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Abstract

The Microbial Fuel Cell (MFC) is a bioelectrical system that can convert chemi-
cal energy into electrical energy. The anode plays an important role in the
improvement of power generation. Zeolite and carbon-based materials were
coated in graphene felt anode in this study for proof of concept that the mod-
ified material could enhance power generation. Preliminary results showed that
the maximum power density with the modified material was 2 - 2.5 times
higher than the unmodified material using RAS as a substrate and 1.4 times
higher using algae as a substrate in our single chamber model, whereas the
dual-chamber model displayed a maximum power density of the modified ma-
terial to be roughly 3 - 4 times higher than in the unmodified microbial fuel
cell.
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1. Introduction

Over two billion people on the planet lack adequate sanitation and one billion do
not have sufficient access to potable water. In the US, we use approximately 4% -
5% of our electricity production for the water infrastructure, and about 1.5% of
electricity goes to wastewater treatment, which is approximately $45 billion [1].
But wastewater contains energy, if we could recover the wastewater energy, proba-
bly we could make the water infrastructure self-sufficient. Energy recovery from
the MFC not only to a sustainable system based on the energy requirement, but
also to the production of the next excess energy.

Microbial Fuel Cells (MFC) are bioelectricity systems that can convert the
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chemical energy in the organic sample into electricity by catalytic reaction of mi-
croorganisms under anaerobic conditions [2]. Many researchers have investigated
the application of MFC in wastewater treatment, including water desalination, che-
mical production, and direct power generation. They were more focused on under-
standing microbial activities, reducing electrochemical limitation, and investigat-
ing new materials for electrodes [3]-[17].

The mechanism of MFC is well known, as shown in Figure 1. MFC is com-
posed of an anode, cathode, and the Proton-Exchange Membrane (PEM) as the
separator. Generating power in MFC depends on the oxidation-reduction (re-
dox) chemical reaction. Wastewater also contains sufficient nutrients for culti-
vating bacteria. In the anode chamber, the substrate is oxidized under anaerobic
conditions by bacteria fermentation which produces protons and electrons. In the
cathode chamber, oxygen can be reduced to pure water [4]. Oxygen in the anode
chamber will inhibit electricity generation, so the system must be designed to
keep the bacteria separated from oxygen. Therefore, adding a Proton Exchange
Membrane (PEM) and keeping these two chambers separated are both very in-
evitable in this situation. PEM not only can keep two chambers’ liquid separate,
but also can reduce the rate of unwanted substance flux from anode to cathode
[1].

However, why MFC is not extensively used at the industry level? The three most
significant risks that should be considered about the successful commercializa-
tion of MEC are listed next. First is the efficiency rate of power for the wastewater
treatment facility. Second, whether MFC can be available at full-scale operations.
Third is the cost of materials in MFC [18] [19] [20]. Furthermore, the major
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Figure 1. Schematic of basic mechanism in microbial fuel cell.
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limitation of the practical applications in the anode is still not economic, also the
character of their property which includes less conductivity, easy corrosion, poor
physical property, and environmental compatibility can lead to lower power den-
sity, which also limits the application of MFCs in the industrial scale [2] [6]. There-
fore, the most important characteristic to consider about the selection of the mate-
rial for anode would be high electrical conductivity, high surface area, pore di-
ameter, easy to form biofilm and low cost [7].

This study consists of preliminary data for further study of MFC by using zeo-
lite and carbon-based materials, such as Graphene Oxide (GO) to evaluate and
improve the performance of the graphite felt anode for obtaining high power

density.

2. Materials and Methods

The MFC Kkits, contained with graphite felt anode and cathode were both from
the science buddies.com (Figure 2), which area is 0.0063617 m?. The unmodified
anode was called the “control anode”. The zeolite modified anode was coated with
3.36 g zeolite soaking in 2.5 mg/ml GO solution overnight and incubate in the
incubator at 44.5°C for 24 hours.

The single chamber MFC consisting of unmodified and modified anode and a
bare graphite felt cathode were placed into the cell by separating with Return Ac-
tivated Sludge (RAS) sample from Milwaukee Metropolitan Sewerage District
(MMSD). RAS sample was poured to 1 cm marker and placed the anode cham-
ber, continuing poring RAS sample to 5 cm maker and put cathode on top, which
should be non-liquid or solid on the top of cathode.

A new model was designed in our lab and made in the machine shop of the
School of Freshwater Sciences, following the schematic design in Figure 3, which
is a typical dual chambered microbial fuel cell. The model consists of a cathode
and anode chamber, separated by a proton exchange membrane (P.E.M.) Two mo-
dels were used: one with and one without modification.

Modification to the anode was done in a similar manner as in the preliminary
experiments. It was performed by taking coated by soaking 3.36 g of Australian
zeolite in a 2.5 mg/mL graphene oxide solution for 24 hours in the incubator at

Figure 2. Initial MFC model.
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Figure 3. Current MFC chamber model.

45.5°C. Each anode chamber was filled with about 200 ml of R.A.S (Returned
Activated Sludge).

For both the initial and current model, the fuel cells were connected via an
external circuit, to a Titanium wire and connected into Agilent 3458 A 8 1/2 Digit
Multi-meter for voltage and current collection.

All data for RAS sample was collected for 6 to 8 days total. Data for algae us-
ing the initial model, was collected for 6 to 8 days. The voltages collected in this
study were generated every 5-min interval by using a Multimeter.

The anode and cathode in the MFC were connected to a variable resistance by
using a resistance box for polarization curve. Current (I) was obtained from Ohm’s
Law: U = IR, where U is voltage (V), and R is resistance (Ohm). Power (P) was
calculated from P = U%/R.

3. Preliminary Results and Discussion

Figure 4 illustrates that the higher power density was obtained from the zeolite
modified anode.

From the power density curve, the maximum power density (with zeolite) in RAS
sample was 558 uW/m?, which was 2 - 2.5 times higher than the one without ze-
olite which is only 242 pW/m?

Figure 5 shows the polarization curve vs. power density and current density
by using algae. For the algae experiment, the power density is 172 pW/m? which
is less than RAS sample, but still 1.4 times higher than the control sample (120
uW/m?). Which is using the new model, the dual-cell microbial fuel cell has in-
creased the power density and current density significantly; in the order of 130
times higher when compared to the single chamber microbial fuel cell model. It
is expected that the dual chamber microbial fuel cell to be better than the single
chamber microbial fuel cell because of the proton exchange membrane and the
actual are of the anode. Again, readings were taken over a 6 to 8-day period. The

modified anode was modulated in the same manner from the older model. The
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Figure 4. The polarization curves vs. power density and current density by using RAS
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Figure 5. The polarization curve vs. power density and current density by using algae.

preliminary results from the current model show the maximum power density
(with zeolite) in RAS sample was 73,747.96 uW/m?, which is about 3 - 4 times
higher than the unmodified material. While both fuel cells display a similar trend,
the modified microbial fuel cell exhibits a significantly larger voltage, current den-
sity, and power density values as opposed to its counterpart. In terms of voltage,
power density and current density, the unmodified fuel cell is three times less than
the modified fuel cell.

Selection of coating method and materials used for coating are important to

optimize electricity generation. Typically, the anode will perform better if the an-
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ode can have the high surface area and great affinity for bacteria [10]. One study
shows that Carbon Nanotubes (CNT) can be a good alternative of material for
coating because of its high surface area of volume ratio, high electricity conduc-
tivity [11].

Moreover, surface area was found to be more important and crucial in gener-
ation of power density [10] [12]. The surface area of cathode makes some effect
on the power generation until it up to a certain limit. However, for anode, the
larger surface area the greater impact on the generation of energy as the surface
increases [11]. In our studies, both zeolite and graphene-based materials increase
surface area and anode/bacteria interactions.

Other potential approaches include the use of 0.1 M ferricyanide as the medi-
ator at the cathode can generate higher power generation compared with oxygen
[13]. Ferricyanide alone does not guarantee a high-power output, but it does typi-
cally increase power output compared to system using dissolved oxygen at the
cathode. The distance between anode and cathode should also be a big part to be
considering in further study. The maximum power density increased from 720
to 1210 mW/m? when the electrode distance was decreased to from 4 cm to 2 cm
[16]. The increase of power density is because decrease of the internal resistance.
However, decreasing the distance even further could lower the power density. When
electrode spacing was further reduced to 1 cm, P decreased even though a low
Rixe of 16 Q. While the maximum power density decreased from 811 to 684 mW/m?
[17].

Future studies that can potentially make MFC technologies more feasible to
adoption of large-scale systems are: 1) conversion of chemical energy of organic
and inorganic substrates to electrical energy directly associated with wastewater
treatment; and 2) optimization of trade-off of ammonia recovery and energy con-
sumption. Some examples of publications in these fields include one study that
showed that a dual chamber MFC was used with a mixed culture of microorgan-
isms which converted substrate to electricity. Also, the initial concentration of
1.5 g/L sulfide in wastewater was reduced after day 9 to 0.19 g/L, and it was re-
moved at day 10 [18]. Another study explored the trade-off of ammonia recovery
and energy consumption of Bioeletrochemical Systems (BES) recovering ammo-
nia from wastewater driven by electricity generation [19]. Nitrogen is a key in-
organic contaminant in wastewater treatment and a large amount of nitrogen in
aquatic ecosystem can result in eutrophication, which is costly (annual cost for re-
moval eutrophication in the United States is about $2200 million) [20]. This study

indicates the need for further research and optimization of BES systems.

4. Conclusions

e Anode modification is an alternative approach to obtain higher power densi-
ty;

e Increase of surface area of the anode with zeolite coated with graphene oxide
enabled higher power density due to increased microbial activity as growth

conditions were enhanced;

DOI: 10.4236/jsbs.2022.121002

17 Journal of Sustainable Bioenergy Systems


https://doi.org/10.4236/jsbs.2022.121002

M. R. Silva et al.

® Microbial fuel cell technologies have the potential to become a smart water
solution for wastewater treatment plants as it addresses the energy-nutrient-
water-nexus. However, more laboratory research and more opportunities for

pilot systems deployments are needed.
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