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Os mais diversos ramos do conhecimento possuem grandes dos 
desafios a serem superados, é o do saber multidisciplinar, aliando conceitos de 
diversas áreas. A curiosidade científica é o pilar de motivação que estimula as 
investigações baseadas no conhecimento existente objetivando a geração de 
novos materiais, produtos e equipamentos.

Nesse sentido, esta coleção “Engenharias: Pesquisa, desenvolvimento e 
inovação 2” traz capítulos ligados à teoria e prática em um caráter multidisciplinar, 
tendo um viés humano e técnico. Apresenta temas relacionados as áreas de 
engenharias, dando um viés onde se faz necessária a melhoria contínua em 
processos, projetos e na gestão geral no setor fabril. 

De abordagem objetiva, a obra se mostra de grande relevância para 
graduandos, alunos de pós-graduação, docentes e profissionais, apresentando 
temáticas e metodologias diversificadas, em situações reais.

Boa leitura!
 

Amanda Fernandes Pereira da Silva
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CAPÍTULO 8

 

EVALUATION OF THE WETTABILITY OF EPOXY/
GRANITE COMPOSITES THROUGH CONTACT 

ANGLE

Jorge Luiz Siqueira da Costa Neto
Universidade Federal Rural do Rio de 

Janeiro – RJ

Antonio Renato Bigansolli
Universidade Federal Rural do Rio de 

Janeiro – RJ

Sinara Borborema
Universidade do Estado do Rio de 

Janeiro - RJ

Belmira Benedita de Lima-Kühn
Universidade Federal Rural do Rio de 

Janeiro – RJ

ABSTRACT: In order to reduce the 
environmental impact caused by waste 
from the cutting of ornamental rocks and 
to provide adequate disposal thereof, has 
been proposed to use granite waste as the 
filler for epoxy composites. Considering 
the properties of composites change, the 
wettability stands out due to its importance 
in applications such as textile production, 
self-cleaning surfaces, adhesives, paints, 
contamination-free surfaces, environmental 
protection, and dentistry, in addition to other 
alternatives. In view of all the applications as 
mentioned earlier, wettability is an important 

characteristic of composite materials, and 
one way to measure it is through the contact 
angle. Therefore, its alteration modifies the 
surface interactions and consequently the 
wettability. The objective of the present study 
is to characterize the granite by Fourier-
transform infrared spectroscopy (FTIR) and 
its influence as a filler on the wettability of the 
epoxy resin. Thus, composites with different 
compositions of granite were molded. 
Then, the contact angle between the water 
and the composites was determined using 
the sessile drop technique. The infrared 
spectrum indicates the presence of quartz, 
feldspars, albite, and biotite in the granite. 
The measured contact angles indicate that 
the presence of granite in the composites 
provides a reduction in wettability compared 
to pure epoxy resin.
KEYWORDS: Epoxy/granite, contact angle, 
wettability, FTIR.

1 |  INTRODUCTION
Brazil is one of the countries 

with great global influence in the sector 
of ornamental stones. In 2019, Brazil 
exported this raw material to more than 
120 countries, with the United States, 
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China and Italy being the largest consumers. The economic gains add up to more than 
US $ 500 million and the exported quantities exceed 1.380 million tons, the states with the 
largest contributions are Espírito Santo, Minas Gerais, Ceará and Bahia [1]. However, at 
the present time Brazilian exports and imports of ornamental stones seem to have suffered 
the impacts of Covid-19 as early as the first quarter of 2020. Economic forecasts, both in 
Brazil and worldwide, point to difficult times for the sector. The recovery of pre-pandemic 
performance levels is still uncertain [1].

In order to reduce the environmental impact caused by waste from the cutting of 
ornamental rocks [2, 3, 4, 5], due generation of particles during processing, and to provide 
adequate disposal thereof, has been proposed the use of granite waste as the filler for epoxy 
composites for modifying their properties [6, 7]. Considering the properties of composites 
change, a surface property, the wettability stands out due to its importance in applications 
such as textile production, self-cleaning surfaces, adhesives, paints, contamination-free 
surfaces, environmental protection, and dentistry, in addition to other alternatives [8, 9, 10, 
11].

In view of all the applications mentioned earlier, wettability is an important 
characteristic of composites materials, and one way to measure it is through the contact 
angle, being possible to determine the surface energy, this energy directly affects adhesion, 
adsorption, and wettability of the composites. Therefore, its alteration promotes modify the 
surface interactions and consequently the wettability [8, 9, 10, 11].

The objective of the present study is to characterize granite and its influence as a 
filler on the wettability characteristics of epoxy resin. 

2 |  EXPERIMENTAL
Initially, granite fragmentation and grinding were carried out, as well as the 

segregation of particles by sieving. Then granite-epoxy composites were developed with 
varying granite powder content by weight percentage. The particles used in the preparation 
of the composites were characterized by Fourier-transform infrared spectroscopy (FTIR) 
and the contact angle between the water and the composites was determined using sessile 
drop technique.

2.1 Materials
The granite stone used in this work is from the Alegre / Espírito Santo / Brazil obtained 

from the locally available granite industries. The polymer Bisphenol A diglycidyl ether epoxy 
resin (DGEBA) and the hardener, Aradur 2963 (Huntsman), system was used as a matrix 
for composite preparation.
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2.1.1 Granite

Initially, a granite sample was ground by a Tecnal TE-330 hammer mill and the 
particles retained in a 20 mesh sieve (890 μm opening) were segregated to be comminuted 
in a high energy mill. The fragments were then high-energy milled using a Retsch PM100 
planetary ball mill. The milling was performed at the speed of 400 rpm for 8 minutes.

2.1.2 Composites

For the manufacture of the composite, silicone molds were made using polyethylene 
samples, which dimensions are standardized by ASTM D 256 [12]. The polymer Bisphenol 
A diglycidyl ether epoxy resin (DGEBA) and the hardener, Aradur 2963, were used in 
the proportions indicated by the manufacturer in order to provide the best mechanical 
performance. The powders were weighed and manually mixed with Aradur 2963 and Araldite 
GY 279 BR in a beaker for 30 minutes using a glass stirring rod. Finally, the mixture (with 
0 wt. %, 30 wt. %, 50 wt. % and 60 wt. % granite) was deposited into molds. The prepared 
composites were cured at room temperature.

2.1.3 FTIR

The granite powder was analyzed by Fourier Transform Infrared (FTIR) spectroscopy. 
FTIR spectra were recorded with a BRUKER VERTEX 70 spectrometer by applying the ATR 
PLATINUM. The sample was recorded for the 4000 cm-1 to 400 cm-1 regions. The testing 
was used to identify the chemical bonds present in the different granite samples based on 
the absorption bands that are shown in the infrared spectra.

2.2 Contact angles images
The contact angle between the water and the composites was measured by the drop 

method, where a drop of liquid is deposited on the surface of the composite to be evaluated 
[8, 9, 10,11,13].

For this, the height of the syringe was adjusted keeping it at an ideal distance to 
prevent the drop from spreading with mechanical impact due to the distance between the 
syringe and the sample.

In this work, 3 drops of water were deposited along the surface of each composite in 
3 samples with the same composition. The images of the water drop were pictured with a 
resolution of 1024×767 pixels when a static condition of the drop shape was achieved. The 
angle formed between the surfaces of the liquid was measured using the IMAGE J software.



Engenharias: Pesquisa, desenvolvimento e inovação 2 Capítulo 8 111

3 |  RESULTS AND DISCUSSION 

3.1 FTIR measurements
Figure 2 shows the FTIR spectra of granite.

Figure 2. FTIR spectrum of granite

The spectra of granite was carried out in the wave number region in between 4000 
and 400 cm-1, which covers the whole range of IR vibrations. The granite spectrum analysis 
was performed by comparing the experimental results with the published.

In the range between 1200 and 950 cm-1 bands corresponding to the stretching 
vibrations of the both Si-O-Si and Si-O-Al, 778 cm-1 band is associated with quartz 
(characteristic doubled 799 and 778 cm-1) [14, 15] and the Si–O group of silicates which 
manifests itself in variable positions around 456, 510, 795 and between 1020 and 1168 
cm−1. According to Plevova et al. [14], fine sharp bands in the spectral region (800 – 500 
cm-1) indicate the presence of feldspars as NaAlSi3O8 and KAlSi3O8 (albite and microcline, 
respectively). The molecular vibrations corresponding to the 648 and 540 cm-1 wavenumbers 
are characteristic of granitic rocks with the presence of albite [15]. The spectral band 1005 
cm-1 indicates the presence of biotite (K(Mg,Fe)3(AlSi3O10)(F,OH)2) in the granite sample 
[14].

Wettability

Figure 3 exemplifies photographs of one drop of water on the top of a composite surface.
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(a)                                         (b)                                         (c)                                          (d)

Figure 3 – Photographs of the drop of a) pure epoxy, b) epoxy–30 % wt. granite, c) epoxy–50 % wt. 
granite and d) epoxy–60 % wt. granite.

Figure 2 shows the shape of the drop of water on the surface of the composites, the 
drop is increasingly spherical with the increase in the percentage of granite in the composite.

Table 1 shows the measured contact angles, there is a relative increase in the contact 
angle as the granite content in the composites increases, indicating that the components 
present in the granite are hydrophobic. Therefore, the presence of granite in the composites 
provides a reduction in wettability compared to pure epoxy resin.

Granite (% wt) Sample Measure 1 (°) Measure 2 (°) Measure 3 (°) Average (°)

1 51,028 47,773 46,564

47,5902 45,984 48,601 46,648

3 50,297 45,678 45,733

30

1 59,571 59,764

58,1082 57,279 57,511 56,049

3 55,364 58,727 59,036

50

1 60,751 59,597 57,724

60,0862 62,008 59,105 59,010

3 59,096 63,736 59,744

60

1 77,136 75,695 75,399

75,6072 72,003 75,834 77,577

3 74,132 75,654 77,328

Table 1 – Contact angle values measured for drops of water.

Based on the tests performed, it was possible to identify a greater amount of silicates 
present in the granite. It was observed an increase in the contact angle of the water with 
the increase in the percentage of granite in the composites, shows the hydrophobicity of 
the granite particles due to the great presence of covalent bonds in the substances that 
compose it.
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4 |  CONCLUSÕES
This work shows that the increase in the incorporation of granite in the epoxy resin 

occurs an increase in the hydrophobic characteristics of the composite. Although wettability 
can be affected by surface roughness, temperature, and other parameters, granite can be 
used in applications where the material has hydrophobic characteristics.
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