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Abstract: Geopolymers are inorganic polymers, composed of aluminosilicates activated with an alkaline solution. This
method gives the material three-dimensional networks that are capable of carrying out ion exchange, as well as
facilitating the transfer of electric charge through the matrix, when a conductive charge is added. In this sense,
geopolymers loaded with carbon black in concentrations of 5, 10, 15 and 20% by weight were produced and the
electrical conductivity capacity was verified. The geopolymers were subjected to X-ray Diffraction and resistivity
analyzes. The results showed that the geopolymers loaded with carbon black showed a decrease in resistivity due to
the concentration of carbon black in the geopolymeric matrix, indicating that with increasing load, less resistive and
more conductive. In addition, all analyzes were performed in triplicates, and the calculations of the mean, standard
deviation and confidence limit, indicated that in all syntheses the geopolymers remained with the same efficiency.
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BJEDIS Scope: This article presents statistical results by ANOVA and Tukey's method, thus verifying the veracity of the results
obtained, as well as the significant differences in the analytical data. This is a fundamental step in chemical analysis.
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1. INTRODUCTION

Electrical conductivity is defined as an intrinsic property of materials presenting the ease that free electron flow has
to travel within the molecular structure of the material, also defined as conductance specifies conductivity is a
quantity that measures the material's ability to carry electrical current in a material. general form is considered as
the ratio between the density and the strength of the electric field.

Electrical resistivity is also a property of materials however it is inversely proportional to conductivity the more
resistive the material is, the lower its conductivity in relation to the flow of electrical current. The materials can be
classified as semiconductor and conductive insulators with order of scale ranging from 10 -12 (Q.cm'), 106 a 10*
(Q.cm™) e 10° (Q.cm™) respectively. In addition, conductivity is highly influenced by high temperatures, metals that
are considered excellent conductors at high temperatures increase their resistivity and consequently decrease their
conductivity, in materials considered insulating, the opposite occurs, their resistivity decreases and the material has
a conductive behavior (1, 2).

The verification of electrical conductivity is of fundamental importance through it we can check and the best
conductive materials to be applied in the daily use of electrical energy. Although metals are excellent conductors,
many are composed of metal alloys of different elements, impairing conductivity unlike pure metals such as silver
(Ag) and gold (Au) and copper (Cu), which is why it is more viable and commonly applied to pure copper as an
electrical conductor. Conductive polymers, also known as intrinsically conductive or semiconductor polymers, are
organic composites that have electrical and magnetic properties synthesized from a conductive charge added to an
insulating polymer matrix and have as their main advantage their processability through dispersion (2).
Geopolymers are inorganic polymers of mineral origin, composed of aluminosilicates activated with an alkaline
solution. This method gives the material three-dimensional networks and properties similar to those of Portland
cement. Many research seek to incorporate these characteristics of geopolymers to cement in a way that improves
its quality by producing new lines of alternative cement, more ecologically efficient through routes that involve less
cost. energy and pollution to the environment (3, 4).

The polymeric matrix used in this work is formed by an inorganic geopolymer with properties similar to cement,
among them its high resistivity, being characterized as an insulating material for its electrical applicability, it was
necessary to modify the geopolymer structure by adding conductive magnetic charges. copper and aluminum for
being excellent conductors, however due to the high density of copper and the high oxidation of aluminum, it
hindered the synthesis of the compound. That is why | was used in this work nano carbon black particles acting as
a conductive additive because it is a material of diverse industrial application mainly in the paint and rubber industry
and is abundant in carbon which allows its four electrons in the valence layer to pose link their atoms together to
form compounds of totally different structures and properties (5).

The electrical conductivity of carbon black is high according to its structure, surface area and composition before
functional groups (5, 6). Thus, its electrical conductivity will be greater according to the increase in the number of
concentration and interaction between its particles in the polymeric matrix, allowing a path that performs the
transport of the electric current in the medium should be as low as possible in a way that preserves the
characteristics and properties of the polymeric matrix and can adjust it for the intended application.

The biggest challenge in this work is to find a route that allows the synthesis of the material by dispersing and
distributing the charge, in the polymeric material allowing the conduction of the electric current and reducing the
charge concentration. This work aims to evaluate the carbon black ability to decrease the resistivity of composites
produced from geopolymeric matrices. In addition, verify the crystalline composition using the X-Ray Diffraction
technique.
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2. METHODOLOGY
2.1. Production of conductive composites

To produce the composites, Printex conductive carbon black, sodium silicate P.A, sodium hydroxide P.A and
metakaolin were used. Production followed in two stages:

The first step consisted of weighing with the aid of a 150 mL beaker and an analytical balance, 2.6 g of sodium
hydroxide, 6.15 g of sodium silicate. Then, 13 ml of deionized water were collected and added in a 100 ml beaker,
the sodium silicate and sodium hydroxide were then inserted into the water and stirred at 300 rpm, until total
solubilization. After 4.5 g of metakaolin was added to the alkaline solution and carbon black (CB), in concentrations
of 5%, 10%, 15% and 20% by weight, the agitation lasted for 5 minutes until the total homogenization of the carbon
black to the geopolymer.

The second step consisted of molding the material, using a 7.5 cm polyethylene tube, after which the material was
placed to cure at room temperature (35 °C) for 2 days. All syntheses were performed in triplicate to verify the
similar behavior in all samples in the analyzes that were subsequently submitted.

Figure 1. lllustration of the mold in a polyethylene tube (a) and samples molded in triplicates (b)
2.2. Characterizations
2.2.1. X-Ray Diffraction

X-ray diffraction tests (XRD) were performed on a Rigaku X-ray diffractometer, model Miniflex. The method used
was FT, in an angular step of 0.05°, in the range of 26 between 10 ° to 80 °, with acquisition time in each point of
1.0s.

2.2.2. Resistivity test (Q)

Measurements were obtained with a homemade sample holder coupled to a Keithley 6517-B electrometer. The
average diameter of the sample holder was 0.1350.03 mm. The total sampling time and electrification time were
equal to 120 s. The tests were performed in triplicates.

Metal plates

Electrom Erl—-
KEITHLEY I= Sample

Figure 2. lllustration of the resistivity measurement method.
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2.2.3. Resistivity
Resistivity was measured using the formula already described in the literature (11).
(R=m=r)t
e (1)

=

Where:

p = resistivity (Q.cm™)
R= resistance (Q)
r=radius (cm)

e= sample thickness (cm)

2.2.4. Statistical Analysis

The average values of the variables obtained in the treatments were compared using Tukey’s test at 5% probability
using the SigmaPlot 12.5 program (7, 8).

3. RESULTS AND DISCUSSION

The geopolymers were characterized by the X-Ray Diffraction technique in order to investigate the crystalline
property of the material and the presence of the magnetic particle. The results obtained showed that, the peaks of
the main components of the geopolymer formation were identified, being these, sodalite (Nas (AlSiO4) 6 (NO2) 2) at
angles 37 ° and quartz (SiOz2) at angle 40 °. It was also possible to identify the characteristic peak of carbon black
at 43 ° (9-11). These results show that the formation of the geopolymer and the production of the composites were
carried out. In addition, it was possible to investigate that, as the carbon black is increased in the matrix, the
crystallinity of the composites increases.
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Figure 3. Diffractogram of composites (a) 20% carbon black, (b) 15% carbon black, (c) 10% carbon black, (d) 5%
carbon black, (e) geopolymer and (d) carbon black.

The geopolymer presents a linear decrease of the electric resistance versus time due to its polarizable nature under
a constant electric field.
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Carbon black (CB) presents the opposite behavior, already reported in the literature (12). This behavior is due to
overcoming the carbon black resistive surface barrier, composed of oxygen-rich-species and adsorbed oxygen.
With the increase of the electrification time, the CB surface's polarization drives the electric current into the
particles, composed almost exclusively of carbon, increasing the observed electric conduction. Besides that, there
is evidence of a percolative phenomenon. After 5% of the conducting filler, the CB increase inside the matrix
produces an electrical behavior similar to that presented by the pure carbon black (Figure 4 (a)). Also, the drop of
the resistance over time assumes a linearly progressive aspect, indicating that the matrix's alkaline nature favors
the CB surface's polarization, making the intraparticle charge transportation easier. Finally, the slope values drop
can be modeled by exponential decay, as shown in Figure 4 (b). The value of the calculated e-folding can be
considered as tending to zero. Thus, the experimental evidence shows that the matrix can modify the physical
nature of the filler. Besides, small amounts of CB inside the geopolymeric matrix produce drastic changes in the
composite material's electrical nature.
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Figure 4. Figure 4 (a): Resistivity of (a) geopolymer, (b) composite with 5% CB, (c) composite with 10% CB, (d)
composite with 15% CB, (e) composite with 20% CB and (f) CB. Figure 4 (b): Angular coefficient of geopolymer and
composites.

Figure 6. lllustration of conductivity test of the material using an electric current.
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Table 1. Average values as a function of different treatments of the geopolymer, carbon black and composites with
5%, 10% ,15% and 20%. Means followed by the same lowercase letter do not differ statistically from each other by
the Tukey test at 5% probability.

Materials p (Q.cm”)
Average
Geopolymer 2,14x10%2+ 1,79x1062
CB 1,19x105+ 6,62x102b
5% 2,10x101+ 2,63x105¢
10% 3,12x108+ 6,66x1034
15% 1,88x107+ 8,85x10%¢
20% 3,99x108+ 2,72x10?f

Means followed by the same lowercase letter in the column do not differ statistically from each other by the Tukey’s
test at 5% probability.

4. CONCLUSION

Through the characterization of the DRX and the resistivity tests applied in these composites, the conductive
capacity of the geopolymer loaded with carbon black particles was proven, being characterized as a semiconductor
material of simple preparation and low cost that increases its electrical conductivity according to the quantity and
charge inserted in the polymeric matrix due to the presence of free ions in the structure. In addition, through a
simple test using an electric current system with a battery, the material proved to be efficient when lighting a led
lamp, and the statistical results showed that the carbon black had a significant difference in geopolymeric matrix,
decreasing the resistivity of composites. This result is very encouraging for future studies and application for new
alternative drivers.
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