
 

 
Page 1-22 

 

Anti-corrosion coating for metal surfaces based on 

superhydrophobic electrosprayed carbon layers 

 
Julio J. Conde, Paloma Ferreira-Aparicio, Antonio M. Chaparro 

Dep. of Energy, CIEMAT. Av. Complutense 40, 28040 Madrid (Spain) 

Tel.: +34-913462607 

Fax: +34-913466604 

juliojose.conde@ciemat.es  

 
 
Abstract 

 
The electrospray deposition of a carbon-polymer ink has been used for the preparation 

corrosion protective coatings for metal substrates. The electrosprayed carbon layers are 

adherent and have highly porous structure that renders Cassie-Baxter type 

superhydrophobicity. The analysis of their morphology with SEM shows changes in the shape 

of aggregates with thickness that slightly affects their interaction with water and 

superhydrophobicity, as a consequence of changing electrospray deposition conditions. 

Stainless steel immersed in acidic aqueous solutions is efficiently protected from chemical 

and electrochemical corrosion when coated with electrosprayed carbon layers. The carbon 

layers with loads above 0.4 mg∙cm-2 are able to avoid water contact with the metallic surface, 

permanently and during electrochemical polarization, thanks to their internal 

superhydrophobicity. Electrosprayed carbon coatings convey cheap and durable protection 

against aqueous corrosive environments. This coating procedure is very appropriate for the 

durability of internal components in fuel cells (plates, contacts), electrolyzers, and batteries 

working with aqueous solutions, due to its superhydrophobicity and good conductivity that 

provide stable electronic contact and fast water transport. 

 

mailto:juliojose.conde@ciemat.es


 

 
Page 2-22 

 

1. Introduction 

The development of protective coatings for metallic surfaces is an issue of major interest for 

the reliability and durability of many electrochemical devices working in aqueous media, like 

the proton exchange membrane fuel cells (PEMFCs). The highest performance in PEMFCs 

can be obtained when the membrane is optimally humidified while avoiding the flooding of 

the electrodes, which requires optimal water management and an appropriate water rejection. 

In a standard configuration, generated water drops arriving at the back of the electrodes enter 

a grooved plate (flow field plate) where they are efficiently dragged by a gas stream towards 

the outlet. The flow field plate also collects the electronic current generated, so it must be of a 

highly conductive material. The important tasks performed by flow field plates (collecting 

current, separating the individual cells, distributing fuel and oxidant, carrying water out of 

each cell, and, in some cases, cooling the cells) is properly achieved by using stainless steel 

plates due to their high strength, no brittleness, no permeability to reactant gases, and 

especially the possibility for low-cost mass production [1]. However, their surface must be 

properly coated to avoid dissolution and growth of oxides, causing loss of conductivity, and 

ions that may contaminate other components like the catalyst and the membrane electrolyte. 

At the same time, the coating should improve water transport to the ambient. Coatings with 

high hydrophobicity and conductivity are most appropriate to accomplish with these 

requirements. Good electronic conductivity, fast water transport, and good (electro-)chemical 

stability are mandatory, therefore, for the cell contact. 

 

Carbon-polymer composite coatings have been already studied for bipolar plate protection of 

PEMFC, but the substrates were found to not be sufficiently protected from the electrolyte 

due to the high porosity of the layer [2]. Surface hydrophobization has been widely used as a 

solution for corrosion protection [3,4] and self-cleaning [5] of metallic substrates. Since 

superhydrophobic surfaces have been proven to prevent water infiltration into porous films 
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[6] and thus limiting the exposure of corrosive media to the protected metallic surface [7], 

electrosprayed carbon might be an ideal candidate to fulfill all the requirements as a coating 

layer for the internal metallic components of PEMFC, by combining good electronic 

conductivity with high macroporosity, and hydrophobicity [8]. 

 

In recent years, our group has used electrosprayed films of Pt/C and Nafion as catalyst layers 

showing superior water transport capability and stability, with improved cell efficiencies, 

above 20% with respect to standard layers [8], and durability [9]. In a recent study, physico-

chemical properties of carbon layers prepared by electrospray in the presence of Nafion 

ionomer/binder were investigated [10]. A strong and stable interaction between the sulfonic 

groups of the Nafion and the carbon surface was concluded, that favors close coverage of the 

carbon surface by the polymer chains. Fluorocarbon backbones appear to be oriented towards 

the outer part of the aggregates. Such special chemistry of the surface of carbon aggregates 

resulting from the electrospray deposition in the presence of Nafion contributes to shape the 

morphology and internal superhydrophobicity of the layers. 

 

In this work, the electrospray deposition of carbon layers on stainless steel metallic surfaces is 

carried out to study their protective behavior in strong acidic media. With this aim, carbon 

layers have been deposited with variable thickness. Conventional airbrushing was used as a 

control method for deposition of carbon porous layers with the same loading and composition. 

The resulting electrosprayed films are shown to be structurally stable and provide a protective 

coating for metals against corrosion, in contrast with those prepared by airbrushing.  

 

2. Experiments 

Carbon black-ionomer (20 wt%) composite films were prepared from inks of carbon black 

(Vulcan XC 72R, Cabot, S(BET) = 230 m2∙g-1), Nafion® perfluorinated ion exchange resin (5 
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wt% in lower aliphatic alcohols and water, Aldrich), and isopropanol (Panreac), with 1% solid 

content. The metal substrate was a 1.5 x 0.1 cm stainless steel (SS-310S) disk. Previous to 

deposition, the substrate was polished with grinding paper (Buehler Grit 180), and washed in 

sonicated ethanol-acetone solution. Electrospray was carried out using the set-up described in 

previous works [8], by applying 7.5-8 kV, with 2.5-3.0 cm needle-to-substrate distance, and 

0.20-0.40 mL·h-1 ink flow rate. During deposition, substrate temperature was kept at 50 oC, 

and ink temperature at 22 oC under ultrasonic stirring. Hydrophobicity of the carbon layers 

was tested by means of water contact angle measurements, using an optical tensiometer 

(Theta 200 Basic, Biolin Scientific) at ambient temperature (23 °C) and relative humidity 

(30−35%). The angle measurements were taken after 400 s water drop contact. Before the 

hydrophobicity measurements, a ‘hydrophilic treatment’ was carried out on the films, 

consisting in the immersion in H2SO4 0.5M for at least 24 h, in order to stabilize their 

interaction with water. SEM images of the films surface were obtained by scanning electron 

microscopy (Hitachi FE-SEM SU-6600) using a secondary electron detector and accelerating 

voltage of 10 kV. The thickness of the layers was determined from these images. Optical 

images of the substrate surface before and after corrosion were taken with a Leica DM4M 

microscope. 

 

Protective character of the carbon layers on the substrate was tested using electrochemical 

methods. Cyclic voltammetry and chronoamperometric experiments were performed using a 

commercial three electrode cell (Radiometer Analytical, Model C145/170), with the carbon 

coated disk as working electrode, using a sample holder that adjust the exposed geometric 

area to 1 cm2, and a platinum counter electrode. A homemade mercury-mercurous sulfate 

(Hg/Hg2SO4, 1M H2SO4) was used as reference electrode, with a potential of 619 mV vs. 

SHE at 20 oC [11]. Additionally, linear sweep voltammetry tests were performed in order to 

estimate the corrosion potential and the corrosion current density using the Tafel slope 
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extrapolation method and the Stern-Geary method. The electrolyte was H2SO4 0.5M at 

ambient temperature (21 oC), deaerated by bubbling N2 for ½ h before measurements, and cell 

blanketing with the same gas during measurements. 

 

3. Results and discussion 

3.1 Morphology and surface hydrophobicity of carbon layers 

The surface of the porous carbon layers deposited on flat metallic plates is shown in SEM 

images of Fig. 1. The electrospray deposited films (Fig. 1a) are highly macroporous with 

pores of micrometric size.  

 

A closer view of the morphology of electrosprayed layers is presented in Fig. 2, where three 

films with increasing carbon loads are shown. A groove made on the films reveals changes in 

the morphology of the coating with depth. For the observation of the cross-sectional profile, 

the angle of the sample in SEM was set to 40o, with respect to the perpendicular plane of the 

electron beam.  

 

At the lowest carbon loading, 0.17 mg·cm-2 (Fig. 2-ES1), the layer shows a morphology with 

small agglomerates (typically below 10µm) and submicrometer dendritic growths can be 

distinguished; on increasing the load, the growth morphology changes to larger globular 

agglomerates (>20-30 µm) growing on top of the initial ones (Fig. 2-ES2 and 2-ES3). The 

modification in morphology and size of agglomerates reflect changing conditions for the 

electrospray film growth process. The initial dendritic shapes may reflect a growth governed 

by electric field induced transport of the particles over the film surface [12]; by increasing 

film thickness, the evolution to more globular growth reflect a change with predominance of 

particle-particle interactions over electrostatic forces. A probable cause for this change is the 

relaxation of electrostatic forces by the dielectric properties of the growing film. 
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The film thickness estimated from SEM profiles is plotted in Fig. 3 as a function of the carbon 

load in the coating. Determining a precise value for electrosprayed layers is not possible here 

due to the rough profile shown in Fig.2. However, an evolution of an average thickness can be 

inferred, showing initially low dependence, approximately below 0.2 mgC·cm-2, followed by a 

period of larger thickness increase with carbon load, 17.6 cm3·gC
-1 in the 0.2-0.6 mgC·cm-2. 

Such change obviously corresponds to the morphology change from dendritic to globular 

shape observed with SEM images (cf. Fig. 2). In contrast, the airbrushed film shows a 

constant thickness dependence on carbon concentration (3.3 cm3·gC
-1). A density of 0.30 

g·cm-3 can be determined for these latter films, only slightly superior to the nominal density 

of Vulcan XC72R (0.264 g·cm-3). At the highest amount of carbon coating (0.8 mgC·cm-2), 

the thickness of the electrosprayed film is almost 4 times larger than that of the airbrushed 

film. 

 

The surface hydrophobicity of the layers was studied by the water contact angle technique. 

Measurements were carried out on freshly prepared films, before and after immersion in 

H2SO4 0.5M for 24 h in order to analyze the stability of their surface after interaction with an 

aqueous medium. Results are shown in Fig. 4. On the airbrushed films, such hydrophilic 

treatment gives rise to an important change in the water contact angle, from Ɵ >150o for the 

as-grown layer to Ɵ < 100o after its immersion; in contrast, no significant change after 

hydrophilic treatment was observed for electrosprayed films, reflecting a durable and stable 

superhydrophobic character (Ɵ > 150o). Superhydrophobicity is reflected by many other 

observations. Upon immersion in liquid, a permanent air cushion on top of the electrosprayed 

layer was observed, allowing minimal contact of the electrolyte with the surface of the carbon 

composite layer. This effect was also observed in other types of superhydrophobic surfaces 
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[13, 14]. Also, water drops falling onto the surface of the layer do not stick on it and are 

instantly ejected, reflecting its superhydrophobicity (see video 1 in supplementary material).  

 

The contact angle measurements in Fig. 4 show a clear dependence of hydrophobicity of 

electrosprayed films with carbon load that can be related to the change in the morphology of 

the layer, from dendritic to globular (cf. Fig. 2). The initial dendritic morphology is 

characterized by the highest superhydrophobicity (Ɵ > 168o), whereas the globular 

morphology gives rise to some decrease (Ɵ = 163o). The airbrushed layer shows less 

hydrophobic character with contact angle values below 100o and decreasing steadily with film 

thickness. 

 

Since chemical modification may increase hydrophobicity to contact angles of up to 120°, but 

not more, superhydrophobicity must be a main consequence of the surface morphology, the 

so-called Lotus’ effect, when roughness patterns are below the capillary length [15]. 

Roughness could also increase wettability if the interaction of water with the surface is 

energetically favored. Both cases have been explained by the well-known Wenzel model 

(increase hydrophilicity) and Cassie-Baxter model (increase hydrophobicity), leading, 

respectively, to the following relations between the observed contact angle, Ɵ, and the 

Young’s contact angle of a flat surface, Ɵ0: 

 

cos θ = Rf cos θ0          (1) 

cos θ = -1 + (1- cos θ0 ) f          (2) 

 

Where Rf is the roughness factor in the Wenzel expression (Eq. 1), and f is the area fraction of 

the wetted part of the solid in the Cassie-Baxter expression (Eq. 2). The Wenzel and Cassie-

Baxter relations (1) and (2) have classically been used to characterize the apparent contact 
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angles with remarkable success. The latter reveals that θ comes near 180° as f approaches to 

zero. Wetting in the Cassie-Baxter’s state, rather than in the Wenzel state is a requirement for 

achieving superhydrophobicity. For the carbon films studied here, having identical chemical 

composition but different morphology, the water contact angle with the flat surface could be 

considered close to that obtained for the thickest aerography layer (θ0 ≈ 85°). The 

superhydrophobicity of electrosprayed films corresponds to very low values of f (1-2% and 4-

5% below and above 0.4 mg·cm-2, respectively), which could only be attained by a dendritic 

morphology resulting from the deposition process. The resulting distribution and orientation 

of the Nafion chains across the surface of the carbon after the electrospray process, reported 

in previous work, may contribute to the superhydrophobicity [10]. 

 

3.2 Electrochemical characterization and bulk film hydrophobicity 

Stainless steel substrates coated with carbon black were studied in contact with 0.5M H2SO4 

solution. Fig. 5 shows the voltammetric response of electrosprayed (Fig. 5a and 5b) and 

airbrushed (Fig. 5c) coatings with different carbon loads. The shape of the curves resembles 

carbon material voltammetries, including curve tilting and small peaks in the limits of the 

potential window due to pseudocapacitance properties, as seen in carbon capacitor studies 

[16, 17]. The largest proportion of the current is due to double layer charging of the carbon 

film, with two superposed faradaic contributions in some curves consisting of a reversible 

signal at 0.55 V-0.6 V, that can be ascribed to reactivity of the metallic substrate corrosion 

products confined in the pores of the carbon layer, and a steep increase in current above 1.1 V 

due to substrate oxidation. The assignation of both faradaic signals was confirmed by 

voltammetries performed on carbon coatings deposited on a non-corroding carbon substrate, 

and on a naked stainless steel substrate (Check supplementary material S1 and S2).  
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The double layer charging current (jDL) can be used to probe the electrochemical area of the 

porous carbon, which is the area in contact with the electrolyte, according to: 

 

jDL=CDL·v·wC·AC·S          (3) 

 

where CDL (F·mC
-2) is the specific capacitance of the carbon surface, v (V·s-1) the voltage 

sweep rate, wC (gC·cm-2) the carbon load, AC (cm2·gC
-1) the mass specific area of carbon, and 

S the fraction of carbon surface in contact with water, which is related with the water 

saturation of the pores volume (S=1 for a flooded layer).  

 

Plots in Fig. 5 reflect an important dependence of jDL with the carbon load. A procedure must 

be followed to extract jDL, as to from the superposed faradaic signals, as explained in 

supplementary material S3. The dependences of the double layer current density and the mass 

specific current (jDL/wC) on the carbon load (wC) are plotted in Fig. 6 for electrosprayed and 

airbrushed carbon films. The electrosprayed films show high current densities at low carbon 

weights followed by a constant value upon increasing carbon load. For the airbrushed film the 

double layer current density increases with carbon load, and the mass specific current shows 

no local maximum as the electrosprayed film. The values before and after hydrophilic 

treatment are only shown for this latter, since the hydrophilic treatment had no significant 

effect for electrosprayed layers. 

 

The evolution of jDL in Fig. 6a is determined by the hydrophobicity of the porous carbon 

layers. The airbrushed films show much larger double layer current densities reflecting their 

low hydrophobicity; in contrast, the electrosprayed films show low current densities caused 

due to a reduced number of contact points between the carbon surface and the electrolyte due 

to the superhydrophobicity of the layers. 
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The peaks in jDL and jDL/wC at low carbon load in electrosprayed films should be further 

commented. It reflects an unexpected penetration of the electrolyte into the porous 

electrosprayed film between 0.1-0.2 mgC∙cm-2, in spite of its superhydrophobicity. This 

behavior may be caused by the distant interaction of the liquid water from the electrolyte 

meniscus with the hydrophilic substrate through the macropores of the carbon coating. Such 

distant interaction is observed between water drops [18], and caused by the vapor atmosphere 

surrounding the liquid surfaces. Similar effect was observed when a water drop is deposited 

on a thin hydrophobic Pt/C electrosprayed layer on top of a hydrophilic Nafion membrane, in 

this case leading to a deformation of the membrane [19]. Fig. 7 shows the distant interaction 

effect of a water drop above a carbon/Nafion layer deposited on top of a Nafion 212R 

membrane, where membrane deformation can be observed while the surface deposit 

maintains its superhydrophobicity (Check video 2 in supplementary material). The distant 

interaction appears active for hydrophobic layers below 50 µm thickness (cf. Fig. 3); whereas 

it is suppressed on thicker films so the water meniscus is kept at the top surface of the carbon 

film and the specific double layer current decreases (cf. Fig. 6a).  

 

Another interesting feature in Fig. 6b is the reduction of the specific current density (jDL/wC) 

for high loading airbrushed layers. It could be attributed to the presence of a continuous 

gradient of electrolyte into the film resulting from a mixture of air-filled and liquid-filled 

pores for films with contact angles around 100⁰ [6]. A very small increase of current is also 

observed for high loading electrosprayed coatings, but this trend is probably caused by the 

enhancement of the surface contact area at the outer part due to the morphological change to 

larger globular agglomerates. 

 

3.3 Characterization of substrate corrosion 
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The reversible signal at 0.55-0.60 V in Fig. 5 is attributed to substrate corrosion products 

entrapped by the porous film according to different experimental facts. The signal is absent 

during first cycle of the voltammetry, and starts growing on successive cycles up to a steady-

state value and its intensity diminishes by decreasing voltage sweep rate as a consequence of 

products diffusion from the substrate surface; in addition, the signal is absent in 

voltammetries on naked stainless steel substrates, where corrosion products may diffuse freely 

(see supplementary material). Full protective behavior of carbon coatings is attained for 

electrosprayed layers at loads above 0.4 mgC·cm-2, for which the double layer current 

decreases to a minimum (Fig.6a). For airbrushed films, no protective behavior is attained.  

 

Upon immersion, open circuit potential (OCP) has been measured in oxygen-saturated 

electrolyte for bare and coated stainless steel substrates (see supplementary material S4). 

Stabilized values of the OCP are presented in Table 1. The protective character of the carbon 

layers has been further tested in Fig. 8 by means of chronoamperograms recorded at 1.35 V vs 

SHE (this potential is appropriate to mimic anode degradation in an accelerated fuel cell test 

[20]). Unprotected cases show rising current densities upon polarization, which is indicative 

for the increasing roughness of a corroding substrate, as observed for the naked stainless steel, 

the airbrushed films, and the electrospray films below 0.17 mg·cm-2. Full protection is 

characterized by lower current values with constant decay, as observed with electrosprayed 

layers above 0.40 mg·cm-2. It must be noticed that the carbon loads required for the protective 

electrosprayed coatings correspond to those loads in Fig. 6a where the reversible signal in the 

voltammetric tests is absent (Fig.5). Electrosprayed samples presented no significant changes 

in the chronoamperometric response even after a week in corrosive media with periodic 

polarization experiments.  
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The corrosion and protective behaviors of carbon coatings are observed by optical 

micrographs of the stainless steel substrate after removing the 0.40 mg·cm-2 coatings (Fig. 9). 

The electrosprayed coated substrate leaves unmodified the substrate surface, whereas the 

airbrushed layer reflects strong degradation as for a naked substrate. Airbrushed layers failed 

after chronoamperometric tests, showing zones of preferential corrosion and cracks in the 

layer, allowing free access for the electrolyte to the surface of the substrate.  

 

Further analysis of corrosion kinetics is carried out from potentiodynamic experiments. Tafel 

plots obtained for the bare substrate and for airbrushed and electrosprayed coatings with a 

carbon loading of 0.4 mg·cm-2 after chronoamperometric experiments are presented in Fig. 

10. Lower current and more positive corrosion potential are the indications of the protective 

character of the electrosprayed layer compared with the airbrushed layer. Table 1 presents the 

values of anodic (ba) and cathodic (bc) Tafel slopes, corrosion potential (Ecorr) and corrosion 

current density (jcorr) extracted from Fig. 10. Corrosion current density is also calculated with 

the Stern-Geary relationship using the polarization resistance (Rp), which is defined as the 

slope of the polarization curve at the corrosion potential [21]. The values show an increase of 

the corrosion potential by 0.4 V and a decrease of two orders of magnitude of the corrosion 

current in electrosprayed coated stainless steel compared to the bare substrate. As a reference 

for fuel cell application of these layers, the U.S. DOE recommends a bipolar plate corrosion 

(both anodic and cathodic) below 1 µA∙cm-2 for PEM bipolar plates in its technical targets for 

2020 [22], which is sufficiently accomplished with the electrosprayed film. It can be 

concluded that this type of coating could provide a suitable protective character to stainless 

steel bipolar plates or metal contacts for PEMFCs. 

 
4. Conclusions 
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Carbon black layers have been deposited on stainless steel substrates by electrospray. The 

electrosprayed layers are characterized by macroporous morphology, with a change in 

morphology from dendritic to globular growth with the coating thickness. Water contact angle 

measurements evidence their superhydrophobicity. Double layer current dependence on 

carbon layer thickness shows a change in water penetration in the film that we attribute to the 

distant interaction of water vapor with the hydrophilic substrate. Their voltammetric response 

in sulfuric acid solution reflects a complete and stable protective behavior of electrosprayed 

carbon layers for coatings above 0.4 mgC·cm-2. Layers of identical composition grown with 

airbrush show the loss of hydrophobicity after 24 h contact with electrolyte solution. As a 

consequence, they are not able to protect the substrate. Corrosion experiments in sulphuric 

acid show that the electrospray deposited carbon black composite is appropriate for protecting 

the surface of metal substrates. Electrosprayed carbon layers are good candidates as coatings 

for metallic flow field plates and contacts used in low temperature fuel cells. 
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Tables 

 
Table 1. Values of open circuit potential, Tafel constants, corrosion potential, corrosion 

current density and polarization resistance for bare and airbrushed and electrospray coated 

stainless steel in 0.5M H2SO4. 

 

OCP 1  

mV vs SHE 

Ecorr   

mV vs SHE 

ba  

mV∙dec-1 

bc   

mV∙dec-1 

jcorr (Tafel)  

µA∙cm-2 

Rp   

kΩ∙cm2 

jcorr (Stern-Geary)   

µA∙cm-2 

SS 310S 495 - 44 80 426 6.5 2.8 24.0 

Airbrush 590 60 85 423 3.7 8.4 8.3 

Electrospray 618 460 300 428 0.1 326.7 0.5 

1 After stabilization in oxygen saturated electrolyte. 
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Figure captions 

 

 

Fig. 1. SEM images of the surface of carbon black composite layers deposited on stainless-

steel substrate by a) electrospray, and b) airbrushing. The carbon coating in both cases is 0.4 

mgC·cm-2.  

 

Fig. 2. SEM images of carbon black layers deposited on stainless-steel substrate by 

electrospray with different carbon loads. ES stands for electrospray and AB for airbrush: 1) 

0.17 mg·cm-2, 2) 0.40 mg·cm-2, 3) 0.8 mg·cm-2.  

 

Fig. 3. Thickness of carbon films as a function of carbon load prepared by electrospray and 

airbrushing.  

 

Fig. 4. Water drop contact angle on carbon films deposited on a stainless steel plate, as a 

function of the carbon load in the coating. Also indicated the value of the uncovered substrate. 

Measurements were obtained after hydrophilic stabilization of the films. 

 

Fig. 5. Voltammetries of carbon black on stainless steel substrate deposited by electrospray (a 

and b) and airbrush (c) at 0.1 V·s-1 sweep rate, in H2SO4 0.5M deaerated solution, at room 

temperature (23 oC). 

 

Fig. 6. Double layer a) charging current density (jDL) and b) mass specific charging current 

density (jDL·wC
-1), for electrosprayed and airbrushed carbon black coatings on stainless steel, 

as a function of carbon load. Before (dotted) and after (solid) hydrophilic treatment. 
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Fig. 7. Images of a 0.2 mg·cm-2 carbon layer on Nafion 212R substrate with a water drop in 

its surroundings. The initial state corresponds to a) while b) shows the membrane deformation 

60s later. 

 

Fig. 8. Chronoamperograms (1.35 V vs. SHE) of carbon black deposited on stainless steel 

substrates by electrospray and aerography at different carbon loads. ES stands for electrospray 

and AB for airbrush. 

 

Fig. 9. Micrographs of the stainless steel substrate: a) before and after chronoamperometric 

measurements of  b) 0.4 mg·cm-2 electrospray layer, c) 0.4 mg·cm-2 airbrush layer and d) 

naked stainless steel substrate.  

 

 
Fig. 10. Tafel plots for uncovered stainless steel and airbrushed and electrosprayed coated 

substrates with 0.4 mg·cm-2 carbon loading in 0.5M H2SO4 at 0.001 V·s-1. 
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Supplementary material  

 

 
Fig. S1. Cyclic voltammetries of a stainless steel 310S substrate and the same substrate with a 

membrane of Nafion 117 on top of it. CVs were taken at 0.1 V∙s-1 in 0.5 M H2SO4. 

 

In this figure, the stabilized cyclic voltammetry of a bare SS 310S substrate is presented with 

that of the same substrate with a Nafion 117 membrane on top of it, to prove that Nafion 

allows the transport of metallic ions to the electrolyte solution, with a slight decrease of the 

oxidative current at high potentials and also a slight increase of reduction current, probably 

due to Nafion diffusion hindrance of the corrosion products. 
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Fig. S2. Cyclic voltammetries of a graphite substrate and 0.4 mg∙cm-2 electrosprayed layer 

with and without Fe ions entrapped in Nafion. CVs were taken at 0.1 V∙s-1 in 0.5 M H2SO4. 

 

In order to test that the reversible potential process at 0.55-0.70 V was indeed caused by 

entrapped Fe ions, a non-metallic substrate (graphite disk) was used to deposit a Nafion film 

contaminated with Fe3+ ions. This is confirmed since the reversible process appears in 

artificially contaminated Nafion without a Fe ions source in the substrate. The growth of the 

double layer current is caused by the hydrophilic nature of the Nafion-contaminated layer. 

The impurity source was iron (III) nitrate nonahydrate previously added to the Nafion 5 wt% 

solution before the ink preparation.  
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Fig. S3. Schematic of the determination of the double layer in a tilted cyclic voltammetry with 

superimposed faradaic processes. 

 

 

Double layer calculation steps: 

1- Find a flat zone in the oxidation process with capacity contribution (points A and B) 

2- Draw a line between points A and B 

3- Find a point C with no contribution of faradaic current 

4- Draw a parallel line crossing point C 

5- Half of the current value between parallel lines is the double layer current 
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Fig. S4. Open circuit potential (vs. SHE) determination of bare and coated SS310 in oxygen 

saturated 0.5 M H2SO4 

 

 

OCP was measured with vigorous oxygen bubbling in order to saturate the electrolyte with 

dissolved oxygen and ensure electrolyte agitation.  

Supports were polished and cleaned just before the experiments, so air passivation could be 

disregarded. Time = 0 corresponds to the immersion of the samples in the electrolyte. 

 


