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Hydrogen obtained from renewable energy resourges virtually unlimited, environmentally
benign energy source that could meet most of durduenergy needs. The “Blow Jet” is a Wave
Energy Conversion (WEC) device, which is curremiyng tested in a wave flume. The Proton
Exchange Membrane Electrolyzer (PEME) can be caupte WEC to obtain the necessary
electricity for splitting the water. This work shewa chrono-potentiometric study. The
experiments are carried out by applying the curparise and determining the potential as a
function of time. The Membrane Electrode AssemblMEA) were prepared from the mixture of
electro-catalysts (RuQand IrQ were used as anode and Pt/C was used as cathmmb&)afion
115 membrane. The PEME was designed and in-hontie hus connected to a galvanostat in
order to obtain its response characteristics (V&hrono-potentiometric experiments were
recorded in the current range of 20 to 500 mA as30
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1. INTRODUCTION

Hydrogen obtained from renewable energy resources ai virtually unlimited,
environmentally benign energy source that couldtnmeest of our future energy needs. The
“Blow Jet” is a Wave Energy Conversion (WEC) deyiedich is currently being tested in a
wave flume. The aim of this device is to conceetitiie energy of a wave train and offer it in a
more readily available form, as a jet, capable o@ivgring a turbine generator. It generates a
current pulse with a specific voltage [1,2]. Theattolysis of water has been recognized as the
only current practical method for the productionhyidrogen from renewable energy sources
[3,6]. The Proton Exchange Membrane Electrolyzé&ME) can be coupled to WEC to obtain
the necessary electricity for splitting the waté&fater and electrical energy can be regenerated
later by using a fuel cell, thus completing the fogn-electricity cycle.

The performance of the PEME mainly depends on thectsire and the electrochemical
characteristics of the oxygen electrode. It is Wathwn that the oxygen evolution reaction (OER)
is the slowest step in water electrolysis [7]. IRBME system is believed that the OER is the
main source of energy loss due to the complexitigsofeaction pathway that involves absorbed
species on the catalyst surface blocking the seré#tes where they are going to be oxidized. In
addition, the oxygen electrode should be resistantanodic corrosion during OER. In
consequence, the development of efficient electabgsts for the oxygen electrode is a
technological challenge for the PEME commerciaiaratlt has been reported that noble metals
and metal oxides have been used as electrocatalydtse oxygen electrode. Therefore, several
studies have shown that noble metal oxides, sudhdiism oxide (IrO2) and ruthenium oxide
(RuO2), exhibit good performance for OER [8-10].ndtheless, it is recognized that the use of
mixed metals can lead to synergetic effects thatdcomprove the kinetics for the OER and the
stability/selectivity of the oxygen electrode. Thi®rk shows a chronopotentiometric study to
determine the voltage-current response of eledesly The Membrane Electrode Assemblies
(MEA) were prepared from the mixture of electrobatts (RuQ and IrQ were used as anode

and Pt/C was used as cathode) and N&fidtb membrane.
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2. EXPERIMENTAL

2.1. Electrochemical Characterization
This work shows a chronopotentiometric study. Tlesearch was carried out in a

conventional three-electrode electrochemical @elhsisting of two water compartments where
hydrogen and oxygen evolution take place, sepalatdie membrane electrode assembly under
study. The experiments are carried out by applyireg controlled current (current pulse) and
determining the voltage as a function of time. PME was designed and built in-home [11]. It
is connected to a galvanostat in order to obtaimasponse characteristics (V-t), Figure 1. The
current pulses length is chosen to be sufficiembtlyg that the voltage remains constant.

Chronopotentiometric experiments were recordetiéncurrent range of 20 to 500 mA at 300s.

Cath

Working The reference electrode
electrode and Counter electrode

Figure 1. a) The Proton Exchange Membrane Electrolyzer (PE##Signed and built in-home and
b) three-electrode electrochemical system.
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The Membrane Electrode Assembly (MEA the electratbal processor) was prepared by
using carbon cloths as gas diffusion medium. Thalyg#c ink was prepared with ethylic alcohol
and 5% Nafion solution (Aldrich), it was sprayedeova membrane. The mixture of
electrocatalysts (75Ruyt25IrO, (Aldrich 99.99%) were used as anode and Pt/C veasl &as
cathode) and Nafion 115 membrane. The membrang@reausly treated with 0, and BSO,
as reported in literature [12].

The MEA of 4 cni geometric surface area was prepared by hot-pesdithe catalysts-
membrane and carbon cloths using a 5% Nafion sol#ldrich) as a binder, in order to prevent
ohmic resistance and to form good contact betwkeretectrodes and the polymer membrane.
The chosen proton conductive binder (identical witie polymer electrolyte) ensures the
mechanical stability of the MEA. It was performaemvise in the regime of gradual pressure

decrease, starting at 50 kg €mnd 120 °C for 5 s, and ending at 11 kg“amd 120 °C for 2 min.

All electrochemical measurements were carried b@6&C and all potentials are referred to
Normal Hydrogen Energy (NHE). The amount of hydrmogeoduced was determined by water
displacement in a burette, the time was registatetermine the yield. The theoretical yield of

hydrogen is calculated using Faraday laws.

3. RESULTSAND DISCUSSION
3.1 Chronopotentiometric

The experiments are carried out by applying thetrotiad current (current pulse) and
determining the voltage as a function of time. Mudtage response of MEA after applying
current of different magnitude is shown in FigureThe current pulses length is chosen to be
sufficiently long that the voltage remains constakiter 80 mA the voltage remains constant

following to 50 sec.
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Figure 2 shows chronopotentiometric curves obtaiméen current pulses are applied

during 300 sec. The constant voltages are suggestia reproducibility of electrochemical

processes occurring on its surface.
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Figure 2. Electrode potential response during the applicadiopulses of different current at 25°C.

Figure 3 shows the galvanostatic polarization ciix«) of the electrolyzer experimentally
measured, containing the assemblies with Pt asodashand anodes of 75Ru@bIrO, at
atmospheric pressure and 25 °C. The polarizatiawecwas obtained from figure 2. The
electrochemical performance of the electrolyzeregroducible and stable, after operated for
around 5 h. This behavior is attributed to the hgemeity of the ink deposition. The
experimental results show that at a current of0&hd 2.5 V, the electrolysis of water produce
69 cm® min™ of hydrogen. The current efficiency is definedths ratio of electrons used for

generating hydrogen, calculated using the followeggation [11-12].
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Real H ’ product _2%96500 V°

M= Theoretical H, product I X 3600 X 24.4

100 1)

The theoretical hydrogen product is derived by awsg that the hydrogen is an ideal gas
and the pressure is corrected by the atmosphergspre where the experiment was performed. V°
is the volume of hydrogen produced under standanditions.
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Figure 3. The polarization curves of MEA.

The current efficiency could be enhanced by theteeiperature and the operating pressure,
because hydrogen dissociation, proton transfettivégan the Nafion membrane and the patrtial
pressure of hydrogen, all increase with temperaacepressure.

The current efficiency deduced for the productibé®cn? min™ of hydrogen was up to 76%
indicating that only the hydrogen evolution reactaxcurs in the cathode side and oxygen in the
anode compartment.
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4. CONCLUSIONS

The PEME can work with a current pulse with a vgdtéarger than 1.5 V, preferably with a
time larger than 5 seg. A system of electrolysit vé coupled to the Blow Jet through the turbo-
generator, in order to store the energy capturezgmdally, in the form of hydrogen. The
preliminary results presented here demonstratedhegatibility of the two devices and suggest a

promising possibility for future wave energy corsien.
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