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HIGHLIGHTS

» The performance of a NWF was comparable to that of a PEM.
» A NWF showed stable electrical cell performance over 300 days.

» The oxygen mass transfer coefficient for the NWF was similar to that of a PEM.
» The acetate mass transfer coefficient for the NWF was lower than that of PEM.
» The MFC utilizing ABPBI can improve overall cell performance as a proton conductor.
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A membrane electrode assembly (MEA) microbial fuel cell (MFC) with a non-woven paper fabic filter
(NWEF) was investigated as an alternative to a proton exchange membrane (PEM) separator. The MFC with
a NWF generated a cell voltage of 545 mV and a maximum power density of 1027 mW/m?, which was
comparable to that obtained from MFCs with a PEM (551 mV, 609 mW/m?). The MFC with a NWF showed
stable cell performance (550 mV) over 300 days, whereas, the MFC with PEM performance decreased sig-
nificantly from 551 mV to 415 mV due to biofilm formation and chemical precipitation on the membrane

ﬁ%ﬁ‘fgﬁimd cell (MFC) surface. Poly [2,5-benzimidazole] (ABPBI) was evaluated with respect to its capacity to increased proton
Separator conductivity and contact between separator and electrodes. The overall performance of the MFC with
Non-woven fabric filter ABPBI was improved by enhancing the ion conductivity and steric contact, producing 766 mW/m? at opti-
ABPBI mum loading of 50 mg ABPBI/cm?.

Membrane electrode assembly (MEA)

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Conventional biological wastewater treatment, despite success-
fully achieving removal of contaminants, is suboptimal due to high
energy consumption and the need to dispose of significant quanti-
ties of activated sludge.

Microbial fuel cells (MFCs) are considered a potential technology
for the production of electrical energy from biodegradable organic
matter present in wastewater, by using electrochemically active
bacteria (EAB) (Logan et al., 2006; Rozendal et al., 2008a). The appli-
cation of MFCs in a wastewater treatment process has several
advantages over existing conventional activated sludge processes,
since it can harvest electrical energy directly from wastewater
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and treat organic pollutants (Kim et al., 2007). Furthermore, MFCs
generate less excess sludge than aerobic treatment because of
anaerobic catabolism in the anode half-cell (Henze et al., 2008).
However, the main challenge to the utilization of MFCs is the need
to reduce of material and manufacturing costs and to develop
configurations that maximized power generation (Logan, 2008).
High-energy facilitating anode materials such as graphite brushes
(Logan et al.,, 2007), alternative cathode catalysts (Zhao et al.,
2005; Kim et al., 2011), and separators such as J-cloth (Fan et al.,
2007), have already been proposed. To create an industrially appli-
cable MFCs system, however, these materials should have stable
power production in long-term operation at minimal capital costs
(Clauwaert et al., 2008).

The main components of the MFCs are the anode and cathode
with a separator as an optional component (Jang et al., 2004;
Ghangrekar and Shinde, 2007). If the electrodes of an MFC are
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not separated by a long distance, separators such as ion exchange
membranes or filters to prevent oxygen and substrate cross-over
and to reduce inhibition of anaeriobic bacteria on anode surface,
by oxygen. (Logan et al., 2006). Ion exchange membranes (IEMs)
such as proton exchange (PEM), cation exchange (CEM), or an an-
ion exchange membrane (AEM) have been used in MFC studies
(Kim et al., 2007b;Liu and Logan, 2004;Chen et al., 2008;Zuo
et al.,, 2008). IEMs are expensive. Rozendal et al. (2008a) reported
that the estimated capital cost of MFCs based on PEM materials
currently used in laboratory systems would amount to approxi-
mately 40% of the total cost. It might be even higher for actual
field-scale application because of hydrostatic pressure in large-
scale reactors. The second drawback is biological and chemical
fouling. Such fouling increases internal resistance, and conse-
quently results in a decrease in MFC performance (Rozendal
et al., 2006). The third drawback is a higher transfer rate of cations
than protons, which can significantly inhibit electrochemical reac-
tions on the cathode and reduce cathode cell performance. In the
electrolyte of MFCs, cations typically are present at 10° times high-
er concentrations than protons. As these cations combine with sul-
fonated groups in Nafion and inhibit the migration of protons, pH
decreases in the anode chamber and pH increases in the cathode
chamber, causing a negative effect on electrochemical cell perfor-
mance (Kim et al., 2007a; Rozendal et al., 2008b).

Therefore, in order to overcome these problems, various size-
selective separators, particularly low cost materials such as J-cloth,
or ultrafiltration (UF), microfiltration membranes (MFM), and glass
fibers have been tested (Kim et al., 2007b; Fan et al., 2007; Sun
et al.,, 2009; Zhang et al., 2011). Kim et al. (2007b) found that MFCs
with UF as a separator produced a relatively high power density of
462 mW/m?2, however, a high percentage of electrons lost through
unidentified processes. An MFM as a separator produced a compa-
rable power density as an MFC with a PEM (Sun et al., 2009). The
use of an inexpensive ]-cloth considerably improved power gener-
ation in an MFC systems (Fan et al., 2007), but the J-cloth can be
biodegraded over time (Zhang et al., 2009). Zhang et al. (2009) also
reported that glass fiber generated a high power density and pro-
duce low ohmic resistance due to low oxygen transfer coefficients.
Sulfonated polyether ether ketone (SPEEK) and poly ethersulfone
(PES) membranes which are cheaper than PEM also investgated
have the potential to enhance the efficiency of MFCs (Ayyaru and
Dharmalingam, 2011; Lim et al., 2012). Such separators generally
showed a higher proton transfer capability and better applicability
than IEMs, however, these materials should be considered in terms
of sustainability and longevity before using for field applications.

The present study explored the use of a non-woven fabric filter
(NWF) as a separator in MFCs to reduce capital costs. NWF is al-
ready used in water purification and wastewater treatment, and
by chemical process industries. The price of NWF used in this study
was as low as $4 per square meter, much lower than that of Nafion
117 at $1400 per square meter. To evaluate the performance of the
NWEF, power production was estimated and substrate and oxygen
mass transfer coefficients and longevity were measured during
long-term operation and compared with those of PEM. The NWF
was supplied with an ion-specific conductor, poly [2,5-benzimid-
azole] (ABPBI) (Asensio et al., 2004), to improve proton conductiv-
ity and contact between NWF and cathode electrodes.

2. Methods
2.1. MFC construction
Pseudo-MEA type two-chambered MFCs Fig. S1a) were con-

structed to compare the performance of the PEM and NWF separa-
tors. Two-chambered MFCs comprised two plastic rectangular

chambers (340 mL each), and the two chambers were the PEM or
NWEF. Graphite felt (GF-20-5F, Nippon Carbon Co., Japan) was used
as anode (Kim et al., 2008) and connected to the cathode with a cop-
per wire through an external resistance of 1000 Q. The cathode was
made of the same material but coated with a platinum catalyst
(0.5 mg-Pt/cm?). To minimize the internal resistance and space be-
tween anode and cathode, the two electrodes (36 cm? of project
area and 0.6 cm in thickness) were installed at opposite sides of
the separator, minimizing the distance between the anode and
cathode to less than 2 mm. PEM (Nafion 117, DuPont, USA) and four
types of NWF (1025D, 1070D, 1082D and 1443R, DuPont, USA) were
tested as separators. The MFCs with PEM, 1025D, 1070D, 1082D and
1443R separators were designated as PEM, NWF1, NWF2, NWF3,
and NWF4. The NWFs had similar thicknesses as PEM and the pore
size of NWF was in the microfiltration membrane pore size range
(0.1-10 pum). Table 1 shows the physical properties of PEM and
NWE. Prior to use, the graphite felt was soaked in 100% ethanol
for 30 min and in 1 M HCI for 1 h. The electrodes were washed in
1M NaOH for 1 h and stored in distilled water before use (Chae
et al., 2008). An Ag/AgCl reference electrode (MF-2052, Basi, UK)
was placed in the anode chamber.

In order to estimate the performance of ABPBI as a proton trans-
fer conductor, MEA-type single-chambered MFCs were operated
(Fig. S1b). The working volume of the anode chamber was
180 mL, and the anode consisted of graphite felt with 25 cm? of
projected area. NWF (1443R, DuPont, USA) was used as a separator.
The cathode (30% wet-proofed carbon cloth, BIB30WP, E-Tek, USA,
with 0.5 mg-Pt/cm?), was exposed to air. ABPBI was loaded
between the electrode and the separator (Fig. S1c). ABPBI was
prepared by the polymerization of 3,4-diaminobezoic acid in
polyphosphoric acid (Asensio et al., 2002). The electrode was
impregnated with 0 mg ABPBI/cm? (Pseudo MEA type), 30, 50,
and 80 mg ABPBI/cm? (MEA type).

2.2. MFC operation

Both single and two-chambered MFCs were operated in a
fed-batch mode. The MFCs were inoculated using returned sludge
taken from an activated sludge process (Sooyoung Domestic Waste-
water Treatment Plant, South Korea), with feed solution. Before
injection, the sludge was filtered through a sieve with a mesh size
of 500 um and purged with nitrogen gas for 15 min. The feed solu-
tion used in the two-chambered MFC experiment consisted of CHs_
COONa (3 mM, 246 mg COD/L), while the feed solution for the
single-chambered MFC contained CH3COONa (10 mM, 820 mg
COD/L) as a carbon source. A nutrient solution of KH,POy4, 5.8 g/L;
K,HPO,4, 10.0 g/L; NH4CI, 0.1 g/L and MgS0,4-7H,0, 0.01 g/L was
added in both cases. In addition, 1.0 mL/L of trace metals solution
was also added (Chen et al., 2008). When the cell voltage decreased
below 20mV as a result of substrate depletion, anolyte and
catholyte were completely replaced with fresh medium. The
cathode chamber for the two-chambered MFC was continuously
aerated to supply oxygen as electron acceptor. The air flow rate
was maintained at 0.5 L/min by means of a flow-meter (RMA-13-
SSV, Dwyer Instruments Inc., USA).

2.3. Electrochemical monitoring and analyses

The cell voltage across the circuit with an external resistive load
was measured using a digital multi-meter and a data acquisition
system (Model 2700, Kiethly, USA). Electrode potentials were mea-
sured with respect to a Ag/AgCl reference electrode. The current
was calculated according to Ohm’s law. Polarization curves were
obtained by changing the external load resistances over a series
ranging from 10,000 to 10 Q. More than three complete cycles of
fed-batch operation were conducted before obtaining the polariza-
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Table 1
Physical properties and cost of proton exchange membrane (PEM) and non-woven fabric filters used in this study.
PEM (PEM) 1025D (NWF1) 1070D (NWF2) 1082D (NWF3) 1443R (NWF4)
Thickness (mm) 0.19 0.13 0.18 0.25 0.13
Weight (g/m?) 360 42 68 105 43
Water permeability (psid) - 4.1 43 7.7 42.9
Pore size (pm) - 2.01 1.78 1.81 1.21
Cost ($/m?) 1400 2 3 4 2

tion curve to ensure steady-state conditions. Organics concentra-
tions were determined by a spectrophotometric method (Humas
Method 1002, Humas, South Korea). The pH and conductivity were
measured using a pH meter (Orion Benchtop 3-star, Thermo Fisher
Scientific, USA) and a conductivity meter (Orion Benchtop 3-star,
Thermo Fisher Scientific, USA), respectively. The coulombic effi-
ciency (CE) was calculated on the basis of the current generated
under steady conditions (Logan et al., 2006).

2.4. Oxygen and acetate mass transfer coefficients

The oxygen and acetate mass transfer coefficient for PEM and
1443R were determined as previously described (Kim et al.,
2007b). A dissolved oxygen (DO) electrode (Orion Benchtop 3-star,
Thermo Fisher Scientific, USA) was placed in the anode chamber.
Prior to measurements, the anaerobic deionized water in the anode
chamber was purged with nitrogen gas to remove DO. Concur-
rently, the cathode chamber was continuously aerated to maintain
saturated DO conditions. The mass transfer coefficient K, of oxygen
in the tested PEM and 1443R, was determined by monitoring the
DO concentration over time and calculated using Eq. (1).

Do -V [(Co-GC)
I<O_L_t_At Xln|: Clvo :|

(1)
where V is the liquid volume of the anode chamber (340 mL), A is
the PEM and 1443R the cross-sectional area. C; o is the saturated
DO concentration in the cathode chamber and C, 4 is the DO concen-
tration in the anode chamber at a time t. The contents of the anode
chamber were stirred with a magnetic stir bar during the oxygen
transfer experiment. The diffusion coefficient (D, cm?/s) for each
chemical was calculated as D, = K,L;, where L; is the separator thick-
ness reported by the manufacturer.

In order to determine the mass transfer coefficient for acetate,
acetate (180 mg COD/L) was fed into the anode chamber and dis-
tilled water was fed into the cathode chamber, and the samples
were taken from the cathode chamber every 20 min. The mass
transfer coefficient for acetate was determined using the following
Eq. (2).

Dy -V I {(Cm - 2C2)}

Ky=-—==—-x1In Cro

L 2At )

2.5. Morphological analysis

The morphologies of the biofilms and chemical deposits on the
separators were observed using a scanning electron microscope
(SEM) (S-4700, Hitachi, Japan). For SEM analysis, samples
(1 x 1 cm?) of the PEM and 1443R were taken from the reactor
after completion of experiment. The samples were placed in 2.5%
glutaraldehyde for 1 h, washed in 0.1 M phosphate buffer pH 7,
post fixed in 2% osmium tetroxide for 1 h, and dehydrated in an
ethanol series (50%, 70%, 90% and 100%) for 10 min at each step.
The samples were dried at the critical point of CO,. Before observa-
tion, the samples were coated with platinum using an ion coater
(E-1010, Hitachi, Japan) (Cha et al., 2010).

3. Results and discussion
3.1. Power generation in MFCs with non-woven fabric filter

The voltage generations in MFCs with NWF were compared to
those in MFCs with a conventional proton exchange membrane
in fed-batch operated two-chambered MFCs. NWF4 (1443R) gener-
ated a voltage of 545 + 22 mV which was comparable to that with
PEM (Nafion 117,551 + 56 mV), while the voltages of NWF1, NWF2
and NWF3 were 402 + 56, 531 + 35 and 388 + 21 mV, respectively.
The development of anode and cathode cell potential over time
with different separators is shown in Fig. 1(a) and (b). The anode
potential of each reactor was initially sustained at —487 mV (vs.
Ag/AgCl) until it increased to 290 mV due to substrate depletion
in all MFCs (Fig. 1a). For the cathode cell potential significant dif-
ferences between PEM (85 mV vs Ag/AgCl) and NWFs (NWF1-
NWF4, —90 mV, 35 mV, —95 mV and 75 mV, respectively) during
steady state operations (Fig. 1b) were noted. The anode electro-
chemical reaction was not affected by the type of the separators
as it was regulated by the respiration of attached microbe, but
the cathode was affected when using different separators. This re-
sult implies that proton and/or cation species transport through
the separator significantly influenced cathode performance. Thus
selection of membrane/separator is important to of cell perfor-
mance (Zhang et al., 2010). Both pH and conductivity in the anode
chamber were measured at the beginning and end of a batch cycle.
When using PEM as separator, the initial pH (6.9) and conductivity
(14.2 mS/cm) changed slightly to 6.8 and 14.3 mS/cm at the end of
a batch cycle. Similarly, there was no observable change in pH and
conductivity for a batch cycle, when using NWFs (data not shown).
These findings can be explained by the high buffering capacity of
buffer used.

In order to investigate the whole cell performances in terms of
stability through repeated batch cycles, polarization and power
curves were analyzed by changing the external resistance after
120 days of operation (Fig. 1c and d). The maximum power density
of NWF4 was 1,027 + 79 mW/m? (97.0 + 7.5 mW/m?) as compared
to that with PEM (609 = 41 mW/m?, 57.5 + 3.9 mW/m?). The inter-
nal resistances of the NWF was estimated from the slope of the
polarization curves and was lower than that of PEM (51+7.5Q
of NWF4 vs. 93 +2 Q of PEM) (Table 2). Ohmic losses are related
to electrode spacing, selection of separator, degree of contact be-
tween electrodes and circuit, and solution conductivity and buffer-
ing capacity (Logan, 2008). Since the electrode and wire have
relatively high conductivity, ohmic losses derived from electron
flow in the circuit are virtually negligible, although the interface
between microbes and electrode can be a potential source of loss.
In the present study, it was hypothesized that the ohmic losses
would be strongly affected by cation/proton transfer from the an-
ode to cathode chambers through the electrolyte and separator.
As shown in Fig. 1c, the ohmic losses exhibited a significant differ-
ence between the five MFCs. Although NWF does not contain an
ion-specific functional group, and thus does not favour specific cat-
ion (proton) transfer, it exhibited much lower ohmic losses and
simultaneous higher long term stability compared to PEM. The oh-
mic losses of PEM, NWF1, NWF2, NWF3 and NWF4 were 73.1 + 8.3,
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Fig. 1. Development of (A) anode and (B) cathode potentials (vs. Ag/AgCl reference electrode, 0.195 vs. NHE (normal hydrogen electrode)) over time, (C) polarization curve,
and (D) power curves in MFCs with different separators. Arrow indicates acetate injection.

Table 2

Open circuit voltage (OCV), power production and internal resistance of microbial fuel cells (MFCs) by changing a series of different external resistances on the circuit from 10,000

to 10 Q at 246 mg/L acetate.

PEM NWF1 NWF2 NWEF3 NWF4
OCV (mV) 895+13 552 + 68 797 +43 793 £43 839130
Maximum power density (mW/m?) 609 + 41 432 +76 839+69 664 +74 1027 +79
Internal resistance (Q) 93+2 43+2 53+6 37+1 51+8

60.1£8.7,59.2 +1.2,72.1 £9.5 and 46.9 £ 6.5 Q, respectively. High
ohmic losses of PEM can be explained by higher affinity for cation
species than protons. PEM has negatively charged sulfonate groups
(-S037), which lead to a high level of proton conductivity. How-
ever, PEM has a higher affinity for K*, NH,*, Ca®*, and Mg?* than
protons (Rozendal et al., 2006). In contrast, NWFs have a larger
pore size to facilitate greater overall chemical species transfer
compared to PEM (1.2-2.0 pum of NWF vs. less than 0.03 pm of
PEM). Therefore, they exhibited lower ohmic losses than PEM,
attributed to a higher proton transfer capability (Li et al., 2011).
It is difficult to give a comparison of performances between the
separators because the separators had different thicknesses, sur-

face conditions and configuration of separator as well as the oper-
ating conditions (Li et al., 2011), nevertheless, a comparison of
separator properties in terms of maximum power density and
internal resistance are shown in Table 3.

3.2. Oxygen and acetate mass transfer coefficients

The oxygen flux from cathode to anode through the separator
was evaluated by monitoring DO over time. As NWF4 showed
higher power density and electrochemical performance than other
NWEF separators, the mass transport characteristics of NWF4 were
investigated and compared to PEM. The DO concentration of the
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Table 3
Comparison of the performance of MFCs with NWF4 (non-woven fabric filter; 1443R, DuPont, USA), proton exchange membrane (PEM) and other separators.
Separator Maximal power density Internal resistance (Q) Reference
mwW/m? mW/m?
NWF4 1027 £79 97.0+7.5 51+7.5 In this study
PEM 609 + 41 57.5+3.9 93+2 In this study
MFM? 878 + 41 214+8 248 Sun et al. (2009)
PEM 415+ 14 103+3 672 Sun et al. (2009)
CEMP - 480 1308 £18 Kim et al. (2007b)
AEM® - 610 1239 +27 Kim et al. (2007b)
UF-1K¢ - 462 1239+52 Kim et al. (2007b)
J-cloth 46,000 + 1000 786+23 11.3+0.3 Zhang et al. (2009)
GF1¢ 52,000 + 2000 896 + 49 37.6+1.4 Zhang et al. (2009)
SPEEK' - 670+ 14 - Ayyaru and Dharmalingam (2011)
¢ Microfiltration membrane.
b Cation exchange membrane.
¢ Anion exchange membrane.
d Ultrafiltration membrane.
¢ Glass fiber 1.0.
f Sulphonated polyether ether ketone.
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Fig. 2. (A) Oxygen and (B) acetate diffusion through a proton exchange membrane (PEM) and non-woven fabric filter (NWF4) in uninoculated MFCs.

anode chamber in the MFC with PEM increased from 0.19 to
2.87 mg/L within 100 min, while NWF4 showed an increase from
0.14 to 2.74 mg/L (Fig. 2a). The estimated oxygen mass transfer
coefficient (Kopgy) for PEM was 6.7 x 10~* cm/s (D,, PEM = 1.15 -
x 107> cm?[s) whereas the corresponding values for NWF4 were
7.0 x 107*cm/s and 0.91 x 107> cm?/s in the MFC configuration
tested.

The acetate mass transfer coefficient was also estimated based
on the diffusion from anode to cathode chamber. The acetate con-
centration of the cathode chamber with PEM increased from O to
23.7 mg/L in 120 min, while it increased from 0 to 19.5 mg/L in
NWF4 (Fig. 2b). The acetate mass transfer coefficient for NWF4
(1.6 x 10~* cm/s) was lower than that of PEM (2.2 x 10~* cm/s).
The high value for the acetate mass transfer coefficient indicates
that PEM resulted in a higher loss of acetate by migration into
the cathode chamber, consequently decreasing cell performance
by the development of biomass on the cathode catalyst. It is inter-
esting that the PEM with cation exchanging functional groups
showed a higher anion (acetate) transport capability than NWF
which does not have an identified functional group for ion trans-
port. The pore size of PEM has been reported at approximately
20-30 nm, which is two orders of magnitude smaller than that of
NWEFs (1.2-2.0 pm). The results imply that mass transport in MFCs,
which contain high concentrations of anion and cation species in
the media, may depend on various operational factors such as buf-
fer concentration, ionic strength and substrates. The characteristics
of materials such as a hydrophilic property and interaction with

other ionic species, seems more important than the pore size
and/or functional groups on separators to control acetate diffusion.
Similar results were obtained previously by Kim et al. (2007), who
showed a lower acetate mass transport coefficient in the ultrafil-
tration membrane (0.5 K) than Nafion 117.

3.3. Stability of PEM and non-woven fabric filter in MFCs

It has been reported that separators in MFC have a biofouling
problem during operation (Choi et al.,, 2011). Rozendal et al.
(2006) also reported that the electrochemical cell performance
of MFCs using PEM can be significantly increased after physical
cleaning or replacement with a fresh PEM. Sustainability of sepa-
rator function is an important factor for maintaining performance
and achieving feasible field-scale application. The electrochemical
performance of NWF was compared to that of PEM over 300 days
of fed-batch operation. The cell potential of NWF was almost con-
stant, even after 300 days (550 mV), while that for PEM decreased
from 551 mV to 415 mV (Fig. 3a). The anode cell potential of PEM
and NWF4 did not change for 300 days (Fig. 3b). The cathode cell
potential of PEM significantly decreased from 85 to 27 mV after
300 days, while the cathode cell potential of NWF4 was main-
tained even after 300 days (75 mV vs. 74 mV). The CE for PEM
also decreased from 31% to 22% after 300 days as compared to
that for NWF4 which was almost the same at approximately
20%. Overall, the performance of PEM deteriorated more seriously
than that of NWF4. These finding support the contention that
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there is a change in internal resistance over the operating period,
particularly due to inhibition of proton migration for the cathode
reaction by biological or chemical fouling on the PEM surface
(Rozendal et al., 2006; Choi et al., 2011). It can be assumed that
the overall cell performance decrease might be related to cathode

potential resulting from differences in ion transport through
separators.

In order to investigate biological and chemical fouling of the
separators, the surface morphologies of PEM and NWF4 were ob-
served by SEM (Fig. S2a and b). The NWF contained high density
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polyethylene fibers which were randomly woven on the surface, as
compared to the smooth surface of PEM. After 300 days of opera-
tion, both PEM and NWF4 were covered with a biofilm and chem-
ical precipitation. The thick biofilm on the surface may possibly
inhibit the ions and proton transportation in both separators. How-
ever, in the NWF4, the randomly woven fiber formed many micro-
scale interstitial access paths which facilitated ion transport aided
by shear stresses in the bulk media, driven by diffusion and con-
vective flow. Therefore the available porosity was maintained on
the surface of NWF4 even after biofilm formation.

3.4. NWF membrane electrode assembly with ABPBI as proton
conductor

In order to improve the ion conductivity and integrity of contact
between NWF and electrodes, ABPBI (poly [2,5-benzimidazole])
was introduced to the membrane electrode assembly in the sin-
gle-chambered MFC (Fig. S1b and c). To investigate the effect of
ABPBI loading on MEA, 30-80 mg ABPBI/cm? was used between
the electrode and NWF. In terms of cell potential, the optimal load-
ing was 30 mg /cm? on the MEA, resulting in an enhanced cell volt-
age of 288 +5.0mV as compared to 109 mV +2.6 mV for the
control without ABPBI. Cell voltages for MFCs loaded with 50 and
80 mg ABPBI/cm? were 285+ 6.8 and 222 + 2.3 mV, respectively.
The cathode cell potentials for MFCs loaded with 0, 30, 50, 80 mg
ABPBI/cm? were —78 mV, 182 mV, 111 mV and 143 mV (vs. Ag/
AgCl), respectively; while the anode potentials were relatively sim-
ilar (—80 to —187 mV vs. Ag/AgCl)

Consequently, the power density for the 50 mg ABPBI/cm? MFC
(766 + 20 mW/m?) was slightly higher than that for other ABPBI
loadings; 30 mg ABPBI/cm? (736 + 41 mW/m?), 80 mg ABPBI/cm?
(632 + 21 mW/m?), and control (413 + 97 mW/m?) (Fig. 4c and d).
An increase in cell potential derived by applying an electrolyte
medium has been reported by Kim et al. (2009). The hydrogel sig-
nificantly reduced impedance and enhanced membrane-cathode
contact compared to the control. In the present study, overloading
with a polymer-based ion conductor (ABPBI) (over 80 mg/cm?)
might reduce performance, probably due to the extension of the
ion path length to the cathode electrode. Further investigations
to find a better electrolyte for MEAs in MFCs, and its optimum
loading should be undertaken, with the aim of increasing the appli-
cability of MFC technology.

4. Conclusion

An MFC utilizing NWF, especially 1443R can successfully re-
place costly PEM in MFCs. The MFC with 1443R generated a higher
maximum power density of 1,027 mW/m? (vs. PEM, 609 mW/m?).
An it also showed stable cell performance over 300 days than PEM.
The overall performance of an MFC was also improved by using a
polymer based proton conductor, ABPBI, yielding enhanced ion
conductivity and conductive contact, producing 766 mW/m? at
an optimum loading of 50 mg ABPBI/cm?. Many other factors such
as sustainbility and mass trasfer for oxygen and acetate shoud be
considered for further optimization for ABPBI.
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