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Abstract. Herein, carbon felt (CF), a porous carbonaceous material is used as an anode in a direct methanol
fuel cell (DMFC) application. In order to enhance the electrochemical activity of this electrode, modification of
the CF electrode is performed with a polymeric-platinize nanocomposite by a pure electrochemical method. In
the modification process, 4-methyl-1,2-diaminobenzene is electropolymerized on the CF surface and then, Pt
nanoparticles are electrodeposited on this substrate. Physical characteristics of the synthesized nanocomposite,
Pt/p-MDAB/CF, are investigated by field emission scanning electron Microscopy and energy-dispersive Xray spectra. The electrochemical studies such as cyclic voltammetry, chronoamperometry, and electrochemical
impedance spectroscopy prove the Pt/p-MDAB/CF superiority over Pt/CF towards methanol oxidation. This
superiority that results from the cooperation effect between carbonaceous-polymeric layer and Pt nanoparticles,
introduces Pt/p-PDAB/CF as the suitable candidate anode for methanol oxidation reaction (MOR).
Keywords. Carbon felt; methanol oxidation reaction (MOR); Pt/p-MDAB/CF; onset potential.

1. Introduction
Electrochemical energy technology is an attempt to
solve the energy crisis. It proposes the use of direct alcohol fuel cells (DAFCs) that convert the chemical energy
of the light molecular weight alcohols such as methanol
and ethanol into electrical energy. Direct methanol fuel
cell (DMFC) is a propitious fuel cell because of the
methanol properties such as high energy density, low
operation temperature, facile storage and environmental
friendly. DMFC, due to inexpensive production and simple oxidation pathway of methanol, is more approved
than a direct ethanol fuel cell (DEFC). 1,2 The performance of the electrochemical oxidation of methanol
that is more desirable than chemical oxidation, relies
on the utilized catalyst. 3,4 So far, researchers have paid
more attention to the methanol oxidation on the Pt-based
catalysts. 5 Methanol oxidation reaction (MOR) on the
Pt-based catalyst is performed by cleavage of C-H and
O-H bonds (Scheme 1). The poisoning of Pt-based catalysts with species such as CO, HCHO, HCOOH and CO2
that are produced through MOR are strongly adsorbed
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on the catalyst surface and decrease the electrochemical
performance of the catalyst by prevention of methanol
adsorption. Therefore, high cost, low stability, and broad
tendency to the agglomeration are the preventive factors
against the spread employing of Pt-based catalysts. 4,6,7
The synthesis of bimetallic catalysts, 4,8 non-Pt catalysts, 9 and decoration of a surveyed substrate with Pt
nanoparticles are the remedies against defects of Ptbased catalysts.
The kinetics of methanol oxidation in the alkaline
medium is more desirable than the acidic medium. This
desirability explains the different role of adsorbed OH
(OHads ) species in the methanol oxidation in two mediums. In the acidic medium, OHads species inhibit from
methanol adsorption while in the alkaline medium facilitate the binding of methanol on the active sites of the
catalyst. So, the alkaline medium offers more desirable
kinetics of methanol oxidation than acidic medium. 10
The use of the porous materials with high surface area
as the electrode decreases the value of Pt loading and
restricts agglomeration of Pt nanoparticles. Fabrication
of Raney-type electrodes 11 is one of the ways for the
enlargement of the surface porosity, but the usage of carbon felt (CF) electrode as an electrode is an economical
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Scheme 1. The mechanism illustration of methanol oxidation in acidic media.

way for the accretion of porosity and surface area. 12
The properties of CF electrodes such as low price,
high stability, surface area, conductivity and porosity 13 have led to their usage in the different fields such
as Vanadium redox flow batteries (VRFB), 14 biofuel
cell (BFC), 15 microbial fuel cells (MFC), 16 capacitors
– supercapacitors, 17 and Lithium-ion batteries(LIB). 18
However, the low price of CF converts it into an economical material in electrochemical fields, insufficient
wettability and low electrochemical activity confine its
electrochemical acting in the energy purposes. The modification of the surface that decreases polarization and
increases the kinetics of electrochemical reactions is a
required effort for the appropriate electrochemical performance of the CF electrodes. 19 The utilization of the
conducting polymers as the support for Pt nanoparticles is another promising approach to overcome the
accumulation of these nanoparticles and, decrease noble
metal consumption. The conductive polymers have won
deep attentions at different electrochemical branches
such as electrocatalysis, 20 sensors, 21–24 and corrosion
protection 25 since revolutionary reconnaissance. Different approaches such as chemical, electrochemical and
photo-initiating can be adopted to prepare these polymers. Electropolymerization is a suitable method that
forms a polymeric layer with controllable thickness
and charge transfer characteristics with an economical procedure. 26,27 In the electropolymerization method,
the growth of the polymeric film can be controlled
by different effective parameters such as the number
of potential sweeps, scan rate, and monomer concentration. 28 Recently, the conductive polymers such as
polypyrrole, 29 polyaniline, 30 polyindole 31 due to their
properties like facile oxidation of their monomers, high
redox property and conductivity have been studied in
the different electrochemical fields. 28
In the present study, modified CF with poly-4methyl-1,2-diaminobenzene (p-MDAB) was used as the
substrate for deposition of Pt nanoparticles. The electropolymerization method was used for the production
of the polymeric layer and the effective parameters
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on the polymeric film growth were investigated. By
using the electrodeposition methods such as square
wave current, square wave potential, cyclic voltammetry, and constant current pulse electrodeposition, Pt
nanoparticles with suitable size and morphology are
selectively deposited on desirable location of the substrate. 6 Surface morphology of the modified CF with
the synthesized nanocomposite (Pt/p-MDAB/CF) was
inspected by FESEM and EDX analysis. The excellent electrocatalytic performance of Pt/p-MDAB/CF
towards MOR in the acidic media recommends Pt/pMDAB/CF as the magnificent candidate anode in the
DMFC.

2. Experimental
2.1 Materials
All of the analytical grade materials without additional
purification were used. MeOH (99.6%), H2 SO4 (95–97%),
K2 PtCl6 and 4-methyl-1,2-diaminobenzene were purchased
from Merck (Darmstadt, Germany). CF (∼ 1.1 cm2 ) was purchased from Liyuan Co (Changsha, China). Fuel cell grade
commercial Pt/C (10 wt% Platinum on Vulcan xc 72) was
bought from Sainergy (USA).

2.2 Decoration the CF electrode with Pt/ p-MDAB
nanocomposite
Before modification of CF surface, it was cleaned in an
ultrasonic bath with HCl, acetone and double distilled
water respectively. The electropolymerization of 4-methyl1,2-diaminobenzene on the CF substrate was performed by
immersing the cleaned CF in 10 mL acidic solution of 6 mM
monomer. The electropolymerization process was performed
by 13 consecutive cycles at a sweep rate of 40 mV s−1 in the
potentials range of −0.6 to 0.9 V. To synthesis Pt/p-MDAB
nanocomposite, CV experiment in the 7 mM acidic solution
of K2 PtCl6 was performed. The consecutive cycles of 30 at
a sweep rate of 50 mV s−1 in the potentials range of −0.5
to 0.5 V were optimum conditions for the formation of Pt
nanoparticles on the modified CF surface. 32

2.3 Physical and electrochemical characterization
Field emission scanning electron microscopy (FESEM, TESCAN/Vega3, Czech Republic), energy-dispersive X-ray spectra (EDS, TESCAN/Vega3, Czech Republic) were chosen
methods for investigation of the morphology and chemical
composition of decorated CF electrode. The total of loaded
Pt was determined by the inductively coupled plasma optical emission spectroscopy (ICP-OES, Perkin Elmer, Optima
7300DV, USA). Micro-Autolab potentiostat/galvanostat 101,
controlled by Nova software supplied (Autolab, Switzerland)
by a three-electrode system was used for cyclic voltammetry
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FESEM images of CF (A), p-MDAB/CF (B), Pt/p-MDAB/CF (C) and EDX spectrum of Pt/p-MDAB/CF (D).

(CV) and chronoamperometry (CA) experiments. The
standard three-electrode system was composed of the Ag/AgCl
(saturated KCl), Pt/p-MDAB/CF and Pt wire as the reference,
working and counter electrode respectively. The connection
of the modified CF with the electrochemical cell was adjusted
by a stainless steel needle. Electrochemical experiments were
done in a mixture of 0.5 M H2 SO4 and 1 M methanol at a scan
rate of 50 mV.s−1 . Electrochemical impedance spectroscopy
(EIS) was accomplished in a solution of 0.1 M NaOH containing 5 mM K3 [Fe(CN)6 ] with a frequency range of 100 kHz
to 0.01 Hz. (Zahner Ennium, Germany).

3. Results and Discussion
3.1 Surface characterization
The surface morphology of Pt/p-PDAB modified CF
electrode was considered by FESEM and EDX analysis.
FESEM images of CF fibers are observed in Figure 1A.
There is enough empty space through the CF cylinder
that produces a distinct structure for this carbonaceous
material. 16 The FESEM image of the modified CF with
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the polymeric layer in the optimum condition presents
the perfect formation of a proper substrate for distribution of Pt nanoparticles (Figure 1B). The distribution of
Pt nanospheres with the diameter between 37 and 17 nm
have been revealed in Figure 1C. EDX spectrum exhibits
an elemental analysis of the modified CF electrode. The
covering of the polymeric film with the Pt nanoparticles
is proved by the EDX analysis. The signal peaks of C
and O at 0.2 and 0.5 keV are shown. The signal peaks
of Pt at 2.2, 8.5 and 9.5 keV demonstrate the presence
of these nanoparticles on the electrode surface. The elemental composition of the synthesized catalyst has been
reported in the inset of Figure 1D.
3.2 Electrochemical inspection of the modified
catalyst
The electrochemical surface area (ECSA) is a valuable
parameter that expresses the number of electrochemically active sites. The characterization of synthesized
catalyst for ECSA calculation was performed by CV
experiment in 0.5 M H2 SO4 saturated with N2 gas and
the potential range of −0.2 V to 1 V vs Ag/AgCl at the
scan rate of 20 mV.s−1 . The saddle-shaped redox peaks
that are related to the adsorption/desorption of hydrogen
on the catalyst surface are revealed in the potential range
from −0.2 V to 0.1 V. For the synthesized Pt-based catalyst, the Pt oxidation peak appears around 0.3 V and the
Pt oxide monolayer reduction peak appears at 0.46 V.
Finally, the ECSA of the Pt-based catalyst is determined
on the basis of the following equation 1. 7,33
EC S A =

Q1
m Pt × Q 2

(1)

Where Q1 (mC. cm−2 ) is the coulombic charge that
is determined by the integration of the hydrogen
adsorption-desorption region in the CV curve, mPt (g.
cm−2 ) is the loading of Pt nanoparticles on the electrode surface, and Q2 (0.21 mC.cm−2 ) is the coulombic
charge required for the oxidation of the single layer of
hydrogen coverage on Pt surface area. The ECSA value
for Pt/p-MDAB/CF is calculated at 84.5 m2 . g−1
pt that is
about 5.3 fold greater than commercial Pt/ C. The high
ECSA value of Pt/p-MDAB/CF brings the accretion
electrochemical activity of Pt catalyst on the decorated
CF.
To consider the electrochemical performance of modified CF towards oxidation of methanol, the cyclic
voltammograms of different catalysts were recorded in
N2 -saturated solution containing 0.5 M H2 SO4 + 1 M
MeOH in the potential range of 0 V to 1 V and at the
scan rate of 50 mV.s−1 . The cyclic voltammograms of
methanol oxidation on the surface of Pt /p-MDAB/CF,

Figure 2. Cyclic voltammograms of a: Pt/p-MDAB/CF, b:
Pt/CF and c: commercial 10% Pt/C in N2 -saturated 0.5 M
H2 SO4 + 1 M MeOH at the scan rate of 50 mV.s−1.

Pt/CF and commercial Pt/C have been compared in
Figure 2. The onset potential (Eonset ), forward peak
current, and the ratio of the forward to the backward
current (If /Ib ) are the significant parameters obtained
from CV studies. These parameters have been manifested in Table 1 at length and have been explicated
in the following controversy. The typical curves with
the forward and backward peaks are seen for each Ptbased catalyst. The forward peak current is related to
the methanol oxidation and the backward peak current corresponds to the oxidation of intermediate that
is produced in the forward potential scan. Some of the
species such as CO, HCOO− are the primary intermediates and another species such as HCHO and HCOOH
are the secondary intermediates. 34–36 The (If /Ib ) ratio
is the criterion for the antipoisoning property of catalyst. The high value of If /Ib for the synthesized catalyst
indicates the wealthy methanol oxidation and high tolerance towards poisoning phenomenon on the catalyst
surface. 37 As is comprehended from Figure 2, the current density is insignificant at the lower potential of
0.2 V vs. Ag/AgCl in the forward potential sweep. Just
as potential is swept to the more positive, the current
density increase and a peak in the potential of about
0.71 V vs. Ag/AgCl appears. The lower onset potential,
the potential where the sharp increase in the oxidation current is observed, and the higher mass activity

1 M HClO4 + 1 M CH3 OH
0.5 M H2 SO4 + 0.5 M CH3 OH
0.5 M H2 SO4 + 1 M CH3 OH
1 M H2 SO4 + 2 M CH3 OH
0.1 M H2 SO4 + 0.5 M CH3 OH
0.5 M H2 SO4 + 0.5 M CH3 OH
0.5 M H2 SO4 + 0.5 M CH3 OH
1 M H2 SO4 + 1 M CH3 OH
1 M H2 SO4 + 3 M CH3 OH
0.5 M H2 SO4 + 1 M CH3 OH
…
…
0.37
0.5 vs. Ag/AgCl
…
…
…
0.32 vs. Ag/AgCl

0.44 vs. NHE

Eonset /V ∗
…
0.68 vs. SCE
0.71 vs. RHE
0.62 vs. SCE
0.72 vs. SCE
…
…
…
0.73 vs. SCE
0.71 vs. Ag/AgCl

Ep / V ∗∗

PNPC: Pt nanoparticles/polyaniline complexes
PtNFs/PANI/NG: Pt nanoflowers/polyaniline/nitrogen doped graphene
YBCPE: activated carbon(YBC) doped carbon paste electrode (YBCPE)
MC: Mesoporous carbon
3D: three-dimensional
CP: carbon paper
PMo: phosphomolybdic acid
PtNPs/MWCNTs: platinum nanoparticles (PtNPs) on multiwall carbon nanotubes (MWCNTs)
* onset: onset potential
** Ep: peak potential
*** jp : peak current in the forward scan

a
b
c
d
e
f
g
h

PNPC a
PtNFs/PANI/NG b
Pt/YBCPE c
Pt/CeO2-MC d
PtPdRu-3D e
Cu@Pt-Ru/CP f
PtAg-1
PMo/PtRu/MWCNT g
PtNPs/MWCNTs h
Pt/p-MDAB/CF

Supported solution
5.79
336.3
176.0
…
436
265
372.3
263.4
…
405

jp /mA.mg−1
Pt ∗ ∗ ∗

Various electrochemical parameters of synthesized catalyst towards methanol oxidation in comparison with literature.

Electrocatalyst

Table 1.

1.74
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…
…
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1.5
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Figure 3. (A) Chronoamperometric curves of a: Pt/p-MDAB/CF, b: Pt/CF and c: commercial 10% Pt/C in N2 -saturated
0.5 M H2 SO4 + 1 M MeOH (B) Nyquist plots of a: Pt/p-MDAB/CF, b: Pt/CF and c: bare CF in 0.1 M NaOH containing
1.0 mM K3 Fe(CN)6 at open circuit potential (OCP). The inset image in (B) shows the local enlargement of Nyquist plots for
a: Pt/p-MDAB/CF and b: Pt/CF.

for Pt/p-MDAB/CF prove the more preferable electrochemical performance of synthesized catalyst than the
commercial Pt/C towards MOR. Furthermore, the If /Ib
ratio for Pt/p-MDAB/CF is 1.05 which demonstrates the
superior antipoisoning property of synthesized catalyst.
The excellent performance of Pt/p-MDAB/CF can result
from the contribution of polymeric film and CF that
produce high porous and conductive substrate for the
distribution of Pt nanoparticles with the scanty agglomeration.
The deliberation of the longtime stability for Pt/pMDAB/CF was done by (CA) method. The current-time
curves on the surface of Pt/p-MDAB/CF, Pt/CF and
commercial Pt/C in N2 -saturated solution of 0.5 M H2
SO4 + 1 M MeOH have been represented in the
Figure 3A. The CA curves manifest the typical image
that current continually decreases and earn a steady
state. The current decay arises from the adsorption of
the poisoning intermediates which are produced in MOR
procedure on the catalyst surface. 47,48 Although both the
Pt-based catalysts exhibit the still decay of current, the
more moderate current density and the higher current
density in the steady state condition for Pt/p-MDAB/CF
after testing for 3600 s demonstrates the durability and
antipoisoning desirability of Pt/p-MDAB modified CF
electrode in DMFC.
Electrochemical impedance spectroscopy (EIS)
presents reliable information for charge-transfer kinetics

in catalyst-electrolyte surface and electrode
capacitance. 49 Figure 3B analogize EIS spectrum of
Pt/p-MDAB/CF, Pt/CF and bare CF electrodes. A typical EIS spectrum which is often entitled the Nyquist
plot is organized from one semicircle portion with small
diameter in the high frequency along with enlarged
one in the low frequency. The diameter of the semicircle in the high and low frequency depend on the
charge transfer resistance (Rct ) and the intermediates
adsorption on the electrode surface respectively. 12,28,49–51
A large hemicycle in the high frequency certifies the
sluggish MOR kinetics due to intermediates adsorption on the electrode surface. This phenomenon causes
the poor kinetics by the blocking of the electroactive
sites and inhibition of the continuous methanol adsorption. 52 On the other hand, a small hemicycle witnesses
low value of impedance as a result of a large effective
surface area and the charge transfer. 46 As observed in
the Figure 3B, the smaller diameter of the semicircle
in the high frequency for the modified CF electrode
with the synthesized nanocomposite exhibits the lower
charge transfer resistance and faster kinetics for the
methanol oxidation on the Pt/p-MDAB/CF. It is an
apparent indication of the collaboration of Pt nanoparticles and high porous polymeric-carbonaceous substrate.
This collaboration decreases the interfacial charge transfer resistance and increases the MOR kinetics for
Pt/p-MDAB/CF.
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4. Conclusions
In this project, the surface of the CF electrode was
successfully decked with the Pt/p-MDAB nanocomposite through a simple, fast and effectual electrochemical
method. The polymeric layer covered the surface of CF
electrode without an adherent material. Pt nanoparticles
were uniformly electrodeposited on the p-MDAB/CF.
The morphological studies demonstrated that the surface of the CF electrode has been properly covered
with the synthesized nanocomposite. The electrochemical findings indicated that MOR can be enhanced
on the surface of the CF electrode with the modification by Pt/p-MDAB nanocomposite. Consequently,
the proper electrochemical parameters of this catalyst
that is relevant to the cooperation effect of polymericcarbonaceous substrate and Pt nanoparticles for production of the large ECSA recommends Pt/p-MDAB/CF as
the beneficial anode in DMFC.
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