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Abstract—Separator membrane in microbial fuel cell (MFC)
is one of the main structures and could significantly affect
the performance and the cost of MFCs. Proton exchange
membranes (PEMSs) are typically used in two-chamber
microbial fuel cells (MFCs) to separate the anode and
cathode chambers while to allow protons transferring from
anode to the cathode. Three types of separator membranes
(Proton Exchange Membrane, My;; 0.22pum Synthetic Fabric
Membrane, Mg; 0.015pm Track-Etch Membrane, Mg ;s)
were used in microbial fuel cell (MFC) to investigate their
effect on MFC performance in this study. Membrane
internal resistance, membrane biofouling and oxygen
diffusion were analyzed. Results from imaging analysis
coupled with FTIR, SEM and EDX demonstrated that the
fouling layer attached on membranes consisted of
microorganisms encased in extracellular polymers and
inorganic salt precipitations. Mg,, had a best maximum
power density among three kinds of membranes, and the
cost of Mg,, is the lowest. Therefore, My, might be a
promising membrane to be used in MFC.
Keywords-component; power density; internal resistance;
membranes; membrane fouling; microbial fuel cells (MFC).

. INTRODUCTION

Microbial fuel cells (MFCs) are considered as a
promising and novel approach without pollution to
convert organic wastes to capture energy in the form of
electricity or hydrogen gas by applying microorganisms
as bicatalyst!). MFC systems can convert a portion of the
chemical energy within organic matter to usable biogenic
electrical energy and are generally considered as a new
technology for sustainable development®*. MFCs can
also be used for biosensor®™, remote monitoring'®, algae
and plants producing electrict”, algae oil®, waste water
treatment!® 1,

Separator membranes are considered as the key
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component of MFCs. The main function of the separator
membranes in two-chambered MFCs is to separate the
anode and cathode chambers, membranes allow protons
to transport to the cathode in order to sustain an electrical
current™.  The major problems associated with
membrane separators in MFCs are membranes biofouling,
which limite proton transfer rate and high membrane
costst? 131,

According to recent study, membrane biofouling was
caused by the microorganisms, extracellular polymers and
inorganic salts during the long-term operation of MFC,
and this would deteriorate the MFC performance™ *°. In
additions, it is considered that membrane biofouling has
less influence on the increasing of electrical resistance of
Nafion than the cation’s occupation of sulfonate
functional group™®.

Internal resistance in MFC system is the main
contributor to this low power density, which is mostly
affected by membranes biofouling. Until now, most two
chamber MFCs have used a proton exchange membrane
(PEM, typically Nafion®117? and several have used an
anion exchange membrane!. In general, PEM is
expensive and occupy about 38% capital cost of MFCs *®!

In this study, the effects of three separator membranes
on biofouling of membranes, internal resistance, power
generation, Chemical Oxygen Demand (COD) removal,
and the columbic efficiency of MFC were investigated™*”

Il. MATERIALS AND METHODS

A. Membrane selection and growth media

Three types of membrane were used to investigate the
effect of membrane on MFC performance. These included
PEM (N117CS, DuPont), 0.22um Synthetic Fabric
Membrane (Mg, Shanghai Xinya Purifier Devices



Factory) and 0.015um Track-Etch Membrane (Mggss,
®3cm, Whatman). The PEM is consisted of a
hydrophobic fluorocarbon backbone (-CF,-CF,-) and
hydrophilic sulfonate groups(S03™). 0.22um-SFM (®3cm)
are made from cellulose acetate and cellulose nitrate. The
last type is 0.015pm-TEM, uclepore track-etch
membrane.

About 100 ml excess sludge from wastewater plant
cultured in each MFC was used as microbial bioanodes.
(Fig .1). Both cathode and anode compartments of all
MFCs were filled with 50mM phosphate buffer solution
(0.31 g/L  NH,CI, 013 g/l KCI, 3.32g/L
Na,HPO, * 12H,0, 10.32 g/L NaH,PO, 2H,0, pH=7.0) ,
and add 1 ml per liter trace elements electrode
buffer(CoCl,*6H,0, 0.10g/L; CuSO4*5H,0, 0.01g/L;
MnSO,*H,0, 0.50¢/L; NaCl, 1.00g/L; CaCl,*2H,0,
0.10g/L; MgSQ,4+7H,0, 3.00g/L; ZnCl,, 0.13g/L; FeSO,,
0.10g/L)™.  The anode feed with  glucose
(COD;=1000ml/).

B. MFC construction

The MFC was a dual-chamber configuration with the
anode and cathode in a 288 mL chamber (Fig .1). The top
of anode-chamber had two ports for sampling and
introducing electrodes, and the ports were sealed with
thick rubber stoppers during operation. The anode was
made by a carbon fiber felt (4 X 2cm? Q-CARBON
MATERIAL CO., China). The cathode was carbon paper
with Pt on it(4 X 2cm?, 1mg/cm?, River's electric co.,
LTD., Shanghai, China). All exposed metal surfaces were
sealed with a nonconductive epoxy resin.
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Figure 1. Dual chamber MFC

C. MFC operation

All MFCs were operated under ambient temperature
conditions in the laboratory (20+3°C) with a 1000 Q
resistor. Nitrogen gas was flushed for 5 min into the
anodic chamber to remove dissolved oxygen in order to
maintain anoxic conditions. Polarization curves were
obtained by using varying external resistance from 2000
to 1009, cell voltage data were recorded ever 10min ™2
for each resistance with a digital multmeter (VCB88E,
Shenzhen Victor Hi-tech CO, LTD. China). The
polarization curves of the MFC with the fouled
membrane were plotted at least three times.

COD was measured according to potassium
permanganate method (HI/T399-2007). Dissolved oxygen
analyzer (HACH senslON6) was placed in the anode
chamber. And the water was flushed with nitrogen gas to
remove DO. The cathode chamber was continuously
aerated to maintain the saturated DO concentration. The
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mass transfer coefficient of oxygen in the membrane, k,,
was determined by monitoring the DO concentration over
time and using the equation by Kim and co-workers®®

e

k, T n

Where V is the liquid volume in the anode chamber, A
is the membrane cross-sectional area, cq is the saturated
oxygen concentration in the cathode chamber and c; is the
DO in the anode chamber at time t. The diffusion
coefficient D, was calculated as D,= k, * L, where L is
the membrane thickness.
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D. Analysis
1) Scanning electron microscope (SEM) and energy
dispersive X-ray spectrometry (EDX) analysis

For SEM analysis, part of the fouled membrane was
cut into pieces and immersed in 2.5% glutaraldehyde for
1h. They were then subjected to dehydration using a serial
diluted ethanol (30%, 50%, 70%, 80% and 90%, 15 min
for each concentration; 100%, 15min twice) and then
dried completely at ambient temperature. The
microscopic structure and elemental components of the
membrane surface was analyzed using JSSM-200CX SEM
(JEOL Co., Japan) equipped with an EDX.

2) Fourier transform infrared (FTIR) spectral analysis

The fouling layer on the membrane was characterized
with FTIR spectroscopy. The FTIR spectra of the raw and
fouled membrane samples were recorded with the
attenuated total reflectance (ATR) technique. FTIR-ATR
measurements were conducted on a fourier transform
infrared spectrometer (NEXUS870, NICOLET Co.,
America) equipped with an ATR accessory. The
membrane samples were vacuum dried at ambient
temperature of 25 <C for 30 min to remove the absorbed
water in samples.

E. Calculation

The COD removal effeciency (ECOD) during
operation was calculated using

ECOD=COD;//COD,;;<100% (2)

COD;,; and COD,, denote the initial and final
concentrations (mg 1), respectively.

The voltage difference between the anode and cathode

(V) was recorded every day using a digital multmeter.
Power density (W m™) was calculated according to

®)
Where | is the current, U is the voltage, and V is the

volume of anode.
The Coulombic efficiency was calculated as

(4)

where Cp is the total coulombics calculated by
integrating the current over time and C+ is the theoretical

P=IU/NV

CE(%)=Cy/Cy x100%



amount of coulombics based on the COD removed by
assuming 4 mol of electrons per mol of COD.

The polarization curves were used to evaluate the
maximum power and the internal resistance. For the
linear polarization curve, the relationship between the
external voltage (Ee,) and current (i) can be described
with following equation:

Ee=E-Riy i (5)
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Where R;, is the total internal resistance of MFC. The
intercept of the linear curve with the voltage axis, E, is
referred to as the linear extrapolation open circuit voltage
(LE-OCV), which is determined b}/ extrapolation of the
linear part of the polarization curve 2.

I11. RESULT AND DISCUSSION
A. The characteristics of the MFCs
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Figure 2. Polarization curves and voltage-current curves of four kinds of double-chamber MFC. (A) Voltage-current curves; (B) Polarization curves.

TABLE | COMPARISON OF THE
PERFORMANCE OF MFCS WITH My, Mg 2
AND Mg 15 IN TERMS OF MAXIMAL
POWER DENSITY, INTERNAL
RESISTANCE, COD REMOVAL AND CE
(MEANSs £S.D.).

M%)\(I:/?fl Internal COD Coulombic
Membrane POWE resistance | removal efficiency
den5|ty3 @ (%) (%)
(mW m™)
My 657439 531.9 92423 27448
Mo 22 819455 468.1 93#2.2 22949
Mo 015 675425 509.2 93+2.7 24242

Polarization curves of three kinds of double-chamber

MFC were showed in Fig .2B. The internal resistance of
My, Mg, and Mggis was 531.9Q, 468.1Q and 509.2Q,
respectively. Maximum power densities of both MFCs
were 657439mW/m?, 819455mW/m? and 675+25mwW/m°
respectively. The largest maximum power density
(819mW/m®) was achieved in 0.22-SFM-MFCs.

TABLE Il OXYGEN MASS TRANSFER(Ko),
DIFFUSION COEFFICIENTS(Do) IN MFC WITH
DIFFERENT SEPARATORS

Membranes Mu Moz | Moois

Ko(10™cmis) 24 8.3 38

Do(10%cm?s) 456 | 1079 | 0.38
Thickness (mm) 0.19 0.13 0.01

In order to explore the influence of pore size of
membranes on the protons transfer and the MFC
performance, the oxygen diffusion coefficients (Do)
through three kinds of membranes were measured. The
oxygen diffusion coefficients and mass transfer (Ko)
present in the medium (TABLE II). The Mg, had a large
aperture (Fig .4) and promoted the proton transferring
easily as compared to the other two membranes. Kim!
demonstrated that the oxygen transfer coefficient in
ultrafiltration membranes increased with the membrane
pore size which may cause CE decrease. Therefore, the
lowest CE is the 0.22um-SFM-MFC but the CE among
the three kinds membrane MFCs was similar.

B. The fouling layer on the membranes
1)  Chemical information of the fouling layer
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Figure. 3. FTIR spectra of the raw and the fouled membranes. (A) My;
(B) Mo22; (C) Mo ais.

MFC operation increased several new peaks on all the
three separator membrane (TABLE III), while the
numbers of new peaks were higher on PEM than that of
Mo, and Mg s, indicating that the PEM was seriously

fouled than the other two membranes.
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TABLE Il

INFRARED ABSORPTION BANDS OF THE FOULING LAYER ON THE MEMBRANE

Membrane in the peak
Wave
number My Moz Moo1s Vibration type
(cm™)
Raw Fouled Raw Fouled Raw Fouled
3290 N N N N N | stretching vibration of 0-HI?%}
1650 N N N N N Stretching yibration of Amide I (C=0)and Amide Il (-NH-) in
proteins[zs’ 24
1220 N N v | stretching vibration of P = 012
1180 \/ \ Stretching vibration of C-N-C12% 24!
1150 N N N V| Stretching vibration of CF,and -0
1060 N N N y V| stretching vibration of s-02% 241
1010 N N Stretching vibration of SOGHLZ 24!
980 v v V| Stretching vibration of C-O-C and CFRCF,2>)

2) SEM and EDX characterizations fouled membranes

The morphology of the fouling layer of the
membranes used in the MFC was imaged using SEM.
The SEM images show that the fouling layer consisted of
microbial extracellular polymeric substance matrix,
which were originated from the microbial adhesion to the
membrane to anode side ™ (Fig .4). Since the pore size
of My,, was bigger than that of other two membranes, it
possibly overcome the problem of blockage and reduced
the membrane resistance (TABLE 1) ™.

There were also some inorganic salt precipitations on
the fouled membranes, which were mainly migrated from
the anode medium (Fig .5). However, the membranes
with aperture were blocked more seriously than the PEM
(Fig .5), the inorganic metal cation would compete with
protons for attachment to negatively charged functional
groups, which would at least partially improve the 2proton
transport resistance and reduce MFC performance

The My, has the largest pore size among three kmds
of membranes, and therefore, the permeability of the Mg,
was the best of all three kinds of membranes and reduced
the internal resistances in a way!?”

Figure. 4 SEM image of the layers on the membranes contain raw and fouled (after 45-day operation of MFC) ones. (A) Fouled My; (B) Fouled Mg 2;

(C) Fouled Mooss. (2) Raw My; (b) Raw Mg 2; (¢) Raw Mgois.
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Figure. 5 EDX spectrum of the layers on the membranes contain raw and fouled (after 45-day operation of MFC) ones. (A) Fouled My; (B) Fouled
Mozz, (C) Fouled M0015 (a) Raw MH, (b) Raw MO.ZZ! (C) Raw Mo 015.
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IV. CONCLUSION

In this study MFCs with different membranes were
investigated. The MFC results showed that Mg ,,-MFC
exhibited the best power density (829mW/m?®) which was
24.6 % higher than that of Nafion 117. Achieved CE
(22.9%) of the My ,,-MFC was similar to that of Nafion
117. Furthermore, the cost of My, is 94.5% cheaper than
PEM. The achieved results demonstrate that Mg, is a
promising membrane to be applied in MFC.
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