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Stainless Steel supported NiCo2O4 active layer for Oxygen Evolution Reaction
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Electrodeposition of precursor layer of NiCo2O4 on stainless steel substrate.

• Nanoflowers-like morphology

• High Performance of calcined layer of NiCo2O4 for splitting water

• 24 hours operation with negligible difference in potential

Introduction

Energy conversion and storage is one of the main challenges of this century. The pollution generated by human activities is mainly due to the use of fossil fuels as energy sources. Renewable energy systems are required to considerably decrease the impacts of the utilization of such sources. In recent years, electrochemical systems such as fuel cells and water electrolysis appeared as an interesting solution for building sustainable world. [START_REF] Dou | Graphene-like holey Co3O4 nanosheets as a highly efficient catalyst for oxygen evolution reaction[END_REF][START_REF] Wang | Oxygen electrocatalysts in metal-air batteries: From aqueous to nonaqueous electrolytes[END_REF][START_REF] Wu | Carbon nanocomposite catalysts for oxygen reduction and evolution reactions: From nitrogen doping to transition-metal addition[END_REF][START_REF] Qu | Graphene oxide-polydopamine derived N, S-codoped carbon nanosheets as superior bifunctional electrocatalysts for oxygen reduction and evolution[END_REF] Various investigations are dedicated to the electrochemical production of hydrogen and then its conversion into energy and heat. The only product of hydrogen oxidation is water. Consequently it is considered as an excellent alternative to fossil fuels. [START_REF] Reece | Wireless solar water splitting using silicon-based semiconductors and earth-abundant catalysts[END_REF][START_REF] Goff | From hydrogenases to noble metal-free catalytic nanomaterials for H 2 production and uptake[END_REF][START_REF] Chen | Separating hydrogen and oxygen evolution in alkaline water electrolysis using nickel hydroxide[END_REF] To date the main industrial process for producing hydrogen, is the hydrocarbons reforming which also leads to the formation of CO2 as a by-product. [START_REF] Chen | Separating hydrogen and oxygen evolution in alkaline water electrolysis using nickel hydroxide[END_REF] Electrochemical process such as water electrolysis is the clean way for producing H2 and O2 with a very high purity. [START_REF] Vitse | On the use of ammonia electrolysis for hydrogen production[END_REF][START_REF] Sedlak | Hydrogen recovery and purification using the solid polymer electrolyte electrolysis cell[END_REF][START_REF] Chi | Water electrolysis based on renewable energy for hydrogen production[END_REF] The water electrolysis involves two different reactions: hydrogen evolution reaction (HER) at the cathode (Equation 1) and oxygen evolution reaction (OER) at the anode (Equation 2). H2 from water electrolysis can be used in fuel cell for producing clean energy with high efficiency per unit of mass. [START_REF] Cobo | A Janus cobalt-based catalytic material for electro-splitting of water[END_REF][START_REF] Zhou | Water splitting by electrolysis at high current densities under 1.6 volts[END_REF] In acid medium, water electrolyzer operates with high overvoltage even if noble metal are used as electrocatalysts. Indeed Ru, Ir or bimetallic (Ru-Ir) oxides are proposed as anode materials. It is well known that Ru oxides associated with Ir oxides exhibit good performance. [START_REF] Audichon | IrO2 Coated on RuO2 as Efficient and Stable Electroactive Nanocatalysts for Electrochemical Water Splitting[END_REF] Noble metals are known to be highly active for water electrolysis, but their high costs make them impracticable to industry leading to a limitation in PEM water electrolyzer commercialization. Therefore, operating in alkaline medium become an ideal way to use transition metal electrocatalysts. The reactions which occur in alkaline are the following:

Cathode: 4𝐻 2 𝑂 + 4𝑒 -→ 2𝐻 2 + 4𝑂𝐻 - (1) 
Anode:

4𝑂𝐻 -→ 𝑂 2 + 2𝐻 2 𝑂 + 4𝑒 - (2) 
At the anode, the OER requires high over potentials to occur and very active electrocatalysts are needed. [START_REF] Park | Enhanced Electrochemical Properties and OER Performances by Cu Substitution in NiCo2O4 Spinel Structure[END_REF][START_REF] Wang | The recent development of efficient Earth-abundant transition-metal nanocatalysts[END_REF] In addition, the use of economically viable materials is essential. Among the possibilities, transition metal oxides (TMOs) are suitable candidates because they are abundant and low-cost materials. In alkaline medium, their electrocatalytic activity towards oxygen evolution reaction (OER) allows them to be effective catalysts. [START_REF] Dresp | An efficient bifunctional two-component catalyst for oxygen reduction and oxygen evolution in reversible fuel cells, electrolyzers and rechargeable air electrodes[END_REF][START_REF] Kumar | Preparation and Electrochemical Properties of NiCo2O4 Nanospinels Supported on Graphene Derivatives as Earth-Abundant Oxygen Bifunctional Catalysts[END_REF] It has been reported the use of cobalt oxides (cobaltite) and their composites with reduced graphene oxide as electrocatalyst for OER. [START_REF] Abidat | Co3O4/rGO Catalysts for Oxygen Electrocatalysis: On the Role of the Oxide/Carbon Interaction[END_REF] The transition Co III /Co IV promotes the activation of the oxygen evolution process. The enhancement of the activity is also due to the oxygen vacancies in the oxide structure. [START_REF] Tahir | Electrocatalytic oxygen evolution reaction for energy conversion and storage: A comprehensive review[END_REF] Furthermore, it is reported that Co cations coordinated by Cooxides, oxo and hydroxo species (CoOOH) are thermodynamically stables and the main active site to promote of OER. [START_REF] Doyle | Redox and electrochemical water splitting catalytic properties of hydrated metal oxide modified electrodes[END_REF][START_REF] Bajdich | Theoretical Investigation of the Activity of Cobalt Oxides for the Electrochemical Oxidation of Water[END_REF][START_REF] Burke | Oxygen Evolution Reaction Electrocatalysis on Transition Metal Oxides and (Oxy)hydroxides: Activity Trends and Design Principles[END_REF] However, this is not easy to control, due to the fact that the layer is formed in situ during OER. Actually the active species are kinetically accessible hydrated oxide layers (CoOa(OH)b(OH2)c), which interfere in the activity of the catalyst. [START_REF] Doyle | Redox and electrochemical water splitting catalytic properties of hydrated metal oxide modified electrodes[END_REF] The replacement of Co by another transition metal like Ni, Mn or even Mo to obtain bimetallic oxides, leads to an enhancement in the activity for OER and HER. [START_REF] Li | Ni3N: A multifunctional material for energy storage and electrocatalysis[END_REF][START_REF] Xiong | In Situ Grown Co-Based Interstitial Compounds: Non-3d Metal and Non-Metal Dual Modulation Boosts Alkaline and Acidic Hydrogen Electrocatalysis[END_REF] Specific surface of such materials was increased by using porous structure. It was demonstrated excellent activity for the spinel structure NiCo2O4 in a core shell nanowire, being the core nanowire and the shell nanoflakes, with high current and lower onset due to its high surface active area. [START_REF] Chen | A flexible high-performance oxygen evolution electrode with three-dimensional NiCo2O4 core-shell nanowires[END_REF] The species dispersion offered by doping Ni in Co3O4, promotes the activity of NiCo2O4 compared to that of Co3O4.

Once the catalyst is elaborated, the preparation of the catalytic layer, especially on the anode side, is a crucial step for the implementation of an electrolyzer in general. Two approaches are considered: the first one consists in depositing the catalysts directly of the membrane called the catalyst coated membrane (CCM) and the second one is the deposition of catalyst on the substrate named the catalyst coated substrate (CCS). [START_REF] Hnát | Development and testing of a novel catalyst-coated membrane with platinum-free catalysts for alkaline water electrolysis[END_REF][START_REF] Pavel | Highly efficient platinum group metal free based membraneelectrode assembly for anion exchange membrane water electrolysis[END_REF] The latter is useful for both alkaline and anion exchange membrane electrolyzers.

Stainless steel (SS) can be a good candidate as substrate since it is possible to have a dense and porous structures. Stainless steel (SS) is a metallic iron alloy resistant to corrosion but with low catalytic activity for organic molecules oxidation or even for water electrolysis. [START_REF] Sedriks | Corrosion of Stainless Steel[END_REF][START_REF] Adams | A review of the stainless steel surface[END_REF] In the present work, the direct electrochemical growth of nickel cobaltite (NiCo2O4)

precursor was performed on two different stainless steels (AISI 304 and AISI 316L).

The obtained catalytic layer was characterized physico-chemically by X-ray diffraction spectroscopy (XRD), Scanning Electron Microscopy equipped with a Field Emission Gun (SEM-FEG) and X-ray photoelectron spectroscopy (XPS). The electrocatalytic activity of the synthesized materials is evaluated through the oxygen evolution reaction.

Methodology

All the aqueous solutions were prepared with Ultra Pure Milli-Q Millipore water ( 

Electrodeposition of NiCo2O4 layer on stainless steel substrates

Two different stainless steels (SS) AISI 304 and AISI 316L disk (10 mm dia.) from Alfa Aesar were used as substrate for electrodepositing the catalytic NiCo2O4 layer.

The elaboration of NiCo2O4 layer is inspired by the work done by Qian et al. [START_REF] Qian | Direct growth of NiCo2O4 nanostructures on conductive substrates with enhanced electrocatalytic activity and stability for methanol oxidation[END_REF] Before the electrodeposition step, the stainless-steel disk was polished on silica sandpaper whose granulometry followed the order: 320, 800, 2400, finishing with Al2O3 1 µm, to obtain "mirrored surface". Afterwards, it was cleaned in acetone (VWR chemical) put in an ultrasonic bath and then treated with a solution of HNO3 (VWR Chemical) 30% for 5 minutes. Afterwards, it is rinsed in ultrapure water in an ultrasonic bath. The cleaned disk was inserted in its support and mounted in the electrochemical cell which contains a solution of 0.02 M de Co(NO3)2 98% (Carlo Erba) and 0.01 M de Ni(NO3)2 99.99% (Aldrich). The SS disk was used as working electrode. During the electrodeposition, the stainless steel was used as working electrode and a potential of -0.85 V vs. SCE was applied for 1 hour and the resulting green layer on the SS substrate was rinsed with ultrapure water and then dried at 60 ºC for 1 hour. For this experiment, SCE served as reference electrode and the nickel plate (Alfa Aesar) as a counter electrode. After calcination in air at 300 ºC for 2 hours with a ramping rate of 2 ºC min -1 , a black layer of catalyst was obtained on the SS substrate.

Characterization of NiCo2O4

Different characterizations methods were used. The surface morphology was examined with SEM-FEG by a JSM-7900F JEOL ultra-high resolution field emission scanning electron microscopy at an accelerating voltage of 5 kV.

The crystal structure of each sample was examined by powder X-ray diffraction (XRD). Diffraction patterns were recorded with a Bruker D8 Advance X-ray diffractometer using Co Kα X-ray (λ= 0.1789 nm). They were recorded by continuous scanning in the 2θ range of 15 -100° with an angular step of 0.02°.

Oxidation states and chemical composition were obtained through XPS analysis. XPS experiments were carried out with a Kratos Axis Ultra DLD spectrometer using a monochromatic Al K excitation source (10 mA, 15 kV) and a non-monochromatic Mg K source to analyze the chemical composition of the investigated materials. The charge neutralizer system was used for data acquisition. Instrument base pressure was 9 x 10 -8 Pa. High-resolution spectra were recorded using an analysis area of 300 mm

x 700 mm and a 40 eV pass energy. This pass energy corresponds to a 0.55 eV FWHM of the Ag 3d5/2 line. Data were recorded using 0.1 eV steps. Binding energies were calibrated using that of C 1s of saturated carbon (C-C, C-H) at 284.8 eV. The data were processed using CasaXPS software (version 2.3.17 

Electrochemical measurements of NiCo2O4/SS304 and NiCo2O4/SS316L

A home design three-electrode cell was used in the process. The working electrode was set in the bottom of the cell to facilitate the removal of bubbles that will be released during the oxygen evolution reaction. The NiCo2O4 coated SS304 or SS316L substrates was used as the working electrode, a nickel plate (from Alfa Aesar) as the counter electrode and Hg/HgO (RE-61AP Reference electrode, ALS Co., Ltd) as the reference electrode. As mentioned above, the potential will be expressed with respect to the Reversible Hydrogen Electrode (RHE).

The activation of NiCo2O4 was made by 50 consecutive cyclic voltammetry (CV) scans between 0.9 and 1.6 V vs. RHE in 1 M of KOH in a scan rate of 20 mV s -1 . A linear scan voltammogram was recorded between 1.2 and 1.8 V vs. RHE at a scan rate of 5 mV s -1 . To calculate ohmic (iR) drop, Electrochemical Impedance Spectroscopy was performed at 1.5 V vs. RHE between 100 kHz and 10 mHz with an amplitude of 10 mV. The value obtained was used to correct the OER curves by iR drop. The overpotential (η) was calculated by the difference of onset potential and the standard water oxidation potential (1.23 V vs. RHE). To compare the kinetic between the two substrates, the Tafel slope was determined by plotting the curve of η in function of log(j) only for the oxygen evolution reaction region. The OER stability test was performed by applying a current density of 10 mA cm -2 for 24 hours.

The double-layer capacitance (Cdl) was assessed from by CVs in the capacitive region (0.875 to 1.025 V) at scan rates varying from 5 to 200 mV s -1 . The relative roughness factor (Rf) was estimated from the ratio of Cdl to 60 µF cm -2 , value used for an ideal planar oxide surface. [START_REF] Levine | Theory of the differential capacity of the oxide/aqueous electrolyte interface[END_REF] 

Results and Discussion

Synthesis and Characterization of NiCo2O4. The NiCo2O4 was synthesized via electrochemical deposition on stainless steel followed by calcination in air. Firstly, the Ni(NO3)2 is reduced when -0.85 V vs. SCE is applied to the working electrode producing nitrite and hydroxyl, as is written in the reaction 3.

𝑁𝑂 3 -+ 𝐻 2 𝑂 + 2𝑒 -→ 𝑁𝑂 2 -+ 2𝑂𝐻 - (3) 
Then the nitrite species are reduced to ammonium as follow:

𝑁𝑂 2 -+ 6𝐻 2 𝑂 + 6𝑒 -→ 𝑁𝐻 4 + + 8𝑂𝐻 - (4) 
The formation of hydroxyl increases the pH of the interface and reduces the solubility of anodic species, which favors the formation of the green deposited layer which is a mixture of two hydroxides Ni(OH2) and Co(OH2): [START_REF] Cui | Core-ring structured NiCo2O4 nanoplatelets: Synthesis, characterization, and electrocatalytic applications[END_REF] 𝑀 2+ + 2𝑂𝐻 -→ 𝑀(𝑂𝐻) 2 (𝑀 = 𝑁𝑖, 𝐶𝑜)

In the literature, detailed investigations were carried out on this green deposited layer. [START_REF] Cui | Core-ring structured NiCo2O4 nanoplatelets: Synthesis, characterization, and electrocatalytic applications[END_REF][START_REF] Haenen | Oxygen evolution on NiCo2O4 electrodes[END_REF] The authors have shown that it is a mixture of layered double hydroxide of Ni and Co.

After this, the supported deposited layer is calcined to form NiCo2O4 by the reaction below (Equation 6): [START_REF] Cui | Core-ring structured NiCo2O4 nanoplatelets: Synthesis, characterization, and electrocatalytic applications[END_REF][START_REF] Qian | Direct growth of NiCo2Sx nanostructures on stainless steel with enhanced electrocatalytic activity for methanol oxidation[END_REF] 

2𝑁𝑖(𝑂𝐻) 2 + 4𝐶𝑜(𝑂𝐻) 2 + 𝑂 2 → 2𝑁𝑖𝐶𝑜 2 𝑂 4 + 6𝐻 2 𝑂 (6) 
The composition, the crystallite structure and the lattice parameter of the calcined layer were assessed by X-ray diffraction (XRD) analysis. Fig. 1a No. 47-1405). In the case of NiCo2O4 layer on SS316L substrate, some differences are observed in the diffractogram (Fig. 1b), such as the number of peaks and also the appearance of the peak corresponding to CoMo3 at 79.70° (PDF Card No. 65-5313).

At that substrate, NiCo2O4 is grown as a cubic system in the phases (111), (311), ( 222 The crystallite size for the catalyst at the two samples were calculated from the main peak by using Debye Scherer's formula [START_REF] Waghmode | Role of deposition time on synthesis of highperformance NiCo2O4 supercapacitors[END_REF] and it was found to be 34.3 and 30 nm, for SS304 and SS316L respectively. surface. This structure is observed in other published works. [START_REF] Qian | Direct growth of NiCo2O4 nanostructures on conductive substrates with enhanced electrocatalytic activity and stability for methanol oxidation[END_REF][START_REF] Wu | Highly active and durable cauliflower-like NiCo2O4 film for oxygen evolution with electrodeposited SiO2 as template[END_REF][START_REF] Shi | Water Oxidation on Spinel NiCo2O4 Nanoneedles Anode: Microstructures, Specific Surface Character, and the Enhanced Electrocatalytic Performance[END_REF] The insets in Fig 2 show an intercrossed structure that improves the charge transfer in the interface, due to the facilitated path along the sheet, and beyond that, it is expected large surface area. It is known that many parameters influence the material morphology, such as the deposition technic, the substrate composition, and the deposition rate. Lower conductivity leads to slower deposition rate, because the release of ions would be slow, leading to smaller petals in the nanoflowers. The main difference between SS304 and SS316L is the presence of molybdenum and higher concentration of nickel in the latter, which could explain the higher electrical SS304 conductivity than SS316L. [START_REF] Sedriks | Corrosion of Stainless Steel[END_REF][START_REF] Adams | A review of the stainless steel surface[END_REF] The cracker observed on the deposited layer, as seen in the first image from Fig. 2a, can be explained for the faster deposition on SS304 as confirmed by the deposition curve in the Supporting Materials (Figure S5). The SEM images confirm the small decrease in crystallite size from SS304 to SS316L.

As SS304 has higher conductivity than SS316L, the layer grows with larger petals.

In order to assess the surface chemical composition and the oxidation state of the Both photopeaks are followed by a satellite peak with high relative intensity (ratio of 1.1 with the main peak). According to Abidat et al. [START_REF] Abidat | Three dimensionally ordered mesoporous hydroxylated NixCo3-xO4 spinels for the oxygen evolution reaction: on the hydroxyl-induced surface restructuring effect[END_REF], the satellite observations is in agreement with NiO and Ni(OH)2 materials and this satellite structure is associated to 2p 5 3d 8 final state. From a XPS nickel (oxy)hydroxide spectra, Tavares et al. [START_REF] Biesinger | X-ray photoelectron spectroscopic chemical state Quantification of mixed nickel metal, oxide and hydroxide systems[END_REF] showed the changes in the ratio between the main peak and the satellites. They also observed that the changes on its intensity are due to the presence of Ni 3+ . According to these authors, the ratio 1.1 obtained in our material corresponds to NiO. The highresolution spectrum of Co2p region for the material is in 

Electrochemical characterization and Oxygen Evolution Reaction (OER).

The cyclic voltammograms of the deposited NiCo2O4 layer on the two SS substrates were shown in Fig. 4. During the positive scan two peaks were observed at 1.26 V and 1.46 V vs RHE, with the SS304 support. In the case of SS316L the second peak is shifted to 1.42 V vs. RHE. During the negative scan it is also observed the corresponding reduction peaks positions which were observed at 1.40 V and 1.21 V vs. RHE for the support SS304 and at 1.41 V and 1.25 V vs. RHE for the SS316L substrate. The first redox peak, is due to the couple Co II /Co III and the second one to the transition Co III /Co IV . This last transition is very sensitive to the presence of Ni due to the faradic process M-O/M-O-OH as reported. The formation of CoIV active site is very important for OER. According to Abidat et al. [START_REF] Abidat | Three dimensionally ordered mesoporous hydroxylated NixCo3-xO4 spinels for the oxygen evolution reaction: on the hydroxyl-induced surface restructuring effect[END_REF] the transition Co III /Co IV has a direct effect on the electrocatalytic activity toward the oxygen evolution reaction.

Studies showed the influence of Ni content on cobaltite electrochemical behavior and has permitted to observe that the presence of Ni changes the environmental chemistry of Co and the peaks positions. [START_REF] Abidat | Three dimensionally ordered mesoporous hydroxylated NixCo3-xO4 spinels for the oxygen evolution reaction: on the hydroxyl-induced surface restructuring effect[END_REF][START_REF] Yuan | Facile template-free synthesis of ultralayered mesoporous nickel cobaltite nanowires towards highperformance electrochemical capacitors[END_REF][START_REF] Wang | Design and synthesis of NiCo2O4-reduced graphene oxide composites for high performance supercapacitors[END_REF] They assumed that a thin film of oxyhydroxide with different Ni concentration is formed on the surface during the electrochemical deposition. Therefore, the presence of Ni affects the Co III to Co IV transition, which is the most important active site for OER, making it more electrophilic. Furthermore, the CV profiles of the deposited layers on the two substrates are similar to that obtained by Abidat et al. [START_REF] Abidat | Three dimensionally ordered mesoporous hydroxylated NixCo3-xO4 spinels for the oxygen evolution reaction: on the hydroxyl-induced surface restructuring effect[END_REF] for Ni1Co2O4 prepared by replication method of 3D template as KIT 6.

During the cyclic voltammetry study, the first cycle was performed followed by 50 activation cycles. In Fig 4 both the first and the 50 th cycles from both substrates are reported. No difference is observed between the two cycles. This behavior shows the good stability of the deposited Ni cobaltite layer on stainless steel. It is also observed that the current densities involved with SS304 substrate are higher than that obtained with SS316L support. respectively with the corresponding roughness factor (Rf) of 703 and 570. From these values, it is expected the NiCo2O4/SS304 electrode be more active for OER, since its electrochemically active surface area is higher. the diameter from the semicircle of the SS304 is smaller than for 316L, which means that its charge transfer resistance is lower (Table 1). The Rct was found to be 15.07 Ω cm 2 for SS304 and 36.74 Ω cm 2 for SS316L while the solution resistance (Rs) is 3.22 Ω cm 2 and 2.40 Ω cm 2 , respectively. The two electrodes were polarized in KOH 1 mol L -1 to evaluate the oxygen evolution reaction (Fig 7) and the active electrochemical surface area (ECSA) assessed from the roughness factor is used to express the current density. [START_REF] Gao | A Simple and Scalable Approach to Remarkably Boost the Overall Water Splitting Activity of Stainless Steel Electrocatalysts[END_REF] A small peak between 1.32 and 1.45 V vs. RHE, assigned to be Co 3+ oxidation to Co 4+ , the most active specie to water oxidation according to Mahala and Basu. [START_REF] Benck | Catalyzing the hydrogen evolution reaction (HER) with molybdenum sulfide nanomaterials[END_REF] Contrary to what we expected from the roughness factor (and also EIS), the most active surface seems to be that with the SS316L, since the current density reached is 12 mA cm -2 higher than that observed on SS304 substrate at potential 1.7 V vs RHE. To compare activity in oxygen evolution reaction, the potential at 10 mA cm -2 is commonly used. This current density corresponds to the value expected for a 10% of a solar water-splitting device efficiency, to compare the activity between materials. [START_REF] Qu | Graphene oxide-polydopamine derived N, S-codoped carbon nanosheets as superior bifunctional electrocatalysts for oxygen reduction and evolution[END_REF][START_REF] Dresp | An efficient bifunctional two-component catalyst for oxygen reduction and oxygen evolution in reversible fuel cells, electrolyzers and rechargeable air electrodes[END_REF][START_REF] Sun | Self-Supported Transition-Metal-Based Electrocatalysts for Hydrogen and Oxygen Evolution[END_REF] For the layer of Ni cobaltite deposited on SS316L the current density of 10 mA cm -2 is achieved at 1.57

V vs. RHE, while it is 1.59 V vs. RHE when the substrate is the SS304. as the rate-determining step (rds) of the overall catalytic process when they are applied as anode material for the water oxidation reaction. [START_REF] Exner | Beyond the Rate-Determining Step in the Oxygen Evolution Reaction over a Single-Crystalline IrO2(110) Model Electrode: Kinetic Scaling Relations[END_REF][START_REF] Spanos | The Effect of Iron Impurities on Transition Metal Catalysts for the Oxygen Evolution Reaction in Alkaline Environment: Activity Mediators or Active Sites?[END_REF] In the case of the two samples considered in this study, the pointed differences in their respective kinetic profiles can be unequivocally attributedbased on our experimental data and on numerous reports in literature for analogous systemsto the presence/absence of Molybdenum ions, alongside the Ni, Co and Fe catalytic sites, on the electroactive surface of the electrode.

In short, the Mo species (originated from the 316L stainless steel substrate and inserted in the NiCo2O4 structure during the preparation process) can act as electronic modulators for the valence of the neighboring metal ions -stabilizing at lower overpotentials the high oxidation states needed for the OER to take place -resulting in comparatively smaller Tafel slope values for the Mo-rich sample since the energetic barrier associated to the rds is significantly reduced in this case. [START_REF] Zhang | High-valence metals improve oxygen evolution reaction performance by modulating 3d metal oxidation cycle energetics[END_REF] Additionally, it is well-described in literature that catalysts as NiCo2O4 invariably suffer superficial reconstruction during the OER in order to form more thermodynamically stable phases, which are distinct from the initial cubic spinel structure. [START_REF] Li | High valence metals engineering strategies of Fe/Co/Ni-based catalysts for boosted OER electrocatalysis[END_REF] Such changes in the chemical identity of the catalytic active surface with the applied potential, explain the presence of the two distinct Tafel regions observed for the material prepared over the 304 stainless steel substrate. For a highly oxidized surface, the rds expected is to be the aforementioned O-O coupling, but rather the formation of O radicals from the discharge of the hydroxide ions at the electrode/solution interface.

On the other hand, the reason why the NiCo2O4/SS316L catalyst displays only one

Tafel region can also be traced back to the presence of Molybdenum species on its composition. Basically, the Mo ions are known to be easily lixiviated/redeposited at the electrode surface even at lower potentials, leading to an earlier formation of the most thermodynamically stable catalytic phase through the amorphization of the oxide structure during the water oxidation process. Consequently, keeping the same rds over the entire potential window could be considered. [START_REF] Xiong | Molybdenum doped induced amorphous phase in cobalt acid nickel for supercapacitor and oxygen evolution reaction[END_REF] To assess the intrinsic activity the turnover frequency (TOF) was calculated and the current density converted to ECSA (electrochemical surface area). The TOF determines the ratio of product formed/consumed per unit time and the amount of catalyst used. [START_REF] Anantharaj | Do the Evaluation Parameters Reflect Intrinsic Activity of Electrocatalysts in Electrochemical Water Splitting?[END_REF][START_REF] Klingan | Water oxidation by amorphous cobaltbased oxides: Volume activity and proton transfer to electrolyte bases[END_REF][START_REF] Boudart | Turnover Rates in Heterogeneous Catalysis[END_REF][START_REF] Anantharaj | Precision and correctness in the evaluation of electrocatalytic water splitting: Revisiting activity parameters with a critical assessment[END_REF] The most commonly used equation is:

TOF = 𝑗 . 𝑁 𝐴 (F . n . Г)
where j is the current density, NA Avogadro number, F the Faraday constant, n the number of electrons transferred (4 electrons for OER) and Г the surface concentration or exact number of active sites. The surface concentration was calculated via integration of the redox peak area, right before the oxygen evolution onset in Fig 7, where the Ni(OH)2 is converted to NiOOH. [START_REF] Anantharaj | Petal-like hierarchical array of ultrathin Ni(OH)2 nanosheets decorated with Ni(OH)2 nanoburls: A highly efficient OER electrocatalyst[END_REF] In this method we assume that only the metal species that oxidize before OER participates to the reaction. The TOF was then calculated at various potentials at OER region and it is represented in supplementary materials, Fig S6 . At η = 350 mV TOFSS304 = 0.077 s -1 while TOFSS316L = 0.083 s -1 and as the overpotential gets more positive, the difference between the substrates becomes higher: at η = 500 mV the TOFSS304 = 0.44 s-1 and TOFSS316L = 0.80 s-1.

The ECSA was calculated to estimate the contribution of the total area. [START_REF] Gao | A Simple and Scalable Approach to Remarkably Boost the Overall Water Splitting Activity of Stainless Steel Electrocatalysts[END_REF] The roughness factor, determined by the double-layer capacitance, was used for assessing the electrochemical surface area. This surface value is used in the Figure S7 to express the LSV. The current density achieved at η = 360 mV for SS316L is 0.03 mA cm -2 ECSA while for SS304 the value is 0.02 mA cm -2 ECSA. The resulting LSV curves corrected by the ECSA, presented in Fig. S7, show that the SS316L achieves higher current densities at lower potentials and corroborates with TOF results which suggest the SS316L material is with higher intrinsic activity for OER.

The long-term stability test was performed on the two electrodes under galvanostatic conditions (Fig. 9) by applying the current density of 10 mA cm -2 for 24 hours. This long-term operation of the electrode permits to evaluate the stability of the electrocatalysts. [START_REF] Tahir | Electrocatalytic oxygen evolution reaction for energy conversion and storage: A comprehensive review[END_REF] It is shown that for SS304 the potential starts at 1.60 V and after the 24 hours, remains at 1.60 V. For SS316L, it starts at 1.62 V and after 14 hours decreases to 1.60 V and remains at that potential until the end. Although the SS316L presents some changes in potential, both the two substrates have presented good stability for oxygen evolution during a long time. Although the first electrochemical results suggest that the NiCo2O4 grown at SS304 would be a better catalyst for OER, due the roughness factor and impedance results, the substrate SS316L appears to have higher reaction kinetics. Furthermore, despite the same deposition method for the two substrates, the SEM images show that the deposition rate may be different between them. As discussed earlier, the fact that the SS316L composition includes Mo and higher Ni concentration, the charge transfer resistance should be higher than that of SS304. This is in agreement with the EIS results. However, this observation does not explain the fact that the OER appears to be favored at SS316L substrate compared to SS304 one. A possible explanation is that the good conductivity from uniform deposition at SS316L surface, according to Fig. 2b), compensates the higher resistance from the substrate. Furthermore, the SS316L crystallite size is smaller than that of SS304 substrate.

Another important kinetic indicator in electrocatalysis is the exchange current density, which can be related to the charge transfer resistance by the equation: [START_REF] Bockris | Modern Electrochemistry: Fundamentals of Electrodics[END_REF][START_REF] Park | Correlation between Tafel Analysis and Electrochemical Impedance Spectroscopy by Prediction of Amperometric Response from EIS[END_REF] 𝑅 𝐶𝑇 = 𝑅𝑇 𝑛𝐹𝑗 0 where RCT is the charge transfer resistance, R is the universal gas constant, T the temperature, n the number of electrons involved, F the Faraday constant and i0 the exchange current. So, by the equation as higher the j0, lower would be the RCT. The exchange current density, which comes from Butler-Volmer's equation, can be calculated from Tafel slope: [START_REF] Bockris | Modern Electrochemistry: Fundamentals of Electrodics[END_REF] 𝑗 0 = 𝑏 𝑎 2.3 𝑅 𝐶𝑇 From the equation, the exchange current density would be 1.78 mA cm -2 for SS304 and 0.58 mA cm -2 for SS316L. Another possible explanation is related to the stainless-steel composition. The advantage of using SS as substrate is due to different elements in the alloy and some of them can contribute to the reaction. It is widely studied that impurities, such as Fe, increase the activity of Ni and Co-based catalysts, although it is not yet fully understood how Fe participates in the reaction. [START_REF] Trotochaud | Nickel-Iron oxyhydroxide oxygen-evolution electrocatalysts: The role of intentional and incidental iron incorporation[END_REF][START_REF] Smith | Contributions to Activity Enhancement via Fe Incorporation in Ni-(oxy)hydroxide/borate Catalysts for Near-Neutral pH Oxygen Evolution[END_REF][START_REF] Corrigan | The Catalysis of the Oxygen Evolution Reaction by Iron Impurities in Thin Film Nickel Oxide Electrodes[END_REF][START_REF] Burke | Cobalt-Iron (Oxy)hydroxide Oxygen Evolution Electrocatalysts: The Role of Structure and Composition on Activity, Stability, and Mechanism[END_REF] Burke and co-workers reported that when Fe is used with Co and Ni catalysts, the activity for OER increased in at least three-orders-of-magnitude and it maintains electrical conductivity at low overpotentials. [START_REF] Burke | Oxygen Evolution Reaction Electrocatalysis on Transition Metal Oxides and (Oxy)hydroxides: Activity Trends and Design Principles[END_REF] As well as Fe, the Mo, which is present in SS316L, can promote an increase in the catalytic activity by the efficiency of electron transfer and making Co more electrophilic with high OH -affinity. [START_REF] Liu | First insight on Mo(II) as electrocatalytically active species for oxygen evolution reaction[END_REF][START_REF] Kim | Promotion of electrochemical oxygen evolution reaction by chemical coupling of cobalt to molybdenum carbide[END_REF][START_REF] Alhajri | Molybdenum Carbide -Carbon Nanocomposites Synthesized from Reactive Template for Electrochemical Hydrogen Evolution[END_REF][START_REF] Cao | Polymerization pyrolysis derived selfsupported Mo-Ni-O electrocatalyst for oxygen evolution[END_REF] Also, the combination of the trielements Ni-Fe-Mo is reported to be a good OER catalyst which exhibits a synergetic effect of the three metals, and facilitates electron transfer at the interface electrodeelectrolyte. [START_REF] Huang | Rapid electrodeposited of selfsupporting Ni-Fe-Mo film on Ni foam as affordable electrocatalysts for oxygen evolution reaction[END_REF][START_REF] Jin | Mo-and Fe-Modified Ni(OH)2/NiOOH Nanosheets as Highly Active and Stable Electrocatalysts for Oxygen Evolution Reaction[END_REF]. Even though both Fe and Mo do not appear in our XPS analyses, both are present in XRD diffractogram and may have electronic effect on the catalyst deposited. The presence of Fe and Mo in the composition of SS316L substrate, can also explain the high higher activity for OER than SS304. 

  ) and assuming Gaussian-Lorentzian profiles for all photoemission peaks. For the quantitative analysis, the following binding energies regions were recorded: C 1s, O 1s, Ni 2p, and Co 2p. The binding energies of the target elements (Ni 2p and Co 2p) were determined at a pass energy of 20 eV. The resolution was 0.4 eV.

Figure 1 :

 1 Figure 1: XRD pattern of the NiCo2O4 grown at a) SS304 and b) SS316L. The referred databases are PDF Card No. 73-1702, 18-646 and 3-864

Figure 2 :

 2 Figure 2: SEM images for NiCo2O4 grown in a) SS304 and b) SS316L at different magnifications: x100, x10,000 and x100,000.

  elements which compose the black NiCo2O4 deposited layer, XPS measurements were performed. Elemental surface information determined from XPS measurements, are shown in Figure 3. The spectra show the presence of Ni, Co and O in the percentage 13.9, 27.3 and 53.1%, respectively, for SS304 and 11.1, 25.4 and 51.9% for SS316L, suggesting the NiCo2O4 on both substrates. The high-resolution spectrum region of Ni 2p and Co 2p are in the Fig 3. The two signals at 855.1 and 872.8 eV are observed in Ni spectrum, related to Ni 2p3/2 and Ni 2p1/2, respectively. The decomposition curves permit to identify the Ni 2+ (ca. 854.0 eV) and Ni 3+ (ca. 855.0 and 874.0 eV) species.

  Fig 3.c) and d). The signals at 779.65 and 794.85 eV correspond to Co 2p3/2 and Co 2p1/2, respectively. As above, the Co is presented as mixed Co 2+ (ca. 779.0 eV) and Co 3+ (ca. 781.0 eV). The spectra of Co 2p and Ni 2p are in agreement with the previously reported for NiCo2O4.[30, 40-42] The samples mapping with EDS on the FEG-SEM images confirmed the expected compositions of the deposition layers and further the ratio Ni/Co about 0.5 at different parts of samples (Figures S1-4, and TableS1-4).

Figure 3 :

 3 Figure 3: High resolution XPS spectra of (a) Ni 2p and (c) Co 2p (of NiCo2O4/SS304) and (b) Ni 2p and (d) Co2p (sample NiCo2O4 /SS316L

Figure 4 :

 4 Figure 4: Voltammograms of NiCo2O4 layer growth on (a) SS304 and (b) SS316L in KOH 1 mol L -1 saturated with N2 and recorded at 20 mV s -1 and at 20 °C: First (black) and the 50 th (Red) cycles.

Figure 5 :

 5 Figure 5: Voltammograms of (a) NiCo2O4/SS304 and (b) NiCo2O4/SS316L in KOH 1 mol L -1 recorded in non-faradaic region at different scan rates from 5 mV s -1 to 200 mV s -1 and at 20 °C. (c) Difference of anodic and cathodic current densities as a function of the scan rate.

Figure 6 :

 6 Figure 6: Electrochemical impedance spectra: Nyquist plot for NiCo2O4 on SS304 (in black) and on SS316L (in red) recorded at 20 °C in KOH 1 mol L -1 at 1.5 V vs. RHE with an amplitude of 10 mV.

Figure 7 : 8 Figure 8 :

 788 Figure 7: Polarization curves of (a) NiCo2O4/SS304 and (b) NiCo2O4/SS316L electrodes in KOH 1 mol L -1 recorded at 5 mV s -1 and at 20 °C. Uncorrected iR curves (black lines) and corrected iR curves (red lines).

Figure 9 :

 9 Figure 9: Long-term stability by chronopotentiometry at 10 mA cm -2 during 24 hours for NiCo2O4/SS304 (in black) and NiCo2O4/SS316L (in red) in KOH 1 mol L -1 and at 20 °C.

Table 1 :

 1 Charge transfer and solution resistance, overpotential at 10 mA cm -2 , onset reaction, double layer capacitance and roughness factor for NiCo2O4 growth at stainless steel AISI316L and AISI304.
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Conclusions

In the present work we used a facile electrochemical method to deposit NiCo2O4 on a stainless-steel surface. XPS analysis confirmed the composition expected for the layers obtained on the two substrates AISI304 and AISI316L. According to SEM images, high surface area nanoflowers like structures are observed after calcination. In addition to cubic NiCo2O4 detected by XRD analysis, the substrate is also in evidence bringing Mo as a different element in SS316L. In the two cases it very stable material was obtained since it permitted to produce oxygen for at least 24 hour at 10 mA cm -2 with negligible difference in potential. Although both materials showed good performance for the oxygen evolution reaction, the SS316L appears to be a better substrate, as suggested by the current density achieved, which was higher for 316L (12 mA cm -2 at 1.7 V vs. RHE), with a Tafel slope of 49 mV dec -1 .However, two Tafel slopes were observed for 304, 62 and 104 mV dec -1 . A likely explanation is the Mo present in SS316L, which improves electron transfer efficiency and then increasing the activity of the catalyst. The results suggest that alloy composition of stainless steel used as substrate plays a role in the electrocatalytic activity and must be further explored.

e Tecnológico (CNPq, #306060/2017-5). This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior -Brasil (CAPES) -Finance Code 001. TWN acknowledges thanks the "European Union (ERDF)," the "Region Nouvelle-Aquitaine" for their supports.