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APRESENTAGAO

A colecéo “Atividades de Ensino e de Pesquisa em Quimica” € uma obra que tem
um conjunto fundamental de conhecimentos direcionados a industriais, pesquisadores,
engenheiros, técnicos, académicos e, é claro, estudantes. A colecdo abordara de forma
categorizada pesquisas que transitam nos varios caminhos da quimica de forma aplicada,
inovadora, contextualizada e didatica objetivando a divulgacao cientifica por meio de
trabalhos com diferentes funcionalidades que compdem seus capitulos.

O objetivo central foi apresentar de forma categorizada e clara estudos relacionados
ao desenvolvimento de protétipo de baixo custo, analise do perfil quimico de extratos,
degradacao de resinas, quantificacéo de flavonoides, estudo de substéncias antioxidantes
e avaliacdo do grau de contaminacdo das aguas. Em todos esses trabalhos a
linha condutora foi o0 aspecto relacionado ao desenvolvimento, otimizacdo e
aplicacéo, entre outras abordagens importantes na area de quimica, ensino e
engenharia quimica. Atividades de Ensino e de Pesquisa em Quimica 3 tem sido um
fator importante para a contribuicao em diferentes areas de ensino e pesquisa.

Temas diversos e interessantes sédo, deste modo, discutidos aqui com a proposta
de fundamentar o conhecimento de académicos, mestres e todos aqueles que de alguma
forma se interessam pela area de quimica. Possuir um material que demonstre evolugao
de diferentes metodologias, abordagens, aplicacbes de processos, caracterizagcao
substanciais € muito relevante, assim como abordar temas atuais e de interesse tanto no
meio académico como social.

Portanto, esta obra & oportuna e visa fornecer uma infinidade de estudos
fundamentados nos resultados experimentais obtidos pelos diversos pesquisadores,
professores e académicos que desenvolveram seus trabalhos que aqui serdo apresentados

de maneira concisa e didatica.

Jéssica Verger Nardeli
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CAPITULO 2

MONITORING AGEING OF RESOL TYPE PHENOLIC
RESIN BY IMPEDANCE SPECTROSCOPY

Data de aceite: 01/06/2020
Data de submissao: 11/05/2020

Anderson Ferreira

Instituto de Aeronéautica e Espaco do
Departamento de Ciéncia e Tecnologia
Aeroespacial

Séao José dos Campos — Séo Paulo
http://lattes.cnpq.br/3901345673394058

Luiz Claudio Pardini

Instituto Tecnologico de Aeronautica do
Departamento de Ciéncia e Tecnologia
Aeroespacial

Sao José dos Campos — Sao Paulo
http://lattes.cnpq.br/5341431436245618

ABSTRACT: Phenolic resins are the most
common matrix for carbon materials. They are
available in various forms, i.e., from powder
to liquid. As so, they can be processed by
various means, such as autoclave molding or
compression molding. As any other thermoset
resin, shelf life is a key issue for processing
because during curing the resulted component,
in the form of a composite or bulk piece, can
be prone to have undesirable pore volume
that compromise properties. Many techniques
can be used to monitor the advancement of
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crosslink, such as, calorimetric technique (DSC),
(FTIR),
techniques, among others. In this work, the

spectrometric technique rheometric
electrical properties, in the form of impedance
spectroscopy, was used. The dielectric constant,
loss factor and electrical conductivity were the
main parameters to be measured as a function
of ageing time.
KEYWORDS:
impedance spectroscopy.

Phenolic resin, ageing,

11 INTRODUCTION

Phenolic resol and novolak resins are
commonly used for manufacturing of abrasive
products. Resol is used as the wetting agent
whilst novolak is used as a binder. Resol is a
liquid resin obtained in the reaction of phenol
with formaldehyde in a basic environment by
using excess of formaldehyde, resol forms
a mixture which might be cured at elevated
temperature.

The main advantage of phenolic resins is
their low price while the main disadvantage of
these resins is their instability during storage.
The ageing of resol results in an increase of
its viscosity and resol resin with high viscosity
will not cover, for instance, a fabric uniformly
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(STRZEMIECKA et al., 2016).

In this work, it is proposed a reliable, simple and inexpensive technique used to
evaluate the ageing of resol type phenolic resin, the impedance spectroscopy technique.
Besides, this technique can be used as process control and quality control tool of finished
product (ALVES et al., 2018; FAZZINO, REIFSNIDER e MAJUMDAR, 2009). Electrical
impedance was measured, thus, dielectric constant, loss factor and electrical conductivity
were the parameters calculated from the measured impedance as a function of ageing

time.

2| MATERIALS E METHODOLOGY

2.1 Materials

A liquid phenolic resin, resol type CR2830, provided by SI GroupCrios Resinas
S.A. The CR2830 resol phenolic resin has a molecular weight of 194 g/mol and dynamic
viscosity of 165 mPa.s at 25 °C. The gel temperature of this resin is at 120 °C. The density
after curing is 1.22 g.cm™.

2.2 Methodology

The electrical quantity measured by impedance spectroscopy technique is electrical
impedance that can be represented by impedance module /Z/, as well as by rectangular
coordinates, the real part of impedance (Z’) and the imaginary part of impedance (Z2°),
these are related to each other by equations (1) to (3) (PRADHAN, CHOUDHARY e
SAMANTARAY, 2008; ELIMAT et al., 2010).

1Z|12 = 2% + 2" (1)
Re (Z)=272"=|Z|cosp (2)

Im(Z)=2Z =|Z| senp (3)

Where

cos ¢ = cosine of phase angle

sen ¢ = sine of phase angle

The dielectric constant (¢ ’) and loss factor (g,”) of sample were calculated from
measured impedance by equations (4) to (6) (PRADHAN, CHOUDHARY e SAMANTARAY,
2008; ELIMAT et al., 2010).
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ZII

v o 4
Er 27 f ColZ)’ (4)
4 (5)
T T Infc 1z

= g2 6
0= Eod (6)

Where:

C, is the geometric capacitance of empty sample holder, F;
g, is the vacuum permittivity (8.85.10"2 F/m);
A is the sample area in contact with guarded electrode, m?;

d is the thickness of sample (distance between guarded and unguarded electrodes),
m;

fis the frequency of applied AC electric field, Hz.

The electrical conductivity (o) as a function of frequency of the applied AC electrical
field is determined by using the equation (7) (PRADHAN, CHOUDHARY e SAMANTARAY,
2008; ELIMAT et al., 2010).

g=2nfeEE (7)

In order to measure impedance as a function of ageing time, it was constructed a
sample holder formed by two printed circuit boards with welded terminals to form the
guard, guarded and unguarded electrodes, figure 1 shows the two printed circuit boards
and the electrodes with terminals. The size of each printed circuit board is 100 x 100
mm, dimension of guarded electrode is 49.5 x 60 mm and the insulation space between
guarded and guard electrode is 4 mm, welded terminals are 50 mm long outside sample
holder.
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Unguarded electrode Guarded electrode

Figure 1. Sample holder formed by two printed circuit boards

As shown in figure 2, to allow the liquid resol type phenolic resin to be poured into
sample holder, tacky tape was used as sealant and cork to maintain the distance between
two printed circuit boards at 5 mm, which is the thickness of sample.

Figure 2. Tacky tape was used as sealant and cork as spacer

Figure 3 shows the two printed circuit boards assembled with nylon cable ties
forming the sample holder, the resin was removed from freezer and spilled into the sample
holder and the first impedance measurement was taken immediately, this first measure
was named 0 day aged, after this first measurement the sample holder was stored at
room temperature for impedance measurement at the intervals shown in figure 5 until
last impedance measurement at 1320 days of ageing. Figure 3 also shows in details the
sample holder installed in HP 16047C Test Fixture.
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Figure 3. Sample holder with resin installed in HP 16047C Test Fixture

Figure 4 shows the final measurement setup, the HP 16047C Test Fixture with
sample holder installed on the HP 4192A LF Impedance Analyzer, measurements were
taken between 10 Hz and 13 MHz. In addition, a cured sample was prepared, according
to manufacturer’s instructions of curing, for comparison with electrical properties of aged

resin.

Figure 4. HP 4192A LF Impedance Analyzer with HP 16047C Test Fixture and sample holder

3 | RESULTS AND DISCUSSIONS

Figure 5 shows results for dielectric constant as a function of frequency for aged and
cured samples, as shown in figure 5, increasing ageing time decreases dielectric constant
values, the dielectric constant represents the induced electric dipoles in sample due to
electric field (ELIMAT et al., 2010; HIPPEL, 1995).
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Figure 5. Dielectric constant as a function of frequency for aged and cured samples

According to Strzemiecka et al. (2016) the ageing of resol resin results in increase
of its viscosity, thus decrease in dielectric constant can be attributed to the increase of
viscosity which makes intermolecular mobility difficult due to advancement of crosslink,
thus decreasing the formation of electric dipoles, in addition, dielectric constant of cured
sample corroborates this postulation, dielectric constant of cured sample is in agreement
with Hippel (1995).

Due to the smaller cured sample size (32.5 x 25 x 8 mm) and its insulating behavior,
the impedance analyzer has no resolution for impedance measurements at frequencies
below 1 kHz.

Figure 6 shows results for loss factor as a function of frequency for aged and cured

samples.
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Figure 6. Loss factor as a function of frequency for aged and cured samples
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As shown in figure 6, increasing ageing time decreases loss factor values, loss factor
can be attributed to the sum of two dissipative factors, the Joule effect that comes from
heat generated when an electric current flows through a material and the friction effect of
the electric dipoles movements generated by the alternating electric field (ALVES et al.,
2018).

Figure 7 shows results for conductivity as a function of frequency for aged and cured
samples, increasing ageing time decreases conductivity. Conductivity derivates from loss
factor according to equation (7), thus takes into account both dissipative effects (Joule
effect and heat generated by dipolar movements). Loss factor and conductivity of cured
sample are in agreement with Hippel (1995).
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Figure 7. Conductivity as a function of frequency for aged and cured samples

Decrease of loss factor and conductivity can also be attributed to the increased
viscosity of aged sample which hinders intermolecular mobility, thus decreasing the rotation
of electric dipoles and movements of electric free charges that generate Joule effect.

41 CONCLUSIONS

A resol type phenolic resin sample was stored at room temperature for ageing during
1320 days. Impedance spectroscopy technique was applied to evaluate this ageing, the
behavior of electrical properties derived from this technique were in accordance with
ageing which implies in advancement of crosslink and hinders intermolecular mobility, thus
decreasing the induction and movements of electric dipoles and movements of electric
free charges.

Impedance spectroscopy technique can be used to evaluate the ageing of resol type




phenolic resins.
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