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Development of a novel alloy electrode for enhanced power generation in
microbial fuel cells

YAMASHITA, TAKAHIRO
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Carbon-based materials are commonly used as anodes in microbial fuel cells
(MFCs), whereas metal-based materials are not used frequently. We previously demonstrated that
flame-oxidized (FO) stainless steel (SS) anodes produce higher power in MFCs as compared to commonly
used carbon-cloth anodes. In this study, to develop a new metal anode for more increased
electricity generation, 9 different alloys and 9 of their oxidized forms were comprehensively
tested. The flame-oxidized Invar 42 anode showed the highest average of maximum power densities in
the screening test, followed by flame-oxidized Super invar and FO-SS anodes.
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DNA 16SrRNA  V3-V4 MiSeq
1
4 1
2 Typel Invar
42 Super invar Stainless steel Fe Ni Fe
Typelb Kovar  Typela Co 10 Type2
Hastelloy C-276 Inconel X-750 78 permalloy Ni
Type3 Advance Constantan  Ni Cu Cu
Typela Typela Invar



42 310 mW/m? Typela
Cr 10 Stainless steel 283 mwW/m? Invar
42 Cr
Co Typelb  Kovar 192 mw/m?
Typela Type2 Typela
Type2 Fe 6 13 Typela
210 264 mW/m?
Type3 2 57 mW/m?
1
Classificati X ’ < .
Alloy Treatment . C O Mg Al 88 S Ti WV Cr Mn Fe Co Ni Cu Zr Nb Mo W
Invar 42 Type la 1.1 0.0 0.3 1.8 556 2.6 38.7
Invar 42 e 0.8 224 0.1 02 692 02 7.1
oxidation
Super invar Type la 1.0 0.0 1.7 59.0 6.9 314
Sipeelivar 11 223 16 661 48 41
oxidation
Stainless steel Type la 1.52 0 0.6 18.3 09 709 7.9
e, ot 09 17 0.5 154 18 586 59
oxidation
Kovar Typelb 1.1 00 0.1 03 0.2 0.0 0.0 52.1 17.1 29.0 0.2
Kovar Hamed 0.6 214 0.1 02 01 0.1 0.0 57.6 124 74 0.1
oxidation
H“t:l?lgy & Type2 16 0.1 03 00 13 151 15 66 17 524 150 4.4
byt Rl 10 32 03 00 13 147 1.6 64 16 506 149 44
276 oxidation
Inconel X-750 Type 2 1.7 09 14 03 2.6 151 72 1.8 68.0 1.0
Tnconel X-750 T Lamed 10 96 L9 03 28 145 69 L7 603 L1
oxidation
78 permalloy Type2 12 0.0 1.8 134 18 716 56 4.8
58 el e 08 58 1.6 134 1.7 700 57 1.1
oxidation
Advance Type 3 1.0 0.6 0.5 1 14 412 543
Advance il 1.5 12.4 0.2 1.0 1.3 346 49.1
oxidation
Constantan Type 3 0.2 1.6 442 54.1
Gt 10.7 25 19.8 67.0
oxidation
2
Muximum power density Current productivity
Tl 2va
Alloy Treatment Classification () — G A
" - Y - = " -9 . =
Reactor 1 Reactor 2 Reactor 3 + sD Reactor 1 Reactor 2 Reactor 3 + sD
Invar 42 Type la 233 200 216 1.04 0.60 0.82
Invar 42 Flamed oxidation 304 320 306 310 = 8.7 172 2.00 1.92 1.88 £ 0.14
Super invar Type la 215 253 234 i e 0.88 1.00
Super invar  Flamed oxidation 290 325 24 285 t 42 1.56 1.92 0.84 1.44 £ 0.55
Stainless steel Type la ND ND ND ND
Stainless steel Flamed oxidation 280 290 278 283 *+ 66 1.48 1.60 1.80 1.63 * 0.16
Kovar Type 1b 116 257 186 1.56 0.84 1.20
Kovar Flamed oxidation 283 101 192 0.92 0.24 0.58
Hastelloy C-276 Type 2 290 255 250 264 + 22 1.40 1.28 1.24 1.30 £ 0.08
Hastelloy C-276 Flamed oxidation 246 21T 231 0.88 1.20 1.04
Inconel X-750 Type 2 230 191 210 1.76 1.16 1.46
Inconel X-750 Flamed oxidation 292 162 227 1.76 0.64 1.20
78 permalloy Type 2 187 237 212 0.52 1.40 0.96
78 permalloy Flamed oxidation 218 246 232 1.40 1.16 1.28
Advance Type 3 3 2 3 0.00 0.00 0.00
Advance Flamed oxidation 2 3 2 0.00 0.00 0.00
Constantan Type 3 97 16 57 0.20 0.01 0.11
Constantan  Flamed oxidation 4 3 4 0.00 0.00 0.00

a) Current generation of the metal anodes at —0.2 V (vs. Ag/AgCl) in a potentiostatic test.

ND: Not determined.
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é E m% 8 g 8 »-E E E E o 8 é g 3 8 Phylum Class Order Family Genus
2 1 110 (15 6| 6 | 1 |Fmicutes  Clostricia Clostridiales
0 2 1 0 5| 3 (25| 5 |Fimicutes Clostridia Clostridiales [Tissierellaceae] Sedmmentibacter
1(1|2]|1 2(2 (1|1 1 el Firmicutes Clostridia Clostridiales Peptostreptococcaceae
4 3|1 1 | 2 3 | 1 |Finmicutes Clostridia Clostridiales Clostridiaceae Proteiniclasticum
8 (4 (11({15/10/6 |5 |12|1 | 3|2 1| 5| 1|4 |Proteobacteria  Deltaproteobacteria  Desulfuromonadales Geobacteraceae Geobacter
2/5(1|4|1]|1 2 2 0 2 |Protecbacteia  Deltaproteobacteria Desulfur dales Desulfi daceas  Desuly
512714 Proteobacteria  Betaproteobactena
4 & ,. > 8,22 |s 8; 8; 5 vadinCA02
1 f1|2]2 2|1 |1]1]1]1 s s 5 Dethiosufovibrionsceas  HA73
1|2 : g ! 451 14| 1 Planctomycetes Planctomycetia  Pirelhulales Pirellulaceae
_1@4 1|4 ml 01|55 501 Bacteroidetes  Bacteroidia Bacteroidales Rikenellaceae Bhii2§
3/3(2|3(1|2|7|3|5|3|4(2|2|2|11]2 |Bacteroidetes  Bacteroidia Bacteroidales
3/2(8|2|8|3|1|3|1|2|4[2]|9|5|5]|1 |Bacteroidetes  Bacteroidia Bacteroidal Porph daceae
8 |Bacteroidetes  Flavobacteriia Flavobacteriales [Weeksellaceas] Cloacibacterium
9 |Other
89 % 5% 0%






