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BP 24, 69390 Vernaison, France
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bstract

Methanol permeability measurements and direct methanol fuel cell tests were performed at room temperature with different commercially
vailable or recast Nafion® membranes and sulfonated polyimide (SPI) membranes. Power densities as high as 20 mW cm−2 could be obtained
ith Nafion® 115. However, in order to meet the technological requirements for portable applications, thinner membranes have to be considered.
s the MeOH crossover increases greatly (from (7 to 20) × 10−8 mol s−1 cm−2) while Nafion® membranes thickness decreases, non-perfluorinated
olymers having high IEC are promising candidates for DMFC working at room temperature. The development catalysts tolerant to methanol is
lso relevant for this application. In spite of the low permeability to MeOH of SPI membranes, the obtained electrical performance with E-TEK

®
lectrodes based MEAs was lower than that obtained with Nafion membranes. No significant increase of performances was neither evidenced by
sing homemade PtCr(7:3)/C and PtRu(4:1)/C catalysts instead of E-TEK electrodes with recast Nafion® based MEAs. However, MEAs composed
ith thin SPI membranes (50 �m) and homemade PtCr/C catalysts gave very promising results (18 mW cm−2). Based on experimental observations,
speculative explanation of this result is given.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Nowadays, the technology for portable applications (com-
uters, mobile phones, etc.) is in constant evolution for the
evelopment of smaller and lighter devices with more perform-
ng integrated functions. As a consequence, the on board energy
ensity is a key parameter which has to be taken into account.
p to now, lithium based technology is currently used (volumic

nergy close to 500 Wh L−1) [1,2], but mini fuel cells seem to

e a very promising alternative as power supply for the next
eneration systems.
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ased catalysts; Sulfonated polyimide membranes

In spite of its high specific energy (32 Wh g−1) [3] and
ecause of storage problems in portable systems, the use of
ydrogen as fuel is dismissed [4]. Liquid fuels as alcohols
eem better adapted to the targeted technology. Indeed, alco-
ols are easy to store and have a relatively good energy density:
.1 Wh g−1 (4800 Wh L−1) and 8.6 Wh g−1 (6800 Wh L−1) for
ethanol and ethanol, respectively [5]. According to the com-

lete oxidation reaction of methanol into CO2, one molecule of
ater is required to oxidize one molecule of methanol, as shown

n the following equation:

H3OH + H2O → CO2 + 6H+ + 6e− (1)
Nevertheless, several problems have to be overcome. Low
ower densities are still currently obtained in DMFC [6] because
f the difficulty to activate the oxidation reaction of alcohol and
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of 3.43 MPa (35 kg cm−2). Because of the high glass transi-
C. Coutanceau et al. / Journal o

he reduction reaction of molecular oxygen at room temperature.
his problem could be solved by reducing the membrane thick-
ess [7], i.e. to balance the loss of performance of the cell due to
ow reaction kinetics by the increase of the membrane conductiv-
ty. However, because high MeOH concentrations are required
5–10 M), the methanol crossover shall be severely increased.
his could be detrimental to the fuel cell electrical performance
s methanol acts as a poison for conventional platinum based
atalysts present in fuel cell electrodes.

In order to improve the current DMFC performance, new
aterials have to be developed, namely new membranes having
low MeOH permeability [8,9] and new catalysts efficient for
xygen reduction at room temperature and more tolerant towards
he presence of MeOH than classical platinum catalysts [10–15].

The topic of this paper is to present results obtained
nder DMFC operating conditions at room temperature, with
on-conventional MEAs. For that purpose, sulfonated poly-
mide membranes (SPI), and anodic PtRu(4:1)/C and cathodic
tCr(7:3)/C catalysts were prepared and tested. The results were
ompared to those obtained with Nafion® membranes and com-
ercial E-TEK catalysts. The effect of the methanol concentra-

ion on the tolerance of cathodic catalysts will also be discussed
n order to explain the DMFC results.

. Experimental

.1. Catalytic powders preparation

Colloidal precursors are synthesized according to the proce-
ure described by Bönnemann et al. [16], but slightly modified.
ll experiments were carried out under argon, using anhydrous

alts and dry solvents. Reducing agent N+(CnH2n+1)4[BEt3H]−
s prepared by mixing stoichiometric amounts of tetraalkylamo-
ium bromide [N+(CnH2n+1)4Br−] and potassium triethylboro-
ydride [K(BEt3H)] in tetrahydrofuran (THF). While added
o this solution, the metallic salts (PtCl2, RuCl3, CrCl3-Alfa
esar) were reduced according to the following reactions:

tCl2 + 2N+(CnH2n+1)4[BEt3H]−

→ Pt[N+(CnH2n+1)4Cl−]2 + 2BEt3 + H2 (2)

PtCl2 + b XCl3 + (a + b) N+(CnH2n+1)4[BEt3H]−

→ PtaXb[N+(CnH2n+1)4Cl−]3 + (2a + 3b) BEt3 + 3/2 H2

(3)

here X = Cr or Ru.
Any agglomeration of the metallic particles was prevented

y the presence of N+(CnH2n+1)4Cl−, which acts as a protect-
ng surfactant. The colloidal precursors were dispersed onto a
igh specific area carbon substrate (Vulcan XC72), which was
reliminary thermally treated at 400 ◦C under nitrogen for 4 h,
n order to clean it. The carbon supported metal powders were

hen prepared by thermal treatment of these precursors at 300 ◦C
nder air for 1 h. Thermogravimetric analysis evidenced the
omplete elimination of the surfactant without modifying drasti-
ally the particle size. Bimetallic PtRu/C powder of atomic ratio

t
w
f
t
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:1 and PtCr/C powder of atomic ratio 7:3 were thus obtained
15,17,18].

.2. Fabrication of the sulfonated polyimides (SPI)
embranes

SPI polymers were synthesized by polycondensation of 2,2′-
enzidine disulfonic acid (BDSA) as sulfonated monomer, a
on-sulfonated diamine (bis[4 aminophenyl-oxy)methyl]2,2′-
ropane (APMP)) and a naphthalenic dianhydride (NTDA).
he ionic exchange capacity (IEC) of the final polymer was
ontrolled by the initial amount of sulfonated monomer intro-
uced and was fixed to 1.98 meqH+ g−1. The general copoly-
erization procedure is described elsewhere [19]. SPI NMP

olutions were acidified with acidic ionic exchange resins. Acid-
fied SPI membranes were directly obtained by casting of the
olution.

.3. Fabrication of the recast Nafion® membranes

Nafion® membranes were obtained by classical coating tech-
ology from Nafion® solution provided by Dupont. The solution
as cast onto a glass plate at ambient temperature. Then, after

emoving of the solvents, the membrane undergoes a thermal
nnealing at 80 ◦C for 3 h in order to improve its mechanical
roperties. The membrane is washed in deionized water for
h before testing. The IEC of the Nafion® membranes were
.1 meqH+ g−1.

.4. Electrodes and membrane electrode assemblies
MEAs) fabrication

The electrodes supplied by E-TEK were composed of
0 wt.% Pt–Ru/C (1/1 atomic ratio) for the anode and 40 wt.%
t/C for the cathode. The average metal loading of each elec-

rode was 2 mg cm−2. Both electrodes contained 0.8 mg cm−2

afion® in the active layer and 30 wt.% Teflon in the diffusion
ayer.

The homemade electrodes for DMFC were prepared from
n ink composed of a Nafion® solution (5 wt.% from Aldrich),
sopropanol and the catalytic powder, brushed on a carbon gas
iffusion electrode. Carbon gas diffusion electrodes were home-
ade using a carbon cloth from Electrochem. Inc., on which
as brushed an ink made of Vulcan XC72 carbon powder and
TFE dissolved in isopropanol. The gas diffusion electrodes
ere loaded with 3.5 mg cm−2 of a mixture of carbon pow-
er and 20 and 30 wt.% PTFE for the anodes and the cathodes,
espectively. The metal loading was close to 2 mg cm−2 and the
afion® loading was 0.8 mg cm−2. Nafion® based MEAs were
repared either with or without hot pressing of the electrodes
nto Nafion® membranes at 130 ◦C for 90 s under a pressure
ion temperature of SPI, hot pressing was not considered, as it
ould require to high pressing temperatures. As a consequence,

or SPI based MEAs, electrodes were only pressed at room
emperature.
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Fig. 2. Polarization curves E(j) and power density curves P(j) recorded with
different Nafion® membranes in a single 5 cm2 DMFC at T = 25 ◦C (5 M
MeOH, PmeOH = 1 bar, 2 mL min−1; PO2 = 1 bar, 20 mL min−1). The MEA was
made with E-TEK electrodes (cathode: Pt/C, 2.0 mg cm−2 Pt loading; anode:
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ig. 1. Measurements of methanol cross-over for Nafion® 112 (�), Nafion®

15 (�) and Nafion® 117 (�) at T = 25 ◦C.

.5. Electrochemical measurements

DMFC tests were carried out in a 5 cm2 single cell using a
lobe Tech Inc. fuel cell test station, equipped with humidi-
cation bottles having pressure and flow rate controls of both
eactants: 5 M methanol and pure oxygen. Before the measure-
ents, the membrane electrode assembly (MEA) was hydrated

nd equilibrated in the cell with a 5 M methanol solution at room
emperature for 1 h. The fuel cell tests were carried out at room
emperature under 1 bar of oxygen (30 mL min−1) and 1 bar of

ethanol solution (2 mL min−1).
The E versus j and P versus j curves were recorded using a

igh power potentiostat (Wenking model HP 88) interfaced with
PC to apply the current sequences and to store the data, and a
ariable resistance in order to fix the applied current to the cell.

. Results and discussion

.1. Nafion® membranes

Because of the dramatic effect of the presence of methanol
t the cathode side, and in order to optimize the MEAs, the
ermeability of different Nafion® membranes to methanol were
valuated before fuel cell tests (Fig. 1). Methanol crossover
as measured as described elsewhere [9]. The thickness of the
embranes are reported in Table 1 as well as the methanol

rossover rate J and the diffusion coefficient D, which were
alculated using the first Fick’s law [9]. As expected, the

rossover rate J decreases with the membrane thickness [7,9].

The electrical characteristics of these MEAs were evaluated
nder DMFC working conditions with commercial E-TEK
lectrodes hot pressed onto different Nafion® membranes

r
p
a
g

able 1
hickness, crossover rate J and diffusion coefficient D of different Nafion® membran

Membrane Nafion®

Reconst. 1 Reconst. 2 112

hickness (�m) 30 50 51
(mol s−1 cm−2) 20 × 10−8 16 × 10−8 15.3 × 10−8

(s−1 cm−2) 6 × 10−7 8 × 10−7 7.8 × 10−7
tRu(1:1)/C, 2.0 mg cm−2 metal loading) and hot pressed 3 min at 130 ◦C and
5 kg cm−2 (3.43 MPa).

Fig. 2). Unfortunately, we did not succeed to make MEA with
he thinnest Nafion® membrane (30 �m thickness) without a
otal loss of electrical characteristics (open circuit voltage close
o 0 V). The best power densities (20 and 13 mW cm−2) were,
espectively, obtained with Nafion® 115 and 117 based MEAs.
hese values are in good accordance with those reported in

iterature [20]. For lower membrane thickness, the electrical
erformances were lower but still relatively acceptable: close to
1 mW cm−2 with both 80 �m recast Nafion® membrane and
afion® 112 membrane. However, surprisingly, only very low

lectrical performances (2 mW cm−2) could be obtained with a
0 �m recast Nafion® membrane.

Because suspecting the hot pressing treatment of thin mem-
ranes to be at the origin of such results, different MEAs were
ealized without hot pressing of the electrodes onto 30, 50 and
0 �m recast Nafion® membranes. As shown in Fig. 3, the elec-
rical performance obtained with the 30 �m Nafion® membrane
eaches 7 mW cm−2, which confirms that hot pressing damages
he membrane. But, hot pressing leads to enhance the electrical
erformance of MEAs made with thicker membranes, the max-
mum power density, achieved for example, in the case of the
0 �m membrane increasing from 9 mW cm−2 (Fig. 3) without
ot pressing to 11 mW cm−2 with hot pressing (Fig. 2). However,
he 50 �m membrane displays once again very poor electrical
erformance, which now could be attributed to some problems
elated to the membrane preparation and not to the hot pressing

rocedure. Song and Pickup [21] claimed that hot pressing (43
nd 155 kg cm−2) of electrodes onto a Nafion® 115 membrane
enerally led to decrease the electrical performance. It was pro-

es

Reconst. 3 Reconst. 4 115 117

60 80 127 178
15 × 10−8 13 × 10−8 9.3 × 10−8 7.2 × 10−8

9 × 10−7 10.4 × 10−7 11.8 × 10−7 12.8 × 10−7
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Fig. 3. Polarization curves E(j) and power density curves P(j) recorded with
different Nafion® membranes in a single 5 cm2 DMFC at T = 25 ◦C (5 M
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eOH, PmeOH = 1 bar, 2 mL min−1; PO2 = 1 bar, 20 mL min−1). The MEA was
ade with E-TEK electrodes (cathode: Pt/C, 2.0 mg cm−2 Pt loading; anode:
tRu(1:1)/C, 2.0 mg cm−2 metal loading) without hot pressing.

osed that the elevated temperature and pressure led to collapse
he pore within the catalytic layer. However, in our study, the loss
f performance was only observed with the thinnest membrane
30 �m) and was thought to be likely due to its mechanical
ragility. In fact, in the work of Song and Pickup [21], the MEA
ressed at 43 kg cm−2 led to electrical performance, in terms of
eak power, a little higher than that with the not pressed MEA.
t can then be proposed that an optimum in the pressure could
xist below 43 kg cm−2. Moreover, Le Ninivin et al. [9] showed
hat, in single DMFC fitted with a Nafion® 117 and working at
0 ◦C, the same hot pressing procedure as used in this work led
o increase the maximum achieved power density by a factor 3
ompared with a not pressed MEA. It was then proposed that
ot pressing led to reach the glass transition temperature of
he Nafion® membrane and of the Nafion® polymer present in
he catalytic layer of the electrodes and to paste the electrodes
o the membrane, which leads to a better membrane–electrode
nterface by diminishing the interfacial resistance.

Taking into account the apparent conductance of the mem-
rane as well as the methanol crossover, 127 �m thick mem-
ranes (Nafion® 115) seem to be most promising. However,
he dimensional requirements for portable applications impose
he use of membranes thinner than 100 �m. When comparing
afion® 112 and 80 �m recast Nafion® membranes, better elec-

rical performance was obtained with the thickest membrane at
ow current densities (<80 mA cm−2). One possible explanation
s related to its lower methanol permeability. This hypothesis

s confirmed by the higher value of the open circuit voltage
OCV = 0.46 V) recorded with the recast membrane compared to
hat obtained with the Nafion® 112 membrane (OCV = 0.44 V).
n the other hand, as it could be expected, the slope of the

t
N

able 2
hickness, crossover rate J and diffusion coefficient D of different SPI membranes

Membranes SPI

30 �m 40 �m

(mol s−1 cm−2) 9.1 × 10−8 9.3 × 10−8

(s−1 cm−2) 2.7 × 10−7 3.7 × 10−7
er Sources 160 (2006) 334–339 337

olarization curve j(E) is higher with the recast membrane than
ith the Nafion® 112. This observation can be related to the
ifference in thickness of the two membranes [7].

Based on the above-mentioned results, 80 �m recast Nafion®

embranes were chosen as a reference for this work.

.2. SPI membranes

SPIs as proton exchange membranes are promising candi-
ates for DMFC working at room temperature. Indeed, this kind
f structure enables the synthesis of polymers with high IEC,
nsoluble in water and displaying very low dimensional varia-
ions. These properties are key parameters for the elaboration
f membranes highly conductive at room temperature. More-
ver, aromatic and heterocyclic structures are known to present
imited MeOH permeability [22].

In order to evaluate the MeOH permeability of these polymers
nd to compare it to the crossover of MeOH through Nafion®

embranes, SPI membranes with different thickness were pre-
ared and tested. Results are reported in Table 2. As expected, the
hicker is the membrane, the lower is the permeability. However,
n all case SPI membranes present a far reduced MeOH perme-
bility: the measured values are more than twice lower than
hose obtained with Nafion® membranes. This result is particu-
arly interesting as the SPI membranes tested have a very high
EC (1.98 meqH+/g) compared to that of the Nafion® membranes
1.1 meqH+/g) and thus are expected to induce high conductivi-
ies and good electrical performances at room temperature.

As mentioned earlier, SPI based MEAs were prepared by
ressing the electrodes onto the membranes at room tempera-
ure. In a first set of experiments, E-TEK electrodes were used.
he polarization curves j(E) and the corresponding power den-
ities P(j) curves are reported in Fig. 4. From these graphs, two
ain results can be drawn. First, the OCV recorded from the SPI

ased MEA (0.49 V) is 30 mV higher than the that recorded from
he Nafion® based MEA (0.46 V). This result is consistent with
he lower MeOH permeability of the sulfonated polyimide poly-

er. The second observation concerns the fuel cell performance:
he better electrical performance obtained with the 50 �m thick

embrane (6 mW cm−2) is slightly lower than those obtained
ith 80 �m recast Nafion® membranes.

.3. Electrical behavior of the membranes with homemade
lectrodes
From the previous results and according to the dimensional
argets for mini DMFC application, the 80 �m recast membrane
afion® and the 50 �m SPI membrane, which led to the best

50 �m 60 �m 80 �m

4.6 × 10−8 6.4 × 10−8 4.6 × 10−8

2.3 × 10−7 3.8 × 10−7 3.7 × 10−7
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Fig. 4. Polarization curves E(j) and power density curves P(j) recorded
with different SPI membranes in a single 5 cm2 DMFC at T = 25 ◦C (5 M
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Fig. 6. Polarization curves E(j) and power density curves P(j) recorded with
a 50 �m thickness SPI membrane in a single 5 cm2 DMFC at T = 25 ◦C (5 M
MeOH, PmeOH = 1 bar, 2 mL min−1; PO2 = 1 bar, 20 mL min−1). The MEA was
made either with (�, ♦) E-TEK electrodes (cathode: Pt/C, 2.0 mg cm−2 Pt load-
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eOH, PmeOH = 1 bar, 2 mL min−1; PO2 = 1 bar, 20 mL min−1). The MEA was
ade with E-TEK electrodes (cathode: Pt/C, 2.0 mg cm−2 Pt loading; anode:
tRu(1:1)/C, 2.0 mg cm−2 metal loading) without hot pressing.

lectrical characteristics with E-TEK electrodes were used to
ealize MEAs based on home-made catalysts: PtCr(7:3)/C at
he cathode and PtRu(4:1)/C at the anode.

First, the new electrodes were tested in DMFC conditions
ith the recast Nafion® membrane, after hot pressing. As shown

n Fig. 5, comparing with the values obtained with E-TEK
lectrodes, no significant enhancement of the electrical perfor-
ances occurred (12 and 11 mW cm−2, respectively). However,

he OCV was 90 mV higher with the homemade catalysts based
EAs, reaching 0.550 V instead of 0.46 V with E-TEK elec-

rodes based MEAs. This may be due to the higher tolerance
f PtCr catalyst towards the presence of methanol. However,
n the low current density range (from 0 to 20 mA cm−2), the
hift towards lower voltages of the DMFC working with the
ew electrodes was more important than that with the commer-
ial electrodes. This should be attributed to the difference in the

atalysts composition of the anode, and especially to the higher
uthenium content in the commercial catalysts (50% atomic ratio
gainst 20% atomic ratio for the homemade catalysts), which

ig. 5. Polarization curves E(j) and power density curves P(j) recorded with a
0 �m thickness Nafion® membrane in a single 5 cm2 DMFC at T = 25 ◦C (5 M
eOH, PmeOH = 1 bar, 2 mL min−1; PO2 = 1 bar, 20 mL min−1). The MEA was
ade either with (�, ♦) E-TEK electrodes (cathode: Pt/C, 2.0 mg cm−2 Pt load-

ng; anode: PtRu(1:1)/C, 2.0 mg cm−2 metal loading) or (�, �) homemade elec-
rode (cathode: PtCr(7:3)/C, 2.0 mg cm−2 metal loading; anode: PtRu(4:1)/C,
.0 mg cm−2 metal loading) and hot pressed 3 min at 130 ◦C and 35 kg cm−2

3.43 MPa).
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ng; anode: PtRu(1:1)/C, 2.0 mg cm metal loading) or (�;�) homemade elec-
rode (cathode: PtCr(7:3)/C, 2.0 mg cm−2 metal loading; anode: PtRu(4:1)/C,
.0 mg cm−2 metal loading) without hot pressing.

eads to decrease the platinum poisoning at low anode poten-
ials [17,23]. Indeed, according to the bifunctional mechanism
24,25], at low anode potentials, platinum is needed to adsorb
issociatively methanol into CO species and ruthenium to acti-
ate water and to bring the additional oxygen atom necessary to
omplete the oxidation of adsorbed CO species into CO2. But, in
he higher current density range, i.e. current densities higher than
0 mA cm−2, the tendency is reversed and the PtRu (80:20)/C
atalyst les to better electrical performance of the DMFC. This
an be explained by the fact that at high anode potentials, i.e.
ow cell voltages, platinum is able to activate water and then
he kinetics of the oxidation reaction of methanol is increased
26,27].

In Fig. 6 are reported the polarization curves obtained with
wo different MEAs based on 50 �m SPI membrane, either with
ommercial or homemade electrodes. The homemade electrodes
ased MEA presents a far better performance. Indeed, the maxi-
um power density, which initially was close to 6 mW cm−2

ith conventional catalysts, raised up to 18 mW cm−2. The
ncrease of the OCV is also significant (40 mV).

It can thus be concluded that the use of homemade electrodes
s much more beneficial with SPI based MEAs than with Nafion®

ased MEAs.
Obviously, this shift in the OCV is lower than that observed

ith the Nafion® membrane. The SPI membrane being less
ermeable to methanol, one can expect that the cathode depo-
arization will be lower under DMFC working conditions with a
PI membrane than with a Nafion® one. On the other hand, the
CVs of the cell working with SPI membranes are always lower

han those recorded when using Nafion® membranes under the
ame conditions, which indicates the important role of the hot
ressing to enhance the membrane electrode assembly.

Comparing the electrical performance of Nafion® and SPI

ased MEAs (Fig. 7), it appears that results obtained with SPI
embranes–homemade catalysts MEA are particularly inter-

sting as the power density is increased by a factor two with
espect to Nafion®–homemade catalysts MEA. As Nafion®–E-
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Fig. 7. Comparison of the polarization curves E(j) and power density curves
P(j) recorded with (�; ♦) a hot pressed MEA based on a 80 �m thickness
Nafion® membrane and (�; �) a non hot pressed MEA based on a 50 �m
thickness SPI membrane in a single 5 cm2 DMFC at T = 25 ◦C (5 M MeOH,
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meOH = 1 bar, 2 mL min ; PO2 = 1 bar, 20 mL min ). The MEAs were fitted
ith homemade electrodes (cathode: PtCr(7:3)/C, 2.0 mg cm−2 metal loading;

node: PtRu(4:1)/C, 2.0 mg cm−2 metal loading).

EK based MEAs always presented higher power densities than
PI-E-TEK based MEAs, this result could seem surprising.
owever, such a behavior can be easily explained.
On the anode side, the lower permeability of the SPI mem-

rane is consistent with an increase of the local methanol con-
entration in the catalytic layer and therefore to a reduction of the
roblems related to mass transport limiting reactions. However,
his phenomenon is unlikely the only parameter responsible of
he observed increase of the electrical performance, especially
s fuel cell tests are performed at high methanol concentration
5 M). As discussed earlier, more important is the impact of the
ow permeability of SPI membranes to limit the effect of cathode
epolarization. Surprisingly, in the presence of E-TEK catalysts,
nly a small benefit could be evidenced at low current densities.
n order to understand this observation, the nature of the cata-
yst has to be taken into account. It is well known [15,28] that
he tolerance towards methanol of PtCr catalysts depends on the

eOH concentration: the higher the concentration, the lower
he tolerance. Whereas PtCr catalysts are less poisoned than Pt
atalysts at low MeOH concentrations, their tolerance is similar
t high MeOH concentrations.

In this perspective, the low MeOH permeability of SPI mem-
ranes is a key parameter: as the MeOH concentration is greatly
educed, homemade electrodes based on PtCr become partic-
larly tolerant in the fuel cell test conditions. The association
f a membrane with a low MeOH permeability and of catalysts
olerant towards MeOH are thus responsible of the better per-
ormances obtained.

. Conclusion

The aim of this work was to prepare new MEAs based

n SPI membranes and homemade catalysts for DMFC appli-
ations at room temperature. Low thickness SPI membranes
50 �m) having interesting properties for portable applica-
ions, namely a weak dimensional variation at the swollen

[

[
[

er Sources 160 (2006) 334–339 339

tate and a low methanol permeability were prepared. As the
ethanol crossover was highly reduced through these mem-

ranes, cathodic PtCr(7:3)/C catalysts were particularly effi-
ient. The concomitant use of membranes having low MeOH
ermeability and PtCr/C catalysts is particularly promising as
t was possible to obtain a far better electrical performance
nder DMFC working conditions with this system than with
hin Nafion® membranes (<100 �m).
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