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Abstract
Composites silica/polypyrrole (SiO2/PPy) were synthesized by in-situ, using FeCl3 as oxidant, the quantity of silica
is varied from 0.15 g, 0.3 g, 0.45 g to 0.6 g (SP1, SP2, SP3 and SP4, respectively). The morphologies and
characterizations of composites were evaluated by FT-IR, EDX, SEM, TEM and TGA. EDX result indicated that the
percentage of silicon increase from 20.48 to 28.14 % when the quantities of silica in initial mixture increase. Carbon
steel were coated with polyninylbutyral (PVB) resin and PVB coatings containing 10 % SP1, SP2, SP3 and SP4 by spin
coating technique. Corrosion protection performance of PVB coating containing SiO2/PPy was evaluated by
measurement of OCP and potentiodynamic polarization. The results shows that the SiO2/PPy in PVB coating has
corrosion inhibitive ability for carbon steel, it can shift the potential of steel into anode areas and reduce the corrosion
current density more than 100 times.
Keywords. Composite silica-polypyrrrole, corrosion inhibitive ability, corrosion performance.

1. INTRODUCTION
Corrosion of metals is an enormous problem
throughout the world. The bad performance and
environmental toxicity of conventional coatings
persuade scientists to find a proper replacement
coating to combat corrosion [1, 2]. Several
techniques have been used to protect metals from
corrosion. Polymer coatings maybe are the most
widely used technique [3, 4]. Conducting polymers
are an important class of polymers which are mainly
considered as one of the main components for
corrosion-resistant coatings [5]. In general, good
corrosion protection requires that the coatings have
good adhesion to the metal substrates [6, 7].
Corrosion protection applying conductive polymers
was first proposed by MacDiarmid in 1985 [8].
Among these polymers, polypyrrole has been widely
studied due to its ease of synthesis, high
conductivity and environmental stability [9, 10].
Recently, polypyrrole is reported as a suitable
material for corrosion protection purpose.
However, PPy in bulk form is infusible and
intractable in nature, insoluble in common solvents
[10]. So that many researchers have been focused on

the preparation of composite of PPy with metal
oxide as Fe3O4, TiO2, ZnO, SiO2, which are the
substrates for the chemical polymerization of
polypyrrole [11-14]. Nano silica has been studied
for preparation of SiO2/PPy composites due to its
low cost, high surface area and easy dispersion [15,
16].
Hematite-silica-polypyrrole ellipsoidal sandwich
composite spheres as well as SiO2, SiO2/PPy, PPy
hollow capsules and PPy ellipsoidal hollow capsules
with movable hematite cores were successfully
fabricated by hematite (a-Fe2O3) [17]. Armes et al.
prepared and characterized of silica–polypyrrole
nanocomposite colloids. In this approach, the silica
particles acted as a colloidal substrate with high
surface for the precipitation of polypyrrole [18, 19].
Perruchot et al., pre-treated of silica gel (in micro
size) with organo-silane in order to enhance the
conductivity of silica gel–PPy composites [20, 21].
Composites SiO2/PPy synthesized in aqueous
ethanolic solution have nanowire-like structure and
particulate-like nanostructured, respectively [22].
Cheng et al. [23] produced mesoporous material
with conducting polypyrrole confined in mesoporous
silica through adsorption of pyrrole gas and
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subsequent oxidative polymerization. Others used
steric
agents,
stabilizers
and
organofunctionalization to improve the conductivity of
composites SiO2/PPy. In most cases, the particle
sizes of the silica used were in the range of 60–500
nm [16, 24].
In this work, we prepared PPy – SiO2
composites by in - situ chemical oxidative
polymerization of different concentrations of silica.
The nanostructure, composition and corrosion
protection performance of the composites were also
evaluated.
2. EXPERIMENT
2.1. Chemicals
Pyrrole monomers (97 %, Merck) were distilled
under reduced pressure before use. Tetraethyl
orthosilicate (TEOS) (98.5 %; Daejung, Korea),
Polyvinylbutyral (PVB) (Japan). Hydrogen chloride
(38 %; HCl), iron (III) chloride hexahydrate
(FeCl3.6H2O) (99 %), acetone (C3H7O) (99.5 %) and
methanol (CH4O) (99.5 %) were purchased from
Huakang, China.

used as substrate. The sheets were polished with
abrasive paper from 80 to 600 grades and leaned
with ethanol. 10 %wt. composites SiO2/PPy was
incorporated in PVB. SiO2/PPy were dispersed into
PVB solution by magnetic stirring, the sonication,
the liquid paint was applied by dropping method and
dried at ambient temperature for 5 days. The dry
film thickness was 18±2 µm (measured by Minitest
600 Erichen digital meter).
2.5. Analytical characterizations
The morphology and compound of the composites
were investigated using scanning electron
microscope (SEMSM-6510LV) coupled with energy
dispersive X-ray spectrometer (EDX) and
transmission electron microscopy (TEM) using JEM
1010 transmission electron microscopy operating at
80 kV.
Thermo gravimetric analysis (TGA) was
performed using a (TGA209F1) with a heating rate
of 10 oC per minute in atmosphere.
Fourier transform infrared Spectroscopy (FTIR,
Thermal IS10) were recorded in the spectral range of
4000-400 cm-1 to analyze the chemical structure of
the composite.

2.2. Preparation of silica nanoparticles
2.6. Electrochemical measurement
TEOS was dropped slowly into HCl solution (pH =
1). The mixture was stirred under magnetic for 24
hours at room temperature then heated 80 oC for 24
hours. The precipitate was washed and filtered by
distilled water to pH = 7. Finally, the samples were
dried at 80 oC for 24 h in vacuum oven.
2.3. Preparation of SiO2/PPy
0.15 g (SP1), 0.3 g (SP2), 0.45 g (SP3), 0.6 g (SP4)
of SiO2 was dispersed in 50 mL H2O. After
sonication for 20 minutes, 25 ml aqueous solution
containing 3.57 g FeCl3 was added into the
suspension. Then 0.15 g of pyrrole monomer (was
dispersed in 25 mL H2O) was dropped slowly into
solution 1. The suspension color turned from yellow
to dark green; at last it became black. The reaction
mixture was kept stirring for 24 hours to form
SiO2/PPy composites. Finally, the precipitate was
washed, filtered by distilled water and the mixture of
methanol and acetone 5 times, dried at 80 oC for 24
hours.

Three electrodes cell system was used to perform the
measurements (Autolab). Open circuit potential
(OCP)
versus
time
was
employed
for
electrochemical characterization of the coatings.
Three electrodes-cell system was used to perform
the measurements (Biologic SAS): the working
electrode was steel coated with PVB coatings and
PVB coatings containing SP1, SP2, SP3 and SP4 (11
cm2); Platin was used as counter electrode and SCE
was used as reference electrode. The test specimens
were kept in the 3 % NaCl solution under open
circuit potential conditions for 48 hours, prior to the
electrochemical tests.
The polarization curves were obtained starting
from the open circuit potential and varying in the
range ± 200 mV, with a scan rate of 5 mV/s. The
values of corrosion potential (Ecorr), corrosion
current density (icorr), anodic and cathodic Tafel
constants (βa, βc) obtained by the extrapolation of the
linear portions of Tafel plots. The polarization
resistance (Rp) values were calculated by using the
Stern–Geary equation (1) [25].

2.4. Preparation of PVB coating
Carbon steel sheets (40 mm

60 mm

2 mm) were
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3. RESULTS AND DISCUSSION

protonation, which is overlapped by the peak of the
antisymmetric Si-O-Si stretching vibrations of SiO2,
thus, the FTIR spectra of the composite confirm the
incorporation of PPy and SiO2.

3.1. FTIR analysis
Figure 1 presents the infrared spectra of SiO2, PPy,
SiO2/PPy synthesized with different quantity of
SiO2. The spectrum of silica shows absorption bands
at 3400 cm-1 characteristic of –OH group and peaks
at 1080 and 470 cm-1characteristic of Si-O-Si
antisymmetric and symmetric stretching vibration
[26-28].

3.2. SEM, TEM and EDX of composites
The SEM photographs of pure silica, SP1, SP2, SP3
and SP4 are shown in figure 2. The results show that
all the samples have the same shapes, spherical.
With pure silica, the diameters are about 50-100 nm,
but with the presence of PPy, the diameters of
composites increase to 60-200 nm. The
morphologies of SP1, SP2, SP3 and SP4 were
indicated clearly by TEM (figure 3). In addition, the
results show that the higher quantities of silica, the
higher diameter of composites. It can be explained
that the SiO2 core is encapsulated by PPy shell, so
the diameter of composites increase. The quantity of
silica increases, silica overlap each other so making
the higher diameter.

Figure 1: FT-IR spectra of SiO2 (a), PPy (b), SP1
(c), SP2 (d), SP3 (e) and SP4 (f)
The spectrum of PPy shows the characteristic
bands attributable to the C–H in-plane deformation
vibration at 1069 cm–1, C–N asymmetric stretching
vibration at 1458 cm–1, ring-stretching mode of C-C
in Py ring at 1540 cm–1 [29], the peak occurring
around 3572- 3392 cm–1, correspond to the N-H
stretch of the pyrrole ring and maybe stretching
vibrations of adsorbed water [30].
Table 1: Wave number for the functional groups of
SiO2 and PPy in composites
Samples

υSi-O-Si

υC-C

υC-N

SP1

1080

1545

1460

SP2

1082

1541

1463

SP3

1085

1541

1462

SP4

1082

1542

1460

Figure 2: SEM of silica (a), composites SP1 (b),
SP2 (c), SP3 (d) and SP4 (e)
Table 2: EDX data of SP1, SP2, SP3 and SP4

As seen in table 1, by comparison with the
spectra of pure PPy and SiO2, the characteristic
bands of Si-O-Si, C-N and C-C in PPy/SiO2 have
slightly changed. The absorption band which is
associated with C-C stretching vibration at 1540
cm−1 and the peak at 1458 cm−1 represents C-N
stretching vibrations changes to higher wave
number. In addition, the peak at 1080, 1082, 1085
and 1082 in SP1, SP2, SP3 and SP4, respectively is
assigned to the in-plane deformation vibrations of
NH2+ formed on the polypyrrole chains by

SP1
SP2
SP3
SP4

C
39.68
34.82
31.77
29.02

O
31.43
35.94
35.05
34.83

N
8.41
8.05
8.15
8.01

Si
20.48
21.19
25.03
28.14

The EDX analysis of SP1, SP2, SP3 and SP4
identified the presence of C, N, O and Si, as the
main constituent elements of the deposit (Figure 4).
Carbon and nitrogen are the main elements in the
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polypyrrole compound. The presence of silicon and
oxygen is in agreement with the fact that the
incorporation between PPy and SiO2. The quantities
of silica increase from SP1 to SP4 in initial mixture,
the weight percentage of silicon increase to 20.48,
21.19, 25.03 and 28.14 with SP1, SP2, SP3 and SP4,
respectively (table 2).

Figure 5: TGA diagram of PPy (a), composites SP1
(b), SP2 (c), SP3 (d) and SP4 (e)
3.4. Open circuit potential

Figure 3: TEM composites SP1 (a), SP2 (b), SP3 (c)
and SP4 (d)

Figure 4: EDX of composites SP1 (a), SP2 (b), SP3
(c) and SP4 (d)
3.3. TGA

Figure 6 presents open circuit curves of steel coated
with PVB and PVB containing 10 % SP1, SP2, SP3
and SP4 after 48 hours immersion in 3 % NaCl
solution. At the beginning, the potential of steel
coated with PVB is -0.34 VSCE and decrease
continuous to -0.69 VSCE after 48 hours. In the
beginning, with SP1, SP2, SP3 and SP4, the
potential is -0.080, -0.075, -0.074 and -0.12 VSCE,
respectively. This shows that coating have exhibited
effective barrier behavior and limited the motion of
corrosive agent towards the underlying metal.
However, trend of OCP variation of SP1, SP2, SP3
and SP4 shifted sharply after 20 hours immersion.
After this, the potential is stable for about 10 hours,
then towards negative potential and achieves -0.375,
-0.451, -0.475 and -0.476 VSCE, respectively, after 48
hours. That means composites can shift the potential
of steel into anode areas, but the coatings are thin, so
chloride ions diffuse rapidly through the coating to
the metal surface, so the potential decreases.

Figure 5 shows TGA thermograms of PPy, SP1,
SP2, SP3 and SP4. With all samples, the weight loss
occurs in three different stages. For pure PPy, the
first weight loss starts below 120 oC due the
elimination of absorbed water and above 220oC
corresponds to the polymer chain degradation. The
amount of silica in composites SP1, SP2, SP3 and
SP4 was calculated from TGA curves by comparing
the amount of residue of composites with those
assigned to pure PPy. For this purpose, it was
assumed that PPy in the composite are the origins of
an amount of residue proportional to the amount of
each pure component. So the weight percentage of
silica in SP1, SP2, SP3 and SP4 are 28, 36, 39 and
48 %.
784

Figure 6: Open circuit potential with time of steel
coated with PVB (a), PVB containing 10 %
composites SP1 (b), SP2 (c), SP3 (d) and SP4 (e)
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3.5. Potentiodynamic polarization
Figure 7 shows Tafel curves of steel coated with
PVB and steel coated with PVB containing 10 %
SP1, SP2, SP3 and SP4 in 3 % NaCl solution after
48 hours. The values of corrosion potential (Ecorr),
corrosion current density (icorr), anodic and cathodic
Tafel constants (βa, βc), polarization resistance (Rp)
are given in table 3.
Corrosion potential for the steel coated with
SP1, SP2, SP3 and SP4 shift to more positive
regions compared with the steel coated with PVB
indicates that the corrosion process is inhibited by
the composites SiO2/PPy. Analysis of the data given
in Table 3 shows that icorr values of steel coated with
PVB containing 10 % SP1, SP2, SP3 and SP4
decrease significantly, it is two and more than two
orders of magnitude less when compared to that of
steel coated with PVB. Further, the occurrence of
notably higher value of anodic and cathodic Tafel
constants for SP1, SP2, SP3 and SP4 implies the
effective role of SiO2/PPy composites in controlling
anodic and cathodic corrosion reaction. Among the

protective coatings, the PVB-SP1 coating has the
lowest corrosion current density (1.05×10-8 A.cm-2)
and hence the highest polarization resistance
(9.1×106 Ω). These results confirm that composites
can improve the corrosion protection performance of
coatings.

Figure 7: Polarization curves of steel coated with
PVB (a), PVB containing 10 % composites SP1 (b),
SP2 (c), SP3 (d) and SP4 (e) after 48 hours
immersion in 3 % NaCl solution

Table 3: Electrochemical parameters obtained from Tafel extrapolation of the steel coated with PVB, PVB
containing 10 % nanocomposites SP1, SP2, SP3 and SP4 after 48 hours immersion in 3 % NaCl solution
Samples

Ecorr (V)

βa (V dec-1)

βc (V dec-1)

2.3×103

-0.676

0.314

0.105

2.78×10

PVB-SP1

-0.362

0.774

0.307

1.05×10-8

9.1×106

PVB-SP2

-0.427

0.524

0.215

2.06×10-8

3.2×106

PVB-SP3

-0.509

0.319

0.121

8.34×10-8

4.6×105

PVB-SP4

-0.520

0.373

0.115

7.52×10-8

5.1×105

Composites SiO2/PPy core shell are successfully
synthesized by in-situ method. The results show that
synthesized composites can improve corrosion
protection performance of PVB coating for steel in 3
% NaCl solution. Composite SiO2/PPy is promising
in view as inhibitors of organic coatings.
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