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APRESENTAÇÃO

A obra Meio Ambiente, Sustentabilidade e Agroecologia vem tratar de um conjunto 
de atitudes, de ideias que são viáveis para a sociedade, em busca da preservação dos 
recursos naturais.

Em sua origem a espécie humana era nômade, e vivia integrada a natureza, 
sobreviviam da caça e da colheita. Ao perceber o esgotamento de recursos na região 
onde habitavam, migravam para outra área, permitindo que houvesse uma reposição 
natural do que foi destruído. Com a chegada da agricultura o ser humano desenvolveu 
métodos de irrigação, além da domesticação de animais e também descobriu que a 
natureza oferecia elementos extraídos e trabalhados que podiam ser transformados 
em diversos utensílios. As pequenas tribos cresceram, formando cidades, reinos e até 
mesmo impérios e a intervenção do homem embora pareça benéfica, passou a alterar 
cada vez mais negativamente o meio ambiente.

No século com XIX as máquinas a vapor movidas a carvão mineral, a Revolução 
Industrial mudaria para sempre a sociedade humana. A produção em grande volume 
dos itens de consumo começou a gerar demandas e com isso a extração de recursos 
naturais foi intensificada. Até a agricultura que antes era destinada a subsistência 
passou a ter larga escala, com cultivos para a venda em diversos mercados do mundo. 
Atualmente esse modelo de consumo, produção, extração desenfreada ameaça não 
apenas a natureza, mas sua própria existência. Percebe-se o esgotamento de recursos 
essenciais para as diversas atividades humanas e a extinção de animais que antes 
eram abundantes no planeta. Por estes motivos é necessário que o ser humano adote 
uma postura mais sustentável.

A ONU desenvolveu o conceito de sustentabilidade como desenvolvimento 
que responde as necessidades do presente sem comprometer as possibilidades das 
gerações futuras de satisfazer seus próprios anseios. A sustentabilidade possui quatro 
vertentes principais: ambiental, econômica, social e cultural, que trata do uso consciente 
dos recursos naturais, bem como planejamento para sua reposição, bem como no 
reaproveitamento de matérias primas, no desenvolvimento de métodos mais baratos, 
na integração de todos os indivíduos na sociedade, proporcionando as condições 
necessárias para que exerçam sua cidadania e a integração do desenvolvimento 
tecnológico social, perpetuando dessa maneira as heranças culturais de cada povo. 
Para que isso ocorra as entidades e governos precisam estar juntos, seja utilizando 
transportes alternativos, reciclando, incentivando a permacultura, o consumo de 
alimentos orgânicos ou fomentando o uso de energias renováveis.

No âmbito da Agroecologia apresentam-se conceitos e metodologias para estudar 
os agroecossistemas, cujo objetivo é permitir a implantação e o desenvolvimento de 
estilos de agricultura com maior sustentabilidade, como bem tratam os autores desta 
obra. A agroecologia está preocupada com o equilíbrio da natureza e a produção de 
alimentos sustentáveis, como também é um organismo vivo com sistemas integrados 
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entre si: solo, árvores, plantas cultivadas e animais.
Ao publicar esta obra a Atena Editora, mostra seu ato de responsabilidade com 

o planeta quando incentiva estudos nessa área, com a finalidade das sociedades 
sustentáveis adotarem a preocupação com o futuro. Tenham uma excelente leitura!

Tayronne de Almeida Rodrigues
João Leandro Neto

Dennyura Oliveira Galvão
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CAPÍTULO 30
doi

ON THE ASSESSMENT OF DYE RETENTION IN QUARTZ-
BASED CERAMIC POROUS MATERIAL BY OPTICAL 

FIBER SENSOR

Marco César Prado Soares
University of Campinas, School of Mechanical 

Engineering, Laboratory of Photonic Materials and 
Devices 

Campinas - SP, Brazil

Murilo Ferreira Marques Santos
University of Campinas, School of Mechanical 

Engineering, Laboratory of Photonic Materials and 
Devices 
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Egont Alexandre Schenkel
University of Campinas, School of Mechanical 

Engineering, Laboratory of Photonic Materials and 
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Devices 

Campinas - SP, Brazil

Gabriel Perli
University of Campinas, Department of Chemistry 

Campinas - SP, Brazil

Samuel Fontenelle Ferreira
University of Campinas, School of Food 

Engineering 
Campinas - SP, Brazil

Eric Fujiwara
University of Campinas, School of Mechanical 

Engineering, Laboratory of Photonic Materials and 
Devices 

Campinas - SP, Brazil
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ABSTRACT: The utilization of an optical fiber 
reflectometer on the evaluation of filtration 
capability by SiO2 membranes is reported. 
Quartz powder obtained by milling of natural 
quartz was pressed under 30 MPa and 
sintered under ~1000°C for producing 4.35 
mm thickness ceramic membranes. The SEM 
analysis revealed a high porosity material and 
the XRD measurement indicated an α-quartz 
structure. Next, the membranes were tested 
on the retention of commercial food coloring 
(Dr. Oetker, Color Index 16185). The dye was 
diluted in DI water, and solutions were prepared 
with concentrations varying from 0 to 100% 
(v/v). Since the refractive index of solutions 
varies with the dye concentration, the samples 
could be analyzed by a fiber sensor, in which 
the reflected light at the fiber-liquid interface is 
related to the sample refractive index, according 
to the Fresnel equation. The sensor was 
calibrated for the dye diluted solutions, and then 
tested for the filtered samples. It was observed 
that the volumetric concentration varied from 
60% to 50.3% after passing the solution through 
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the porous material. It is a very significant result, since it is commonly necessary to 
use high-tech processes in order to produce materials capable of retaining such small 
structures, and shows that the use of quartz is effective in reducing the concentration of 
a dye commonly used in food industry, being an economical and eco-friendly alternative 
for the treatment of industrial and domestic effluents. Moreover, the methodology of 
using an optical fiber sensor is also attractive for the analysis and control of chemical 
processes, being minimally invasive, chemically inert, and presenting practically real-
time results.
KEYWORDS: Dye-retention; Silica; Quartz; Optical fiber sensor.

1 |  INTRODUCTION

The utilization of an optical fiber reflectometer on the evaluation of filtration 
capability by SiO2 membranes is reported. Quartz powder obtained by milling of natural 
quartz was pressed under 30 MPa and sintered under ~1000°C for producing 4.35 mm 
thickness ceramic membranes.

Since the refractive index of aqueous solutions varies with the dye concentration, 
the samples could be analyzed by a fiber sensor, in which the reflected light at the 
fiber-liquid interface is related to the sample refractive index, according to the Fresnel 
equation, Equation 1 (Soares et al., 2018a).

In this Equation, I0 represents the intensity of the light used as reference, I is the 
intensity of the light which returns to the photodetection system, n1 is the refractive 
index of the fiber and n2 is the refractive index of the liquid. Due to the variation of the 
concentration with consequent modification of the aqueous-phase refractive index, a 
modulation of the intensity signal arises, allowing the assessment of concentration 
(Soares et al., 2018b).

2 |  MATERIALS AND METHODS

The ceramic materials were tested on the retention of commercial food coloring 
(Dr. Oetker, Color Index 16185, Figure 1). The dye was diluted in DI water, and solutions 
were prepared with concentrations varying from 100% to 0% (v/v), and evaluated with 
the fiber sensor. The relation I/I0 is shown in Figure 2, in percent results, for each one 
of the tested solutions. The measurement equipment is shown on Figure 3.
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Figure 1. Molecule of food coloring used in the experiments (Bordeaux S – Color Index 16185) 
(BASF CATALOG, 2015).

Figure 2. Sensor signal in relation to the dye concentration.

The sensor was calibrated for the dye diluted solutions, and then tested for the 
filtered samples. The dye concentration, before passing through the material, was 60% 
(v/v) in water.

Figure 3. Optical fiber reflectometer used for analyses. The sensor unit consists of a 1310 
nm laser launched through a single-mode waveguide. The signal that returns is directed by a 

coupler to a photodetector and is then processed and analyzed by computer routines. 
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3 |  RESULTS 

The volumetric concentration of dye in water varied from 60% to 50.3% after 
passing the solution through the porous material. The results are shown in Table 1. 
Figure 4 shows sample 2, the one which showed the best result in retaining the dye, 
before, immediately after, and a long time after the exposure to the dye.

Sample
Sintering 

temperature 
(ºC)

Sintering 
time (min)

Mass 
(g)

Average intensi-
ty after passing 

through the ceram-
ic (%)

Volumetric concen-
tration of dye after 

filtration (%)

1 850 60 1.0 82.38 50.55

2 850 120 3.7 82.48 50.25

3 950 60 0.9 81.78 52.54

4 950 120 3.6 82.06 51.58

Table 1. Process parameters used for the obtention of each ceramic material and dye 
concentration results after passing through it (initial concentration of 60% in water).

Figure 4. Sample 2 (left) before; (center) immediately after passing the solution through it; (right) 
and a long time after the tests.

The materials were finally characterized by scanning electron microscopy (SEM) 
and X-Ray diffraction (XRD). The SEM analysis revealed a high porosity material and 
the XRD measurement indicated the α-quartz structure. Figure 5 shows the SEM image 
and Figure 6 shows the XRD pattern.

Figure 5. SEM image of sample 2, the one which showed the best result.
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Figure 6. XRD pattern of sample 2, indicating the α-quartz characteristic pattern.

4 |  CONCLUSIONS

It was observed that the volumetric concentration varied from 60% to 50.3% after 
passing the solution through the porous material. It is a very significant result, since it is 
commonly necessary to use high-tech processes in order to produce materials capable 
of retaining such small structures (Chen et al. 2011).

The results show that the use of quartz is effective in reducing the concentration 
of a dye commonly used in food industry (Silva et al. 2008), being an economical and 
eco-friendly alternative for the treatment of industrial and domestic effluents (Pinheiro 
et al. 2004).

Moreover, the methodology of using an optical fiber sensor is also attractive for 
the analysis and control of chemical processes, being minimally invasive, chemically 
inert, and presenting practically real-time results.

More tests are needed in order to evaluate the contribution of adsorption. The 
quantification of the adsorption using methylene blue dye – ethanol – water solution 
has already been performed for the case of amorphous nanostructured silica (Soares 
et al. 2018b).
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