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ABSTRACT

Despite the increasing use of plaster as a construction material, due to its numerous advantages when compared
to cement, its use is still restricted, because of its low mechanical resistance and high solubility in water. In this
context, research has been carried out related to the addition of nanomaterials to improve the mechanical and
physical properties of plaster in civil construction. A highly available, low-cost nanomaterial with excellent
properties is nanotalc. In this work, nanocomposites with dimensions of 40 x 40 x 160 mm were produced with
ultrafine micronized nanotalc replacing plaster in proportions of 0%; 0.5%; 1%; 1.5% and 2%. The physical
and mechanical properties of the nanocomposites were evaluated according to standards. The nanocomposites
produced with 1% nanotalc showed satisfactory results for physical and mechanical properties, with an increase
of 1.8% in apparent density and 24.12% in compressive strength, and a decrease in water absorption of 6.23%,
compared to the composite without the incorporation of nanotalc. The production of nanocomposites with the
incorporation of 1% nanotalc is viable and shown to be promising, presenting potential for application as linings
and internal partitions, since they showed low water absorption due to the hydrophobicity of nanotalc.
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1. INTRODUCTION

Plaster is a civil construction material, widely used in interior construction and decoration systems [1], being
considered an ecologically correct material, as it does not emit carbon dioxide in its production process. It
has excellent thermal and acoustic properties, absence of drying shrinkage, fire strength, fast hardening and
excellent surface finish when compared to cement [2]. However, plaster has low water strength, since it has
reduced mechanical strength, especially under conditions of higher humidity, being widely used indoors [3].

Due to the limitations present in plaster matrices, it is necessary to incorporate reinforcements to improve
the physical and mechanical properties, expanding their use and application [3]. To overcome this challenge,
researchers are developing, designing and creating so-called nanocomposites, which consist of the use of rein-
forcements with reduced dimensions on a nanometric scale. These materials present improvements in physical
and mechanical properties, being considered promising for construction in terms of compressive strength, den-
sity, porosity and new applications [4].

In this context [5], studied the effect of carbon nanomodifier (HFNCM) on the structure and properties
of plaster stone, where they obtained improvements in water strength. The research by LI et al. [6] evaluated
the influence of nanosilica on flue gas desulfurization (FGD) plaster and observed a decrease in the water
absorption rate and an increase in compressive strength. GORDINA et al. [7], TOKAREYV et al. [8] and
DEREVIANKO et al. [9] evaluated plaster modifications using carbon nanotubes. In addition, works using
nanocellulose are also growing, such as the study by NINDIYASARI et al. [10] who evaluated the mechanical
impacts suffered with the addition of 1 and 2% of nanofibrillated cellulose.

Nanotechnology allows the creation of materials with new properties and functionalities. Talc is a min-
eral with low density, with Mohs hardness on the 1 scale [11] and due to its lamellar geometry (basal faces rep-
resent 90% of the total surface) it has a characteristic hydrophobic profile [12]. Adding a hydrophobic material,
such as talc, to plaster has several benefits, such as improving water resistance, which is especially useful in
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applications where the plaster may come into contact with moisture. Reduce water absorption, where the hydro-
phobic material helps prevent plaster degradation and extend its useful life. Improve the mechanical properties
of plaster, making it more resistant and durable. Therefore, adding hydrophobic material to plaster is a way to
improve its physical and chemical properties, making it more suitable for certain applications, especially those
where water resistance is important.

Among the technical specifications for using talc, particle size is one of the most important to be con-
trolled [13]. This is because particle size has a direct influence on the properties of the material. The plastics
industry, for example, uses talc with a particle size of 1 to 20 um, with a tendency to use it in increasingly smaller
particle size ranges [14]. The interest in reducing particle size is due to the fact that this characteristic is inversely
proportional to their contact surface, that is, the decrease in particle size causes an increase in the interaction of
particles with the matrix in which they are inserted, improving the physical properties mechanics of the material.

To obtain ultrafine particles from materials that have crystalline and brittle characteristics such as talc,
micronization is normally used, which is the reduction of particle size by grinding, which can be classified as
fine grinding, when the particle size is less than 100 and greater than 10 um, and ultrafine, less than 10 um [15].
Micro, or nanometer, scale talc (nanotalc) is widely used in polymers, mainly due to its low cost [11, 16] gains
in mechanical properties have been reported [16]. However, no research was found regarding the insertion of
nanotalc in plaster matrix.

Nanotalc is considered a highly available, inexpensive nanomaterial with desirable properties for certain
applications. Given the context presented, this study incorporated the concentrations of 0.5%, 1%, 1.5% and
2% of nanotalc in the plaster matrix, evaluating the effect on the physical and mechanical properties. The use of
nanotalc aims to improve water strength and increase the mechanical strength of plaster, to expand its use as a
building material.

2. MATERIALS AND METHODS

2.1. Obtaining and characterizing

For the production of nanocomposites, fine commercial plaster for casting with an apparent specific mass of
781 kg/m? and a fineness modulus of 0.85, coming from the Araripe (PE) plaster hub, was used as a matrix. For
reinforcement, ultrafine micronized nanotalc was incorporated, with a lamellar structure, white and asbestos-free,
supplied by the company Xilolite, located in the city of Brumado (BA). Table 1 shows the chemical and physical
information of nanotalc according to the product’s technical sheet provided by the company Xilolite.

Table 1: Chemical and physical analysis of nanotalc.

CHEMICAL ANALYSIS TYPICAL VALUES
SiO, (%) 57.50
MgO (%) 34.60
CaO (%) 0.48
ALO, (%) 0.50
Fe, O, (%) 0.40
Fire loss (1000°C) 6.50
Acid soluble (HCI) 1.50
pH (solution 10%) 8,5
PHYSICAL CHARACTERISTICS TYPICAL VALUES
Moisture (%) 0.5
Actual density (g/cm?) 2.7
Hardness (Mohs) 1

To analyze the chemical composition of nanotalc, analytical results were used, where solvents are used
for their extraction and determination. Therefore, the amounts found of the chemical elements presented are
soluble in the extraction solution and do not represent the total amount.

2.2. Production of nanocomposites

The nanocomposites were produced varying the percentage of incorporated reinforcement, totaling five different
compositions (Table 2). For the study, six specimens were made for each treatment.
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Table 2: Different compositions of the produced nanocomposites (m/m).

TREATMENT COMPOSITIONS
PLASTER (%) NANOTALC (%)
0% 100 0.0
0.5% 99.50 0.5
1% 99.00 1.0
1.5% 98.50 1.5
2% 98.00 2.0

The research used concentrations of 0%; 0.5%, 1%, 1.5% and 2% of nanotalc in relation to the plaster
mass. The nanocomposite production process followed the scheme shown in Figure 1.
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Figure 1: Representative scheme of the production of nanocomposite test specimens.

The specimens were produced using metallic molds with internal dimensions of 40 x 40 x 160 mm,
according to the specifications of EN 13279-2 [17]. The nanotalc was initially placed in a beaker with water
and stirred for a period of 24 h to exfoliate its cleavage layers. The ratio water/plaster used for the production of
nanocomposites was 0.6, which is the ratio that guarantees good workability of the plaster paste [7, 18].

After a period of 24 h, the specimens were demoulded and stored in a dry, ventilated and weather-free
place. During the seven-day period, they were reoriented daily to ensure uniform healing. At 28 days, the
physical-mechanical tests were performed.

2.3. Evaluation of physical and mechanical properties

To determine the specific mass, the NM 23 [19] and EN 520 [20] standards were used for water absorption by
immersion after 2 h. For the mechanical tests, flexion and compression tests were carried out in a universal
testing machine in accordance with the BALTI et al. [21]. For the 3-point bending test, the specimens had
dimensions of 40 x 40 x 160 mm, the distance between the machine supports was 100 mm. As for the com-
pression test, the dimensions of the specimens were 40 x 40 x 40 mm.

2.4. Microstructural evaluation (SEM) with energy dispersive X-ray spectroscopy (EDS)

Scanning electron microscopy (SEM) was performed to characterize the rupture surface of the specimens, after
the mechanical flexion test, in the fracture region, with the objective of verifying the interaction between the
plaster matrix and the nanoreinforcement, observing whether the voids in the matrix were filled by nanotalcs.
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The size of the specimens was adjusted to 1 x 1 x 1 cm (length x width x thickness) for each sample, and
dried in an oven at 70°C for a period of 10 hours. Subsequently, they were kept in containers containing silica
gel to maintain humidity. Then, the specimens were positioned on aluminum sample holders (stubs) and covered
with carbon, using the Bal-tec carbon evaporator equipment. This was used for scanning electron microscope
(SEM) FEG-UHR Clara Tescan with X-ray detector X-Flash6-60 Bruker (SEM/EDS) was properly calibrated
for the element analysis condition.

Observation in SEM with EDS analysis was performed with magnification of 200,000x for relative quan-
tification of the elements, obtaining the energy spectra of the elements, studying the distribution of elements
(function mapping) for each sample, keeping the working distance (WD) close to 9 mm, Kcps value greater than
30 units, voltage at 20 KeV, Bean Current around 1 nA. Images were taken using a secondary electron detector
being emitted at magnifications of 2000, 20,000 and 200,000x.

2.5. Analysis of results

The results of the physical and mechanical analyzes were evaluated using a completely randomized design and
submitted to analysis of variance and regression at 5% of significance, with the aid of the Sisvar software.

3. RESULTS AND DISCUSSIONS

3.1. Physical properties of nanocomposites

The average values of the apparent density of the nanocomposites with the addition of nanotalc are shown in
Figure 2. It can be seen that the adjustment was significant, and according to the straight line equation, the max-
imum point of the apparent density was with a percentage of 0.7% of nanotalc, with an increase of 1.8% when
compared to the control treatment.

It is possible to observe in Figure 2 a slight trend towards an increase in density with up to 1% of nanotalc
insertion, followed by a decrease when adding 1.5 and 2% of nanotalc. The low density, however, provides light-
ness to the material, due to the increase in empty spaces in the developed formulations [22]. The lightness of the
materials is an interesting property for the civil construction segment, as lighter materials reduce effort requests
[23] and accelerate construction schedules [24]. In view of the literature, one can see the great interest behind
the development of low-density materials with the use of bio-based fibers and the addition of nanomaterials.

The values obtained in this research are close to those reported in the literature [25], when adding
TiO, nanoparticles (0.5; 1; 1.5 and 2%) to plaster, obtained an average density with values between 1051 and
1098 kg/m?® [26] when adding particles of residue from the cocoa agroindustry (2.5; 5; 7.5; 10%) to plaster-based
composites, obtained an average density with values between 1138 to 1190 kg/m?.

The average values of water absorption of the nanocomposites with the addition of nanotalc are shown
in Figure 3. It can be noted that there was a slight decrease in water absorption, followed by a slight increase.
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Figure 2: Apparent density of the produced nanocomposites.
* Significant regression analysis at the 5% level.
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Figure 3: Water absorption of the produced nanocomposites.
* Significant regression analysis at the 5% level.

The adjustment was significant, and the minimum point of the characteristic curve was with 1% of nanotalc
incorporation, having a decrease of 5.86% in water absorption when compared to the control treatment.

With the insertion of up to 1% of the nanomaterial, there was a decrease in water absorption, this behavior
may have occurred due to the filling of empty spaces and consequent increase in apparent density. The increase
in porosity is often reported in the literature when it comes to plaster-based composites and nanocomposites, and
the main reason given is the formation of voids at the matrix-reinforcement interfaces [27-29].

According to the literature, the values obtained in this research are close to those reported [30] studied
the plaster matrix reinforced with cellulosic pulp and jute blanket, finding average values of water absorption
between 34.08% and 42.05% [23] when replacing plaster with cotton residues (0, 25, 50, 75 and 100%) obtained
average values between 30% and 40%, the authors attributed the increase in water absorption due to the increased
porosity of the composites, since the fiber volume was high and the plaster was unable to coat them efficiently
and sufficiently, causing fragility of the interfacial connection.

PERVYSHIN et al. [18], by incorporating metallurgical powder residue into the plaster matrix, obtained
an improvement in water strength, since this material during plaster hydration favored the formation of an
amorphous phase of aluminum and calcium hydrosilicates, which protected the plaster crystals from dissolution.

Among the factors that impair the matrix-reinforcement interaction and cause incompatibility between
the phases, the chemical properties of the materials used as reinforcement, the hydration and crystallization
process of the plaster, the size and shape of the particles or fibers, dispersion, among others, can be mentioned
[8—10, 26, 31]. Thus, the fact that nanotalc is hydrophobic, higher percentages may have caused problems with
the distribution of particles in the matrix in the production process of the test specimens, making them less
homogeneous. In aqueous environment, nanotalc platelets do not readily disperse with a stability element [32].

3.2. Mechanical properties of nanocomposites

The result obtained in the static flexion test (Figure 4) shows that, according to the statistical adjustment, there
was no significant change in flexural strength as the incorporation of nanotalc increased. The literature demon-
strates a variety of responses to mechanical tests in composites and nanocomposites using the plaster matrix,
due to the types of reinforcements inserted their dispersion in the matrices, the amount of reinforcement used,
among other factors.

Treatment without the addition of nanomaterials (reference) showed mean flexural strength values of
4.45 MPa, close to those found by NINDIYASARI ef al. [10], IMENEZ RIVERO et al. [33] and SERNA
et al. [34], who found 5.65; 5.11 and 5.45 MPa, respectively. LONG et al. [35] studied the incorporation of talc
in polyethylene (2,5-furanedicarboxylate) (PEF), talc dramatically reinforced the mechanical properties of the
composites at a low load of 1.0% by weight of talc, leading to average increases in flexural strength of 49%,
this increase was due to the good interfacial interaction originated from the hydrogen bonds between the filler
and the PEF matrix.
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Figure 4: Flexural rupture modulus of the produced nanocomposites.
* Significant regression analysis at the 5% level.
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Figure 5: Compressive strength of the produced nanocomposites.
* Significant regression analysis at the 5% level.

In the compression test (Figure 5), the results showed improvement in strength up to a certain percentage
of insertion of the nanomaterial, followed by a decrease. According to the statistical adjustment, which was
significant, with an insertion of 1% nanotalc there was an increase of 24.12% in the compressive strength when
compared to the control.

DEREVIANKO et al. [9], in their work with carbon nanotubes in the plaster matrix, observed the same
trend found in this work for the compression and flexural strength, in which, up to a certain level of insertion of
the nanoreinforcement, the strengths gradually increased, and then, increasing the content even more, these were
reduced. NINDIYASARI ef al. [10] observed an increase in the compressive strength of the plaster matrix of
18.37% when 1% of cellulose nanofibrils (CNFs) were added compared to the treatment without incorporation
of the nanomaterial, the authors attributed this increase in strength to the fact that the CNFs filled the pores of
the nanocomposites.

The porosity, the microcracks present in the composite, the shape and size of the particles, which can
cause heterogeneity and segregation in areas of the composite, and the weak reinforcement/matrix interaction
are the main influences on the mechanical properties [28, 36-39]. In the case of the present work, with the inclu-
sion of nanotalc, it can be inferred that there was a change in the physical and mechanical properties, mainly in
relation to the compressive strength, which increased more expressively.
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3.3. Microstructural evaluation and energy dispersive X-ray spectroscopy (EDS)

In Figure 6A, it is possible to observe elongated, prismatic, needle-shaped plaster crystals and a more organized
arrangement than in the other treatments. In the EDS analysis (Figure 6B) it is possible to confirm the presence
of constituent elements of the crystalline phases corresponding to plaster B, with calcium, oxygen and sulfur.
In Figure 6C, with the addition of 1% nanotalc, the morphology of the plaster crystals was modified, becoming
short and blocky, resulting in a change in the microstructure and presenting a denser structure. Figure 6D shows,
in addition to the constituents of plaster, the presence of silicon, aluminum, magnesium, iron and carbon, con-
stituents of nanotalc (see Table 1).

The research by PERVYSHIN et al. [18] showed that by incorporating metallurgical powder residue into
the plaster matrix, a dense solid plaster structure was formed and, consequently, the water strength properties
were improved. This fact is explained by the authors due to the poorly soluble compounds based on hydrosili-
cates of calcium, aluminum and iron that were formed. Therefore, in the present research, a reduction in water
absorption was found, since nanotalc also contains these chemical elements.

2 3
Energy [keV]

1.0 1.5 2.0 2.5 3.0 3.5
Energy [keV]

Figure 6: Scanning electron micrograph and EDS of the samples, being (a,b) without addition of nanotalc and (b,d) 1%
of nanotalc.

4. CONCLUSIONS

The insertion of nanotalc showed satisfactory results in terms of physical and mechanical properties, since the
insertion of up to 1% of the nanomaterial resulted in an increase of up to 1.8% in apparent density, an increase
of up to 24.12% in compressive strength, decreasing water absorption by up to 6.23%, without significantly
altering flexural strength.
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The inclusion of 1.5 and 2% of nanotalc in the plaster provided a reduction in the apparent density, mak-
ing the material lighter and more interesting for the civil construction segment, as lighter materials reduce the
requests for efforts.

In short, the incorporation of nanotalc up to a concentration of 1% was feasible and showed to be promis-
ing, since it filled the empty spaces of the plaster matrix, guaranteeing a greater interaction between the particles
and, consequently, improving their properties.
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