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ARTICLE INFO Abstract

Catalysts based on novel carbon forms (Fullerenes С60/С70, Higher Fullerenes 
and Double Wall Carbon Nanotubes) were applied to facilitate the process of oxidation 
of sulfites to sulfates. The electrodes with incorporated new catalysts are able to 
desulphurize and remove toxic pollutants. The electrochemical characterization 
included steady state polarization curve analysis. The electrodes that incorporate 
fullerene structures were found to yield the highest current densities. A short overview 
considers the existing sulfur oxidizing microbes that should facilitate the creation of a 
workable microbial fuel cell. 
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Introduction

 The removal of pollutants while simultaneously generating en-
ergy will help safeguard the environment and enable the develop-
ment of innovative fuel cells. In this regard a principle objective is to 
build new electrodes and catalysts able to remove toxic pollutants 
comprised of such sulphur compounds. Sulfide (H2S/HS−) and sul-
phur can be oxidized by microorganisms to yield surplus energy. In 
marine environments the Sulfur Oxidizing Microorganisms (SOM) 
are located across the top sediment layers, where oxygen and ni-
trate, as electron acceptors are readily available. The best studied 
SOB are in the family Thiobacilliaceae in terrestrial environments 
and the family Beggiatoaceae (Gammaproteobacteria) in aquatic 
environments [1]. There exist two routes in sulfite (SO3

2-) oxida-
tion: (i) by rDsr employed by some microorganisms such as Chloro-
bi (green sulfur bacteria), Alpha, Beta and Gammaproteobacteria, 
where sulfide is oxidized to sulfite through sulfite reduction by Dsr. 
The sulfite generated by rDsr is then oxidized to sulfate by other 
enzymes [2]; (ii) oxidation of sulfite to sulfate by a mononuclear 
molybdenum enzyme known as sulfite oxidoreductase [3]. In bac- 

 
terial sulfate reduction, bacteria respire sulfate and yield sulfide.   
The process consists of four paths [4,5]. It has been shown that 
organotrophic bacteria are capable of the oxidation of thiosulfate 
to tetrathionate (these bacteria are referred to as T-HSOB) and are 
found in the redox layer of the Black Sea [6]. 

Microbial Fuel Cells (MFCs) with graphite anodes and graph-
ite cathodes were built in an aerobic seawater environment and in 
anoxic marine sediment [7]. The anode electrode was embedded 
in anoxic marine sediments while connected through electronic 
circuits to a similar electrode in the overlying aerobic seawater 
(the cathode), thus building a MFC. The MFC had a power yield of 
0.01 W/m2 and can supply electronic instrumentation [8]. The   en-
richment with microorganisms from the family Geobacteraceae on 
graphite anodes allowed these microorganisms to conserve energy, 
supporting their growth by oxidation of organic compounds with 
an electrode that served as the electron acceptor [9]. Advanced cat-
alyst supports including carbon nanotubes, aerogels and graphene 
have been tested in the past [10]. Applied also in catalyst synthesis 
is a method to fabricate the electro-catalyst for the electrodes using 
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a lyophilization process [11]. Key sources when describing the elec-
trochemical oxidation of sulphites in alkaline solutions are [12,13]. 

These researchers showed that the anodic oxidation of sulph-
ite irreversibly yields sulphate and dithionate. The oxidation of 
SO3

2- at the anode was found to initiate at 1.2 V vs SHE in alkaline 
solutions. An OH- radical is added to the sulphite ion at relatively 
high potentials. The anodic oxidation of sulphite ions under alka-
line conditions has been studied comprehensively by J Lu et al. [14]. 
The adsorbed species suffer deprotonation at pH < 7 and are then 
subject to oxidation. In solution, sulphite exists in the form HSO3

- 
and SO3

2- with the following equilibria between these species [15]:

SO2(aq) + H2O = HSO3
- + H-                   (1)

HSO3
-  + H2O = SO3

2-  + H             (2)

SO2 (aq), HSO3
–  and SO3

2- species are predicted to predominate 
over the pH ranges < 1.8, 1.8 - 7 and >7, respectively. At pH > 12, the 
dominant species in solution is SO3

2-. Novel electro-catalytic mate-
rials such as higher fullerenes and carbon nanotubes are studied in 
our current research. Higher fullerenes are fabricated by applying 
the carbon arc method in a quartz reactor followed by sublimation. 
These include the fairly stable species C74, C78, C80, C82, C84, C86, C88, 
C90, C92, C94, C96, C98, C100. Characteristic of higher fullerenes is that 
the bonding sites between the pentagon atom groups are usually 
found to be the most reactive.

Materials and Methods

 In this study, we use “higher fullerenes”, made by the method of 
Deener and Alford, also called “narrow gap fullerenes” [16]. Sodium 
sulfite (Na2SO3), sodium chloride NaCl and higher order fullerenes 
were purchased together with manganese acetate and polypyrrole 
from Sigma Aldrich. Fullerenes C60/C70 and DWCNTs were pur-

chased from CEC Research, Houston, Texas. The Vulkan XC-72 par-
ticles with a particle size of 50 nm were purchased from the Cabot 
Corporation and prepared in accordance with [17]. The catalysts 
studied were lyophilized fullerenes C60/C70, higher fullerenes and 
DWCNTs (2-11 mg) dispersed in 6 ml of distilled water in an ultra-
sonic bath for 15 minutes. Subsequently, 40 mg of manganese ace-
tate are slowly added to the aqueous suspension together with 60 
mg of polypyrrole. These ternary mixtures were then baked at 180 
°C for 12 hours in a Teflon autoclave. Thus, manganese oxides cov-
er the fullerene and nanotube structures with polypyrrole binding. 
The electrodes under investigation have a geometric area of 1and 
10 cm2. The electrodes were prepared from a catalyst mixture and 
Teflonized carbon black (60 mg/cm2 Vulcan XC-72 (35% Teflon)) as 
a binder [18]. The mixture is compressed on both sides of a stain-
less-steel collector at 150 °C and pressed at 300 kg/cm2 (Table 1).

Table 1: Catalyst content incorporated in the electrodes.

Name Content 

MnAFPVT – L Manganese acetate + Polypyrrole + 
Fullerenes С60/С70

MnAHFPVT – L Manganese acetate + Polypyrrole + 
Higher Fullerenes

MnAHFPDWCNTVT – L Manganese acetate + Polypyrrole + 
Higher Fullerenes +  DWCNTs

L –Lyophilized catalyst; 

All the catalyst contain TV35 - (60 mg Vulcan XC 72 + 35% Teflon)

Results/Observations

XRD Analysis

Shown in Figure 1 is an XRD of the catalyst incorporating higher 
fullerenes and manganese oxides.

Figure 1: XRD of lyophilized higher fullerenes and manganese oxides.
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Figure 2: Comparison of the best catalysts incorporated in the electrodes with the corresponding potentials and current density 
during sulphite oxidation: 1- (MnAHFPVT - L); 2 - (MnAHFPDWCNTVT - L); 3 - (MnAFPVT - L); (at 150 °C and P = 0.3 mbar). 
Electrolyte: 1 M Na2 SO3 + 18 mg/l NaCl, t = 20 °C.

Polarization Curve Analysis

Shown in Figure 2 are the polarization curves of the electrodes 
having the best characteristics. The lowest overpotentials were ob-
served in electrodes containing higher order fullerenes (MnAHF-
PVT-L). The least efficient electrodes incorporate the most common 

and abundant fullerenes C60/C70 (MnAFPVT-L). We assume that the 
higher performance of fullerenes is probably due to the higher 
number of pentagons forming their grids, which leads to a higher 
catalytic activity. The closed caps of the doublewall carbon nano-
tubes are of a fullerene nature being comprised of pentagons. All 
the  catalysts contain the same amounts of manganese oxides.

Figure 3: Dependence of the anode potential at constant current density with time. The electrode incorporates the catalyst 
[MnAFPVT - L] – (10cm2). Electrolyte 1М Na2SO3 -132 g/l + 18 g/l NaCl.

Dependence of The Anode Potential with Time at Con-
stant Current Density 

In order to verify the effectiveness of the new sulfite oxidation 
of the catalysts utilized, electrodes having an area of 10 cm2 were 
built. The work electrode incorporates the catalyst [MnAFPVT - L] – 
(10cm2). The catalyst is lyophilized. A gas diffusion electrode as de-
scribed was mounted as the counter electrode [19]. The reference 
electrode RHE is from Gaskatel. The compound system Na2SO3/O2 

was employed for this purpose, where the concentration of Na2SO3 
was monitored following its conversion acting as a fuel in the elec-
trochemical cell. The concentration of sulfite was determined iodo-
metrically using starch as an indicator [20]. From the electrochem-
ical measurements and analytical tests presented in Table 2 and 
plotted in Figure 3 it is evident, that the electrode incorporating 
the catalyst MnAFPVT - L, is able to convert a sizable amount of the 
sulfite in the course of 2 hours. We should note that the decrease in 
sulphite concentration is not stoichiometric. After four hours, when 
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the electrochemical process comes to a halt the sulfite ions contin-
ue to decrease and no poisoning of the electrode is observed.

Heeding the results presented in Figure 3 and in Table 2 we can 
conclude, that it is possible to build electrochemical cells fuelled by 
electrolytes such as: Na2SO3/O2; SO2/O2; SO3/NO3 that may be used 
to decontaminate natural and industrial pollutants while at the 
same obtaining surplus energy [19]. In our future work we envis-
age the application of the bacteria Beggiatoaceae (Gammaproteo-
bacteria), Alpha, Beta and Gammaproteobacteria, T-HSOB, sulfite 
reduction by Dsr and others in the test fuel cell, to successful build 
an effective MFC.

Table 2: Experimental data of the decrease of the sulfite 
concentration with time at i = 10 mA.cm-2.

Time [min.]

Sulfite concentration  [mg/l]

Catalyst:

[MnAPFVT – L]

0 132

120 112,6

240 90
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