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In the present study, the Polypyrrole (PPySQO4)
thin films are obtained through
electropolymerization of pyrrole on Ti6AI4V 2.0010°
(TA6V) alloy substrate (PPySO4/ TA6V) by
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using cyclic voltammetry (CV). Structure,
surface morphology and electrochemical
properties of the PPySO4/ TAGV thin films were g
studied by Scanning Electron Microscope 5.0x10°
(SEM) coupled with energy dispersive X-ray
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(RAMAN), X-ray photoelectron spectroscopy
(XPS) and electrochemical
spectroscopy (SIE).
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INTRODUCTION

In this study, aim of this work is to synthesize
the new hybrid electrode PPySO4 / TA6V by a
simple electrochemical polymerization process, it
is important that the electrode does not oxidize at
the same time as the monomer, is the case with
TAGV.!

To utilize conductive polymers for electrode
modification, strong adhesion between the
polymer films and electrode substrates should be
ensured with high electrical/electrochemical
activities. Electrically conductive polymers, such
as polypyrrole (PPy), have been extensively
studied as active electrode materials and

* Corresponding author: hamam.abderrazak@yahoo.com

supporting additives for a number of applications,
including electronics, batteries, electrodes, and
biomaterials.>® PPy is a widely studied
conductive polymer because of its high
conductivity, chemical stability, and
biocompatibility.”8

In this study, aim of this work is to synthesize
the new hybrid electrode PPySO4 / TAGV by a
simple electrochemical polymerization process.
Polypyrrole deposits easily on TA6V in in
the H»SO; solution. The electrochemical
polymerization of PPySO4 on TA6V substrate in
H.SO4 solution (0.5 M) was presented for the first
time and improved the electrochemical properties
of the TAGV alloy (conductivity). The new hybrid
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electrode PPySO. / TA6V through a facile
fabrication protocol holds great promise for the
applications in fuel cell technologies.

MATERIALS AND METHODS

Materials

Pyrrole (> 98% purity, Prolabo product) and
Sulfuric acid (Merck product). All aqueous solutions
were prepared with bi-distilled water (presenting high
resistance ~18MQ). This procedure was sufficient to
obtain reproducible results. In all experiments, TA6V
commercial alloy samples (Ti6Al4V) were used as
substrates. The geometric surface of the working
electrode was equal to 2 cm?.

TAGV

| onto the TAGV alloy

| Electrodeposition of PP¥S0y \

Preparation of modified PPySO4/TA6V
electrodes

The TABV electrode (surface of 2 cm?) was used as
the working electrode in one compartment
electrochemical cell for PPy deposition. Before the
electrochemical experiments and in order to activate the
electrode surface, TAGV was firstly immersed for 10
min in the solution containing 2 M hydrochloric acid
(HCI) and then rinsed several times with distilled
water.>% The second step was deposition of PPySO,
onto the TA6V alloy from the electrochemical plating
bath containing pyrrole (0.1M), H.SO, (0.5M). The
PPySO, loading is expressed as electrodeposition
cycles voltametry. After being electrodeposited the
PPySO4 onto TAGV alloy substrate Scheme 1, the
electrode was washed with triply distilled water and
subjected to its structure, surface morphology and
electrochemical properties characterization.

PPyS04/TA6V

7™\
\errt/
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Scheme 1 — Schematic representation of PPySO4 electrodeposition onto TAGV substrate.

Electrochemical measurements

For electrochemical measurements, the
experiments were carried out in a conventional
three-electrode in  one  compartment  of
electrochemical cell for PPySO, deposition. A
saturated calomel electrode (SCE) placed in a
separate compartment containing the supporting
electrolyte and a platinum wire electrode were used
as reference and auxiliary electrode, respectively.
The polarization curves, at a scan rate of 20 mV s
and electrochemical impedance spectroscopy (EIS)
tests were carried out in aerated solution using an
AUTOLAB Potentiostat/Galvanostat (PGSTAT30)
under FRA software. For EIS tests have been
measured of an electrochemical system to a.c.
excitation with a frequency ranging from 100 kHz
to 10 mHz and peak to peak a.c. amplitude of

10 mV. The impedance diagrams are given in the
Nyquist representation.

The range of potential used  for
electropolymerization of PPy by cyclic
voltammetry is E = 0.00-1.0 V vs. SCE at scan a
rate of v = 20 mV/s (Fig. 1).

Surface analysis

The morphology of the samples was performed
by Field Emission Gun-Scanning Electron
Microscope (FEG-SEM, ultra 55 Zeiss), coupled
with Energy Dispersive X-ray elemental analysis
(EDX) which permit the determination of their
elemental compositions. During analysis, the sample
was glued with conductive cement on a stub. The
Si/Li electrode was used for light elements with a
133eV resolution at low rate counting with beam
parameters of 20 keV and 160 pAm. The EDX
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collector time was 100s. In addition to these
measurements, XRD (X-ray diffraction) was also
used. XP spectra were recorded using a K Alpha
(Thermo) a monochromatic Al Ko, X-ray source (ha
=1486.6 eV, spot size: 400 um). The pass energy was
set to 200 and 50 eV for the survey and the narrow
regions, respectively. Electron and argon flood guns
were used to compensate for the static charge built up
on the film surface. The composition was determined
using the manufacturer’s sensitivity factors.

RESULTS AND DISCUSSION

Electrochemical preparation of the modified
PPySO4/ TABV electrode

Figure la, b show cyclic voltammograms
recorded on TA6V substrate during the first and

(a)

2
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E vs.SCE(V)

20 continuous cycles, respectively. The potential
was varied between 0.00 and 1 V vs. SCE at a scan
rate of 20 mV/s. Figure la are presented the
electropolymerization of pyrrole at the TA6V
electrode with and without 0.1 M pyrrole. Without
pyrrole, the anodic reaction rate is low and remains
low over the entire potential range covered (Fig. 1a).
But in the presence of pyrrole an anodic peak is
observed at around 0.8 V. This peak is characteristic
au first oxidation of pyrrole monomer, which are
responsible for the growth of the PPySO4 film on the
surface of the TA6V (Fig. 1a). In Fig. 1b, as the
number of cycles increased, new oxidation picks
had gradually appeared, suggesting a progressive
increase in the deposition rate of the PPySO4 onto
the TA6V surface. The oxidation of pyrrole onto
TAGV substrate followed by a black deposit of PPy
covering the whole electrode surface.

i(masem’)

0.0 02 04 06 08 10
Evs. SCE(V)

Fig. 1 — Cyclic voltammograms of electropolymerization of pyrrole on TAGV electrode: a) first cycle ((1) TA6V electrode (0 M
pyrrole), (2) TA6V (0.1 M pyrrole)); b) 20 continuous cycles. Obtained in 0.5 M H2SO4solution at 20 mV st and T 25 °C.

Scanning Electron Microscope coupled with
energy dispersive X-ray spectrometry

The SEM images of the polypyrrole thin film
deposited on the TA6V substrate shows that the
morphologies obtained on the surface of the thin
film  after  electrochemical  polymerization,
consisting of spherical particles gathered in the form
of cauliflower™*® (Fig. 2b), which completely
cover the network of TAG6V substrate with a
uniform, smooth and homogeneous film.

The EDX spectrum of the PPySOs / TAGV
hybrid thin film in Fig. 2d shows the presence of the

main elements of PPy namely carbon and nitrogen,
oxygen, the components of TAG6V alloy and the
element sulfur which represents a constituent of the
H2S04 synthesis solution.

The polypyrrole thin film is strongly adherent
and remains attached to the surface even after
several washes.

Figure 2c illustrates the EDX spectrum relating
to the TABV nu substrate. The analysis shows the
presence of peaks relating to the different
compositional elements of TA6V, namely
aluminum, titanium and vanadium.
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Fig. 2 —a) SEM images of TAGV; b) PPySOs-coated TA6V (10 um); c) corresponding EDX mapping profiles for the TAGV;
d) PPySOas-coated TAGV. Obtained with synthesis conditions: concentration of monomer (pyrrole) 0.1 M, 0.5 M H2SOs4,
scan rate of 20 mV s-1and T = 25°C.

Surface analysis by XPS

Figure 3 displays the survey and N1s narrow
regions of the electro synthesized PPySO, film on
TAGV alloy substrate. The survey region (Fig. 3a)
exhibits S2p (168.7 eV), Cls (285), N1s (399.9 eV)
and O1s (532.2 eV). The peak positions of the S2p
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and Ols core levels are close to the previously
reported values of 168.6 eV and 532.1 eV
respectively,**® for Na,SOs. The N1s region
(Fig. 3b) is fitted with four components centered at
398.4,399.9, 401.0, and 402.3 eV assigned to C=N
defects, N H, and two positively charged types of
nitrogen atoms, noted N*(1) and N*(II).

Binding energy (eV)

Fig. 3 — Survey (a) and high resolution N1s (b) regions of PPySO4 film electro synthesized on TA6V alloy electrode.
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Table 1

Reports the surface composition of the PPySQOg4 film by considering the atomic ratios of C, O and S
and the various chemical states of nitrogen.

Materials C N(C=N) N(N-H) N*(I) N*(11) S e}
Corelevel BE (eV) 284.8 | 3984 399.9 401.0 | 402.3 168.7 532.2
Atomic percent 68.2 0.17 3.88 1.34 0.48 2.71 23.2

The C/N ratio is 11.6, higher than the theoretical
ratio of 4, probably due to adventitious hydrocarbon
contamination, since polypyrrole is a high surface
energy material®® and is thus expected to get readily
contaminated.

The doping level can be calculated using the
S/N atomic ratio or the positively charged
nitrogen atom contribution to the whole N content
[(NF(I)+N*(11))/N]. These ratios yield 46.2 % and
31.0 %, respectively. Al though these values are
not matching, they indicate never the less a high
doping level of the polypyrrole film prepared in
the experimental conditions described above.

Finally, the O/S ratio is higher than 4, probably
due to surface contamination and oxidation of the
polymer chain.
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X-ray diffractometry (XRD) and Raman
spectroscopy

Figure 4 (a). Shows the diffraction spectrum of
X-rays at room temperature of modified thin film
(PPySO4 / TABV). The DRX diagram records a
broad diffraction peak at 26 ~ 27 ° which attributed
to Ppy.l” For the other diffraction peaks, they are
associated with the TA6V alloy substrate.®

The Raman analysis before and after synthesized
new hybrid electrode PPySOs-coated TAGV alloy
(Fig. 4(b)) was carried out to further confirm the
presence of active materials. A few broad peaks at
1583 cm™? (C=C stretching), 1373 cm* (C-N
stretching), 1085 cm™ and 928 cm™ (C-H ring
deformation vibration) are associated to the
characteristics of PPy,%20

—_— T ARV
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2000+
1000
0
0 1500 3000
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Fig. 4 — a) XRD patterns of PPySO4/TABV synthesis by voltammetry cyclic; b) Raman spectra of TA6V and PPySO4/TAGV films
electrochemically deposited.

Impedance studies

Figure 5 displays a comparison of the TA6V and
PPySO. impedance in 0.5 M of H,SO. and 0.5 M
NaCl at 800 mV (vs. SCE), which demonstrates
would expect-noticeable differences in impedance
before and after oxidation of pyrrole. The
decreasing charge transfer resistance before and
after oxidation of pyrrole indicates an excellent
structural stability and conductivity of PPySOa
electrode. However, the electrolyte (0.5 M H,SOs,
0.5 M NaCl) impedance it plays an important and

special role in conductivity of PPySO4 which be
attributed to conductivity of electrolyte, as the low
impedance and high conductivities are important
requirements for various applications, including
pressure monitoring,?*?? temperature sensing®*2*
and strain gauges.?>?® Moreover, high-conductivity
electrodes are important in energy conversion
devices like batteries,??® fuel cells,®3° and
electrolyzers,®? where they facilitate chemical
reactions and efficient conversion between
electrical and chemical energy, thereby enhancing
device performance.®
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Fig. 5 — a) Impedance spectra of TA6V and PPySO4/TABV electrode; b) Equivalent circuit used for analysis
of data obtained from PPy films.

These curves are depressed in nature with their
center below the x-axis. By using Setup -
ZSimDemo-320 program, the impedance diagrams
can be fitted by a simple equivalent circuit (insert of
Fig. 5b) composed by Rs (solution resistance), R
(charge transfer resistance) and CPE (constant
phase element of double layer capacitance (Ca)).
The Ca was estimated from the impedance value of
the frequency (fm) having maximum imaginary
component with Nyquist plot by using the following
relationship:

Cd| = 1/271',me01 (1)

The charge-transfer resistance (R¢) values used
in Eq. (1) were given by the Setup- ZSimDemo-320
program by fitting the Nyquist plots.

CONCLUSION

The present work is devoted to the preparation of
new hybrid obtained onto TA6V substrate by simple
electrochemical polymerization process. The
morphologies of the PPySQO, after electrochemical
polymerization, consisting of spherical particles
gathered in the form of cauliflower, which
completely cover the network of TAG6V alloy
substrate with a uniform and homogeneous film.
The PPySOs thin film is strongly adherent. It can
also be concluded that polypyrrole has improved the
electrochemical properties of the TA6V alloy. The
new hybrid electrode PPySO4 / TA6V foam
electrode through a facile fabrication protocol holds
great promise for the applications in fuel cell
technologies.
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