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Abstract. Conductive Polymers are one of the interesting topics to be developed in recent years.
Conductive polymers can combine the properties of polymers and the electrical properties of metals.
Research related to the electrical properties of conductive polymers, including electrical conductivity
measurements and determination of activation energy has been carried out. This study aims to determine
the effect of addition mass fraction of activated carbon into the nylon polymer on the conductive polymer
material based on the electrical conductivity and activation energy. The variations of activated carbon
used are 0%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10% (wt/V). The conductive polymer from nylon
polymer and activated carbon is made by casting solution method. The electrical conductivity
measurement of the conductive polymer and the activation energy was carried out using the parallel plate
method. The value of electrical conductivity increased from 5.62x107° + 1.89x10™° S/cm for the pure
nylon to 2.51x10® + 2.87x10™'° S/cm for the addition of mass fraction of activated carbon 8% wt/V.
Meanwhile, there was a decrease in the addition of 9% wt/V and 10% wt/V of mass fraction of activated
carbon, which were 2.36x10°® + 3.47x10™° S/cm and 2.28x10® + 4.01x10™ S/cm. The activation energy
of conductive polymer obtained decreased with increasing in the mass fraction of the activated carbon
into the nylon polymer. The activation energy for the pure nylon was 0.0189 eV and 0.0127 eV for the
addition of 8% wt/V mass fraction of activated carbon. Meanwhile, there was an increase in the addition
of 9% wt/V and 10% wt/V mass fractions of activated carbon of 0.0145 eV and 0.0150 eV, respectively.
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Introduction

Conductive polymers (CPs) have now become one of the interesting topics to be developed on
an industrial scale and for commercial purposes. Conductive polymers have received a lot of
attention because they have similar electrical and electrochemical properties to semiconductors
and metals [1]. Conductive polymers are an alternative that can be used to overcome the
problem of storing electrical energy [2]. Conductive polymers have excellent characteristics
such as light material weight, low density, corrosion resistance, flexible structure, good
conductivity and easy to manufacture so that their production costs are relatively cheaper.
Conductive polymers have many advantages and can be applied in several ways such as
optoelectronic devices, biosensors, rechargeable battery electromagnetic devices and
supercapacitors [3].
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Conductive polymers are a polymer filled with a conductive material such as carbon, metal
flakes or fibers and so on. The formation of a conductive polymer by adding a conductive
material to the polymer matrix can improve the characteristics of the resulting conductive
polymer material in terms of morphology, electrical, thermal, and mechanical properties [4].
Several studies related to conductive polymers have been carried out including the study of the
electrical conductivity of conductive materials from a mixture of aluminum flakes and nylon
polymers [5], the mechanical properties of the functionalization effect of carbon nanotubes from
water hyacinth into nylon polymers [6], the effect of addition of carbon nanotubes from water
hyacinth into nylon polymers on increasing the value of electrical conductivity and activation
energy [7], and synthesized conductive polymer materials from a mixture of nylon and graphene
[8]. Based on several studies related to conductive polymer materials that have been carried
out, nylon polymers with added conductive materials showed better performance than those
without added conductive materials. Therefore, in this study, a conductive polymer material was
synthesized from a mixture of nylon polymer and activated carbon.

Based on physical, chemical, and structural properties, nylon is a polyamide compound, and it is
very possible to be used as a polymer matrix [9]. Nylon is a polymer compound that has an
amide group on each repeat unit, so nylon is also called a polyamide compound [10]. The
choice of nylon raw material as a polymer matrix is due to its relatively low price, good
mechanical, thermal and chemical properties [11].

Activated carbon is carbon that has been activated chemically, physically or both. This
activation process produces a carbon structure with open pores, a larger carbon surface area
and a higher adsorption capacity [12]. Activated carbon has been widely used as an electrode
material because it is considered to have a high specific surface area so that its pore structure
can also be utilized, especially to facilitate the formation of an electric double layer on the
electrode surface, chemical resistance, good electrical conductivity and affordable price [13].
Coconut shell is the best material that can be made into activated carbon because activated
carbon made from coconut shell has many micropores, low ash content, high water solubility
and high reactivity [14].

Measurement of electrical properties is one way to determine the characteristics of a physically
conductive polymer material. One of the electrical properties that can be measured from a
conductive polymer material is the electrical conductivity and activation energy, where it can be
seen that the rate of stability of charge carriers in a material will accelerate with changes in
temperature, this can be shown by the smaller the value of the activation energy. Electrical
conductivity is the ability of a material to conduct electric current as indicated by the measured
value [15]. So in this research, electrical conductivity and activation energy were measured on
conductive polymer materials from a mixture of nylon and activated carbon. This research is
expected to provide information regarding the addition of the right mass fraction of activated
carbon into the nylon polymer matrix to obtain the best conductive polymer material measured
by the electrical properties.

Theoretical Background

Electrical conductivity is a measure of the ability of a material to conduct electric current. If there
is an electric potential difference at the ends of the conductor, the charges will move to produce
an electric current. The value of electrical conductivity is also strongly influenced by the
moisture content, density and structure of the material. Synthetic and natural materials can be
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classified into three, namely, conductors, semiconductors, and insulators. The value of the
electrical conductivity of the three materials is different [16].

Electrical conductivity (o) is inversely proportional to the value of resistivity (o). The value of the
electrical conductivity of a material depends on the properties of the material. The equation to

calculate the electrical conductivity is [17] :
1 L

Where o is the electrical conductivity (S/cm), p is the electrical resistivity (Q.cm), R is the
resistance of the conductive polymer material (Q), L is the thickness of the conductive polymer
material (cm), A is the cross-sectional area of the conductive polymer material (cm?).

The activation energy (Ea) is the energy required to reach the transition state of the complex
supplied from outside the system [18]. Activation energy can be used as a reference to
determine the minimum amount of energy required to activate a reaction as a result of the
meeting of molecules in a collision or vibration [19]. The activation energy is influenced by
several factors, namely temperature, frequency and catalyst.

The relationship between electrical conductivity and activation energy is expressed by the
following Arrhennius equation:

0 = 0g exp (— ,ii;) 2)

where is g, the initial electrical conductivity, Ea is the activation energy (eV), k; is the Boltzman
constant (8.62 x 10™ eV/K), and T is the absolute temperature (K) [7].

Materials and Methods

a.) Synthesis of Activated Carbon

The coconut shell is cleaned and washed with water, then allowed to dry in the sun. The clean
and dry coconut shell is then burned until it becomes charcoal. The charcoal of coconut shell is
mashed using a mortar until it becomes powder and sieved using a 200-mesh sieve. The
activation process is carried out by soaking coconut shell charcoal into a 5N H,SO, solution for
12 hours to become activated carbon [20]. Then the activated carbon is filtered which has been
coated with filter paper. The activated carbon was then washed with distilled water until the pH
was neutral. Then the activated carbon was dried in an oven at 110 °C for 3 hours. The
activated carbon from coconut shell is cooled at room temperature to be ready for use.

b.) Synthesis of Conductive Polymer Materials

The conductive polymer material process is made using the casting solution method. The
polymer was made by mixing nylon with activated carbon into 20 ml of 25% (v/v) HCIl and 2 ml
of acetone. The variation of mass variation of activated carbon as much as 1%; 2%; 3%, 4%;
5%; 6%; 7%; 8%; 9%; 10%. Then a mixture of nylon and activated carbon was stirred using a
magnetic stirrer at a speed of 350 rpm for £ 1 hour. The solution is printed on a glass plate then
immersed in distilled water until it forms a solid. The polymer that has been formed is dried for +
12 hours.
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c.) The Electrical measurement of Conductive Polymer Material

In this research, the measurement of the electrical conductivity and activation energy of
conductive polymer material use the parallel plate capacitor plate method. Parallel plate
capacitor is made of PCB plates with a size of 3.1 x 3.1 cm. The electrical conductivity
measurements are made by setting up a function generator at a frequency of 1 kHz and a digital
multimeter is connected to the circuit. The measured voltage value on a digital multimeter is
then recorded for each sample tested. Meanwhile, the activation energy of the conductive
polymer material is obtained from the measurement of the electrical conductivity at various
temperatures. The temperature variations used ranged from 25 °C — 100 °C.

Results and Discussion

Activated carbon is one of the conductive materials that can increase the electrical conductivity.
In this study, activated carbon produced from coconut shells has an electrical conductivity value
of 2.36x10°® + 5.39x10*° S/cm. The value of the electrical conductivity of coconut shell activated
carbon resulting from this study lies in the area of the electrical conductivity value of the
semiconductor material, which is at a value of 10® S/cm to 10% S/cm [21], so that coconut shell
activated carbon has the potential to be used as conductive material.

In this study, the mass fraction of activated carbon was added to the nylon polymer to obtain the
best conductive polymer based on electrical measurements. The synthesis of conductive
polymer material in this study uses the casting solution method. The casting solution process is
carried out by printing the polymer solution into the desired sheet and put in a fluid medium to
remove solvent and precipitate the polymer [22].

Electrical conductivity is a measure of the ability of a material to conduct electrical current [17].
The result of the electrical conductivity of conductive polymer materials are shown in Table 1.
The measurement results show that the addition of the mass fraction of activated carbon into
the nylon polymer increases the value of the electrical conductivity of the conductive polymer
material. The greater the value of electrical conductivity indicates that the material is better at
conducting electricity [15]. Based on the research, it was found that nylon polymer without the
addition of coconut shell activated carbon mass fraction (0 wt%) had an electrical conductivity
value of 5.62x10° + 1.89x10™° S/cm. From the previous research obtained the results of the
electrical conductivity of pure nylon of 2.7x10°° S/cm [7] and (0.66 + 0.04) x 10 S/cm [23]. The
different results of the electrical conductivity values obtained may be due to the use of nylon raw
materials and the polymer fabrication method used. However, the results obtained from
measuring the electrical conductivity of nylon polymers are not much different from previous
studies.

Addition of mass fraction of activated carbon to nylon polymer increases the value of electrical
conductivity one order compared to pure nylon polymer (without the addition of activated
carbon). The electrical conductivity of the conductive polymer material obtained in this study
ranged from 9.77x10° + 3.98x10° S/cm to 2.28x10® + 4.01x10™° S/cm. Based on Table 1, the
addition of the mass fraction of activated carbon in this study increased from the addition of the
mass fraction of the conductive polymer sample B (1 wt%) to the conductive polymer sample |
(8 wt%), respectively 1.28x10® + 3.66x10™'° S/cm, 1.31x10° + 7.01x10™"° S/cm, 1.63x10% +
6.97x10"° S/cm, 1.71x10® + 4.54x10™ S/cm, 1.94x10° + 1.73x10™"° S/cm, 2.34x10° + 1.69x
10 S/ecm, 2.51x10®° + 2.87x10° S/cm. Meanwhile, the value of electrical conductivity

74



Computational and Experimental Research
in Materials and Renewable Energy (CERIMRE) Submitted : Agustus 15, 2021
Volume 4, Issue 2, page 71-79 Accepted : October 2, 2021
elSSN : 2747-173X Online : November 24, 2021
DOI : 10.19184/cerimre.v4i2.28371

decreased with the addition of mass fractions 9 wt% (sample J) and 10 wt% (sample K), which
was 2.36x10°® + 3.47x10™° S/cm and 2, 28x10° + 4.01x10™*° S/cm.

Table 1. The electrical conductivity of conductive polymer materials at 25 °C

Conductive Polymer Activated Carbon Electrical Conductivity
Sample Concentration (wt%) 6= o0 + Ao (S/lcm)

A 0 5.62x107 + 1.89x10"°

1 9.77x107 + 3.98x10™"

C 2 1.28x10° + 3.66x10™°

D 3 1.31x10° + 7.01x10™

E 4 1.63x10° + 6.97x10™"°

F 5 1.71x10° + 4.54x10™°

G 6 1.94x10° + 1.73x10™"°

H 7 2.34x10®% + 1.69x10°

I 8 2.51x10®% + 2.87x10°

J 9 2.36x10° + 3.47x10™"°

K 10 2.28x10°%+ 4.01x10™"°

The addition of carbon to the nylon polymer improves the structural arrangement of the polymer
bonds and facilitates the delocalization of charge carriers resulting in an increase in the
electrical conductivity [1]. The greater the value of the electrical conductivity of the conductive
polymer material, the better the characteristics of the polymer in conducting electric charges.
From the results of this study, it was obtained that the largest electrical conductivity was
obtained from the addition of the mass fraction of activated carbon as much as 8 wt% (sample

).

-16.30

Equation y=a+bx

Plot Ino
n Weight No Weighting
| | Intercept -15,9331 + 0,01834
Slope -147 60728 £ 6,11071
Residual Sum of Squares 3,58079E-4

Pearson's r -0,98821
-16.35 4 R-Sauare (COD) 0,97651

Adj. R-Square 0,97489

Ino

-16.40

-16.45 T T T T
0.0026 0.0028 0.0030 0.0032 0.0034

T (1K)

Figure 1. Slope of In o to 1/T from conductive polymer material with addition of of mass fraction
of activated carbon 8 wt% (Sample I)

The activation energy of the conductive polymer material has obtained from the slope of the
graph of the relationship In o to 1/T in the measurement temperature range of 298K — 373K.
Figure 1 is a graph of the relationship In o to 1/T with a temperature range of 298K — 373K on
the conductive polymer of sample I. Activation energy can be used as a parameter to determine
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the minimum amount of energy used to activate a reaction as a result of the meeting of
molecules in a vibration or collision while the number of collision frequencies between
molecules during the reaction can be indicated by the presence of a frequency factor constant,
which in this study shows the value of the initial electrical conductivity (oy) [24]. The value of the
initial electrical conductivity (op) in this study was obtained from the graph intercept of the
relationship In o to 1/T. The values of the activation energy in this study are shown in Table 2.

Table 2. The activation energy and the Arrhennius equation for conductive polymer materials

Conductive Activated Carbon . . .
. Arhennius Eqution of Electrical
0,
Polymer Sample Concentration (wt%) Ea (eV) Conductivity (S/cm)

A 0 0.0189 o =1.51x10" exp(-0.0353/k,T)
B 1 0.0162 o =1.42x10" exp(-0.0162/k,T)
C 2 0.0150 o =1.34x10" exp(-0.0150/k,T)
D 3 0.0144 o =1.34x10" exp(-0.0144/k,T)
E 4 0.0142 o =1.32x10" exp(-0.0147/k,T)
F 5 0.0135 o =1.30x10" exp(-0.0135/k,T)
G 6 0.0130 o =1.26x10" exp(-0.0130/k,T)
H 7 0.0129 o =1.28x10" exp(-0.0133/k,T)
| 8 0.0127 o =1.20x10" exp(-0.0170/k,T)
J 9 0.0145 o =1.23x10" exp(-0.0163/k,T)
K 10 0.0150 o =1.33x10" exp(-0.0163/k,T)
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Figure 2. The activation energy of the conductive polymer materials

The parameter that has the lowest activation energy is the key [19]. From this study, the lowest
activation energy value indicates the best conductive polymer materials. The value of activation
energy (Ea) can be used to see the characteristics of the charge stability rate mechanism that
passes through a conductive polymer material under the influence of temperature. The greater
the activation energy means the rate of charge stability that passes through the conductive
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polymer material will be slower with changes in temperature (indicated by the steeper slope of
the line). On the other hand, the lower the activation energy, the rate of charge stability passing
through the conductive polymer material will be faster with changes in temperature (shown by a
gentler slope) [25].

Based on the Figure 2, it can be seen that the addition of mass fraction of activated carbon to
nylon polymer causes a decrease in activation energy compared to nylon polymer without the
addition of 0 wt% activated carbon (sample A). The activation energy decreased starting from
the addition of the mass fraction of activated carbon, 1 wt% (sample B), 2 wt% (sample C), 3
wt% (sample D), 5 wt% (sample F), 6 wt% (sample G), 7 wt% (sample H) and 8 wt% (sample I),
respectively, and increased with the addition of mass fractions of 9 wt% (sample J) and 10 wt%
(sample K). The increase in activation energy value with the addition of 9 wt% and 10 wt%
activated carbon mass fractions may be due to the uneven dispersion of the mixture between
nylon polymer and activated carbon. Since good dispersion is essential for forming conductive
pathways in conductive polymeric materials, increasing the concentration of activated carbon
causes the mixture to become less homogeneous. The addition of more carbon into the nylon
matrix reduces the transportability of the polymer chains during the crystallization process and
thus increases the activation energy [7].

The activation energy values obtained in this study ranged from 0.0189 eV to 0.0150 eV. The
highest activation energy was found in the polymer without the addition of activated carbon
(sample A), which was 0.1103 eV. Meanwhile, the lowest activation energy was found in the
conductive polymer with the addition of 8 wt% activated carbon (sample 1), which was 0.0127
eV. The activation energy of the conductive polymer can vary depending on the type of polymer,
polymer characteristics (hydrophobicity), and thickness. In this study, the thickness of the
conductive polymer material ranged from 0.25 mm to 0.28 mm

Conclusions

The charge carrier stability rate mechanism through the conductive polymer material shows the
best results based on the highest electrical conductivity value and the lowest activation energy.
In this study, the value of electrical conductivity was obtained when the mass fraction of
activated carbon was added as much as 8 wt% (sample I), with a value of (2.51x10® + 1.69x10"
19 sS/cm. Meanwhile, the lowest activation energy was also obtained by adding the mass
fraction of activated carbon as much as 8 wt% (sample I) with a value of 0.0127 eV.
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