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Abstract

The rheological properties of acrylic paints and polyaniline (PAni) blends, with different contents of PAni doped by
dodecyl benzene sulphonic acid (DBSA) and, dispersed by mechanical stirrer and ultrasonic, were investigated by
controlled shear rate testing ramps. The results showed that the commercial acrylic paint had tended to deliver the required
stability on the blends, in order to avoid sedimentation process. All samples exhibited non-Newtonian flow behavior
(shear thinning), increasing PAni content the flow behavior index (n) decreased (0.41 to 0.11) and power law model
were used to fitted the experimental curves. The results showed that the addition of PAni-DBSA affects the viscoelastic
behavior of the mixtures due to the interactions between the components in the mixture. The best properties were
obtained for samples 90/10 wt % dispersed by ultrasonic, indicating the feasibility of the usage as a conducting paint.

Keywords: polyaniline, acrylic paint, thixotropy.

1. Introduction

Inherently Conducting Polymers are considered to be
organic materials which exhibit electrical, magnetic and
optical properties very similar to metals and semiconductor
materials, these kinds of polymers, have conjugated double
bonds of polymer chains, which allow an electron flow
under specific conditions. The oxidation/reduction processes
from polymeric chains, are carried out by charge transfer
agents, changing the insulator nature from polymers to a
conducting or semi-conducting nature, due to an increase
of both electrons mobility and conductivity!!-l.

The chemical doping is a reversible process which
occurs by protonation in aqueous acid solution, with no
changes on the number of electrons associated with the
polymer chains, basically, consists of protons addition to
the polymer chains of a doping agent, leading to the shift of
electrons from 7 system!¥, Studies have shown that certain
conducting polymers such as Polyaniline and Polypyrrole
have been found to offer corrosion protection of iron,
steel and aluminum, attributed to its high stability in the
air, adhesion and redox properties with the substratel®!.
Amongst the class of conducting polymers, Polyaniline
(PAni) is unique due to its easy synthesis, low cost, good
thermal stability, and reversible doping/dedoping process
to control the conductivity!'“!), When reaction occurs in
acidic environment (low pH condition), leads the head-to-tail
coupling of aniline monomers in the para position and green
form as a protonated emeraldine, which can be dedoped by
oxidizing agent to produce the blue, emeraldine base form
of the semi-conducting polymer!!>'4,
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On the other hand, it is well known the insoluble and
infusible nature of ICPs has kept them away from the
formation of solutions/melt. The mechanical properties of
conducting PAni have been investigated in the scientific
literature only with respect to its blends, PAni usually acted
as particulated conducting filler in a suitable matrix that
provided the required mechanical properties. In order to
overcome the intractability of ICPs and to bring them into
the solution/melt, some techniques such as: introduction of
bulky side groups or dopant ions into the polymeric chain
or use of polymeric or surfactant stabilizers optimize the
formation of ICP solutions!'*'7..

Blends of conducting polymers with conventional
polymers have been extensively studied!®2!. Their mixture
with conventional polymers consists of a good strategy from
the technological point of view!*24,

As rheology is considered to be an efficient tool for
exploring structural properties and molecular interactions
of different materials, it will be applied, as a technique for
blends macroscopic characterization, on the other hand,
it will provide an easily accessible way to correlate the
microstructure of a system with its particular rheological
responses on PAni-based systems!>27),

The main of this article will compare the rheological
behavior of Acrylic Paints/PAni blends and evaluate the
influence of sample preparation methodology on the
viscoelastic properties. It known the use of PAni, or another
conducting polymer to improve the corrosion protection, but
they’re very little paper showing e rheological behavior after
the addition of conducting polymer. Rheology will provide
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useful information for prediction of blends behavior during
development of conducting paints, due to it determines the
performance of the paint during the whole handling cycle,
from storage to application and drying!?>2%3%,

2. Materials and Methods

2.1 Materials

Commercial acrylic paint was kindly supplied by Akzo
Noble (Brazil). The characteristic of the commercial paint
is given in Table 1.

The PAni.DBSA was obtained by mixing aniline/DBSA
in the molar ratio 1:1 in 75 ml water/methanol mixture
(3:1), under vigorous stirring for 7 minutes. Then 20 ml of
ammonium persulfate (0.1 mol) as oxidizing agents was
slowly added in the solution. The polymerization reaction
was carried out at 0 °C under vigorous stirring. After
6 hours, the reaction medium was poured into methanol,
filtered, washed several times with methanol, and dried
under reduced pressure for 72hi*!,

Acrylic paint with doped PAni concentration rises
from 5% to 10% w/w were obtained by dispersing using
a mechanical stirrer and ultrasonic at room temperature.
Mechanical dispersion was carried out with a constant stirring
speed of 300 RPM for 10 minutes. Ultrasonic dispersion was
carried out in ultrasonic device, the sonotrode used to have
tip diameter 3 mm and made of titanium. The dispersion
was carried out in the following conditions: 100 W power,
at constant frequency of 30 kHz, and constant amplitude
of 50% over five minutes.

2.2 Rheological measurements

The rheological characterization was carried out using a
shear rate-controlled rotational rheometer (Haake Rotovisco
RV20/CV20N) (Couette flow) fitted with a Mooney-Ewart
coaxial cylinder sensor (inner cylinder diameter 28.93 mm,
outer cylinder diameter 30.0 mm, length 24.0 mm, and
sample volume 1.8 cm?). The temperature was controlled
with an accuracy of 25+0.1 °C by circulating water in the
jacket of the outer cylinder arrangement.

2.2.1 Viscosity measurements

The Power-law model was used to study the flow
behavior of the formulations:

Table 1. The characteristic of the commercial paint.

oo k(dvdt)”'l (1
T=ky" @
Inp=Ink+(n-1)ny 3)

Where: p is the viscosity, t is the time, 7 is the shear stress;
k a constant; 7 the shear rate; and » the non-Newtonian
power index.

The samples were investigated by controlling shear rate
testing ramps from 0 to 500 s'.

2.2.2 Creep and recovery test

In creep and recovery test, generally, elastic deformation
may be resembled by a spring model and viscous flow by a
dashpot model. The quantity of springs and dashpots and the
way in the sample body, which they are connected, can be
used to represent different kinds of viscoelastic materialst*.
Creep and recovery tests were carried out under the shear
stress of 5 Pa at 25 °C, the variation of the strain in response
to the applied stress was measured of a period of 3 minutes,
afterwards, the stress was then removed, and changes in
strain were registered through a further period of 3 minutes,
in order to observe structure recovery, using the evaluation
tool from Software Rheowin3, was also possible to provide
viscosity zero shear rate and relaxation time determination.

3. Results and Discussions
3.1 Rheological behavior

The viscosity is denominating the resistance of a fluid
against any force tending to cause the flow. It is one of the
most important properties in rheological studies for coating,
paint and ink. To obtain a good application characterization,
good paint has to be non-Newtonian liquid behavior, which
are shear rate dependent. Rheological characterization of
paint is to measure the relationship between shear stress
and rate of shear strain variation harmonically with timel*?.

Figure 1 shows the viscosity variation as a function
of shear rate, it is observed that all samples exhibited a
typical rheological behavior of non-Newtonian fluid, the
viscosity decreased rapidly with the increase of the shear
rate, this is called pseudoplastic behavior, and this behavior

Manufacturer Commercial paint

Description

Product information

Azko Noble Ltda Coralar acrilico

Color: white
Solid content: 56%
Viscosity: 90-100 UK
Volatiles: 53-56%
Titanium dioxide: 1-5%

Ethoxyl alcohol: <0.1%

Water based paint

Ammonium: 0.1-1.0%
Aluminum silicate: 10-30%
Calcium carbonate: 15-40%

Application method: air spray, brush or roller
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is characteristic of the textural changes in the samples may
be induced by the shear rate. For Newtonian fluids, n=1
and In k=In p, but for a pseudoplastic fluid the index # is
associated to the viscoelastic parameter and take values
smaller 1. The pseudoplastic behavior can be attributed to the
polymer chain pulled apart to be arranged in straight chain
when the polymer is in shear flows. At low strain region
shows non-linear viscosity characterized weak (physical) gel
forned by hydrogen bonding between the amine, imine and
carboxyl groups. In this work two amounts of conducting
polymer were added in the acrylic paint 5% and 10%, by
two different dispersion methodologies, mechanical mixer
and ultrasonic. Analyzing the addition of PAni 5% w/w, in
the range of 50 to 100 s, it was not observed any difference
in the curve between acrylic paint and the dispersion by
mechanical mixer. But, when the ultrasonic methodology
was used to disperse PAni, the viscosity curve showed high
value. It can be an indication that the sample had better
dispersion of PAni in acrylic paint, because the ultrasonic
dispersion experiment generates high shear that breaks particle
agglomerates in single dispersed particles. It is known, PAni
has a high tendency to agglomerate®®*, been individual
molecules cluster to form primary particles (organic metals),
which then form primary aggregates. Primary aggregates
cluster to form secondary particles®?”. The weak bonding
of dipole force between polymer molecules in a physical
gel can be easily broken by the external shear deformation,
resulting in the delay of gelation process. Therefore, the
increase of viscosity promoted by ultrasonic dispersion is an
indication that the sample had better dispersion of PAni in
acrylic paint, because the ultrasonic dispersion experiment
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Figure 1. The dependency of Paint Viscosity in shear rate condition
(a) for 5% PAni and (b) for 10% w/w.
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generates high shear that breaks particle agglomerates in
single dispersed particles.

When increase the amount of 5% to 10% w/w of PAni
in acrylic paint, any difference in curve were observed by
dispersion methodology. In this condition, 10% w/w of
PAni, probably the amount of polymer will determine the
curve behavior of viscosity.

When trying to add a filler or an insoluble polymer into
the paint formulations some practical aspect appears like
precipitate of this additive. An example that rheological
characterizations for paint applications is the forecast of
settling property. High viscosity in low shear zone is a
reflection of good anti-settling property and stable filler
suspension in storage condition. The PAni add in Acrylic
paint, improve the anti-settling property, but it is difficult
specify the mechanism of anti-settling in a commercial
acrylic paint due the many variables (morphology, molecular
weight, number and type of additives, etc.). However, it is
may be reasonably assumed that the anti-settling effect is
caused by the formation of hydrogen bonds between PAni
and Acrylic resin which keep for a longer time the PAni
particles suspended.

The shear stress versus shear rate data for all blends in
the range 0f 0.01 t0 100 s, were best fitted to the power-law
model, Equation 2, this model are extensively used to
describe the flow properties of non-Newtonian fluids?>34.
As shown in Figure 1, all blend exhibited pseudoplastic
behavior. The values for n, flow indexes, was between
0.41- 0.11, as shown in Table 2. Analyzing the addition
of PAni in the acrylic paint it is observed a decreased in
n values as percentage of PAni increased. This result can
indicate the interaction between Acrylic Paint and PAni which
will produce a reduction on # values, making the material
with lower Newtonian characteristics, which is good for
the technological paint applications. In the same way was
noticed that the methodologies of dispersing influenced
pseudoplastic characteristics.

On the other hand, the apparent viscosity at 100 s (ua)
increased as the PAni content increased, except for 5%, as
reported in Table 2. This behavior can indicate that when
increase the shear rate, starting at 100 s, the PAni particles
align rapidly in the direction of increasing shear rate and will
produce less flow resistance. However, for 10% predominates
the high amount of PAni in the paint which will elevate the
viscosity values®s!.

The consistency index (K) indicates the degree of fluid
resistance against the flow. The higher K values the material

Table 2. Parameters of power law models for Acrylic paint with
PAni.

Apparent viscosity K*

PAni n® R*
at 100 s (Pa.s) (Pa.s)

0 1.21 17.61 041 0.99
5-M 0.91 53.34 0.11 0.97
10-M 2.11 63.84  0.20 0.98
5-U 1.12 37240  0.26 0.97

10-U 2.86 1156.0 0.23 0.90

*Consistency Index. "Flow Behavior Index. “Correlation Coefficient.
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is more consistent. The consistency index increase when
the amount of PAni increase, 5% to 10% w/w, in the same
dispersion methodology. But the high changes in K values
were observed when analyzing the dispersion methodology.
Comparing PAni dispersion by mechanical mixer, was
obtained 15% increase in 5% to 10% w/w. But for 10%
of PAni in acrylic paint by ultrasonic the K value increase
around 1000% in relation of commercial acrylic paint.

3.2 Creep and recovery

A creep and recovery test is a two-part measurement which
provides information about the paint, structural properties
at very low stress. Figure 2A shows a typical diagram of the
output response from creep and recovery experiment that is
the compliance (J) as a function of time. The creep test is
characterized by a constant stress is applied, which causes
gradual deformation with time, through readjustment of the
molecular structure of materials, dominated by the elastic
component, followed by the viscoelastic component, where
continuous flow occurs. The deformation of the materials is
partially restored to its initial state, after unloading the stress
on the materials. The more compliant is the molecular structure
of sample, then the easier its space network deforms, when
under the given shearing stress. The elastic creep compliance
(JOC) is determined by linear extrapolation of the viscous
regime of the creep curve while the elastic recoverable
compliance (JOR) is the difference between the compliance
atthe end of the creep (t=t,) and recovery experiment (t=t,).
The slope of the line of the viscous regime is also used to
determine the zero shear viscosity (). Deformation of the
paint was determined from absolute values of compliance
and compared by the ratio (J,-J ) /J,.

In the recovery experiment, the extent of the recovery
gives an indicating of the thixotropic regeneration of the
paint. The extent of recovery R (%) has previously been
defined as®"l.

R(%)= (JOR JJxlOO 4

A characteristic relaxation time t may also yield a
quantitative assessment of the thixotropic and may be
determined as the product:

t, = o xJOC (5)

When a polymer is subjected to a constant load, it
deforms continuously. The polymer will continue to deform
slowly with time indefinitely or until rupture or yielding
causes failure. This behavior will describe three regions, if
the constant force continuum applied, the first region is the
early stage of loading when the creep rate decreases rapidly
with time. Then it reaches a steady region which is called the
secondary creep stage followed by a rapid increase (tertiary
region) and fracture. This phenomenon of deformation under
load with time is called creep®*.

The data values of the measured creep and recovery
parameters for the acrylic paint are shown in Table 3 and,
in Figure 2, the curves. The compliance during the creep
test decreased significantly PAni presence. This suggests
initially that the PAni really influence in acrylic paint on
creep test and in the recovery, producing some interacting

218

Acrylic Paint A

12

10
-~ 8
©
o
< 6
=
S 4
<
=
a2
£
o
o .

0 50 100 150 200 250 300 350 400 450
Time (sec)

JOR

Compliance, J (1/Pa)
I
F

Time (sec)

A Mechanical
O ultrasonic

0 100 200 300 400 500
Time (sec)

Compliance, J (1/Pa)

Figure 2. The Creep test (A) for Acrylic Paint; (B) for Pani 5%
and (C) for 10% of PAni.

Table 3. Measured creep and recovery parameters for blends of
acrylic paint and PAni.

Samples
0 5-U 5-M 10-U 10-M
u, (Pa.s) 401 8.46x10* 1.43x10° 1.49x10° 7.35x10*
R% 1.18 46.09 63.97 46.40 5791
t (sec) 664 539 690 393 493

between the paint and polymer chain, because the blends
are less readily deformable.

It is interesting to notice the changes in the curve of
compliance versus time by the addition of 5 or 10% w/w
of PAni. The curve with 5% w/w of Pani in acrylic paint
dispersed by mechanical mixer, Figure 2B, showed the
lower values of compliance, which can indicate the bad
homogenization of PAni in the paint. This suggestion of
interpretation can be corroborated by the lower value of
viscosity at 100 s, it will be easy alignment by the shear
rate because the PAni particles are agglomerates. And when
use a force to deform paint the agglomerates will act as a
barrier. Probably the ultrasonic device deagglomeration
not only PAni but others additives in paint that will reduce
the resistance. When the amount of PAni increase to 10%,
the curve behavior change, the lower values of compliance
were obtained to the ultrasonic dispersion, probably due
the amount of deagglomeration and dispersion will be less,
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Figure 3. The Yield stress for conducting acrylic paint.

because there was more PAni in the blend. Generally, the
filler increase leads to an increase in the total recovery and
characteristic relaxation time of the paint. The recovery
values (R) were high to the samples with PAni. It can be
attributed to the hydrogen bond that will help in the rebuild
the acrylic paint structure. However, relaxation time, for
the acrylic paint is similar to acrylic paint and acrylic paint
with 5% of PAni. It is interesting noticed that the 10% of
PAni reduce the value of relaxation time, probably due
the reduction in the agglomeration. But the interpretation
of all effect, like percent of deagglomeration, reducing in
the PAni and acrylic resin molecular weight, influence of
dispersion it is extremely difficult in a commercial paint.
The zero shear viscosity is an indication that the energy to
flow to paint and anti-settling. Zero shear viscosity values
increased with increasing PAni content and changes were
observed by the dispersion method. The behavior of zero
shear viscosity was similar to being observed in compliance,
high values to dispersion with 5% in mechanical mixer and
10% in the ultrasonic.

3.3 Yield stress

Yield stress (t,) is an important material property for
the application of paint!*®]. Yield stress measurements have
previously been used to indicate the thixotropy of a material
as a function of time*-#!. The Yield stress values of acrylic
paint modified with PAni are shown in Figure 3. It is not
noticed variation on the yield stress for the addition of
5% of PAni in the acrylic paint. The addition of 10% was
observed 50% increase in the yield stress for the mechanical
dispersion methodology. But the high value in yield stress
was observed when 10% of PAni is dispersed in acrylic paint
by ultrasonic. This result can confirm the observation of the
high energy dispersion of ultrasonic can reach not only in
PAni but in all formulations components.

4. Conclusions

Results obtained in this paper showed that Polyaniline
addition to acrylic paints, changes the rheological properties
of the blends, due to the interactions established between
acrylic and Polyaniline.

The creep and recovery tests showed changes in the curves
by the addition of PAni and the methodology of dispersion.
The paint blends had better recovery characteristic which
is good for the paint application.
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It was also observed an increase on thixotropy comparing
to acrylic paint, except for composition 95/5 w/w mechanically
dispersed, due to the observed decrease on both thixotropy
and yield stress value, which indicates a lower interaction
between the components from the mixtures, the best properties
were obtained with 90/10 w/w dispersed by ultrasonic.
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