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ABSTRACT

Recently, renewable energy with the ability to
replace traditional energy such as fossil fuels, has at-
tracted the attention of many researchers. In this
study, the amount of the produced electricity in the
presence of modified graphite electrode with biolog-
ical synthesized silver nano particles was evaluated.
In the first stage microbial fuel cell (MFC) system
was designed; subsequently, synthesized silver NPs
through biological method and their properties were
investigated using UV-vis spectroscopy, Fourier
transform infrared spectroscopy (FTIR) and particle
size analysis (PSA). Scanning electron microscope
(SEM) was used for exploring the modified elec-
trodes with silver NPs and valid modification status.
Eventually, the modified graphite electrode with
used NPs and the amount of produced electricity in
the presence of electrodes were evaluated. Our re-
sults showed that the modified graphite electrode
with NPs has high potential for electricity generation
that was more than bare graphite electrode. Indeed,
the generated maximum power and current density
for bare graphite electrode were 82 mW/m™ and
1100 mA/m™ respectively but the generated maxi-
mum power and current density for modified elec-
trode with silver NPs were 160 mW/m™ and 1400
mA/m respectively.

KEYWORDS:
Nano-biological Modification, Microbial Fuel Cell, silver
NPs

INTRODUCTION

Recently, due to the reduction of fossil fuel re-
sources and the destructive effects of global warm-
ing, the use of biomasses as a safe, sustainable and
optimal resource has been considered. In this regard,
various studies have been conducted and different
methods have been introduced [1]. MFC, consider-
ing the catabolic ability of microorganisms for gen-
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erating electricity, is one of the most optimal ap-
proaches which was introduced for first time by Pot-
ter in 1911[2]. MFC is a combination of microbiol-
ogy, electrochemistry and other compatible sciences
such as nanotechnology that lead to transformation
of chemical energy to electrical energy. In this sys-
tem anaerobic microorganisms, by attaching to the
electrode surface, create a complex structure that
called biofilm. In biofilm structure, microorganisms
are creating electrons by oxidizing organic matter.
The produced electrons move among respiratory en-
zymes and participate in energy generation as ATP
form. Then, after passing among the electrolyte in
the cell, the electrons are transferred to electron ac-
ceptor (anode) and subsequently to electron acceptor
in cathode. In addition, the produced positive ions
in anode are conducted towards cathode by passing
through the membrane (electrolyte); in the presence
of catalyst, react with the oxygen and electron that
reach the cathode section from the external circuit
and are turned into water molecules (figurel) [3,4,5].
Different and complex parameters such as the type
of cathode and anode, the rate of transfer electron,
microbial biofilm anode, the rate of transfer electron
from the anode to the cathode, the substrate used for
biofilm formation, ohmic resistance of the electro-
lyte and the other factor chemical can be involved in
MEC performance[6]. However, one of these param-
eters that have a direct connection with the level and
speed of electron transfer from microorganism to an-
ode and the transfer of electron in circuit, and in
other words have a significant role in MFC perfor-
mance is electrode surface area because it creates
limitation in the number of microorganisms that can
reach to anode. Electrode surface area is one of the
factors on which a few studies have been conducted.
Recently some researchers have tried to increase the
performance of MFC to some extent by increasing
coating electrodes with Nps [7]. The unique charac-
teristics of Nps such as the increased surface to vol-
ume ratio are found in them that act in order to in-
creasing the performance of MFC. In this study, bio-
synthesized silver NPs were used for modifying elec-
trode to increase MFC performance.
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FIGURE 1
Microbial fuel cell system

MATERIALS AND METHODS

Materials. All chemicals that were used in this
study such as NHiCl, NaH,PO4.H,O, MnSOs,,
Mgsos and culture medium (used for growing of
yeast) were obtain from Merck company, Germany.
In all experiments, a graphite (10cm x 10cm) was
used which was purchased from Arvin Danesh Arian
Company, Iran.

Designing microbial fuel cell. For designating
MEFC, two cylindrical chambers that were connected
by a polyethylene tube were used. For separating the
content of cylindrical chambers, a proton exchange
membrane (PEM) Nafion 117cs (Sigma, USA) was
used. PEM pretreatment started with boiling the film
in 3% H,0O, for 1h, washing with deionized water,
0.5 M H,SOs, and washing with deionized water re-
spectively. Total volume of each chamber was 2 liter
and the useful volume was 1.5 liter. The used graph-
ite electrode was modified with biosynthesized silver
Nps. In the anode chamber a small pump for circula-
tion of substrate was used. Before performing the
test, washing steps with 30% H>0,, 0.5M H>SOs, and
deionized water were done exactly [8,9]. Table 1
shows the properties of PEM.

TABLE 1
Properties of proton exchange membrane
Description Unit Nafion 117cs
Average grain size cm?2 100
Width um 183
Proton conductivity mS/cm 83

Preparation of microorganism and medium.
In this study Saccharomyces cerevisiae PTCC 5269
was used for electricity generation in MFC. This
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yeast was supplied by Centre for Scientific and In-
dustrial Research of Iran. Saccharomyces cerevisiae
was grown in an anaerobic condition. In MFC, the
medium that added to anodic chamber of MFC was
contained NH4Cl (130 mg L7!), NaH2PO4.H20
(7400 mg LY, MnSO4 (50 mg L' ) MgSO4 (20 mg
L") glucose (500 mg L") and yeast extract (10 mg
LY. For the cathodic chamber, all the mentioned
constituents except yeast extract and glucose were
used [10].

Synthesis of silver NPs. In order to perform
synthesizing procedure, the clinical isolates of Can-
dida albicans were cultured on Saborad Dextrose
agar medium (Merck .co). 3.5 mM silver nitrate was
used in order to detect and isolate yeast resistant
against silver nitrate. After 24 h incubation at 37 ° C,
plates that were contained of grown colonies of Can-
dida albicans were isolated for next usage. In order
to obtain cell mass, colonies grown were cultured in
Meyer flask containing 250 ml of Saborad Dextrose
broth medium (Merck .co) and also were maintained
in Shaking incubator at 200 rpm for 24 h at 37 ° C.
After this time, the cells were separated using cen-
trifugation in 6000 rpm and then washed 3 times with
phosphate buffer saline medium pH 7.4. Then, 5 g of
wet weight yeast was removed and transferred to
sterile flask containing 100 ml of 1.5 mM silver ni-
trate. This flask was kept in dark conditions in shak-
ing incubator at 37 ° C. After a long time (2h); along
with observed color change, biomass was maintained
in shaking incubator for 48 h in order to find sepa-
rated cell. In the next step, the separated cell biomass
was centrifuged in 6000 rpm due to achieve the op-
timized condition for synthesizing of silver Nps. The
yeast biomass that had ability to produce silver Nps

~— Air Purging port
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was isolated via centrifugation in 6000 rpm and was
divided into three parts for the purpose of FTIR in-
vestigation, PSA analysis and UV-vis spectroscopy

[11].

Characterization of silver NPs. UV-Vis spec-
troscopy. Ultraviolet—visible spectroscopy was used
to explore the absorption spectrum of the biosynthe-
sized Nps. For this purpose, 50 ul of obtained solu-
tion and 50 pl of distilled water were added and an-
alyzed with this technique at the wave length of 300-
800nm [11].

FTIR investigation. FTIR spectroscopy is one
of preferred spectrophotometric methods. FTIR was
used due to approve accurate identification and also
more exploring about features of synthesized NPs.

PSA investigation. Determining the exact size
and distribution of silver Nps was also performed
through PSA. In order to do this experiment, 1 ml of
resulted admixed solution (the interaction of silver
nitrate and cells biomass with 10 ml of distillated wa-
ter) was analyzed by PSA.[12]

Modifying graphite electrode. In this study
two graphite electrode types were used. Bare graph-
ite electrode was provided through desired carbon
powder and modified graphite electrode was pre-
pared based on mixing a 3: 1 ratio of carbon powder
and biosynthesized siver Nps (C) respectively. [13]

Measurements of voltage and current. Data
analysis. The current produced in this study was cal-
culated and recorded according to equation 1 and
system power was calculated based on equation 2.
Through dividing the values of power density and
current density by the surface of electrode, the values
of these two factors were calculated and recorded.
The data obtained in this stage were used for plotting
the polarization curve and also for the diagram of
voltage change in each loading cycle. Voltage (V)
changing with the external resistance in the MFC
was recorded by a data acquisition system connected
to a computer every 20 min. Furthermore, 10Q, 100
Q, 1000 Q, 10000 Q and 100000Q resistances were
used for indicating the relation between power den-
sity and resistance in modified electrode state and
basic electro state. [14]

I=V/R (1)
P=VxI. (2)
RESULT AND DISCUSSION

The characteristics of the synthesized NPs.
According to the macroscopic observations, the
change of color in produced biosynthesis process in
the Nps indicated the existence of Nps in the reaction
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solution. As shown in figure 2, after adding silver ni-
trate salt to the yeast cell biomass, the color of the
reaction mixture was changed from white to reddish-
brown after 2 h. This change in color verifies the
ability of Candida albicans in biosynthesizing of
Nps.

FIGURE2
The resulted change in color after biosynthesiz-
ing of Nps

Study of UV-visible spectroscopy. Figure 3
Shows the UV- visible spectrum of synthesized sil-
ver Nps by yeast; an absorption peak found in range
of 800-300 nm that was related to silver Nps and in-
dicates shifts and surface plasmon at 420 nm. Previ-
ous researches showed that the peak absorption of
silver Nps was in the range of 450-400 nm [11].
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FIGURE 3
UV- visible spectrum of the synthesized silver
Nps by candida albicans

FTIR Absorpion spectrum. Figure 4 show
colloid FTIR spectrum of biosynethsized silver Nps
in the 500-4000 CM! range. The created peaks,
especially the peaks 1 and 2 were created in the
2500-4000 CM! range that indicate the existence of
proteins around the synthesized particles; on the
other hand, the mentioned created peaks indicate the
preservation of the second protein stucture after
interaction with silver NPs. Therefore, it can be find
that the fungal proteins are reducing agents for silver
nitrate solution and responsible for the synthesis of
silver NPs; the recommedned mechanism for
biological synthesis of silver Nps is also related to
these proteins. This mechanism suggests that
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enzymes of a type of nitrogen reducing proteins
(nitroreductases) act as reducing agents.
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FIGURE 4
Fourier transform infrared spectroscopy of
silver Nps

Determination the exact size and distribu-
tion of silver Nps via particle size analysis. Figure
5 shows the synthesized silver Nps that have average
size of about 10 - 70 nm and most produced particles
have a size 20 nm. This distribution of synthesized
silver Nps in the nanometer range captured certain
special physical and chemical properties that have
many applications in various fields such as biology
and medicine.
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FIGURE 5
Particle size analysis of silver Nps

Figure 6 shows the SEM images of the used
electrode in two conditions: before (a) and after (b)
modification with biosynthesized silver Nps. Figure
6b indicates that the used electrode in this study is
completely covered with biosynthesized silver NPs
with special spherical morphology and average size
of 10 to 70 nm. Considering the unique properties of
mentioned NPs including the increased surface to
volume ratio, it can be concluded that the electrode
coated with biosynthesized NPs create very higher
surface on the electrode for attachment, contacting
and transmission of electrons.

4564
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FIGURE 6
SEM images of graphite electrode; a) Before
modification with biosynthesized silver Nps and
b) after modification with biosynthesized silver
Nps.

Figure 7 shows the energy-dispersive X-ray
spectroscopy (EDX) spectrum of the modified elec-
trode with biosynthesized silver NPs. This figure is
also considered as verification for the existence of
biosynthesized silver NPs and purity of them on the
surface of graphite electrode.

Current and power density. The data analyz-
ing in this study indicated that voltage for bare
graphite electrode is recorded as 710 mV while for
the modified graphite electrode with silver Nps it
was recorded as 950 mV (figure 8). The current and
power profiles for graphite electrode and modified
graphite electrode by biological silver NPs are
shown in figure 9. As shown in this figure the power
and current density were decreased. This decrease
may be due to membrane resistance, the distance be-
tween the anode and cathode or applied type of elec-
trolyte used in the experiments. Our results showed
that maximum power and current density generated
for bare graphite electrode were 82 mW/m™ and
1100 mA/m™ respectively while the maximum gen-
erated power and current density for the modified

FEB
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electrode by biological silver NPs were 160 mW/m"
3and 1400 mA/m™ respectively. Here, the obtained
maximum power density and the level of voltage
changes using polarization curve are considered to
assessment the performance of MFC.

Efficiency of a MFC is depends on several fac-
tors such as type of electrode, the rate of electron
transfer from microbial biofilm (cathod) to anode,
the rate of electron transfer from anode to cathod,
substrate used for biofilm formation, ohmic re-
sistance of the electrolyte and other chemical factors
[3]. Many studies have been conducted to improve
the performance microbial fuel cell using metal ma-
terials [15]. Nanoparticles are useful materials that
can have ameliorative impact on performance of a
MEC [16]. Overall, the increasing

L

FIGURE 7
EDX spectrum. a: Basic electrode: b: Modified
electrode with biosynthesized silver NPs
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FIGURE 8
Voltage changes in designed MFC

n Unmodification

4565

180
160

b 140

100

-

.
1o g .
o
- 4“0
2004 2
20

100 400 600 800 1000 1200 1400
Current dansity(mAa.m-3)
§ Polairation modifed electerod POCO)
# volalzation pPOCO)
4 Power demity modifed electorod POCO)Y
Power density POCO S

FIGURE 9
Polarization and power density in designed
MFC
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surface area to volume ratio that occurs gradually
with the reduction of particles size results in the
domination of behavior of atoms on the particle size
on the behavior of the internal atoms. This phenom-
enon impacts the particle properties as isolated form
and in interaction of materials. High surface area is a
key factor in the performance of catalysts and struc-
tures of electrodes. The efficiency of chemical cata-
lysts and electrodes can be effectively improved us-
ing this property [17].

This study has tried to improve the MFC per-
formance by modification of electrode with biosyn-
thesized silver Nps for the first time. These results
showed the increase of efficiency of MFC with the
electrode modified with silver Nps. In a study, re-
ported output power of MFC was increased from
0.65 mW/m to 788 mW/m™ in the yeast Saccharo-
myces and modified electrodes with Mn** [18]. In
contrast to mentioned study, our results showed that
output power of MFC in the presence of Saccharo-
myces and modified electrode with biosynthesed sil-
ver NPs increased from 82 to 160 mW/m™. Our re-
sult showed that the electrode modified with silver
Nps increases output power 2.7 times higher than
bare graphite electrode. In a study, after modification
graphite electrode with Mn*, the output power of
MFC was increased from 0.02 mW/m? to 10.2
mW/m. Our result showed that when graphite elec-
trode is coated and modified by biological silver
Nps, its output power is increased from 82 to 160
mW/m?3. [20]. Alatraktchi et al used gold NPs with
an average size of 50 to 100 nm for the assessment
of MFC performance. By using modified electrode
with these NPs, they concluded that the performance
of MFC was significantly increased. Also, in our
study the performance of MFC was significantly in-
creased but this matter should be considered that the
used nanoparticles in our study were synthesized via
a biological method and their size was between 20 -
70 nm [20]. In another study, Wen et al explored the
MFC performance in the presence of TiO NPs [21].
The results of their research indicated that voltage,
power density and current density were increased
during using of the modified electrode with these
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Nps. Also, in the presented study, the using of mod-
ified electrodes with biosynthesized silver Nps led to
increasing the power density, current density and
voltage. However, the Nps in the present study were
synthesized using a biological method that can be
considered as an important advantage.

CONCLUSION

Technology of biological fuel cells is one of the
newest methods for electricity generation from mi-
crobial biomass. Designing of fuel cell system is
considered as one of the most important and hot ap-
proaches due to achieving to related advanced tech-
nology using microbial fuel cell systems. In this
study we used of microbiology, nanotechnology and
electrochemistry to obtain new microbial form of
electricity. Along with increasing of generated
power and current density in the presence of modi-
fied graphite electrode against bare graphite elec-
trode, it can be concluded that silver Nps provide
more surface for electron transfer from anode to
cathode pole.

REFERENCES

[1] Lewis, N.S and Nocera, D.G. (2006). Powering
the planet: chemical challenges in solar energy
utilization", PNAS 103(43) 15729-15735.

[2] Potter, M.C. (1911). Electrical effects accompa-
nying the decomposition of organic compounds.
Proc. Roy. SOC. London Ser. B 84 260-276.

[3] Logan, B.E. Hamelers, B. Rozendal, R. Schro-
der, U. Keller, J. (2006). Microbial fuel cells:
methodology and technology. Environ Sci
Technol 40: 5181-5192.

[4] Chaudhuri, S. K.; Lovley, D. R. (2003). Elec-
tricity generation by direct oxidation of glucose
in mediatorless microbial fuel cells. Nat. Bio-
technol. 21, 1229-1232.

[5] Logan, B.E., "Microbial Fuel Cell", John Wiley
& Sons, 2008.

[6] Logan, B. E, Regan, J.M. (2006). Microbial fuel
cells--challenges and applications. Environ Sci
Technol 40: 5172-5180.

[7]1 Rahimnejad, M. Mokhtarian, N. Nagafpour,
G.h. Ghorayshi, A. Ghasemi, M. and Sharifza-
deh M. (2008). Generation of electeric using
Saccharomyces cerevisiae in microbial fuel cell.
1th Conference of H2 Aand fuel cell.2008

[8] Kim, H.J., Hyun, M.-S., Chang, L.S. and Kim,
B.H. (1999). A microbial fuel cell type lactate
Biosensor using a metal-reducing bacterium,
Shewanella putrefaciens"”, J. Microbiol. Bio-
technol. 9(3): 365-367.

[9] Wilkinson, S. (2000). Gastrobots” benefits and
challenges of microbial fuel cells in food pow-
ered robot applications. Auton Robot 9:99—-111.

4566

Fresenius Environmental Bulletin

[10]Gil, G.C. Chang, 1.S. Kim, B.H. Kim, M. Jang,
J.Y, Park, H.S. (2003). Operational parameters
affecting the performance of a mediatorless mi-
crobial fuel cell. Biosens Bioelectron. 18:327—
34.

[11] Ghasem, R. Fahimeh, A. and Alireza K. (2016).
Mycosynthesis of Silver Nanoparticles from
Candidaalbicans and its Antibacterial Activity
against Escherichia coli and Staphylococcus au-
reus. Tropical Journal of Pharmaceutical Re-
search. 15 (2): 371-375

[12]Farahnaz, B., Masoud N. Ali, A. Sahar, M.,
Roya, M. Yazdan, M and Ghasem, R. (2016).
Eco- Friendly Synthesis Of Cadmium Oxide
Nanoparticles Using Salvia Officinalis Plant
And Investigate Its Anti-Fungal Biofilm Effects,
In Single Form And In Combination With Flu-

conazole Against Candida Albicans. Fresen.
Environ. Bull., 25(4): 3507-3511.
[13] Tashkhouria, J. Hormozi Nezhad, M.R,

Khodavesi, J. Javadi, S. (2009). Silver nanopar-
ticles modified carbon nanotube paste electrode
for simultaneous determination of dopamine
and ascorbic acid. Journal of Electro analytical
Chemistry 633 (2009) 85-91

[14] Morteza, K. Zinat, M. Mojtaba, K. Maryam, B.
Sahar, M. Yazdan, M. and Ghasem, R. (2016).
Improvement of the Performance of Microbial
Fuel Cell withModification of Electrode using
Copper Nanoparticles. Journal Of Pure And Ap-
plied Microbiology, 10(1), 355-361

[15]Zhao, F. Harnisch, F. Schroder, U. Scholz, F.
Bogdanoff, P. Herrmann, 1. (2005). Application
of pyrolysed iron (II) phthalocyanine and CoT-
MPP based oxygen reduction catalystsas cath-
ode materials in microbial fuel cells. Electro-
chemistry Communications. 7(12): 1405-1410

[16] Wen, Zh. Suqin, C. Mao, Sh. Cui, Sh. Lu, G.
Kehen, Y. Shenglian, L. Zhen, H. Chen, J.
(2013). TiO2 nanoparticles-decorated carbon
nanotubes for significant improved bioelectric-
ity generation in microbial fuel cells. Power
Sources. 234, 100-106.

[17]Jungiue, J. Qingliang, Z., Guodong, Z., Duu-
Jong, L., (2010). Electricity generation from
bio-treatment of sewage sludge with microbial
fuel cell. Bio resource Technology.100, 5808-
5812.

[18]Rahimnejad, M. Mokhtarian, N. Nagafpour, Gh.
Ghorayshi, A. Ghasemi, M and Sharifzadeh, M.
(2008). Generation of electeric using Saccharo-
myces cerevisiae in microbial fuel cell. 1th Con-
ference of H2 Aand fuel cell.2008.

[19]Beliaev, A.S. and Saffarini, D.A. (1928). She-
wanellaputrefaciens mtrB encodes an outer
membrane protein required for Fe (III) and
Mn(IV) reduction”, J. Bacteriol. 180(93) 6293-
6297.

[20] Fatima, A. Yifeng, Z. Irini, A. (2014) Nanomod-
ification of the electrodes in microbial fuel cell:

FEB



Volume 26 — No. 7/2017 pages 4561-4567

Impact of nanoparticle density on electricity
production and microbial community. Applied
Energy, 116. 216-222.

[21]Zhenhai, W. Suqin, C. Shun, M. Shumao, C.
Ganhua, L. Kehan, Y. Shenglian, L. Junhong,
C. (2013). TiO2nanoparticles-decorated carbon
nanotubes for significantly improved bioelec-
tricity generation in microbial fuel cells. Jour-
nal of Power Sources. 234. 100-106

Received: 16.12.2016
Accepted: 23.04.2017
CORRESPONDING AUTHOR

Ghasem Rahimi
Young Researchers and Elite Club, Marvdasht
Branch, Islamic Azad University, Marvdasht, Iran

E-mail: rahimighasem?75@yahoo.com

4567

Fresenius Environmental Bulletin

FEB


https://www.researchgate.net/publication/318361980

