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Abstract

Among direct alcohol fuel cells, the ethanol fuel cell is considered the most 
acceptable in terms of safety and power density. In this research, a Pt/CNFs-GNPs 
/GDL electrode was developed using GNPs and CNFs as a supporting medium 
on carbon paper and the electrodeposition method to deposit Pt catalyst. The 
morphology and structure features of the prepared film samples were characterized 
by FESEM and XRD. Pt particles of about 6.53 nm were uniformly deposited on 
the porous support. Catalytic activities of the prepared electrode for the ethanol 
oxidation reaction were evaluated through cyclic voltammetry measurements. 
Based on the electrochemical properties, the as-prepared Pt/CNFs-GNPs/GDL 
electrocatalyst exhibited a comparable activity for ethanol oxidation reaction for the 
Pt/C, which may be attributed to the high specific surface area of the CNFs support 
as well as high conductivity of graphene nanoplates. A notable reduction in the 
onset and peak potential of ethanol electro-oxidation from 0.55 and 0.81V for Pt/C/
GDL to 0.50 and 0.79V for Pt/CNFs-GNPs/GDL electrodes, as well as a substantial 
increment in anodic Tafel slope values from 376 mV to 521 mV, indicates that an 
increase in the activity for EOR is achieved by replacing C with CNFs-GNPs.
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1. Introduction

In recent years, direct alcohol fuel cells (DAFCs) have 
been attracting more and more attention as an alterna-
tive to conventional internal combustion engines due 
to their potential applications in transportation and 
portable electronic devices. DAFCs use methanol or 
ethanol directly as fuel without an external reformer, 

which makes it simple and compact. Compared with 
methanol, ethanol has more energy density [1]. In ad-
dition, ethanol presents lower toxicity, price, and a de-
creased crossover effect through solid electrolytes [2-
4], so it is safer and can be produced in large quantities 
from biomass fermentation. Hence, ethanol is a more 
attractive fuel than methanol for DAFCs despite its 
low electro-oxidation kinetics due to the difficulties in 
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breaking the C-C bond and complete oxidation to CO2 
[5, 6]. Due to DAFCs efficiency’s strong dependence 
on the catalyst layer, catalysts-supporting strategies 
have been developed. Carbon black is usually used as 
the catalyst support because of its large surface area 
(which elevates its metal dispersion), pore structure 
(which facilitates the transport of reactant gases), and 
high electrical conductivity  [1]. However, there are 
some disadvantages related to using carbon black, 
such as corrosion of the carbon surface in the fuel cell 
environment, which can cause fuel cell performance 
losses. On this basis, various alternative catalyst sup-
ports, such as nanostructured conductive carbon ma-
terials and a composite of these materials, have been 
studied to minimize the use of precious metals and 
improve the stability and catalytic activity of the cat-
alyst [7]. Nanostructured carbon materials such as 
graphite nanofibers (CNFs) [8, 9] and graphene nan-
oplates (GNPs) [10-12] have been successfully used 
as catalyst support in direct alcohol fuel cells. They 
also improved oxidation activities of the catalyst com-
pared to a Vulcan carbon catalyst support in the above 
mentioned studies [8-12]  due to their good electronic 
conductivity, high surface area, and chemical stability. 
The CNF nanostructures consist of graphite sheets 
aligned in specific directions dictated by the catalyt-
ic entity selected for the growth process. The unique 
properties of carbon nanofibers (CNFs), sometimes 
called carbon filaments, have generated intense inter-
est in their use for a number of applications, including 
selective absorption, energy storage, polymer rein-
forcement, and catalyst supports [13]. Unlike conven-
tional graphite materials and nanotubes where the ba-
sal plane is exposed, the structure of carbon nanofibers 
is such that only edge regions are exposed [13]. This 
feature allows CNFs to be used as a catalyst support 
for fuel cells. Generally, CNFs have a high specific 
surface area with shallow pores, resulting in enhanced 
electrochemical activity. Although CNFs have a high 
specific surface area, the low conductivity of porous 
carbon materials has limited their application in cat-

alyst supports [14, 15].  Some literature reported that 
the introduction of graphene into a carbon matrix ex-
perimentally improved the electric conductivity as 
well as the mechanical properties of the original car-
bon matrix [16-18]. In addition,  CNF and graphene 
oxide sheets can be stably dispersed in water due to 
their hydrophilic nature [16, 19]. Furthermore, CNF 
has a strong and attractive interaction with graphene 
oxide via hydrogen bonding and van der Waals inter-
action [20].
Graphene nano platelets (GNPs), typically consisting 
of single to few-layer sheets of sp2-hybridized carbon 
atoms forming two-dimensional layers with a thick-
ness in the nanometer scale, possess attractive charac-
teristics such as high electrical conductivity, high mod-
ulus, high charge transfer capacity, and high specific 
surface area [21, 22]. As compared to chemical vapor 
deposition (CVD) grown carbon nanotubes (CNTs), 
the graphene platelets are comparatively cheaper.  Be-
cause of their unique structural, mechanical, and elec-
tronic properties, graphene nanoplates are currently 
attracting enormous interest in nanoelectronics, sen-
sors, nanocomposites, batteries, supercapacitors, and 
hydrogen storage. In particular, graphene has poten-
tial application as a catalyst support in PEM fuel cells 
owing to have high surface areas (theoretical specific 
surface area of 2620m2g-1) and high conductivity [12, 
23]. Graphene-supported Pt or Pt–Ru nanoparticles 
displayed excellent electrocatalytic activity for meth-
anol and ethanol oxidation [12, 23-26].
This study focuses on the electrodeposition of Pt on 
the composite support of CNFs and GNPs in the gas 
diffusion layer. Ethanol electro oxidation was inves-
tigated on a prepared Pt/CNFs-GNPs/GDL electrode. 

2. Experimental

2.1. Materials 

High-purity graphite powder (99.9999%, 200 mesh) 
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was purchased from Alfa Aesar. Chemicals H2Pt-
Cl6·6H2O (40 %), hydrazine hydrate, sodium nitrate, 
KMnO4, H2O2, and CNFs were obtained from Sig-
ma-Aldrich. All solvents, including H2SO4, 2-pro-
panol, and Triton X100, were used as received from 
Sigma–Aldrich without further purification. Nafion® 
solution (Ion power Inc., USA 5 wt %), carbon cloth 
(Teflon treated), and Pt/C (20 wt %) were bought 
from the Fuel Cell Earth Company. High purified N2 
(99.9995 %) gas was purchased from Canadian Sig-
ma. Inc. Water purified by a Milli-Q water purification 
system was used throughout the electrodeposition ex-
perimental work.

2.2. Methods

2.2.1. Chemical Preparation of Graphene Oxide 
(GO) and GNPs

Chemical preparation of graphene oxide (GO) and 
GNPs was done according to our previously published 
papers [27, 28]. In a typical synthesis process, natu-
ral graphite powder was oxidized to graphite oxide by 
a modified Hummers and Offenman’s method [29]. 
In brief, 2 g graphite powder and 1g sodium nitrate 
were transferred into 90ml concentrated H2SO4 in ice 
bath conditions. Then, 6 g KMnO4 was regularly add-
ed. The mixture was stirred at 35±5 ͦ C for 8 h. Then 
200 ml of deionized water (DI) was added. Next, the 
solution was diluted with 400ml DI. Following that, 5 
% H2O2 was added into the solution until the color of 
the mixture altered from brown to peril yellow. The 
solution was then filtrated via vacuum büchner filtra-
tion, and the filter cake was dispersed in DI by means 
of an ultrasonic bath. The mixture was washed with 
1:20 HCL solution and water by repeated centrifuga-
tion at 11000 rpm for 20 min to a pH value of 7 and 
dried in a vacuum oven at 60 ͦ C for 24h. The obtained 
graphite oxide was dispersed in DI water and exfo-

liated to generate graphene oxide by ultrasonication 
using a sonifier (UP400S, 80amplitue). The brown 
graphene oxide nanoplates dispersion was transferred 
into a round-bottomed flask, to which hydrazine 
monohydrate (as a reducing agent) was added. The 
mixed solution was then refluxed at 100 ͦC for 2h, dur-
ing which the color of the solution gradually changed 
dark black as the graphene nanosheets dispersion 
floating at the air/solution interface of the dispersion 
was formed. The dispersion was further centrifuged 
for 15 min at 3000 rpm to remove a small amount of 
precipitate. Finally, the supernatant of the graphene 
nanosheets dispersion was directly dried in a vacuum 
oven to obtain the bulk of graphene nanosheet pow-
ders. 

2.2.2 Preparation of nanocomposite of GNP and 
CNF

CNFs-GNPs mixed powders were produced using a 
pressure filtration method. A mixture of GNPs and 
CNFs (w/w, 1:3) in 1000 mL deionized water was 
sonicated to achieve a homogenous dispersion by 
adding Triton-X as a surfactant. The suspension was 
then filtered under N2 pressure through a homemade 
nanofilter. The sediment was washed thoroughly with 
isopropanol to remove the residual surfactant. After 
drying, a thin film layer was peeled from the nanofilter 
to produce a composite system of CNFs-GNPs [30]. 
This unique design strategy not only provides a highly 
conductive network for CNFs-GNPs surface, but also 
maintains the structural integrity of CNFs [31].

2.2.3 Preparation of electrode of CNFs-GNPs /
GDL and Electrodepositions of Pt Nanoparticles

To prepare the CNFs-GNPs base on the gas diffusion 
layer electrode, a suspension of the composite CN-
Fs-GNPs system in ethanol/DI water was prepared 
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with the aid of an ultrasonic bath cleaner for 15 min. 
Then, 100µL of the prepared mixture was pipetted on 
carbon paper and dried at room temperature. The side 
of the electrode with the dried suspension was exposed 
to the electrolyte, and a cu wire was used to make elec-
trical contact with the other sides. Electrodeposition 
was performed in a plating bath containing a solution 
of 4 mM H2Pt Cl6.6H2O in 0.5 M NaCl. Before the Pt 
deposition, the active side of the porous carbon paper 
containing the composite of CNFs-GNPs was impreg-
nated with a solution of 0.0 5% Nafion in ethanol. Fol-
lowing the deposition, the electrode was removed im-

mediately from the electrolyte, rinsed thoroughly with 
deionized water and dried in air [32]. A schematic of 
the experimental procedures used in this study for the 
preparation of Pt/CNFs-GNPs/GDL is illustrated in 
Fig. 1. The peak current density was 300 mAcm-2 with 
an on/off time of 10/100 ms. Total amount of charge 
was 350 mCcm-2 (Fig. 2). For comparison, the conven-
tional Pt/C electrode was fabricated by spraying the 
catalyst slurry (commercial Pt/C (20 wt %, fuel cell 
earth company) nanoparticles in the ink preparation 
route with a loading of 1mgcm-2 on carbon paper. 

Fig. 1. A schematic of the experimental procedures used to prepare Pt/ CNFs-GNPs /GDL.

Fig. 2. (a) Presentation of the i(v)-t plots of the Pt/CNFs-GNP/GDL electrode under electrodeposition. (b) The quantity of Pt 
deposited on the substrate.
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2.3. Characterization

 The samples for Raman spectroscopy were obtained 
by dropping a suspension of CNFs and GNPs onto the 
quartz cuvettes and then air drying to form a film. The 
measurements were performed from 500 to 3500 cm-1 
at room temperature using a dispersive Raman micro-
scope (Model: SENTERRA (2009) BRUKER (Ger-
many)) with a Laser wave number of 785 nm.
The adsorption properties were used to analyze the 
characteristics, i.e., Brunauer-Emmett-Teller (BET) 
specific surface area, pore volume, and pore size dis-
tributions of graphene nanoplates. The cold bath tem-
perature (77.3 K) N2 adsorption was recorded using a 
PHS-1020(PHSCHINA) adsorption analyzer. Prior to 
the measurements, the sample was pretreated by out 
gassing in a vacuum oven at about 200 ͦ C for 10 h. The 
relative pressure was 

0

0 0.4p
p
〈 〈

Further morphology and structure study of the 
graphene sheets, CNFs, and composite system was 
conducted by an atomic force microscope (AFM, 
model Nanosurf easy scan2) using contact mode.
Field emission–scanning electron microscopy (FE-
SEM) characterization and Energy dispersive X-ray 
(EDX) spectroscopy coupled to a scanning electron 
microscopy SEM MAG100.00kx with a silicon detec-
tor was performed at 15 KV.
The crystal structure of the catalyst was measured by 
X-ray diffraction XRD at room temperature with an 
X’Pert Pro MPD model (PANalytical) Diffractometer 
using Cu K ( 0.15406nmλ = ) radiation generated at 40KV 
and 40 mA with high resolution (0.001ͦ). The 2θ angu-
lar regions between 10 ͦ and 90 ͦ were recorded with a 
step size of 0.039 (at a scan step time of 108.12s) with 
continuous scanning. The phase analysis was conduct-

ed by X’Pert Highscore Plus software from a thin film.
Pt electrodeposition, EOR experiments, and all elec-
trochemical measurements were carried out using a 
potentiostat/galvanostat model Iviumstat–XR elec-
trochemical Interface System.

3. Result and discussion

3.1 Physical Characterization

3.1.1 Topography/Morphology and Structural 
Characterization of CNFs, Chemically Reduced 
Graphene Nanoplates, Composite System of CN-
Fs-GNPs, and Electrodeposited Pt on CNFs-GNPs 
/Carbon based Electrode

The raw CNFs, chemically prepared graphene nan-
oplates, and obtained composites of graphene nano-
plates on the CNF surfaces were analyzed by Atomic 
Force Microscopy (AFM) to determine their thickness 
and lateral size. Fig. 3 shows an AFM image of the 
above-mentioned materials with their corresponding 
height profile. The zoomed image of graphene nano-
plates and corresponding line scan are shown in Fig. 
3b. From this figure, we see the topographic height 
of the graphene nanoplates was about 19-156.2 nm, 
indicating a few-layered graphene nanoplates. In ad-
dition, the white areas depict the highest points on the 
surface, the dark orange regions are the lowest points 
on the surface, and the yellow areas are the levels be-
tween the highest and lowest regions.
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Fig. 3. AFM topography images of (a) CNFs, (b) graphene nanoplates, and (c) CNFs-GNPs nanoplates. Next to the images are a 
line scan taken horizontally through the image as marked with an arrow, from which the height of the graphene nanoplates and 

CNFs were determined.

The microstructures of the electrode were investi-
gated by FESEM. The image (Fig. 4) shows that the 
large CNFs entangle to form a backbone, where a fine 

meshwork of much smaller GNPs creates the surface 
covering layer. Well-dispersed Pt nanoparticles were 
observed on the support.

Fig . 4. (a) FESEM images of the CNF, (b) GNPs, (c) Pt/CNFs-GNPs/GDL composite, and (d) High resolution of Pt nanoparticles 
deposition on the substrate.
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Fig. 5 shows the typical EDS pattern of the Pt/CN-
Fs-GNPs/GDL electrode. It turns out that the pre-
pared electrode contains Pt elements. The EDS pat-
tern showed that C, O, and F are the major element of 
spectra. The C signal comes from the GNPs, CNFs, 
and Nafion solution. Oxygen and S are also derived 
from Nafion. A small part of the oxygen may be orig-

inated from the incomplete reduction of graphene ox-
ide to graphene. Besides Pt, O, and C, the element of 
Si and Au were also detected. The strong peak of Si is 
due to the silicon substrate used in the FESEM analy-
sis. The element Au belongs to the Au target from the 
sputtering chamber in FESEM characterization.  

Fig . 5. EDX pattern of the Pt/CNFs-GNPs electrocatalyst.

Raman’s spectroscopy is a useful tool to character-
ize graphitic materials, especially for distinguishing 
graphene and graphene oxide. It is a non–destructive 
technique that provides detailed structure information 
such as graphene disorder and defect structures [33]. 
The Raman spectrum of graphene is characterized 
by three main features caused by a change in elec-
tron bands: the G mode is related to the vibration of 
sp2–bonded carbon atoms in the two-dimensional hex-
agonal lattice (usually observed at about 1575 cm-1); 
the D mode arising from the doubly resonant disor-
der-induced mode and related to defects (about 1350), 
and the symmetry-allowed 2D overtone mode (about 
2700) bond is found at almost double the frequency 
of the D band and originates from the second order 
Raman scattering process [34-41]. As the structure 
changes from graphite to nanocrystalline graphene in 
graphene studies, the ratio between the peak intensity 
of the D and G line, ID/IG, changes inversely with the 
size of the crystalline grains or inter-defect distance 

[42]. The higher ID/IG intensity ratio of a sample can be 
used as evidence for the structure order. Fig. 6 shows 
the typical Raman spectra of CNFs, graphene nano-
plates, and CNFs-GNPs. CNFs display two promi-
nent peaks, which correspond to the well-documented 
G and D bands, the first originates from the graphite 
structure of carbon and the second from the amor-
phous structure of carbon. The GNPs display three 
main featured peaks, namely G-band, D-band, and 
2D band in 1585.66 cm-1 , 1311.30 cm-1 and 2611.92 
cm-1  respectively. For GNPs, the G band appeared 
in 1585 cm-1, which is close to the value of pristine 
graphite, confirming the reduction of graphene oxide 
by chemical reduction. The ID/IG ratios for GNP are 
about 1.65, which are higher than CNFs (about 0.83) 
and CNFs-GNPs (about 1.31). The D/G strength ratio 
of CNFs changes from 0.83 to 1.31 after the addition 
of GNPs, indicating that the defects in CNFs-GNPs 
increase. These results are in accordance with other 
studies [31, 43].  From Fig. 6, the observed 2D band 
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of GNP with a nearly symmetrical shape was centered 
at 2611.92 cm-1, suggesting formation of single or bi-
layer GNPs. Therefore, Raman spectroscopy confirms 
that GNP is greatly exfoliated, and the D band related 
to more defects occurred mostly at the edges and frac-
tures in the GNPs. This was further proven with an 
FE-SEM observation. Relatively high defect graphene 

nanoplates produced by the chemical method are an 
ideal matrix for active sites as support for electrocat-
alyst deposition, which can act as nucleation centers 
and uniform gas distribution for good management of 
reactions. FTIR results of GO and reduced graphene 
are presented in our previously published papers [27, 
28].

Fig. 6 .Raman spectrum of CNFs, graphene nanoplates (GNPs), and composite system of CNFs-GNPs.

Fig.7 shows the X-ray diffraction patterns of the Pt /
CNFs-GNPs /GDL electrode, revealing the diffraction 
peaks of both carbon and platinum. The sharper and 
narrow diffraction peaks at 2θ=26.49 ͦ (002) and 54.47 
ͦ (004) are characteristic of the graphene layers and 
CNFs and indicate the highly graphitic and crystal-
linity ordered structure of these materials. Five ob-
vious diffraction peaks were detected in the prepared 
Pt/CNFs-GNPs/GDL nanocomposites at 2θ values of 
40.005, 46.27, 67.96, 81.64, and 86.66 ͦ are ascribed to 
face-centered cubic (fcc) facets of Pt (111), Pt (200), 

Pt (220) Pt (311), and Pt (222), respectively [11, 44, 
45]. Based on the Pt (111) peak on the spectrum, the 
mean sizes of Pt particles were estimated by the De-
by-Scherer formula (eq.1) to be  6.53 nm. This equa-
tion can be expressed as below [46]:
 0.9

cos
d

B
λ

θ
=              

                                                                                  
Where d is the diameter of the average particle size in 
Å, λ is the X-ray wavelength (1.5406 Å) for Cu, θ is 
the Bragg angle, and B is the full width at half maxi-
mum (fwhm) in radians.

Fig .7. X-ray diffractograms of the Pt/CNFs-GNPs /GDL electrocatalyst.

(1)
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3.1.2 Electrical Conductivity of Nanocomposite

The electrical conductivity of the film samples of 
CNFs, GNPs, and CNFs-GNPs was measured on a 
digital multi meter WA2017SD (Lutron). The results 
showed a considerable conductivity enhancement for 
the CNFs-GNPs composite with a value of 44.3 S/cm 
with respect to GNPs and CNFs with a value of 35.7 
S/cm and 23.9 S/cm, respectively.

3.1.3 Specific Surface Area Measurements

 The N2 adsorption BET measurement on the prepared 
chemically reduced graphene oxide showed a specific 
surface area of 421.812 m2g-1, with an average pore 
diameter of 2.42 nm.

3.2 Electrochemical Measurements

3.2. 1 Evaluation of the Pt Deposit Characteristics 
from Electrochemical Measurements

The content of Pt in the composite (Pt loading) was 
analyzed by the electrochemical route from charge 
density QH calculated from the integration of the cur-
rent versus time transient response. Assuming that this 
quantity of charge is mainly due to the faradic reac-
tion,

 2
6 4 6PtC e Pt Cι ι− −+ → +                                                                                  (2)

The quantity of deposited Pt(mg) is obtained from the 
following equation [47] :

.
. .

pt w
pt

Q M
m

n F A
=

Where A is the electrode area and Mw is the molecular 
weight of Pt (=195.09g mol-1), n=4 according to the 
above reaction, F=96485.309Cmol-1.
Theoretically, the value of charge 350 mCcm-2 (Fig. 
2b) corresponds to a 0.16 mgcm-2 for the Pt /CN-

Fs-GNPs/GDL catalyst. The calculation of the time 
necessary for metal deposition, assuming a faradic 
yield of 100 %, is about 36630ms, with 100offt ms=  
and 10ont ms= which is in good agreement with our ex-
periments of metal deposition at the electrode surface, 
indicating that the faradic yield is favorable. In cases 
of low faradic yield, this can be related to the con-
tribution of parasitic processes, such as double lay-
er charging, partial reduction of Pt4+ to Pt3+ or Pt2+, 
and hydrogen evolution at the deposited Pt particles, 
which are considered negligible under the present ex-
perimental conditions. The duration of electrodeposi-
tion time was about 37s (Fig. 2a, b).

3.2.2 ECSA measurements

Fig. 8 shows typical steady–state cyclic voltammo-
grams of Pt/C/GDL and Pt/CNFs-GNPs /GDL elec-
trodes prepared using galvanostatic pulse electrodep-
osition. For cyclic voltammetry (CV) measurements, 
the working electrode was immersed in 0.5 M H2SO4 
solution saturated by high purity (99.9995 %) nitro-
gen with the potential range between -0.24 and 1.2 V 
versus Ag/AgCl (saturated KCl). The scan rate was set 
at 50mVs-1. To decrease the ohmic resistance the ref-
erence electrode was placed as close as possible to the 
working electrode. Before the experiment, the Nafion 
solution was impregnated to expand the three-dimen-
sional reaction zones in the electrode. To determine 
the charge associated to the active area, CV profiles 
were recorded after cycling the electrode until a sta-
tionary response was obtained. 
The electrochemical Pt surface areas of electrodes 
were calculated via the updH  desorption charge, con-
sidering a conversion factor of 210 µCcm-2 for poly-
crystalline Pt [48]. The electrochemical surface area 
( ESAS ), the chemical surface area ( CSAS ), and the Pt uti-
lization efficiency for the prepared electrocatalyst can 
be calculated using Eqs. 4: 

22
4

2 2
10

210
H

ESA

Q C cmm PtS
mgPt C cm Pt Ptloading mgcm

µ

µ − −

    = ×     ×     

 (3)

 (4)
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Where QH is the charge for hydrogen desorption, and 
210 shows the charge required for oxidation of a mon-
olayer of H2 on bright Pt.

36 10
CSAS

dρ
×

=

Where ρ   is the density of Pt (21.4 g cm-2), and d is the 
mean diameter of the Pt nanoparticles obtained from 
XRD (in nm).
From the above two areas, it is possible to estimate the 
Pt utilization efficiency:

ESA
Pt

CSA

S
S

γ =

Table 1 presents the corresponding calculated values 
of @ESA CSAS S  and Ptγ .
Also, from the CV of Pt/C/GDL shown in Fig. 8, 
the hydrogen adsorption/desorption peaks of the Pt 
surface on the electrode are clearly seen, indicating 
the presence of polycrystalline Pt. Finally, it should 
be noted that no noticeable changes in the shape and 
nature of the Cvs of Pt/CNFs-GNPs /GDL and Pt/C/
GDL electrodes were observed during the entire elec-
trochemical measurement (after a 50-cycle pretreat-
ment, not shown here), and the Pt real surface areas of 
all the catalyst kept practically constant, suggesting 
that the prepared catalysts are stable.

Fig.8. Cyclic voltammetry of Pt/C/carbon paper and Pt /CNFs-GNPs/carbon paper in 0.5M H2SO4 under continuous flowing N2.

 The electrochemical surface areas (ESA) of Pt/C/
GDL and Pt/CNFs-GNPs/GDL electrodes are tabu-
lated in Table1. As can be seen, the Pt/CNFs-GNPs /
GDL electrode had a higher Pt surface area than the 
Pt/C/GDL electrode. Also, the Pt/CNFs-GNPs/GDL 
electrode exhibits higher utilization than the Pt/C/
GDL electrode. Hence, we conclude that nanoparti-
cles in the Pt/CNFs-GNPs/GDL electrode were de-

posited preferentially on electrochemically more ac-
tive sites, i.e., graphene edges (steps) and kinks. Also, 
CNFs edges gave rise to a strong interaction with the 
substrate and a definite increase in utilization efficien-
cy. As a result, the utilization of the prepared catalysts 
of the Pt/GNP-CNF/GDL electrode, considering the 
mean particle size, is excellent (79 %) compared to the 
commercial one with a smaller particle size. 

(5)

(6)
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Table 1. Electrochemical Surface area of Pt/C/GDL and Pt/CNFs-GNPs/GDL Electrodes in N2 Saturated Solution of 0.5M H2SO4,

 Electrode                  
2

mgPtloading
cm
 
 
 

                    
2

ESA
m PtS
mgPt                       

2

CSA
m PtS
mgPt

                              ( )%Ptγ

Pt/C/GDL                          1                                                  28                                   66.75                                     42                                     

Pt/CNFs-GNPs/GDL       0.16                                            33.34                                 42.93                                     79

3.2.3 Performance Evaluation of Catalyst through 
the ethanol Oxidation Reaction (EOR)

The typical cyclic voltammogram curves for ethanol 
electro-oxidation on Pt/CNFs-GNPs /GDL electrocat-
alyst recorded in 2 40.5 MH SO  + 3 21 M CH CH OH  at a scan 
rate of 50 1V s −   are shown in Fig. 9. It is well known 
that the activity of a catalyst is mainly evaluated by 
parameters of onset potential, peak potential, and cur-
rent density. The voltammogram’s anodic forward 
scan is attributed to ethanol oxidation, forming Pt-ad-
sorbed carbonaceous species, including COads and 
CHads. The backward oxidation peak is ascribed to the 
additional oxidation of the CO-intermediates to CO2.  
In this study the ethanol oxidation began at approxi-
mately 0.50 V for Pt/CNFs-GNPs /GDL and reached 
its current peak at about 0.79 V. On the reverse sweep, 
re-oxidation of ethanol began at approximately 0.65 
V and reached a peak current density at around 0.45 

V, after which strongly bonded surface inter-mediates 
began to block the catalyst surface. The electrochem-
ical behaviors of Pt/C were similar to that of Pt/CN-
Fs-GNPs/GDL. However, the peak current density of 
Pt/CNFs-GNPs/GDL is significantly higher than Pt/C/
GDL. The peak current density for Pt/CNFs-GNPs/
GDL was about 1.57 1mA cm − , while the peak current 
density for Pt/C was about 0.97 1mA cm −  . These facts 
indicate that the Pt/CNFs-GNPs /GDL have higher 
catalytic activity and better stability for ethanol ox-
idation than Pt/C/GDL because of the high electro-
chemical activity due to the high specific surface area 
of GNPs and CNFs support and high conductivity of 
GNPs. In addition, the observation of relatively higher 

f

b

I
I values on Pt/CNFs-GNPs /GDL (1.22 vs. 1.16 on 

Pt/C/GDL) implies that ethanol molecules are more 
effectively oxidized on Pt/CNFs-GNPs/GDL during 
the forward potential scan, generating relatively less 
poisoning species compared to Pt/C/GDL.

Fig.9. Cyclic voltammograms of ethanol oxidation of Pt/CNFs-GNPs/GDL and Pt/C/GDL in 0.5M H2SO4 +1M C2H6O solution at 
a scan rate of 50 mVs-1.
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3.2.4 Linear sweep voltammetry analysis

Fig. 10 a, b shows the linear sweep voltammograms 
and corresponding Tafel plots for ethanol oxidation of 
Pt/CNFs-GNPs/GDL and Pt/C/GDL in 0.5M H2SO4 
+1M C2H6O solution at a scan rate of  5 mVs-1. As 
can be seen, the Pt/CNFs-GNPs/GDL is more active 
than the Pt/C/GDL electrode for ethanol electro-ox-
idation. The substitution of C with CNFs-GNPs 

seems to improve the electrocatalytic activity of the 
Pt/CNFs-GNPs/GDL electrode. A Tafel slope of ap-
proximately 376 mV was measured on the Pt/C/GDL 
electrode and 521 mV on the Pt/CNFs-GNPs/GDL 
for anodic electrooxidation reaction. Also, the shape 
of the linear sweep voltammograms and Tafel plots 
obtained for the two catalysts are roughly similar, in-
dicating that the same rate determining step occurs for 
the two catalysts [49, 50].

Fig.10. (a) Linear sweep voltammetry of ethanol oxidation of Pt/CNFs-GNPs/GDL and Pt/C/GDL in 0.5M H2SO4 +1M C2H6O solu-
tion at a scan rate of 55 mVs- 1. (b) Corresponding Tafel plots. 
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3.2.5 Short-term stability

Chronoamperometric experiments were performed 
to observe the stability and possible poisoning of the 
composite electrocatalyst under short-time continu-
ous operation in 0.5M H2SO4 +1M C2H6O at 0.4V. As 
seen in Fig. 11, the current density of the prepared Pt/
CNFs-GNPs/GDL electrode and the commercial Pt/C/
GDL decayed rapidly in the initial stage, which might 
be due to the formation of intermediate species,  such 
as COads and CHads, during ethanol oxidation. Howev-

er, the current gradually reached a relatively steady 
state after a brief transient period. It is clear from  
Fig.11 that the current density for the Pt/CNFs-GNPs/
GDL electrode is higher than that of Pt/C/GDL over a 
longer time, indicating that Pt electrodeposited on the 
CNFs-GNPs support can improve the electrocatalytic 
activity and stability of the composite. These results 
again confirm the high tolerance to the intermediate 
species and superior electrocatalytic performance of 
the prepared Pt/CNFs-GNPs/GDL composite catalyst 
in EOR.

Fig. 11. Chronoamperometric curves of Pt/GNPs-CNFs/GDL and Pt/C/GDL catalysts in N2 saturated aqueous solution of 0.5M 
H2SO4 containing 1M C2H6O fixed potential of 0.4V for 1h.containing 1M C2H6O fixed potential of 0.4V for 1h.

4. Conclusion

In this article, a novel CNFs-GNPs composite support 
material was first prepared on GDL. Then an effec-
tive strategy was used to deposit the catalyst particles 
on GDL using the electrochemical method. A unique 
mixed support was developed by layering microstruc-
tures with large porous structures of CNFs networks 
on its surface, as well as dense and high-conducting 

GNPs networks as back supports. This unique mi-
crostructure led to improved Pt catalyst accessibility 
and mass exchange properties. Pt/CNFs-GNPs/GDL 
demonstrated promise for use as an anode electrode in 
DEFCs application. 
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