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ABSTRACT 

A wet chemistry synthesis of Pt-Ce doped catalysts on carbon Vulcan support using an impregnation method with 
EDTA is presented. The composite catalyst was characterized by XRD, XPS and TEM. The catalytic activity of the 
prepared material was tested in a direct fuel cell using methanol, ethanol and hydrogen as fuels. The polarization and 
power curves showed that the Vulcan/Pt/Ce(III) doped catalysts improved the performance of the fuel cells when com-
pared with Vulcan-Pt anode materials. 
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1. Introduction 

Fuel cell technology is one of the most promising alter-
natives to obtain electric energy in an efficient way with 
a low environmental impact and flexible applications [1]. 
A fuel cell is an electrochemical device that takes oxy- 
gen from the air and a fuel to generate water and electri- 
cal power [2]. There are different types of fuel cells. In 
the case of polymeric fuel cells, they have gained impor- 
tant attention as a consequence of their applicability in 
transportation. This causes world global investment in 
PEMFCs to be growing day by day. In the case of fuel 
cells with a proton conducting electrolyte (PEMFC, Pro- 
ton Exchange Membrane Fuel Cell), the fuel is hydrogen. 
Hydrogen is oxidized at the anode and the generated 
protons go through the membrane toward the cathode 
[3]: 

2H 2H 2e+ −→ +  

In the cathode of the electrochemical cell, the oxygen 

reacts with the protons and it is reduced according to: 

2 2

1
O 2H 2e H O

2
+ −+ + →  

The global reaction in the fuel cell is: 

2 2 2

1
O H H O

2
+ →  

The electrons formed at the anode of the cell flow in 
the external circuit during these reactions providing the 
electrical energy used for different applications [4]. 

Hydrogen fuel cells are important because they reduce 
global carbon dioxide (CO2) emissions and improve local 
air quality. They create a new industrial and technologi-
cal energy base which is considered crucial for our eco-
nomic needs [5]. 

Direct alcohol fuel cells (DAFC) have several applica-
tions in transportation and portable electronic devices. 
DAFC cells use an alcohol of small chain as (methanol 
or ethanol) as a fuel without the need of a fuel reforming 
process. This fact makes the DMFC simple and compact. *Corresponding author. 
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In the case of the direct methanol fuel cells (DMFC), 
they present two basic disadvantages: 1) the low kinetic 
of the methanol electrooxidation and 2) the high cross-
over of methanol trough and the polymeric Nafion® 
membrane which causes mixed currents and a decrease 
in cathode efficiency. Similar disadvantages exist in the 
case of Direct Ethanol Fuel Cells (DEFC). However, 
recently, they have received special attention because 
ethanol has a higher energy density than methanol (8.01 
kWh/kg vs. 6.09 kWh/kg). Ethanol can be produced in 
large amounts from biomass; it is safer than methanol 
and considered as a green fuel [6-9]. 

Direct methanol fuel cells (DMFC’s) use a proton 
conducting electrolyte membrane (PEM) in an acidic 
medium. The major improvement that has been made to 
acidic fuel cells, especially regarding the perfluorosulfo-
nic-acid membrane stability and the great reduction of 
catalyst loadings, makes this type of fuel cell a very 
common and attractive one [10]. Another type of fuel 
cells is the alkaline fuel cell (AFC) but they present a 
serious problem due to the carbonation of the alkaline 
electrolyte from the CO2 from air or the oxidation prod-
uct of the fuel [11]. Another substantial problem of alka-
line fuel cells is the challenge in developing an-
ion-exchange membranes with a good ionic conductivity 
and stability under the operating conditions [12]. 

Different fuels can be used in fuel cells. Liquid alco-
hols like methanol or ethanol are more easily stored and 
transported than hydrogen gas and also present higher 
energy densities and energy efficiencies than the gaseous 
fuels [13]. Alcohols with larger chains than ethanol, like 
n-butanol, are being considered as fuels nowadays. They 
are produced from biomass, attractive properties being 
high energy content, weak corrosivity and facile trans-
portation [14]. 

Fuel cells have three basic components (anode, cath-
ode and separator or membrane). Design needs to be op-
timized. The most important challenge is to find the ideal 
catalyst that promotes the oxidation of the fuel. By far, 
platinum-based catalysts are considered the best choice. 
Since platinum is a valuable material, an obvious ap-
proach is to find a catalyst that incorporates the smallest 
amount of platinum while giving the best performance or 
output voltage possible. Different researchers have found 
that electrodes with Pt as the principal component with 
other metals, oxides and non-metals enhanced the cata-
lytic activity for methanol electrooxidation [15].  

The use of cerium, specifically cerium oxide (ceria), in 
fuel cell catalysts was presented in the middle 2010’s 
[16-18]. The use of ceria has attained vital importance 
for its capacity to act as an oxygen buffer. In other words, 
ceria can release and accept oxygen. Oxidation of CO in 

acidic mediums is particularly important [19], since CO 
poisoning of pure platinum catalysts is a serious problem 
associated with fuel cell operation. Pt-Ceria catalysts 
have been prepared by supercritical carbon dioxide fluid 
deposition and applied in a direct methanol fuel cell and 
showed greater methanol oxidation activity than pure 
platinum [20].  

Some researchers have prepared a Pt-Ce catalyst not 
used for fuel cell applications by arc melting technique 
on a water-cooled copper hearth under an argon atmos-
phere, which is a long procedure [21,22]. A better mix-
ture of platinum and cerium in the final catalyst could be 
achieved by using a chelating agent for the cerium source. 
EDTA is one of the most used chelating compounds for 
metals that present multiple oxidation states, such as ce-
rium. In this research we propose to use a Vulcan/Pt/Ce 
material prepared by the impregnation method using 
EDTA as a chelating agent to form a complex with ce-
rium(III). The prepared catalysts were tested in fuel cells 
using hydrogen, methanol and ethanol as fuels. 

2. Catalysts Preparation and  
Characterization 

The Vulcan-Pt-Ce(III) powder catalyst was prepared 
using an impregnation method with EDTA (Sigma, 99% 
- 100.0%) as a chelating agent to form a complex with 
cerium(III). First, the EDTA and the cerium(III) nitrate 
(1:1) molar ratios were dissolved in water and the solu-
tion was stirred for 24 hours at room temperature. Then, 
40 wt% Pt/Carbon Vulcan XC-72 powder (E-Tek) was 
added and stirred for 24 h at room temperature. Finally, 
the solution was filtrated, washed and dried at 110˚C. 
The temperature was below the oxidation temperature of 
cerium in order to maintain the Ce(III) state. The final 
mass ratio between cerium and platinum was determined 
by XPS and it was Ce/Pt(w/w) = 1/42. The final mass per-
centage of cerium in the catalysts was 2.3% which means 
that the final material was only slightly impregnated with 
this element. 

2.1. X-Ray Diffraction Characterization 

The catalysts materials were characterized by using 
X-ray diffraction analysis (XRD). The X-ray diffraction 
(XRD) measurements were recorded in a Siemens D5000 
XRD (Cu Kα radiation, λ = 1.54056 Å) instrument. Scans 
were acquired with 0.02˚ step size over 2θ range of 20˚ - 
90˚. Figure 1 shows the powder XRD pattern of the pre-
pared Vulcan-Pt and Vulcan-Pt-Ce doped nanoparticles. 
Characteristic peaks are located at 2θ = 39.45˚, 45.96˚, 
67.36˚ and 81.01˚ and they correspond to (111), (200), 
(220) and (311) lattice planes for platinum respectively  
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ages of of Vulcan-Pt-Ce(III) are shown in Figures 2(a) 
and (b); and TEM images of Vulcan-Pt and Vulcan-Pt- 
Ce(III) are shown in Figures 2(c) and (d), respectively. 
The nanoparticles of platinum are approximately 5.9 nm 
and 6.7 nm for Vulcan-Pt and Vulcan-Pt-Ce(III) doped 
materials, respectively. The previously reported particle 
sizes by other groups [26-28] are similar to the ones we  

[23,24]. Particle sizes were calculated by Scherer’s equa-
tion using reflection peaks of the XRD pattern. The av-
erage size of platinum nanoparticles in the sample is 5.4 
nm for the Vulcan-Pt and 5.8 nm for the Vulcan-Pt- 
Ce(III) doped catalysts. In the XRD plot we were not 
able to see any peak associated with the presence of ce-
rium. This may be due to the amorphous nature of cerium 
species in these catalysts. They do not contribute to the 
background signal due to the small cerium content re-
ported previously in this manuscript. The peak-broad- 
ening in the XRD pattern is a characteristic of the nano-
meter length scale and validates the effectiveness of the 
experimental protocols in producing nanosize metal par-
ticles [25]. 
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2.2. Transmission Electron Microscopy (TEM) 
Images 

All samples were analyzed by high resolution-transmis- 
sion electron microscopy (HR-TEM) 2010-F (JEOL 200 
kV), high angle annular dark field–scanning transmission 
electron microscopy (HAADF-STEM) (Hitachi HD- 
2700 C, 200 kV) and atomic solution-transmission elec-
tron microscopy (AR-TEM) (JEOL 200 kV) microscopes 
using ultrathin carbon film/holey carbon of 400 mesh 
copper grids (Ted Pella Inc.). A drop of the catalytic 
powder suspension, previously ultrasonicated in ethanol 
or water, was added onto the grids. HAADF-STEM im-  

Figure 1. X-ray diffraction patterns of the Vulcan-Pt (black) 
and Vulcan-Pt-Ce(III) (red) catalysts. 

 

(a) (b)

(c) (d)

5 nm 5 nm  

Figure 2. HAADF-STEM (a) and TEM images of Vulcan-Pt-Ce(III) (b) & (d) and Vulcan-Pt catalysts (c). 
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reported. The platinum nanoparticles show a very well- 
defined crystal structure with lattice fringes for the 
atomic planes visible in both catalytic materials. We also 
observed that there are some agglomerated particles  
present in the Vulcan-Pt-Ce(III) doped material that   
are not present in the Vulcan-Pt catalyst. The presence  
of Ce is as very well dispersed fine particles and diffi- 
cult to observe in the STEM or TEM. In Figure 3 we 
have obtained an Energy-dispersive X-ray spectroscopy 
(EDS) map of the Vulcan-Pt-Ce(III) to observe the lo- 
calization of the Pt and the Ce. It is evident from this data 
that the Ce is randomly dispersed on the Vulcan, typi- 
cally as particles <1 nm in size and is often co-localized 
near Pt. 

2.3. X-Ray Photoelectron Spectroscopy  
Characterization 

X-ray photoelectron spectroscopy (XPS) spectra were 
obtained using a PHI 5600ci spectrometer equipped with  

an Al Kα monochromatic source at a power of 350 W. 
Pass energy of 58.70 eV was used. All the binding ener-
gies reported were corrected fixing the carbon peak (C 1s) 
at 284.5 eV. 

The high-energy resolution XPS spectrum for the core 
binding energy region of Pt (4f) and Ce (3d) of Vul-
can-Pt-Ce doped material are shown in Figures 4(a) and 
(b) respectively. Deconvolution treatment shows metal-
lic-elemental doblet for platinum 4f peaks at 71.30 eV 
and 74.63 eV. A second doblet at 73.44 eV and 76.59 eV 
[29] corroborates that an oxidized platinum specie is 
present; it was attributed to the presence of PtO2. In Fig-
ure 4(b) there is a single doblet for Ce photoelectrons at 
885.48 eV and 903.17 eV assigned to Ce(III) [29]. XPS 
data also matches the NIST table that provides the in-
formation that Ce(III) is present in the catalysts [30]. 
This information confirms that a Ce3+ specie was not 
oxidized during the impregnation process and it remained 
in the Vulcan-Pt-Ce(III) doped catalyst. 

 

Pt Ce

 

Figure 3. HAADF-STEM of Vulcan-Pt-Ce(III) catalyst with energy dispersive spectroscopy (EDS) X-ray fluorescence map of 
Pt and Ce speciation. 
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(a)                                                        (b) 

Figure 4. Curve-fitted high-resolution X-ray photoelectron spectroscopy spectra for the (a) Pt 4f and (b) Ce 3d binding en-
ergy regions for Vulcan-Pt-Ce(III) catalyst. 
 
3. Electrode Preparation and  

Electrochemical Study in Half Cell 

For the electrochemical study in half cell, a three con-
ventional electrode system was used with a Ag/AgCl 
reference electrode, a platinum wire as a counter elec-
trode and a glassy carbon (GC) electrode from (Bio 
Analytical Systems-BAS) as the working electrode. All 
the electrochemical measurements were carried out using 
a Potentiostat/Galvanostat model 263A EG&G Instru-
ments, Princeton Applied Research.  

The GC electrodes were cleaned until obtained a mir-
ror-like surface by mechanical polishing using alumina 
powder of different particle sizes: 1.0, 0.3 and 0.05 μm. 
Residual polishing material was removed from the sur-
face of the electrodes by sonication in a water bath for 15 
min. An amount of 1.0 mg of Vulcan-Pt-Ce(III) powder 
was added to 450 μL of Nafion alcoholic solution (5% 
w/w). The suspension was agitated in an ultrasonic bath 
for 40 min followed by stirring for 40 min. Then, 8 μL of 
the suspension was deposited on the GC electrode sur-
face until it dried. 

In order to ensure the purity of Pt particles, an elec-
trochemical CV treatment was done in 0.5 M H2SO4 be-
tween −230 and 1100 mV vs. Ag/AgCl, prior to the 
half-cell and fuel cell experiments. 

3.1. Methanol and Ethanol Electrooxidation 

The methanol and ethanol oxidation studies were per-
formed using the GC electrode previously modified with 
Vulcan-Pt and Vulcan-Pt-Ce(III) doped. The catalytic 
activity toward methanol and ethanol oxidation for the 
different electrodes was performed using cyclic voltam-
metry (CV) with a N2-purge and a 1.0 M CH3OH solu-
tion in 0.5 M H2SO4 and, for ethanol, a 1.0 M C2H5OH 
solution in 0.5 M H2SO4 solution. The scan rate was 100 

mV/s in the potential range from −0.2 V to 1.0 V vs. 
Ag/AgCl. The results are shown in Figures 5(a) and (b). 
The cyclic voltammetry experiments showed higher cur-
rents for Vulcan/Pt/Ce catalyst than Pt/Vulcan electrode. 
The increasing in the oxidation currents is higher when 
the ethanol was used as a fuel. In this case, there is a shift 
towards more negative potential of the onset (see Figure 
5(b)). 

A linear sweep voltammetry (LSV) experiment was 
carried out using N2 to purge the system in a 1.0M 
CH3OH in 0.5 M H2SO4 and 1.0 M C2H5OH in 0.5 M 
H2SO4 solutions. The scan rate was 100 mV/s in the po-
tential range from −0.2 V to 1.0 V vs. Ag/AgCl. Results 
are shown in Figures 5(c) and (d). In this case, the shift 
in the onset potential was bigger for the methanol ex-
periment. In both cases, for methanol and ethanol, there 
is an increasing on the anodic currents for the fuel oxida-
tion when the Vulcan-Pt-Ce(III) catalysts were used. 

The electrodes were also tested by chronoamperome-
try using N2 to purge the system with 0.5 M CH3OH/0.5 
M H2SO4 and 1.0 M C2H5OH/0.5 M H2SO4 solutions. 
This measurement was done using a constant potential of 
350 mV vs. Ag/AgCl for 1800s. Figures 5(e) and (f) 
show a typical current density-time response for metha-
nol and ethanol oxidation. As expected, addition of Ce(III) 
to Pt/C resulted in higher current densities compared to 
the Pt/C electrode which is the control. These results 
support that Ce(III) is contributing to the methanol and 
ethanol electrooxidation. 

4. Single Cell Testing 

4.1. MEA Fabrication 

A membrane electrode assembly (MEA) was fabricated 
by placing a Nafion® 117 membrane (Sigma-Aldrich) 
between Pt-Cerium (0.5 mg/cm2) (anode) catalyst layer  
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Figure 5. (a) Cyclic voltammetry of catalysts in 0.5 M H2SO4/1M for methanol; (b) Cyclic voltammetry in 0.5 M H2SO4/1M 
for ethanol; (c) Linear Sweep Voltammetry in 0.5 M H2SO4/1M for methanol; (d) Linear Sweep Voltammetry in 0.5 M 
H2SO4/1M for ethanol; (e) Chronoamperometric response in 0.5 M H2SO4/1M for ethanol; (f) Chronoamperometric in 0.5 M 
H2SO4/1M Ethanol for the Vulcan-Pt (black) and Vulcan-Pt-Ce(III) catalyst (red), respectively. 
 
and a Vulcan-40%Pt (0.5 mg/cm2) cathode. The MEA 
was sandwiched by hot-pressing at 160˚C and 7.5 MPa 
for 12 min. All experiments, including the electrochemi-
cal measurements, were conducted with a MEA sand-
wiched between two graphite flow-field plates in a Fuel 
Cell Test Station. All the current-voltage curves (polari-
zation curves) were measured in galvanostatic mode us-
ing a HCP-803 with EC-Lab Software (Princeton Ap-
plied Research). 

4.2. Cyclic Voltammetry 

Figure 6 shows the cyclic voltammetry experiment in the 
fuel cell were the peaks of adsorption and desorption of 

hydrogen are clearly shown between 0.1 and 0.3 V vs. 
NHE. The area under the curve for the adsorption and 
desorption hydrogen peaks is very similar for both cata-
lysts compositions: Vulcan-Pt and Vulcan-Pt-Ce(III) 
doped. This means that the active surface area of plati-
num is practically the same in both catalysts. This could 
be due to the cerium low content in the Vulcan-Pt-Ce(III) 
which is only 2.3% as determined by X-ray photoelec-
tron spectroscopy. 

4.3. Fuel Cell Performance Experiments 

Figure 7 shows the polarization curves for the oxidation 
of hydrogen, methanol and ethanol using the Vulcan-Pt  
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(black) and the Vulcan-Pt-Ce(III) doped (red) catalysts. 
The maximum currents obtained in the polarization 
curves were for the hydrogen oxidation, followed by the 
methanol. The ethanol oxidation showed the smallest 
current. This result can be explained by the fact that hy-
drogen molecule is the easiest to be oxidized due to its 
chemical simplicity. The complete oxidation of ethanol is 
not an easy process since there is considerable increment 
in the number of intermediates related to the 12 electron 
process involved [31]. The ethanol molecule is the more 
difficult to be completely oxidized because it has a C-C 
bond that has to be broken in order to get the final CO2 
oxidation product. In the case of the methanol molecule 
it is not necessary to break any C-C bond; then it is ex-
pected that it is easier to oxidize methanol than ethanol. 
The trend in catalytic currents can be presented as 
C2H5OH < CH3OH < H2. All this results can also be 
shown in the power curves, Figure 7. 

0.0 0.2 0.4 0.6 0.8 1.0 1.2
-300

-250

-200

-150

-100

-50

0

50

100

150

I(m
A

)

E (V) vs. NHEEwe(V) vs. NHE  

Figure 6. Anodic Cyclic voltammetry of Single Cell of Vul-
can-Pt (black) and Vulcan-Pt-Ce(III) doped (red). Fuel cell 
anode/cathode: N2/H2. Scan rate = 100mV/s; Thumidifier = 
75˚C; Tcell = 25˚C; Area of the cell = 5 cm2. 

 

 

Figure 7. Polarization (left) and power curves (right) for the electrooxidation of H2/O2 ((a) and (b)), 1 M Methanol/O2 ((c) and 
(d)) and 1M Ethanol/O2 ((e) and (f)) using Vulcan-Pt (black) and Vulcan-Pt-Ce(III) doped (red). The area of the cell is 5 cm2. 

or cases (a) and (b) the T = 40˚C and for (c) and (d), (e) and (f) T = 90˚C. F 
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5. Conclusion 

A Vulcan-Pt-Ce(III) doped catalyst was prepared by a 
simple and cheap impregnation method using EDTA as 
chelating agent. The preparation method allows the mass 
production of the material catalysts without additional 
significant cost. The final catalyst showed a very good 
dispersion of the particles in the nanoscale level. Fuel 
cell polarization and power curves experiments showed 
that the Vulcan-Pt-Ce doped anode materials exhibited 
better catalytic activity than the only Vulcan-Pt catalysts 
for DMFC, DEFC and PEMFC. 
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