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ABSTRACT

Conducting polypyrrole/polyaniline colloidal composites have been prepared
by deposition of the solution mixture of polypyrrole and polyanillne at negative

potentials. Different substrates were dipped in the solution containing the

mixture together with acrylic latex and after drying the adhesive strength and
electroactivity of the paint were studied . Several colloidal composite based

coatings were investigated. At lest a computer facilitated with powerful
artificial neural network based algorithms classified the paints.
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INTRODUCTION

Conventional polymers are commonly modified with

conductive filler particles, such as carbon black and
metal flake, for application such as conductive

additives and paints . This approach is proven useful in
the development and expansion of paint coatings for

protection of steel, against corrosion . An obvious
advantage in coating technology involving paints is
that a wide range of substrates can be coated.

However, the discovery of conducting and
electroactive polymers with intrinsic conductivity in

1970 [1] pushed the scientists to overlook the
traditional way of making the conventional polymers

conductive . Among the more frequently studied

polymers used for corrosion protection of steel are
polyaniline and its derivatives . Polyaniline has been
shown to have corrosion-protecting capabilities both
when doped and when neutral [2] . The degree of the
protection depends on the thickness of the iron oxide

layer at the polymer/metal interface as well as on the
thickness of the top oxide layer . The mechanism for

corrosion protection was found to be anodic . The

polyaniline film withdraws charge from the metal,
pacifying its surfaces against corrosion.

Inherently conducting polymers such as poly-

pyrrole, polythiophenes and polyaniline (shown in

Scheme I) are traditionally coated onto substrates
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Hitachi S 450 scanning electron microscope was
employed.
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' RESULTS AND DISCUSSION

In this section we discuss and compare the results of
polypyrrole, polyaniline and their composites in
different sub-sections.NH–I

3

Schema 1

using anodic electrodeposition technique [3]. The use
of inherently conductive polymer colloid particles and
their classifications by computer have been invest-
igated in this study . Coating substrates from colloidal
dispersions have been evaluated, particularly for
easily corroded metals that are inappropriate as
electrodepolymerization electrodes.

EXPERIMENTAL

Reagents and Instrumentation
All chemicals used in this study were analytical
reagent grades used without further purification,
unless stated otherwise. Deionized water was used
throughout this work . Pyrrole (Sigma) and aniline
(BDH) were purified by simple distillation.

Anhydrous ferric chloride was purified using
vacuum filtration . Polyvinylalchohol, PVA, of mole-
cular weight=30000–70000 obtained from Sigma,
NaNO 3 from BDH, polyethyleneoxide, PEO, of mole-
cular weight=300000 from Aldrich, polyvinyl-
pyrrolidone, PVP, of molecular weight= 1200000 from
Merck, anhydrous ferric chloride and hydrochloric
acid from BDH . Acrylic latex paint was obtained from
ICI Dulux Australia Ltd.

Adhesive strengths were measured at room
temperature . tsing a modified version of ASTM
method D 4541 with an Intron tensile tester Model
4302. A Sorvall OTD ultracentrifuge was used. A Jeot
2000 FX transmission electron microscope or a

Preparation of' Polypyrrole Colloidal Paint
1 .0 mL of pyrrole was added to stirred aqueous
solution (100 mL) containing 5 .33 g of ferric chloride
and 0 .1–2 .5 g of one of the stabilizers (PVP, PVA or
PEO) . The temperature of the mixture was maintained
between 4–25 'C for almost 20 h . The black colloidal
dispersion was ultracentrifuged (50,000 rpm) for 30
min to produce black sediment . The product was
rinsed with distilled water several times . The paints
were prepared by mixing 20–80% (wlw) of appro-
priate colloid dispersion in water with the acrylic
latex. The mixture was stirred vigorously for 10 min
to ensure it was homogeneous . The paints were
applied to three metallic substrates: lead (Pb),
stainless steel (SS) and zincalume (Zn-Al : steel sheet
coated with a zinc-aluminium alloy).

Adhesion Test for Polypyrrole Colloidal Paints
It is known that the adhesion of electrodeposited
layers on easily corroded substrates is poor due to the
fact that the potentials required initiating polymer-
ization causes concomitant substrate oxidation [2].
Hence, the adhesion of the polypyrrole colloidal
paints on Pb, SS and Zn-Al was studied . Surprisingly
it was found that the adhesion of the paint was very
good in all cases and increased as the amount of
colloid added increased at least up to approximately
50% (Figure 1).

The presence of the conductive colloid within
the paint may strengthen the chemical bonds or form
additional chemical bonding which would explain the
observed increase in adhesive strength.

Moreover, the electroactivity of the colloids
may induce redox reactions that cause oxidation of
metal and/or polymer, which enhances the chemical
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Figure 1 . Adhesive strength of polypyrrole paint as a
function of colloid loading using different stabilizers and
substrates.

interactions between the two. Alternatively, the
increase in adhesive strength may be due to reinforc-
ing effect of colloid particles.

Electroactivity of Polypyrrole Colloidal Paints
The electroactivity of polypyrrole paint was
investigated on different substrates and we

Figure 2. A typical cyclic voltammograms for a polypyrrole
paint in NaNO3 as supporting electrolyte . The x-axis Is the
applied potential in volt.

experienced well-defined electrochemical responses.
A typical example of such electroactivity is presented
in Figure 2.

Preparation of Polyaniline Colloidal Paints
1 .0 mL of aniline was added to a stirred aqueous
solution of 1 .25 M HCl (100 mL) containing 0 .70 g of
ammonium persulphate and 0 .8—0 .9 g of one of the
stabilizers (PVA, PEO and PVP) at room temperature
for 48 h . The ultracentrifuge was used for the
separation of colloids from redispersed solution.
Paints were prepared using the same procedure as for
polypyrrole previously explained.

Adhesion Test for Polyaniline Paints
The adhesion of the paints to various metal substrates
was found to be excellent and superior to the
unmodified acrylic paint [4, 5] . Such superiority has
been demonstrated in Figure 3.

Electroactivity of Polyaniline Colloidal Paints
Figure 4 shows a typical cyclic voltammogram
obtained from the polyaniline paint . The figure shows
that the paint is electroactive and shows responses
typical of polyaniline [6].

Preparation of Colloidal Composite Paint
To enhance the physicallchemica! properties of the
points a conductive composite in a colloidal form has
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Figure 3 . Adhesive strength as a function of colloid
(polyaniline) loading for stainless steel substrate using PEO,
PVA and PVP stabilizers and stainless steel as substrate.

0 .6

0.4

1 .0

0.8

ironical Polymer Journal / Volume 8 Number 4 (1999) 243



Advanced Conductive Pont Using &man Colloidal Polymeric Composites

Figure 4. Cyclic voltammogram obtained for polyaniline
paint in HCI as supporting electrolyte. The x-axis is the
applied potential in volt.

been examined.

Preparation of Polypyrrole/Polyaniline Colloidal
Composite Paint
The use of colloidal polymers was also investigated
for the production of novel composites . For example,
the possibility of depositing composite materials from
mixtures of conducting polypyrrole and polyaniline
was considered while the same procedure of produc-
ing polypyrrole and polyaniline paints was employed.
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Figure 5 . Adhesive strength as a function of colloid
(polyanilinelpolypyrrole mixture) loading for stainless steel
substrate using PEO, PVA and PVP stabilizers and
stainless steel as substrate .

Preparation of Conducting Polypyrrole/Poly-
aniline Colloidal Composite Paints
It was found that a conducting film could be deposited
on a substrate at a negative potential (E= -1 .35 V)
from mixture of polypyrrole and polyaniline. A slow
increase in current versus time was observed during
polymerization, which is indicative of polymer
deposition causing the surface area to increase and
consequently, the current to increase.

Adhesion Strength for PolypyrrolelPolyaniline
Colloidal Composite Paint
The adhesion experiments for the composite paint
resulted in a very interesting profile . As can be seen
from Figure 5 the composite has shown more strength
compared with the polyaniline paint (Figure 3) when

°I0

(b)

Figure 6 . Cyclic voltammograms recorded after
electrocoagulation of (50150% wlw) polypyrrole and
polyaniline colloidal composite . (a) supporting electrolyte
1 .00 M NaNOs, (b) supporting electrolyte 0,02 M HCI . x-axis
is in volt .

-0.8

Typical oxidation of polypyrrole
(a)1 .5
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Table I . Computer classification of the potyanilinelpolypyrrole composite paints with
three different stabilizers using the electrochemical data for the stainless substrate.

Type of paint Output 1 Output 2 Output 3

composite with PVA stabilizer 1 .000021 0 .0000005 0 .0000105

composite with PEO stabilizer ' 0 .0000255 1 .000004 0.0000045

composite with PVP stabilizer 0 .000049 0 .000013 1 .000011

Table 2 . Computer classification of the polyanilinelpofypyrrole composite paints with
three different stabilizers using the adhesion data for the stainless substrate.

Type of paint Output 1 Output 2 Output 3

composite with PVA stabilizer 1 .063872 D.0039987 0.0156735

composite with PEO stabilizer 0.056325 1 .007014 0.0089699

composite with PVP stabilizer 0.0042818 0 .0973385 1 .0979322

the same stabilizers and substrate were used . As can
be seen from the Figures 3 and 5 there were 40 %,
15% and 5% increase in adhesive strength for PVP i
PEO and PVA, respectively, when a composite (%
wlw colloid) was used . This enhancement in tensile
strength may be due to the configuration and increase
of surface area of the colloids while a mixture of
polypyrrole and polyaniline used . As shown in Figure
1, polypyrrole has excellent adhesion that can improve
the polyaniline adhesion if they are both used in a
composite configuration.

Electroactivity

	

for

	

PolypyrrolelPolyaniline
Colloidal Composite Paint
The electroactivity of composites has been
investigated in two different supporting electrolytes
since the electroactivity processes of polyaniline and
polypyrrole follow different mechanisms [7 and 8].
Polypyrrole (Figure 6a) and polyaniline (Figure 6b)
have shown their typical redox signals while in
NaNO3 and HCl, respectively [9].

Modeling and Classification Study
To classify unknown colloidal composite paints and
coatings we have used computer with powerful Turbo
neuron [10] trained algorithm based on the electro-
chemical and adhesion data. The data has been
introduced to the computer in two separate files . Then

the same procedure, as described in our recent
investigations [11—14], was applied to train the
computer. The composite paints were introduced in a
digital format based on the stabilizers used during the
colloid formations (1,0,0 for PVA, 0,1,0 for PEO and
0,0,1 for PVP) . Then three models were created and
tested to check the accuracy of the classifications . The
output results for unknown composite paints are
shown in Tables 1 and 2 for the electrochemical and
adhesion data, respectively. The results prove that the
system predicted correct output as the computer could
create reproducible patterns and models with both
electrochemical and adhesion data. However, the
accuracy of the system is higher for electrochemical
data.

CONCLUSION

Conductive electroactive paints an . coatings have
been prepared by mixing polypyrrole and polyaniline
colloids and an acrylic latex fonnulation in water . A
range of colloid concentrations (20—80% w/w) was
considered. Different substrates and stabilizers were
dipped in the solution of paint and after drying the
adhesive strength and electrochemical data were
collected . The classification of unknown composite
paints was carried out using advanced computational
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technique entitled Turbo Neuron. It was noted that the
computer was capable of correct prediction for both
data with higher accuracy for the models created
based on the electrochemical data.
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