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This study aims to provide further understanding of the influence of different parameters that control
mass-transport (the revolution rate of the rotating disk electrode and the potential scan rate) on the
ethanol oxidation reaction (EOR). The experiments were conducted on a home-made carbon-supported
20 wt% Pt/C electrocatalyst, synthesized using a modified polyol method, and characterized in terms
of physicochemical properties by thermogravimetric analysis (TGA), powder X-ray diffraction (XRD)
and transmission electron microscopy (TEM). The EOR at the thin active layer of this electrocatalyst
was characterized using both differential electrochemical mass spectrometry (DEMS) in a flow cell

Received 19th June 2016, configuration and the rotating disc electrode (RDE). The results demonstrate that operating under

Accepted 12th August 2016 stationary conditions (low scan rate and high RDE speed) hinders complete ethanol electrooxidation
DOI: 10.1039/c6cp04294e into CO, and favors the poisoning of the electrocatalyst surface by hydroxide and strong ethanol

adsorbates. As such, the EOR appears to be more efficient and faster under dynamic conditions than in
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1. Introduction

Direct ethanol fuel cells (DEFCs) hold promise as an alternative
power source for portable applications, owing to their theore-
tical high energy density’ and non-toxicity of their fuel: ethanol.
Moreover, ethanol presents additional advantages compared to
the classical hydrogen fuel of low-temperature fuel cells: its
production in a pre-existing infrastructure, transportation and
storage are rather straightforward. Yet, the DEFC performance
is impeded by the sluggish kinetics of the ethanol oxidation
reaction (EOR) (acceptable currents are only obtained at large
anode overpotential values) and its poor selectivity toward the
formation of CO,, the desired product. Indeed, the complete
ethanol electrooxidation into CO, (12e~ per ethanol molecule -
pathway (3) in Fig. 1) is hindered by the difficult cleavage of the
ethanol C-C bond into CO,4 and CH, 4 which leads, as a con-
sequence, to the formation of acetaldehyde (2e™ - pathway (1))
and acetic acid (4e” - pathway (2)) by-products®® and thereby
severely decreases the faradaic efficiency of practical DEFCs.
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Fig.1 Scheme of the EOR mechanism on Pt.

To summarize, present DEFC systems fail to complete their
theoretical promises in terms of practical cell voltage and energy
density. To overcome these hurdles, more fundamental insights
into the EOR phenomenon are required, especially at the best
single-metal EOR electrocatalyst, platinum.

The impact of the morphology of bulk platinum (Pt) and
carbon-supported Pt electrocatalysts (Pt/C) on the EOR has
already been investigated to some extent in the literature. On the
one hand, studies on monocrystalline electrocatalysts revealed
that the C-C bond cleavage occurs mainly on surface steps,”®
whereas no influence of the terrace was observed.” Colmati et al.
found out using in situ FTIR that both C-C bond breaking and
CO,q electrooxidation are enhanced at low potential in steps,
whereas a competitive formation of acetaldehyde and acetic acid
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takes place at high potential on the same sites.” On the other
hand, investigations on Pt/C showed contradictory results on
the influence of the nanoparticle size on the EOR mechanism.
Perez et al. obtained an optimal EOR activity on ca. 2.5 nm
diameter nanoparticles and explained their performance by a
compromise between a large electrochemical surface area and
enhanced oxophilicity of small nanoparticles compared to the
bigger ones (with a diameter comprised between ca. 3.3 and
3.6 nm)."® In contrast, Li et al. found the highest EOR specific
activity on their smallest Pt nanoparticles (ca. 1.7 nm) against
nanoparticles of ca. 2.4 and 4.0 nm.""

The mass-transport of the reactant/soluble intermediates/
products plays an important role in electrochemical processes
in general, with special emphasis on complex electrocatalytic
reactions.">*® This is not less true for the EOR, a very complex
electrocatalytic reaction, being admitted that DEFCs will likely
be fed using pumped ethanol and that electroactive soluble
intermediates/by-products are formed in the course of the reac-
tion. To some extent, it is possible that difference in mass-
transport conditions from one study to the other can explain
some divergences in the EOR literature. Unfortunately, the influ-
ence of mass-transport on the EOR mechanism has hardly been
reviewed. To the authors’ knowledge, there is only a single paper
truly dedicated to that matter, by Rao et al.*® They demonstrated
the decrease of the CO, current efficiency (CCE) under enhanced
flow rate conditions on Pt/C, which was attributed to the lower
residence time of ethanol inside the catalytic layer thickness.'®
A similar study on the methanol oxidation reaction (MOR) at the
smooth Pt electrode® highlighted the hindered MOR activity at a
faster revolution rate of the rotating disc electrode (RDE), and
ascribed it to the larger poisoning of the electrocatalyst surface by
CO,q. This phenomenon was however not confirmed for Pt/C
electrodes, where no influence of the diffusion-convection condi-
tions was reported on the MOR activity.”*

In this paper, the influence of the mass-transport on the
EOR has been studied by varying the diffusion and convection
conditions on state-of-the-art Pt/C electrocatalysts. The impact
of the diffusion conditions has been studied by means of DEMS
using the m/z = 22 and m/z = 29 mass-to-charge signals attributed
to CO, and acetaldehyde via modification of the scan rate from
v=2to 10 mV s . The role of the electrolyte convection in the
EOR mechanism has been examined by varying the revolution
rate of the RDE between 0 and 2500 rpm.

2. Experimental

2.1. Material preparation

A modified polyol method was used to synthesize the 20 wt%
Pt/C electrocatalyst. An appropriate amount of the metal pre-
cursor (H,PtClg, Alfa Aesar) was dissolved in a solution containing
Milli-Q water and ethylene glycol (EG) (volumetric ratio 2:1).
A carbon black suspension in ethylene glycol, prepared separately
and dispersed by sonication, was then added into the first
solution. The pH of the resulting suspension was then adjusted
with 0.5 M NaOH solution (diluted in EG) to pH = 11.7 and the
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suspension was allowed to stir for one hour in argon, before
being heated up to 7 = 160 °C and was maintained at this
temperature for three hours. After this step, the suspension was
cooled down and was allowed to stir overnight. Its pH was there-
after decreased to pH = 3 with a 0.5 M H,SO, aqueous solution and
stirred for an additional 24 h. The electrocatalyst powder was
finally filtered, washed abundantly with Milli-Q water and dried
overnight in a drying oven at T = 80 °C.

2.2. Physical characterization

The metal-carbon ratio of the Pt/C electrocatalyst was evaluated by
thermogravimetric analysis (TGA, Q 5000 from TA Instruments).
Information about the crystalline structure and the associated
lattice parameter was obtained by powder X-ray diffraction
(XRD, Bruker AXS D8) in the 20 range from 15° to 90° using
Cu Ko radiation with a scan rate of 0.74° min~". The dispersion
of the nanoparticles on the carbon support was observed using
transmission electron microscopy (TEM, Jeol 2010). The asso-
ciated nanoparticle size distribution (PSD) histograms were
constructed after examination of the diameter of 400 metal
nanoparticles.

2.3. Electrochemical measurements

For the DEMS investigation, the working electrode was a uniform
electrocatalyst film deposited on top of an Au-sputtered (55 nm)
Gore-Tex PTFE membrane (60 pum thickness, 0.02 pm mean pore
size, 50% porosity). The electrocatalytic ink was made of 3 mg of
electrocatalyst dispersed by sonication in a 400 pL mixture of iso-
propanol and water (volumetric ratio 3:1). 9 pL of this ink was then
deposited onto the sputtered Au/PTFE membrane (ie. 9.9 pg Pt).
The amount of Nafion® ionomer deposited onto the film was
always equal to 50 wt% of the electrocatalyst loading on the working
electrode. The counter-electrode was a platinum foil. The DEMS
measurements were carried out in a flow cell described elsewhere.>*

The RDE analysis was achieved in a standard three-electrode
electrochemical cell, on a thin Pt/C active layer deposited on a
© 0.4 mm glassy carbon substrate/current collector (0.13 cm?
geometric area) working electrode connected to a rotator (Pine
Research Instrumentation). The counter-electrode was a platinum
wire. The reference electrode was a reversible hydrogen electrode
(RHE) for both the RDE and the DEMS studies. In any case, the
electrochemical results presented hereafter are normalized by
the electrochemical active surface area (ECSA) of the material of
the Pt/C working electrode.

Prior to the measurements, the investigated Pt/C electrocatalyst
was subjected to potentiodynamic cycling in the supporting
electrolyte (0.5 M H,SO,) until stabilization of its performance
(overlay of successive CVs). CO-stripping CVs were recorded in
0.5 M H,S0, subsequently to CO potentiostatic adsorption (8 min)
at E,q = 0.15 Vvs. RHE and the flush of the solution in Ar (20 min)
under potential control. The EOR investigation was then carried
out in a 0.5 M H,SO, + 0.1 M EtOH electrolyte solution.

2.4. Calibration of the mass spectrometer

The calibration of the m/z = 22 mass-to-charge signal was carried
out according to the protocol detailed in ref. 23 and 24.
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Fig. 2 XRD profile of the investigated Pt/C electrocatalyst prepared by a
polyol method at pH = 11.7.

3. Results and discussion

3.1. Physical characterization

The XRD profile of the home-made 20 wt% Pt/C electrocatalyst
is shown in Fig. 2. The sharpness of the diffraction peaks, was
localized at ca. 40°, 46.5°, 67.8°, 82°, and 86° and assigned to
the (111), (200), (220), (311), and (222) planes, respectively,
which is characteristic of the expected face-centered cubic
(fcc) structure of platinum, demonstrate that the sample is well
crystallized. The average size of the crystalline domains was
determined from Scherrer’s equation; the (220) diffraction peak
was used for that purpose, owing to its isolated character on the
diffractogram (it does not overlap with other peaks). The lattice
parameters and the average size of the Pt crystalline domains
are summarized in Table 1.

Fig. 3 shows a typical TEM image of the Pt/C electrocatalyst
and the associated particle size distribution (PSD) histogram of
the sample. Pt nanoparticles that were small and homogeneous in
size were uniformly disseminated on their carbon support. Some
large nanoparticles/agglomerates (which account for ca. 1.9% of
the total number of nanoparticles) were, however, also occasion-
ally detected during the TEM observations, which explains the
deviance between the number-, surface- and volume-averaged
diameters, dy, ds and dy, respectively (see Table 1), calculated as
in ref. 25. A quite good agreement is nevertheless found between
ds and dge.. The difference between the dy and dxgp values is
attributed to the fact that the large Pt ensemble detected in TEM
consists of agglomerates of small nanoparticles rather than large
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Fig. 3 (a) Typical TEM images and (b) associated particle size distribution
(PSD) of the investigated Pt/C electrocatalysts; inset: magnification at low
particle percentage.

extreme left of the carbon grain in Fig. 3 exhibits a very rough
surface and complex contrast, which would agree with its poly-
crystalline (and therefore agglomerated) nature.

3.2. Effect of the scan rate

3.2.1. CO-stripping CVs. Fig. 4 compares subtracted
CO-stripping CVs acquired in 0.5 M H,SO, at increasing potential
sweep rate: v =2, 5 and 10 mV s~ . The CVs have been amplified
in order to take into account the influence of the scan rate on the
capacitive contribution of the current.*® The rise of the potential
sweep rate from v=2 to 10 mV s~ " results in a positive shift of the
CO-stripping onset and peak potential values, in agreement with

monocrystalline nanoparticles; indeed, the large Pt feature at the the literature.*®™*
Table 1 Morphological properties of the home-made Pt/C electrocatalyst
Effective Pt loading by .
Electrocatalyst TGA (Wt%) alA dyrp/NM dglec/nM dn/nm dg/nm dy/nm
Pt/C 22.1 3.84 2.0 6.8 1.8 5.2 9.7

a: lattice parameter; dxgrp: mean nanoparticle size (XRD); dgec: electrochemical mean particle size; dy: number-averaged diameter (TEM);
ds: surface-averaged diameter (TEM); dy: volume-averaged diameter (TEM).
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Fig. 4 Subtracted (a) raw and (b) amplified CO-stripping CVs in 0.5 M
H>SO4 on Pt/C (metal loading: 9.9 pg) and corresponding (c) non-amplified
and (d) amplified MSCVs for the m/z = 22 mass-to-charge signals multiplied
by a number indicated in brackets; T = 25 °C.

Moreover, a similar trend was found in Fig. 4c by the use of
the m/z = 22 mass-to-charge signal (ascribed to CO,). According
to Maillard et al, the onset potential of the CO-stripping at
v=2mV s ' is close to the equilibrium potential of the OH,q
formation.?® However, as the scan rate increases and the reactions
take place deeper under non-stationary conditions, the onset
potential, which is believed to be controlled by CO,q + OHaq
interactions, shifts positively due to the low mobility of the
CO,q on Pt surface, and more particularly Pt terraces.

Besides the positive effect on the onset potential, the ascend-
ing current soars faster at slow scan rates (Fig. 4a and b) giving
the CO-stripping ascending and descending parts of the peak
a more symmetric and narrower profile. The more moderate
current increase at v = 10 mV s~ ' versus v = 2 mV s~ likely
results from the slow diffusion of the CO,q species on the Pt
surface; this surface-diffusion is believed to limit the reaction
kinetics of the CO-stripping reaction,?® even though the slow
water dissociation was also put forth to account for the reaction
sluggishness.*

3.2.2. EOR CVs. Fig. 5 displays the cyclic voltammograms
of the EOR performed at different scan rates: v = 2, 5 and
10 mV s~ * on Pt/C. A usual increase of the peak current, as well
as a positive shift of the peak potential, at ca. E = 0.86 V vs. RHE
and E = 1.3 V vs. RHE against the scan rate can be observed in
Fig. 5a. The associated m/z = 29 and m/z = 22 mass-to-charge
signals are represented in Fig. 5b and c. The feature of the
m/z = 29 signal is similar to the CV in Fig. 5a, showing that the
generated current mainly corresponds to ethanol dehydrogenation
into acetaldehyde (pathway (1) in Fig. 1). The m/z = 22 signal
represented in Fig. 5¢ also seems to depend on the scan rate. The
dashed line centered on the ionic peak current at » =5 mV s "
helps discerning a shift of the peak current toward lower
potentials with the decrease of the potential scan rate: the peak
potential is located at ca. E = 0.65, 0.70 and 0.71 V vs. RHE at
v=2,5and 10 mV s~ ' respectively. This trend shows that the
CO, generation (pathway (3)) gets hindered at a lower potential
when the experimental conditions become quasi-stationary.
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Fig. 5 (a) CVs of the EOR in 0.5 M H,SO4 + 0.1 M EtOH on Pt/C and

corresponding MSCVs for the (b) m/z = 29 and (c) m/z = 22 mass-to-
charge signals; at v = 2, 5and 10 mV s™%; T = 25 °C.

This hindrance is likely caused by the adsorption of poisoning
species, which occupy the electrocatalytic sites and therefore
prevent the dissociative adsorption of ethanol, a mandatory
step for any CO, generation. These poisoning species obviously
have more time to form and block the electrocatalytic surface at
low rather than high potential scan rate (i.e. in near-stationary
versus non-stationary conditions). These adsorbates likely con-
sist of ethanol adsorbates and hydroxide and sulfate species.

The m/z = 22 mass-to-charge signal demonstrates that the
behavior of the CO, production during the EOR contrasts with
the electrooxidation of CO,q. Indeed, although the peak potential
of the CO, generation during the EOR depends on the scan rate
similarly to the CO-stripping, the extent of the shift is much lower
in the case of the EOR. This difference finds its origin in the
distinct mechanisms that yield CO, in the two cases: while the
CO-stripping peak current is reached at intermediate consump-
tion of the CO,q layer (and therefore attributed to a lack of
CO,q-species at the electrocatalyst surface), the CO, peak of the
EOR in Fig. 5c originates from the surface poisoning by ethanol
and hydroxide adsorbates. Besides, the onset potential of the
CO, formation during the EOR (Fig. 5¢) remains constant with
the rise of the potential scan rate, a behavior that differs from the
positive shift of the CO-stripping initiation, attributed to the slow
mobility of CO,q4-species.?® This independence of the initiation of
the CO, formation against the scan rate shows that the reaction
is not limited by CO,q mobility (like in a CO-stripping), but to
other phenomena, like the C-C bond cleavage or the supply in
hydroxide species.

It can further be remarked that the current of the oxidation
reaction at 0.4 < E < 1.1 Vvs. RHE does not increase as much as
that of the reaction at E > 1.1 Vvs. RHE, as the potential scan rate
rises from v =2 to 10 mV s~ *. This phenomenon is ascribed to the
slow kinetics of the EOR in the medium potential region which
involves the production of acetaldehyde (2e) and acetic acid
(4e7) and CO, (12e™). Moreover, the complete ethanol electro-
oxidation into CO, represents a larger part of the total current
atry=10mV s ' thanatv=2 mV s ' (see CCE values in Fig. 6).

This journal is © the Owner Societies 2016
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Fig. 6 CO, current efficiency (CCE) values calculated from cyclic voltam-
metries run in 0.5 M H,SO4 + 0.1 M EtOH (represented in Fig. 5a) at v = 2,
5 and 10 mV st and corresponding MSCVs (Fig. 5b) on Pt/C.

Even if ethanol electrooxidation to CO, yields to 12e” against
2 or 4e” for the acetaldehyde and acetic acid production,
respectively, the reaction kinetics are much lower and may
induce the generation of lower currents due to the very low
turnover frequency of the Pt sites. The reaction at £ > 1.1 Vvs.
RHE may correspond to the oxidation of strong ethanol adsor-
bates, such as CH, .4 or/and C,-adsorbates.>**%%!

The evolution of the CCE against the potential is represented in
Fig. 6. The drop of the CCE versus the rise of the applied potential
is attributed to the growing contamination of the electrocatalyst
surface by ethanol and hydroxide adsorbates, which hinders the
dissociative adsorption of ethanol. The identity of these ethanol
adsorbates has been still under speculation to date,** but may
correspond to CH, ,q or Cy-adsorbates, which only oxidize at high
potential (typically at E > 0.9 V vs. RHE).>**' The maximal value
obtained at E = 0.6 V vs. RHE is very similar for each scan rate,
which rules out the influence of the potential scan rate (at least
between v =2, 5 and 10 mV s~ ') on the CCE. This result contrasts
with what was expected. Indeed, ethanol adsorbate stripping
studies have shown that the C-C bond breaking can occur at
potentials as low as E = 0.05 V vs. RHE on Pt-based carbon-
supported electrocatalysts.>**' As such, spending a longer time
between E = 0.07 (CV initial potential) and E = 0.6 V vs. RHE (CO,
generation initiation) during a slow-scan CV was expected to
enhance ethanol dissociative adsorption and boost the amount
of CO-like adsorbates at the electrocatalyst surface at the begin-
ning of the CO, generation. At £ > 0.7 V vs. RHE, the degree at
which the CCE decreases against the potential is rather different
depending on the sweep rate: the CCE at E = 0.7 V vs. RHE is
twice lower at v =2 mV s~ " (CCE = 0.09) than at v =10 mV s
(CCE = 0.18). This is explained by the low-potential blockage of
the electrocatalyst surface by the mentioned poisoning adsor-
bates (enhanced at lower potential scan rate), which gives more
time to the poisoning process to operate.

Finally, it would have been of interest to lead this study at
faster scan rates, to see whether the trend observed under quasi-
stationary conditions were confirmed under non-stationary ones.

This journal is © the Owner Societies 2016
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However, higher scan rates (i) would have led to longer delays
between the CVs and MSCVs thereby corrupting the reliability of
the corresponding results, and (ii) would consist of experimental
conditions that substantially differ in the practical operation of a
DEFC, which is not desirable.

3.3. Effect of the mass-transport rate at rotating disc
electrodes

The influence of the mass-transport on the potentiodynamic
ethanol electrooxidation was investigated by means of RDE.
Fig. 7 displays cyclic voltammetries acquired on Pt/C in 0.5 M
H,SO, + 0.1 M EtOH at different revolution rates of the RDE:
o =0, 100, 225, 400, 900, 1600, 2500 rpm. Three separate features
of oxidation current are attributed to the EOR: the first one
between E = 0.3 and 1 V vs. RHE, a second one at E > 1.1 V vs.
RHE (both in the anodic scan), and a last one located between
E =0.8 and 0.4 V vs. RHE during the cathodic scan.

It can be observed that the current between E = 0.3 and
0.85 V vs. RHE increases together with the rise of the revolution
rate. The reactions occurring in this potential range are therefore
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Fig. 7 (a) CVin 0.5 M H,SO4 + 0.1 M EtOH on Pt/C (metal loading: 9.9 ng)

on a RDE at different rotation speeds: 0, 100, 225, 400, 900, 1600, and
2500 rpm; evolution of the peak current between (b) £ = 0.3 and 1 V vs.
RHE (/521 and between (c) £ = 0.8 and 0.4 V vs. RHE (/o) against the
rotation speed; v = 10 mV s~ T = 25 °C.
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to some extent mass-transport limited. Besides, the potential of the
peak current (I, o) shifts toward lower values with the rise of the
revolution rate. This phenomenon, also observed for formic acid
and formaldehyde oxidation reactions, is however opposite to that
observed for the methanol oxidation reaction (MOR):* the (differ-
ent) behavior of methanol electrooxidation is attributed to an
enhancement of the formaldehyde formation over the CO, produc-
tion under increased mass-transport conditions, which thus induce
a reduction of the number of exchanged electrons® and thus a
decrease of the generated current. In the present case, the increase
of the EOR current at large revolution rates is ascribed to the fast
ethanol supply to the electrocatalytic sites free of the ethanol
adsorbates, which formerly oxidized into acetaldehyde (the kinetics
of this reaction being fast). However, the enhanced mass-transport
conditions also lead to the faster poisoning of the Pt sites by bulk
contaminants (hydroxide, sulfate and strong ethanol adsorbates),
which thus results in the shift toward lower potential of the EOR
oxidation peak (referred as “a1” in Fig. 7a). During the cathodic
scan, the amplified rise of the current at £ < 0.8 V vs. RHE
(potential at which hydroxide species start to reduce and to free the
Pt sites) at fast revolution rates is also attributed to a faster supply
in the bulk reactant to the electrocatalyst sites free of ethanol
adsorbates, which were oxidized in the meantime.

Interestingly, a non-linear dependence of the peak current
between E = 0.3 and 1 V vs. RHE (I, »;) and between E = 0.8 and
0.4 Vvs. RHE (I, -) against the square root of the revolution rate
is observed in Fig. 7b. This result was expected and illustrates
the complexity of ethanol electrooxidation (inducing slow
kinetics), which is a multi-step reaction yielding up to 12
electrons. In particular, the reaction rate may not only depend
on the access to the bulk reactant (linear behavior of the
“limiting current” vs. w2, Levich equation), but also to the
formation/desorption/poisoning of adsorbed species, therefore
giving this peculiar behavior (quasi-absence of limiting current,
presence of multiple peaks with activation/inhibition regions).

However, by segmenting in Fig. 7b the x-axis in two regions, at
0 < w"? < 20 rpm*? () and 20 < w** < 50 rpm"* (II), two straight
lines (the slope of which equals p; = 2.78 x 107> mV rpm~*? and
P = 1.37 x 107 mV rpm ™~/ respectively) can be used to model
the peak current evolution against the speed rotation. The ratio
between the two distinct slopes, which equals piy/p; = 2.03,
indicates by the Levich equation that a loss of two electrons
occurs during the EOR mechanism at high rotation speed
(20 < o' < 50 rpm™?) versus that at low rotation speed
(0 < w"® < 20 rpm"?). This loss of two electrons is attributed
to a change of the EOR dominating pathway from that leading to
the formation of acetic acid (and generating 4e™ per ethanol
molecule) at low rotation speed to that yielding acetaldehyde as
the final product (generating only 2e~ per ethanol molecule) at
high rotation speed. This result is attributed to: (i) the ejection of
freshly formed acetaldehyde (from ethanol dehydrogenation) from
the inside of the Pt/C film, which prevents its re-adsorption and
further oxidation to acetic acid; (ii) the faster poisoning of the
Pt/C surface by ethanol adsorbates at high rotation speed, which
impedes OH™ adsorption necessary for the formation of acetic
acid: and (iii) a combination of both. This matches closely with the
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results obtained in another similar work on the influence of the
flow rate on the EOR mechanism in alkaline medium.*

The oxidation current at E > 1.1 V vs. RHE does not follow the
same tendency. Besides a rise of the peak current between w = 0
and 100 rpm, the current remains quasi-constant independently of
the electrode rotation. Actually, it reaches a threshold at 100 rpm,
which does not vary with increasing revolution rates. This trend
shows that the reaction occurring in this potential region is rather
independent of the electrolyte mass-transport and likely corre-
sponds to the electrooxidation of ethanol adsorbates, which form
between E = 0.3 and 0.9 V vs. RHE and can only oxidize at E > 0.9V
vs. RHE.>**** Indeed, it is hardly believable that some new species
can manage to adsorb at E = 1.1 V vs. RHE on the electrocatalyst
surface that is already fully blocked by OH-adsorbates and ethanol
adsorbates (formed at lower potential values).

4. Conclusions

The influence of the mass-transport (both diffusion and convec-
tion) on the EOR was investigated by means of RDE and DEMS on
a Pt/C electrocatalyst. The latter was physically characterized by
TGA, XRD and TEM.

The comparison between the EOR and the CO-stripping revealed
the quasi-non-dependence of the CO, production rate of the EOR
with the scan rate, which contrasts with the dependence of that of
the CO-stripping. A different rate determining step, which is
the CO,q mobility on the electrocatalyst surface in the case
of the CO-stripping and the C-C bond cleavage for the EOR,
may explain this divergent behavior.

The investigation also revealed an enhanced contamination
of the electrocatalyst surface by hydroxide and sulfate species and
strong ethanol adsorbates (CH,.q or/and C,-adsorbates) under
quasi-stationary conditions (at low scan rate and high RDE
speed), which hinders dramatically the complete ethanol electro-
oxidation into CO,.

These results illustrate the difficulty to completely oxidize
ethanol into CO, under fuel cell stationary conditions. Instead,
a 2e” mechanism pathway leading to the formation of acetalde-
hyde seems to be favored in the near steady-state.
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