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The dependence of R;,,; on Vis shown in Fig. 8a for the two differ-
ent anolytes and the MFC with and without SS balls, In all cases Riqt
decreased as the applied cell voltage was decreased. For buffer and
lactate as anolyte R;,, showed a very large decrease when the 55
balls were added to the anode compartment (curves 1 and 3), Rip:
also decreased significantly when MR-1 was added to the anolyte
{curves 1 and 2). In the presence of MR-1 in the MFC with S5 balls
Rint Oonly decreased at higher cell voltages (curves 2 and 4). The
decrease of Ry, leads to large increase of the maximum power pro-
duced by the MFCs containing SS balls without MR-1 in the anolyte
(Fig. 8b) In the presence of MR-1 only a small decrease in Ry, was
observed.

The finding that R, did not decrease much further when MR-1
was added to the anolyte in the cell containing the SS balls can be
understood by an evaluation of the impedance spectra for the anode
and the cathode at their respective OCPs and the MFC at V, for the
four cases studied in this investigation (Fig. 9). Since the impedance
of the anode and the cathode are in series, the impedance of the MFC
is the sum of these two impedances,

For the cell without S35 balls the impedance of the MFC was
very similar to that of the anode even in the presence of MR-
1 (Fig. 9a and b). Therefore Ry, has values that are close to R.
For the cell with S5 balls in the anode compartment Rj and Riy
have significantly decreased (Fig. Sc}, however R} is still consider-
ably larger than Ry A very different situation eccurs when MR-1 is
added to anolyte Al In this case RI“, < Rf, and any further significant
decrease of Ry would only be possible if the rate of the oxygen
reduction reaction could be increased by an improved design of
the cathode. Attempts are being made at present to achieve such
improvements.

4. Summary and conclusions

EIS has been used to determine the internal resistance Ry of a
MEFC as a function of cell voltage V for two different anode config-
urations (with and without stainless steel balls) and two different
anolytes (with and without Shewanella oneidensis MR-1) for a total
for four fest series. For all test conditions it has been found that
Rime decreased with decreasing ¥V which was accompanied by an
increase of the maximum power Pyax that a given MFC could pro-
duce (Fig. 8). The addition of the 55 balls increased the active area
of the anode thereby reducing the polarization resistance R} of the
anode which in turn decreased R;,,; {Eq. {1)). Addition of MR-1 to
the anolyte as a biocatalyst also decreased Rj.

A comparison of the impedance spectra for the anode and the
cathode at their OCP with the impedance spectrum of the MFC at

the open-circuit cell voltage V,, showed that the impedance of the
cell was dominated by the impedance of the anode except for the
case where 5SS balls and MR-1 were added to the anode compart-
ment (Fig, 9). For the other cases the polarization resistance of the
cathode R} was much lower than R} due to the presence of the
Pt particles on the graphite felt cathode that greatly enhance the
rate of oxygen reduction, Further decreases of Ry which lead to
increases of Pnax can only be achieved by reducing Rf. This could
be accomplished by increasing the active surface area of the cathode
and/or by adding a biocatalyst.

Acknowledgment

This project is supported by the AFOSR MURI program, Award
No. FA9550-06-1-0292, Maj, Jennifer Gresham, contract monitor.

References

[1] H.Liu, 5.A. Cheng, B.E, Logan, Environ. Sci, Technol, 39 (2005) 5488,

[2] B. Min, S. Cheng, B.E. Logan, Water Res, 39 (2005) 1675.

[3] Z. He, 5.D. Minteer, L.T. Angenent, Environ. Sci. Technol. 39 (200%8) 5262,

[4] Z. He, N. Wagner, 5.D, Minteer, L.T. Angenent, Enviran. Sci. Technol. 40 (2006)
5212

[5] K.Rabaey, P. Clauwaert, P, Aelterman, W, Verstraete, Environ. Sci. Technol. 39
{2005) 8077.

[6] S. Oh, B. Min, B.E. Logan, Environ. Sci. Technol. 38 (2004) 4900.

[7] B.E. Logan, B. Hamelers, R. Rozendal, U, Schroder, |, Keller, S, Freguia, P, Aelter-
man, W, Verstraete, K, Rabaey, Environ. Sci, Technol. 40 (2006} 5181.

[8] D Aelterman, K. Rabaey, H.T. Fham, N. Boon, W. Verstraete, Environ. Sci. Technol.
40 (2006) 3388.

[9] A. Manohat, O.Bretschger, K. Nealson, F. Mansfeld, “An Evafuation of a Microbial
Fuel Cell Using Different Electrochemical Techniques™, presented at 7th Inferna-
tional Symposium on Electrochemical Impedance Spectrascopy, june 3 - 8, 2007,
Argelés-sur-Mey, France.

[10] A. Manohar, O. Bretschger, K. Nealson, F. Mansfeld, Bioelectrochemistry 72
(2008) 149,

[11] F. Mansfeld, W.J. Lorenz, in; R, Varma, J.R, Seiman (Eds.), Techniques fos the
Characterization of Electredes and Electrochemical Systems, ). Wiley, 1991, p.
581

[12] F. Mansield, in: P. Marcus, F. Mansfeld (Eds.), Analytical Methods in Corrosion
Science and Engineering, CRC Press, 2005, Ch,13.

[13] N. Wagner, W. Schnurnberger, B. Muller, M. Lang, Electrachim. Acta 43 (1998)
3785.

[14} P.R. Roberge, E. Halliop, G. Verville, L. 5mit, |. Power Sources 32 {1990) 261,

[15] O. Bretschger, A, Obraztsava, C.A. Starm, L-S. Chang, Y.A. Gorby, 5.B. Reed, D.E.
Culley, C.L. Reardon, S. Barua, M.F. Romine, ].A.S. Zhou, R.B. Beliaev, D. Saffarini,
F. Mansfeld, B-H. Kim, ].K. Fredrickscn, {.H. Nealson, Appl. Environ. Microbiol.
73(2007) 7003.

[16] AKX, Manohar, O, Bretschger, K.H. Nealson, F. Mansfeld, Electrochim. Acta 53
(2008) 3508.

[17] F Mansfeld, H. Shih, H. Greene, C.H. T5ai, ASTM STP 1188 (1993) 37.

[¥8] E Mansfeld, C.H. Tsai, H. Shih, ASTM ST 1154 (1992) 186.

{19] A. Nagiub, F. Mansfeld, Corros. Sci. 43 (2001 2147,

[20] A. Nagiub, F. Mansfeld, Electrochim. Acta 47 (2002) 2319.



