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APRESENTACAO

As obras As Engenharias frente a Sociedade, a Economia e o Meio Ambiente
Volume 1, 2, 3 e 4 abordam os mais diversos assuntos sobre métodos e ferramentas
nas diversas areas das engenharias a fim de melhorar a relagdo do homem com o
meio ambiente e seus recursos.

O Volume 1 esta disposto em 31 capitulos, com assuntos voltados a engenharia
do meio ambiente, apresentando processos de recuperacao e reaproveitamento de
residuos e uma melhor aplicagdo dos recursos disponiveis no ambiente, além do
panorama sobre novos métodos de obtencao limpa da energia.

Ja o Volume 2, esta organizado em 32 capitulos e apresenta uma vertente ligada
ao estudo dos solos e aguas, com estudos de sua melhor utilizagdo, visando uma
menor degradacao do ambiente; com aplicagdes voltadas a construgao civil de baixo
impacto.

O Volume 3 apresenta estudos de materiais para aplicacéo eficiente e econémica
em projetos, bem como o desenvolvimento de projetos mecénico e eletroeletrbnicos
voltados a otimizac&o industrial e a reducéao de impacto ambiental, sendo organizados
na forma de 28 capitulos.

No ultimo Volume, sdo apresentados capitulos com temas referentes a engenharia
de alimentos, e a melhoria em processos e produtos.

Desta forma um compendio de temas e abordagens que facilitam as relacées
entre ensino-aprendizado sdo apresentados, a fim de se levantar dados e propostas
para novas discussdes em relagdo ao ensino nas engenharias, de maneira atual e
com a aplicacao das tecnologias hoje disponiveis.

Boa leitura

Henrique Ajuz Holzmann



SUMARIO

(03X = 1 U] 1 15 TR 1

ANALISE DE PROPRIEDADES MECANICAS DE COMPOSITOS CERAMICOS DE ALUMINA-
ZIRCONIA PARA APLICAQAO COMO FERRAMENTAS DE CORTE

Miguel Adriano Inacio

Maria do Carmo de Andrade Nono

José Vitor Candido de Souza

Sergio Luiz Mineiro

Daniel Alessander Nono

DOI 10.22533/at.ed.3201925061

(07X = 1 W U 1 o 1 2R 10

SIMULACAO NUMERICA DE MODELO ELASTOPLASTICO EM ROCHA CARBONATICA
CARSTIFICADA

Rayane Conceicao Ribeiro da Silveira Mattos

Daniel Araujo Farias de Melo

Marinésio Pinheiro de Lima

Tiago de Freitas Viana

Igor Fernandes Gomes

Leonardo José do Nascimento Guimaraes

DOI 10.22533/at.ed.3201925062

(03X =] 1 U] 1 1< J 26

A INFLUENCIA DO NITROGENIO EM ACOS INOXIDAVEIS AUSTENITICOS COM APLICACAO EM
PROTESES ORTOPEDICAS

Glauber Rodrigues Cerqueira de Cerqueira

Pedro Eliézer de Araujo Junior

DOI 10.22533/at.ed.3201925063

(03X =] 1 U] o 1 SR 42

MICROPOROUS ACTIVATED CARBON FIBER FELT FROM BRAZILIAN TEXTILE PAN FIBER:
PREPARATION, CHARACTERIZATION AND APPLICATION AS SUPERCAPACITOR ELECTRODE

Jossano Saldanha Marcuzzo

Aline Castilho Rodrigues

Andres Cufia

Nestor Tancredi

Eduardo Mendez

Heide Heloise Bernardi

Mauricio Ribeiro Baldan

DOI 10.22533/at.ed.3201925064

(07X = 1 W U 1 o 1 J RS 55

ANALISE COMPARADA DE UM AGREGADO DE ESCORIA DE ACIARIA COMO MATERIAL
ALTERNATIVO PARA LASTRO DE VIAS FERREAS DO TIPO HEAVY HAUL POR MEIO DE ENSAIOS
TRIAXIAIS

Bruno Guimaraes Delgado

Anténio Viana da Fonseca

Eduardo Fortunato

Daniela Raquel Ferreira Coelho

DOI 10.22533/at.ed.3201925065




(07X = 1 U o X SRR 71

CARACTERIZACAO EM FADIGA POR FLEXAO ROTATIVA DE FIOS DE ARAME DE SOLDA

Ingrid Ariani Belineli Barbosa
Heide Heloise Bernardi
William Marcos Muniz Menezes

DOI 10.22533/at.ed.3201925066

(03X 2] 1 U] 1 Ry 20 80

ESTUDO DA MICROESTRUTURA NA ZONA TERMICAMENTE AFETADA COM A VARIACAO DOS
PARAMETROS DE SOLDAGEM

Luis Henrique Pires da Silva
Alex Sander Chaves da Silva

DOI 10.22533/at.ed.3201925067

(03X =] 1 U] o X TR 92

ESTUDO DA USINAGEM DA SUPERLIGA A BASE DE FERRO-NIQUEL UTILIZANDO FERRAMENTA
CERAMICA

Eduardo Pires Bonhin

Sarah David Mzel

Marcel Yuzo Kondo

Lucia de Almeida Ribeiro
José Vitor Candido de Souza
Marcos Valério Ribeiro

DOI 10.22533/at.ed.3201925068

(03X = 1 U o X TSR 100

CONSTRUCAO DE UMA MAQUINA DE NEVOA SALINA ATENDENDO AOS REQUISITOS MINIMOS
CONTIDOS NAS NORMAS ISO 9227 e ASTM B-117

Leonardo de Souza Coutinho
Alexandre Alvarenga Palmeira

DOI 10.22533/at.ed.3201925069

(03X =] 1 U] 1 1 (o 111

MECANIZAGCAO AGRICOLA: COLHEITADEIRAS AXIAIS X RADIAIS

Filipi José Arantes Lemos
Joao Mario Mendes de Freitas

DOI 10.22533/at.ed.32019250610

(03X = 1 U o I s TSR 127

METODO DE OTIMIZAQAO TOPOLOGICA PARA O PROJETO DE MODELOS DE BIELAS E
TIRANTES

Jamile Maria Araujo Tavares

Rejane Martins Fernandes Canha

DOI 10.22533/at.ed.32019250611

(03X =1 1 U] 1o 15 -2 142

ESTUDO NUMERICO DE UM EQUIPAMENTO DE SECAGEM

Eduardo Dal Piva Schuch
Magaiver Gabriel Lamp
Conrado Mendes Morais
Angela Beatrice Dewes Moura

DOI 10.22533/at.ed.32019250612




CAPITULOD 13 eoeeeeeeeeeeee e eeeeeeesesesssmeesessssesnsesnessesassesssesnnesnesssesssesnsssnessnessnesnsssnnens 153

SISTEMA DE AQUECIMENTO DE AGUA A COMBUSTAQ DE GASOLINA

Felipe Michael Grein
Jean Lucas Pereira
Luiz Felipe Weck
Olaf Graupmann

DOI 10.22533/at.ed.32019250613

(03N = 1 U] 1 1 I 156

MODELAGEM DE PID PARA SISTEMA DE CONTROLE DE RAMPAS DE TEMPERATURA EM
BRASSAGEM

Gabriel Queiroz
Marcelo Barros de Almeida
Marcio Jose da Cunha

DOI 10.22533/at.ed.32019250614

(03X = 1 U] o I 13N 168

MODELAGEM MATEMATICA DE SISTEMAS DINAMICOS: UMA ABORDAGEM DIDATICA

Lucas Divino Alves
Neylor Makalister Ribeiro Vieira
Emerson Paulino dos Reis

DOI 10.22533/at.ed.32019250615

CAPITULOD 16 cuueeeeeeeeeeeeeeeeeeeeseeessesssnsesessssessssnsssnssssesssesnnssnssssesssesnsssnessessssssnsssnssnn 183

APLICACAO E ANALISE VIA MEC EM PROBLEMAS DE TERMOELASTICIDADE 2D

Luis Vinicius Pereira Silva
Gilberto Gomes
Jodo Carlos Barleta Uchoa

DOI 10.22533/at.ed.32019250616

CAPITULO 17 eeeecueueecnensesssssessssssssssssssssssssssssssssssssssssssssssssssssssssnssnsnsnsnsasssssasssssssns 198
SIMULACAO NUMERICA DA INJECAO DE AGUA EM RESERVATORIO DE PETROLEO
HETEROGENEO

Raquel Oliveira Lima

José Arthur Oliveira Santos
Anténio Jorge Vasconcellos Garcia
Felipe Barreiros Gomes

DOI 10.22533/at.ed.32019250617

(03X =] 1 U o I - SRR 207
TANQUES FLASH: DIMENSIONAMENTO E ANALISE DE CUSTOS NO SOFTWARE DE MODELAGEM
E SIMULAQAO EMSO

Erich Potrich
Sérgio Correia da Silva
Larissa Souza Amaral

DOI 10.22533/at.ed.32019250618




CAPITULOD 19 ettt e eeeteeeeeeesssmeesesassssnsssnessesaseesssesmnesneessesssesnsssmessnnssnesnsssnnens 215

AVALIAQAO DO POTENCIAL DE DEPOSIQAO ORGANICA EM OPERAQOES DE MISTURA DE
PETROLEOS NO TANQUE DE ESTOCAGEM EM REFINARIAS DE PETROLEO

Rosberguer de Almeida Camargo

Mauren Costa da Silva

Rafael Beltrame

Darci Alberto Gatto

Antonio Carlos da Silva Ramos

DOI 10.22533/at.ed.32019250619

(03X =] 1 U] 1 1o 223

AVALIAQAO DE UM SISTEMA EMBARCADO PARA MENSURAR A ILUMINANCIA EM UM AVIARIO
EXPERIMENTAL

Giovanni Polette Dalla Libera

Victor Moreira Leéo

Vitor Augusto de Sousa

Matheus Fernando Lima Zuccherelli de Souza

Renata Lima Zuccherelli de Oliveira

Marcelo Eduardo de Oliveira

Adriano Rogério Bruno Tech

DOI 10.22533/at.ed.32019250620

(03X =] 1 U] o 10 SRR 230
CONTROLADOR FUZZY SINTONIZADO POR ALGORITMO GENETICO EM SISTEMA DE
ARMAZENAMENTO DE ENERGIA

Lenon Diniz Seixas
Diego Solak Castanho
Hugo Valadares Siqueira
Fernanda Cristina Corréa

DOI 10.22533/at.ed.32019250621

(03X = 1 W U o 1SRN 243

CONTROLADORES ROBUSTO APLICADO A CONVERSORES CC-CC
Luiz Otavio Limurci dos Santos
Luiz Antonio Maccari Junior

DOI 10.22533/at.ed.32019250622

(03X =] 1 U] o 10X 261

PROPOSTA DE PLATAFORMA PARA ESTUDO DE MOTOR A RELUTANCIA VARIAVEL 8/6

Marcos José de Moraes Filho
Luciano Coutinho Gomes
Darizon Alves de Andrade
Josemar Alves dos Santos Junior
Wanberton Gabriel de Souza
Céassio Alves de Oliveira

DOI 10.22533/at.ed.32019250623




(03X = 1 U o 10 SRR 275

ESTUDO COMPARATIVO DE MODELAGENS DE ENROLAMENTOS DE UM TRANSFORMADOR
UTILIZANDO O METODO DOS ELEMENTOS FINITOS PARA ANALISES DE ESFORCOS
ELETROMECANICOS

Pedro Henrique Aquino Barra
Arnaldo José Pereira Rosentino Junior
Antdnio Carlos Delaiba

DOI 10.22533/at.ed.32019250624

(03X =] 1 U] 1 13 287

PROCEDIMENTO PARA AQUISICAO E PROCESSAMENTO DO LAGCO DE HISTERESE MAGNETICA

Vitor Horbe Pereira Da Costa
Anténio Flavio Licariao Nogueira
Leonardo José Amador Salas Maldonado

DOI 10.22533/at.ed.32019250625

(03X =] 1 U] o 10T SRR 204

SIMULACOES DE DISTRIBUIGAO DE CAMPO E CORRENTE ELETRICA EM TECIDOS BIOLOGICOS

Guilherme Brasil Pintarelli
Afranio de Castro Antonio Jr.
Raul Guedert

Sandra Cossul

Daniela Ota Hisayasu Suzuki

DOI 10.22533/at.ed.32019250626

(03X = 1 W U o 1y AR 307

SISTEMA DE PRESENCA UTILIZANDO IDENTIFICACAO POR RADIOFREQUENCIA
Giovani Formaggio Mateus
Ricardo Barroso Leite

DOI 10.22533/at.ed.32019250627

(03X =] 1 U] o 1 322

SISTEMAS DEFASADORES EM ALTA FREQUENCIA UTILIZANDO MICROFITA EM SUBSTRATO
FR4

Jobson De Araujo Nascimento

José Moraes Gurgel Neto

Alexsandro Aleixo Pereira da Silva

Regina Maria de Lima Neta

DOI 10.22533/at.ed.32019250628

(03X = 1 W U] o 1L SRR 333

ANALISES DA RUPTURA EM TRECHO DA BR-060 NO MUNICIPIO DE ALEXANIA, GOIAS, E
CONDIQOES APOS SEIS ANOS DA RECUPERAQAO

Rideci Farias

Tiago Matias Lino

Haroldo da Silva Paranhos

ltamar de Souza Bezerra

Ranieri Araujo Farias Dias

Alexsandra Maiberg Hausser

DOI 10.22533/at.ed.32019250629

SOBRE O ORGANIZADOR.......ccoiiimerrismssmssasssssssssssssssssss s sssssss s ssmssssssssss snsssnsssnss 346




CAPITULO 4

MICROPOROUS ACTIVATED CARBON FIBER

FELT FROM BRAZILIAN TEXTILE PAN FIBER:
PREPARATION, CHARACTERIZATION AND
APPLICATION AS SUPERCAPACITOR ELECTRODE

Jossano Saldanha Marcuzzo
INPE - Instituto Nacional de Pesquisas Espaciais
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Sao José dos Campos — Sao Paulo

Aline Castilho Rodrigues
INPE - Instituto Nacional de Pesquisas Espaciais

Séo Jose dos Campos — Sdo Paulo

Andres Cuna
Catedra de Fisicoquimica, Laboratorio de
Fisicoquimica de Superficies, DETEMA

Montevideo, Uruguay

Nestor Tancredi
Catedra de Fisicoquimica, Laboratorio de
Fisicoquimica de Superficies, DETEMA

Montevideo, Uruguay

Eduardo Mendez
Laboratorio de Biomateriales - Facultad de
Ciencias - Universidad de la Republica

Montevideo, Uruguay

Heide Heloise Bernardi
LNnano/CNPEM - Laboratério Nacional de

Nanotecnologia

Campinas — Sao Paulo

Mauricio Ribeiro Baldan
INPE - Instituto Nacional de Pesquisas Espaciais

Sao Jose dos Campos, Brasil

RESUMO: Fibras de carbono ativado (FCA)
sao conhecidas por ser um excelente material
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adsorvente devido sua elevada cinética de
adsorcao e facilidade de manuseio. As FCA
podem ser produzidas a partir da fibra de
poliacriolonitrila e mesmo processo utilizado na
fabricacdo de fibras de carbono, acoplando-se
uma etapa de ativacéo ao final do processo.
Neste
caracterizagao quimica/morfologica e potencial

trabalho €& descrito a producgao,

aplicagao de feltros de fibra de carbono ativado
(FFCA), produzidos a partir de fibra PAN téxtil
nacional em um equipamento experimental.
Fibras PAN de 5.0 dtex em cabo de 200 mil
filamentos foram oxidadas termicamente e
utilizadas como matéria prima para a producéo
de feltro. O feltro de fibra PAN oxidada (FFPO) foi
colocada em um porta-amostra, especialmente
desenhado, e inserido em um forno tubular
elétrico, carbonizado (900 °C) e em seguida
ativado em atmosfera de CO, a 1000 °C. Todas
as etapas foram feitas na maior taxa possivel e
as caracterizac¢oes foram feitas por isotermas de
N, a 77 K, a quimica de superficie foi analisada
por titulacdo de Bhoem. Os resultados mostram
um material essencialmente microporoso (poros
< 3,2nm, concentrados em 1,2 nm) e 1300
m? de area especifica. O material produzido
apresentou forte indicativo de aplicacdo como
eletrodo de supercapacitor.

PALAVRAS CHAVE: Fibra de carbono ativada;
feltro ativado; eletrodo supercapacitor
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ABSTRACT: Activated carbon fibers (ACF) are known as excellent adsorbent materials
due to their fast adsorption rate and easy handling characteristic. The ACF can be
manufactured from the polyacrylonitrile fiber, based on an usual carbon fibers (CF)
production process accomplished by an additional activation process. The aim of the
present work is to describe the production, chemical/morphological characterization
and application potentiality of activated carbon fiber felt (ACFF) produced from textile
PAN fiber, using a set of homemade equipment. The 5.0 dtex PAN fiber tow with 200
thousand filaments was oxidized and used as raw material for felt production. The
oxidized PAN fiber felt (OPFF) was displaced in a special sample holder, carbonized
(900 °C) and then activated in CO, atmosphere at 1000 °C in an electric tubular furnace.
All steps of the process were performed as fast as possible, and characterization was
done by 77 K N, isotherms, adsorption isotherms in liquid phase, scanning electronic
microscope, X-ray diffraction and surface chemistry by Bhoem methodology. The
results confirmed the production of essentially microporous (pore < 3.2 nm, centered
on 1.2 nm) and 1,300 m2g* surface area. The ACFF produced have demonstrated a
strong potential application as electrode supercapacitor.

KEYWORDS: activated carbon fiber; activated felt, supercapacitor electrodes.

11 INTRODUCTION

Activated Carbons (AC) are one of the most widely used adsorbent materials
around the world. Normally, AC is used for drinking and waste water treatment and
in many other applications where the removal of generally dispersed contaminant
molecules is desired (Marsh 2006). AC also have important applications in energy
storage such as a supercapacitors material of and Lithium-ion rechargeable Batteries
(Inagaki 2014).

Activated carbon fibers (ACF) have special characteristics when compared with
common activated carbons (granular or powder). They can be transformed into fabric,
woven or yarn forms which give them self-sustainable characteristics. In addition,
ACF show well defined pore structures on their surface which provides a high and
fast adsorption capacity for specific components (Solano 2008, Yoon 2000). Facing
the application as supercapacitor electrode, ACF have, in comparison with powdered
activated carbons, advantages such as a high surface-area, a good electrical
conductivity and easy electrode formation and containment (Pandolfo 2006). In spite
of all advantages of ACF applications, their use has been limited due to their relatively
high cost.

One of the most important characteristics, which makes ACF a very special
adsorbent material, is their pore size distribution. The architecture and structure of
pores on ACF surface are characterized by a huge amount of micropores localized
directly on the surface, leading to a faster and less energetic adsorption mechanism,
especially for gases (Mochida 2000)].
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The common methods used to produce ACF from a carbon fiber (CF) are not far
from those used for AC production. The process can be simply described as a thermal
treatment in an oxidant atmosphere at temperatures between 700 and 1000 °C (Solano
2008, Yoon 2000, Carrott 2001).

The ACF are highly quoted for adsorbent use, but it is very brittle and does not
have enough mechanical resistance to be applied in normally used textile process.
Consequently, it is very difficult to transform ACF in textile form. To solve this problem,
oxidized textile PAN fiber was produced and then transformed into oxidized PAN fiber
felt (OPFF). The OPFF was carbonized and activated to produce activated carbon fiber
felt (ACFF).

2| EXPERIMENTAL

The commercial 200 k tow of 5.0 dtex textile PAN fibers were oxidized in a
laboratory scale oven set built, aiming an experimental production of flame-resistant
fibers. About 200 kg of oxidized PAN were produced and transformed in felt (OPFF)
with 200 g m™.

During the carbonization process, the oxidized PAN loses about 50% in mass and
linearly shrinks 10%. The shrinkage is an important parameter and must be controlled
(Marcuzzo 2012), and for this purpose, an OPFF sample about 0.7m X 0.25m was cut
and displaced in a special sample holder that can control the sample shrinkage in two
dimensions.

The set of such sample holder with felt was introduced in an electrical furnace
(Figure 1). Both ends of the furnace tube were closed by flanges, which allow the
insertion and the purge of argon gas to provide an inert atmosphere condition necessary
for carbonization.

furnace

quartz tube

ri

| #’ _ "':—-I u‘am‘opar
A

Gas i 1

:

|

inlet

sample holder

Figure 1. Carbonization and activation set up

The carbonization was performed in argon atmosphere at a final temperature of
900 °C, applying the maximum heating rate attainable (30 °C min™). The processing
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time for maximum temperature was set at 20 min for carbonization. The activation
process was performed immediately after the carbonization by changing the argon
to carbon dioxide and rising up the temperature to 1000 °C; this temperature was
maintained during 50 min. The activation time was defined by a previous essay where
the mechanical evaluation was done, and it was fixed at 50 min to guarantee the
minimal mechanical characteristic for handling the activated fiber samples.

After finishing the carbonization and activation process, the gas was shifted again
from CO, to Ar and the furnace was turned off. This condition of inert atmosphere was
maintained until the room temperature was achieved inside reactor.

The sample characterization was performed by N, adsorption aiming the
measurements of surface area and pore sizes distribution function. The nitrogen
isotherm was performed at 77 K by Beckman Coulter SA 3100 equipment. The BET
method was applied to determine the total surface area; the pore size distribution and
the micropore volume were estimated by applying the NLDFT method (Tarazona 1995)
over the adsorption isotherm. The burn-off was estimated weighing the sample before
and after the activation process.

The methylene blue and iodine adsorption capacities were also determined in
liquid media, due to the fact that these characteristics are normally used as a reference
in the adsorbate industry. High resolution SEM was used to check surface fiber integrity.
The structure of activated carbon fiber was analyzed by X-ray diffraction technique
(Cuna 2014) operated with monochromatic incident Cu Ka (A= 1.5418A°) ray and an
automatic data acquisition system. The carbon surface chemistry was evaluated by the
titration method proposed by Boehm (Boehm 1994).

For electrochemical characterization, a two-electrode Swagelok TM-type cells
having two tantalum rods as current collectors were used. The electrodes (6.3 mQ)
were prepared by a rectangular cut of the ACFF, with cross-section areas of 0.8 cm?
and thickness of 0.0015 m. A glassy microfiber paper (Whatman 934 AH) was used
as separator, and 2M aqueous H,SO, electrolyte was used. Galvanostatic charges
and discharges were performed at a current density in the range 1-10 mA cm™, and at
the voltage range of 0-1 V. The cross-section area was used to determine the current
density. The specific capacitance was determined according to the equation: , where
is the current applied, is the discharge time, is the voltage range during the discharge,
and me is the mass of the electrode. The volumetric capacitance was determined
according to the equation: , where p is the bulk density of the ACFF. The bulk density
was determined by measuring the weight and the geometrical dimensions of each
electrode. The impedance measurements were carried out in the frequency range
from 1 mHz to 100 kHz with a signal of amplitude of 15 mV. All the electrochemical
measurements were carried out at room temperature and 2M of sulfuric acid as the
electrolytic solution and the setup was VoltaLab PGZ301 equipment.
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3 | RESULTS AND DISCUSSION

The structural morphology of ACFF was studied by X-ray diffraction and scanning
electronic microscopy. For pore structure analysis nitrogen gas adsorption at 77K
was determined. In additional, iodine and methylene blue isotherm were used to the

determine adsorption capacity. For surface chemistry, Boehm methodology was applied
[11].

3.1 N2 Isotherm

Figures 2 and 3 show, respectively, the nitrogen gas adsorption isotherm at 77 K
and pore size distribution function.

The nitrogen adsorption isotherm at 77K (Figure 2) corresponds to a type | curve,
with no hysteresis, and it shows that the gas saturation occurs at 0.2 P/Po, indicating
that this activated material is predominantly populated with micropores. The pore size
distributions curve performed by NLDFT (Non local density function theory) methodology
is shown in Figure 3, and it clearly shows that the maximum pore width presented is
around 3.2 nm and the predominant pores are sized at around 1.2 nm. This technique
does not give information about pores less than 1.0 nm in diameter, due to the N,
penetration limit, but it can be clearly observed in this curve that the distribution in the
region for a size width less than 1 nm is ascendant in the direction of origin. This fact
infers that the actual micropore volume and surface area of this material may be larger
than those calculated by using these isotherms.
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Figure 2. Nitrogen isotherm at 77 K.
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Figure 3. Pore size distribution by NLDFT

Table 1 presents the surface characteristics of activated carbon fiber felt obtained
from textile PAN fiber, and the burn-off value of the activation process.

Burn off 2 -1 Vmicro ore VTO al
Sample (W %) Seer (M?g7) (cmig) (cm*g)
ACFF 35 1260 0,53 0,59

Table 1. Surface characteristics of ACFF

3.2 lodine and methylene blue Isotherm

lodine and methylene blue adsorption capacity of activated materials are
parameters normally used to classify them as water pollutant organic compounds
removing materials. Moreover, the adsorption capacity of iodine is associated to the
presence of micropores sized between 0,5 and 1,5 nm (Fernandez-Colinas 1991),
while the methylene blue adsorption capacity is related to small mesopores (Bagaoui
2001). For common activated carbon, the typical value of lodine adsorption is around
1000 mg g and methylene blue is between 100 and 350 mg g™.

The iodine content for ACFF was determinate by ABNT/MB-3410. The total lodine
adsorption was estimated in 1800mg g'. There isn’t a standard to Methylene blue
measurement, the common methodology to determine methylene blue in activated
materials is by using spectrophotometer (665 nm) with silica sells of length 1cm. This
methodology shows a 700 mg g of methylene blue as ACFF adsorption content.

The amount of methylene blue and iodine ACFF adsorption is significant bigger
then the value found for activated carbon on literature. This fact suggests that the
ACFF is more efficient then activated carbon for small molecular compounds.
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3.3 Scanning electronic microscopy

The carbonization heating rate used in this work is a rate not usually applied in
the production of a material that essentially contains micropores. The usual heating
rate is in the range of 1 to 10 °C/min (Ronaldo 2007), while in this work it was used
the maximum heating rate allowed for the furnace which was 30 °C min'. The choice
of such high value for this process parameter has been assigned to the production of
macropores, cracks and other surface damages, however the SEM analysis of fiber
surfaces showed the surface integrity of activated samples.

Figure 4 shows the felt fibers distribution overview. The fibers are not broken for a
small length. This is associated to their mechanical characteristics handling.

i i !
SEM HV: 20.0 kV Det: SE | VEGA3 TESCAN
WD: 17.35 mm SEM MAG: 200 x | 200 pm

Figure 4. Filament structure ACFF overview.

Figure 5 shows details of the carbon fiber filament. It can be observed that
macropores, cracks, collapsed filaments and any other macroscopic surface impairment
are absent. In addition, it can be said that the surface of activated fibers is clear and
smooth.
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SEM HV: 20.0 kV Det: SE

WD: 17.35 mm SEM MAG: 1.00 kx 50 pm

Figure 5. Detail of activated carbon fiber in the filament structure of activated carbon fiber felt.

As the ultimate surface damage analysis, the high-resolution SEM image, with
150 k magnification, is also provided and presented in Figure 6. This micrograph shows
that the activated carbon fiber surface is exempted of macro-damages, which in turn
indicates that the high heating rate does not have any relationship with macropores or
damage production on the activated carbon fiber surface.

Figure 7. Magnification of 150 K on the activated carbon fiber.

3.4 X-ray diffractogram (XRD)

XRD of the activated carbon fiber felt is shown in Figure 7. The amorphous
character of this fiber was confirmed. Two broad peaks appear at approximately 26
= 25° and 44 °. The first peak is associated with (002) line, while the second at 26 =
44 ° is (100) line. The presence and the shapes of these two bands indicate that the
activated carbon fiber (prepared by carbonization at 900 °C) has a more organized
aromatic structure with marked sp? bonding character than other amorphous carbon,
reported in the literature. These materials when prepared at lower temperature, such
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as the one used in this work, present higher sp® bonding characteristic (Cufia 2014,
Celorrio 2011, Kennedy 2004, Mochidzuki 2003).

Based on these results, it is expected that this fiber presents a relatively good
electrical conductivity, what is an important characteristic for applications such as
supercapacitor electrode manufacture [5, 10, 18].
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Figure 7. X-ray diffractogram of ACFF

3.5 Chemical surface by Boehm

The well know Boehm methodology [11] was used to investigate the activated
carbon fiber felt surface chemistry. By using the Boehm titration, it is possible to
determine the amount of main acid groups as: carbonyl, carboxyl, phenolic, lactone,
and also basic groups that there aren’t detectable per species.

The results are presented on Table 2. It is possible to observe only two different
species; however, the presence of carbonyl groups is much less prevalent than the
basic groups that shows a considerable amount. Consequently, the activated carbon
fiber felt surface has basic characteristics. This result indicates a basic behavior for
aqueous applications.

3.6 Electrochemical characterization as supercapacitor electrode

Figure 8 shows the specific capacitance Cs, and volumetric capacitance Cyv, as a
function of the current density. The ACFF has a high Cs at low current densities (200
F g’ at 1 mA cm?), comparable to those reported for other carbon materials using the
same electrolyte [5, 10, 18]. This was expected by its the high specific surface area
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(1260 m2 g') which gives a high double layer capacitance. A current density increase
produces a drastic drop in the capacitance, which is mainly due to the high electrical
resistance of the cell.
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Figure 8. Variation of the specific capacitance Cs (squares) and the volumetric capacitance CV
(triangles) with the current density.

This is demonstrated in the Nyquist plot (Figure 9) obtained from the
electrochemical impedance measurements. In this plot, Rs is the ionic resistance of
the electrolyte bulk and Ra is the arc resistance (Figure 9 inset). The total resistance
of the cell can be defined as Ra+Rs. Ra can be linked to the electric resistance of
the electrode plus the resistance of the electrode/current collector contact (Garcia
2010). For the ACFF studied in this work, Ra has a very high value (125 Q), highest
than the Rs (2.7 Q). As discussed in section 3.3, it is expected that the activated fiber
has a high electrical conductivity, but the poor connectivity between the fibers in the
ACFF determine a high electrode resistance and electrode/current collector contact
resistance [5].
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Figure 9.Nyquist diagram for the ACFF cell. Inset: magnification of the high-frequency region
showing the arc. Ra is the arc resistance and Rs is the electrolyte bulk resistance.

The bulk density of the ACFF was 0.552 g cm. Given this value, Cv of the ACFF
was determined for different current densities. At 1 mAcm, Cv was 104 F cm, slightly
larger than those reported for bio carbon monoliths (Cufia 2014) but significantly less than
that reported for commercial carbon monoliths treated by different methods (Kunowsky
2014). The biggest disadvantage of the ACFF is the drastic drop in capacitance at the
highest current density.

4| CONCLUSION

It was proved that Oxidized PAN fiber felt can be transformed in a relatively high
surface specific area activated material, with 1300 m?g'. Moreover, the heat treatment
and the activation treatment parameters can be adjusted in a way that they drastically
reduce the time and energy consumption for the manufacturing process. The surface
characterizations showed that the produced activated carbon fiber felt is a material
populated essentially by micropores sized at 1.2 nm, and with minor amount of 3.2
nm mesopores More work must be performed in the future to better describe the pore
structure with sizes below 1 nm, which was not accessed by nitrogen. XRD analysis
shows that the activated carbon fibers do not present an ordered two-dimensional
structure. The activated carbon fiber felt produced from textile PAN fiber, is an interesting
material for supercapacitor electrode application, it could be successfully used as a
supercapacitor electrode material if its high electrical resistance can be reduced.
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