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1. Introduction

Although anodes for hydrogen oxidation are made
relatively easily to high performance, most acidic
electrolytes demand a high corrosion resistance to
maintain stability. Suitable membranes for these an-
odes are commercially available, and consist typically
of carbon papers and carbon fabrics as a substrate for
the catalyst as well as an electron conductor [1±4]. An
alternative to this design is to use an insulating
membrane, rendered conductive with an appropriate
metal coating. Both porous polymers as well as
ceramics are possible [5]. We present below a design
employing a glass ®bre membrane coated with gold to
engender electronic conductance.

2. Experimental details

Electrodes were fabricated as follows. A thin ®lm of
gold (<�0.2 lm mean thickness) was evaporated on
glass micro®bre ®lters (Whatman type GF/A). This
formed the electron-conducting substrate. The cata-
lyst used was platinum/ruthenium on carbon (John-
son-Matthey type 87/86, noble metal content: 5%Pt,
5%Ru by weight). This was suspended in a solution
of a polymer in a solvent. Two such combinations
were tested: polyvinylidene di¯uoride (PVDF) in
butan-2-one, and polyethylene (PE) in carbon tetra-
chloride. After thorough mixing the slurry was
sprayed from an air-powered spray gun onto the gold-
covered glass membrane to give a catalyst loading of
0.2mg cm)2 of precious metal (0.1mg cm)2 Pt). The
PVDF-bound catalyst layer contained 25% by weight
binder, 75% carbon/catalyst. The polyethylene bound
layer contained 22% by weight binder, 78% carbon/
catalyst. The ®nished electrodes were circular, of
overall diameter 2.5 cm with 2 cm diameter working
surfaces. They were evacuated in a desiccator over
night to evaporate the solvent fully.

The electrodes were tested in a three-electrode
electrochemical cell constructed of polytetra¯uoro-
ethylene (PTFE) with a uniform cylindrical 2 cm in-
ternal diameter bore. The cell carried a coaxial facing
platinum counter electrode of the same diameter.
Electrical contact with the Pt/Ru hydrogen electrode
was made via a gold ring surrounding the working
surface. The catalyst faced outward from the elec-
trolyte into a gas compartment through which hy-

drogen was fed at ambient pressure during a run. The
cell was equipped with a Luggin capillary connected
to an externally mounted saturated calomel reference
electrode (SCE). The working electrolyte was 3M

H2SO4, of conductivity r=0.7 S cm)1. Experiments
were carried out galvanostatically, with the test
electrode polarized by a Solartron 1286 electro-
chemical interface; they were performed at ambient
temperature (19�2 °C). The potential at each con-
stant applied current was recorded for 200 s before
the current was incremented. The results presented
below are the as-recorded data; no correction for the
ohmic potential drop has been made because at this
preliminary stage of the work, the distribution of the
various ohmic components is unknown. Although a
portion of this lies across the working electrode/
Luggin capillary tip displacement, some also clearly
lies in the electrode structure itself, as well as in the
contact between the electrode and the current col-
lector, and in the thin-®lm gold conductor. Both
electronic and ionic resistances are expected to be
components in the working electrode structure. At
this stage these components are not separable.
However, with a Luggin capillary tip/working elec-
trode displacement of 2mm, the present cell geometry
gives a resistance of 90mW across this `bulk' region of
the electrolyte, giving an ohmic potential drop of
28mV at a current density of 0.1A cm)2.

3. Results and discussion

Galvanostatic potential±time traces for the anodic
oxidation of hydrogen over one such electrode
(bound with PE) is shown in Fig. 1. A small initial
rise in potential indicates a small degree of deactiva-
tion, but the e�ect is insigni®cant after about 20 s,
and is less than 1mV. For the remaining period, the
potential falls but only slightly, and the data describe
the approximate steady state oxidation of hydrogen
for each applied current. Repeat runs using the same
anode showed a high degree of reproducibility.

Figure 2 shows the current density±potential
characteristics obtained after 200 s of reaction at each
applied current density. The results from electrodes
made with both binders (PE and PVDF) are plotted.
These electrodes show very high performance for the
anodic oxidation of hydrogen: the better of the two
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(PVDF-bound) gives an overpotential of 0.3V
(0.02V vs SCE) at 0.27A cm)2, equivalent to
1.35 kAg)1of precious metal (2.6 kA g)1 Pt). The
graphs are approximately linear over the ®rst
0.25A cm)2, and curve very gently at higher current
densities: most of the anodic overpotential is due to
ohmic resistances. The observed ohmic limitation is
due to a constant ohmic resistance up to about
0.25A cm)2, and it is believed that this ohmic resis-
tance ceases to be constant at current densities greater
than this. Such behaviour could arise, for example, by
variation in the reactive surface area of the electro-
catalyst with current density as the current density is
raised. It could also arise from resistive heating of the
porous electrode at high current density. Figure 2
shows that the ohmic resistance for the system, read
as the gradient @E=@i below 0.25A cm)2, is greater
for the polyethylene-bound electrode (1.84W cm2)
than for the PVDF-bound electrode (0.96W cm2).
This implies that at least some of the ohmic resistance

involved is in the electrode structure itself: the elec-
trode bound with PVDF shows the lower resistance.
It is also seen in Fig. 2 that whereas the PVDF-bound
electrode tends towards higher resistance as the cur-
rent density increases above 0.25A cm)2, the PE
bound electrode tends towards lower resistance above
the same current density. Since these two opposing
deviations start at the same current density
(0.25A cm)2), they are believed to be of the same
origin, probably resistive heating. As the temperature
rises because of resistive heating the conductivity of
the electrolyte rises, lowering the overall ohmic
potential drop. However, as the temperature rises, it
would be expected that the polymer binder may swell
slightly, lowering the diameter of the channels within
the electrode structure through which the ionic cur-
rent must ¯ow, and perhaps shielding some catalyst
from reaction. This latter e�ect would serve to
increase the apparent resistance. Both of these e�ects
are likely with the present system, with alternative
domination of the two di�erently bound electrodes as
shown in Fig. 2. It should be noted that the temper-
ature rise is not large: at the end of one run, the
temperature was measured as 25 °C compared with
an ambient of 19 °C.

No attempt has yet been made to minimize the
ohmic resistance of these electrode systems, although
vast improvements are clearly possible (for example,
by examining the ratio of catalyst to binder, and by
increasing the thickness of the conductive layer).
However, aside from the ohmic potential involved in
the electrode performance described above, the
measurements are consistent with those of other high
performance hydrogen anodes [6, 7]. For example,
Chen et al. achieved a hydrogen oxidation current at
80 °C of 1.3A cm)2 using a loading of 1.43mg cm)2

Pt [6] seven times that used in the present work.
Hards et al. measured [7] about 0.5A cm)2 also at
80 °C, at an uncompensated overpotential estimated
to be 0.3V and a platinum loading of 0.5mg cm)2.
These should be compared with our values of
0.27A cm)2 at an uncompensated overpotential of
0.3V using a platinum loading of 0.2mg cm)2 at
19 °C. The glass micro®bre membrane provides a
cheap, clean and chemically durable gas electrode.

4. Conclusions

A gas di�usion electrode made using a gold-coated
glass micro®bre membrane has been fabricated. The
electrode is chemically inert in hot strongly acidic
solutions, and gives a high performance as a hydrogen
anode when coated with a suitable electrocatalytic ink.
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Fig. 1. The potential as a function of time under application of an
anodic current density of 32mAcm)2 to polyethylene-bound anode
fuelled with hydrogen at ambient temperature and pressure in 3M

H2SO4.

Fig. 2. Electrode potential as a function of the applied anodic
current density measured after 200 s at each galvanostatic step. The
fuel is hydrogen at ambient temperature and pressure in 3M

H2SO4. Open circles: electrode bound with polyvinylidene di¯uo-
ride. Filled circles: electrode bound with polyethylene. The poten-
tials are not compensated for the ohmic potential drop.
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