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RESUMO

Dissertacao de Mestrado
Programa de P6s-Graduacdo Graduacdo em Engenharia Agricola
Universidade Federal de Santa Maria

SINTESE E APLICAC;AO DE NANOFILTRO CONTENDO
NANOTUBOS DE CARBONO NA RETENQAO DE CONTAMINANTES
EM AGUA
AUTOR: ROBSON DALLA NORA
ORIENTADOR: ALEXANDRE SWAROWSKY
Data e Local da Defesa: Santa Maria, 04 de Junho de 2015.

Este trabalho teve como objetivo utilizar Nanotubos de Carbono de Paredes Multiplas
(NTCPM) para a confecgdo de nanofiltros para remogdo de contaminantes em agua, bem
como testar o nanofiltro fabricado na remocdo de Benzotiofeno e agrotoxicos presentes em
agua. O estudo foi realizado em dois capitulos. No primeiro capitulo foi desenvolvido e
caracterizado o nanofiltro. Para desenvolver o nanofiltro, foram utilizados os seguintes
materiais: Quitosana, Polietileno Glicol 6000 K, Hidréxido de Sédio (NaOH), Dodecil Sulfato
de Sadio (SDS), Acido Acético Glacial e NTCPM. Em Sua caracterizagio foram realizados as
seguintes analises: Microscopia Eletronica de Varredura (MEV), Espectroscopia Raman,
método de Brunauer, Emmett e Teller (BET), método de Barrett, Joyner e Halenda (BJH) e
Fluxo Permeado. No segundo capitulo, a eficiéncia na remogdo de Benzotiofeno e agrotdxicos
pelo nanofiltro foi testada. Para isto, a atividade experimental foi dividida em duas etapas:
uma filtragem com Benzotiofeno e outra filtragem com agrotdxicos. Para filtragem com
benzotiofeno, foi preparada uma solu¢do com concentracdo de 0,79 = 0,02 mmol em
triplicata, onde 5 amostras com mesma concentracdo foram filtradas por 3 nanofiltros
semelhantes. Para a filtragem dos agrotoxicos, foi preparada uma solucdo 10,0 mL da solucéo
estoque 1000,0 mg L™ de Imazapique, Imazetapir, Imidacloprido, Pirazolsulfuron Etilico.
Para analise dos agrotoxicos foi utilizado a Cromatografia Liquida de Ultra Eficiéncia
acoplada a Espectrometria de Massas em série (UHPLC-MS/MS). As condicGes
cromatograficas foram estabelecidas pelo LARP-UFSM. A partir dos resultados obtidos,
sobre a caracterizagédo, pode-se afirmar que o filtro se caracteriza por baixa permeabilidade e
raio médio dos poros com 15 A°. Os nanotubos de carbono sdo mantidos apds processo de
fabricacéo e o nanofiltro poderia ser usado para remog¢édo de contaminantes na agua. Ja para o0s
resultados de eficiéncia, o nanofiltro remove o Benzotiofeno presente em agua com alta
eficiéncia. Alem disso, o nanofiltro remove agrotdxicos em agua mesmo com concentracoes
10 vezes acima da encontrada em ambiente natural.

Palavras-chave: Benzotiofeno. Agrotéxicos. Filtragem.
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SYNTHESIS AND APPLICATION OF CARBON NANOTUBES
NANOFILTER ON RETENTION CONTAMINANTS IN WATER
AUTHOR: ROBSON DALLS NORA
SUPERVISOR: ALEXANDRE SWAROWSKY
Defense Place and Date: Santa Maria, June 4, 2015.

This work aimed to use Multiple Walls Nanotubes (MWNT) in order to synthesize a
nanofilter to remove water contaminants and to test the nanofilter manufactured in removing
Benzothiophene and pesticides present in water. The study was conducted in two stages. In
the first step the nanofilter was developed and characterized. To develop the filter, the
following materials were used: Chitosan, Polyethylene Glycol 6000 K, Sodium Hydroxide
(NaOH), Sodium Dodecyl Sulphate (SDS), Acetic Acid Glacial and MWNT. To characterize
the filter was performed: Scanning Electron Microscopy (SEM), Raman spectroscopy, the
method of Brunauer, Emmett and Teller (BET) method Barrett, Joyner and Halenda (BJH)
and permeate flow. In the second step, removal efficiency of benzothiophene and pesticides
by the nanofilter was tested. For this experimental activity, it was split into two steps: filtering
with benzothiophene and other pesticides. For filtering with benzothiophene, it was prepared
a solution with a concentration of 0.79 £ 0.02 mmol in triplicate, where 5 samples were
filtered with the same concentration of 3 similar nanofilters. For the filtering of pesticides, it
was prepared one stock solution of 10.0 mL (1000.0 mg L™) Imazapic, Imazethapyr,
Imidacloprid, Ethyl Pirazolsulfuron). For pesticide analysis, it was used the Ultra Efficiency
Liquid Chromatography coupled to Mass Spectrometry in series (UHPLC-MS / MS). The
chromatographic conditions were established by LARP-UFSM. From the results obtained on
the characterization, it can be said that the filter is characterized by low permeability and
average pore radius of 15 A°. Carbon nanotubes are maintained after the manufacturing
process and nanofilter may be used for removal of contaminants in water. As for the results of
efficiency, nanofilter remove benzothiophene present in water with high efficiency. In
addition, the nanofilter removes pesticides in water even at concentrations 10 times higher
than those found in natural environment.

Key words: Benzothiophene. Pesticides. Filtering.
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INTRODUCAO GERAL

A 4gua é um recurso natural renovavel que estd sendo considerado
limitado (dgua potavel). Devido ao crescimento populacional desenfreado,
somada a expansdo agricola, industrial e urbana, muitos dos mananciais
utilizados para o consumo humano estdo cada vez mais poluidos e deteriorados
seja pela falta de controle, tratamento e disposicdo final de esgotos ou até
mesmo a disposi¢do inadequada dos residuos sélidos (RICHTER; AZEVEDO
NETTO, 2002). No ambito agricola, surgem contaminantes prejudiciais ao meio
ambiente, como por exemplo o0s pesticidas (imazapique, imazetapir,
imidacloprido, pirazolsulfuron etilico, atrazina, azinsulfuron, azoxistrobina e
carbofurano) e 6leo diesel.

Pesticidas sdo grupos de substancias quimicas utilizadas na agricultura e
em animais para controlar pestes e doencas (RAVEN; BERG; JONHSON,
1995). A extensa utilizacdo de pesticidas (SILVA; COSTA, 2012), resulta no
excesso destes no meio ambiente e compromete a qualidade da agua.
Considerando que a maioria deles sdo toxicos e podem acumular concentracdes
no organismo de animais e do ser humano, estdo associados a diversas doencas
(SILVA; FAY, 2004). Residuos de pesticidas e seus produtos de transformacéo
sdo frequentemente encontrados em &guas subterrdneas e de superficie
(ONNEBY; JONSSON; STENSTROM, 2009).

Na agricultura, o Oleo diesel é amplamente utilizado em maquinarios
agricolas devido a sua alta eficiéncia, durabilidade e flexibilidade. E constituido
basicamente por hidrocarbonetos parafinicos, olefinicos e aromaticos e, em
menor quantidade constituido por compostos nitrogenados e sulfurados
(FERREIRA et al., 2008). A remocdo seletiva de compostos sulfurados como
benzotiofeno presentes no oleo diesel, € um grande transtorno enfrentado pelas
refinarias, tanto pela hidrodessulfurizacéo e hidrodesnitrogenagdo ocorridas no

hidrotratamento ou pela sua remocdo por adsorventes, como carvao ativado
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(SCHMITT, 2013). A dificuldade de remocdo esta relacionada, principalmente a
elevadas temperaturas, reatores com grande volume, pressdo e catalisadores
mais ativos (PAWELEC et al., 2011). Ja no ambiente, o Gleo diesel além de
apresentar um grande potencial poluidor quando queimados, contamina o solo e
recursos hidricos quando sdo descartados de forma incorreta ou quando acaba
sendo o seu destino final.

Diante a presenca de contaminantes como 0s pesticidas e benzotiofeno em
mananciais hidricos, o tratamento de agua realizado principalmente por
processos de tratamento convencionais, requer a implantacdo de novas
tecnologias para garantir um abastecimento de agua potavel, em conformidade
com as legislaces pertinentes. Diante deste contexto atual, a nanotecnologia
tem despertado um consideravel interesse, por ser um tratamento complementar
ou avancado ao tratamento de &gua (GEHRKE; GEISER; SOMBORN-
SCHULZ, 2015).

A esséncia da nanotecnologia consiste na habilidade de trabalhar no
projeto, caracterizacdo, producdo e aplicacdo de sistemas e componentes em
nanoescala (10° m) a fim de criar materiais, dispositivos e sistemas com
propriedades e aplicagcdes fundamentalmente novas (FERREIRA; RANGEL,
2009). Pode-se manipular, por exemplo os nanotubos de carbono (NTC) e as
nanofibras, que por sua vez serdo blocos de construcdo para criar estruturas
maiores como os nanomateriais (BORSCHIVER et al., 2005; FERNANDES;
FILGUEIRAS, 2008).

O interesse nos nanomateriais, mais precisamente em nanoadsorventes, no
que tange ao tratamento de agua, esta relacionada a melhoria da qualidade de
vida que estes podem causar e também pela preservacdo do meio ambiente
(MOHMOOD et al., 2013). Adicionalmente, devido a sua grande area
especifica, nanoadsorventes a base de carbono como, por exemplo, nanotubos de
carbono de parede simples e multiplas podem remover grande quantidade de

contaminantes de efluentes se comparado a adsorventes convencionais
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(MACHADO et al., 2012; NGWENYA; NCUBE; PARSONS, 2013). Com esta
expectativa, pesquisadores atuais focam objetivamente nos seguintes tipos de
nanoadsorventes: nanoadsorventes a base nanotubos de carbono,
nanoadsorventes a base de metal, nanoadsorventes poliméricos e zeolitos
(GEHRKE; GEISER; SOMBORN-SCHULZ, 2015).

Os NTC se caracterizam pelo enrolamento de uma ou varias folhas de
grafeno de forma concéntrica, em dimensdes nanometricas com cavidade interna
oca (JOURNENTE; BERNIER, 1998). Pode-se modificar sua superficie com
varios materiais como, por exemplo, metais, 6xidos metalicos, moléculas
organicas e polimeros. Devido as suas caracteristicas, estruturais, mecanicas e
elétricas Unicas sdo grandes objeto de estudo para diversos usos em muitos
campos de interesse (RAO et al., 2001). Verifica-se, um grande interesse na sua
utilizacdo na adsorcdo remocdo de contaminantes em solugdes aquosas
(UPADHYAYULA et al.,, 2009; ZHANG et al., 2013). Os nanofiltros ou
membranas de nanofiltracdo contendo ou ndo NTC, estdo sendo utilizados e
desenvolvidos para a purificacdo das dguas naturais para produzir agua potavel,
remover substancias toxicas como os pesticidas (MADAENI et al., 2012a;
MADAENI et al., 2012b; AHN et al., 2006; RIKHTEHGARAN; LOHRASEBI,
2015; MADAENI et al.,, 2012c), microorganismos patogénicos tais como
bactérias, protozoarios e virus (MOSTAFAVI; MEHRNIA; RASHIDI, 2009;
PAWELEC et al., 2011).

Ahn et al. (2006) desenvolveram nanofiltros de nanofibras de Nylon 6. A
morfologia e ao diametro foram caracterizados por microscopio eletrénico de
varredura. A eficiéncia de filtracdo de particulas foi calculada por comparacéo
com a concentracdo de particulas entre a montante e jusante do meio filtrante.
Os resultados demostraram que a eficiéncia do nanofiltros de nanofibras de
Nylon 6 foi 99,97% foi superior aos nanofiltro comercializado pela High
Efficiency Particulate Air (HEPA).



16

Mostafavi, Mehrnia e Rashidi (2009) fabricaram um nanofiltro de
nanotubos de carbono de paredes multiplas (NTCPM) pelo método pirolise de
pulverizacdo continua, usando n-hexano como fonte de carbono e ferroceno
como catalisador. A caracterizacdo foi feita através de espectroscopia Raman,
microscopia eletronica de varredura, microscopia eletrénica de transmissao e
método de adsorcdo de hidrogénio. De acordo com o resultados obtidos, o
nanofiltro de NTCPM pode remover virus e nanoparticulas da agua a 20 °C.

Madaeni et al. (2012a) analisou o efeito da adi¢do do surfactante aniénico
Dodecil Sulfato de Sédio nas caracteristicas e no desempenho de membranas de
nanofiltracdo compostas de acetato de celulose. As membranas foram
caracterizadas por diversas técnicas como microscopia eletronica de varredura,
microscopia de forca atdbmica, espectro infravermelho com transformada de
Fourier, medidas do angulo de contato da agua, potencial zeta, fluxo e rejeicéo.
Os resultados obtidos demonstraram membranas com maiores fluxo de agua
pura e rejeicdo superior do soluto em comparacdo com a membrana carvéo
ativado. Além disso, verificou-se que a rejeicdo do acido 3,5-dinitrossalicilico e
p-nitrofenol depende de uma série de fatores, incluindo o pH da solucdo, as
propriedades estruturais dos solutos, e caracteristicas das membranas.

Madaeni et al. (2012b) analisaram a morfologia e desempenho de
membranas de nanofiltracdo compostas de polisulfona, polivinilpirrolidona e
dimetilacetamida na remocédo de xenobidticos. Os resultados demonstraram que
0 pH tem influéncia no aumento na remoc¢do de moléculas de xenobidticos. A
sequéncia do pH na remocéo do 2,4-dinitrofenol foi de 8.0>7.0>55>45¢e p-
nitrofenol foi de 8.0 > 5.5 > 4.5 > 7.0. Além disso, as membranas fabricadas
com &cido citrico apresentaram uma maior eficiéncia na retencdo dos solutos em
comparagdo com acido malico e acido ascérbico em todos os valores de pH da
solucéo.

O efeito da adicdo de &cidos graxos sobre a estrutura e o desempenho de

membranas de acetato celulose na retencdo de pesticidas nitroaromaticos foram
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estudados por Madaeni et al. (2012c). Foram selecionados como pesticidas
nitroaromaticos: p-nitrofenol, 2,4 - dinitrofenol, &cido 3,5 - dinitrossalicilico, 2—
metil-4,6-dinitrofenol e 4-nitrofenil fosfato sal dissddico hexahidratado com
acidez e hidrofobicidade diferentes. Como resultado, Verificou-se que o
desempenho de rejeicdo das membranas estd fortemente relacionada com o pH
da solucdo e as propriedades dos solutos, bem como as caracteristicas da
membrana.

Segundo Madaeni et al. (2012d), membranas finas adsorventes de
quitosana/alcool polivinilico foram modificadas com nanotubos de carbono de
paredes mdltiplas. Os resultados sugeriram que as membranas podem ser
efetivamente aplicada para a remocéo de adsorcdo de ions de cobre a partir de
solugGes aquosas.

Jurecska et al. (2014), desenvolveram nanofiltros contendo ciclodextrina
para remocdo de residuos farmacéuticos. Para sua caracterizacdo, a sua
capacidade de adsorcdo foi determinada aplicando uma solucdo modelo de
Ibuprofeno e analisador de carbono organico total. Os resultados mostraram que
a adicdo de materiais aditivos organicos, como o cloreto de sodio, aumentaram a
capacidade de adsorcdo especifica dos nanofiltros. Ou seja, materiais aditivos
organicos foram vantajosos para minimizar a perda da capacidade de adsorcéo
devida a imobilizacao por sinterizacéao.

Rikhtehgaram e Lohrasebi (2015) wusando simulagGes dinamicas
moleculares, mostraram um nanofiltro projetado com nanotubos de carbono, que
pode atuar com alta eficiéncia na remocédo de ions. Como resultado obtiveram
que o nanofiltro pode separar ions com uma eficiéncia maior que 90%, por
exemplo pode separar Na* / Mg*¥/ Fe*® e fons CI" a partir de solucdes de NaCl,
MgCl, e FeCls.

Diante do efeito dos nanofiltros ou membranas de nanofiltracdo para

remover substancias toxicas e patogénicas da agua potavel e residuérias, buscou-



18

se desenvolver e testar um nanofiltro de nanotubos de carbono composto de

quitosana e dodecil sulfato de sédio para remocéao de contaminantes em agua.



ARTIGO I - SINTESE E CARACTERIZACAO DE NANOFILTRO
CONTENDO NANOTUBOS DE CARBONO PARA REMOCAO DE
CONTAMINATES EM AGUA

Resumo

O interesse na nanotecnologia como uma ferramenta de mitigacdo de problemas ambientais,
especificamente a nanofiltracdo, € notavel para o tratamento de &gua potavel e &guas
residuarias. O objetivo deste trabalho foi a preparacdo e caracterizacdo de nanofiltro de
nanotubos de carbono de paredes multiplas composto de polietileno glicol 600 K, quitosana e
dodecil sulfato de sddio para remover contaminantes em agua. Parametros como, o polietileno
glicol 6000 K, quitosana e NTCPMs / solucdo de dodecilsulfato de sédio (SDS) foram
analisados para se obter a permeabilidade desejada. O nanofiltro foi caracterizado por
microscopia eletrdnica de varredura, espectroscopia Raman; seu tamanho de poro e
porosidade foram determinados pelo método de adsorcdo de azoto. Os resultados mostraram
que o produzido tem nanofiltro de tamanho médio de poro de 384 nm e 493 nm e baixa
permeabilidade.

Palavras-chave: Nanofiltro; Nanotubos de carbono; Benzotiofeno; Agua; Quitosana.
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SYNTHESIS AND CHARACTERIZATION OF A NANOFILTER FROM
CARBON NANOTUBES FOR REMOVAL OF CONTAMINANTS IN
WATER

Abstract

The interest in nanotechnology as a mitigation tool of environmental problems, specifically
the nanofiltration, is notable for treatment of drinking water and wastewater. The aim of this
work was a preparation and characterization of Multiple Walls Nanotubes Nanofilter
composed by polyethylene glycol, chitosan and dodecil sodium sulfate to remove
contaminants in water. Parameters such as polyethylene glycol 6000 K, chitosan and MWNT
/ Sodium Dodecyl Sulfate (SDS) solution were analyzed to obtain the desired permeability.
The nanofilter was characterized by scanning electron microscopy, Raman spectroscopy; its
pore size e porosity was determined by the nitrogen adsorption method. The results showed
that the produced nanofilter has pore size average 384 nm and 493 nm and lower
permeability.

Keywords: Nanofilter; Carbon nanotube; Benzothiophene; Water; Chitosan.
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1 INTRODUCTION

Due to the rapid economic, agricultural and industrial growth in recent decades, in a
disorderly manner and without environmental planning, contamination of surface and
groundwater has been an issue. Consequently, raw water and wastewater may contain
particles in the size of micrometers to nanometers, in addition to other dissolved contaminants
(ROBLES-MOLINA et al. 2014; MEFFE, BUSTAMANTE, 2014; LI, 2014; LUO et al.,
2014). Given this current environment, whether or not altered by human activities, the lentic
and lotic water resources used for human consumption require conventional treatment
methods that fit the standards of drinking water quality. However, with the advancement of
technology, these methods could be improved / replaced with the introduction of non-
conventional methods, as the nanotechnology.

The interest in nanotechnology, as a mitigation tool of environmental problems,
specifically the nanofiltration is notable for treatment of drinking water and wastewater
(JEONG, YANG, YOUK, 2007; MOSTAFAVI, MEHRNIA, RASHIDI, 2009;
CHAKRABARTY, THAKUR, SHAHI, 2013; SARI, CHELLAM, 2013; ALI et al., 2014).
Based on modern technology, current research focus objectively in nanoadsorventes,
nanoadsorventes base metal, zeolite, polymeric nanoadsorventes and nanoadsorventes mainly
based on carbon nanotubes (GEHRKE; GEISER; SOMBORN-SCHULZ, 2015).

It stands out that carbon nanotubes (CNT) can remove pollutants, such as
pharmaceuticals antibiotics (JI et al., 2010), viruses (MOSTAFAVI; MEHRNIA; RASHIDI,
2009), microcystin (YAN et al., 2006), natural organic matter (HYUNG; KIM, 2008), phenol
(WISNIEWSKI et al, 2012) and pesticides (BROOKS; LIM; KILDUFF, 2012;
RIKHTEHGARAN; LOHRASEBI, 2015; MADAENI et al, 2012a). CNT is characterized by
one or more graphene sheets rolled up in a concentric manner, with nanometric dimensions
hollow inner cavity (JOURNENTE; BERNIER, 1998). Due to its, structural, mechanical and
unique electrical characteristics, these are the objects of study for various applications in
many fields of interest (RAO et al., 2001; OLIVEIRA, 2009). In order to increase sensitivity,
or affinity, various chemicals such as, for example, metals, metal oxides, organic molecules,
and polymers can modify surface of the CNT. In addition to the CNT, the adsorption can be
carried out using additives such as dodecyl sulfate surfactant (ONESIPPE; LAGERGE, 2008;
MADAENI et al, 2012b) and polymers such as chitosan and polyethylene glycol
(ONESIPPE; LAGERGE, 2008; REIAD et al, 2012).
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Therefore, the main objective of this work was a preparation and characterization of
Carbon Nanotube nanofilter composed by multiple walls (MWNT), polyethylene glycol,

chitosan and dodecil sodium sulfate to remove contaminants in water.

2 EXPERIMENTAL

2.1 Materials

To manufacture the nanofilter the follow materials were used: 1. chitosan (Poly D-
Glucosamine) low molecular weight, 75-85% of desacetilization (Sigma Aldrich - Brazil); 2.
Polyethylene Glycol 6000 K; 3. Sodium hydroxide (NaOH) 4. Glacial Acetic Acid PA
(C2H402) all supplied by Vetec Fine Chemicals Ltd. - Brazil; 5. Sodium Dodecyl Sulfate
(NaC12H25S04 (SDS)) (Fluka, 99%); 6. MWNT supplied by the Nanoamor Company
(USA) with 95% purity and an outer diameter of 60-100 nm. All solutions were prepared

using distilled water (pH 7) and each experiments was carried out three times.

2.2 Functionalization MWNT with Sodium Dodecyl Sulfate

To MWNT functionalization with the surfactant Sodium dodecyl sulfate (SDS), 100 mL
of distilled water were placed in a 250 mL beaker and added 0.5 g of SDS. Then was placed
in a Bath Ultrasound USC - 3300 (Unique Ultra Cleaner) for 5 min. After that, 0.1 g of
MWNT was added and heated at 30 °C for 3 h.

2.3 Nanofilter preparation

To prepare the nanofilter, in a 250 mL beaker 1.0 g of chitosan and 1.0 g of
Polyethylene Glycol (PEG) 6000 K and 35 mL of distilled water were placed. They were used
these values chitosan and polyethylene due the desired permeability. Later its was placed in a
hot plate (70 °C) with magnetic stirring for 20 min and then added 2 mL of Glacial Acetic
Acid. After 30 min, 15 mL of MWNT / SDS solution were added and waited for 90 min to
homogenize the suspension. The volume of the suspension was strictly controlled to obtain
standardized thickness nanofilters. The chitosan gel was placed in petri dishes and dried at
60°C for 36 h. After completely dry, the nanofilters were detached from the plates and left for

48 h in a solution of 1 mol NaOH for stabilization.
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2.4 Characterization of the nanofilter

The porous nanofilters were characterized by different techniques, which allow two
parameters: one related to the morphology of the nanofilter (pore size, effective thickness and
surface porosity) and the other as the permeability and selectivity of the nanofilter (retention
curve and flow permeate) (HABERT; BORGES; NOBREGA, 2006).

2.4.1 Morphology
2.4.1.1 Scanning electron microscopy (SEM)

The morphology of the upper surface of the nanofilter was studied using a scanning
electron microscope, JEOL JSM 6060, with an acceleration voltage of 15 to 20 kV and
magnification ranging 100-30000 times. The nanofilter was immersed in ethanol and n-
hexane for 24 hours followed by drying at 25 °C for 30 min, followed by drying at 60 °C for
30 min, and this procedure necessary to avoid the collapse of the porous surface due to high
surface tension of water. The treated sample placed on a sample holder and coated with gold
to provide the electrical conductivity of the filter.

2.4.1.2 Raman spectroscopy

It was used for analysis of the nanofilters a Raman (Renishaw inVia). The experiments
analyzed at room temperature sweep in the range of 0-3100 cm™ using a laser of 514 nm
wavelength. Five samples were prepared, namely, 5 nanofilters were dried at 60 °C and

ground.
2.4.1.3 Texture property

The analysis of surface area and porosity were made by a volumetric adsorption
analyzer, Nova 1000 (Quantachrome Instruments). The specific surface area was determined
by the method of Brunauer, Emmett and Teller (BET) (BRUNAUER; EMMETT; TELLER,
1938) and volume and average pore diameter were obtained using the method of Barrett,
Joyner and Halenda (BJH) (BARRETT; JOYNER; HALENDA, 1951).
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2.4.2 Flow permeated

Four circular nanofilters (diameter = 47mm) were prepared for this study. Initially, each
nanofilter was coupled to the holder and 5 mL of distilled water were added. Time was
recorded for any water to be filtered and repeated 4 times for each nanofilter. The water
permeate flux (Jp) was measured under a suction pressure of 0.5 atm. This value is defined as
Ip (L m2h™Y) = Flow (L s x 3600 (s h™®) / nanofilter area (m?).

3 RESULTS E DISCUSSION

3.1 Nanofilter obtained

As presented in Fig. 1 (A) is shown an image of the nanofilter produced. It was found
visually to form two surfaces: a rough and a smooth top surface, and the bottom surface
mainly due to the mold. Fig. 1 (B) shows a photomicrograph of the rough surface Raman

spectroscopy.
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Fig. 1. (A) Image produced nanofilter in this work. (B) Photomicrograph of the upper surface of the nanofilter
obtained by Raman spectroscopy.

In Fig. 2 (A) is shown the photomicrograph of the top surface of the nanofilter
obtained by SEM. It was visually roughness on the surface of the nanofilter. The existence of
pores is shown with an image magnification, as shown in Fig. 2 (B) and Fig. 2 (C). The pore
size of the nanofilter is found around 384 nm and 493 nm. Accordingly, depending on what is
intended to retain the nanofilter can act on absorption or adsorption, and it will depend on the

size of the contaminant molecule.

*)
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Fig. 2. SEM photomicrographs of the nanofilter manufactured A) Photomcrograph of the upper surface, B) and
C) Photomicrographs pore size.

The nanofilter obtained maintains the carbon nanotubes and the results are shown in
Fig. 3. In the spectra of samples measured by Raman spectroscopy, which allows analyzing
the vibrational properties of a molecule or solid, it can be seen in the two samples two peaks
around 1357 cm™ which is the Band D (derived mode of structural disorder and only appears
due to the breakdown of the translational symmetry of the nanotube) (SOUZA-FILHO,
FAGAN, 2007; FERRARI, ROBERTSON, 2000) and 1576 cm™ which is the peak G (G band
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originates from basically the from the symmetry breaking of the tangential vibration when the
graphene sheet is folded to form a cylindrical tube) (JORIO et al., 2003).

Furthermore, in Fig. 3 it was found that the intensity of the D band is lower than the
intensity of the G band in both samples. This indicates the presence of multi-walled carbon
nanotubes in the sample, plus a small amount of amorphous carbon, polyhedral shells or
carbon nanofibers (FLAHAUT, LAURENT, PEIGNEY, 2005; KATAURA, H. et al., 2000).
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Fig. 3. Spectrum Raman of the nanofilters samples.

3.2BJHeBET

In Fig. 4 (a) is shown the results of BET testing for a sample of the nanofilter. The
isotherms observed for the sample exhibit similarity with the type IV according to the IUPAC
classification (HATTORI; KANEKO; OHBA, 2013) for the six kinds of gas adsorption
isotherm, mesopores characteristics bodies. Fig. 4 (b) shows the pore size distribution, and the
average pore radius is 15,548 A°. According to data obtained from the BJH adsorption, pore

volume was 0.013 cm®g™* and surface area of 10,089 m? g™.
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3.3 Permeated flow

The data obtained from the water permeate flow was about 7,5 x 10° m*m? s, which
can be attributed to the smaller pore size and thus lower permeability. However, the flow is
dependent on the pressure applied, the higher the pressure will flow (MOSTAFAVI,
MEHRNIA; RASHIDI, 2009).

4 CONCLUSION

Chitosan, polyethylene glycol and sodium dodecyl sulfate were used for the
fabrication of a nanofilter constructed of MWNT. The filter was characterized by the
nanofilter pore size average in the region of nanometers. The results showed that the product
nanofilter has low permeability, average pore radius 15 A° and nanotubes are maintained after

the manufacturing process.
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ARTIGO 2 -NANOFILTRO APLICADO A REMQC}AO DE
AGROTOXICOS E BENZOTIOFENO EM AGUA

Resumo

O objetivo deste trabalho foi avaliar a eficiéncia de um nanofiltro fabricado na remocéao de
benzotiofeno e pesticidas em &gua. O estudo foi dividido em dois experimentos: uma
filtragem com benzotiofeno e outra com os agrotoxicos estudados. Foram utilizados 3
nanofiltros para cada filtragem, ou seja os dois experimentos foram feitos em triplicata. Os
nanofiltros foram acoplados em um sistema de filtragem, composto por Holder e bomba a
vacuo. As analises foram realizadas usando um espectrofotdmetro UV-VIS no comprimento
de onda 234-286 nm com amostra padrdo e amostras filtradas. Para filtragem das amostras
com agrotoxicos, foi preparada uma solucdo contendo alguns agrotoxicos, como o0
Imazapique, Imazetapir, Imidacloprido e Pirazolsulfuron Etilico. Apo6s a filtragem das
amostras contendo agrotdéxicos, as mesmas foram analisadas por Cromatografia Liquida de
Ultra Eficiéncia acoplada a Espectrometria de Massas em série, empregando analisador
triploquadrupolo. As condi¢Bes cromatograficas utilizadas foram fase movel (A)
Agua:Metanol e (B) Metanol, ambas com 5 mmol de formiato de aménio 0,1% &cido formico.
A eluicdo foi no modo gradiente, com tempo de corrida cromatogréfica de 3 minutos. Como
resultado, o nanofiltro utilizado remove o Benzotiofeno com alta eficiéncia (93-96%) e
também pode remover o Imazapique, Imazetapir, Imidacloprido e Pirazolsulfuron Etilico
presentes na agua, mesmo utilizando concentracfes 10 vezes acima da encontrada em
ambiente natural.

Palavras-chave: Agua; Nanofiltro; Benzotiofeno; Agrotoxicos.
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APPLICATION OF A NANOFILTER TO REMOVAL OF PESTICIDES AND
BENZOTHIOPHENE IN WATER

Abstract

The objective of this study was to evaluate the efficiency of a nanofilter in removing
benzothiophene and pesticides in water. The study was divided in two experiments: a filtering
with benzothiophene and with other pesticides studied. Three nanofilters were used for each
filtering, so the two experiments were done in triplicate. The nanofilters were coupled in a
filtering system composed by Holder and vacuum pump. Chemical analyzes were performed
using a UV-VIS spectrophotometer at a wavelength of 234-286 nm with a standard sample,
and filtered sample. For filtration of samples with pesticide, a solution containing some
pesticides was prepared, as Imazapic, Imazethapyr, Imidacloprid and Pirazolsulfuron Ethyl.
After filtering the samples containing pesticides were analyzed by Liquid Chromatography
Ultra Efficiency coupled with Mass Spectrometry in series, using triple quadrupole analyzer.
The chromatographic conditions used were a mobile phase (A) Water: Methanol and (B)
methanol, both with 5 mmol of ammonium formate 0.1% formic acid. Elution was in the
gradient mode, with chromatographic run time of 3 minutes. As a result, the nanofilter used
removes the benzothiophene with high efficiency (93-96%) and can also remove the
Imazapic, Imazethapyr, Ethyl Imidacloprid and Pirazolsulfuron present in the water, even
using concentrations 10 times higher than those found in natural environment.

Keywords: Water; Nanofilter; Benzothiophene; Pesticides.
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1 INTRODUTCION

In recent decades, a certain fear for good quality drinking water is felt by the world
society, or the occurrence of dry periods or high pollution load it is submitted, or by
combining these aspects with the depletion of water reserves with drinking and waterborne
diseases (ESPINDULA, 2004). It is remarkable the contamination of surface waters globally
(ROBLES-MOLINA et al., 2014; SILVA et al., 2013; DEBLONDE; COSSU-LEGUILLE,
HARTEMANN, 2011; LA FARRE et al., 2008; YOUNG et al., 1996; JIANG et al., 2012)
mainly influenced by population growth, city sewers, industrial waste, “garbage” deposits and
chemicals used in agriculture.

Agriculture is the major consumer of fresh water reserves, consuming about 70% of
these natural waters (MOLDEN, 2007; LIU, 2014), and has contributed to the pollution of
these. The general main types of pollution are microbial (has a wide variety of pathogens,
including, viruses and bacteria), organic (and organic pesticide material) and inorganic
(nutrients, pesticides and toxins). The impact on the water with regard to land use is mainly
related to microbial pollution (SCHREIBER et al., 2015) and organic / inorganic pollution,
most important, pesticide transport (DU PREEZ et al., 2005; BLANCHOUD et al., 2007;
FINIZIO, VILLA; VIGHI, 2005; THURMAN et al., 1994) and nitrate (ESPEJO-HERRERA
et al., 2013; JU et al., 2007; BERMUDEZ-COUSO et al., 2013; LI et al., 2015; RANDALL;
MULLA, 2001). This deterioration in the quality of water bodies alters the qualitative and
quantitative aspects, which compromise their availability, and primarily affects the human

water supply.
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Ethyl pirazosulfuron Imidacloprid

Imazethapyr
Fig. 1. Chemical structures of Benzothiophene and pesticides.

The Water Treatment Plant (WTP) adequates raw water into drinking water, according
to the standards of water drinkability of the Brazilian legislation (BRAZIL, 2011). There are
several unit operations and processes for water treatment, taking into account mainly the
general quality parameters (pH, alkalinity, hardness, Haze, Total Dissolved Solids, Natural
Organic Matter and Dissolved Oxygen). However, water coming from surface sources contain
other contaminants such as organic and inorganic compounds (pesticides and sulfur
compounds) plus disinfection resistant microorganisms, which need advanced technigues,
such as membrane separation process to be separated (ASHBY; CALIJURI; CUNHA, 2013).
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Separation processes for the most used membranes are microfiltration (MF), ultrafiltration
(UF), Nanofiltration (NF), reverse osmosis (OR) and Electrodialysis (ED). An important
factor in choosing the process to adopt is a function of the material intended to retain,
according to the different pore size of the membranes (HALBERT; BORGES; NOBREGA,
2006).

For treatment of drinking and waste water, numerous research have shown that filters
can retain different contaminants (MOSTAFAVI, MEHRNIA, RASHIDI, 2009; MOROZOQV,
MIKHEEV, 2012; KOYUNCU et al., 2015; CURCIO et al., 2015; MADAENI et al., 2012).
Thus, the objective of this work was to test a nanofilter manufactured in removing pesticides
and sulfur compounds (benzothiophene) present in water.

2 EXPERIMENTAL

2.1 Materials

To manufacture the nanofilter the follow materials were used: 1. chitosan (Poly D-
Glucosamine) low molecular weight, reference numeral 448 869, with 75-85% of
desacetilization (Sigma Aldrich - Brazil); 2. Benzothiophene (95%); 3. Polyethylene Glycol
6000 K; 4. Sodium hydroxide (NaOH) 5. Glacial Acetic Acid PA (C2H402) all supplied by
Vetec Fine Chemicals Ltd. - Brazil; 6. Sodium Dodecyl Sulfate (NaC12H25S04 (SDS))
(Fluka, 99%); 7. MWNT supplied by the Nanoamor Company (USA) with 95% purity and an
outer diameter of 60-100 nm. Benzothiophene (C8H6S) (Sigma Aldrich — Brazil), ethyl
pirazolsulfuron (C14H18N60O7S), imizapic (C14H17N303), imidacloprid (CO9H10CIN502)
and imazethapyr (C15H19N303) (Dr. Ehresntorfer, Germany) were used as pollutants and
pesticides. The chemical structure are illustrated in Fig.1. All solutions were prepared using

distilled water (pH 7) and each experiments was carried out three times.

2.2 Benzotiofeno

The Benzothiophene substance is soluble in organic solvent but has low water
solubility (0.13 g L™ at 25°C), so the test solution containing Benzothiophene of this study
was quantified. 0.0671g the substance was weighed and solubilized in water, with mechanical
stirring for 10 minutes. After filtered and measured a volume of 100 mL with purified water.
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We carried out a liquid-liquid extraction with hexane three times using 10 mL of hexane in
each extraction. Similarly, analytical standards containing Benzothiophene (0.25 than 2.5
mmol L) were processed for external calibration of the UV-Vis spectrometer. The
measurements were performed at a wavelength of 287 nm. The equation and the coefficient of
determination were y = 1982.7x + 0.0318 and 0.9997, respectively. The results indicated that
the solution present in the test concentration (in triplicate) is 0,79 + 0,02 mmol L™.

2.3 MWNT functionalization with Sodium Dodecyl Sulfate

MWNT was functionalized with a surfactant (Sodium dodecyl sulfate (SDS)). 100 mL
of distilled water were placed in a 250 mL beaker and added 0.5 g of SDS. Then, was placed
in a Bath Ultrasound USC - 3300 (Unique Ultra Cleaner) for 5 min. After that, 0.1 g of
MWNT was added and heated at 30 °C for 3 h.

2.4 Nanofilters and filtering system

To prepare the nanofilter, in a 250 mL beaker 1.0 g of chitosan and 1.0 g of
Polyethylene Glycol (PEG) 6000 K and 35 mL of distilled water were placed. Those chitosan
and polyethylene values were used due the desired permeability. Later its was placed in a hot
plate (70 °C) with magnetic stirring for 20 min and then added 2 mL of Glacial Acetic Acid.
After 30 min, 15 mL of MWNT / SDS solution were added and waited for 90 min to
homogenize the suspension. The volume of the suspension was strictly controlled to obtain
standardized thickness nanofilters. The chitosan gel was placed in petri dishes and dried at
60°C for 36 h. After completely dry, the nanofilters were detached from the plates and left for
48 h in a solution of 1 mol NaOH for stabilization. It used a compound filtration system: 01
Vacuum pump and compressor (Prismatec, Brazil) and 01 Holder polycarbonate filter
(Sartorius, Germany).

2.5 Test with Benzothiophene and filtering
Five 5 mL samples with 0,79 mmol L™ of benzothiophene and a control sample were

prepared. A filtration system was prepared with a vacuum pump, holder and nanofilter.
Thereafter, the samples were filtered, and the solution that has passed through the nanofilter
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identified: P1 (5 mL), P2 (10 mL), P3 (15 mL), P4 (20 mL), P5 (25 mL). The analysis was

performed using a UV-VIS Spectrophotometer - 1240 (Shimadzu, Germany) in the range 234-
286 nm with the filtered sample and standard sample solution.

2.6 Test with pesticides

Initially, a mixture of pesticides was prepared with the following pesticides: imazapic,
imidacloprid, imazethapyr and ethyl pirazosulfuron. Those were prepared from 10.0 mL of
the stock solution of 1000.0 mg L™ of each pesticide in the study, given the purity of the solid
patterns (RIBANI et al. 2004), show in chromatogram Fig. 2. The mass of the heavy standard
solid was dissolved in methanol or acetonitrile degree UHPLC. These stock solutions were
stored in amber bottle and stored at -10 ° C. From the solutions of 1000 mg L™, it was
prepared a mixture of the pesticide under study to be determined by HPLC. It was prepared a
20 mL of a solution at a concentration of 10.0 mg L™ in water at all evaluated pesticides. To

each filter it was used a volume of 5 mL, and 4 replicates weremade. These solutions were
used for testing efficiencies of the carbon nanotube nanofilters.
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Fig. 2 Initial chromatogram of the pesticides studied before passing by nanofilters.
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2.7 Analysis de pesticides

For the determination of pesticides in water samples after filtering the carbon
nanofilter, the Ultra Efficiency Liquid Chromatography coupled to Mass Spectrometry in
series (UHPLC-MS / MS) was used. The chromatographic conditions used for the tests were:
Mobile fose (A) Water: Methanol (98: 2, v/ v) and (B) methanol, both with 5 mM ammonium
formate 0.1% formic acid. Elution was in the gradient mode, with chromatographic run time
of 3 min. Analyses were performed by UHPLC-MS / MS, model Xevo TQ (Waters, USA)
containing triple quadrupole analyzer (TQ MS / MS) and autosampler (Acquity) equipped
with ionization source for electronebulization in Selected Reaction Monitoring Mode (SRM).

3 RESULTS E DISCUSSION

3.1 Pesticides

Fig. 3 shows the results of adsorption of imazapic, imidacloprid, imazethapyr and
ethyl pirazosulfuron from three nanofilters. The filtration efficiency (removal) of Imazapic in
5ml passed through the nanofilter 1 was 43%. Filtration efficiency of nanofilter 2 and 3, was
92.3% and 79.1% and decreases with increasing filtration volume. Filtration efficiency of
Imazethapyr by nanofilter was 53.8%. Initial removal of Imazethapyr by nanofilter 2 and 3
was 96.2% and 79.1% respectively, and decreases with increasing filtration volume. The
initial removal of Imidacloprid by nanofilter 1 was 24.5% then there were no filtration
efficiency. Since the nanofilter 2 and 3 had an initial Imidacloprid removal efficiency of
75.6% and 41.2% and then decreased with increasing filtrate volume. Removal of
Pirazolsulfuron by nanofilter 1, 2 and 3 was 65.4%, 92.7% and 76.7%.
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Fig. 3. Comparative results between three similar nanofilters in removal of imazapic, imidacloprid, imazethapyr

and ethyl pirazosulfuron.
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Nanofilters removed pesticides used, even using a concentration 10 times higher than
that found in the natural environment (10 g L™), in 5 mL passed trhough each nanofilter.
However, after the first 5 mL, the removal efficiency decreased due to the inside surface of
the pores that gradually saturated as the granular activated carbon (Brady, 1997). There were
differences in removal efficiency among the studied pesticides. Possibly, because, as water,
pesticides as active ingredients (Als) are composed by polar molecules, it is known that the
interaction of polar molecules is via hydrogen bonds and dipole-dipole. Therefore, the
molecular polarity is dependent on its geometry and electronegativity difference that may
have affected the removal efficiency of these compounds (KOTZ; TREICHEL JUNIOR,
2005). Additionally, Als have different pesticides studied octanol-water partition coefficients
(Kow), i.e., differences in solubility in water which can be a cause of variation in removal
efficiency (Gomes, 2002). In addition the solution pH, hydrophobicity and the type of
pesticide influences removal by nanofilters. With the increase of hydrophobicity and the pH
of the solution increases the removal of contaminants (MADAENI et al., 2012d).

3.1 Benzothiophene removal

After characterizing, Benzothiophene removal of the carbon nanotubes filter was
studied to test its effectiveness. In Fig. 7 the initial absorbance of the standard sample was
2.57 in the wave-length 257 nm and 1,25 wavelength 287 nm. After passing through the
nanofilter samples P1, P2, P3, P4 and P5 showed an absorbance of 0.21 in the wavelength 257
nm, that is, an efficiency of approximately 93%. However, in the wavelength 287 nm
absorbance observed after passage through nanofilter was 0.12, checking a efficiency of 96%.
These results indicate that the nanofilter obtained in this work can be applied in the removal

of Benzothiophene in contaminated waters.
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Fig. 4. Nanofilter efficiency of the removal of Benzothiophene.
4 CONCLUSION

Chitosan, polyethylene glycol and sodium dodecyl sulfate were used for the
fabrication of a nanofilter constructed of MWNT. The results showed that the nanofilters can
remove pesticides in water as imazapic, imazethapyr, imidacloprid and ethyl sulfuron even
using a concentration 10 times higher than that found in the natural environment (10 g L™).

Furthermore could be used to remove water with Benzothiophene at high efficiency.
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DISCUSSAO GERAL

No primeiro capitulo foi feita a sintese e a caracterizacdo do nanofiltro contendo
nanotubos de carbono. Na sintese e caracterizacdo, verificou-se a formacdo de duas
superficies distintas: uma &spera na parte superior e outra lisa na parte inferior. O tamanho
dos poros, obtidos por MEV, esta na regido dos nanémetros (384 nm a 493nm). De acordo
com as isotermas de adsorcdo obtidas BET, o nanofiltro apresentou caracteristicas de corpos
mesoporos. J& para os dados obtidos por BJH, o volume dos poros foi de 0,013 cm®g™ e area
superficial de 10.089 m? g™*. O fluxo permeado da agua obtido foi de 7,5 x 10° m®*m?2s™.

No segundo capitulo foi testada a eficiéncia dos nanofiltros na remocdo de
Benzotiofeno e pesticidas (imazapique, imazetapir, imidacloprido e etil pirazosulfuron) em
agua. De acordo com os resultados obtidos, a remogdo de Benzotiofeno para o comprimento
de onda 257 nm foi de 93% e para 287 nm a eficiéncia foi de 96%. Ja a remoc¢do de
imazapique, imazetapir, imidacloprido e etil pirazosulfuron, mesmo com a concentracdo 10
vezes acima da encontrada em ambiente natural, foi satisfatoria. Porém, verificou-se
diferencas de remocao entre os pesticidas estudados.

No contexto geral, a composic¢do do nanofiltro teve um papel importante na adsor¢éo
dos contaminantes testados. A quitosana devido as suas excelentes propriedades como a alta
hidrofilicidade, resisténcia quimica, biocompativel, amplamente disponivel e grupos
funcionais abundantes tem ganhado grande importancia para preparacdo de membranas de
adsorcdo (MADAENI et al.,, 2012d). SDS sdo surfactantes constituidos de uma parte
hidrofobica ligada a um grupo funcional hidrofilica da molécula (MANSOURPANAH,;
MADAENI; RAHIMPOUR, 2009). Nanotubos de carbono devido as suas caracteristicas,
estruturais, mecanicas e elétricas Unicas sdo grandes objeto de estudo para diversos usos em
muitos campos de interesse (RAO et al., 2001), e podem absorver um grande namero de
contaminantes em solucdes aquosas (UPADHYAYULA et al., 2009; ZHANG et al., 2013).

Jé& para a eficiéncia de remocdo, o nanofiltro se mostrou altamente eficiente, mesmo
testando diferentes contaminantes (benzotiofeno, imazapique, imazetapir, imidacloprido e etil
pirazosulfuron). Verificou-se que a eficiéncia de remogdo diminuiu com o aumento do
volume de agua que passa pelo nanofiltro, porque além da sua barreira fisica, ha barreira
quimica com poros e quando h& saturacdo dos mesmos a eficiéncia de remocdo dos

nanofiltros decresce. O nanofiltro, mostra-se viavel a uma possivel aplicagdo para tratamento
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de &guas contaminadas e poluidas, ou para ser objeto de estudo, para um possivel

aprimoramento seu e consequentemente possa ser comercializado.



CONCLUSAO

Conclui-se que parametros como, o polietileno glicol 6000 K, quitosana e a solucéo de
NTCPMs / dodecilsulfato de sdédio (SDS) devem ser analisados para se obter a
permeabilidade desejada. O nanofiltro fabricado apresentou uma baixa permeabilidade e os
poros visiveis na MEV na regido dos nanémetros, 384 nm a 493nm, mas com tamanho médio
dos poros na casa dos 15 A°.

O nanofiltro apresentou uma alta eficiéncia na remocéo de Benzotiofeno e poderia ser
usado na remocdo dos agrotoxicos estudados. No tratamento de agua o nanofiltro poderia ser
um substituto para o carvao ativado em poé utilizado nas estacdes de tratamento de dgua para
adsorcdo de contaminantes, sendo que poderia reter contaminantes como o Benzotiofeno,

Imazapique, Imazetapir, Imidacloprido e Pirazosulfuron etilico presentes na agua.
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