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1. Introduction

In order to optimize the operation of the direct ethanol
fuel cell (DEFC), different materials have been investigated 
as support for the catalysts in the electrodes of the cells. 
The most used are those based on carbon within this group 
of materials is the mesoporous carbon which has multiple 
advantages. 

This work studies the influence of the functionalization 
treatment of the mesoporous carbon and the promotion 
effect of Re on the ethanol electrooxidation reaction. 

2. Experimental

2.1 Synthesis of mesoporous carbon and functionalized 
mesoporous carbon 

Mesoporous carbon (CM) was obtained by the prepara-
tion of a resin using a stirred mixture of resorcinol, formal-
dehyde, and sodium acetate. Then, poly-diallyl dime-
thylammonium chloride was added while increasing the 
temperature. The resulting mixture was kept at 70 °C for 24 
h. The obtained resin was then dried in air for 5 days. Final-
ly, it was carbonized in a vertical tubular reactor under N2

flow at 850 °C for 2 h [1].
Functionalized mesoporous carbon (CMf) was obtained 

by dispersing the previously synthesized CM in a 5 M nitric 
acid solution. The mixture was kept under stirring at 70 °C 
for 3 h, then it was then filtered and washed with plenty of 
water. Finally, it was dried at 110 °C for 12 h. 

2.2 Synthesis of the catalysts 

The supports were dispersed in a solution of wa-
ter:ethylene glycol (25:75 %v/v) and ultrasonicated. Then, 
the amounts of the Pt and Re precursors were added. The 
mixture was kept under reflux conditions for 2 h. Finally, it 
was filtered, washed with distilled water, and dried at 110 
°C for 12 h. 

The nominal loading of Pt in the electrocatalysts was 20 
wt%. In the bimetallic catalysts, the nominal Re loadings 
adopted were 1, 3, and 5 wt%. 

2.3 Support and catalyst characterization 

- Nitrogen adsorption-desorption isotherms. Textural
properties were measured on an ASAP 2020 Plus Version
2.0 instrument.

- Hydrogen chemisorption. A volumetric equipment was
employed to measure H2 chemisorption at room temper-
ature.

- X-ray diffraction (XRD). The catalysts were characterized
by XRD on an Empyrean PANalytical spectrometer using
Cu K α (λ = 1.542 10-10 m) radiation. The scanning range
was 10–80° and the scan rate was 2° min-1.

- Electrochemical measurements. Electrochemical studies
of the catalysts were carried out in a potenti-
ostat/galvanostat (TEQ-02, Argentina) and a three-
electrode test cell at room temperature. The reference
electrode was an Ag/AgCl electrode, and the counter
electrode was a Pt wire. The catalyst was dispersed in a
solution containing acetone and Nafion solution. The re-
sulting ink was ultrasonicated and deposited onto a vit-
reous carbon disk electrode. In CO stripping, the CO was
bubbled in the electrolytic solution (0.5 M H2SO4) for 30
min at a constant potential of 200 mV. Cyclic voltamme-
try measurements were conducted in a 0.5 M H2SO4 + 1
M C2H5OH solution with a scan rate of 25 mV s-1. Chrono-
amperometric measurements were carried out in a 0.5 M
H2SO4 + 1 M C2H5OH solution for 45 min at 350 mV.

3. Results

3.1 Nitrogen adsorption-desorption isotherms. 

3.2 Hydrogen chemisorption. 

3.3 X-ray diffraction. 

Table 1. Structural properties of CM and CMf. 

Support 
SBET 

[m2 g-1] 
VPore 

[cm3 g-1] 
Pore size 

[nm] 

CM 628.2 0.396 3.2 

CMf 505.2 0.358 3.4 

Table 2. Hydrogen chemisorption capacity (H). 

Catalyst 
H 

[µmol gcat-1] 
Catalyst 

H 
[µmol gcat-1] 

Pt/CM 209 Pt/CMf 278 

PtRe(1)/CM 49 PtRe(1)/CMf 86 

PtRe(3)/CM 120 PtRe(3)/CMf 104 

PtRe(5)/CM 126 PtRe(5)/CMf 212 

Table 3. Lattice parameter obtained at Pt (220) diffraction peak. 

Catalyst 
Lattice para-
meter [nm] 

Catalyst 
Lattice para-
meter [nm] 

Pt/CM 0.39189 Pt/CMf 0.39196 

PtRe(1)/CM 0.36398 PtRe(1)/CMf 0.35979 

PtRe(3)/CM 0.35573 PtRe(3)/CMf 0.35178 

PtRe(5)/CM 0.37274 PtRe(5)/CMf 0.36830 
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3.4 Electrochemical measurements. 

4. Discussion 

4.1 Nitrogen adsorption-desorption isotherms. 

The N2 adsorption isotherms obtained correspond to 
type IV isotherms with an H4 type hysteresis loop, accord-
ing to the IUPAC classification. These materials present 
mesoporosity. A decrease in the SBET value of the material 
after functionalization can be observed in Table 1. This fact 
could be due to a variation in the structure of the material 
after the treatment with the acid. In this sense, the partial 
destruction or diminution of micropore walls could be the 
reason for this decrease in the SBET and VPore values. 

4.2 Hydrogen chemisorption.  

Bimetallic catalysts showed significantly lower chemi-
sorption capacity values than the monometallic ones, re-
gardless of the support (see Table 2). This could be at-
tributed to a Re blocking behavior on Pt nanoparticles. On 
the other hand, comparing Pt/CM and Pt/CMf catalysts, an 
increase in the amount of chemisorbed H2 is observed in 
the latter one. For PtRe catalysts, the presence of strong 
interactions between both metals with probable alloy for-
mation could lead to an increase of the hydrogen chemi-
sorption for the catalysts with higher Re contents, such as 
was observed by Isaacs et al. for Pt-Re/Al2O3 catalysts [2]. 

4.3 X-ray diffraction.  

The lattice parameters of the bimetallic catalysts 
showed a notable decrease compared to those of both 
monometallic ones (see Table 3). It was found that this 
difference increases as the amount of Re in the catalyst 
decreases, finding a minimum for the Re nominal loading 
of 3 wt% This fact could indicate that part of the Re pene-
trates the Pt crystal lattice and modifies it with probable 
Pt-Re alloy formation. 

4.4 Electrochemical measurements.  

The catalytic activity of the catalysts for the ethanol 
electrooxidation reaction was studied by cyclic voltamme-
try. By comparing monometallic catalysts, it was observed 
that the forward peak current values are higher for the 
catalysts prepared on the functionalized support. This 
could be due to the presence of functional groups that  

 

favors the metallic dispersion. In addition, bimetallic cata-
lysts show a better performance in ethanol electrooxida-
tion, being their forward peak currents higher than those 
obtained in the corresponding monometallic catalysts. On 
the other hand, it was found that there is a maximum in 
the electrocatalytic performance for the formulation with 
Re loading equal to 3 wt%. At higher or lower Re loadings, 
there is a drop in the catalytic activity. It was found that 
the PtRe(3)/CMf catalyst presents the best electrochemical 
performance. Comparing the ECO,ONSET values of the mono-
metallic catalysts with the bimetallic ones, it was observed 
that the addition of Re implies a decrease in its value. Be-
sides, when comparing the ECSA values, it was noted that 
they increase when Re is added. The catalyst that present-
ed the best electrochemical surface area is PtRe(3)/CMf. 
Catalysts with Re loading equal to 3 wt% reached the high-
est current intensity in steady-state. 

5. Conclusions 

Mesoporous carbon was synthesized and functional-
ized with nitric acid. Mono and bimetallic catalysts with 
different Re loadings were prepared by the ethylene glycol 
liquid phase reduction method. Considering N2 adsorption-
desorption isotherms results, it can be concluded that the 
functionalization of the material affects its structure. From 
the analysis of the lattice parameter values obtained by 
XRD, it could be inferred the presence of a Pt-Re alloy in 
bimetallic catalysts. The performance of PtRe(3)/CMf cata-
lyst is the best one for all catalysts prepared for ethanol 
oxidation. The ECSA, forward peak current, and peak po-
tential values achieved with this catalyst are 103 m2 gPt-1, 
1048 mA mgPt-1, and 856 mV (vs Ag/AgCl), respectively. 
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Table 4.  Electrochemical surface area (ECSA) and onset potential of CO oxidation (ECO,ONSET) obtained by CO stripping, peak potential 
and forward peak current obtained from cyclic voltammetry, and steady-state current (SSC) obtained from chronoamperometry. 

Catalyst 
ECSA 

[m2 gPt-1] 
ECO,ONSET  

[mV vs Ag/AgCl] 
Peak potential 

[mV vs Ag/AgCl] 
Forward peak current  

[mA mgPt-1] 
SSC 

[mA mgPt-1] 

Pt/CM 20 640 770 235 5 

PtRe(1)/CM 43 376 863 433 19 

PtRe(3)/CM 83 385 826 583 56 

PtRe(5)/CM 62 388 853 507 24 

Pt/CMf 50 455 740 357 11 

PtRe(1)/CMf 51 412 798 536 19 

PtRe(3)/CMf 103 439 856 1048 56 

PtRe(5)/CMf 87 369 887 540 15 




