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Introduction

The interest on glucose in the domain of energy production is increasing because this sugar, which is abundant in living being body, is a promising fuel for new implantable energy sources [1][2][3][4]. Enzymes, such as glucose oxidase, have been largely studied for enzymatic oxidation of glucose, showing good activity and selectivity, but their lack of stability has been reported as their principal weakness [5]. As a result, the lifetime of enzymatic fuel cells does not exceed several weeks, limiting their application to short-term implantable sensors. Thereby, research investigations have been focusing last decades on abiotic systems [6,7]. The use of such catalysts made of supported metal nanoparticles as glucose fuel cell anode presents great advantages such as long-time stability, resistance to temperature modification, and large pH window.

In aqueous solution glucose takes a hemiacetalic form, which confers it two anomeric positions,  and -glucose, the latter one being the more reactive at the electrode surface [8,9]. It is also reported that glucose dehydrogenation to glucono--lactone occurs better at low potentials at the platinum surface [10,11], which is very sensitive to poisoning in the presence of the degradation products, for instance CO species [8]. For these reasons and considering the affinity of the Au anode towards aldehydes/hemiacetals, the association of Au and Pt as bimetallic electrode may lead to reduce the poisoning effect and emphasize the stability of the catalyst for long-term applications [12][13][14][15].

As the electrocatalytic activity of metal nanoparticles results from surface states, the performance of the catalyst is directly dependent of its available electrochemical surface area (ECSA), so on the size and morphology of the nanoparticles. The surface cleanliness is also very important because the electrocatalytic activity can be drastically inhibited by the adsorption of organic species such as capping agent during the synthesis. Furthermore, the supporting electrode plays a key role in the enhancement of the catalyst activity and stability. Supported materials not only maximize the availability of nanoparticles surface for electron transfer, but also provide better mass transport of reactants to the electrocatalyst. In addition, the conductive support facilitates efficient collection and transfer of electrons to the electrode surface [16]. Carbon black has been extensively employed because of its high electrical conductivity, surface area and low cost. Despite all that progress, the major obstacle for sustainable performances is the aggregation process of nanoparticles in time [17,18]. A. Zadick et al. [19] observed a severe degradation of Pt deposited onto a Vulcan XC 72 substrate. Indeed, after 150 cycles in the potential range 0.1 -1.23 V vs RHE in 0.1 M NaOH and at 25 °C, they noted 60% ECSA loss due to the Pt particles agglomeration. Recently, graphene derivatives like graphene oxide (GO) and reduced graphene oxide (rGO) have been reported to be promising electrode supports for metal nanoparticles growth in electrocatalysis field [20][21][22][23][24][25].

Graphene is composed of a single sheet of sp 2 hybridized carbon with a huge surface area (theoretical value is 2630 m²/g) and shows high career mobility, high electrical conductivity and an improved resistance to corrosion. Indeed, the sp 2 hybridized carbon leads to an increased strength of π sites on the support that acts as anchoring centers for platinum nanoparticles, thus strengthening the nanoparticle-support interaction [26]. Through its properties, rGO is a hopeful supporting material for ensuring to nanoparticles improvement of their electroactivity and longterm stability [27]. Accordingly, Au and Pt nanocatalysts were prepared by Bromide Anion Exchange (BAE) method [28]. This surfactant-free synthesis is based on the anion exchange of potassium bromide with the metal precursor salts before reduction by sodium borohydride, and allowed to obtain well-dispersed and small-sized nanoparticles without organic pollutant.

Monometallic and bimetallic catalysts were synthetized on two different carbon supports: amorphous carbon Vulcan and reduced graphene oxide (rGO). The present investigation was done in alkaline medium, instead of physiological buffer, to remove the electrolyte easier than phosphate, which facilitates the identification of all reaction products and ensures the absence of any toxic intermediate or final products. Electrochemical behavior of the catalysts towards glucose oxidation and oxygen reduction reaction were investigated separately in alkaline medium before implementing the glucose/O2 fuel cell with the best anode and cathode catalysts.

Experimental

Before using, all the glassware was successively cleaned in a mixed sulfuric acid and potassium permanganate solution then in acidic hydrogen peroxide solution and finally rinsed with boiling ultrapure water (18.2 MΩ cm at 20 °C). KOH (90%, Sigma-Aldrich) solution was prepared with ultrapure water. HAuCl4, 3H2O (99.9%), H2PtCl6, 6H2O (99.9%), NaBH4 (99%) and D-(+)-glucose (99.5%) were purchased from Sigma-Aldrich. KBr (99%) was purchased from Fisher Scientific. Filters Durapore Membrane, hydrophilic PVDF, 0.22 µm, 47 mm were purchased from Merck. Amorphous carbon Vulcan XC-72R, purchased from Cabot was thermally treated at 400 °C under nitrogen atmosphere during 4 h, as described elsewhere [29].

The rGO substrate was prepared by dissolving 16 g of commercial graphene in sulfuric acid (400 mL). Graphene nanoplatelets aggregates (sub-micron particles, surface area 750 m² g -1 from STREM chemical), and sulfuric acid were purchased from Sigma-Aldrich. The mixture was stirred for 7 hours at 200 ºC. After cooling, an acidic solution was carefully added in 400 mL of water and the obtained suspension was transferred to two beakers for its decantation.

After removal of the acidic phase, the washing process (400 mL of water) was repeated three times. The obtained black paste was separated by filtration and washed with water until pH 5-6. The extra-exfoliated graphene was lyophilized and then dried in a vacuum oven for 24 h at 80 °C. Then, 5 g was put in a vitreous carbon boat located in a silica tube with a H2 10 % / Ar inlet (3 L h -1 ). The system was placed in a tubular oven and thermally treated during 4 h at 750 °C with a 5 °C min -1 rate. After cooling, 3.5 g of over reduced rGO was finally obtained.

Preparation of the electrode materials from the BAE synthetic method

Au and/or Pt salts were introduced in a 500 mL round bottom flask and dissolved in MilliQ water to have 1 mM metallic cation in a 100 mL solution. After stirring for 10 min at room temperature to homogenize the solution, KBr was introduced to have a ratio of n(KBr)/n(metal) equal to 1.46, [30] stirring for 10 min to allow the ionic exchange between the bromide and the chloride. Afterwards, a quantity of carbon was added, corresponding to a final hybrid material M/C of 20/80 wt. %. This solution was then ultrasonicated for 45 min without temperature control. 15 mL of 0.1 M NaBH4 was prepared and cooled down with ice during 10 min. The reducing solution was introduced dropwise into the flask under vigorous stirring at room temperature. Finally, the resulting solution was maintained under stirring in an oil bath at 40 °C during 2 h then filtered. The solid was dried in an oven at 70 °C overnight.

Physicochemical characterizations

X-Ray Diffractometry (XRD). XRD patterns were obtained with an Empyrean

(PANanalytical) diffractometer in Bragg-Brentano (θ-θ) configuration. X-rays are generated by a copper anode powered at 45 kV and 40 mA. Cu Kα1 (λ= 0.15406 nm) primary beam was isolated thanks to a nickel filter installed in secondary optical before the linear detector

XCelerator, which open window has been set on 5 °. Patterns were recorded between scattering angles 2θ = 15° and 130°, with a step of 0.05°/2θ and an acquisition time of 2 min by step.

Transmission Electron Microscopy (TEM).

Nanocatalysts were examined with a JEOL 2100 UHR TEM equipped with a LaB6 filament. Images were obtained in bright field using a 200 kV accelerating voltage and a maximum resolution of 0.19 nm.

Raman spectroscopy. The analyses were performed with a HORIBA JOBIN YVON Labram HR800UV confocal microscope equipped with a CCD detector 74 cooled by the Peltier effect. The primary radiation (power of 0.05 mW) was produced by an Ar+ laser (Melles Griot) with a wavelength of 514.5 nm. An optical density filter was used to limit the irradiation of the sample. A 600.mm -1 diffraction grating was used and the confocal hole opening was fixed at 400 μm. The spectral resolution was 1.5 cm -1 and the survey area was about 1 μm². The spectrometer was previously calibrated with a silicon sample. A Pseudo-Voigt function was used to decompose the spectra.

X-Ray Photoelectron Spectroscopy (XPS). The XPS analyses were performed with a Kratos

Axis Ultra DLD spectrometer equipped with a monochromatic Al Mono radiation source (Kα(Al) : 1486.6 eV) operating at 150 W (15 kV and 10 mA). The supported catalysts were placed on a copper support and introduced into the high vacuum chamber (10-12 bar) through an airlock. The irradiated surface was 0.3 x 0.7 mm². The high-resolution spectra were performed with a step of 0.1 eV. The background noise was subtracted and the KE values were systematically corrected with respect to the C 1s band energy which must be at 284.2 eV with this device. The energy bands were deconvoluted and modelled by combining a Gaussian function and a Lorentzian function, modulated by an asymmetry factor.

Analysis of the reaction products by ionic chromatography. Samples were characterized in a

Dionex ISC 5000 apparatus, equipped with a conductimetric detector, very sensitive and specific to carboxylic compounds (CD-5000) followed by an amperometric one (ED-5000), which is selective to carbohydrate analysis. Before the chromatographic characterization, the samples were passed through a cationic resin (DOWEX 50WX8-200 from Sigma-Aldrich) to remove the electrolyte (K + , HO -) and to convert carboxylate to their protonic form. Then the solution was frozen and lyophilized (Freeze PowerDry LL3000, Thermo scientific) to remove water. The resulting solid was diluted in 4 mL of water, and 20 µL of solution is injected by an AS50 autosampler into the eluent and flows through an IonPac AS15, 2 x 250 mm column. The eluent was 10 mM NaOH and a constant 0.3 mL min -1 flow rate was employed.

Catalytic inks formulation

Catalytic inks were prepared as follows:

A. Ink composition for voltammetry: 4 mg of M/C catalyst, 500 µL water, 100 µL isopropanol, 50 µL of Nafion ® emulsion solution 5 wt. % (1.23 mgmetal mL -1 ). B. Ink composition for fuel cell tests: 4 mg M/C catalyst, 300 µL water, 25 µL of Nafion® emulsion solution 5 wt. % (2.46 mgmetal mL -1 ). 23 µL of ink is deposited onto each face of a carbon paper sheet (2 x 0.5 cm²) to have a covered surface of 0.3 cm² on each face, corresponding to a mass loading of 0.19 mgmetal cm -2 .

Electrochemical characterizations.

Cyclic voltammetry (CV). CV measurements were performed at room temperature using an Autolab PGSTAT 302N potentiostat connected to a three electrodes glass cell. A glassy carbon slab and Hg/HgO electrode (MOR) purchased from ALS Co, were used as counter and reference electrodes, respectively. The last one was introduced in a glass extension with a platinum wire at the tip to ensure the electrical conduction with the solution in the cell. 3 µL of ink A was deposited onto 3 mm diameter glassy carbon disk inserted in a Teflon cylinder and dried under nitrogen flux while rotating at 600 rpm. Finally, the catalyst metal loading which composed the working electrode was estimated at 52 µgmetal cm -2 . The electroactivity of the prepared materials was measured in N2-saturated supporting electrolyte 0.1 M KOH between -0.88 and 0.27 V vs. MOR, corresponding to 0.05 and 1.20 V vs RHE. Potential cycling was done at 50 mV s -1 scan rate to stabilize the catalyst surface before recording two other ones at 20 mV s -1 , in the absence and the presence of 50 mM glucose.

Direct Glucose Fuel Cell testings (DGFC).

The DGFC consists of two compartments, anodic and cathodic, separated by a Fumatech anion membrane. Each compartment was filled with 20 mL of the support electrolyte (0.1 M KOH), and glucose was added in the anodic one to reach 50 mM. The anodic compartment was deaerated with an inert gas (nitrogen), while bubbling oxygen in the cathodic side for the ORR process. Electrodes were made of 2 x 0.5 cm² carbon Toray sheets, electrically connected with a Pt wire and covered on both sides with ink B to obtain 2 x 0.3 cm² of covered surface. Steady-state currents were applied to the two electrodes, and the resulting cell voltage was recorded with an Autolab PGSTAT 302N potentiostat, while tiny Ag/AgCl reference electrodes were added in each compartment to measure the electrode potentials at the anode and the cathode, separately, during the fuel cell operation.

Results and discussion

rGO supported nanocatalysts were characterized by X-ray diffractometry (XRD). Part of the recorded diffractograms is displayed in Figure 1. A zoom in the range 2θ = 37° to 41° allows to appreciate the coexistence of the metallic particles thanks to the Au (111) and Pt (111) planes: the maximum of the Au (111) diffraction peak shifts from 38.209 ° (Au/rGO) to 38.271° (Au30Pt70/rGO). Also, the Pt (111) diffraction peaks shifts from 39.953 ° (Pt/rGO) to 39.878 ° (Au50Pt50/rGO). Moreover, the more Au is present, the more intense is its (111) reflection plane and the less intense is the Pt (111) one. According to the Vegard's law, most of the metallic phases are not alloyed. The crystallite sizes extracted on the (111) planes from Debye-Scherrer equation and Bragg's law comprise between 5-10 and 10-15 nm for Pt and Au, respectively. TEM images of the same catalysts depicted in Figure 2 show a good dispersion and a small particles size; the mean particle size resulted from counting more than 300 particles was 1.8 ± 0.2 nm for both Pt catalysts and 4.4 ± 0.5 nm for Au/rGO. That observations suggest a large available electroactive surface, suitable to optimize the electrocatalytic activity towards glucose oxidation.

The structural properties of the carbon supports were investigated using Raman spectroscopy.

The spectra recorded in the 800 to 2000 cm -1 range are displayed in Figure 3a for Vulcan and Figure 3b for rGO. Their simulated profile and deconvolution were done using Pseudo-Voigt function. Both spectra show a band centered at 1200 cm -1 , commonly associated with the presence of sp 3 rich-domains (polyene-like structures). The D band centered at 1340 cm -1 is characteristic of the disorder in the materials [31][32][33][34], and is thinner in the case of rGO. The third band centered at 1515 cm -1 and visible for both materials traduces the presence of amorphous sp 2 domains [35]. The G band, associated with the inter-plane vibration of sp 2 carbon network [36], is shifted from 1596 cm -1 for Vulcan to 1578 cm -1 for rGO, for which the G band is also thinner. Moreover, an extra-band centered at 1615 cm -1 only appears in rGO spectra. It corresponds to the D' mode and is related to the presence of intercalated graphite compounds [37]. From that fitting some structural parameters have been extracted: the size of the graphitic domains La and the graphitization degree corresponding to the ratio of D and G bands integrated intensity ID/IG. The La value in nm was calculated according to equation 1 [38]: Table 1 compares the calculated values and show that the difference is very small. Despite all the common bands traducing presence of sp 2 and sp 3 domains in both materials, and that calculated values of ID/IG and La are close, the width of D and G bands, the shift of the G band and the presence of the D' band show a more ordered structure of rGO compared to Vulcan [39]. Electronic interactions occurring between metals were investigated by XPS measurements. As can be observed on Figures 4a and4b, the peaks corresponding to Pt 4f5/2 and Pt 4f7/2 orbitals are located, respectively, at 74.6 eV and 71.3 eV in monometallic catalysts Pt/Vulcan and Pt/rGO. PtO2 and PtOx species are detected in both catalysts, at a proportion of Pt oxides calculated at respectively 19 wt. % and 28 wt. % for Pt/Vulcan and Pt/rGO. On the XPS spectra of the bimetallic catalysts (Figures 4c and4d), the position of Pt 4f peaks do not shift when compared to the monometallic ones; this explain the non-alloy nature of Au and Pt in the bimetallic Au70Pt30/rGO and Au50Pt50/rGO materials. [40] CO-stripping investigations were performed on Pt-containing catalysts in 0.1 M KOH electrolyte. This experiment consists in adsorbing a monolayer of CO at the electrode surface by successive saturation of solution with CO gas, then with N2 in order to remove from the electrolytic solution all free CO, i.e. except the monolayer under potential of 0.10 V vs RHE.

𝐿 𝑎 = 2.
Then a CV was recorded to oxidize CO during the first anodic scan, while the second cycle would exhibit a reference Pt, Au or AuPt electrode surface. Voltammograms of the prepared materials characterized by CO-stripping can be seen in Figure 5. The dispersion of Pt nanoparticles on the carbon substrate is more favorable to Vulcan than rGO when regarding the shift of the CO oxidation peak from 0.71 (rGO) to 0.68 V vs RHE (Vulcan). For the same bimetallic composition (Au70Pt30), a similar trend is observed (E = 28 mV) from Au70Pt30/rGO to Au70Pt30/Vulcan. Whatever the carbon substrate, the presence of Au leads to a small shift of the CO-to-CO2 oxidation peak toward lower potential values (-22 mV) on the Au70Pt30 bimetallic catalysts compared to Pt alone (Figure 5).

Calculations of specific electrochemical surface areas (SECSA) summarized in Table 2 were calculated according to equation 2 [41]:

𝑆𝐸𝐶𝑆𝐴 = 𝐸𝐶𝑆𝐴 𝑚 𝑃𝑡 = (∫ 𝛥𝐼(𝐸)𝑑𝐸 𝐸 𝑜𝑓𝑓𝑠𝑒𝑡 𝐸 𝑜𝑛𝑠𝑒𝑡 ) × 1 𝑣×𝑄 𝑚𝑙 ×𝑚 𝑃𝑡 (Eq. 2)
where Eonset and Eoffset are the onset and offset potentials of CO oxidation, ΔI(E) the difference of intensity between the first and the second anodic scan, v the scan rate (20 mV s -1 ), Qml the charge associated with the desorption of a CO monolayer (420 µC cm -2 ), and mPt the mass of platinum on the electrode. Calculations were normalized to the mass of Pt because Au is not active in CO-stripping [42]. The SECSA values obtained are higher when the nanoparticles are deposited onto the rGO substrate than the same compositions onto Vulcan (Table 2). Moreover, the addition of the Au content in the Pt based materials improves not only the onset potential of CO oxidation, but also the activity of the bimetallics that present higher SECSA than those found for monometallics. Although the monometallic materials deposited onto Vulcan and rGO are similar sizes, the better activity exhibited by those onto rGO may be due to the performance of the charge transfer between the catalysts and the rGO support.

The prepared materials were characterized in alkaline medium. First of all, their recording in a supporting electrolyte allows to reveal the presence of Pt in Pt/rGO and in the bimetallic compositions (Figure 6a).

Although the CV of Au/rGO does not reflect the standard shape, the CV in the presence of glucose (Figure 6b) shows the expected oxidation peaks in alkaline medium, as recently reported [43]. As the glucose oxidation occurs earlier at the Pt surface via dehydrogenation on the anomeric carbon position [8], one can observe that the Au70Pt30/rGO anode has a similar electrochemical behavior than Pt/rGO in the Pt-like hydrogen zone between 0.05 and 0.40 V vs RHE. When comparing the current densities at low potential of an anode in a fuel cell application, with 30% less Pt than Pt/rGO, the Au70Pt30/rGO catalyst is as active as Pt alone.

For the cathodic counterpart, oxygen reduction reaction (ORR) has been studied in alkaline media on Pt/Vulcan containing a wt. 20% metal loading. Linear sweep voltammograms, displayed in Figure 7, have been recorded at 5 mV s -1 scan rate in a O2-saturated 0.1 M KOH solution, using a rotating disk electrode at different rotation rates (from 400 to 2500 rpm). The onset potential of ORR and the half-wave potential at 1600 rpm were found at 1.06 and 0.78 V vs RHE, respectively, showing a good activity of this catalyst towards the ORR. The number of electrons involved in the O2 reduction reaction was estimated at 3.7 using Levich equation at 0.30 V vs RHE, which suggests a 4-electron pathway in the cathodic side [44].

The first investigations of the glucose/O2 fuel cell were undertaken with two series of experiments, one on Vulcan supported catalysts (Figure 8a), while the second operation was performed at the anodes deposited onto rGO (Figure 8b). The evolution of the cell voltage Considering that the cathode potential remains stable for each experiment, the cell voltage is only dependent of the anode behavior. The glucose/O2 fuel cell delivers a maximum power density of 900 and 1080 µW cm -2 on the Pt/Vulcan and Pt/rGO anodes, respectively. The Au70Pt30 catalyst displays an intermediary activity compared to Au and Pt. Finally, all the rGO supported catalysts show higher electrochemical performances than those analogous deposited onto Vulcan. On can conclude that the structure of the carbon substrate clearly influences the activity of the catalysts.

Different bimetallic AuPt compositions of rGO supported catalysts were also tested in the glucose/O2 fuel cell to find the best operating conditions and the most active anode (Figure 9).

The same OCV of 0.94 V was obtained for Pt/rGO and all bimetallic catalysts. Considering the relation observed in TEM (Figure 2) between agglomeration and Pt loading in bimetallic nanoparticles, that order of activity cannot be correlated to the particle size or the electrochemical active surface but directly to the Pt amount in the bimetallic composition.

Indeed CO-stripping results show that the Pt amount at the surface is higher for rGO supported materials (Table 2).

The electrochemical performances recorded herein are in the same order than those recently reported, [6,15,[45][46][47][48] even if the concentrations of glucose and the supporting electrolyte are 5 and 10 times lower in our case. Due to their simple preparation method from BAE and their proved efficiency, Pt/rGO and bimetallic AuPt/rGO anodes are expected to be largely used in alkaline glucose fuel cells.

To obtain enough products to analyze, the fuel cell was maintained in nearly optimized conditions during a long time; the current density was set to correspond to the value just before the highest power density, 1 mA cm -2 for Au70Pt30/rGO anode and 1.5 mA cm -2 for Au/rGO and Pt/rGO anodes. As can be seen in Figure 10, the cell voltage decreases as function of time because of the glucose consumption at the anode.

At the end of the testing, the anodic solution was extracted off the cell, neutralized on cation exchange resin and lyophilized for 24 h. The resulting solid was diluted in water and injected in ionic liquid chromatography equipped with a conductimetric detector to reveal the produced carboxylate species. These products were determined by comparing the retention times to standard analytes under similar elution conditions (Figure 11). Accordingly, gluconate (8.4 mM) and glucuronate (0.2 mM) were detected as the sole glucose oxidation products i.e without detectable compounds issued from C-C bond cleavage. If gluconate is already known to be the main glucose oxidation product in alkaline media when noble metal catalysts are employed [49], the presence of glucuronate which results from the oxidation of the primary alcohol at C6-position, reveals importantly that the electrocatalysts synthesized from BAE are selective [50].

Conclusion

In this paper, we demonstrated the excellent reactivity of glucose in alkaline fuel cell over catalysts made of Au and Pt nanoparticles deposited onto reduced graphene oxide (rGO). The BAE synthesis allowed to lead to small-sized and well-dispersed nanoparticles able to catalyze glucose oxidation in alkaline fuel cell with higher electrochemical performance. As result, these fuel cell delivered a power density of 1080 µW cm -2 with glucose concentration 5 times lower attributed to the strong interaction between the metal nanoparticles and the sp 2 carbon substrate, and the excellent electrical properties of rGO. By analysis of oxidation products from glucose/O2 fuel cell we have demonstrated that gluconate and glucuronate were selectively produce without any detectable chemical issued from the C-C bond cleavage. This point is of great importance for implantable devices in order to preclude toxic product release in living body. 
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  current density in the home-made fuel cell containing a Fumatech anion exchange membrane, reveals that i) the power density increases as function of Pt content in the anodic composition; ii) the open circuit voltage (OCV) also increases with the Pt content when the catalyst was dispersed on a Vulcan substrate; iii) for the rGO supported catalysts the OCV with the gold anode increases slightly, while the Pt-containing electrocatalysts permit to deliver the same OCV values of 0.94 V. As result, the highest values of cell voltage and power density are obtained with Pt monometallic anodes, and the lowest, on the Au monometallic ones.
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  Figure 1: XRD patterns in the window 2θ = 37 to 41° of rGO supported catalysts.
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 2 Figure 2: TEM images of (a) Pt/Vulcan, (b) Pt/rGO, (c) Au70Pt30/rGO and (d) Au/rGO.
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 3 Figure 3: Deconvoluted Raman spectra of (a) Vulcan support and (b) rGO support.
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 4 Figure 4: XPS spectra of (a) Pt/Vulcan, (b) Pt/rGO, (c) Au70Pt30/Vulcan and (d) Au70Pt30/rGO.

Figure 5 :

 5 Figure 5: First cycle anodic scans of CO-stripping recorded at 20 mV s -1 in 0.1 M KOH, after CO adsorption by polarization at 0.10 V vs RHE. Inset: cyclic voltammograms of CO-stripping for Pt at the surface of the two carbon substrates (rGO and Vulcan).

Figure 6 :

 6 Figure 6: Cyclic voltammograms recorded at 20 mV s -1 in 0.1 M KOH (a) in the absence and (b) in the presence of 50 mM glucose at room temperature of Au/rGO, Au70Pt30/rGO and Pt/rGO.

Figure 7 :

 7 Figure 7: ORR polarization curves recorded on a Pt/Vulcan catalyst at 5 mV s -1 with a rotating disk electrode working at various rotation rates in O2-saturated 0.1 M KOH.

Figure 8 :

 8 Figure 8: Polarization and power density curves of (a) Vulcan and (b) rGO supported catalysts as anodes and Pt/Vulcan as cathode in 0.1 M KOH. The concentration of glucose in the anodic compartment is 50 mM, and O2 is bubbled in the cathodic compartment. Electrode surface: 0.6 cm²; Metal loading: 0,19 mgmetal cm -2 .

Figure 9 :

 9 Figure 9: Polarization and power density curves of rGO supported catalysts as anodes and Pt/Vulcan as cathode in 0.1 M KOH. The concentration of glucose in the anodic compartment is 50 mM, and O2 is bubbled in the cathodic compartment. Electrode surface: 0.6 cm²; Metal loading: 0.19 mgmetal cm -2 .

Figure 10 :

 10 Figure 10: Evolution of GFC voltage at 1.5 mA cm -2 with Au/rGO and Pt/rGO as anodes and Pt/Vulcan as cathode, and at 1 mA cm -2 with Au70Pt30/rGO as anode and same cathode, in 0.1 M KOH + 50 mM glucose in anodic compartment and O2 bubbling in cathodic compartment.

Figure 11 :

 11 Figure 11: Ionic chromatograms of standards samples (a) gluconate 10 mM and (b) glucuronate 5 mM; and of 50 mM glucose alkaline solution oxidized in the fuel cell with Au70Pt30/rGO for 2 hours at 1 mA cm -2 .

  

Table 1 :

 1 Graphitization degree and size of the graphitic domains of Vulcan and rGO extracted from Raman spectra.

		Vulcan XC 72 R treated	rGO
	ID/IG	2.26	2.31
	La / nm	8.5	8.3

Table 2 :

 2 Calculated SECSA of the prepared electrode materials from CO-stripping measurements.

	Catalyst	Pt/Vulcan	Pt/rGO	Au70Pt30/Vulcan Au70Pt30/rGO
	SECSA / m² g -1 Pt 26	51	96	129
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