




2021 by Editora Artemis 
Copyright © Editora Artemis 

Copyright do Texto © 2021 Os autores 
Copyright da Edição © 2021 Editora Artemis 

 

O conteúdo deste livro está licenciado sob uma Licença de Atribuição Creative Commons Atribuição-
Não-Comercial NãoDerivativos 4.0 Internacional (CC BY-NC-ND 4.0). Direitos para esta edição cedidos 
à Editora Artemis pelos autores. Permitido o download da obra e o compartilhamento, desde que sejam 

atribuídos créditos aos autores, e sem a possibilidade de alterá-la de nenhuma forma ou utilizá-la para fins comercial. A 
responsabilidade pelo conteúdo dos artigos e seus dados, em sua forma, correção e confiabilidade é exclusiva dos autores. A 
Editora Artemis, em seu compromisso de manter e aperfeiçoar a qualidade e confiabilidade dos trabalhos que publica, conduz a 
avaliação cega pelos pares de todos manuscritos publicados, com base em critérios de neutralidade e imparcialidade acadêmica. 

Editora Chefe  Profª Drª Antonella Carvalho de Oliveira 

Editora Executiva M.ª Viviane Carvalho Mocellin 

Direção de Arte M.ª Bruna Bejarano 

Diagramação Elisangela Abreu 

Organizadoras Prof. Dr. Marcos Augusto de Lima Nobre 

Imagem da Capa Kateryna Kon 

Bibliotecário Maurício Amormino Júnior – CRB6/2422 

 
Conselho Editorial 
Prof.ª Dr.ª Ada Esther Portero Ricol, Universidad Tecnológica de La Habana “José Antonio Echeverría”, Cuba 
Prof. Dr. Adalberto de Paula Paranhos, Universidade Federal de Uberlândia 
Prof.ª Dr.ª Amanda Ramalho de Freitas Brito, Universidade Federal da Paraíba 
Prof.ª Dr.ª Ana Clara Monteverde, Universidad de Buenos Aires, Argentina 
Prof. Dr. Ángel Mujica Sánchez, Universidad Nacional del Altiplano, Peru 
Prof.ª Dr.ª Angela Ester Mallmann Centenaro, Universidade do Estado de Mato Grosso 
Prof.ª Dr.ª Begoña Blandón González, Universidad de Sevilla, Espanha 
Prof.ª Dr.ª Carmen Pimentel, Universidade Federal Rural do Rio de Janeiro 
Prof.ª Dr.ª Catarina Castro, Universidade Nova de Lisboa, Portugal 
Prof.ª Dr.ª Cláudia Neves, Universidade Aberta de Portugal 
Prof. Dr. Cleberton Correia Santos, Universidade Federal da Grande Dourados 
Prof.ª Dr.ª Deuzimar Costa Serra, Universidade Estadual do Maranhão 
Prof.ª Dr.ª Eduarda Maria Rocha Teles de Castro Coelho, Universidade de Trás-os-Montes e Alto Douro, Portugal 
Prof. Dr. Eduardo Eugênio Spers, Universidade de São Paulo  
Prof. Dr. Eloi Martins Senhoras, Universidade Federal de Roraima 
Prof.ª Dr.ª Elvira Laura Hernández Carballido, Universidad Autónoma del Estado de Hidalgo, México 
Prof.ª Dr.ª Emilas Darlene Carmen Lebus, Universidad Nacional del Nordeste/ Universidad Tecnológica Nacional, Argentina 
Prof.ª Dr.ª Erla Mariela Morales Morgado, Universidad de Salamanca, Espanha 
Prof. Dr. Ernesto Cristina, Universidad de la República, Uruguay 
Prof. Dr. Ernesto Ramírez-Briones, Universidad de Guadalajara, México 
Prof. Dr. Gabriel Díaz Cobos, Universitat de Barcelona, Espanha 
Prof. Dr. Geoffroy Roger Pointer Malpass, Universidade Federal do Triângulo Mineiro  
Prof.ª Dr.ª Gladys Esther Leoz, Universidad Nacional de San Luis, Argentina 
Prof.ª Dr.ª Glória Beatriz Álvarez, Universidad de Buenos Aires, Argentina 
Prof. Dr. Gonçalo Poeta Fernandes, Instituto Politécnido da Guarda, Portugal 
Prof. Dr. Gustavo Adolfo Juarez, Universidad Nacional de Catamarca, Argentina 
Prof.ª Dr.ª Iara Lúcia Tescarollo Dias, Universidade São Francisco   
Prof.ª Dr.ª Isabel del Rosario Chiyon Carrasco, Universidad de Piura, Peru 
Prof.ª Dr.ª  Isabel Yohena, Universidad de Buenos Aires, Argentina 
Prof. Dr. Ivan Amaro, Universidade do Estado do Rio de Janeiro 
Prof. Dr. Iván Ramon Sánchez Soto, Universidad del Bío-Bío, Chile 

Editora Artemis 
Curitiba-PR  Brasil 
www.editoraartemis.com.br   
e-mail:publicar@editoraartemis.com.br 

https://drive.google.com/file/d/1G7lHLsXjBfKRPq3d25SzCBelWRrCHU2m/view
https://orcid.org/0000-0002-1475-6277
http://lattes.cnpq.br/9172103976395213
http://lattes.cnpq.br/9172103976395213
http://lattes.cnpq.br/1208086522665870
https://orcid.org/0000-0003-2651-5996
https://orcid.org/0000-0002-7013-8780
http://lattes.cnpq.br/0250232822609557
https://orcid.org/0000-0003-1025-5675
http://lattes.cnpq.br/2877747717021833
https://novaresearch.unl.pt/en/persons/catarina-castro
https://www2.uab.pt/departamentos/DEED/detaildocente.php?doc=107
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4343894D0
http://lattes.cnpq.br/9349562924350573
https://orcid.org/0000-0002-5985-8875
http://lattes.cnpq.br/7800954800978254
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4764629P0
http://132.248.160.2:8991/pdf_f1501/000000049.pdf
https://orcid.org/0000-0002-9456-8742
https://orcid.org/0000-0001-5447-8251
https://orcid.org/0000-0002-1131-7199
https://orcid.org/0000-0002-1428-2542
https://orcid.org/0000-0003-1602-419X
http://lattes.cnpq.br/4326102798287137
https://orcid.org/0000-0003-0965-7087
https://orcid.org/0000-0002-1948-4100
https://orcid.org/0000-0003-1278-0369
https://drive.google.com/file/d/1G7lHLsXjBfKRPq3d25SzCBelWRrCHU2m/view
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://udep.edu.pe/perfil/isabel-chiyon/
https://orcid.org/0000-0003-2047-9680
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4771023P2
https://orcid.org/0000-0002-1564-3397
http://www.editoraartemis.com.br/


Prof.ª Dr.ª Ivânia Maria Carneiro Vieira, Universidade Federal do Amazonas  
Prof. Me. Javier Antonio Albornoz, University of Miami and Miami Dade College, USA 
Prof. Dr. Jesús Montero Martínez, Universidad de Castilla - La Mancha, Espanha 
Prof. Dr. Joaquim Júlio Almeida Júnior, UniFIMES - Centro Universitário de Mineiros 
Prof. Dr. Juan Carlos Mosquera Feijoo, Universidad Politécnica de Madrid, Espanha 
Prof. Dr. Juan Diego Parra Valencia, Instituto Tecnológico Metropolitano de Medellín, Colômbia 
Prof. Dr. Júlio César Ribeiro, Universidade Federal Rural do Rio de Janeiro 
Prof. Dr. Leinig Antonio Perazolli, Universidade Estadual Paulista 
Prof.ª Dr.ª Lívia do Carmo, Universidade Federal de Goiás 
Prof.ª Dr.ª Luciane Spanhol Bordignon, Universidade de Passo Fundo 
Prof. Dr. Manuel Ramiro Rodriguez, Universidad Santiago de Compostela, Espanha 
Prof. Dr. Marcos Augusto de Lima Nobre, Universidade Estadual Paulista 
Prof. Dr. Marcos Vinicius Meiado, Universidade Federal de Sergipe 
Prof.ª Dr.ª Margarida Márcia Fernandes Lima, Universidade Federal de Ouro Preto 
Prof.ª Dr.ª Maria Aparecida José de Oliveira, Universidade Federal da Bahia 
Prof.ª Dr.ª Maria do Céu Caetano, Universidade Nova de Lisboa, Portugal 
Prof.ª Dr.ª Maria do Socorro Saraiva Pinheiro, Universidade Federal do Maranhão 
Prof.ª Dr.ª Maria Lúcia Pato,  Instituto Politécnico de Viseu, Portugal 
Prof.ª Dr.ª Maritza González Moreno, Universidad Tecnológica de La Habana “José Antonio Echeverría”, Cuba  
Prof.ª Dr.ª Mauriceia Silva de Paula Vieira, Universidade Federal de Lavras 
Prof.ª Dr.ª Odara Horta Boscolo, Universidade Federal Fluminense 
Prof.ª Dr.ª Patrícia Vasconcelos Almeida, Universidade Federal de Lavras 
Prof.ª Dr.ª Paula Arcoverde Cavalcanti, Universidade do Estado da Bahia 
Prof. Dr. Rodrigo Marques de Almeida Guerra, Universidade Federal do Pará 
Prof. Dr. Saulo Cerqueira de Aguiar Soares, Universidade Federal do Piauí 
Prof. Dr. Sergio Bitencourt Araújo Barros, Universidade Federal do Piauí 
Prof. Dr. Sérgio Luiz do Amaral Moretti, Universidade Federal de Uberlândia 
Prof.ª Dr.ª Silvia Inés del Valle Navarro, Universidad Nacional de Catamarca, Argentina 
Prof.ª Dr.ª Teresa Cardoso, Universidade Aberta de Portugal 
Prof.ª Dr.ª Teresa Monteiro Seixas, Universidade do Porto, Portugal 
Prof. Dr. Turpo Gebera Osbaldo Washington, Universidad Nacional de San Agustín de Arequipa, Peru 
Prof. Dr. Valter Machado da Fonseca, Universidade Federal de Viçosa 
Prof.ª Dr.ª Vanessa Bordin Viera, Universidade Federal de Campina Grande 
Prof.ª Dr.ª Vera Lúcia Vasilévski dos Santos Araújo, Universidade Tecnológica Federal do Paraná 
Prof. Dr. Wilson Noé Garcés Aguilar, Corporación Universitaria Autónoma del Cauca, Colômbia 

Dados Internacionais de Catalogação na Publicação (CIP) 
(eDOC BRASIL, Belo Horizonte/MG) 

G786 The great world of nanotechnology [livro eletrônico] : vol. II /  
Organizador Marcos Augusto de Lima Nobre. – Curitiba, PR: Artemis, 2021. 

Formato: PDF 
Requisitos de sistema: Adobe Acrobat Reader 
Modo de acesso: World Wide Web 
Inclui bibliografia 
Edição bilíngue 
ISBN 978-65-87396-36-1 
DOI 10.37572/EdArt_300621361 

1. Nanociência. 2. Nanotecnologia. I. Nobre, Marcos Augusto Lima.

CDD 620.5 
Elaborado por Maurício Amormino Júnior – CRB6/2422 

Editora Artemis 
Curitiba-PR  Brasil 
www.editoraartemis.com.br  
e-mail:publicar@editoraartemis.com.br

 

https://www.imdb.com/name/nm9018102/
https://orcid.org/0000-0002-0309-3367
http://lattes.cnpq.br/0756867367167560
https://orcid.org/0000-0003-3292-2176
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001237730
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001237730
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4481542Z5
http://lattes.cnpq.br/3822723627284619
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4130908A0&tokenCaptchar=03AHaCkAZATBRA7Jh_MlyMSAKLQluufjZD1uOSUW0ViDRjW3nwPleRXF6vyHxfESBGHcrDeKqw3BuugNe1-YUwIqDzC3ZtDdmRevpEvuoJmAxmsOZFOLnCiVwVED8oKj2iO29sB-DZJwCVYbYezAEClKJI35N4Q3CQjPFhDk_WpuRTh9XqWhtM3jvASOupuw24OwCI1sOD7r1ArrV8EBzuk-s16qFxrfU2OON_s47HGCW2tTpQyTnFqVt1dxi5xiE_PIx0HfGmLWAMxa0QECTXXoiP2O3b_0d4iBKpjAbXvQQB-ZuYOBsoAelhScNmU_w25OBBH_TnsaQ_YsF5Z_byS0WFhVFBefOONNLL38zu8p-DB_jccJZQvhxaQE-MTjMQbRtpA2H5XY8gp2s_Rf1-7ZS9ZUXN3CP8Fw
https://orcid.org/0000-0003-1516-7869
http://lattes.cnpq.br/7201928600704530
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4744415U9
http://lattes.cnpq.br/1795077420118200
http://lattes.cnpq.br/5730359043017612
https://www.cienciavitae.pt/pt/201A-4926-CC70
http://lattes.cnpq.br/1100319102837718
https://orcid.org/0000-0002-2286-4155
https://orcid.org/0000-0002-3994-037X
http://lattes.cnpq.br/5162301829062052
http://lattes.cnpq.br/6656933554814005
http://lattes.cnpq.br/3405645093765294
http://lattes.cnpq.br/7808313507417916
http://lattes.cnpq.br/8010434422032876
http://lattes.cnpq.br/0955565337333241
http://lattes.cnpq.br/4639320486261004
http://lattes.cnpq.br/1686957518540720
https://drive.google.com/file/d/1vlbt552OjbEjMt9cSrV04_nUqTZ86pWp/view
https://orcid.org/0000-0002-7918-2358
https://orcid.org/0000-0002-0043-6926
https://orcid.org/0000-0003-2199-561X
http://lattes.cnpq.br/7825092605305826
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://lattes.cnpq.br/6470095241359182
https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001389538
http://www.editoraartemis.com.br/


PREFACE

The insertion of new and enhanced materials based on materials belonging to 

the Nano scale in the day-by-day has growth up in a silent way.  In part, a number of 

works in the nanotechnology stemming of theoretical research using Density Functional 

Theory (DFT) and sophisticated simulation methods; another part is associated to the 

protected technologies associated to the military and patented nanomaterial and its 

process. In this sense, open access to recent aspects on the nanostructures application 

and properties can be reached in this book. Here, an interesting set of chapters gives 

opportunity of access texts that reach process and processing of nanostructures, 

applications of nanotechnology, advanced techniques to theoretical development. A broad 

set of nanostructures are here covered such as, nanocrystal, superficial nanograins, inner 

microstructures with nanograins, nanoaggregates, nanoshells, nanotubes, nanoflowers, 

nanoroad, nanosheets, Also, reveals new investigations areas as grainboundary of 

nanograins in ceramics and metals. A great number of software has been used as a tool 

of development of Science and Technologies for nanotechnology COMSOL Multiphysics 

5.2. Phenomena and properties has been investigated by recent or classical techniques 

of materials characterization as Localized Surface Plasmon Resonance (LSPR), X-ray 

photoelectron spectroscopy (XPS), Field Emission Gun Scanning Electron Microscopy 

(FEG-SEM) with Energy Dispersive Spectroscopy (EDS), Raman Scattering Spectroscopy 

(RSS), X ray diffraction (XRD), 57Fe Mössbauer spectroscopy, UV-vis spectroscopy, 

dynamic light scattering (DLS), Atomic Force Microscopy (AFM), and Field Emission 

Gun Scanning Electron Microscopy (FEG-SEM). In this sense, collections of spectra 

from Mössbauer spectroscopy, UV-vis spectroscopy and Infrared spectroscopy can be 

found. As a matter of fact, some chapter’s item can be seemed as specific protocols for 

synthesis, preparations and measurements in the nanotechnology.   

               I hope you enjoy your reading.

Prof. Dr. Marcos Augusto Lima Nobre
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ABSTRACT: A filter was formulated with a 
clay nanocomposite-carboxymethylchitosan-
silver nanoparticles, which was used to 
eliminate bacteria and anions in water for 
human consumption. Silver nanoparticles 
were obtained by reduction of 1mM silver 
nitrate, with 0.01% carboxymethylchitosan 
and 2mM sodium borohydride as initiator of 
the reduction. Subsequently, the filters were 
obtained as containers with clay and wood 
sawdust as pore former, in the proportion 
of 2: 1; it was molded, dried and sintered at 
800 ° C for 3 hours. The filters were then 
impregnated with the colloidal dispersion of 
carboxymethylchitosan-silver nanoparticles, 
by immersion for 12 hours. Four water 
sampling points were defined: Huacapuy, 
La Punta, Plaza de Quilca, Caleta de Quilca. 
When evaluating the filtering capacity of the 
filters, it was found that they are removed: 
conductivity 84.03% in La Plaza de Quilca, 
sulfates 85.48% in La Plaza de Quilca; 
Chlorides 93.93% in La Plaza de Quilca. On the 
other hand, fecal coliform and total coliform 
bacteria were 100% removed in La Punta and 
in the Plaza de Quilca. Coliform bacteria were 
not found in Huacapuy or in Caleta de Quilca. 
Therefore, it can be confirmed that the 
results have a significant removal percentage 
in the elimination of anions, in terms of total 
coliform bacteria and fecal coliforms they 
were completely removed.
KEYWORDS: Nanocomposite. Clay. Filter. 
Carboxymethylchitosan. Silver nanoparticles. 
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1 INTRODUCTION

Nanotechnology is the study, design, creation, synthesis, manipulation and 

application of materials, devices and functional systems through the control of matter 

at the nanoscale, and the exploitation of phenomena and properties of matter at the 

nanoscale, at this scale and molecules, show totally new phenomena and properties. 

Therefore, scientists use nanotechnology to design novel and inexpensive materials with 

unique properties [1].

These phenomena are governed under the laws of colloidal thermodynamics and 

their properties are between quantum mechanical phenomena and classical mechanics, 

these new properties are what scientists take advantage of to synthesize new materials 

(nanomaterials) or nanotechnological devices, in this way Nanotechnology promises 

solutions to multiple problems that humanity currently faces such as: environmental, 

energy, health (nano medicine), and many others, however these new technologies can 

lead to risks and dangers if they are misused [2].

Nanomaterials are a new class of materials, whether they are ceramics, metals, 

semiconductors, polymers or a combination of these or nanocomposites, in which at least 

one of its components has one of its dimensions between 1 and 100 nm; they represent a 

transition between molecules, atoms and a material with dimensions of volumetric solid. 

Due to its size reduced to nanometers, the physicochemical properties differ for the same 

material, molecules and atoms [3].

Treatment of drinking water is a viable option to improve and ensure water quality, 

mainly in places that do not have treatment systems, or existing systems operate poorly or 

there are drought conditions, in the comparative study of two filtration systems for drinking 

water at home[4], two systems were evaluated: a filter with 1 candle (1VC) and another 

with 2 ceramic candles (2VC) for 6 months. The efficiency of turbidity reduction and E. coli 

was evaluated. A synthetic substrate was used whose average turbidity value was 32.7 

± 2.81 NTU and 3.9x105 CFU / 100mL of E. coli. The results showed that both filtration 

systems were able to reduce turbidity to average values   of 0.28 NTU (99% efficiency) and 

eliminate E. coli between 99.99 and 100%. No statistically significant differences were 

found in terms of the quality of water filtered by both systems.

A conventional method is applied to produce porous ceramics, by addition and 

pyrolysis of an organic material: starch, which acts as a pore former. The aqueous 

suspensions of (52-55 V%) of the zirconium mixture were stabilized with a commercial 

ammonium polyacrylate solution as dispersant and consolidated in plastic molds at 

90 ° C for 30 minutes. Then they were sintered between 1000-1500 ° C for 2 h. The 
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characteristics of the product were evaluated by measurements of density, volumetric 

contraction, mercury intrusion and the evolution of the crystalline phases by X-ray 

diffraction (XRD) and scanning electron microscopy (SEM). It was found that the 

microstructural properties of the ceramic (pore volume, relationship between open and 

closed porosity, size distribution, pore morphology) depend on the amount of starch 

added and the sintering temperature [5]

2 EXPERIMENTAL PART

The experimental development was carried out in the Laboratories of the 

Academic Department of Chemistry of the San Agustin de Arequipa National University.

The clay samples, used as the matrix of the nanocomposite, were sampled in the 

Yarabamba district, which is located southwest of the city of Arequipa, whose coordinates 

are: Latitude: -16.5481, Longitude: -71.4775; 16 ° 32 ′ 53 ″ South, 71 ° 28 ′ 39 ″ West, were 

placed in hermetic plastic bags and were transported to the laboratory for characterization. 

Regarding the structure and composition of the clay, it was carried out by scanning 

electron microscopy techniques (SEM - EDX), in the physicochemical characterization 

the following parameters were determined: pH, soluble salts, exchangeable bases, cation 

exchange capacity (CEC) and absolute density [6].

The obtaining of silver nanoparticles was by chemical reduction of silver nitrate 

with carboxymethylchitosan using 2mM sodium borohydride as initiator of the reduction; 

the evaluation of the plasmon of the silver nanoparticles was carried out by UV-visible 

spectroscopy and dynamic light scattering (DLS) [7].

Filters were obtained by making a mixture of clay-sawdust (as pore former, in the 

ratio 2: 1) and water to form a paste, molded, dried and sintered at 800 ° C for 3 hours. 

Subsequently, the filters were treated by the immersion method in the colloidal dispersion 

of silver-carboxymethyl chitosan nanoparticles for 12 hours, they were dried and with 

these filters the tests of the water under study were carried out [10].

In water for human consumption, the following variables were measured: pH, 

conductivity, turbidity, chlorides, sulfates, fluorides, nitrates, nitrites, phosphates and 

the count of microorganisms; numbering of total coliforms, numbering of fecal coliforms 

(NMP), by AWWA methods, before and after filtering [8] and in this way the efficiency of 

the filter was determined. The water sampling points were: Huacapuy, La Punta, Plaza 

de Quilca, Caleta de Quilca, located in Camaná located in the south western part of 

Arequipa, whose coordinates are: Latitude: -16.6238, Longitude: -72.7105; 16 ° 37 ′ 26 ″ 

South, 72 ° 42 ′ 38 ″ West. The tests were carried out with the water before filtering, 
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with the water passed through the filter impregnated with the colloidal dispersion of the 

nanocomposite: carboxymethylchitosan-silver nanoparticles. Figure N° 1 shows the block 

diagram of the process for obtaining and operating the filters with the nanocomposite 

clay-Carboxymethylchitosan-Silver Nanoparticles.

Figure Nº 1: Block Diagram of the obtaining and operation of the filter with the clay nanocomposite- 
Carboxymethylchitosan-Silver Nanoparticles.

Source: self made
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3 RESULTS AND DISCUSSION

3.1  SYNTHESIS OF SILVER NANOPARTICLES:

The synthesis was made by chemical reduction of 1mM [9] silver nitrate with 

carboxymethylchitosan and 2mM sodium borohydride as reaction precursor, according 

to the following equation:

4 AgNO3 + NaBH4 + 3H2O → 4Ag + H3BO3 + 3HNO3 + NaNO3 + 2H2

When performing the synthesis, a yellow solution was observed due to the 

resonance of the plasmon of the silver nanoparticles, which indicates its presence.

3.2 EVALUATION OF SILVER NANOPARTICLES BY UV-VISIBLE SPECTROSCOPY

When characterizing the nanoparticles by UV-visible, it was found that the maximum 

absorbance is between 410 nm and 420 nm, which is a characteristic of the presence of 

spherical silver nanoparticles. Metals such as silver, which have free electrons, show a 

resonance plasmon in the visible spectrum, giving rise to colors not observed in the same 

materials on a macro scale [11]. For example, silver nanoparticles show an intense SPR 

(surface plasmon resonance) mainly in the wavelength ranges of 410-420 nm, as seen in 

Figure N° 2:

Figure Nº 2: UV-visible spectrum of silver nanoparticles

Source: self made

An absorbance maximum is observed between 410 nm and 420 nm, which is a 

characteristic of the presence of silver nanoparticles, due to the resonance of surface plasmons.
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3.3 SIZE EVALUATION OF SILVER NANOPARTICLES BY DYNAMIC LIGHT 

SCATTERING (DLS)

In the evaluation by Dynamic Light Scattering (DLS), the hydrodynamic diameter 

of the silver nanoparticles was determined. In the distribution histograms, there are sizes 

of 2,716 nm, 11.05 and 67.63nm; what is observed in Figure N° 3:

Figure Nº 3: Graph of the histogram of the hydrodynamic diameters of the silver Nanoparticles by Dynamic Light 
Scattering (DLS)

Source: self made

In the histogram of the hydrodynamic diameters of the silver nanoparticles, a 

polydisperse distribution is observed with sizes of hydrodynamic diameter reached 2,716 

nm in 8.7%; 11.05nm by 11.8% and 67.63nm by 78.4%; size less than 100 nm, which confirms 

the presence of nanoparticles.

3.4 PHYSICOCHEMICAL CHARACTERIZATION OF THE CLAY

Below in Table N° 1 are the results of the physicochemical properties of the clay:

Table N° 1: Physicochemical Characterization of the clay

Sample pH S o l u b l e 
salts
g/%

Interchangeable 
bases
%

C I C 
( C a t i o n 
exchange 
capacity) 
meq/100g

Density 
g/cm3

H u m i d i t y 
%

C a r b o 
n a t e s 
%

Clay 5,6 0,06 27,84 16,60 1,595 3,608 0,00

Source: self made
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When characterizing the clay, it is found that it has a high value of exchangeable 

bases: 27.84%, as well as a high value of Ion Exchange Capacity (CEC) of 16.60 meq / 

100g, so it would be easy for these bases to come out or cations, creating free spaces.

3.5 OBTAINING THE CLAY-SAWDUST FILTER

The clay-sawdust filters were obtained by mixing 100 mesh pulverized clay and 

100 mesh pulverized wood sawdust, in a 2: 1 ratio with water, they were molded, dried 

and brought to a temperature of 800ºC, obtaining a hard ceramic of russet. Porosity is 

an important property of a ceramic filter, since the water filtration flow depends on it, this 

porosity is obtained by the sawdust present in the mixture and occurs when the filter is 

subjected to temperatures above 800ºC.

3.6 MORPHOLOGICAL CHARACTERIZATION BY SEM-EDX OF THE CERAMIC OBTAINED

The micrograph of the ceramic obtained is shown below, in Figure N° 4:

Figure N° 4: Micrograph of the ceramic

Source: self made

The micrography taken by SEM shows a magnification of the surfaces of 

100 thousand times, the structure of the ceramic is observed, with crystallizations 

corresponding to the typical morphology of clay in sizes from 50 nm to 200 nm. Likewise, 

an inhomogeneous phase with small depressions is observed. The most dominant phase 

are homogeneous surfaces.

We can also observe the spectrum of the results of the elemental microanalysis of 

the ceramic obtained by EDX, in Figure N° 5:
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Figure N° 5: Elemental microanalysis of the ceramic obtained by EDX

Source: self made

In this spectrum it can be observed, different signals that show a higher proportion 

of oxygen, silicon, followed by aluminum, carbon and iron and to a lesser extent as 

minorities: potassium, calcium, magnesium and sodium.

The general composition indicates that there is a high amount of silicon and 

oxygen (silicates), minor amounts of calcium carbonate (calcite), and probably small 

fractions of aluminum and magnesium silicates in the form of micas or feldspar and 

iron oxides.

3.7 IMMERSION PROCESS OF THE FILTER IN THE COLLOIDAL DISPERSION OF 

CARBOXYMETHYLCHITOSAN-SILVER NANOPARTICLES

The nanoparticles were incorporated into the filter by the in situ immersion method, 

which consists of immersing the filter in the silver-carboxymethyl chitosan nanoparticle 

solution for 12 hours, they were dried at room temperature and the tests were carried out 

with these filters.

3.8 MORPHOLOGICAL CHARACTERIZATION BY SEM-EDX OF THE 

NANOCOMPOSITE: CERAMIC - CARBOXYMETHYLCHITOSAN - SILVER 

NANOPARTICLES

Below is a micrograph of the nanocomposite: carboxymethylchitosan ceramic-

silver nanoparticles, in Figure N° 6:
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Figure N° 6: Micrograph of the nanocomposite

Source: self made

The micrograph taken by SEM shows a magnification of the surfaces of 100 

thousand times, crystallizations corresponding to the typical morphology of clay are 

observed, with sizes between 20 nm and 100 nm and a layer that covers the crystallizations, 

which would correspond to carboxymethylchitosan with nanoparticles silver.

We can also observe the spectrum of the results of the elemental microanalysis of 

the ceramic obtained by EDX, in Figure N° 7:

Figure N° 7: EDX analysis of the ceramic obtained

Source: self made

In this spectrum it can be observed, different signals that show a higher proportion of oxygen, 

sodium, silicon, sulfur followed by carbon, boron, nitrogen, aluminum and to a lesser extent as minorities: 

potassium, magnesium and the presence of silver is notorious due to the silver nanoparticles.



3.9 PHYSICOCHEMICAL AND BACTERIOLOGICAL PROPERTIES OF THE WATERS UNDER STUDY BEFORE AND AFTER FILTERING.

To carry out this step, the waters under study were filtered with the ceramic filter obtained and the following physicochemical tests 

were carried out: pH, conductivity, turbidity, anions [12], as well as the bactericidal properties of the nanocomposite, determining the count 

of microorganisms: Numbering of Total Coliforms, Fecal Coliform Numbering, using AWWA [13] Standard Methods. The tests were carried 

out on the water samples before and after filtering. Table N° 2 is shown below with the results obtained.

TABLE N° 2: Water quality versus the physicochemical and bacteriological values   before and after filtering.

Variables
Normatividad   

(SUNASS)
Huacapuy La Punta Plaza de Quilca Caleta de Quilca

Ant Filt D e s p 
Filt

% Remoc Ant Filt D e s p 
Filt

% Remoc Ant Filt D e s p 
Filt

% Remoc Ant Filt D e s p 
Filt

% Remoc

pH (0 a 14) 6,5 a 8,5
7,8 7,7 0,1 7,8 7,6 0,2 7,9 7.9 0 7,8 7,7 0,1

Conductiv (µS) 1500 1180 520 55,93 1590 570 64,15 5260 840 84,03 5050 872 82,73

T u r b i e d a d 
(NTU)

5
0,72 0,43 40,28 0,7 0,36 48,87 0,8 0.29 63,65 0,64 0,3 53,12

Cl- mg/L 250 112 96,4 13,93 146,3 102,56 29,75 1344,6 81.57 93,93 1356,67 87,05 93,58

(SO4)
2- (mg/L) 250

236,32 156,45 33,80 345,2 205,2 40,56 1611,6 234.9 85,42 1621,4 249,6 84,60

F- (mg/L) 1,0 0,43 0,41 4,65 0,46 0,44 4,35 0,48 0.47 2,08 0,48 0,46 4,17

(NO3)- (mg/L) 50 4,83 4,81 0,41 10,95 10,91 0,37 38,29 15.72 58,94 37,27 13,86 62,81

(NO2)- (mg/L) 0,2 < 0,002 < 0,002 _ < 0,002 < 0,002 _ < 0,002 < 0.002 _ < 0,002 < 0,002 _

(PO4)
3- (mg/L)

0,4
0,21 0,19 9,52 0,16 0,13 18,75 0,07 < 0.002 100 0,17 < 0,002

100

C.F. 
(UFC/100ml)

0 (ausencia)
< 1,1 < 1,1 _ 11 < 1,1 100 92 < 1.1 100 < 1,1 < 1,1

_

C.T. 
(UFC/100ml)

0 (ausencia)
< 1,1 < 1,1 _ 1,6 < 1,1 100 2,2 < 1.1 100 < 1,1 < 1,1

_

Source: self made
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To do the analysis of the results, Table N° 3 was made where the values   before filtering are appreciated, which exceeded the values   

allowed by the National Superintendency of Sanitation Services (SUNASS) and that after filtering they decreased to normal values:

TABLE N° 3: Summary table of the physicochemical and bacteriological values that exceeded the established values before and after filtering.

Variables Normativity 
(SUNASS)

Huacapuy La Punta Plaza de Quilca Caleta de Quilca

Before

 Filter

After Filter Before

 Filter

After Filter Before

 Filter

After 

Filter

Before

 Filter

After Filter

Conductiv (µS) 1500 1180 520 1590 570 5260 840 5050 872

Cl- mg/L 250 112 96,4 146,3 102,56 1344,6 81,57 1356,67 87,05

(SO4)
2- (mg/L) 250 236,32 156,45 345,2 205,2 1611,6 234,9 1621,4 246,6

C.F.(UFC/100ml) 0 (absence) < 1,1 < 1,1 11 < 1,1 92 < 1,1 < 1,1 < 1,1

C.T.(UFC/100ml) 0 (absence) < 1,1 < 1,1 1,6 < 1,1 2,2 < 1,1 < 1,1 < 1,1
Source: self made

In Table N° 3, it is observed that comparing the values   established according to (SUNASS) with the values   found in the different 

sampling points, it is found that: the waters after filtering by applying the nanocomposite, it was found that they remove the following in a 

greater proportion values: conductivity: 84.03% in La Plaza de Quilca, sulfates 85.42% in La Plaza de Quilca, chlorides 93.93% in La Plaza 

de Quilca. On the other hand, the Fecal Coliform and Total Coliform bacteria were 100% removed in La Punta and in the Plaza de Quilca. 

Coliform bacteria were not found in Huacapuy or in Caleta de Quilca. Therefore, it can be confirmed that the results have a significant 

removal percentage in the removal of anions and in terms of total coliform bacteria and fecal coliforms as a whole.

4 FILTER OPERATION

The procedure is based on microfiltration through a porous material, where the filter pores have a size between 0.6 and 0.3 µm, 

approximately determined by SEM. According to Van Der L.H. [15], if the pore size would be 0.1 µm, the filter would not need a disinfectant 

for the elimination of Escherichia coli, which has a size between 0.5 to 1 µm.
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On the other hand, according to Ludeña J. [14], the presence of silver nanoparticles 

near a virus, fungus, bacterium or any other unicellular pathogenic microbe, incapacitates 

the oxygen metabolism enzyme and in a few minutes the pathogenic microbe suffocates, 

dies and It is eliminated from the body by the immune and lymphatic systems.

Vidal S.10 indicates that if silver binds to the cell membrane of bacteria, they 

increase their size and cytoplasmic content and present abnormalities that result in cell 

lysis and death.

According to the results obtained from Lantagne, the clay and sawdust-based 

filters form pores of 0.6 to 3 µm, which was determined by SEM, and microorganisms such 

as parasites are eliminated, including Giardia and Cryptosporidium, ranging from 5 - 7 µm 

and 5 µm, respectively. 99.99% but not 100% so it is necessary to impregnate the colloidal 

silver as it completely removes the bacteria.

5 CONCLUSIONS

When applying to the water samples under study, the filtering system based on 

the clay-carboxymethylchitosan nanocomposite - silver nanoparticles, the quality of the 

waters contaminated with bacteria and chemical substances was improved, producing 

water suitable for human consumption, therefore a low-cost filter system, simple 

technology, ecologically acceptable and economically accessible to low-income rural 

populations is being developed.

After filtering the waters using the nanocomposite, it was found that they remove 

the following values   in a greater proportion: conductivity: 84.03% in La Plaza de Quilca, 

sulfates 85.42% in La Plaza de Quilca, chlorides 93.93% in Quilca Square. On the other 

hand, the Fecal Coliform and Total Coliform bacteria were 100% removed in La Punta 

and in the Plaza de Quilca. Coliform bacteria were not found in Huacapuy or in Caleta 

de Quilca. Therefore, it can be confirmed that the results have a significant removal 

percentage in the removal of anions and in terms of total coliform bacteria and fecal 

coliforms as a whole.
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