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Development of a novel metal electrode for enhanced power generation in
microbial fuel cells
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In this study, to develop a new metal anode for more increased electricity

generation, 14 different metals (Al, Ti, Fe, Ni, Cu, Zn, Zr, Nb, Mo, Ag, In, Sn, Ta, and W) and 31
of their oxidized forms were comprehensively tested. The untreated Mo and electrochemically oxidized
Mo anodes showed the highest average of maximum power densities in the screening test, followed by
flame-oxidized (FO)-W, FO-Fe, FO-Mo, and Sn-based anodes. The power output of FO-Fe was almost the
same as that of FO-SS anode. A high maximum power density (1,296 mW/m2) was achieved using the
untreated Mo anode in the microbial fuel cells (MFCs). The Mo anode continued to produce current
without detectable corrosion until the end of operation (350 d). Geobacter was abundant in biofilm
Eormﬁd on the Mo anode, implying that the potential involvement of the bacteria in the Mo cycle on

arth.
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Anode

Oxidation conditions

EO,.4Al 10% H,SO, at 5V for 5 min
HT-Al 620°Cfor6h
EO,u4Ti 0.1 MH,SO, at 20V for 1 min
FO-Ti 2min
EO,,Fe 10 M NaOH at 5 Vfor 10 min
FO-Fe 10 min
EO,uqNi 10% H,SO, at 2.5V for 1 min
EO,,-Ni 10 M NaOH at 5 V for 30 min
FO-Ni 2min
EO,4qCu 20% H,SO, at 2.5 Vfor 1 min
FO-Cu 2min
EO,-Zn 4 M NaOH at 2.5V for 5 min
HT-Zn 800 °C for 5 min
EO,-Zr 1% NaOH at 10V for 1 min
FO-Zr 2min
EO,s4-Nb 0.1 MH,SO, at 20V for 1 min
FO-Nb 2 min
EO, Mo 0.2 M acetic acid at 30V for 20 min
EO,-Mo 1% NaOH at 3V for 10 min
FO-Mo 10 min
EO,.q-Ag 1 MHClat3Vfor 1 min
EO,-Ag 1% NaOH at 5V for 1 min
HT-Ag 920°Cfor 11 h
EOQ,5qIN 0.1 MH,S0O, at 5V for 1 min
EOQ,,4-SN 0.1 MH,SO, at 5V for 1 min
EO,-Sn 1% NaOH at 10V for 1 min
HT-Sn 190°Cfor3h
EO, 44T 0.1 MH,;PO, at 10V for 10 min
EO,a¢W 0.1 MH,SO, at 8V for 5 min
EO,, W 1% NaOH at 15V for 5 min
FO-W 8 min
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Basemetal Anode Maximum power density (mW/m?) Current productivity (A/m?)?
Reactor1 Reactor2 Reactor3 Average+SD Reactor1 Reactor2 Reactor3 Average+SD
Al Notreatment 140 269 190 200 £ 65 053 080 058 064 +£0.14
EO, Al 141 207 174 043 046 045
HT-Al 001 0.02 0 000 0.00 000
Ti No treatment 28 4 16 0.02 005 004
EQ,uq Ti 2 5 4 001 0.02 002
FO-Ti 162 90 126 059 038 049
Fe Notreatment 178 186 182 039 070 055
EQ,Fe 134 219 177 038 081 060
FO-Fe 289 261 278 276 £ 14 101 091 1.05 099 +007
Ni Notreatment 165 130 148 043 041 042
EO e Ni 142 1 77 0.1 0.01 006
EO 5 -Ni 120 131 126 0.08 027 0.18
FO-Ni 162 110 136 042 o1 032
Cu No treatment 5 9 7 0.00 0.00 000
EQ,Cu 26 14 20 0.00 0.00 000
FO-Cu 39 23 31 0.09 0.00 005
Zn Notreatment 192 156 174 0.16 028 022
EO4-Zn 120 152 136 0.18 0.18 0.18
HT-Zn 160 88 124 036 008 022
Zr No treatment 73 55 64 021 018 020
EO,,-Zr 16 13 0.04 0.02 003
FO-Zr 4 3 5 003 013 008
Nb No treatment 13 08 1 001 001 001
EO,sND 04 05 0 001 0.00 001
FO-Nb 68 m 90 0.17 027 022
Mo No treatment 397 269 366 344 £ 67 215 1.08 1.76 166 £ 054
EO Mo 373 265 331 323+54 1.76 113 1.50 146+ 032
EQ Mo 293 312 315 307+12 093 1.09 140 1.14+024
FO-Mo 209 295 279 261 £ 46 067 1.09 096 091 +£022
Ag No treatment 71 135 103 020 014 017
EO,+AQ 196 90 143 059 035 047
EO.-Ag 198 242 220 0.60 085 073
HT-Ag 238 218 228 049 059 054
In Notreatment 204 209 207 057 053 055
EO,qsin 195 208 202 047 063 055
Sn No treatment 279 183 265 242 £ 52 1.15 087 1.01 101 +£014
EO,.+-SN 198 247 245 230+ 28 055 103 084 081+024
EO4-Sn 287 17 286 248 £ 67 1.19 1.18 1.10 1.16 £ 005
HT-Sn 259 238 171 223+ 46 095 088 0.72 085+0.12
Ta No treatment 5 2 4 003 001 002
EO,qsTa 0 1 1 0.00 001 001
w No treatment 73 72 73 0.00 0.00 000
EQ, e W 68 73 Al 0.00 0.00 0.00
EO W 77 71 74 000 009 005
FO-W 253 293 288 278+ 22 109 062 1.03 091 +026
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