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Abstract
Homogeneous and adherent polypyrrole coatings have been achieved 
on zinc electrodes previously treated with an aqueous solution of 
sulfide in the acetonitrile medium with tetraethylammonium p-toluene 
sulfonate, and in the tartrate aqueous medium without any chemical 
or electrochemical pretreatment of the working electrode. The XPS 
and AES analysis showed that the dissolution of the working electrodes 
is inhibited in the first polarization medium by the oxide and zinc 
sulfide formed on the surface during the pretreatment in 0.2 M Na

2
S 

after 12 h, or by the zinc tartrate film developed through the electrode 
polarization in the second. The adherence, compactness and corrosion 
performance in 0.1 M HCl of the polypyrrole coatings from the tartrate 
solution are higher than those obtained from acetonitrile medium.

Keywords: Polypyrrole, Conducting Polymers, Tartrate, Electropolymerization, 

Zinc Corrosion

ESTUDO COMPARATIVO DE FILMES DE POLIPIRROL 
ELECTROSINTETIZADOS EM SUPERFÍCIES DE ZINCO OBTIDOS EM 
MEIO ORGÂNICO E AQUOSO

Resumo
Revestimentos de polipirrol homogéneos e aderentes foram obtidos sobre 
eléctrodos de zinco previamente tratados numa solução aquosa de sulfu-
reto em meio de acetonitrilo com p-tolueno-sulfonato de tetraetilamónio, 
e em meio aquoso de tartarato sem qualquer pré-tratamento químico ou 
electroquímico do eléctrodo de trabalho. As análises por XPS e AES mos-
traram que a dissolução dos eléctrodos de trabalho é inibida no primeiro 
meio de polarização pelo óxido e sulfureto de zinco formados sobre a su-
perfície durante o pré-tratamento em Na

2
S 0,2 M após 12 h, ou pelo filme 

de tartarato de zinco desenvolvido sobre o eléctrodo no segundo meio de 
polarização. A adesão, compacidade e comportamento à corrosão em HCl 
0,1 M dos revestimentos de polipirrol obtidos a partir da solução de tartara-
to são melhores do que os provenientes do meio de acetonitrilo.
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1. INTRODUCTION 
Since their discovery that conducting polymers rapidly attracted 
the attention of scientists, taking into account their interesting 
physical and chemical properties and vast range of applications 
[1-3]. The electrosynthesis of conducting polymers on oxidizable 
metals are a good alternative to primaries based on chromate, 
widely used in metallurgical industry in the fight against corrosion. 
The electrodeposition of conducting polymers in oxidizable metals 
is not easy. The anodic dissolution of working electrode before 
the electropolymerization of the monomer inhibits oxidation. It is 
therefore necessary to define a strategy to reduce corrosion of the 
metal substrate without, however, inhibit the electropolymerization.

The pyrrole is one of the most investigated organic compounds 
in view of its good solubility in organic and aqueous media, easy 
handling and high environmental stability of the polymer [4-10]. 
The electrosynthesis of polypyrrole (PPy) on zinc electrodes in an 
aqueous medium of sodium oxalate has been achieved, but only after 
a pre-treatment of the electrode in a sodium sulphide solution for 
a few hours [11]. This two-step process was reduced to one step by 
introducing a small amount of Na

2
S in the sodium oxalate solution [9]. 

Later, some researchers showed to be possible to obtain homogeneous 
and adherent PPy film on the zinc surface without any chemical or 
electrochemical pre-treatment, from aqueous media using sodium 
salicylate [12] or sodium tartrate [13]. 

The aim of this study is to compare some properties of PPy films 
electrosynthesised on zinc surfaces from the organic and aqueous 
media.

2. EXPERIMENTAL
2.1. Chemicals
All chemicals compounds were reagents grade. Tetraethylammonium 

p-toluene sulfonate (NEt
4
TsO), sodium sulphide (Na

2
S), acetonitrile 

(CH
3
CN), sodium citrate (Na

3
C

6
H

5
O

7
.2H

2
O, 99%), sodium tartrate 

(Na
2
C

4
H

4
O

6
. 2H

2
O, 99%), malic acid (C

4
H

6
O

5
, 99%), sodium succinate 

(Na
2
C

4
H

4
O

4
, 99%), sodium oxalate (Na

2
C

2
O

4
, 99%) and sodium 

hydroxide (99%) were purchased from Aldrich and used as received. 
The pyrrole monomer (Aldrich) was distilled twice under nitrogen and 
water was distilled twice. 

Before each experiment the electrochemical organic electrolytic 
solution was deoxygenated by nitrogen bubbling, but aqueous 
solutions were used as such. 

2.2. Electrochemical apparatus
The electrochemical experiments were performed in a one-
compartment cell with three electrodes connected to Autolab model 
PGSTAT20 potentiostat/galvanostat with pilot integration controlled 
by GPES 4.4 software. The working electrode was constituted of Zn 
(99% purity) rectangular sheets (20 mm2 x 50 mm2). The electrodes 
were mechanically polished with abrasive paper (1200-grade), and 
rinsed in acetone before each trial. A stainless-steel plate was used as 
auxiliary electrode. The potentials were measured versus SCE or Ag/
AgCl reference electrodes.

2.3. SEM, XPS measurements
Scanning electron microscopy (SEM) micrographs were obtained on a 
JEOL JSM-6301F equipment. The microscope chamber was maintained 
at a pressure between 4 and 10 Pa. The distance between the sample 
and the objective lens is remained at 15 mm (working distance). The 
SEM filament was operated at variable current and a voltage of 15 kV.

X-ray photoelectron spectroscopy (XPS) analysis was carried out 
with a Vacuum Generators VG Scientific Escalab 200A spectrometer 
with Pisces software for data acquisition and analysis. For analysis, an 
achromatic Al (Kα 1486.6 eV) X-ray source operating at 15 kV (300 W) 
was used. Pressures in the analysis chamber ranged from 10−6 to 
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10−7 Pa and the analyzed area is about 10 mm2 size. The spectrometer, 
calibrated with Ag 3d

5/2
 (368.27 eV) reference, was operated in CAE 

mode with 20 eV pass energy. The spectra was corrected for the 
surface charging effect by taking the C 1s peak (E

b
 = 285 eV) as an 

internal reference. Spectra analysis was performed using peak fitting 
with Gaussian–Lorentzian peak shape and linear type background 
subtraction.

2.4 Adherence
Adherence measurements were based on the standard Sellotape 

test, using the TESA-4204 BDF tape, which consists in cutting the film 
into small squares, sticking the tape and then stripping it. The ratio 
between the number of adherent film squares remaining and their 
total number gives the percentage adherence.

2.5 Corrosion measurements
Electrochemical corrosion tests were performed at room temperature 

in 0.1 M HCl solution on working electrode with area of 10 cm2. DC 
polarization experiments were always started from the open circuit 
potential at the scan rate of 2 mV s-1. 

The galvanostatic weight loss of the naked and PPy-coated bars 
electrodes (AA analysis of zinc ions in the solution) was performed for 
applied current densities in the range of 0.1 – 10 mA cm-2.

3. Results and discussion
3.1. Electrochemical behaviour of zinc electrodes in different solutions

Before the electrosynthesis, the electrochemical behaviour of 
zinc electrode in organic and aqueous media, in the absence of the 
monomer, has been monitored. 

3.1.1. Organic medium {CH
3
CN+ 0.1 M N(Et)

4
TsO}

�Influence of the electrode pretreatment 
Two kinds of zinc working electrodes have been used in the trials: i) 
electrodes mechanically polished with abrasive paper (1200-grade) 
and rinsed with acetone under ultrasonic waves; ii) and electrodes 
polished and chemically treated in a solution of 0.2 M Na

2
S during 12 

hours at room temperature.
On the Fig. 1 were superposed the first potential sweeps obtained 

in the electrolytic medium (CH
3
CN + 0.1M N(Et)

4
TsO) on Zn plates, 

without (Fig. 1a) and with (Fig. 1b) a pretreatment in sulfide solution. 
The potentiodynamic curve of the non-treated zinc electrode shows an 
oxidation anodic wave characterized by an increase of current density, 
which reaches a value of approximately 40 mA cm-2 at the potential 1.0 
V vs. SCE. In the case of pretreated Zn electrode, the current density 
does not exceed about 1 mA cm-2. 

 

(a) 

(b) 

Fig. 1 - First cyclic voltammograms recorded on Zn electrodes in CH
3
CN + 0.1M 

N(Et)
4
TsO medium: a) Zn electrode polished with abrasive paper (1200-grade) 

and b) Zn electrode polished and treated with 0.2 M Na
2
S aqueous solution 

during 12 h at room temperature. Scan rate 100 mV s-1. 

The XPS analysis of sulfur S 2p (Fig. 2a) and oxygen O 1s (Fig. 2b) on 
zinc electrode surface pretreated with 0.2 M Na

2
S reveals the presence 

of a S 2p doublet at 161.7 and 162.9 eV characteristic of zinc sulfide 
ZnS [14, 15], and a peak O 1s at 532.0 eV related with zinc oxide and 
hydroxide [14, 16], in full agreement with the results reported in the 
literature [5] for zinc and zinc-coated electrodes. These data show 
that the passivation layer developed on the electrode surface after 
pretreatment with sodium sulfide are composed by a mixture of zinc 
sulfide, zinc oxide and zinc hydroxide, which inhibits successfully the 
electrode dissolution.

5-11

Fig. 2 - XPS 
analysis of 
Zn electrode 
polished and 
treated with 0.2 
M Na

2
S aqueous 

solution during 
12 h: a) S 2p signal 
and b) O 1s signal.

�3.1.2. Aqueous media {H
2
O + 0.2 M carboxylate salt (Na

3
C

6
H

5
O

7
, 

Na
2
C

4
H

4
O

6
, Na

2
C

4
H

4
O

5
, Na

2
C

4
H

4
O

4
 and Na

2
C

2
O

4
)}

The Fig. 3 presents the polarization curves of zinc electrodes in 
different aqueous solutions of carboxylate salts of linear chain  
at pH @ 6.9.

The j-E curves recorded in aqueous solutions of succinate, malate and 
citrate show the oxidation waves that beginning at -1 V vs. Ag/AgCl 
with high current densities that correspond to the metal dissolution, 
since a white deposit of zinc oxide covered the electrode surface. 
Conversely, with the oxalate and tartrate supporting electrolytes, 
the potentiodynamic curves show a passivation phenomenon. 
The electrochemical behaviour begins with complex anodic peaks 
attributed to the electrode dissolution and the formation of a grey 
passivation layer, leading to the following reactions:

Zn2+ + C
4
O

6
H

4
2- ➝ ZnC

4
O

6
H

4
	               (1)                           

Zn2+ + C
2
O

4
2- ➝ ZnC

2
O

4
  		                (2)
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The elemental composition of the passivation layer formed on Zn 
electrode surface after polarization during two scans between -1 and 2 V vs. 
Ag/AgCl in 0.2 M Na

2
C

4
H

4
O

6 
has been investigated by XPS and AES, Fig. 4. 

The analysis reveals the presence of Zn, C and O. The use of AES technique 
was to cross the difficulties encountered in the decomposition of Zn 2p XPS 
signal. Indeed, the difference between the two oxidation states Zn (0) and 
Zn (II) binding energies is too small [17-19], whereas the kinetic energies of 
these chemical states presented in Fig. 4a are largely distinguished in Auger 
electron spectroscopy spectrum. In this context, the Auger parameter a is 
defined in the following equation:

α = E (Zn 2p photoelectronspectrum) - E (Auger spectrum) + hν          (3)

    Where E is the binding energy (eV), and hv the incident wave energy 
(in our case hν = 1253.6 eV). In the basis of the data reported in the 
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Fig. 3 - Electrochemical behaviour of Zn electrodes in 0.2 M aqueous electrolytic 

media. a) Na
2
C

2
O

4
, b) Na

2
C

4
H

4
O

6
, c) Na

2
C

4
H

4
O

5, 
d) Na

3
C

6
H

5
O

7
, e) Na

2
C

4
H

4
O

4
.

literature relating to values of the a Auger parameter for the oxidation 
states of zinc [19], the whole passivation layer encloses the Zn(II). The 
same result has been obtained for zinc electrode polarized in aqueous 
solution of sodium salicylate [20]. 

On the other hand, the C 1s (Fig. 4b) signal consists of three peaks 
at 285, 286.3 and 288.4 eV attributed to carbon atoms of C-C, C-O and 
C=O groups, which belonging to tartrate supporting electrolyte.

The oxygen signal O 1s (Fig. 4c) is composed of three peaks at 
530.6, 531.7 and 533.6 eV, whose relative intensities are 0.24:1:0.30, 
respectively. The main peak at 531.7 eV corresponds to oxygen from 
tartrate anion and comprises two shoulders: the first at 530.6 eV is 

 Zn 2p 
Zn LMM 

α Auger parameter/eV 

Binding energy/eV 

(a) 

 

 

280 285 290 295

C 1s (b) 

Binding energy/eV 

 

 

526 528 530 532 534 536

O 1s (c) 

Binding energy/eV 

associated with zinc oxide, and the second at 533.6 eV could be due to 
some water trapped inside of the passivation film [21].

As conclusion, the spectroscopic analysis shows that the passivation 
layer obtained on zinc electrode in tartrate medium is composed by 
zinc tartrate and some amount of zinc oxide. In aqueous medium 
of oxalate, according with previous works [14], the passive film is 
composed exclusively by zinc oxalate.

3.2. Electropolymerization of pyrrole on zinc electrodes in organic 
and aqueous media
The electrosynthesis of polypyrrole in {CH

3
CN + 0.1 M N(Et)

4
TsO + 0.3 M 

Pyrrole} and aqueous media using different carboxylate salts of linear 
chain (Na

2
C

x
H

y
O

z
) of 0.2 M concentration and with 0.5 M pyrrole, was 

investigated. The behaviour of the voltamperometric curves of zinc plates 
changes as compared to that obtained in the absence of the monomer. 

In organic medium j-E curves recorded on unpretreated Zn electrode 
show a competition between the reaction of the electrode oxidation 
and the pyrrole electropolymerization, Fig. 5a. The electrochemical 
process begins in the first sweeps by the oxidation of the Zn electrode 
surface, and on the followings appear two peaks at 0.5 V vs. SCE and 
-0.65 V vs. SCE attributed to oxidation and reduction of the polymer. 
According to the results of XPS analysis, a composite film of PPy and 
Zn oxide is formed on the metallic surface. Meanwhile, when the 
electrode undergoes a preliminary treatment with sulfides, the surface 
of the electrode is stabilized by the ZnS passivation layer, and the zinc 
oxidation is prevented. The j-E curves recorded in Fig. 5b are comparable 
to those obtained in the same electrolytic medium on an inert platinum 
electrode, Fig. 5c, and the film formed on the Zn surface is adherent and 
uniform. The oxidation and reduction peaks of polymer are well defined, 
and their intensity increases with the thickness.

In aqueous media, the voltammograms recorded between -1.1 and 
2.0 V vs. Ag/AgCl with 100 mV s-1 scan rate show an anodic wave that 
begins at -1.1 V vs. Ag/AgCl with a peak at -0.6 V vs. Ag/AgCl during 
the first potential sweep (Fig. 5d), which appears also in the absence of 
pyrrole and consequently is attributed to the oxidation of zinc. During 
the later potential sweeps, the oxidation peak of zinc disappears and 
anodic waves similar to that observed in the case of platinum electrode 
(Fig. 5e) occur, and correspond to the pyrrole electropolymerization 
with adherent and homogeneous films. As it is seen, the reduction 

Fig. 4 - AES and XPS spectra of passivation layer obtained on zinc electrode 

after 2 potential sweeps between -1 and 2 V at 100 mV s-1 scan rate in H
2
O + 0.2 M 

Na
2
C

4
H

4
O

6
: a) Zn LMM AES signal. The inset show Zn 2p XPS signal; b) C 1s  

XPS signal; and c) O 1s XPS signal.
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medium the porosity of the PPy film allows both the migration of the 
doping anion (TsO-) to into as to out the PPy film during its oxidation and 
reduction, respectively. A similar phenomenon has been observed with 
PPy doped with oxalate or salicylate in aqueous medium [14, 20].

The systems using oxalate as supporting electrolyte have difficulty to 
electropolymerize the pyrrole due to blocking of passivation promoted 
by zinc oxalate layer. However, some authors [14] by introducing 
sodium sulfide into the electrolysis solution at pH = 6 have activated 
this layer allowing the pyrrole electropolymerization.

Finally, with succinate, malate and citrate salts, only have been observed 
the electrode oxidation. This is in agreement with strong electrode 
dissolution in the absence of the monomer, as it was reported above. 

Furthermore, the electropolymerization of pyrrole was also 
successfully achieved on zinc electrodes under the galvanostatic 
mode using the same electrolytic conditions of cyclic voltammetry. 
The chronopotentiometric curves exhibit an induction time related 
with the electrode dissolution, and followed by a plateau of potential 
where the monomer is oxidized. The induction time decreases with 
increase in the current density, and is shorter for the organic medium 
comparing to the aqueous, since the working electrode was previously 
passivated by sodium sulfide that inhibits partially its dissolution. 
The Fig. 6 shows the evolution of the potential plateau (Ep) with the 
applied current density: the polymerization potential increases with 
the applied current density. It is clear that the current density has to be 

peak of the polymer film does not appear in the voltammetric curves 
of electropolymerization (Fig. 5d), contrary to the organic medium. 
This behavior seems to indicate that the PPy layer obtained from the 
tartrate aqueous medium is more compact than from the acetonitrile 
organic medium. So, the low mobility of the tartrate anion (C

4
H

4
O

6
2-) 

in comparison with the para-toluene sulfonate (TsO-) through the 
PPy backbone, leads to migration of cation (Na+) to inside the film to 
maintain the charge neutrality during the reduction step. In the organic 

higher than 1 mA cm-2 and 5 mA cm-2, respectively, for the acetonitrile 
and aqueous media, to obtain the electropolymerization of pyrrole.

 
3.3. Characterization of the PPy films
3.3.1. Morphology and adherence 
In acetonitrile and in the presence of 0.1 M N(Et)

4
TsO and 0.3 M pyrrole 

the surface properties of the PPy films obtained at 2.5 mA cm-2 on 
Zn electrodes during 10 minutes with and without pretreatment 
are very different. Homogeneous and adherent films are obtained 
on pretreated Zn surface (Fig. 7A and Fig. 7B), and the quality of the 
polymer is so excellent that no crack or detachment of the film is 
observed. Conversely, the PPy coating from Zn electrodes without 
chemical pretreatment is inhomogeneous, poorly adherent and 
with cracks (Fig. 7C). Moreover, the coating becomes also brittle with 
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Fig. 5 - Cyclic voltammograms of PPy film growth in a), b), c) {CH
3
CN + 0.1 M 

N(Et)
4
TsO + 0.3 M pyrrole}, and d), e) {H

2
O + 0.2 M Na

2
C

4
H

4
O

6
 + 0.5 M pyrrole} 

media: a), d) Zn electrode polished with abrasive paper (1200-grade); b) Zn 

electrode polished and treated with 0.2 M Na
2
S aqueous solution during 12 h; 

and c), e) Pt electrode. Scan rate 100 mV s-1.

Fig. 6 - Evolution of 

Potential plateau (Ep) 

with applied current 

density of : ·) Zn 

polarized in {H
2
O + 0.2 M 

Na
2
C

4
H

4
O

6
 + 0.5 M  

pyrrole} and ) Zn 

pretreated with Na
2
S and 

polarized in {CH
3
CN + 

0.1 M N(Et)
4
TsO + 0.3 M 

pyrrole}.

Fig. 7 - SEM images of PPy films obtained at j = 2.5 mA cm-2 current density for 10 min 

on Zn electrodes polished and treated with 0.2 M Na
2
S aqueous solution during 12 

h (A, B) or only polished with abrasive paper (1200-grade) (C), and at j = 10 mA cm-2 

current density for 10 min on Zn electrodes polished and treated with 0.2 M Na
2
S (D).
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the increasing of current density to a value of 10 mA cm-2 for the 
pretreated electrodes with Na

2
S (Fig. 7D).

On the other hand, the surface structure of PPy films galvanostatically 
prepared on zinc electrode at 15 mA cm-2 in {H

2
O + 0.2 M Na

2
C

4
H

4
O

6
 + 

0.5 M pyrrole} during 10 min is homogeneous, strongly adherent and 
present a cauliflower structure constituted of clusters of globules  
(≈ 5-10 µm diameter), Fig. 8.

The applied current densities have a great effect on the adherence 
of coatings electrosynthesized in organic medium. The low applied 
current densities are the more suitable for attaining a good adherence 
of PPy film obtained in organic medium. In the case of PPy films 
produced in aqueous medium of tartrate, the adherence was 
estimated at 100 % for applied current densities in the range between 
10 and 25 mA cm-2, Table 1. 

Fig. 8 - SEM micrographs of PPy film electrosynthesized on zinc electrode in 

{H
2
O + 0.2 M Na

2
C

4
H

4
O

6
 + 0.5 M pyrrole} medium at 15 mA cm-2 current density 

during 10 min.

3.3.2. XPS analysis
The XPS data for PPy films obtained under the organic and aqueous 
conditions described, exhibit the same features like those of standard 
PPy films of the literature [22, 23]. The assignments of the binding 
energies are summarized in the Table 2 [24-26].

In spite of the homogeneity of PPy coatings observed by scanning 
electron microscopy, the X-ray photoelectron spectroscopy results of 
PPy films synthesized in organic medium show some cracks on
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20 µm 2 µm 

Table 1 – Adhesion of polypyrrole coatings obtained in organic or aqueous 

medium as a function of applied current density.

j (mA cm-2)
Adherence

CH3CN (%) Na2C4H4O6 (%)

1 100 -
2 80-90 -

3 40-60 -

5 10-20 -

10 0 100

15 0 100

25 0 100

the polymer surface. Indeed, the XPS signal of sulfur S 2p comprises 
in addition to the intense doublet at 168.6 and 169.9 eV belonging 
to the doping tosylate anions, another very weak located at 162.0 
and 163.3 eV attributed to some traces of zinc sulfide. However, any 

3.3.3. Corrosion performance of PPy films
The coated electrodes to test, with a thickness of the order of 12 μm, 
have been obtained galvanostatically in organic ({CH

3
CN + 0.1 M 

N(Et)
4
TsO + 0.3 M Pyrrole}) and aqueous ({H

2
O + 0.2 M Na

2
C

4
H

4
O

6
 + 0.5 

M pyrrole})  media. 
The Tafel plots from the DC polarization tests in 0.1 M HCl, for the 

PPy-coated and uncoated zinc surface, Fig. 9, allowed estimating the 
potentials and current densities of corrosion, Table 3. The calculated 
values show that PPy coatings significantly increase the corrosion 
potential and sharply reduce the corrosion current densities. The 
corrosion potential of zinc coated with PPy films obtained from 
aqueous solution is nobler than that obtained from organic medium 
with a pretreatment of the surface, while the corrosion current density 
is lesser.  

In order to understanding ionic mass transfer through the 
micropores of the PPy structure, we have studied the behaviour 
of the naked and PPy-coated Zn bar in 0.1 M HCl medium 
under different applied current densities, analysing the ionic 
metallic content in the solution (Fig. 10) after five minutes of 
the experiment. The results show the following: 1) the  bar zinc 
corrosion  is of the same order to that of PPy(organic medium)-
Zn(without pretreatment); 2) the corrosion of  zinc electrode is 
about ten times higher than that observed for both PPy coatings, 
from aqueous or organic medium with a surface pretreatment; 3) 
the content of zinc in the acid solution for PPy(organic medium)-
Zn(preatread in H

2
S solution) is  twice the values observed for the 

PPy(tartrate aqueous medium)-Zn, in fully agreement with that 
predicted from the Tafel results. 

Table 3 – DC polarization results in HCl 0.1 M.

Sample Ecorr/mV vs. SCE jcorr/A cm-2

1- Zn -960 1.1 x 10-3

2- PPy(organic)/Zn(untreatead) -770 1.0 x 10-4

3 - PPy(organic)/Zn(pretreated) +163 2.5 x 10-5

4 - PPy(aqueous)/Zn +318 1.2 x 10-5

XPS signal of Zn 2p was detected on the outer side of the PPy films 
electrosynthesized in tartrate aqueous medium, which clearly indicates 
a better homogeneity and compactness.

Table 2 - Results of qualitative XPS analysis of PPy films obtained in {CH
3
CN + 

0.1M N(Et)
4
Tos + 0.3 M Pyrrole} and in {H

2
O + 0.2 M Na

2
C

4
H

4
O

6
 + 0.5 M pyrrole} 

media on pretreated and unpretreated zinc electrodes, respectively.

CH3CN H2O PPy/Pt

Signal B.E / eV B.E / eV B.E / eV
Chemical 
structure

N 1s
397.4
399.4
401.0

398.2
400.1
401.9

397.6
399.6
401.1
402.7

C=N-
-NH-
C-N+

C=N+

S 2p
162.0, 163.3
168.6, 169.9

------
------

168.1, 169.3
ZnS

C6H4SO3

C 1s
285.0
286.6
288.9

285.0
286.9
288.4

284.9
286.3
289

C-C
C-N, C=N, C-OH

COO-, COOH
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Fig. 9 - DC polarization curves for zinc (a), Zn without pretreatment coated with 

PPy electrosynthesized galvanostatically at 2.5 mA cm-2 in organic medium (b), 

Zn with pretreatment coated with PPy electrosynthesized gavanostatically at 

2.5 mA cm-2 in organic medium (c), and Zn coated with PPy electrosynthesized 

galvanostatically at 10 mA cm-2 in tartrate aqueous medium (d).

Fig. 10 - Evolution of zinc ions concentration with the applied current density 

in 0.1 M HCl during 5 min: 1 - Zn bare; 2- Zn without pretreatment coated with 

PPy electrosynthesized galvanostatically at 2.5 mA cm-2 in organic medium; 

3 - Zn with pretreatment coated with PPy electrosynthesized galvanostatically 

at 2.5 mA cm-2 in organic medium; 4 - Zn coated with PPy electrosynthesized 

galvanostatically at 10 mA cm-2 in tartrate aqueous medium.  

3.3.4. Application of the PPy electrosynthesis from aqueous tartrate 
solution 
To concretize our work concerning the pyrrole electropolymerization 
on zinc substrates, we present handfuls of door brass (33 % Zn, 67 % 
Cu) covered with PPy from tartrate solutions.

The samples were mechanically polished, cleaned with an alkaline 
solution at 60 º C and rinsed with water. The electrosynthesis of PPy 
was performed galvanostatically by imposing a current density of 20 

 

mA cm-2 during 15 minutes in {H
2
O + 0.2 M Na

2
C

4
H

4
O

6
+ 0.5 M pyrrole}.

The PPy coating has been soft polished with abrasive paper 
(200-grade) followed by diamond paste (1 µm). The handfuls exhibit a 
remarkable looking black good as is shown in Fig. 11. This application 
is not limited only to the handfuls of door, but can be extended to 
others oxidizable objects used in our life.
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Fig. 11 - Photography of PPy electrosynthesized galvanostatically on brass 

handfuls of door by applying 15 mA cm-2 current density during 10 minutes. 

The left samples are coated with polypyrrole.
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4. CONCLUSION
The electrosynthesis of PPy on zinc electrodes was achieved 
successfully in sodium tartrate aqueous solution and in acetonitrile 
in the presence of para-toluene sulfonate salt. A previous chemical 
treatment with Na

2
S during 12 hours at room temperature was 

necessary in the case of organic medium. 
The adherence of the coating synthesized in aqueous medium 

was estimated at 100% at high current densities. In organic medium 
the adherence and compactness decreases with the applied current 
density even after a surface pretreatment. 

In brief, the pyrrole electropolymerization on zinc electrode from 
tartrate aqueous medium is better than that from acetonitrile organic 
solution for the following reasons:

• One step in the electropolymerization procedure is enough, while 
two steps are necessary for the elaboration of PPy in acetonitrile 
medium.

• Better adherence, compactness and corrosion performance 
concerned the galvanostatically applied current densities.

• The aqueous medium is cheaper, more ecological and stable.
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