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FUEL 125

Systems biology and adaptive evolution approaches to understanding and
increasing power output of microbial fuel cells

Derek R. Lovley and Kelly P. Nevin, Microbiology Department, University of
Massachusetts, Morrill Science Center IV, Amherst, MA 01003, Fax: 413-545-1578,
dlovley@microbio.umass.edu

Recent studies have demonstrated that the power output of Geobacter- based microbial
fuel cells meets or exceeds that of undefined, mixed cultures. These fuel cells have the
added advantage that they can be systematically investigated with genome-based
technologies. Microarray analysis revealed significant upregulation in fuel cells of genes
involved in the production of the electrically conductive pili, known as microbial
nanowires, as well as several outer-membrane c-type cytochromes. Genetic studies
demonstrated that nanowires and the outer-membrane cytochrome, omcZ, were
absolutely required for high-density power production. G. sulfurreducens strains were
adapted for faster extracellular electron transfer and to transfer electrons at significantly
lower potentials than wild-type cells. Resequencing of the genomes of the adapted
strains is providing insights into the mechanisms for this self-optimization for power
production. These studies, coupled with genome-based in silico modeling, are aiding in
optimizing microbial fuel cell output in a rational rather than an empirical manner.

FUEL 126
Isolation and Electrochemical activity evaluation of electricity generated bacteria

He Lee, Xin Wang, Yanling Yu, Fei Gao, and Yujie Feng, Dept Environmental Science
& Engineering, Harbin Institute of Technology, No.202, Haihe Road, Nangang District,
Harbin 150090, China, Fax: +86-451-82373516, yujief@hit.edu.cn, yujief@hit.edu.cn

Microbial full cells (MFCs) was designed as a two-chamber system with the bacteria
enriched with the sediments of Songhua River in anode chamber and carbon paper with
10% Pt catalyst was chosen as cathode. PEM (Proton exchange membrane) was
installed between the chambers. The anode solution was feed with sodium acetate of
800mg/L. The MFC was operated in batch cycles and then in the continuous flow. A
maximum voltage of stable voltage of 450 mV, power density of 141.45 mW/m2 and CE
of 27% was achieved, while COD removal kept as 90%. To characterize bacterial
population community structure, SEM was employed to detect the microbial micrograph
and meanwhile, the anodic microorganism were enriched and analyzed with DGGE. Six
bands were sequenced with 16rRNA gene library. Available enrichment process was
constructed and microbial species were screened by Hungate method. The electricity
activities of the isolations were evaluated with electrochemical method and MFC tests.



FUEL 127
Performance of different strains of the senus Shewanella in a microbial fuel cell

Andrea C. M. Cheung', Orianna Bretschger', Florian Mansfeld!, and Kenneth H.
Nealson?. (1) Mork Family Department of Chemical Engineering and Materials Science,
University of Southern California, Los Angeles, CA 90089, Fax: 213-740-0011,
accheung@usc.edu, bretschg@usc.edu, (2) Department of Earth Sciences, University
of Southern California, Los Angeles, CA

A microbial fuel cell (MFC) utilizes the catalytic action of microorganisms to covert the
chemical energy of fuel into electrical energy. MFC's can offer application flexibility
because inherent microbial physiology allows many microbes and microbial
communities to use several different chemical compounds as fuel. Additionally,
microbes used as catalysts have the ability to self-repair and quickly adapt to varying
operational conditions. This study compares the performance of different Shewanella
strains as the biocatalyst in MFCs using lactate as fuel. Metabolic products,
electrochemical activity, and biofilm formation were studied. The results show that
different Shewanella strains yield different maximum power values and catalyze lactate
oxidation at different rates. Additionally, each strain produces a different quantity and/or
type of metabolic product(s) at any given time point during MFC operation.

FUEL 128

Enhancing initial bacterial adhesion to electrode materials in microbial fuel cell
(MFC)

Dagian Jiang, Civil and Environmental Engineering, University of Connecticut, 261
Glenbrook Road, Storrs, CT 06269-2037, baikun@engr.uconn.edu, and Baikun Li, Civil
and Environmental Engineering, University of Connnecticut, Storrs, CT 06269-2037

The main problems for MFC are low electron transfer and low power density. Current
studies have only focused on mono-layer cell adhesion to electrode surface. This study
was to enhance cell adhesion by modifying electrode materials. The hypothesis was
that the modification (topography and chemical) of electrode surfaces could increase
the contact area between cells and electrodes, and enhance cell adhesion, and finally
lead to higher electron transfer in MFC. The initial adhesion of Geobacter
sulfurreducens to eight (8) electrode materials was extensively tested. Carbon paper,
As-doped silicon, carbon cloth, and graphite have been micro-fabricated based on cell
shape in order to maximize the contact area for electron transfer. Electrode surface
roughness and chemical composition were also modified to enhance cell adhesion. In
addition, SEM and AFM were used to visualize the Geobacter adhesion, especially the
role of pili on cell adhesion and long-range electron transfer.
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Progress and challenges in scale up of electrogenic reactors such as microbial
fuel cells

Bruce Logan, Shaoan Cheng, and Valerie Watson, Department of Civil and
Environmental Engineering, The Pennsylvania State University, 212 Sackett Building,
University Park, PA 16802, Fax: 814-863-7304, blogan@psu.edu

Several new technologies are emerging based on the ability of certain bacteria, called
exoelectrogens, to transfer electrons between respiratory enzymes inside the cell to
exogenous surfaces such as an electrode. Two of the most promising technologies are
microbial fuel cells, used for electricity generation, and bioelectrochemically assisted
microbial reactors (BEAMRS), used for hydrogen production. Key attributes for scale up
are anodes and cathodes that have high surface areas, cathodes that allow for oxygen
reduction in a non-fouling manner, and the need for non-precious metal catalysts.
Recent advancements have been made based on the development of new materials
and configurations suitable for scale up of these electrodes. Thus, it is now possible to
design and scale up reactors for generating electricity from dissolved organic matter.

FUEL 130

Enhanced power generation of air cathode microbial fuel cells with cloth
electrode assembly

Hong Liu, Yanzhen Fan, and Honggiang Hu, Biological and Ecological Engineering,
Oregon State University, 116 Gilmore Hall, Corvallis, OR 97331, Fax: 541-737-2082,
liuh@engr.orst.edu

Single chamber air-cathode microbial fuel cells (MFCs) hold a great promise for
practical application due to their low operational cost, low maintenance requirements
and relative high power density. Increasing the power density is one of the greatest
challenges for their practical applications. In this study, a new cell configuration was
designed by applying a cloth layer to a membrane-free single chamber MFC and tested
using mixed bacterial culture with acetate as substrate. A volumetric power density of
627 W/m3 has been achieved, which is more than 10 times higher than those in the
cloth-free MFCs using similar electrode materials. This study indicates that the power
density of air cathode MFCs can be significantly improved without using expensive
membranes, which greatly increases the feasibility for the practical applications of
MFCs.

FUEL 131
Scalable tubular membrane cathodes for microbial fuel cell applications

Yi Zuo, Shaoan Cheng, Douglas F. Call, and Bruce Logan, Department of Civil and
Environmental Engineering, The Pennsylvania State University, 217 Sackett Building,
The Penn State University, University Park, PA 16802, yzz108@psu.edu

One of the greatest challenges for using microbial fuel cells (MFCs) for wastewater
treatment is creating a scalable architecture that provides large surface areas for



oxygen reduction at the cathode and for bacterial growth on the anode. We demonstrate
here a scalable cathode concept by showing that two tubular hydrophilic or hydrophobic
filtration membranes with conductive graphite coatings and a non-precious metal
catalyst (CoTMPP) can be used to produce power in an MFC. Using a high surface area
graphite brush anode with two hydrophilic ultrafiltration tubular membrane cathodes
placed inside the reactor (Acat,s= 93 m2/m3), the MFC produced 18 W/m3 with a high
Coulombic Efficiency (CE) of 70-74 %. Further increases in power output will require the
development of membrane cathodes with lower internal resistances.

FUEL 132
Single chamber stackable microbial fuel cell with air cathode

Jong-In Han and Bin Wang, Department of Civil and Environmental Engineering,
Rensselaer Polytechnic Institute, 110 8th Street, JEC5026, Troy, NY 12180-3590,
jihan@rpi.edu

A single chamber stackable microbial fuel cell with consisting of four MFC units was
constructed for organic matter biodegradation and electricity production. When the
reactor was maintained in batch mode with sodium acetate (600mg/L) as carbon
source, all MFC units had similar polarization curve and produced maximum power
around 0.87 mW!/unit. Cathode charge transfer was found to be the more important
limiting factor than anode charge transfer. Parallel connection of all units produced
maximum power of 3.12 mW(/reactor (7.61 W/m3); however, series connection caused
energy losses and could only produce maximum power density of 2.20 mW/reactor
(5.36 W/m3). When the reactor was maintained in continues mode (0.7mL/min, 128
mg/L COD in influent), the overall COD removal rate was 73.4%. Under this condition,
both voltage output of MFC units and COD decreased along the flow path, indicating
heterogeneous distribution of organic matters.

FUEL 133
Direct electron transfer in microbial fuel cells via carbon nanotube network

Paul Takhistov, Department of Food Science, Rutgers University, 65 Dudley Road,
New Brunswick, NJ 08901, Fax: 732-932-6776, takhistov@aesop.rutgers.edu

A microbial fuel cell converts chemical energy, available in a bio-convertible substrate,
directly into electricity. It works through the action of bacteria, which can pass electrons
to an anode of a fuel cell. The electrons flow from the anode through a wire to the
cathode, producing an electric current. In the process, the bacteria consume organic
matter in the surrounding liquid medium. The limiting step for the entire process is the
electron transfer from bacteria surface to the electrode material. Introduction of carbon
nanotubes into microbial culture creates a 3-D conductive network that allows avoiding
transport limitations. Presented experimental data with corresponding theoretical model
indicate significant increase of energy yield.
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Bio-Anode kinetics modelling: Effect of anode potential and substrate
concentration

HVM. Hamelers, section Environmental Technology, Wageningen University, P.O.B.
8129, 6700 EV  Wageningen, Netherlands, Fax: +31-(0)317482108,
bert.hamelers@wur.nl

The most important component of a microbial fuel cell is the bio-anode. A kinetic model
has been developed that describes the current density of a bio-anode as a function of
the substrate concentration and the anode potential. The model is based on two well
known models; a modified Monod model for biochemical conversion kinetics and the
Butler-Volmer model for electron transfer kinetics. These two models are merged to a
full steady state model. The model has been tested using data on the effect of anode
potential on current density. The current density varies almost linear with anode
potential in the range of -0.4V to -0.1 V.(vs. Ag/AgCl) This feature could be well
described using the developed model. It showed that with increasing anode potential,
the micro-organisms can not extract all of the energy available. The model should be
further tested both experimentally and theoretically.

FUEL 152
Electrochemical Impedance Spectroscopy Studies on Microbial Fuel Cells

Ramaraja P Ramasamy!, Zhiyong Ren? Matthew Mench', and John Regan?® (1)
Department of Mechanical and Nuclear Engineering, The Pennsylvania State
University, University Park, PA 16802, rurl4@psu.edu, (2) Department of Civil and
Environmental Engineering, The Pennsylvania State University

Recent design improvements helped increase the power densities of Microbial Fuel
Cells (MFCs) by orders of magnitude by decreasing the internal ohmic resistance. With
the ohmic resistance of the MFC systems no longer a dominant issue, identification of
other intrinsic resistances is the need of the hour. Electrochemical Impedance
Spectroscopy (EIS) is a useful tool to delineate the individual contributions from different
resistances to the overall cell impedance. Preliminary EIS experiments were conducted
with acetate fed two-chamber MFC inoculated with Geobacter Sulfurreducens and using
a ferricyanide catholyte. Results showed that the anode played a dominant role in
limiting the kinetics of the bio-electrochemical reaction, thereby contributing to the
majority of the polarization loss. Based on the equivalent electrical circuit fitting of the
EIS data, parameters such as charge transfer resistance, membrane resistance and
exchange current density have been estimated for the first time for the case of MFCs.



FUEL 153
Continuous flow microbial fuel cells for sustainable energy from wastewater

John M. Andresen and Huaning Hu, School of Chemical, Environmental and Mining
Engineering, University of Nottingham, University Park, University Park NG7 2RD,
United Kingdom, Fax: 44-115-951-4115, John.andresen@nottingham.ac.uk

In the UK alone, there are 347000 km of feed a daily volume of 11 billion litres to about
9000 sewage treatment works resulting in a daily treatment cost of <9 million. Microbial
fuel cell (MFC) is a biological processing strategy that could accomplish satisfactory
treatment of waste water as energy source to produce alternative fuel at the same time.
In essence, MFC generates both electricity and biogas, mainly hydrogen, from
biodegradable such as carbohydrates and complex substrates which are present in
domestic and industrial wastewater. Tests were carried outusing a hexagonal (anode)
MFC reactor containing a cylindrical air cathode. The system was operated a
continuous flowof primary treated wastewater which was collected from local
wastewater treatment plant where the COD ranged from 70-200mg/L. Without adding
any assistant chemicals, maximum power density 2mW/m2 at a hydraulic retention time
(HRT) of 1h and hydrogen was co-generated, a COD removal up to 33% was achieved.

FUEL 154

High Hydrogen Yield from Renewable Resources Using an Improved Beamr
System

Shaoan Cheng, Civil & environmental Engineering, Penn State University, 212 Sackett
Building, University Park, state college, PA PA16802, Fax: 814-863 -7304,
sucl2@psu.edu, and Bruce E. Logan, Dept of Civil & Envr Engr, Penn State University,
University Park, PA 16802

Biological processes are an environmentally friendly technology for producing hydrogen
from renewable resources such as biomass. However, biological fermentation has low
yield and low energy recovery for hydrogen production. To increase hydrogen
production from biomass, we have recently developed a new method to produce
hydrogen from organic matter based on a modified microbial fuel cell (MFC). We report
here that by optimizing the reactor configurations and operation conditions the hydrogen
yield increased to 3.9 mol H2/mol acetate with an average of current efficiency of
99.6%. Hydrogen production rate was 1300 L H2/d-m3-reactor volume with COD
removals of 90-97%. This hydrogen production rate is ~ 70 times higher than that
previously reported.



FUEL 155

Model of microbial fuel cells in which bacteria employ a direct electron transfer
strategy

Tsutomu Shimotori!, Daniel R. Bond? Timothy M. LaPara', and Raymond M.
Hozalski'. (1) Department of Civil Engineering, University of Minnesota, 500 Pillsbury
Dr. SE, Minneapolis, MN 55455, Fax: 612-626-7750, shim0102@umn.edu,
hozal0O1@umn.edu, (2) Biotechnology Institute, University of Minnesota, Saint Paul,
MN 55108

Many experimental studies of microbial fuel cells (MFCs) have been performed. MFC
modeling, however, has not been adequately explored. We are aware of only one
publication, in which a relatively simple model was used to simulate current production
by bacteria employing an exogenous electron-transfer mediator. In this research, a
model was developed to simulate power production by bacteria employing a direct or
wire-like electron transfer strategy. The model considers a thin layer of bacteria on the
anode that consume substrate and transfer electrons to the anode via wire-like
connections. The effects of resistance of these connections and of the external circuit
on power production are addressed. To verify the model, simulated sustainable power
curves were compared with experimental results. The model successfully reproduced
experimental trends, suggesting that the key processes are captured in the model.

FUEL 156

Electrochemical and molecular-biological analyses of microbial fuel cells
operated at different external resistances

Tsutomu Shimotori*, Enrico Marsili, Michael P. Drozdowicz®, Daniel R. Bond?
Raymond M. Hozalski', and Timothy M. LaPara®. (1) Department of Civil Engineering,
University of Minnesota, 500 Pillsbury Dr. SE, Minneapolis, MN 55455, Fax: 612-626-
7750, shim0102@umn.edu, (2) Biotechnology Institute, University of Minnesota, St
Paul, MN 55108, (3) College of Biological Sciences, University of Minnesota, Saint Paul,
MN 55108

In this research, the effects of external resistance on the community structure and
performance of mixed-culture microbial fuel cells (MFCs) were investigated. For the
experiments, bench-scale flow-through MFCs were inoculated with anaerobic digester
sludge and supplied with a mixture of acetate, propionate, butyrate, and lactate as
electron donor. Potassium ferricyanide served as the electron acceptor in the cathodic
chamber. After steady state was reached, non-destructive electrochemical analyses
including cyclic voltammetry were conducted. At the end of the experiment, destructive
analyses of the biofilm on the carbon cloth anode were performed including examination
via scanning electron microscopy, measurement of protein content and DNA extraction
for community analysis. The results suggest that the applied external resistance has a
significant impact on the performance (i.e. power production), electrochemical
characteristics, and community structure of MFCs.



FUEL 157
Towards the Naval Applications of Benthic Microbial Fuel Cells

Promode R Bandyopadhyay, Daniel Thivierge, and Albert Fredette, Autonomous
Systems and Technology Department, Naval Undersea Warfare Center, Newport, Rl,
Newport, Rl 02841, BandyopadhyayPR@Npt.NUWC.Navy.Mil

We are carrying out experiments on benthic microbial fuel cells in the Narragansett Bay
to explore their practical value (Refs. 1-3). The recent progress will be presented. First,
we will report the results of a comparison of stainless steel electrodes with graphite
electrodes. Second, we will describe a voltage converter and power storage system that
has proven reliable in trickle power harvesting continuously over months. The storage of
electrons in a large capacitor will also be shown. Third, we will describe the
characteristics of power storage and discharge for the intermittent powering of a small
beacon for nearly two months and the in-water swimming of a 1 m long Biorobotic
unmanned undersea vehicle that has shark-like low power characteristics, for several
minutes. To our knowledge, the powering of the UUV in-water is a first.

FUEL 158

Importance of Cathode Size in Microbial Benthic Fuel Cells Equipped with
Manganese Anode

Daniel Lowy, Nova Research, Inc, 1900 Elkin Street, Alexandria, VA 22308, Fax: 202-
404-7946, daniel.lowy@nrl.navy.mil, and Leonard M. Tender, Center for Bio/Molecular
Science and Engineering - Code 6900, Naval Research Laboratory, Washington, DC
20375

For a microbial benthic fuel cell (MBFC) in which the anode process is mass transfer
controlled, limitations due to the cathode process remain important. We report here on
the use of a sacrificial manganese anode, which offers the combined advantage of high
power delivery in electrochemical applications and extremely slow chemical corrosion.
Then, we examine in a systematic manner the effect of cathode size on the power
output of a MBFC that harvests energy from marine or river sediment. MBFC consists of
a manganese anode imbedded in marine sediment and a cathode in overlying
seawater. This newly introduced manganese anode offers the combined advantage of
extremely slow chemical corrosion, and high power delivery in electrochemical
applications. Results of this study substantiate the usefulness of Tafel plots as a major
technique for the investigation of the half cell of interest in any fuel cell.
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Power output assessment of cellulose-based microbial fuel cells operating under
different external resistances

Hamid Rismani-Yazdi', Ann D. Christy’, and Olli H. Tuovinen?. (1) Department of
Food, Agricultural and Biological Engineering, The Ohio State University, 590 Woody
Hayes Drive, Columbus, OH 43210, Fax: 614-292-9448, rismani-yazdi.1@osu.edu, (2)
Department of Microbiology, Ohio State University, Columbus, OH 43210

The purpose of this study was to demonstrate the effect of external resistances on the
power output of microbial fuel cells (MFCs). The MFCs were operated with rumen
microbial consortia as biocatalysts and microcrystalline cellulose as the sole substrate.
Graphite plates were used as the anode and cathode electrodes connected via 20, 249
and 1000 ohm resistances in separate MFCs. The anodic potential varied under the
different loading resistances employed but the cathodic potentials were constant.
Maximum power output of 66 mW/m2 was obtained in MFCs with 20 ohm external
resistance, whereas with higher external load the power output was substantially lower.
Thus the initial external resistance of MFCs can affect the attainable power output as
the result of the effect of external load on the anodic potential.

FUEL 160
Examining the efficiency and biogeochemistry of plankton-fed microbial fuel cells

Clare E. Reimers!, Hilmar A. Stecher 1>, Helen K. White®, and Peter Girguis®. (1)
College of Oceanic and Atmospheric Sciences, Oregon State University, Hatfield
Marine Science Center, 2030 SE Marine Science Drive, Newport, OR 97365, Fax: 541-
867-0221, creimers@coas.oregonstate.edu, (2) Hatfield Marine Science Center,
Oregon State University, Newport, OR 97365, (3) Organismic & Evolutionary Biology,
Harvard University, Biolabs, Room 3085, 16 Divinity Avenue, Cambridge, MA 02138,
Fax: 617-495-8848, hwhite@alum.mit.edu

Decomposition products, power output, electrode potentials, microbial communities and
Coulombic efficiency were investigated as a function of discharge potential in two-
chamber, seawater-filled, microbial fuel cells (MFCs) fed with marine plankton. In the
aguatic environment, particulate organic carbon derived from plankton is the most
abundant "biofuel" available for MFCs, and hence could be used to power autonomous
sensors, beacons and communication devices for ocean monitoring and navigation. In
this study, increased plankton decomposition rates were observed in active MFC
experiments compared to those in an open circuit control cell. These increased
decomposition rates coincided with peak electricity generation and sulfide removal and
are interpreted to be due to the catalysis of organic matter degradation by andophillic
microorganisms. Coulombic efficiencies for the MFCs were between 9-12%, and ~20%
of the planktonic carbon added remained after 56.7 days. Optimization of MFC designs
specifically aimed at plankton degradation reactions has the potential to improve these
recoveries.
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Biofuel cells based on reconstituted enzymes

Evgeny Katz, Department of Chemistry & Biomolecular Science, Clarkson University, 8
Clarkson Avenue, Potsdam, NY 13699, Fax: 315-268-6610, ekatz@clarkson.edu

Effective electrical wiring of redox enzymes is an important condition for the enhanced
power generation in enzyme-based biofuel cells. The present paper summarizes the
present state-of-the-art in the area of the monolayer immobilization of redox enzymes
using the reconstitution approach. This approach was successfully developed in several
laboratories resulting in the efficient electron transfer between the aligned monolayer-
immobilized enzymes and electrodes. The vectorial electron transfer was achieved in
supra-molecular systems composed of enzymes, cofactors and mediators appropriately
assembled on electrode surfaces. Various enzymes (FAD-, NAD+-, PQQ-, heme-, or
cytochrome-dependent) were electrically wired through the reconstitution procedure on
cofactor-modified electrode surfaces. A similar approach was applied to assemble a
photobioelectrode based on reaction centers from photosynthetic bacteria reconstituted
on a quinone-functionalized surface. Future developments based on the application of
nanotechnological approaches will be discussed.

FUEL 192
Conversion of a plant chloroplast to a biological fuel cell

Stephen P Walch, Jason D Komadina, and Fritz B Prinz, Department of Mechanical
Engineering, Stanford University, Stanford, CA 94305, swalch@stanford.edu

We are working on a design for a biological fuel cell based on a plant chloroplast. One
of the problems is to design an electrode to be inserted in the stroma, which will
compete with FNR for electrons from reduced ferredoxin. On the theory side,
calculations have been carried out of the electronic coupling matrix element Hif for
electron transfer from reduced ferredoxin to FAD and to cluster models of the Au 111
surface. We conclude, based on Hif**2, that a gold electrode is ~9 times less efficient as
an electron acceptor than FAD. It is also likely that the gold surface is even less efficient
when orientation effects are considered. By contrast a gold surface covered by a
mercaptopyridene SAM is predicted to be efficient both in orienting the ferredoxin and in
electron transfer with properties similar to the FAD moity of FNR. We have confirmed
these predictions by cyclic voltametry studies.

FUEL 193
Enzymatic biofuel cells for micro-power source applications

Plamen Atanassov, Department of Chemical and Nuclear Engineering, University of
New Mexico, 209 Farris Engineering Center, Albuquerque, NM 87131, Fax: 505-277-
5433, plamen@unm.edu, and Christopher Apblett, Sandia National Laboratories,
Albuquerque, NM 87185

Enzymatic bio-fuel cells present a viable candidate for ultimate miniaturization because
it is a class of energy conversion devices that employ molecular electrocatalysts —

10



enzymes and hierarchical surface architectures developed in the course of the
advancement of bio-nano interface technology. Many of the fabrication technologies
and 3D structural motifs can be achieved with today's MEMS fabrication tools. In
general, enzymatic bio-fuel cells can be successfully employed in devices where
“scavenging” for environmentally available fuel sources is feasible and diversity of fuels
is desirable. We have developed the synthesis of a hierarchically porous conductive
membranes derived from carbon papers with consecutively grown multi-walled carbon
nanotubes (MWCNT). The enzyme electrode formation was then achieved by layer-by-
layer deposition of the protein and polymers with opposite charges. The coverage was
following the hierarchically structured material architecture. This paper will discuss
devices that take advantage of these nanostructures for power generation.

FUEL 194
Biocatalysis of carbon nanotube-attached enzymes for biofuel cells

Xueyan Zhao®, Hongfei Jia®, Jungbae Kim® and Ping Wang'. (1) Department of
Bioproducts and Biosystems Engineering, University of Minnesota, 2004 Folwell Ave,
St. Paul, MN 55108, zhaox179@umn.edu, (2) Department of Chemical Engineering,
The University of Akron, Akron, OH 44325-3906, (3) Pacific Northwest National
Laboratory, Richland, WA 99352

Carbon nanotubes(CNTs)-attached glucose oxidase was examined for biofuel cell
applications. The reaction kinetics of glucose oxidation reaction in the presence of a
mediator, hydroquinone, was probed by using a Ping-Pong Bi-Bi model. It was observed
that the value of K, of the enzyme varied from 29 mM at free state to 38 mM upon
immobilization onto suspended CNTs, while the values of Vnhax only showed a very mild
change from 1.1x10° to 1.3x10° mM/s, indicating the immobilization only slightly
changed the kinetics of the mediated reactions. The use of CNTs showed a 6-fold
enhancement of current density as compared to biofuel cells applied the same amount
of enzyme but without the use of CNTs. That was believed to be a result of the
increased surface area and improved mass transfer property of the CNTs-containing
electrodes. Studies also revealed that the maximum electrical current density of the fuel
cells only matched less than 1% of the reactivity the enzyme mounted on the
electrodes. This indicated that electron transfer and other electrical resistances within
the fuel cells, instead of enzyme activity and availability, are the limiting factors of the
power density of the biofuel cell systems examined in this work.
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Biofuel cells fundamentals: electron transfer mechanism in laccase from
Trametes versicolor

Plamen Atanassov, Department of Chemical and Nuclear Engineering, University of
New Mexico, 209 Farris Engineering Center, Albuquerque, NM 87131, Fax: 505-277-
5433, plamen@unm.edu, and Dmitri Ivniski, University of New Mexico, Albuquerque NM
87131

This paper describes electrochemical behavior of laccase from the fungi Trametes
versicolor by using the protein film voltammetry. The issues related to discrimination of
the redox potentials corresponding to copper centers T1 and T2/T3 in the active site
and possible mechanism of intra-molecular electron transfer have been discussed. The
electron-transfer rate constant for laccase immobilized on carbon electrode is 3.4 s-1.
The bio-electrocatalytic activity of enzyme was studied also in the presence of 1,4-
hydroquinone (HQ). The kinetics of HQ oxidation is very fast (KM = 3.8 uM). However,
the catalytic activity of laccase in the presence of high concentration of HQ decreases
drastically. It is suggested that the T2/T3 copper center is able to accept electrons
directly from HQ molecules via intra-molecular channel. As result of that, the catalytic
reduction of oxygen to water is partially or completely inhibited.

FUEL 196
A high-power glucose / oxygen Biofuel Cell

Hideki Sakai, Takaaki Nakagawa, Yuichi Tokita, and Tsuyonobu Hatazawa, Materials
Laboratries, Sony Corporation, 4-16-1 Okata, Atsugi-shi, Kanagawa 243-0021, Japan,
Fax: 046-226-2405, Hideki.Sakai@jp.sony.com

We have developed a new high-power biofuel cell under natural diffusion of glucose and
oxygen, which has the anode with improving reactivities within the immobilized
membrane and the cathode having the reactive structure. We will discuss in detail on
that day.

FUEL 197
Redox active molecular sieves as enzyme supports for biofuel cells

Kenneth J. Balkus Jr., Department of Chemistry, The University of Texas at Dallas,
2601 N. Floyd Rd., Richardson, TX 75083-0688, balkus@utdallas.edu, Minedys Macias,
Department of Chemistry, University of Texas at Dallas, Richardson, TX 75083-0688,
and Rita Huang, Department of Chemistry, University of Texas at Dallas, Richardson,
TX 75083-0688

The enabling technology for enzyme based biofuel cells is the ability to wire the enzyme
to an electrode. We have prepared redox active mesoporous molecular sieves that
respond to electrochemical and optical stimuli. Small enzymes and proteins have been
encapsulated in the pores of these molecular sieves. Glucose oxidase (GOx) and
Microperoxidase-11 (MP-11)have been supported in diazapyrene decorated periodic
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mesoporous organosilica as well as mesoporous TiO2. Preliminary results for electron
transfer between molecular sieve host and guest biocatalyst will be presented.
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