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Factors affecting the performance of double chamber microbial fuel cell
for simultaneous wastewater treatment and power generation
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Electricity generation from the readily biodegradable organic substrate (glucose) accompanied by decol-
orization of azo dye was investigated using a two-chamber microbial fuel cell (MFC). Batch experiments
were conducted to study the effect of dye and substrate concentration on MFC performance. Electricity
generation was not significantly affected by the azo dye at 300 mg/L, while higher concentrations inhibited
electricity generation. The chemical oxygen demand (COD) removal and decolorization of dye containing
wastewater used in the MFC were studied at optimum operation conditions in anode and cathode, 57%
COD removal and 70% dye removal were achieved. This study also demonstrated the effect of different
catholyte solutions, such as KMnO, and K,Cr,0, on electricity generation. As a result, KMnO, solution

showed the maximum electricity generation due to its higher standard reduction potential.
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INTRODUCTION

Sustainable energy production and wastewater tre-
atments are the top priority in the developing global
community. Many industrially developed or developing
countries had a lot of problems to treat some of the
industrial waste materials, which cause pollution to the
environment. Due to the rapid industrialization, Ban-
gladesh cannot be far away from this environmental
pollution. Among all, textile is one of the largest and
vital industrial sectors of Bangladesh with regard to
earning foreign exchange and labor employment. This
sector provides 4.5 million jobs of which 80% are women
and contributes 13% to GDP'. In most cases textile wa-
stewater disposed to the water basins without treatment
or ineffective treatment sometimes brings about disaster
to people, plants, rivers and the eco-system.

Azo dyes represent the largest class of dyes used in
textile industries, in different stages. This dye containing
wastewater treatment technologies aim at achieving: color
removal and reduction of TDS, BOD and COD. Treat-
ment processes include physical, chemical and biological;
yet they have merits and limitations. Some conventional
physico-chemical processes such as adsorption, coagula-
tion, sedimentation and advanced oxidation, have been
used to treat dye containing wastewater’™. Although
higher dye removal can be achieved, physico-chemical
methods have some disadvantages, including high cost.
Alternatively, biological treatment may present a relati-
vely inexpensive way to remove dyes from wastewater®,
but they needed larger space and high installation cost.

All the conventional wastewater treatment is usually
the most energy-intensive unit process and required
a mass amount of energy. Some of this energy can
be recovered by using Microbial Fuel Cell (MFC) as
a source of sustainable energy using either of low or
negative economic value such as wastewater. MFCs are
special types of biofuel cells, producing electric power by
utilizing microorganisms®’. Besides producing electricity,

an objective of these systems is also to treat pollutants
such as nitrates, sulfide and sulfates®!°.

Recently, several studies have focused on the treat-
ment of azo dye containing wastewater by MFC. Some
authors''? investigated the simultaneous azo dye de-
gradation and bioelectricity generation using microbial
fuel cell.

In the present work, two-chamber MFC was run by
using the textile commercial dye Yellow Cibacron-2G
(YC). The effect of the dyes concentration on the
microbial fuel cell performance has been studied. The
influence of other parameters, substrate concentration,
pH and the catholyte solution for the MFC performance
has also been inspected. The effect of dye decolorization
and COD removal efficiency on MFC performance was
examined by recording the variation of voltage, and
current density produced from MFC.

MATERIALS AND METHODS

Dye

The dye Yellow Cibacron-2G (Clariant, India) was
procured from the local textile industry and used without
further treatment. The chemical structure is shown in
Fig. 1.
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Figure 1. Molecular structure of Yellow Cibacron-2G
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MFC configuration and operation

Two MFC chambers were designed and fabricated using
pet bottles in our laboratory. The fuel cell consisted of
two equal volume (0. 50 L) chambers for anode and ca-
thode separated by proton exchange membrane (Nafion,
a highly selective permeability of protons). Nafion was
fixed between the washers and clamped in the hollow
tube (50 mm diameter) attaching both chambers (shown
in Fig. 2). Plain graphite rods (surface area of 28 cm?)
without any coating were used as electrodes for both
anode and cathode. The electrodes were positioned at
a distance of 6cm on either side of PEM. Copper wi-
res were used as contact with electrodes after carefully
sealing the contact area with ‘epoxy’ material. Prior to
use the electrodes were soaked in deionized water for
a period of 24 h.
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Figure 2. Two chamber microbial fuel cell with schematic
details

Operation of MFC

The anodic chamber prior to startup was inoculated by
the designed synthetic wastewater which was composed
of dye, glucose and powdered sludge prepared from the
local drainage wastewater. After that anode chambers of
the MFCs were placed under an anaerobic condition with
the prepared feed for a period of one day as control.
Potassium permanganate was used as catholyte solu-
tions or the terminal electron acceptors in the cathode
compartment. A series of experiments was conducted
to investigate the performance of the MFC with respect
to decolorization of dye and electricity generation from
organic carbon sources. In the first experiment, MFC
was tested at different dye concentrations of 300 to
900 mg/L to investigate the effect of dye concentration
on dye decolorization and electricity generation. Fur-
thermore, the effect of glucose concentration and pH
monitoring in the anode chamber was also conducted.
Latterly, the MFCs were compared with the different
catholyte solution on electricity generation. The MFCs
were all operated with a fixed load (10 €2) at an ambient
temperature of 28 = 2°C.

Analytics and calculations

Current and voltage were recorded with a fixed re-
sistance by a precise digital multimeter (FL-9205A,
SHEN-ZHENXL Electronic Co. Ltd, China). Power
was calculated from the relation of P=IV, where, I and
IV represents current (A) and voltage (V), respectively.
Power and current density were calculated by dividing the

obtained power and current by the anode surface area
(m?). Decolorization, COD and pH were monitored in
the anodic chamber of MFC during operation according
to the standard methods®.

RESULT AND DISCUSSION

Effect of dye concentration on MFC performance

To investigate the effect of initial dye concentration
of YC, anode chambers of three MFCs were charged
with different solutions having a fixed concentration of
substrate and changeable concentrations of the dye. The
substrate (glucose) concentration was kept fixing at
300 mg/L, and the variable mediator (YC) concentra-
tions were in the range of 300 to 1200 mg/L. Figure 3
shows the current density (A/m?) generated for each
case during 96 hr of operation.

A steady increase in power yield was observed, which
might be attributed to the adaptation tendency of the
inoculated microflora for the new microenvironment of
the fuel cells. Though, current density was significantly
decreased by the addition of reactive dye at a concen-
tration up to 1200 mg/L. This result indicates that the
activity of electricity generating bacteria in MFCs was
inhibited and could not sustain with a higher tolerance
of YC.
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Figure 3. The effect of dye concentration in electricity gen-
eration (0, 300, and 600 mg/L dye with 300 mg/L
glucose in anode and 200 mg/L of KMnO, in cathode
at room temperature over 96 hr operation

Effect of substrate concentration on MFC performance

The experiments were conducted in which the concen-
tration of glucose in the anode chamber was varied from
0 to 900 mg/L with the fixed dose of the dyes at 300
mg/L. The cathode chamber was charged with 200 mg/L
concentration of KMnQO, solution, and the current density
was recorded throughout 96hr operation by connecting
the circuit with 10 Q fixed resistances. The results are
presented in Fig. 4a. As shown in Fig. 4a the absence
of substrate results in very poor current density. As the
glucose concentration increased from 0 to 300 mg/L, the
current density increased from 0.001 A/m? to 0.015 A/m?
after 90 h of operation and with the further increase in
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Figure 4a. Effect of substrate (glucose) concentration in electricity
generation (0, 300, 600 and 900 mg/L glucose with
300 mg/L YC in anode and 200 mg/L of KMnO, in
cathode at room temperature over 96 hr operation
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Figure 4b. Variation of pH in the anode chamber (300 mg/L
glucose with 300 mg/L YC in anode and 200 mg/L
of KMnO, in cathode at room temperature)

glucose concentration from 600 to 900 mg/L the current
density decreased from 0.009 A/m? to 0.004 A/m?.
Microorganisms generate electricity due to the con-
sumption of glucose in the aerobic conditions, where
they produce carbon dioxide and water. However, when
oxygen is not present they produce carbon dioxide, pro-

tons and electrons as described in reaction 1415
C,H,0,+H,0—6CO,+24H" +24e” (1)

According to Hideki Sakai et al.'® the current incre-
ased with the increase in the glucose concentration.
However, for the higher glucose concentration this may
cause the increase of the proton concentration within
the immobilized layer by the following glucose oxidation
reaction (reaction 2) which leads to suppression of the
enzymatic activities.

Glucose — Gluconolactone+2H" + e~ (2
That means, in comparison with various glucose con-
centrations in the anode, higher glucose concentration
exhibited lower current generation. As a result, to achieve
the maximum electricity generation, MFC should be
operated with the optimum concentration level.

The pH in the anode chamber was monitored for the
cell operating with 300 mg/L glucose, and the data were
presented in Fig. 4b. As current increases, the pH of
an anode chamber decreased due to proton generation
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and maintained a steady value around 30 hr indicated
the proton accumulation or transport phenomenon.
After 30 hr operation, the pH started increasing slowly
and reached the initial value, in consequence of proton
transportation to the cathode chamber. The maximum
electricity was achieved at pH value around 7, and this
result agreed with the results reported by Ren et al.'’.

Effect of catholyte on MFC performance

In the two-chamber MFC, different catholyte solu-
tions such as potassium permanganate and potassium
dichromate were used as electron acceptors to generate
electricity. Two cells were operated in batch mode by
adding glucose and YC concentration of 300 mg/L in
each anode chamber. The two different catholyte solu-
tions of KMnO, and K,Cr,0O; respectively, at 200 mg/L
concentration were compared to sort out, which catholyte
solution generates maximum electricity. All these experi-
ments were done in both open and closed circuits. The
current density after 50 hr of operation was observed
as 0.012 A/m?, whereas the cell with K,Cr,0, catholyte
solution produced three times lower discharge current
at the same period (Fig. 5).
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Figure 5. Comparison of discharge current generation in
two-chamber MFC using different catholyte solu-
tions (Cathode: KMnO, and K,Cr,0, solutions, 200
mg/L each; Anode: glucose and dye concentrations,
300 mg/L each; Current was measured using 22.5 )
external resistance)

The pH adjustment was not made as it was reported
by Zhao et al; Li et al."®'® and that low pH values lead
to an increase of the cathode potential. The reaction
3-5 also illustrates the fact in that acidic condition and
indicates MnO,” has much higher oxidation potential
than in alkaline conditions®.

MnO, +4H" +3e" — MnO, +2H,0;E° =1.7V 3)

MnO,” +2H,0+3e” — MnO, +40H ;E° = 0.59V (4)
Cr,0," +14H"+ 6¢ —2Cr*" + TH,0 ;E° = 1.33 V (5)

Dye removal and decolorization efficiency of MFC

Two-Chamber MFC was continuously monitored for
the COD removal and decolorization of textile dye to
specify the potentiality of fuel cell to act as wastewater
treatment unit. Three cells having the dye concentrations
of 300, 600 and 900 mg/L along with 300 mg/L of glucose
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Figure 6. Variation of COD removal with time

at anode and KMnO, concentration of 200 mg/L in each
cathode chamber was operated.

In order to clarify the changes in the molecular and
structural characteristics of YC resulting from the tre-
atment process, the change in the UV-vis spectra of
wastewater was recorded (Fig. 7a).

The UV-vis spectra showed that the YC azo band
centered at 510 nm decreased considerably after the
anaerobic treatment in the anode chamber. This sug-
gests that most of the -N=N- bonds were cleaved by
the anaerobic treatment?',

Decolorization of azo dyes by bacteria could be due
to adsorption by microbial cells or to biodegradation®?2.
In adsorption, cells may become deeply colored be-
cause of adsorbing dyes, whereas those retaining their
original colors are accompanied by the occurrence of
biodegradation. The microbial consortium remained at
its original color after batch decolorization in this study,
indicating that the color removal was actually primarily
incurred due to biodegradation rather than biosorption
by living cells. Low decolorization in the case of higher
dye concentration suggests the suppression of the mi-
crobial. It is evident from the experimental data that
the MFC facilitated both the substrate removal and
power generation.
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Figure 7a. UV—vis spectra of wastewater containing YC in effluent
of anode chamber
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Figure 7b. Effect of the initial dye concentration (mg/L) on the
decolorization efficiency of YC in MFC at an external
resistance of 106 Q, with glucose (300 mg/L) used as
substrate

Polarization curve

Figure 8 displayed the maximum power density of
2.76 mW/m? for the cell operating with 300 mg/L. YC
and glucose, respectively at the anode chamber. For all
the cases, power densities showed an incremental trend
with decreasing external resistance and reaches to a peak
value. After that, the power densities begin to fall down
with increasing current density. Current generation sho-
wed a decreasing trend with the increase in resistance
and is consistent with the reported literature by Mohan
et al.®, which indicated a typical fuel cell behavior. At
higher resistance used, relatively less power density was
observed.
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Figure 8. Polarization curve performed at different dye con-
centration (mg/L) in MFC at an external resistance
of 22.5, with glucose (300 mg/L) used as substrate

CONCLUSIONS

Microbial Fuel cell was fabricated and constructed
with cheap and locally available materials. Upon investi-
gation of different catholyte solutions, KMnO, solution
exhibited high-power output than K,Cr20,. Moreover,
the effect of various dyes and glucose concentrations
on MFC performance, percentage removal of COD
and decolorization were studied as well as found that



optimum glucose and azo dye concentration must be
necessary to achieve high electricity production and
efficient wastewater treatment. At optimum glucose and
dye concentrations (300 mg/L for both) this system can
simultaneously generate electricity of about 0.03 A/m?
and remove 57% of COD from the wastewater.
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