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Stainless steel is a promising electrode material for anodes of microbial fuel cells

The abilities of carbon cloth, graphite plate and stainless steel to form microbial anodes were compared under identical conditions. Each electrode was polarised at -0.2 V vs. SCE in soil leachate and fed by successive additions of 20 mM acetate. In these conditions, the maximum current densities provided were on average 33.7 A m -2 for carbon cloth, 20.6 A m -2 for stainless steel, and 9.5 A m -2 for flat graphite. The high current density obtained with carbon cloth was obviously influenced by the three-dimensional electrode structure.

Nevertheless, a fair comparison between flat electrodes demonstrated the great interest of stainless steel. The comparison was even more in favour of stainless steel at higher potential values. At +0.1 V vs. SCE stainless steel provided up to 35 A m -2 , while graphite did not exceed 11 A m -2 . This was the first demonstration that stainless steel offers very promising ability to form microbial anodes. The surface topography of the stainless steel did not significantly affect the current provided. Analysis of the voltammetry curves allowed two groups of electrode materials to be to be distinguished by their kinetics. The division into two well-defined kinetics groups proved to be appropriate for a wide range of microbial anodes described in the literature. obtained with a three-dimensional carbon fibre electrode 17 with a 2 | Journal Name, [year], [vol], 00-00 This journal is © The Royal Society of Chemistry [year]

biofilm formed from a wastewater-derived biofilm and resulted from clever optimisation of the porosity of the electrode. The anode was fed with acetate and provided this current density under polarisation at +0.2 V vs. Ag/AgCl (+0.155 V vs. SCE). Considering that the very few attempts made with stainless steel

Introduction

Stainless steels are common industrial materials that have high mechanical properties and long-term resistance to corrosion and are commercially available in many different compositions and morphologies. Microbial fuel cells (MFCs) and their related applications are emerging technologies based on the catalysis of electron transfer by microbial biofilms that develop on the electrode surfaces. [1][2] The nature, morphology and physicochemical properties of the electrodes are obviously of major importance in the design of microbially-catalysed anodes and cathodes. As can be seen in recent reviews devoted to electrode materials for MFCs, the vast majority of studies have used carbon and graphite electrodes. 3-6 Many different morphologies (plates, papers, cloths, brushes, felts, nanotubes …) and various chemical and physical surface treatments have been investigated for carbon and graphite electrodes. In contrast, stainless steels remain poorly investigated in the MFC domain in spite of their interesting advantages. Stainless steel offers a large range of engineering possibilities for scaling up electrodes. It allows solid, cost-effective, easy-to-handle equipment to be built, which is stable in the long-term and easy to maintain.

Stainless steels have already proved to be efficient in designs for microbial cathodes used in MFCs and related technologies. Immersed in aerated marine seawater, stainless steel cathodes allowed the development of microbial biofilm that exhibited high catalytic properties for oxygen reduction and have been implemented in fuel cells. 7 In the field of microbial electrosynthesis, stainless steel cathodes colonised by Geobacter sulfurreducens cells have reduced fumarate to succinate at current densities up to 20.5 A m -2 . 8 In this case, using stainless steel multiplied the current density by a factor of 27 with respect to the 50 values obtained with graphite in similar conditions. To the best of our knowledge, the current density obtained with stainless steel colonised by Geobacter sulfurreducens cells was the highest value reported so far for microbial cathodes. Obviously, these high current density obtained under polarisation at low potential 55 (-0.6 V vs. SCE) would not be relevant for MFC cathodes but can be exploited in electrosynthesis. A few attempts have also pointed out some interesting properties of stainless steels for the design of microbial anodes. 9- 11 Dumas et al. used a stainless steel anode in a marine MFC but 60 the power provided remained low. 12 The studies performed under polarisation in three-electrode set-ups have given the most promising data. With a pure culture of Geobacter sulfurreducens Dumas et al. 13 obtained 2.4 A m -2 at +0.2 V vs. Ag/AgCl for the oxidation of acetate. With a natural biofilm formed from marine 65 sediment, current density of 3.1 A m -2 was obtained at +0.1 V vs. SCE. 14 The current density was then increased to 4 A m -2 by using a natural biofilm scraped from harbour equipment as inoculum. 15 The current density finally rose to 8.2 A m -2 with respect to the projected surface area of the electrode at -0.1 V vs. 70 SCE by replacing the stainless steel plate by a stainless steel grid. 15 This value can be compared to the current densities obtained with carbon or graphite electrodes. To our knowledge, the highest current density reported in the literature for a carbon or a graphite microbial anode is 30.8 A m -2 . [16][17] This value was anodes produced current densities around 25% of the highest values reported so far with carbon and graphite suggests that stainless steel is worthy of interest and deserves to be investigated much further with a view to designing microbial anodes.

The objective of this work was to compare the ability of carbon and stainless steel materials in identical conditions to form microbial anodes. The 254SMO stainless steel grade was chosen because of its remarkable resistance to corrosion. It is recommended for use in the harshest chemical conditions, such as hydrofluoric, sulphuric or phosphoric acid environments, even at elevated temperature. It is especially suited for high-chloride environments such as seawater. The pitting potential in seawater is of the order of 1000 mV/SCE, a value considerably higher than the open circuit potential of any cathode used in MFCs. In a fuel cell, the potential of the anode never exceeds the open circuit 20 potential of the cathode. 254SMO stainless steel MFC anodes are consequently not at any risk of pitting corrosion, even in benthic environments. This grade is also resistant to embrittlement by hydrogen sulphide up to partial pressures of 1 bar and temperatures of 60°C. Moreover, it is not affected by galvanic corrosion in contact with titanium; this is why titanium wires were used to connect the anode to the electrical circuit.

To make the comparison rigorous, experiments were performed under well-controlled electrochemical conditions using a 3electrode electrochemical set-up. Leachate extracted from a soil was used as the inoculum because we have some experience with this inoculum source. The anodes were formed under constant polarisation at -0.2 V vs. SCE with successive additions of 20 mM acetate. This procedure allowed current densities in the range 32 to 36 A m -2 to be reproducibly obtained here with carbon cloth 35 electrodes. These are the highest current densities reported so far. Actually, microbial anodes have provided up to 66 A m -2 on platinum electrodes 18 , but only in a very particular case that exploited the properties of ultra-microelectrodes. [START_REF] Bard | Electrochemical Methods[END_REF] The performance of the different materials was thus compared here in the best possible conditions with respect to the state of the art. Graphite plates were used to determine the performance of flat electrodes, without the enhancing effect of the 3-D structure that was beneficial in carbon cloth electrodes. The currents obtained with flat graphite sheet could thus be directly compared to those provided by smooth stainless steel. Stainless steel electrodes with surface micro-and macro-structuring were also investigated with the objective of increasing the interaction between biofilm and material surface. Finally, cyclic voltammetry curves were recorded at a low scan rate in order to compare the different 50 materials over a wide range of potential values.

Results and discussion

55

Chronoamperometry with different electrode materials

Four electrochemical reactors were run in parallel with the same inoculum but different electrode materials in each: carbon cloth, and smooth, macro-structured or micro-structured stainless steel 60 (run #1). The reactors were initially fed with 20 mM acetate and the electrodes were polarized at -0.2 V vs. SCE. The current showed similar evolution for each electrode (Figure 1, run #1). The initial lag-time was very short; the oxidation current began to increase after only 12 hours. After around two days of 65 polarisation, the current showed a maximum and started to drop because of acetate depletion. Adding acetate to a concentration of 20 mM made the current increase again. For each electrode, the maximum current densities were generally of the same order of magnitude for the second, third and fourth acetate additions.
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A similar experimental run achieved with a fresh inoculum and another four parallel reactors (run #2) led to identical current variations and current densities. A total of 11 independent experiments were performed using five fresh inoculum samples. The experiments were organised in such a way as to test each 75 anode material with at least two different inoculum samples (Table 1). The currents were thus shown not to be significantly affected by the difference in inoculum sample. For each experiment the third and fourth acetate additions led to similar currents, which indicated fair biofilm stabilization. The average 80 current densities given in Table 1 were calculated with the third and fourth current peaks of each experiment, meaning that the discussion was based on 22 measurements coming from 11 independent experiments.

The 3 independent experiments performed with the carbon 85 cloth anodes gave maximum current densities of 33.7 A m -2 (average of 6 measurements in the range 32 to 36 A m -2 ). These current densities were the highest values reported so far in the literature with microbial anodes. The high performance obtained here resulted from our previous work to determine optimal 90 conditions for biofilm formation from soil inocula (leachate preparation, polarisation potential, acetate concentration, KCl addition, etc.) 18, [START_REF] Bard | Electrochemical Methods[END_REF] . Moreover, the previous work was carried out at ambient temperature, while the present experiments were performed at 40°C, which had been determined as the optimal 95 temperature for the inoculum source used here. [START_REF] Pons | [END_REF] Finally, the three-dimensional structure of the cloth electrode had also an essential positive effect as demonstrated by Schroeder's group. They have obtained current densities of the same order of magnitude (30.8 A m -2 at +0.2 V vs. Ag/AgCl) with three-100 dimensional electrodes composed of carbon fibres with welldefined diameters ranging from 0.1 to 10 µm. [16][17] The authors have observed that the current density increased when the fibre diameter decreased until it reached approximately 1 µm. They attributed the high current density obtained to the high electrode 105 porosity of over 99%, as well as to the fibre diameter itself, which ensured the formation of thick and continuous biofilms. In the present work, the cloth electrodes were made of 8-µm-diameter fibres that were assembled into around 200-µm-diameter wires woven to make the final cloth (Figure 2A). The global 110 morphology and the fibre diameter were not the same as those of the previously reported studies but the final result in terms of biofilm structure can be considered to be similar: the biofilm formed here appeared to penetrate the structure of the electrode deeply and exploit its three-dimensional configuration optimally 115 to develop a large surface area (Figure 2A). Always considering the last two acetate additions, no significant difference was observed between smooth, macro-and micro-structured stainless steel electrodes. The current density provided by stainless steel electrodes was 20.6 A m -2 (average of 12 measurements ranging from 17 to 25 A m -2 ). The flat graphite electrodes gave 9.5 A m -2 (average of 4 measurements ranging from 7.5 to 11 A m -2 ). The comparison of flat graphite and stainless steel showed an obvious advantage of stainless steel. Actually, the current densities reported in the literature with carbon and graphite electrodes were often higher than those 10 reported with stainless steel because of the enhancement effect of the three-dimensional structure that benefited the carbon or graphite. In contrast, the present comparison of flat electrodes in identical conditions stressed the great interest of stainless steel, which gave current densities twice as high as those obtained with graphite. The current densities obtained here were five time higher than the values reported with flat stainless steel anodes so far 12,13 and even higher than current densities obtained with stainless steel grid anodes. 13 The experience we have gained in exploiting the 20 soil inoculum optimally may be a part of the explanation. [START_REF] Bard | Electrochemical Methods[END_REF] Another cause can be found in the control of the oxide layer that covers the surface of stainless steels. Stainless steel anodes implemented in a marine MFC have been shown to loose a part of their electroactivity at high potential values. The electroactivity 25 decrease has been attributed to the modification of the oxide layer, which took on n-type semi-conductive properties at high potentials. 21 N-type semi-conduction of the surface layer obviously hampers anodic electron transfer. Actually, in the framework of corrosion research, it has been demonstrated that stainless steel oxide layers can have n-type semi-conductive properties at potentials higher than their flat-band value. 22 The flat-band value depends significantly on the solution and the operating conditions. 23, 24 It has generally been measured in marine aerobic media in corrosion studies. Recently, the flat-band value of superaustenitic stainless steel has been assessed around +0.12 V/SHE (-0.12 V/SCE) under anaerobic conditions in the Geobacter sulfurreducens growth medium. 25 The potential of -0.2 V/SCE, which was appropriate to exploit the soil inoculum on carbon anodes, seemed also low enough to avoid the formation of 40 a detrimental n-type semi-conductive layer on the anode surface. This postulate, which fits the data reported in the literature perfectly, must now be validated by further material analysis.

Electrode topography

The roughness of stainless steel electrodes has been shown to have a significant effect on the formation of microbial cathodes from a pure culture of Geobacter sulfurreducens. [START_REF] Pons | [END_REF] The purpose micrometres. 21 Working with Pseudomonas sp., Listeria monocytogenes and Candida lipolytica Hilbert et al. showed that roughness of less than 0.9 µm did not affect microbial adhesion on 316 stainless steel. 22 On the other hand, Scheuerman et al. observed that surface irregularities increased the quantity of 60 Pseudomonas aeruginosa and fluorescens on silicone samples, but that a roughness greater than 10 µm had no additional effect. 23 24 noted that adhesion was reduced on surfaces with a Ra of 2.1-2.3 µm compared with surfaces with Ra of 1.4 µm. In this case the level of bacterial adhesion was decreased by a factor of ten on surfaces with the highest roughness value. Actually, the depth and width of the grooves were compatible with the size of 70 the bacterial cells and allowed cell trapping, but also limited the number of adherent cells. The simple conclusion is that it is difficult to predict the effect of surface topography on bacterial adhesion and so on biofilm formation and electroactivity development. A roughness value Ra = 5 µm was chosen for 75 micro-structuring because it was in the range where it could have a major effect on microbial adhesion according to Flint's postulate.

Macro-structuring was also tested. Macro-structuring was achieved with large lines with the intention of favouring 80 microbial development at the bottom of the valleys. No significant difference of the currents provided was observed here between smooth, micro-and macro-structured stainless steel electrodes. This result was in contrast to the observations previously made with stainless steel cathodes formed from a pure 85 culture of Geobacter sulfurreducens. [START_REF] Pons | [END_REF] In the previous study, average surface roughness values Ra = 2.0 to 4.0 µm increased the current by a factor of 1.6 with respect to the smooth surface. The surface roughness affected the current density by encouraging different colonisation patterns on the electrode 90 surface. [START_REF] Pons | [END_REF] These observations were done with pure cultures in a synthetic medium, the composition of which was minimal. In such conditions, the microbial colonisation at the end of the experiments was very low. The electroactive biofilms were made up of small microbial colonies, or even groups of a few cells 95 only, scattered on the electrode surface. The biofilm morphology was very different in the present work, as can be seen on the epifluorescence images recorded at the end of polarisation (Figure 2B, C andD). Whatever was the surface structure of the electrode, the biofilms achieved a uniform, almost complete 100 coverage with thickness around 50-60 µm. The biofilm grown on the micro-structured surface was slightly thicker (Figure 2C) but this small difference did not affect the current densities provided. The rich environment that served as inoculum here, in terms of both microbial diversity and nutriment content, favoured the 105 growth of well-developed biofilms that masked a possible effect of the surface structuring. As a general conclusion, it can be claimed that the possible effect of electrode topography depends strongly on the inoculum and medium composition, assuming that rich media that favour fast biofilm formation tend to mask a 110 possible effect of the surface topography. interrupted to record cyclic voltammetry (CV) curves when the electrode provided current densities as close as possible to the maximum values. Figure 3 presents CV recorded at 1, 10 and 100 mV s -1 and finally back to 1 mV s -1 on smooth stainless steel and carbon cloth electrodes (day 13 for stainless steel electrode and day 12 for carbon cloth electrode, run #2). The first and last CVs both recorded at 1 mV s -1 were strictly identical (the last CV was not plotted on the figure because it was perfectly superimposed on the first one), showing that the biofilm was not disturbed by the successive CV scans. Cyclic voltammetry has already been shown to be an efficient non-destructive technique for studying electroactive biofilms. [25][26] The oxidation started from -0.50 V vs. SCE independently of the electrode material. CVs performed at 1 and 10 mV s -1 were identical and CV recorded at 100 mV s -1 diverged slightly from the others at the highest potential values. Thus, the electrodes gave a steady state response up to 10 mV s -1 and were not far from steady state even at 100 mV s -1 . Such stability of the cyclic voltammetry at high scan rates indicated a remarkable ability of the anodes to achieve fast electron transfer. It was also checked that the current densities measured at -0.2 V vs. SCE on the CV curves were equal to the values recorded during chronoamperometry just before the interruption. This confirmed that CV gave the steady state electrode kinetics.

Electrochemical kinetics on different electrode materials

Figure 4A illustrates cyclic voltammograms at low scan rate (1 mV s -1 ) recorded on carbon cloth, smooth stainless steel, microand macro-structured stainless steel electrode (run #2) and graphite (run #3). A marked difference appeared in the electrochemical kinetics between the stainless steel electrodes on the one hand, and carbon cloth and graphite electrodes on the other hand. The carbon and graphite electrodes reached a maximum current density plateau (J max ) from -0.25 V vs. SCE, while stainless steel electrodes reached their J max value only above +0.1 V vs. SCE. In terms of electrochemical kinetics, carbon and graphite exhibited better performance, because they were able to provide their J max at lower potentials. Nevertheless, it must be borne in mind that carbon cloth benefited from a favourable 3-D morphology. A fair comparison between flatsurface electrodes showed that stainless steel gave higher current density than graphite at any potential (Figure 4A). The interest of 40 stainless steel was even more obvious at higher potential values. CVs recorded during different runs showed that stainless steel electrodes can provide up to 35 or 38 A m -2 at +0.1 and +0.3 V vs. SCE, respectively, while flat graphite did never exceed 11 A m -2 . It may be noted that at the highest potential values the microstructured electrodes sometimes provided higher current densities than the other stainless steels electrodes. Nevertheless, the difference in most voltammetry curves was not significant enough to reasonably conclude that micro-structuring may have a beneficial effect.

Figure 4B represents the same curves as Figure 4A but indicates the non-dimensional current I/I max on the Y-axis. This standardised representation allowed two groups with different kinetic behaviour to be clearly distinguished. The first group, composed of the carbon cloth and graphite electrodes, exhibited a 55 Nernst-type kinetics, which can be modelled by the conventional equation: 19

I/I max = 1 / (1 + exp[-F/RT (E -E 1/2 )]) 60
where I/I max is the non-dimensional current plotted on the Y-axis, E the potential (V vs. SCE) plotted on X-axis, F the Faraday constant (96485 Coulomb/mol e -), R the gas constant (8.3145 J/mol.K), T the temperature (313 K), and E 1/2 the anode potential at which I/I max = 1/2. The theoretical curve plotted in Figure 4B 65 was calculated with the average E 1/2 value = -0.375 V/SCE that was extracted from the two experimental curves. The theoretical curve satisfactorily fitted the two experimental curves. The Nernstian shape of the experimental curves showed that the electron transfer between the electrode and the last redox 70 compound in contact with the electrode surface was reversible and fast enough to ensure the Nernst equilibrium between the oxidized and reduced forms of the redox compound at all times. The interfacial electron transfer kinetics was so fast that activation effects could not be seen. The voltammetry curves kept 75 the same shape at a scan rate of 10 mV s -1 and were hardly affected at 100 mV s -1 . This means that the interfacial electron transfer was fast enough to ensure the Nernst equilibrium at high scan rates. It can be concluded that carbon and graphite that were used here were excellent electrode materials for microbial anodes 80 from the point of view of electrochemical kinetics.

The second set of I/I max -E curves grouped together all the stainless steel electrodes, whatever their surface structuring. This group showed a less efficient interfacial electron transfer that required significant overpotential. The microbial anodes formed 85 on stainless steel gave higher current than those formed on flat graphite but stainless steel revealed not able to ensure electron transfer that was as fast as those of graphite or carbon cloth. A significant improvement could consequently be made by further detailed kinetics studies that would manage to accelerate the 90 electron transfer between stainless steel and anode respiring bacteria. This would be a very relevant research topic for the future.

Distinguishing between these two kinetics groups proved to have a broad applicability over the present work. CV curves 95 recorded at low scan rate (1 mV s -1 ) on different electrode materials: carbon fibre electrode 17 , platinum, 18 glassy carbon, 25 graphite, 27 tin indium oxide 28 and polycrystalline graphite 29 were extracted from the literature and are plotted in Figure 5 in the I/I max non-dimensional form. The characteristics of each anode 100 are reported in Table 2. The eight curves fitted into the two kinetics groups perfectly. Platinum, tin indium oxide and glassy carbon ensured Nernstian electron transfer, while carbon fibres and polycrystalline graphite coming from the literature were close to the curves obtained with stainless steel in the present work. The two types of kinetic behaviour are consequently not straightforwardly linked to the nature of the electrode. A general classification with graphite and carbon in one group and stainless steel in the other would not be relevant, as carbon and graphite electrodes could offer Nernstian kinetics or not. More 110 surprisingly, the different anodes that did not lead to a Nernstian kinetics all had a pretty similar shape with a quite narrow range of I-E slopes. distilled water containing 60 mM of potassium chloride and left for 24 hours with stirring. Then the mixture was centrifuged, and 20 mM of acetate was added into the leachate, which was used as the medium in the electrochemical reactors. The initial pH was around 7.5 and the initial conductivity was 12 mS cm -1 . The pH 10 increased to 8.5 -9 during the experiments. This alkalinisation was not linked to the electrochemical reactions but was due to the spontaneous evolution of the non-buffered compost leachate as already shown. [START_REF] Bard | Electrochemical Methods[END_REF] All the experiments were performed at 40 o C.

Electrodes

Stainless steel electrodes were of superaustenitic grade (254SMO, Outokumpu, UNS31254, composition Cr 19.9%; Ni 17.8%; Mo 6.0%; N 0.2%; C 0.01%; Fe complement). The 2.5 cm 2 electrodes 20 were electrically connected with a 2-mm-diameter screwed titanium wire. The micro-structured surfaces with Ra=5 µm were obtained by sandblasting. The macro-structured surface was designed mechanically by scoring micro-lines along the electrode (width 300 µm, depth 500µm, angle 45 o ). Before the experiments, the stainless steel electrodes were cleaned with a 50-50% ethanol/acetone solution for 20 min under stirring to dissolve organic adsorbed species, then 20 min with a 2-20% fluorhydric/nitric acid solution to remove the oxide layer and were finally thoroughly rinsed in distilled water. The stainless 30 steel electrodes could be stored with no particular precautions for days or weeks before use. Actually, the oxide layer reformed on the electrode surface when it was in contact with oxygen but it was reduced during the first hours of chronoamperometry. The role of the cleaning procedure was only to avoid the occurrence of reductive currents at the beginning of chronoamperometry, which would depend on the initial composition of the oxide layer. Nevertheless, from our previous experience, the initial presence or absence of old oxide layers did not affect the biofilm electroactivity because the value of the applied potential 40 controlled the composition of the oxide layer after a few hours of polarisation.

Carbon cloth was provided by the PaxiTech society (Grenoble, France). New electrodes were used for each experiment after rinsing with distilled water. The 2 cm 2 electrodes were connected to the electrical circuit by a 1-mm-diameter platinum wire (Heraeus). Graphite electrodes (Carbone Lorraine) were disks of 3 mm in diameter inserted in an insulating resin. They were cleaned by polishing followed by a thorough rinse with distilled water.

Sigma) for 10 minutes, then washed carefully with distilled water and dried at ambient temperature. The samples were imaged with a Carl Zeiss AxioImager M2 microscope equipped for epifluorescence with an HBO 50 W ac mercury light source and the Zeiss 09 filter (excitor HP450-490, reflector FT 10, barrier 75 filter LP520). Images were acquired with a monochrome digital camera (Evolution VF) every 0.5 µm along the Z-axis and the set of images was processed with the Axiovision® software. 80

Conclusions

Microbial anodes formed in identical conditions proved able to produce higher current density when formed on stainless steel than on flat graphite (20.6 A m -2 compared with 9.5 A m -2 on 85 average, under polarisation at -0.2 V vs. SCE). The comparison was even more in favour of stainless steel at higher potential values. For instance, the microbial anodes formed on stainless steel were able to provide up to 35 A m -2 at +0.1 V vs. SCE, while anodes formed on flat graphite did not exceed 11 A m -2 . 90 Stainless steel is consequently a very promising candidate for the design of efficient microbial anodes, which now deserves to be investigated much more thoroughly. For the future, an essential research direction would be to decipher the electron transfer mechanisms that control the non-Nernstian kinetic behaviour 95 evidenced here for stainless steel and also some carbon fibre electrodes. Actually, the carbon fibre electrodes that have given the highest current density reported in the literature had the same kinetic behaviour as stainless steel. Could this be a common feature of the most efficient microbial anodes? 100 
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 1 Figure 1. Chronoamperometry curves recorded 5
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 2 Figure 2. Epifluorescence imaging of anodes developed under constant potential (run #2) on (A) carbon cloth, (B) smooth stainless steel, (C) macro-structured smooth stainless steel, and (D) micro-structured smooth stainless steel. From left
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 5 Figure 5. Non-dimensional I/Imax ratio as a function of potential on electrodes of different materials from this work and literature. The characteristics of each anode are reported in 35
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 21 Current densities obtained with electrodes of different materials.
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 2 Experimental characteristics of the voltammetry curves plotted in Figure5.

here was to evaluate whether a similar effect could be observed with wild natural biofilms. Flint et al. have postulated that microbial adhesion is favoured by entrapment of the cells on the surfaces that present an average roughness value (Ra) in the range of the size of microbial cells, i.e. around one to a few
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Inoculum and medium preparation

Garden compost for organic cultivation (Eco-Terre) was used as inoculum source. 1 L of garden compost was mixed with 1.5 L of

Electrochemical set-up

Experiments were performed using three-electrode systems, each composed of the working electrode under study, a saturated 55 calomel reference electrode (SCE, Radiometer Analytical, +0.241 V vs. SHE) and a 6 cm 2 platinum grid as auxiliary electrode. The electrochemical reactors contained 150 mL (runs #2-5) or 550 mL (run #1) of soil leachate. The electrodes were polarised using a VMP potentiostat (Bio-logic SA) and the current was recorded 60 every 1800 s. Chronoamperometry was sometimes interrupted to perform cyclic voltammetries at 1, 10 and 100 mV s -1 . Additions of 20 mM acetate were made when the current dropped to zero. All the current densities were calculated with respect to the electrode projected surface areas.
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Epifluorescence microscopy

Microbial biofilms were imaged by epifluorescence microscopy. The biofilms were stained with acridine orange 0.01% (A6014 France) for engineering the macro-sized stainless steel surfaces. 
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