systems for precipitation on carbon templates of various forms of amino
acids of a given composition in reaction media with subsequent drying in air have been tested. In this case, it is
recorded that the morphological characteristics of biocomposites are due to the manifestation of adsorption of
organic components on the surface structure of carbon templates. In particular, a decrease in the value of the specific
surface area of biocomposites compared to the original templates due to the adsorbtion of the developed surface
and the existing pores with aminoxylot molecules. The temperature-frequency dependences of the electrical
conductivity for biocomposite systems formed by the precipitation method are obtained and the influence of the
carbon template type on the changes of the electrical conductivity properties is traced.
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Introduction

The use of biocomposite systems based on amino
acids (aspartate, glycine, lysine) as model compounds of
biopolymers of the protein series and various forms of
carbon structures (nanoporous carbon, thermally
expanded graphite, carbon nanotubes, graphene) opens
new opportunities for improving energy performance of
electrochemical systems of generation of energy [1-3.].
First of all, amino acid compounds have a set of features
(biocompatibility with inorganic compounds, chemical
versatility and structural diversity, selective adsorption
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capacity, availability of free positions for adsorption of
electrolyte ions) characteristic of efficient cathode
components of lithium and lithium-ion power sources [4].
Since one of the key positions of the lithium power source
is the diffusion of charges into the cathode structure during
charge / discharge processes, the use of such biocomposite
systems based on carbon nanostructures will provide high
electron-ion transport and the ability to increase specific
energy. Therefore, the question of establishing the
conductive characteristics of such materials is of key
importance for their further use.

Literary research in this direction showed some
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fragmentary data, which relate mainly to the use of
biocomposites in electrochemical systems, in which the
role of the organic component is reduced to a template
matrix, based on which the formation of 3D hierarchical
structures with subsequent removal or mineralization of
the template [5; 6]. In this case, the problem of aggregation
and degradation of the cathode structure during charge /
discharge cycling, which is characteristic of inorganic
compounds, is solved [7]. Due to the biocompatibility of
such composites, the controlled synthesis of ordered 3D
biopolymers with the possibility of including
electrochemically inorganic components is realized [4, 8].
Another promising option for the use of amino acid
compounds in the biocomposite is to ensure efficient
electron-ion transport during discharge through the
formation of amino acid bridges of conductivity between
the active component and the conductive agent [9].

On the other hand, elements of energy storage, such
as supercapacitors and hybrid capacitors are based on the
use of carbon materials, for which the most acute issues
are structural and morphological adaptation of the material
and increase the wettability of its surface by electrolyte
[10, 11]. In this case, purposeful chemical modification of
the surface of the material by functionalizing its surface of
the active groups significantly increases the wettability
and provides an increase in the amount of accumulated
charge on its surface, as indicated by the authors [12, 13].
In the work [14] was showed that the modification of the
carbon electrode by peptide nanotubes increases the
capacitance of the supercapacitor by more than an order of
magnitude.

This paper investigates the patterns of formation of
biocomposites based on various forms of carbon
nanostructures and amino acids as model compounds of
biopolymers and establishes causal relationships between
structural and morphological characteristics and surface
condition and conductive properties of formed
biocomposites.

I. Materials and methods

1.1. Materials

To obtain carbon-containing biocomposites on the
basis of different forms of carbon nanostructures (thermo
exfoliated graphite (TEG), carbon nanotubes (CNT)) and
amino acids (aspartate and glycine), the method of
formation of biocomposites of supercomposites was tested
[1]. Experimental results demonstrate that composite
systems of such type based on biopolymers and carbon
structures show increased electrochemical activity when
applied in electrochemical processes. Emphasis was
placed on the formation of biocomposites of amino acids
from TEG, as these mechanocomposites demonstrate the
highest values of electrical conductivity, which is due to
their electrical conductivity of TEG. The following are
options for the formation of biocomposites by the method
of deposition.

- to an aqueous (100 ml) solution of aspartate (1.0 g)
with continuous stirring with the help of a magnetic stirrer
was added TEG (0.1 g) at a temperature of 50 °C. The
resulting mixture was dried in air at 50 °C until the solvent
was removed and a dry residue was formed. As a result,
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the TEG / aspartate (precipitate) composite was obtained
in a mass ratio of 1:10, respectively.

- to distilled water (100 ml) with continuous stirring
with the help of a magnetic stirrer was added TEG (0.1 g)
at a temperature of 50 °C for 8 hours. The resulting
solution was air-dried at 50 °C until the solvent was
removed and a dry residue was formed. As a result, a
dispersed TEG (dispersed) was obtained.

- to an aqueous (100 ml) solution of aspartate (1.0 g)
with continuous stirring with the help of a magnetic stirrer
was added CNT (0.03 g) at a temperature of 8 °C. The
resulting mixture was dried in air at 50 °C until the solvent
was removed and a dry residue was formed. As a result,
CNT / aspartate (precipitate)composite was obtained in a
mass ratio of 3:100, respectively. On the basis of the
comparison of structural-morphological and electrically
conductive properties of the formed biocomposites, the
influence of the role of the template on the manifestations
of the soil was determined.

- to an aqueous (100 ml) solution of glycine (1.0 g)
with continuous stirring with the help of a magnetic stirrer
was added TEG (0.1 g) at a temperature of 8 °C. The
resulting mixture was dried in air at 50 °C until the solvent
was removed and a dry residue was formed. As a result,
TEG/glycine composite was obtained in a mass ratio of
1:10, respectively (precipitate). Comparing the impedance
dependences of the composition of the actual part of the
electrical conductivity and the corresponding temperature
dependences of the conductivity of the samples
TEG/glycine (precipitate) and TEG/aspartate
(precipitate), the estimation of the samples is estimated.

Additionally, TEG / aspartate (ultrasonic dispersion)
biocomposite was formed by ultrasonic dispersion in an
aqueous solution of the respective components.

- to an aqueous (100 ml) solution of aspartate (1.0 g)
was added TEG (0.1 g) and mixed by ultrasonic disperser
for 0.5 h. The resulting mixture was dried in air at 50 °C
until the solvent was removed and a dry residue was
formed. As a result, the TEG/aspartate composite was
obtained in a mass ratio of 1:10, respectively. In this case,
the method of activation during the formation of the
corresponding composites and the manifestation of their
electrically conductive properties was evaluated.

1.2. Metods

The morphology of the samples was studied by
scanning electron microscopy (SEM) JSM- 6490 LV
JEOL operated at 30 kV.

Electrical conductivity ¢ as a function of frequency
was measured by the method of impedance spectroscopy
in the frequency range of 0.01 - 100 kHz (Autolab PG-
STAT 12/FRA-2 analyser); all samples were made in
pellet form with the diameter of 1710 m and thickness
of 0.1-10° m under pressure about 33 - 35 MPa and the
room temperature. The measurement of the real Z' and the
imaginary Z" of the parts of the complex resistance
(Z=z'-jz") was carried out in the frequency range
102 +10° Hz. The values of the specific values of
conductivity were determined from the equation:

o= O_I — O—”,

)


https://doi.org/10.3390/batteries7030050

A.B. Hrubiak, V.V. Moklyak, Yu.V. Yavorsky, B.B. Onyskiv, V.L. Chelyadyn, M.V. Karpets, M.G. Moklyak etc.

where ¢’ = %: and ¢" = ﬁ — the real and imaginary
part of the complex resistivity, | i S — the thickness and
surface area of the sample, respectively. The values of the
total specific electrical conductivity of materials were

calculated according to the formula:
ol =\(o") +(o") ) 2)

When calculating measurement errors, we used the
scheme of calculation of errors of indirect measurements,
which is given in [15].

IR spectroscopy studies were performed on a Nicolet
iS10 spectrometer. Spectral range — from 4000 cm to 650
cm* with MCT detector. Spectral resolution is 0.4 cm™.

I1. Results

Fig. 1 show curves of frequency dependences of
conductivity for glycine and aspartic acid. The frequency
dependences of the conductivity o(w) for glycine and
aspartic acid have the "classical” form of the frequency
curves of the conductivity of semiconductors and
superconductors [16].

The Jonesher equation is used to approximate c(w):

o(®) = oge [1+H(w/mn)?], ©))

where oqc is the conductivity in the mode of direct current,
on 1S the frequency of jumps of charge carriers, s is the
exponent that characterizes the deviation of the system
from the properties provided by the model (0< s <1).

For glycine, the frequency-independent component is
=107 Ohm™ - m™, starting from 10° Hz, the conductivity
is characterized by a significant dependence on frequency.
In the case of aspartic acid, the value of the frequency-
independent region in several orders of magnitude is
poverty and corresponds to the conductivity ~5-10
©Oohm*m? In this case, the frequency-dependent
section of the curve o(w) starts with a frequency of 0.1 Hz.
The reason for the lower conductivity for aspartic acid is
probably related to the larger size of its molecule. Because
the molar mass of aspartic acid is almost twice as high (M
= 133.10 g/mol) as that of glycine (M = 75.07 g/mol) and

in the presence of the same "active" group of NH; is more
likely to perform percolation jumps, which leads to a
decrease in the frequency of activation [17, 18].
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Fig. 1. Frequency dependences of conductivity o(w) for
model aminoxylotes.

Fig. 2 show the frequency dependences of the
conductivity of carbon templates used for the formation of
biocomposites. The inserts show the frequency
dependences of the imaginary component conductivities
for each template.

The experimental frequency dependences of the
conductivity o(w) for all types of carbon temperatures
demonstrate the electronic mechanism of conductivity.
For all studied carbon materials in the low-frequency
range, the specific electrical conductivity practically does
not change. In this frequency range, the change in
resistivity may correspond to the peculiarities of the
distribution of jumping barriers between the leading areas.
The absence of the frequency dependence of the electrical
conductivity in the range of 10-2- 10° Hz can be explained
by the formation of electrically conductive grids by carbon
particles [19]. For all samples, the specific electrical
conductivity decreases with increasing frequency. Such a
frequency dependence is insufficiently studied. Several
explanations for such behavior are possible. The
occurrence of the dispersion of electrical conductivity in
the region < 10° Hz is possible due to the dependence of
the depth of penetration of the field into the sample (skin
effect). Another common cause of impedance variance is
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Fig. 2. Frequency dependences of conductivity o(w) for carbon templates.
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the fulfillment of the condition ® ~ 1 / 1, where 1 is the
relaxation time. This dependence is more and more
characteristic for semiconductors, for which t can take a
rather wide range of values. The high-frequency change in
electrical conductivity is possible due to the occurrence of
collective excitations of the wave-type charge density in
fine-grained systems. In addition, the porous structure of
carbon leads to the delocalization of charge carriers.

As can be seen from Fig. 2 imaginary components of
conductivity for each template make an insignificant
contribution to the general conductivity of the material.
Basically, the conductivity of templates is determined by
the contribution of the real component conductivity
cac(®). Therefore, in the future, only the actual
composition of conductivity will be considered for the
analysis of the frequency dependences of the conductivity
of biocomposites. The numerical value of the real
component electrical conductivity of templates is
determined by extrapolation of the frequency-independent
section of the curve to its intersection with the ¢’ axis (at
w — 0 we have an output on a direct current), on the
dependence of electrical conductivity on the frequency in
semi-arithmetic coordinates. The highest value of
frequency-independent electrical conductivity
demonstrates the TEG at the level of 215.0 Ohm™-m™. For
carbon nanotubes (CNT) it is about 36.0 Ohm*-m. The
high value of the electrical conductivity of the TEG in
comparison with other carbon templates is due to the
structure of the material and its activation during thermal
expansion.

The difference in the values of the actual
compositional electrical conductivity of the selected
carbon templates is related to the morphology, chemical
activity of the surface and topology. The morphology
determines the contribution to the electrical resistance of
the boundaries between the particles in the direction of
compression and contacts with the particles of
neighboring agglomerations and, consequently, electrical
conductivity. The reliability of the contact depends on the
surface roughness of the agglomerations. In addition, the
electrical resistance is significantly affected by the
porosity of the material, as the presence of pores increases
the electrical resistance. Compression of the material can
lead to the convergence of the opposite walls of the pores
and blocking them with other particles. Finally, as already
noted, in addition to the orientation of the particles and
their morphology, the size of the electrically conductive
particles also affects the electrical characteristics of the
material.

Thermally expanded graphite, which is chemically
inert, has a sufficiently high specific electrical
conductivity and a good compressive ability without the
use of binders. The large particle size of the TEG
contributes to better electrical conductivity, since the
probability of contact between graphite grains is much
higher than between the particles of HB and VNT. Thus,
electrical conductivity is determined by the texture of the
particles, the boundaries of the division between them,
their orientation to the direction of measurement, the
internal resistance, and so on. The formation of conductive
channels takes place mainly at the expense of closely
spaced particles, mainly grains of TEG.

Thermo exfoliated graphite, which is chemically inert,
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has a sufficiently high specific electrical conductivity and
a good compressive ability without the use of binders. The
large particle size of the TEG contributes to better
electrical conductivity, since the probability of contact
between graphite grains is much higher than between the
particles of CNT. Thus, electrical conductivity is
determined by the texture of the particles, the boundaries
of the division between them, their orientation to the
direction of measurement, the internal resistance. The
formation of conductive channels takes place mainly at the
expense of closely spaced particles, mainly grains of TEG.

Figure 3 show the frequency dependences of electrical
conductivity at room temperature for samples of
biocomposites of TEG / aspartate (precipitate) and
CNT /aspartate  (precipitate). For the frequency
dependences of the electrical conductivity of the
TEG / aspartate, several nonlinear regions of the change
of conductivity can be distinguished, which indicates the
complex course of the process. There are three
characteristic regions of frequency-dependent changes in
conductivity. For the low-frequency range (up to 0.1 Hz)
there is a sharp increase in the conductivity of the
frequency, which is characteristic of the predominance of
intergranular migration of the population. In the region of
medium frequencies (0.1-100 Hz) there is a weakly
frequency-dependent conductivity, which can be set in
accordance with the electronic mechanism of intermittent
charge transfer. As the frequency increases (above
103 Hz), there is a tendency to decrease the value of
conductivity, which is characteristic of the manifestation
of the skin effect. At the same time, the decrease in the
relative value of conductivity in the whole frequency
range for TEG / aspartate (precipitate) testifies to the
increase in the contribution of the conductivity of amine
ammonia. Deposition of amino acids from solution
involves better adsorption of molecules to the surface with
the possibility of forming stable molecular bonds. At the
same time, during the drying of the biocomposite,
additional deposition of amino acids from the solution
takes place, which causes additional encapsulation of the
surface of individual parts of the TEG and changes.

In addition, we should not reject the structural
changes that occur with TEG during dispersion with the
help of a magnetic stirrer in solution, which affect the
manifestation of electrostatic precipitates. As can be seen
for TEG (dispersed) (Fig. 3, b), a significant decrease in
the value of conductivity is observed in the whole
frequency range than for the original TEG. The reason for
this may be related to the dispersion of TEG in the solution
and the increase in the number of contacts between the
individual particles, which creates additional barriers to
the transfer of power. In addition, the free path of the
electron is reduced in the volume of the particles. For the
CNT / aspartate (precipitate) sample (Fig. 3, c), the
frequency dependence of the conductivity also has a
complex character due to the dominance of different
mechanisms of charge transfer.

In addition, for the samples of TEG/aspartate
(precipitate) and CNT/aspartate (precipitate), temperature
impedance measurements were performed in the
temperature range 25-175°C, which allowed to
determine the activation energies of charge carriers during
the processes of their transport in different frequency
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Fig. 3. Frequency dependences of conductivity o(w) for carbon biocomposites TEG / aspartate (precipitate) and
CNT / aspartate (precipitate) and TEG (dispersed) formed by the method of application.

intervals. The corresponding temperature dependences of
the electrical conductivity on the frequency in the
coordinates lg o(T) for the samples are presented in Fig. 4
a, b respectively.

As can be seen from Fig. 4, a frequency dependences
of the actual component electrical conductivity at different
temperatures vary in the range 1-2 Ohm™-m™. At that, as
well as at higher temperatures, a complex frequency
character of the dependence of conductivity with
dominance at medium and high frequencies of the
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electronic charge transfer mechanism is observed. It can
be seen that with increasing temperature, the frequency
dependence of the electrical conductivity first decreases in
the range of 25 - 75 °C with the following sharp increase
at a temperature of 100°C and with a subsequent decrease
of 125°C. For the TEG/aspartate (precipitate)
biocomposite, the increase in temperature leads to an
increase in the actual component resistance of the carbon
component with electronic characteristic conductivity.
This effect is the reason for the decrease in conductivity
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Fig. 4. Temperature dependences of conductivity () for carbon biocomposite of TEG/aspartate (precipitate) (a)
and CNT / aspartate (precipitate) (b) formed by the deposition method.
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with temperature. The local increase in electrical
conductivity at a temperature of 100 °C can be caused by
the removal of structurally bound water and restructuring
at the expense of this biocomposite with the possibility of
forming direct carbon bridges of conductivity and
reducing the number of contacts between amino acids and
particles of the template.

For CNT/aspartate (precipitate) (Fig. 4,b) the
presented  frequency dependences of electrical
conductivity demonstrate an increase with increasing
temperature in the range 25 - 150 °C.

The temperature dependence of electrical
conductivity can be represented by:
0 =" op [ L2 [1+(wlan] 4)
kT L hl
where "eijzv is the coefficient of proportionality, which is

a function of the frequency of charge jumping from a
distance, E, is the activation energy for jumping
conductivity, and , k is the Boltzmann constant, T is
absolute temperature.

Based on the experimental data, the activation energy
of CNT / aspartate (precipitate) at the level Eg = 0.037 eV
was determined. The increase in conductivity with
temperature can be explained by an increase in the
efficiency of proton conductivity due to the hydrogen
bond of sorbed water molecules on the surface of the
group of composes (-OH, -COOH, C-O-C). Relatively
small values of activation energy (Eg < 0.037 eV) confirm
the course of proton conductivity due to the fire bonds of
adsorbed water molecules.

Temperature dependences of conductivity were also
performed for TEG / glycine (sediment) biocomposite.
The corresponding Nyquist curves are presented in
Fig. 5.
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Fig. 5. Temperature dependences of conductivity o(w) for
carbon biocomposite TEG/glycine (precipitate) formed by
the deposition method.

In the case of TEG/glycine (precipitate)
biocomposite, a complex character of the dependence of
the conductivity on the temperature in the whole range of
25-175°C is observed, which has a value of 0.1-
1.0 Ohm™*-m™. As in the previous case, for the samples of
TEG/ spartate  (precipitate) and CNT/aspartate
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(precipitate), the competition of different mechanisms of
conductivity inside and above them and on them is
observed. The additional factors of influence are the
desorption of structurally bound water molecules and the
growth of the actual component resistance of carbon
particles with increasing temperature.

For the case of formation of TEG/aspartate
biocomposites by the method of ultrasonic dispersion
(Fig. 6), the frequency dependences of conductivity have
the form characteristic of materials. However, when
considering the temperature dependences of conductivity,
a clear increase in the value of conductivity with
temperature is observed, which was not observed for the
TEG/ aspartate (precipitate) sample.

\—0— TEG / aspartate (ultrasonic dispersion)\
1 .
—e—25°%C
'g‘ —=— 50°C
E —a—75°C
2] —v—100°C
g —<—125°C
b —»—150°C
—*—175°C
0.1

10% 102 10t 10° 10* 102 10° 10* 10° 10°
Frequency [Hz]
Fig. 6. Temperature dependences of conductivity o(w) for
carbon  biocomposite  TEG/aspartate  (ultrasonic
dispersion).

For TEG/aspartate biocomposites, the components
obtained by ultrasonic dispersion in an aqueous medium
the nature of the frequency dependences of the electrical
conductivity reflects the combination of the input in the
material of two component components with different
types of conductivity mechanism. Namely: electronic for
the carbon temperature and semiconductor for the organic
component. Moreover, the temperature dependences of
conductivity are of a complex nature - at low temperatures
(25-100°C) there is a decrease in electrical conductivity in
the entire frequency range. Further increase in temperature
(125 - 175 °C) leads to an increase in frequencies. This
type of dependence at lower temperatures is due to the
desorption of water molecules from the surface, through
which the charge is transferred by the migration of the
proton to the hydroxyl groups. The next increase in
temperature causes the activation of electrons and their
contribution to the electrical conductivity of the
biocomposite. The calculated value of activation energy
for the TEG/aspartate (dispersed) biocomposite is 0.170
ev.

For all biocomposites obtained by the deposition
method, relatively lower values of conductivity are
observed than for the case of the templates themselves.
Since the conductivity of carbon templates is the dominant
component of the conductivity of biocomposites. It can be
assumed that in the case of deposition there is a partial
elimination of percolation charge transfer between the
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boundaries of carbon grains due to the deposition of amino
acid molecules. An additional factor may be a decrease in
the size of the grains themselves, and as a result of the
dissociation of the temperature in the solution, which is
observed for TEG dispersed in water, and as a result, as a
result.

To confirm the fact of "clogging" of the surface of the
carbon template during the deposition of amino acids,
structural-morphological and IR-spectroscopic studies of
the formations were performed. The
adsorption/desorption isotherms of the corresponding
biocomposites (Fig. 7) have H4-type hysteresis according
to the IUPAC classification [20].
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Fig. 7. Adsorption/ desorption curves for formed by the
method of deposition of biocomposites TEG/aspartate and
CNT/aspartate.

Characteristic of isotherms is the presence of high-
pressure hysteresis, which is manifested in the divergence
of adsorption and desorption branches in the region of
high relative pressures. The reason for the formation of
this hysteresis is related to the phenomenon of
polymolecular condensation in the pores. It was
established that the synthesized samples are weakly used
materials. In the Table 1 presents the porosity parameters

—— TEG

——TEG / aspartate (precipitate)

——TEG / aspartate (ultrasonic dispersion)
aspartate

nanotubes / aspartate (precipitate)

JIntensity [rel. yn.]

f

T T
500 1000 1500 2000 2500 3000 3500 4000 4500
wave number, cm™

Table 1
Porosity parameters for the studied samples
of TEG/aspartate (sediment) and CNT/aspartate
(sediment) biocomposites.

Sample S, Smicro, Vmicro, dpores,
m?/g m?/g | smdg nm

TEG 26.0 19.3 | 0.103 1.90
TEG/aspartate
(sediment) 18.0 16.1 0.072 1.18
CNT 145.0 | 100.9 | 0.171 3.55
CNT/aspartate | 55, | 317 | 0000 | 1.11
(sediment)

for the studied biocomposites TEG/aspartate (precipitate)
and CNT/aspartate (precipitate).

As can be seen, the values of the specific surface areas
for both composites are comparatively smaller than for the
initial temperatures of TEG (30 m?) and CNT (200 m?),
which is a confirmation of the assumption of the
assumption of the space pro- There is also a significant
reduction in the size and volume of existing micropores
due to the adsorption of amino acid molecules on their
surface.

In Fig. 8 shows the IR spectra of the starting amino
acids of asparagine, glycine, TEG, as well as
biocomposites formed by the method of deposition on
their basis and carbon rates. As can be seen from the
comparison of the spectra of the original amino acids on
the biocomposites formed on their basis by the deposition
method, the identity of all absorption maxima is
preserved, and the absorption maxima [21].

At the same time, the maxima corresponding to the
TEG can be estimated on the spectrum only qualitatively.
Therefore, it can be argued that as a result of the deposition
of amino acids from the solution on the surface of the
carbon temperature, the processes of adsorption and
condensation of the corresponding processes take place.
As a result, a decrease in the size of the specific surface
area of biocomposites obtained by the deposition method
is observed. The decrease in the value of the electrical
conductivity of the corresponding composites is due to the
elimination of percolation charge transfer between the
carbon grain boundaries. This is due to the deposition of
amino acid molecules and the reduction of the free-charge

—— TEG / glycine (precipitate)
— glycine

Intensity [rel. un.]

T T T T T T T T 1
500 1000 1500 2000 2500 3000 3500 4000 4500
wave number, cm’

Fig. 8. IR spectra of the starting amino acids of asparagine and glycine, as well as biocomposites formed by the
method of deposition on their basis and carbon temperatures.
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charge length inside the carbon particles due to the
reduction of their sizes.

Conclusions

The formation of carbon-containing biocomposites on
the basis of various forms of carbon nanostructures has
been carried out: thermo exfoliated graphite (TEG),
carbon nanotubes (CNT) and amino acids of aspartate and
glycine by the method of deposition on carbon of
templates of different forms of amino acids of a given
composition in reaction media with the following height.
It is fixed that the morphological characteristics of
biocomposites are caused by the manifestation of
adsorption of organic components on the surface structure
of carbon temperatures.

The temperature-frequency dependences of the
electrical conductivity for biocomposite formed systems
are obtained, and the influence of the carbon temperature
type on the changes of the electrically conductive systems
is observed.

It has been established that the electrical conductivity
at a direct current of 1.2 Ohm™?-m? is formed for
CNT/aspartate biocomposites. Such electrical
conductivity is weakly dependent on frequency. The
temperature  dependence of the conductivity of
CNT/aspartate allowed to set the activation energy at the
level of Eg= 0.037 eV, which indicates the predominant
role of the mechanism of translucency.

For biocomposites, TEG / aspartate obtained by

ultrasonic dispersion of components in an aqueous
medium, the nature of the frequency dependences of the
electrical conductivity reflects the combination of the
inputs in the material of two component components with
different types of mechanisms. Namely: electronic for the
carbon temperature and semiconductor for the organic
component. This type of dependence at lower
temperatures is due to the desorption of water molecules
from the surface, through which the charge is transferred
by the migration of the proton to the hydroxyl groups. The
next increase in temperature causes the activation of
electrons and their contribution to the electrical
conductivity of the biocomposite. For the TEG / aspartate
biocomposite, the calculated value of activation energy
will be 0.170 eV.
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V wiit po6oti anpo6oBaHo crIOCOOH OTPUMAaHHS G1I0KOMITO3UTHUX CHCTEM METOJIOM OCaJXKEHHS Ha BYTJICLECBi
TEMIUIATH Pi3HUX (HOPM aMiHOKHUCIIOT 33/IaHOTO CKJIaly B PEaKI[iHHUX CepeJOBUILAX 3 HACTYITHUM BHCYILYBaHHAM
Ha TOBIiTpi. 3adikcoBaHO, MO MOP(OIOTIUHI XapaKTEPUCTUKH OiOKOMIO3HUTIB OOYMOBIICHI MPOSBOM aacopOmil
OpraHiYHUX KOMIIOHEHT Ha [TOBEPXHEBY CTPYKTYpPY BYIVICLIEBUX TEMILIaTiB. 30KpeMa, BCTAHOBJICHO 3MCHIICHHS
BEJIMYMHU MMUTOMOI IUIONII MOBEPXHI OIOKOMITO3WTIB, B MOPIBHSHHI i3 BHXITHHNMH TEMIUIATaMH 3a PaxyHOK
3aMOBHEHHS] PO3BMHEHOI IMOBEPXHI Ta HasBHHUX IOP MOJEKyJaMH aMiHOKcHIOoT. OTpUMaHO TeMmIepaTypHo-
YJACTOTHI 3aJICXKHOCTI SJICKTPOIIPOBIMHOCTI Tl GI0KOMITO3UTHUX CHCTEM C(HOPMOBAHHX METOJOM OCAKCHHS Ta
HPOCTEKEHO BILUTUB THITY BYIJICLIEBOTO TEMIUIATy Ha 3MiHH €JIEKTPOTIPOBIHUAX BIACTHBOCTEH.

KirouoBi cioBa: ByrieneBi 0iOKOMIO3HMTH, E€NEKTPOIPOBIIHICTh, TEMIUIAT, EHEpris akKTHBAIlii,
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