a 1 U Clausthal

Clausthal University of Technology

Waste Water Treatment by Microbial Fuel Cells

Bolong Jiang , Ulrich Kunz

Clausthal University of Technology,
Institute of Chemical and Electrochemical Process Engineering
Leibnizstr. 17, 38678 Clausthal-Zellerfeld, Germany

Introduction

In recent years microbial fuel cells (MFC) , which give the opportunity to purify waste water with simultaneous production of electric
energy, have gained rising interest. MFC is still in its infant and majority of work has been emerged only focusing on its technical
feasibility and fundamental characteristics. Because of rising contamination of waste water with substances which can not be
removed by traditional waste water treatment MFCs also came into the focus of improved water purification technology. Therefore

MFCs are used in this research for waste water treatment.

Experiment Description

In this research, two-chambered microbial fuel cells with Nafion 117
membranes, a sulfonated tetrafluorethylen-polymer (PTFE), and
electrodes that are made of carbon/polymer composites were built and
used for purification of artificial wastewater. Electricity generation during
organic degradation represents a process of directly converting chemical
energy within organic matters to electrical energy, which gives rise to a
potential for MFC to produce electricity from organic wastewater along
with wastewater treatment. The construction of MFC and its chemical
reaction on the electrodes is shown in Fig.1.

The main requirements for an electrode material are high conductivity,
stable against corrosion, high specific surface area, high porosity,
inexpensive, and should be easilyprepared and scaled to larger sizes [1].
According to the literature there are mainly three types of carbon
materials used for MFC electrodes, i.e. carbon paper, carbon cloth and
vitreous carbon. In our fuel cell carbon/polymer composites are used
which can be prepared by production processes already developed for
the manufacture of polymer components (injection molding, compression
molding). The use of these materials and production methods can lead to
lower prices for MFC production.

For the separation of anode and cathode compartment a membrane is
used. Up to date we use a Nafion 117 membrane, which is a sulfonated
tetrafluorethylen-polymer (PTFE),
Fig 3. Nafion has several advantages in traditional H2/0O2 fuel cells, like
high stability against degradation, but for waste water treatment this
material is to expensive [2]. One task is the test of other membrane
materials with lower price, which should be possible, because the
requirements for a membrane which can be used in waste water
environment are less severe than in state of the art inorganic fuel cells.
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Fig. 1: Schematic of a typical two-chamber microbial fuel cell and
its reactions
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Fig.2. Laboratory set-up of two MFC prepared with carbon/polymer
composites)
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Fig.3. Sulfonated tetrafluorethylen-polymer (PTFE)

Measurement

Characteristic current-voltage curves of MFCs were measured
with multimeter, an adjustable constant current source and the
laboratory automation software Labview. Figure 4 shows an
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the optimal power of the fuel cell rises rapidly. The main reason
Is that the microorganism population in the cell was growing in

current density where the MFC can deliver the highest power. It u B e
can be seen that during the whole test period, the optimal | | N L. o1 &
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optimal power tends to be stable with the value of 0,35 mW. It | e | rag

can be calculated with the area of the canals(0,0182m?) that the Fig. 4: One example of characteristic curves(left) and evolution of

optimal power density is about 19,2mW/m=. In the last 90 days, maximum power with time for a MFC(right)
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