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Abstract

The world as a whole is struggling with the same problems, which can be summed up in one phrase: the
energy crisis. It is important to highlight the fact that the microbial fuel cell, also known as an MFC, was
developed with the intention of producing energy. This study investigated the impact of cathode types (Zn,
AL, and Cu) and sizes (800, 520, and 260) mm3 on voltage, current, and power generation during 240
hours. The results indicated that the Zn cathode with a size of 800 mm? achieved the maximum current and
power density after 24 hours, which was (0.641 mA and 5.396 mW) respectively. While the same treatment
reached the maximum voltage of 8.693 mV after 192 hours. The type of cathode is more effective than the
size in electric current generation from the soil, with time, soil electricity is decreased but in different
intensities. Although this MFC technology presents many advantages; it still needs to be used in
combination with other processes to enhance power output.
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1 INTRODUCTION

Our primary energy sources are nonrenewable resources including oil, natural gas, and
fossil fuels. Due to the world's enormous global demand and subsequent impact on the
environment, there is an energy crisis. To fulfill energy demand and reduce environmental
pollution, it is vital to discover a reliable alternative source of energy production.
Renewable energy sources including solar power, wind power, water power, and
biological fuel cells may hold the key to resolving the current energy issue [1].The current
and power densities grew roughly five days after the process began the current increased
throughout the first five hours, it took over 35 hours for it to reach its maximum., according
to [2]. Most likely, the bacteria needed this time to adjust to the culture media. Current
was flowing through the PMFC1 (Plant Microbial Fuel Cell) at a rate of 100.12 mA/m?,
which was high than the current that was flowing through the PMFC2 at a rate of 81.48
mA/m?. Electric power production was monitored before, during and after the experiment,
according to [3].

The maximum average of 9.6mW/m? was attained. The average amount of power
produced per square meter was0.4 + 0.1 mW/m? [4]. Microbial fuel cells have the ability
to fight two global issues—waste pollution and the need for energy-there has been an
upsurge in interest in these cells over the last few years. In spite of these benefits, it is
still subject to constraints in terms of power output and current density, which results in
lower production values than other types of renewable technology [5]. The power
generation per cathode area as well as the volumetric power density was measured by
[6], they did not found significant effect in power generation between treatments.
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Following the enrichment of the anode microbiomes, the results show that the cathode is
the limiting factor in the RPF-MFCs (Rice paddy-field microbial fuel cells) to produce
energy [7]. When MFCs are linked in series and parallel, they provide high power density,
which results in higher useful voltages and currents [8].The anode volume has an impact
on the amount of power is produced, and there are significant differences between the
values. The MFCs operating at (4 and 8) cm? had the greatest cell voltage (87 mV and
117 mV) respectively, while the fuel cell operating at (20 cm?®) cm? had the lowest (21 mV)
[9]. The MFC with a graphite-copper electrode of 31.4 cm? and a substrate-RM ratio of
1:10 shows the highest performance, with a maximum power density of (700 mW m-?)
and a current density of (318 mA m)[10].

The study of [11] showed that clay produces a peak voltage of 644 mV in contrast to 348
mV from silt and 336 mV from sand at a ratio of 1 to 1, compost to soil, which is the best
soil to use for electricity-generating purposes. The clay is the best soil to use for electricity
generating purposes, delivering a peak voltage of 644 mV compared to 348 mV from silt
and 336 mV from sand at a ratio of 1 to 1, compost to soil. Clay soil produced the highest
peak voltages at all three ratios and is therefore the best soil to use for electricity
generating purposes in a SMFC soil microbial fuel cells (SMFC), reported by [12].

It was observed that the anode position, external load, and cathode modification with
platinum catalysts had a large impact on the power output [13].The greatest power
produced by the copper-zinc electrode's 51 cm? surface area was 137.85 mW/ m?, while
the highest power produced by 88 cm? of electrode surface area was 146.0 mW/ m? [14].
Increasing the cathode surface area improves significantly the power generation doubling
cathode surface area increases maximum power by +23.3% and triple increase the power
by +59.8%). Increasing anode surface area also affect power performance. Doubling it
raises maximum power by +37.8%, while tripling it only increases it by +39.3% [15]. In
principle, the internal resistance of an electrode is influenced by its material composition,
which may result in a reduction in power output to increase the power density of the
system, certain aspects of an electrode, such as surface area, electrical conductivity,
stability, and durability, should be addressed [16]. Maximum power density of MFC with
carbon cloth electrode was 1221.91mW/m?, which was 2.69 and 8.49 times greater than
carbon brush and felt electrodes, respectively. In microbial fuel cells, the anode and
cathode electrodes are linked with an external resistance to produce closed-cell operation
[17]. The objectives of this study was to investigate the effect of type and size of cathode
on electric generation.

2 MATERIAL AND METHODS

This experiment was conducted in a laboratory at the College of Agricultural Engineering
Sciences, University of Duhok, using three different metal plate types (Zn, Al, and Cu) in
three different sizes (800, 520, and 260) mm?, as well as a carbon anode with a volume
of 318 mm? for 240 hour. Soil samples were collected from the college's field at a depth
of 0 to 30 cm, the soil analyzed for soluble ions (Na, Ca, K, and Mg) and PH, EC, organic
matter and texture (table 1). Afterward, eight jars filled with 300 g of soil per jar, and 200
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ml of water is added to each, were put in a plastic container that has 30.3 cm in length,
23 cm in width, and 14 cm in height, Figare(1). The electrodes were connected to a copper
wire with a diameter of 0.75 mm. The cells were connected in series to produce electricity.
Each two boxes were connected in parallel. These electrodes are connected to an
external circuit with digital water flow meter that used with drip irrigation system, and
digital multimeter system attached to the end of the wires connected with anode and
cathode electrodes to measure the voltage and electric current.

Table 1: Some Physiochemical Properties of Studied Soils before Conducting the

Experiment
Properties Units S$3
PH 7.83
EC dS.m"* 0.236
K » 0.11
= 0
g: % g mmolec! 233
Mg @ 1.6
Organic matter 8.5
Total CaCQ3 81.0
Sand 530.00
Silt g kg 560.80
Clay 380.16
Texture Silt clay loam

The voltage and current were recorded every day. The electrons produced are transferred
from the negative electrode to the positive electrode via an external circuit and power the
circuit. Each sample was repeated three times under laboratory temperature.
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Figure (1): Layout of the experiment
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The voltage across the external resistor in an MFC can be measured using a multi meter.
Voltage measurements are converted to current values using Ohm’s law [19]:

V=IxR
Where

V = voltage, mV
| = current, mA

R = resistance, mQ

The power output from an MFC is calculated as
P=IxV

Where

P = power, mW.
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3 RESULTS AND DISCUSSION

The experiment was conducted for 240 hours, and different cathode types and sizes were
examined to show how the intensity of electricity production was affected by the MFC
system (figure 2). The results showed that the voltage values were within the same range
for each cathode types and sizes (figure 2), it was between (6.93 - 10.57 mV), (3.25-6.70
mV), and (0.05 - 2.37 mV), for Zn, Al and Cu respectively. The maximum value of voltage
obtained during a period of 24 hours using 520 mm? for Zn. While for Al cathodes was
6.70 mV. But the maximum value obtained over the period of 72 hours using a Cu cathode
of the same size (2.37 mV). This result aggreed with [12].

Figure (3) shows that over the period of 240 hours, different cathode types and sizes
create different electric current. The highest value was for the Zn cathode with the size of
800 mm3, which was 0.641 mA and the lowest value was 0.259 mA with the size 520
mm?3. With Al cathode, the size 800 mm?3 produced the maximum value of the current,
which was 0.065 mA, and the size 260 mm3 produced the lowest value, which was 0.008
mA, however, the highest production of electric current for the Cu cathode was 0.008 mA
with a size of 520 mm?3, while the lowest production was 0 mA with a size of 800 mm?,
This may be due to fluctuation characteristic of biological processes, which can be
explained in terms of the multiplicity of processes happening simultaneously in the MFS,
the result agreed with [9]. The production of electrical power was affected by the use of
cathodes of varying types and sizes, as seen in figure (4). The highest Zn cathode
production was at the size of 800 mm3, which was 5.396 mW and the lowest value, was
at the size of 520 mm3, which was 1.812 mW. For the Al cathode, the size 800 mm?3
produced the maximum value for the electrical power generation, which was 0.237 mW,
while the size 260 mm3produced the lowest value, which was 0.029 mWw, while the
electrical power production for the Cu cathode reached its highest with the size 520 mm3,
which was 0.033 mW, and it was at zero with both the sizes 800 and 520 mm?,
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Figure (2): Voltages of different types and sizes of cathodes with time
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Figure (3): Currents of different types and sizes of cathodes with time
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Figure (4): Powers of different types and sizes of cathodes with time

6 -
55 Zn
45 -
2 "1 - \
£ 35 - — et ———a—— o
s 3 —o— 800 mm?
s 73
o 415 - —tr— 520 mm?
1 -
05 - 260 mm?
o — e e
0O 24 48 72 96 120 144 168 192 216 240 264
Time {hour)
6 —
53 - Al
45 -
2 a2
E 35
= 3
% Z.g i —&— 800 mm
o 45 e 520 mm?>
T -
05 - = ) ] _ ) _ 260 mm?>
0 — PRy
0 24 48 72 96 120 144 168 192 216 240 264
Time {hour)
6 &
55 - Cu
5 -
145 -
=2 4
£ 35 -
s 3 —o— 800 mm?
5 D o —te— 520 mm>
1.5 -
1 - 260 mm?
.0 5 " : - . r— —— —

0O 24 48 72 96 120 144 168 192 216 240 264
Time {hour)

Oct 2022 | 537



Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition)
ISSN : 1671-5497

E-Publication Online Open Access

Vol: 41 Issue: 10-2022

DOI 10.17605/0SF.10/7S25C

4

CONCLUSIONS

This experiment demonstrates that the MFC is suitable for being used for the creation of
electric power. And it can be used to operate simple systems in agricultural works and
can compete with energy produced from other sources. The result showed that the type
of cathode, as well as the size, influenced the amount of electricity generation and the
type is more effective than size. Our research conclusively showed that an MFC with such
a Zn cathode is preferable compared to others in terms of its ability to generate electricity.
Soil electricity decreased but in different intensities. However, further research is required
to eliminate some of the limitations associated with the application of MFC.
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