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HIGHLIGHTS

e An AEM was used in a MEA MFC to enhance hydroxide ions transport between electrodes.
o Maximum power density of 5.7 + 0.4 W m~2 was obtained in 50 mM PBS.

o Maximum power density increased to 7.1 + 0.4 W m~2 in 100 mM PBS.

e MFC assembled internal resistance was lower than individual electrode resistances.

ARTICLE INFO ABSTRACT

Keywords: Microbial fuel cells (MFCs) can be limited to low power densities due to impacts of localized pH on electrode
MFC performance. Acidification of the anodic biofilm limits current generation by bacteria and the increase in cathode

Flow cell pH due to the oxygen reduction reaction reduces the whole cell potential. In this study, an anion exchange
IZ[;‘S membrane (AEM) was used to make a membrane electrode assembly (MEA) in an MFC, with the anode, AEM,

and cathode close together to enhance hydroxide ions transport from cathode to anode to minimize pH imbal-
ances and reduce electrode spacing. With a flow-through felt anode the MFC produced 5.7 + 0.4 W m™~2 (at 29 +
1 Am™2, internal resistance of 7.2 + 0.6 mQ m?, based on cross sectional area), which is one of the highest power
densities produced in an MFC using a 50 mM phosphate buffer (PBS). Reducing the flowrate of the anolyte or air
past the cathode decreased performance. Increasing the buffer concentration to 100 mM produced a maximum
power density of 7.1 + 0.4 W m 2, the highest power density ever recorded for an MFC, demonstrating the

Power density

importance of buffer concentration in maintaining favorable localized pHs.

1. Introduction

Increasing maximum power densities of microbial fuel cells (MFCs)
is one of the greatest challenges for the application of this technology in
renewable energy production [1-3]. Maximum power densities of MFCs
can be limited by the development of pH imbalances between the anode
and the cathode due to electrochemical reactions [4-6]. The anodic
oxidation of 1 mole of acetate generates 8 moles of protons and 8 moles
of electrons while the oxygen reduction reaction (ORR) at the cathode
produces just as many hydroxide ions. If the solution in contact with the
electrode is not well buffered, the pH at the anode will decrease,
inhibiting or damaging the microbial biofilm and thus reducing the
maximum current densities produced by the MFC [7]. At the cathode,
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the accumulation of hydroxide ions will increase the solution pH and
reduce the cathode potential by 59 mV per unit of pH, based on the
Nernst equation [8]. Thus, new approaches need to be identified to
improve the overall MFC performance and overcome the limitations due
to pH imbalance between the electrodes.

Using high buffer concentrations help in maintaining a stable pH
near the electrode surfaces [4,6,9]. Most studies reporting large
maximum power densities have used buffer concentrations up to 200
mM, with improvements demonstrated through comparisons to less
concentrated buffers that could not be explained only by the lower so-
lution resistances [9]. For example, a maximum power density of 4.7 +
0.2 W m 2 obtained using 200 mM phosphate buffer (PBS) was more
than 80% larger than that obtained in 50 mM PBS (2.6 + 0.05 W m %) in
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an MFC with the same configuration [10]. However, the anodic biofilm
is adversely impacted by buffer concentrations larger than 200 mM, due
to the high concentration of salts in the media [9]. In another study a
maximum power density of 5.9 + 0.5 W m™2 was obtained in a 70 mM
carbonate/phosphate buffer amended with potassium chloride to in-
crease the solution conductivity and minimize solution resistance [2].
While the highest power density of 6.8 W m~2 was previously achieved
in 200 mM PBS, it required a cathode much larger (14 x) than the anode,
and thus the power output normalized to the cathode or the cross
sectional area as done in other studies was much lower [11,12].

Reducing the electrode spacing can also increase the MFC perfor-
mance mainly by decreasing the solution resistance, even though few
studies reported an improved transport of protons due to the smaller
spacing [4,13,14]. When the distance between anode and cathode is
reduced, a separator needs to be inserted between the electrodes to
avoid short circuiting [15,16]. Several separators have been examined
in MFCs [17]. For example, a cloth electrode assembly (CEA) configu-
ration, with anode and cathode separated by a thin fabric, produced
3.70 Wm 2 (13A m_z) in 50 mM PBS [14]. In that study, the maximum
current density doubled to 20 A m~2 by reducing the thickness of the
separator by half, from 0.6 mm to 0.3 mm, which was claimed to in-
crease the power by enhancing proton transport between the electrodes
[14]. However, it was not demonstrated that protons transport was
actually enhanced by using that separator. It was shown by others that
cation species (other than protons) in the MFC with a cation exchange
membrane (CEM) were mainly used to balance electron transfer due to
their higher concentrations, resulting in the development of pH imbal-
ances in the two chambers [18,19]. Hydroxide ion transport away from
the cathode is likely to be more important for MFC performance than
proton transport from the anode to the cathode. At neutral to alkaline pH
the ORR occurs through the release of hydroxide ions (eq. (1)) rather
than consumption of protons that occurs under acidic pH [8], according
to:

O, +4¢” +2H,0=240H" Ecy = +815mV (€D)

Thus, anion exchange membranes (AEMs) are a better choice for
MFCs than CEMs.

Reducing the electrode spacing can improve the MFC performance
by decreasing the internal resistance, but a close electrode spacing can
increase the oxygen intrusion to the anode [20-24] and reduce power
production. For example, in a study reporting the highest maximum
power density with equally sized electrodes (5.9 = 0.5 W m™2) in a
carbonate/phosphate buffer at 40 °C and 4 mm electrode spacing, there
was a large decrease in performance after only two days of operation,
likely due to oxygen intrusion, to 4.8 = 0.1 W m™2, and the initial
maximum power density was never recovered, even after replacing the
cathode [2].

In this study, we investigated the performance of a flow cell MFC in a
membrane electrode assembly (MEA) configuration. In contrast to other
MEC studies using an MEA configuration, an AEM rather than a CEM was
used to facilitate hydroxide ion transport. The carbon felt anode and an
air cathode (no catholyte) were pressed onto the AEM, ensuring a small
electrode spacing but facilitating transport of only hydroxide ions pro-
duced at the cathode by the ORR through the membrane (Fig. 1). Cation
transport is severely limited through the AEM while hydroxide anion
transport is enhanced due to development of a localized concentration
gradient and enhanced ion transport to the anode due to the electric
field (i.e. from cathode to anode) when the current density is sufficiently
high. Oxygen intrusion was controlled by pumping air in the cathode
chamber at different flowrates. To further minimize internal resistance
the flow was directed through the felt anode, and its flowrate was also
controlled to improve overall MFC performance. While previous
research has investigated the use of small electrode spacing with cloth or
CEM separators in MFCs [14,25], this is the first study focusing on
AEM-MFCs and hydroxide ion transport.
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CH;COOH + 4H,0

2H,CO; + 8H*

Fig. 1. Comparison of the ion transport in MFCs with cloth separator, cation
exchange membrane (CEM) or anion exchange membrane (AEM). Note that the
cathode reaction is balanced by release of hydroxide ions and not consumption
of protons. Only the AEM can selectively enhance hydroxide ion transport from
the cathode and thus control charge balance through hydroxide ion transport
rather than proton ion transport.

2. Materials and methods
2.1. Construction and operation of the MFCs

The MFCs were made with two-chambers, with the anolyte flowing
through the anode chamber and only air flowing through the air-cathode
chamber. There was no catholyte as the MEA cathode was pressed
against the anode. By using a cathode chamber, it was possible to control
the air flow past the cathode and avoid excessive oxygen intrusion
(Fig. 2). The two cylindrical chambers (30 mm exposed diameter, 7 cm?
effective area), each containing one of the electrodes, were separated by
an AEM (106 + 1 pm thick with an ion exchange capacity of 1.85 mmol
g’l, Selemion AMV-N, Asahi Glass, Co., Tokyo, Japan). The anolyte
flowed from the top to the bottom of the anode chamber while the air
followed the same direction through the cathode chamber. The anode
chamber was made of a compressible silicon gasket with its volume
completely occupied by the carbon felt in order to force the anolyte flow
through the anode and avoid the development of preferential flow paths
within the chamber. A carbon felt of the same dimension of the anode
chamber (7 cm? area, 6.35 mm thick, Alfa Aesar) was positioned against
the AEM. Three layers of plastic mesh spacers (S1.5, 30PTFE-625P,
Dexmet Corp.) were used in the cathode chamber to press the cathode
against the AEM to achieve an effective MEA configuration and to enable
air flow in the cathode chamber through their large porosity. Titanium
foils were used as current collectors in both anode and cathode
chambers.

The carbon felt anode was heat treated at 450 °C in a furnace for 30
min prior to use [24,26]. An anion-exchange cathode catalyst ink was
prepared by blending carbon-supported catalysts (10% Pt/C) with
quaternary 1,4-diazabicyclo-[2.2.2]-octane (DABCO) polysulphone
(QDPSU) solution in dimethylacetamide (DMAc) [27,28]. The ink was
sonicated for 1 h and then sprayed onto one side of a four-layer PTFE
diffusion layer (DL), wet-proofed carbon clot for a final a Pt loading of
0.5 mg cm 2. Cathode and AEM were cold-pressed at 1000 kg cm ™2 for
10 min resulting in the final MEA used in the MFC.

The anolyte (500 mL) was recirculated through the carbon felt at a
flow rate of 5 mL min~" except as noted. Based on an empty volume of
the anode chamber of 4.4 mL, the correspondent empty bed hydraulic
retention time (HRT) at 5 mL min~' was 53 s. The 50 mM phosphate
buffer solution (PBS; 4.58 g L™ Nay,HPO,, 2.45 g L™! NaH,PO4 H,0,
0.31 g L™} NH,4Cl, 0.13 g L™ KCl, conductivity of 6.93 mS cm ™) used as
the anolyte had a pH = 7.0 + 0.1, and it was amended with 12.5 mL L™}
of a concentrated trace mineral solution, 5 mL L' of a vitamin solution,
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Fig. 2. Photographs of the MFC materials used in this study. (1) Cathode MEA, air-side; (2) cathode, solution side; (3) spacers; (4) carbon felt anode; (5) anode

current collector; (6) anode chamber; (7) cathode chamber; and (8) end-plates.

and sodium acetate (2 g L’l) [29]. In one test, a 100 mM PBS anolyte
was used (PBS100; 9.15 g L~ ! Na,HPO,, 4.90 g L~! NaH,PO4 H,0, 0.62 g
L1 NH4CI, 0.26 g L1 KCl, conductivity of 11.93 mS em™1). The air was
pumped in the cathode chamber at a flow rate of 2 mL min~* (empty bed
HRT of 133 s), except otherwise noted, and was first humidified by
directing the flow through deionized water in a half full glass bottle
(1000 mL). The MFCs were operated in duplicate with a fixed external
resistance of 20 Q in a temperature-controlled room at 30 °C.

2.2. Electrochemical measurements

The carbon felt anode was acclimated at a constant potential of
+200 mV vs SHE to maximize the microbial energy harvest and mini-
mize the impact of the external resistance on the electrode operation [9,
30]. The acclimation was performed in cubic-shaped reactors con-
structed from polycarbonate blocks with an inside cylindrical chamber

3 cm in diameter and 4 cm in length filled with 50 mM PBS and inoc-
ulated with the effluent of MFCs operating for >1 year while used in
other experiments. Electrochemical tests on the cathodes were con-
ducted (duplicates) in 4 cm long and 3 cm diameter electrochemical cells
with an empty volume of 28 mL with the cathode as the working elec-
trode and a Pt mesh (3 cm? projected area) as a counter electrode, placed
3 c¢m far from the cathode. The reference electrode (RE) used to measure
the electrode potentials (Single junction silver chloride (Ag/AgCl)
reference electrode; model RREF0021, Pine Research Instrumentation,
NGC; 4+ 199 mV versus a standard hydrogen electrode, SHE) was placed in
the current path between the electrodes, 1 cm distant from the cathode
[28]. An AEM (Selemion AMV-N, Asahi Glass, Co., Tokyo, Japan) was
placed between the cathode/RE chamber and the Pt counter electrode
when electrochemical tests were conducted on the cathode. This
configuration allowed evaluation of the cathode performance avoiding
the interference of an anodic biofilm as the counter electrode [6].
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To investigate the individual electrode performance, linear sweep
voltammetries (LSVs) were conducted on the felt anode at the end of the
acclimation period and on the cathode and MEA cathode. LSVs were
conducted at a scan rate of 0.1 mV s~* from the open circuit potential
(OCP) to 4+-200 mV (anode) and —300 mV (cathode). Prior to the LSVs
the working electrodes were left for 2 h at the OCP and then a fast EIS
(from 100 kHz to 500 Hz, 5 mV amplitude, 10 points s’l, ~25 s scan 1)
was recorded at the OCP to calculate the solution resistance (Rg) [31].
The reported electrode potentials were corrected based on Rq [31,32].
The measured electrode potentials (not corrected for Rg) are reported in
the Supporting Information. The RE used to measure the electrode po-
tentials was placed in the current path between the electrodes [31,32].

The performance of the electrodes was examined using the electrode
potential slope (EPS) method [13]. Following a rapid change in the
electrode potentials due to activation losses over an initial limited range
of low current densities, the electrode potentials become proportional to
the current density. Under these circumstances, for the EPS analysis a
linearized portion of the electrode potentials in a current density range
typical for maximum power densities in MFCs was used to assess anodic
(Ean,e0) and cathodic (Ecat,e0) potentials under the experimental condi-
tions to better describe the electrode performance in terms of experi-
mental electrode potentials. The slopes of the linearized portion of the
electrode potentials were used to calculate the anode (Ra,) and cathode
(Rcat) resistances, with the solution resistance (Rg) as the final compo-
nent of the total internal resistance of the cell. Thus, the linearized
portion of the electrode potentials from polarization curves as a function
of the current density were fit to E = R j + E,o, where j is the current
density, the slope R is defined as the specific resistance of the anode
(Ran), cathode (Rgap), or whole MFC (Riy) in units of mQ m?, and the
y-intercepts was used to calculate the experimental open circuit poten-
tials of the anode (Eap,e0) or cathode (Ecateo) [13].

Single cycle polarization tests were conducted on the flow-MFC by
varying the external resistance (from 1000, 500, 200, 100, 75, 50, 30,
20, 10, 5, 3 Q at 20 min intervals) after replacing the solution and
recording the voltage in open circuit conditions for 2 h, for a total test
duration of ~6 h. The voltage drop (U) across an external resistor was
recorded by a computer-based data acquisition system (VMP3, Bio-logic,
France). Current density (j) and power density (P) were calculated from
the current (i) and normalized by the MFC cross-sectional area (A = 7
cm?) [33]. All potentials are reported here versus SHE. At the end of the
polarization test a fast EIS (from 100 kHz to 500 Hz, 5 mV amplitude, 10
points s’l, ~25 s scan” 1) was conducted at the OCP to calculate the
solution resistance (Rg) [31].

3. Results and discussion
3.1. Anode and cathode electrochemical performance

The carbon felt anode acclimated at +200 mV vs SHE showed stable
performance after ten days of inoculation with a maximum current
density of 6.7 + 0.3 A m2 from day 10 to day 14 in the chro-
noamperometry scans (Fig. 3A). In the LSV, the limiting current density,
defined as the maximum current density that can be obtained from an
electrode reaction [34], was 7.5 + 0.8 A m~2 (peak current density of
8.9 + 0.8 A m~2) while the anode resistance was Ry, = 17.5 & 0.2 mQ
m?. This Ra, was 65% larger than that previously reported for graphite
fiber brush anodes (Rap = 10.6 = 0.5 mQ m?), likely due to the smaller
available surface area of the carbon felt compared to that of the brush
electrode.

The electrochemical tests on the cathode were performed in an
abiotic reactor, to avoid any interference of an anodic biofilm as the
counter electrode [6]. The cathode resistance was similar to that of the
anode (Rcy: = 22.4 + 0.3 mQ mz), and it was slightly smaller in MEA
configuration (Rcat-mpa = 16.5 £ 0.1 mQ m?) (Fig. 3B). The lower
resistance could be due to the cathode-AEM pressing of the MEA that has
been previously showed to reduce the electrode contact resistance [35].
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Fig. 3. (A) LSV of the felt anode acclimated at +200 mV in 50 mM PBS for 14
days. Current densities during the acclimation phase are shown in the inset. (B)
LSVs of the cathode in the absence of the membrane and cathode in membrane
electrode assembly (MEA). The dashed lines represent the linearization of the
data in the current density range typical for maximum power generation in
MFCs (5-8 A m~2). Electrode potentials that were not corrected for ohmic losses
are reported in the Supporting Information.

However, the MEA cold pressing may not have provided enough contact
between membrane and electrode, likely reducing the experimental
cathode potential (Ecat,eo = 349 &= 2 mV, Ecateo-mea = 255 + 1 mV) due
to the accumulation of hydroxide ions between the AEM and the catalyst
layer (CL) [8].

3.2. Assembled flow MFC performance

The carbon felt anode was transferred into the flow MFC with a new
MEA cathode, and stable performance was obtained after two days,
producing j = 18.5 + 0.7 Am 2 and P = 4.8 + 0.3 W m™ 2 (Fig. 4A).
Reversing the flow in the anode chamber by recirculating the anolyte
from the bottom to the top of the felt slightly increased the performance
t0j=19.1+0.7Am 2and P = 5.1 + 0.4 W m2. However, the flow
direction was thereafter switched back to the initial flow path.
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Fig. 4. (A) Power and current density during acclimation in the flow cell with
20 Q external resistance. The vertical dashed lines indicate when the solution
was replaced with a new media. *Polarization test. **The anolyte flow was
reversed. (B) Power density and polarization curve of the MFCs. The dashed
lines represent the linearization of the data in the maximum power region.

Maximum MFC performance after six days of operation was j = 18.2 +
0.8Am 2andP=4.7+ 0.4 W m’z, similar to that obtained after two
days. The maximum current density generated by the anode felt in LSV
was limited by the acidification of the anodic biofilm due to proton
generation during acetate oxidation [6]. Assembling the MFC in the
AEM-MEA configuration increased the anodic limiting current density
by mitigating the anode acidification, resulting in maximum current
densities 2x larger than the limiting current density produced by the
anode felt in LSVs. The anolyte solution pH did not change over the
course of the experiments.

The maximum power density from polarization curves was 5.7 + 0.4
W m™2 29+ 1A m~2 with a 10 Q external resistor). This maximum
power density was ~10x larger than that previously reported using a
similar MFC configuration and Nafion as a CEM [25], and 54% larger
than that obtained using a cloth separator (3.7 W m~2) [14]. This
maximum power density is similar to the highest power density ever
reported in the literature from a similarly-sized MFC (5.9 + 0.5 W m?),
although a higher temperature of 40 °C was used in that study compared
to 30 °C here, as well as a higher buffer concentration for the electrolyte
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(70 mM carbonate/phosphate buffer) and additional salts to increase
conductivity, compared to 50 mM PBS here [2]. The MFC internal
resistance, based on the slope of the polarization curve (Fig. 4B) in the
current density range of 19-37 A m~2 was only 7.2 & 0.6 mQ m?, with a
solution resistance of 1.09 + 0.02 mQ m? from EIS (Supporting Infor-
mation). Thus, the anode and cathode resistance accounted for less than
6.1 mQ m? of the total internal resistance, a value much lower than the
individual electrode resistances obtained from the LSVs over a current
density range of 5-8 Am 2 compared to 19-37 A m ™2 in the polarization
curve data (Fig. 3).

3.3. Impact of anolyte and air flow rates on MFC performance

The anolyte flow rate had a large impact on the MFC performance
with a 20 Q external resistance (Fig. 5A). Reducing the anolyte flow rate
from 5 mL min~! to 1 mL min ! resulted in erratic performance and
average power density over the cycle of 2.9 + 0.1 W m 2. Increasing the
anolyte flow rate up to 15 mL min~! increased the maximum power
density to 4.8 + 0.4 W m~2. This maximum power density did not in-
crease using higher concentrations of acetate in the media (from 2 g L™?
to 4 g L™1), thus substate concentration was not limiting the maximum
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Fig. 5. Impact of (A) anolyte and (B) air flow rate on the flow cell MFC
performance.
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performance. Coulombic efficiency with 2 g L1 of acetate was stable
and >80% for all the flow rate tests with a peak of 98% at 8 mL min !,
but it decreased to 65% with an anolyte flow rate of 15 mL min~' and 4
g L' acetate.

Reducing the air flow to 0.1 mL min ! from 2 mL min~! (5 mL min~
anolyte) had the largest impact on the performance, reducing the
maximum power to only 1.1 = 0.2 W m~2 (Fig. 5B). Likely, oxygen
diffusion was limiting the electrochemical reaction at this very low flow
rates. Increasing the air flow rate to 0.5 mL min~' increased the per-
formance (3.3 + 0.2 W m2). However, following these tests and
returning the air flowrate to 2 mL min~!, produced only a maximum
power density of 3.7 + 0.2 W m ™2, which was lower than the original
maximum power. This reduced power production showed that the
original anode activity was not restored, likely due to the prolonged
operation at low current density with 0.1 mL min ' air flow. For
example, replacing the cathode MEA after 18 days of operation resulted
in maximum power density of 5.1 + 0.5 W m~2, much larger than that
initially obtained after assembling the flow-MFC (4.8 + 0.3 W m’z), but
performance was quickly reduced over the cycle length, to 4.1 + 0.5 W
m2

1

3.4. Impact of buffer concentration and solution conductivity on MFC
performance

Increasing the buffer concentration improved MFC performance
(Fig. 6). Using 100 mM PBS with anolyte flow rate of 5 mL min~! and air
flow of 2 mL min~! the maximum power density was 7.1 + 0.4 Wm ™2 at
45+ 1Am 2 25% larger than that produced with 50 mM PBS (5.7 +
0.4 W m™2, Fig. 4B). The MFC internal resistance was reduced by 36% to
only 4.6 + 0.2 mQ m? compared to that in 50 mM PBS (7.2 + 0.6 mQ
m?). The solution resistance calculated from EIS was only 1.0 + 0.1 mQ
m? (Supporting Information), thus, anode and cathode resistances
contributed with only 3.6 mQ m? to the internal resistance. The higher
buffer concentration likely reduced the anode diffusion resistance
increasing the anodic limiting current density and allowing the pro-
duction of higher power densities [6].

Feeding the MFC with 50 mM PBS amended with NaCl to match the
conductivity of the 100 mM PBS decreased performance, with a
maximum power density and internal resistance similar to those ob-
tained with 50 mM PBS (5.6 + 0.5 Wm 2 PBS’ 5.9 + 0.4 mQ m?, Fig. 6).
Thus, the higher performance of the 100 mM PBS with respect to that
obtained with 50 mM PBS was due to the higher buffer capacity of the
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Fig. 6. MFC polarization and power density curves with 100 mM PBS or 50 mM
PBS amended with NaCl.
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media and not solution conductivity.

3.5. Insight into the factors impacting the performance of the flow MFC
with the AEM configuration

MEFCs with an AEM and close electrode spacing in the MEA config-
uration have never been previously reported in the literature. A com-
parison of the results obtained here with previous studies using CEMs
suggests that the high performance in our study was due to the favorable
transport of hydroxide ions from the cathode to balance charge transfer
between the electrodes rather than cation transport to the cathode
dominated by ions other than protons. It was previously shown that MFC
performance was limited by acidification of the anode biofilm, and that
adding a buffer to neutralize the solution due to the high rate of protons
released from the anode mitigated this phenomenon, increasing the
limiting current density [6,7]. However, cloth separators and CEMs do
not allow selective ion transport of the products of the electrochemical
reactions (H" and OH™) across the separator or membrane. As a result,
other ions present at higher concentrations than H" and OH™ are
transported between the two chambers, leading to large pH imbalances
(especially near the electrodes) and decreased MFC performance. An
MEA cathode with AEM, and no catholyte, was used here to selectively
transport hydroxide ions generated from the ORR away from the cath-
ode, helping to minimize the rise in pH near the cathode catalyst. This
enhanced transport from the cathode also helped to more effectively
neutralize the pH near the anode as it can become acidified due to H"
production by the anodic acetate oxidation reaction.

Even with the limited gap between anode and cathode and the AEM
selectivity, we observed here that increasing the buffer concentration
from 50 mM to 100 mM could further improve performance. Thus, even
in our configuration with minimum spacing between the electrodes, a
pH difference on the two sides of the AEM must have developed. In
addition, it is also likely that not all of the anode biofilm could benefit
from hydroxide ion transport through the AEM to create a favorable
localized pH. For example, it was previously shown using a more porous
brush anode that the microorganisms producing electrical current
spanned a distance of at least ~6 mm away from the cathode [36]. Thus,
the biofilm on the felt anode used here that were further away from the
AEM could still produce protons that might accumulate to concentra-
tions detrimental to power generation due to their distance from the
AEM and cathode.

To maximize overall power production in MFCs, the protons pro-
duced at the anode and the hydroxide ions produced at the cathode need
to be transported towards the other electrode rather than other ions to
effectively maintain a neutral pH. Our MFC design used an AEM to
selectively transfer hydroxide ions from the cathode to the anode and
thus better neutralize protons produced from the anodic biofilm. Even
though the higher cost of AEMs compared to non-selective separators
could limit their use in MFCs, the better performance of the AEM-based
MEFCs over time could offset the initial capital investment.

4. Conclusions

The flow cell MFC in MEA configuration with an AEM produced one
of the highest power densities of 5.7 + 0.4 Wm ™2 at 29 + 1 Am™2in 50
mM PBS. The MFC internal resistance was only 7.2 + 0.6 mQ m?, which
was lower than the sum of the anode (Ra, = 17.5 + 0.2 mQ m?) and
cathode resistances (Rgat.mea = 16.5 + 0.1 mQ m?) obtained in LSVs.
Increasing the anolyte flow rate from 1 mL min~! to 15 mL min~}
increased the maximum power density over the cycle from 3.2 + 0.4 W
m~2to0 4.8 + 0.4 W m™2. The air flow rate past the cathode also showed a
large impact on the performance, with maximum power densities being
1.1 +£0.2W m 2 with 1 mL min~! and 3.7 + 0.2 W m~2 with the highest
flow rate of 2 mL min~!. The maximum power density with a higher
buffer concentration of 100 mM PBS was 7.1 + 0.4 Wm 2at45 +1 A
m~2, with an internal resistance of only 4.6 + 0.2 mQ m?, which is to
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date the highest power density obtained per cross sectional area in an
MEC.
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