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ABSTRACT

The synthesis of a novel material of general composition (IrSn,Sh,)O,, for use in solid polymer electrolyte water electrolysers
(SPEWE) was accomplished from the simultaneous synthesis of the electrocatalyst and the support by means of thermal
decomposition of chlorides precursors H,lIrClg , SnCl,2H,0 and SbCls in ethanol . Different H,IrClg proportions in the reaction
mixture were tested to observe their effect on the amount and electrocatalytic activity of the material obtained. The
electrochemical properties of the different syntheses were measured by using: cyclic voltammetry (CV), linear scan voltammetry
(LSV) and electrochemical impedance spectroscopy (EIS). Electrochemical tests were conducted using as support electrolyte
H,S0, 0.5 M in a conventional three-electrode cell. A mechanical mixture of IrO, with Vulcan carbon and iridium oxide with
antimony doped tin oxide were also tested respect to the oxygen evolution reaction to compare the properties of catalyst/support
obtained. The results indicate that synthesized materials could represent a suitable candidate to be used use as anode in SPWE to
catalyze the oxygen evolution reaction (OER).
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1. Introduction

Hydrogen has been considered as the most promising fuel for clean energy obtaining carbon free energy to meet
growing global energy demand. The capacity to generate clean and pure hydrogen as its storage and distribution is
one limitation for its use. A promising method for hydrogen production is water electrolysis, which is less efficient
than a direct chemical route but produces virtually no pollution or toxic byproduct when electrical energy is produced
by renewable energy [1-3]. Water electrolyzers electrical energy used to divide the liquid water into oxygen and
protons (anode reaction). Solvated protons migrate toward the cathode, which are reduced to molecular hydrogen
(cathodic reaction). The anode and cathode are separated by an electrolyte, in the case of the polymeric electrolyte
membrane water electrolyzer (PEMWE), the electrolyte is solid. PEMWEs have received special interest due to the
high current densities that reached, the energy efficiency and the purity of the hydrogen produced, in comparison
with the alkali electrolysis.[4,5]

Oxygen evolution reaction (OER) is the limiting step in the development and requiring electrolyzers, suitable
catalysts for performing a suitable reaction rates. Electrocatalysis plays an important role in the development of
materials for electrolyzers. In conventional PEMWE type oxides are used with rutile structure,[6] such as iridium
oxide (IrO,) or ruthenium (RuO,) as catalysts to promote the OER.[7-9] The use of these metals has been necessary
due to the highly acidic environment found in the polymeric membrane, which may cause corrosion of other
materials. Great efforts are being to improve the catalytic activity of such catalysts, due to their nature of precious
metals. A method of dispersing metal nanoparticles on a support in order to maximize the specific surface area and
hence the specific activity of the catalyst.

Therefore, another aspect to consider is the catalyst support on which will disperse the catalyst, it must have a
good performance to high operation potentials electrolyzers (E> 1.6 V vs NHE),[4] since, for example, the Vulcan
carbon (which in general is a good catalyst support due to their large surface area) suffer phenomena of corrosion
under these operating conditions, which can cause degradation and loss of electrical contact with the electroactive
material, i.e. the material is not reliable for use as the anode catalyst support to get it carry out efficiently the OER
alternative. The stability and durability of the catalyst support in the OER is the main challenge in the development of
electrocatalysis.

The materials used as supports for catalysts should possess several important features: i) a highly superficial
surface to provide better dispersion of the catalyst nanoparticles, ii) high electrical conductivity to allow high
efficiency for transporting electrons to the ions involved in the electrochemical reactions, iii) mechanical and
chemical stability, iv) good metal support interaction to improve the intrinsic catalytic activity of the catalyst
phase.[10,11] Studied materials are based in oxides and other ceramic, which include TinO,,.4,[11] TiC, SiC-Si, SnO,
[12,13] and SbSnO, [5]. SnO,-1rO, mixtures have been extensively investigated for the oxygen evolution reaction in
acid environment. Such mixtures have been obtained by thermal decomposition of the corresponding metal salts onto
plates of titanium, reported a significant increase in surface area remarkable iridium oxide together with an increase
in the surface charge of the mixed oxide in comparison with the pure oxides, reducing the load of the noble metals
[3,8,14,15]. The object of present study is the synthesis of a mixed oxide powder with (Ir,Sn,Sb,) O,, composition for
its use in PEMWE.

2. Experimental

2.1 Mixed oxide preparation.

A 50 mL of a solution 0.25 M was prepared adding metal precursors (HIrClg, SnCl,2H,0 and SbCls) in absolute
ethanol. This solution was heated at 50 °C in nitrogen atmosphere for 2 h. After this time the solution was calcined at

450 °C, the powder obtained was washed tree time whit deionized water and dry for 5 h at 80 °C[8],[16-18].

2.2 Electrochemical characterization
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The electrochemical probes was conducted in 0.5 M H,SO, in a typical tree electrodes cell, employing a sulphate
electrode (0.63 V vs NHE) as a reference electrode, a platinum mesh as a counter electrode and glassy carbon with a
thin layer of ink as a work electrode. The ink consist in powder 95 wt.% and 5 wt.% Nafion (Aldrich) mixture, these
were prepared by mechanically mixing vulcan carbon (VC) and IrO, and a mechanical mixture of IrO, and
SbSnO,(ATO), both of 50:50 weight of catalyst and support, inks of mixed oxides synthesized by thermal
decomposition were prepared with the same proportions of powder and Nafion. Measurements were performed using
a potentiostat / galvanostat (EG&G, PAR Versastat 3) and a precision rotor (PINE MSRX) for controlling the
rotation speed. Cyclic voltammetry (CV) was used to meet the electrochemical profile of synthetic materials,
performing sweeps potential of -0.600 V to 0.800 V vs reference electrode at a scan rate 50 mV s, where the
electrolytic cell was saturated with nitrogen. To evaluate the oxygen evolution reaction was employed linear can
voltammetry (LSV) rate of 5 mV s, a potential range of 0.500 V to 1.000 V vs reference electrode with 1000 rpm
rotation rate. Electrochemical impedance spectroscopy were carried out in potensiostatic mode at 1.47 V of potential
with an alternate signal amplitude of 10 mV and a frequency limits of 100 kHz and 10 mHz. The shown data are
referenced versus normal hydrogen electrode (NHE).

3. Results and discussion

3.1 Cyclic voltammetry

The cyclic voltammograms obtained for the supported iridium oxide in the ATO, IrO, supported on vulcan carbon
and the synthesized composite oxide Ir,Sby ps1SNg.95(1-xO2 (X=0.1,0.4), in N, saturated 0.5 M H,SO, are shown in
Fig. 1. The oxide electrodes have the normal iridium oxide shape. The current density (j/ mAcm™) is greater for IrO,
supported on vulvan carbon, the mixed oxides have similar shape. The off-peak potential for oxygen appears to a
potential of 1.40 V for iridium oxide supported on vulcan carbon, 1.42 V form mixed oxide and 1.45 V for IrO2
supported on antimony doped tin oxide, consistent with that reported[8]. The results show that the synthesis of the
mixed oxide by the thermal decomposition promotes rate reaction.
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Fig 1. Cyclic voltammogram CV+IrO;, 11,Sbg g5(1-/SNo.95(1-xO2 (Xx=0.1, 0.4) and SbSnO,+1r0; at 50 mV st

3.2 Linear voltammetry

Linear scan voltammetry was performed for OER for 1rO, supported in vulcan carbon and ATO, in N, saturated
0.5 M H,SO, at a scan rate of 5 mVcm™. Same probes was conducted for mixed oxide IrSbg gs(1-SNo 95102, (X=
0.1, 0.4). These test are show in Fig. 2. Its observed that the OER starts at 1.43 V in both mixed oxides, 1.40 V
CV+IrO, and 1.48 V for SbSnO,. Mixed oxide linear voltammogram slope changes with respect to VL of the
mechanical mixture of iridium oxide and vulcan carbon, suggesting a change in reaction mechanism. This suggests
that the OER is favored when the mixed oxide obtained by thermal decomposition is used as anode. Comparison
between the mixed oxide electrodes indicate that, although the oxygen evolution reaction start at similar potential in
both electrodes, the current density is higher for the electrode with the highest percentage by weight of iridium.
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Fig 2. Linear scan voltammogram of CV+IrO,, 11,8bg g5(1-9SNo.g5¢1 02 (Xx=0.1, 0.4) and SbSnO,+1rO, at 5 mV st

In addition above, Tafel plots were drawn from LSV curves for OER after ohmic drop (IRs) correction due to the

electrolyte resistance (Rs). This correction was done by subtracting the IR to the applied potential. The Rs values
were obtained by electrochemical impedance spectroscopy (EIS) for each electrode. Rs values were in the 3 Q — 7.5
Q interval which are mainly attributed to the solution resistance.
In addition to the above, polarization curves were developed from LSV curves for OER, for it, first was made the
ohmic drop correction (IRs) due to the electrolyte resistance (Rs). Rs values were obtained by electrochemical
impedance spectroscopy (EIS) for each electrode, the values ranged from 0.91 Q — 4.28 Q range which is mainly
attributed to the resistance of the solution. Fig. 3 shows the Tafel plots for OER for all the electrodes in study, the
value of Tafel slope are show for each material. For the mixed oxides, the Tafel slope (b) are 79 mVdec™ for x=0.1
and for x=0.4, the Tafel slope has a value of 78 mVdec™, was found that the Tafel slope on Ir-Sn oxide DSA
electrodes was 70 mV dec—1 for iridium contents of 50-100 mol% Ir, and 100-170 for lower iridium contents,
[8],[19]. There are several proposed mechanisms which can describe the oxygen evolution reaction in acidic media.
According to the above, the following reaction mechanism is proposed[20]:

S+H,0->S—0H+H"+e" Q)
S—0H->S—-0"+H* (2)
S—0">5-0+e" 3)
25—0 - 25+ 0, (4)

where S stands for active sites on oxides surface, and S— OH, S-O are two adsorption intermediates. The different
Tafel slopes predict which is the rate determining step of reaction (rds). This mechanism predicts the following Tafel
slope: 120 mV dec ™ if (1) rds, 60 mV dec ™" for (2), 40 mV dec ™ for (3) and 15 mV dec ™. The Tafel slopes close to
60 mVdec™ obtained for this materials suggests the dissociation of the surface complex[18][21].
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Fig 3. Tafel plots for OER of CV+IrO,, I1,Sho o5 1-SNo.951-x02 (Xx=0.1, 0.4) and SbSnO,+IrO, after IR, correction.
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3.3 Electrochemical impedance spectroscopy

EIS measurements for oxygen evolution was carried out on mixed oxides (x=0.1,0.4) electrodes, in
electrochemical cell, N, saturated 0.5 M H,SO, solution, at potensiostatic mode with an anodic potential of 1.47 V.
Nyquist plots for mixed oxides are shown in Fig 4. The depressed semicircles presented in that figure were adjusted
by EIS Spectrum Analyser to the equivalent circuit presented in Fig 5[22][23].
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Fig 4. Nyquist plots of IrSbg os(1-SNo.gs1-x 02 (X=0.1, 0.4) at anodic potential value of 1.47 V, in N, saturated 0.5 M
H,SO, solution.
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Fig 5. Equivalent circuit used to fit the EIS data for OER on mixed oxide, 1r,Shg os1-xSNo 95102 (X=0.1, 0.4)
electrodes [22].
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Where Rs is the electrolytic solution resistance, Ry, is the resistance of charge transfer, associated with OER in
parallel with the capacitance of double layer (Cp,), Rags and CPE g are the elements associated to adsorption process
in OER. The values of Rs and Ry calculated for the mixed oxides electrodes are resumed in Table 1 along with other
OER kinetic parameter values.

Table 1. Summary of polarisation measurements, EIS probes for OER on mixed oxides Ir,Sbgs(1-SNo.esa-x02
(x=0.1, 0.4) electrodes.

: =

Ereo(VSNHE)V JiTﬁ‘;mv Ry/Qcm? | Ry/Qem? | b/mVdec™
|r0_18b0_458n0_g5502 1.45 2.11 0.22 4.9 79
|r0_48b0_038n0_57002 1.45 5.06 0.19 2 78

The results obtained by EIS are consistent with the results obtained by LSV, where is observed that OER for both
mixed oxides are similar, nonetheless current density is greater for the electrode with the highest percentage weight
of iridium oxide, which is reflected in the resistance to charge transfer.

4. Summary and perspectives

Electrochemical studies were performed for the OER on mixed oxides electrodes, 11Sbg os1-xSNo.g51-xO2 (x=0.1,
0.4), which were obtained from thermal decomposition of metal precursors. Cyclic voltammetry show that oxide
electrodes have the normal iridium oxide shape. Linear scan voltammetry show that the mixed oxide is synthesized
by thermal decomposition a promising material for use in solid electrolyte electrolyzer, due it has potential for the
reaction of oxygen evolution close to that obtained with the use of vulcan carbon as support and iridium oxide as
catalyst. Tafel slopes obtained for the electrodes prepared from mechanical mixtures of catalyst and supports give an
indication of the reaction mechanism for the oxygen evolution reaction, and its limiting step. The results obtained by
EIS are consistent with results obtained using LSV, here the values of the resistance to charge transfer of electrodes
were obtained, being higher for electrodes with a lower percentage by weight of iridium.

Subsequently arises perform physicochemical characterization of materials with which will be analyzed the
composition, the particle size and the phases present in the mixed oxide is obtained by thermal decomposition.
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