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Electrochemical Surface Area Enhanced by Dimethyl-ether (DME) Electrooxidation
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Abstract: The electrochemical surface area (ESA)

of the half-membrane electrode assembly (HMEA) and

dimethyl-ether (DME) electrooxidation on the HMEA were examined by cyclic voltammetry (CV). The ESAs of the

electrode before and after DME electrooxidation were calculated from the integrated charge during the adsorption

(and/or desorption) of atomic hydrogen minus the charge for the double layer charging in 0.5 mol-L™" H,SO,. The

increase in ESA was observed, and this was attributed to the change of catalyst layer structure, leading to a more

effective contact between catalysts and the electrolyte Nafion.
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0 Introduction

Fuel cells employing polymer (e.g., Nafion mem-
branes) as the electrolyte are receiving increasing at-
(MEA),

comprising of a proton conducting membrane sand-

tention. The membrane-electrode assembly
wiched between two gas diffusion electrodes (GDE), is
the heart of the fuel cell'. The GDE consists of car-
bon black supported Pt electrocatalyst and the back-
ing layer, such as carbon paper or carbon cloth. It has
been established that optimal electrochemical kinetics
are achieved only when a three-phase interface for
protons, electrons, and gases exits™?. Only catalysts lo-
cated in this region is electrochemically active, and by

inference not all catalyst in the catalyst layer is uti-

W H 1 .2004-11-08 ., W& el B #1.2005-03-14

lized.

mance are thus determined by the electrochemically

Catalyst utilization and the electrode perfor-
active surface, also called electrochemical surface
area (ESA). Cyclic voltammetry (CV) has been fre-
quently used to estimate the ESA by adsorption of
atomic hydrogen in acidic media®?. The ESA is cal-
culated from the amount of charge (Q)y) passed during
the adsorption (and/or desorption) of atomic hydrogen.
The calculation is based on two commonly accepted
assumptions®. First, each proton is able to occupy one
site on the available Pt surface; second, all sites that
are active and accessible will be occupied by hydro-
gen atoms during the transition from proton adsorption
to hydrogen evolution (or hydrogen adsorption to pro-

ton desorption), that is, the ratio of adsorbed hydrogen
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atoms to the active Pt sites is 1:1.  Using the propor-
tionality constant 210 wC-ecm™, the charge (Qy) can
be converted to the surface area.

In this work, a large increase of the ESA was
found due to dimethyl-ether (DME) electrooxidation on
the electrode, and vice versa. DME has many advan-
[7~101,

tages for applications in fuel cells high energy
density, easy to handle (to store and convey), nontoxic,
etc. Performance enhancement of direct dimethyl-ether
fuel cell (DDFC) attributed to methanol or CO pre-
Perfor-

mance enhancement by methanol preconditioning was

conditioning was observed by Mench et al.

also observed in formic acid fuel cells"'2. The authors
attributed the enhancement phenomenon to changes in
the structure of the anode layer, pore alignment and
porosity increase in the cast Nafion film due to CO,
bubbles. They implied that the increase of ESA had
little effect on the performance enhancement of fuel
cells. In this work the half-membrane electrode as-
sembly and the gas diffusion electrode (without Nafion

membrane) were studied using a half-fuel cell system.
1 Experimental

1.1 Materials

All the chemicals were of analytical grade. H,PtClg
Carbon black
was pre-oxidized using O for the
(40wt% )4, The

Nafion-117 membranes (Electrochem Inc., USA) were

and HCHO were used as received.
(Vulcan XC-72)
preparation of the catalyst Pt/C

pretreated in 3% hydrogen peroxide aqueous solution
and 0.5 mol -7 sulphuric acid in sequence™. Carbon
were hydrophobized using
The 5wt% Nafion solution

papers (Toray, Japan)
20wt% PTFE emulsion.
(Electrochem Inc., USA) was used as received. The
purity of DME was 99.99%.
prepared using superpure water (18.2 M{)-cm resis-
tivity, Millipore Milli-Q system).
1.2 Half-membrane electrode assembly

The half-membrane electrode assemblies (HMEA)
were prepared by hot-pressing a gas diffusion elec-
trode (GDE) with Pt loading of 0.7 mg+-cm™ on one
side of the pretreated Nafion-117 membrane with a
pressure of 5 MPa at 130 °C!". The gas diffusion elec-
trode was composed of three layers, namely, the back-
ing layer (70wt% carbon paper and 30wt% PTFE), the
(80wt% carbon black and 20wt%

All the solutions were

diffusion layer

PTFE), and the catalyst layer (80wt% Pt/C and 20wt%
Nafion). The HMEAs were stored in deionized water
for further use.
1.3 Electrochemical measurements

The electrochemical measurements were conduct-
ed in a half-fuel cell setup™", as shown in Fig.1. The
working electrode (HMEA or GDE, 2.3 x 2.3 cm?) was
held vertically in a chamber filled with 0.5 mol - L™
H,S0, with the Nafion membrane exposed to the elec-
trolyte solution. The counter electrode (a Pt foil of 3.5
cm?)  was placed in a compartment separated from the
WE compartment by a Nafion 117 membrane!"”, so that
it prevented the hydrogen generated at the counter
electrode from interfering with the WE process!®. The
reversible hydrogen electrode (RHE) was used as the
reference electrode and was placed in the WE com-
partment with a distance of ca. 1.0 cm away from the WE.
Usually the WE backside compartment was filled with
water in order to prevent oxygen from interfering with
the WE process!'.

L (P wire)

Cias CE (Pt foil)
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Fig.l1 Schematics of the half-cell setup with a half-mem-
brane electrode assembly (HMEA) or gas diffusion
electrode (GDE) as a working electrode (2.3%2.3
cm?), a RHE as a reference electrode, and a Pt
foil as a counter electrode
The counter electrode compartment is separated
from the working electrode compartment by a
Nafion-117 membrane.

The procedures used in the electrochemical ex-
periments were: (i) the supporting electrolyte solution
of 0.5 mol:L! H,SO, and the WE backside water were
saturated with Ar for at least 30 min, then cyclic
voltammetry experiments between 0.05 ~1.0 V were
carried out until a steady CV curve was recorded; (ii)
the WE backside water was saturated with DME (1.5

mol - L) and the cyclic voltammetry experiments
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were carried out until a steady CV curve was per- bubbles. On the contrary, they implied that the in-

(ifi) the WE

backside DME solution was replaced with water,

formed, with all CV curves recorded;
and
then the water was saturated with Ar for at least 30
min, and then CV experiments were carried out be-
tween 0.05~1.0 V. All the electrochemical measure-

ments were carried out at 18+1 C.
2 Results and discussion

Fig.2 shows the cyclic voltammograms obtained
in 0.5 mol -L™' H,SO, for a HMEA before and after
DME electrooxidation. The value of Q) was calculated
by the following equation:

Q1=0.5(Q\a—Qu)s
where Q4 and Q4 are the charge by the hydrogen ad-
sorption/desorption curve and the capacitative charge
due to double layer charging, respectively!'. Tt is rea-
sonable to assume that a higher ESA implies a higher
catalytic activity, because more catalyst sites are
available for the reaction®®. The roughness factor (RF)
was calculated by dividing the ESA by the geometric
area (2.3 x 2.3 cm?) of the electrode. The RFs for the
HMEA before and after DME electrooxidation were
76.8 and 113.1, respectively. The RF, implying the
electrochemical surface area, was increased by ca.
48% after DME electrooxidation. In Fig.3, the current
of DME electrooxidation kept increasing with potential
cycling until the 10" cycle, which also implied that
the electrocatalytic activity was improved with poten-
tial cycling. The peak current shown in the 10" CV
was higher by ca. 40% than that shown in the 1% CV.
After the 10™ and the 11" CVs were recorded, step iii
experiments were carried out (Experimental section).
The recorded CV (inset) showed that the ESA was not
changed, implying that the peak current given in
DME electrooxidation CV had a positive correlation
with the ESA. And the enhanced performance of DME
electrooxidation at the HMEA could be attributed to
the increase of the ESA. Mench et al™ attributed the
enhanced performance to the adsorbed CO that was
not consumed by the reaction and somehow accelerat-
ed the DME electrooxidation process. In methanol-pre-

L2 the authors at-

conditioned formic acid fuel cells
tributed the enhancement phenomenon to changes in
the structure of the anode layer, pore alignment and

porosity increase in the cast Nafion film due to CO,

crease of ESA had little effect on the performance en-
hancement of fuel cells because they observed a very
small change (increased by 2.2%) in ESA™. At the
(around 0.85 V vs RHE), CO is oxi-
dized. Pore alignment may contribute to the current
We do observe CO, bubbles formed on the
backside of the HMEA. CO, bubbles may cause the

anode catalyst layer to reconstruct,

peak potential
increase.

leading to an ef-
fective contact between catalyst and cast Nafion, so

the ESA was increased. A 48% increase of ESA only
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Fig.2 Cyclic voltammograms at half-membrane electrode

assembly (HMEA) in 0.5 mol- L™ H,SO, solution

a: before DME electrooxidation (step i);

b: after DME electrooxidation (step iii).

Sweep rate: 10 mV+s™, at 18+1 °C. Q,, Q,, and Q

are the integrated charge used to calculate the

electrochemical surface area.
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Fig.3 Potential cycle effect on DME electrooxidation at
HMEA and the electrochemical surface area
a: 1% cycle of DME electrooxidation,
b: 10" cycle of DME electrooxidation.
Sweep rate: 10 mV-s™, at 18«1 °C. The insets
show a steady CV of DME electrooxidation and
no change in the ESA.
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This im-
plied that not all the catalyst sites accessible to pro-

led to a 40% increase in the peak current.

tons were effective in DME electrooxidation. The onset
potential of DME electrooxidation was observed to be
finally shifted to a more negative potential.

Similar results were observed for the gas diffu-
sion electrode. The RFs calculated from the ESA di-
vided by the geometric area were 82.2 and 105.8 for
the GDE before and after DME electrooxidation, re-
with an increase by 28.7% (Fig.4).The
peak current shown in DME electrooxidation CV (Fig.

spectively,

5) was increased by 34%. This implied that some fac-
tors in addition to ESA change during DME electroox-
idation enhanced the electrode catalytic activity. A
change could be seen in the feature of hydrogen ad-
In the initial CV,
the hydrogen adsorption-desorption peaks appeared to

sorption/desorption region (Fig.4).

be broad and featureless; it was presumed that the Pt
(111) was the predominant facet in the catalyst sur-
face™. But the peaks changed into one like that on a
usual polycrystalline Pt electrode in acid, which im-
plied that the percentage of Pt(110) and Pt(100) in-
creased during DME electrooxidation®. Tt is known
that various Pt single crystal planes show different
catalytic activity toward some organic molecules’
electrooxidation. We have shown that Pt(111) elec-
trode had a poor performance toward DME electrooxi-

dation™, and DME electrooxidation on other planes of
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Fig.4 Cyclic voltammograms at gas diffusion electrode in
0.5 mol - L' H,SO, solution
a: before DME electrooxidation (step 1i);
b: after DME electrooxidation (step iii).
Sweep rate: 10 mV-s™, at 18«1 °C. Q,, Q,, and
(g are the integrated charge used to calculate the

electrochemical surface area.
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Fig.5 Potential cycle effect on DME electrooxidation at
GDE and the electrochemical surface area
a: 1" cycle of DME electrooxidation,
b: 10" cycle of DME electrooxidation.
Sweep rate: 10 mV s, at 18+1 “C. The insets
show a steady CV of DME electrooxidation and
no change in the ESA.

Pt are under study. The increase of the peak current
might be partly attributed to the change in catalyst
predominant facets.

Jiang et al™ showed a decrease in the ESA and
the capacitative current when Nafion was the bulk
electrolyte in comparison with the bulk electrolyte of
0.5 mol -L~' H,SO,.

Nafion membrane seemed to have little effect on ESA,

In our work, the hot-pressed
even with a decrease of ESA when GDE directly con-
tacts with 0.5 mol -L.7" H,SO, (RF=105.8 for GDE
compared with RF=113.1 for HMEA). This could be
attributed to the flood of HMEA because both sides of
HMEA were exposed to aqueous solutions
0.5 mol -L™ H,S0,,

water or DME aqueous solution).

(one was

and the other was Ar saturated

3 Conclusions

Half fuel cell systems can simulate fuel cells un-
der flooded conditions and provide valuable informa-
tion on available ESAs. The electrochemical surface
area of HMEAs increases after DME electrooxidation,
and vice versa. This increase of ESA was attributed to
the changes in the catalyst layer of HMEA, which
made the contact between catalyst and Nafion more
effectively. Not all the ESA sites associated with hy-
drogen adsorption/desorption are shown to be effective
for DME electrooxidation.  This implies that protons

accessible sites are not equal to those of DME
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molecules. The ESA increase was also observed for
GDEs after DME electrooxidation. This could be at-
tributed to the change in the catalyst layer and the

facet change on catalyst surface.
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