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Abstract

Bioelectrochemical systems based on polymer-bacteria thin film modified electrode were explored. The prepared
polymer-bacteria modified copper electrode was characterized with voltametric methods, as cyclic voltammetry (CV)
and electrochemical impedance spectroscopy (EIS). The proposed electrode indicated a definite redox response,
high conductivity and electrochemical stability. The experimental results revealed that the prepared electrode could
be a feasible for degradation of hazardous phenol pollutants.
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Introduction

The chemical contamination of the environment is a serious
problem across the world. Phenol is considered as one of the most
products rejected by industrial plants such as pharmaceuticals,
formaldehyde resins, pesticides, textiles, petroleum refineries, chemical
industry and agricultural activities. Phenol is one of 129 chemical
compounds considered important pollutants listed by the Agency for
Environmental Protection (EPA) [1,2]. Due to severe legislative laws,
prohibiting the discharge of toxic products into the environment,
various methods for phenol treatment have been studied, such as
wet air oxidation [3], adsorption [4], chemical oxidation [5], photo
catalyst [6], biological treatment [7], and ozone oxidation [8]. But
there are few sufficiently efficient processes for the removal of phenol.
Microbial bioelectrochemical systems have evolved as a potential
alternative technology for phenol treatment. The electrochemical
oxidation methods has become a promising method for the toxic,
bio refractory and highly concentrated organic wastewater treatment
because of its simplicity, easy control, strong oxidation performance
and environmental compatibility [9]. For anodic oxidation reactions,
that the organic matter electro oxidation process, hydroxyl radicals
(‘OH), produced by water discharge through the retardation of oxygen
at high electrode over potential on metal/particle electrode surface,
are required for organic matter elimination [10]. The combination of
electrochemical and biological method can bring added value to the
degradation of toxic materials such as phenol. The function of microbial
bioelectrochemical systems is based on operating the microorganisms
to catalyze an electrochemical reaction. The system allows for different
tasks, such as, biodegradation, and electrochemical processes [11]. The
aims of this work were to examine the new electrode, based on polymer-
bacteria modified copper electrode for simultaneous production of
electricity and degradation of phenol.

Experimental

Reagents and apparatus

All chemicals were analytical grade and used without further
purification. The monomer e-caprolactone was purcharged from
Sigma-Aldrich. All solutions were prepared with distilled water.
Voltammetric experiments were performed using a voltalab
potentiostat (modelPGSTAT 100, Eco Chemie B.V., Utrecht, The
Netherlands) driven by the general purpose electrochemical systems
data processing software (voltalab master 4 software. The three electrode
system consisted of a polymer-bacteria modified copper electrode as

the working electrode a saturated calomel electrode (SCE) serving as
reference electrode, and platinum as an auxiliary electrode. Prior to
its modification the copper plate was polished with 0.05 pm alumina
slurry for 2 min, rinsed with doubly-distilled water and sonicated in a
water bath for 5 min.

Bacterial cultivation

The bacterial strain used in this study was Staphylococcus aureus
ATCC 25923. The strain was cultured in Luria Burtani broth at 37°C
for 24 h after culture; the cells were harvested by centrifugation for 15
min at 8400xg and were washed twice with and resuspended in KNO,
solution with ionic strength 0.1 M. The physicochemical properties of
this strain were measured by contact angle measurements.

Provisions were made for oxygen removal by bubbling the solution
with azotes gas for about 5 min then the solution was blanketed with
azotes gas while the experiment was in progress. For reproducible
results, a fresh solution was made for each experiment. The re-
suspended bacteria suspension was diluted with water to obtain needed
suspension of different concentration before use.

Electrode preparation

The bacteria suspension was versed onto the copper electrode plate
(I cm x 1 cm x 1 mm), after immobilizing the bacteria on the surface
of copper plate, we launch a scan cyclic voltammetry, 10 cycles, in the
potential range between -3 V and 2 V at 50 mV/s in a solution of 1 M
NaCl

Results and Discussion

Electrodeposition of polymer and bacteria

Electrochemical polymerization of the polymers can be carried
out by either potential step or potential sweep methods, using a typical
coating solution 0.1 M monomers in 1M NaCl solution (pH 5). In the
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cyclic voltammetric (CV) curves for the polymerization, the anodic
current is even bigger during the early reverse scan that during the
forward scan, leading to a cross-over. These features indicate [12,13]
that deposition of the polymer proceeds through a nucleation and
growth mechanism as reported for other conducting polymers.

The CV (Figure 1) exhibits three picks, the first one (Ia), in the
anodic scan, at about 0 V attributed to monomers oxidation, the
second one at 0.5 V, corresponds to the evolution of the polymer, the
third peak appears in the direction of cathodic scan may correspond to
the polymer reduction.

The proposed mechanism of polymerization is as follows:

The EIS experiments were carried out in 1.0 mol L' NaCl in order
to evaluate the effectiveness of the polymer modified copper electrode
to oxidize the phenol. Figure 2 shows the Nyquist plot for phenol-
free polymer-modified electrode and polymer-Cu/phenol system at
different concentrations of phenol. In all cases (presence or absence
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Figure 1: Cyclic voltammogram for electrochemical polymerization of 0.1 M
monomer in 0.1 M NaCl, at copper electrode, at 50 mv/s, 10 cycles.

100

soff Cuspoly
a

2 chn c]

) b

40 . 0.01
0.02
0.03

B 0.04
e mol1 [phenol]

L 1
120 140 160 180 200

Zr [ohman]

Figure 2: Impedance spectra in 1.0 mol L™" NaCl, at polymer modified copper
electrode in 1 M NaCl solution containing different concentrations of phenol.

of phenol in the electrolytic solution) curves included a semicircle
at higher frequencies corresponding to the electron transfer limited
process and the linear part at lower frequencies corresponding to the
diffusion process. It appears clearly from these data that the resistance
became smaller in presence of phenol in electrolytical solution. This
means that the modified electrode becomes more conductive, which
can be explained by the presence of phenol on the electrode surface.

In the presence of bacteria in the polymer matrix, oxidation of
phenol has been investigated by impedance spectroscopy (EIS). The
same behavior in the absence of bacteria, the impedance diagrams have
the shape of a semi circle, indicating that the mechanism of the phenol
oxidation is not affected by bacteria (Figure 3).

In Figure 4, we illustrate the impedance diagrams recorded in the
presence of phenol in the electrolytic medium, respectively for the
electrodes, polymer modified copper electrode (curve a) and polymer-
bacteria modified electrode (curve b), in the both cases EIS curves have
the same shape, the mechanism of phenol oxidation has not changed.
However, the electrochemical parameters deducted from these
diagrams (Table 1) reveal that, in presence of phenol in electrolytical
solution, the electron transfer resistance, Rt, recorded for polymer
modified electrode, at the metal/solution interface is about 71.69 ohm.
cm?, while in the case of the polymer-bacteria electrode, Rt is of the
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Figure 3: Impedance spectra in 1.0 mol L™" NaCl, at polymer-bacteria modified
copper electrode in 1 M NaCl solution containing different concentrations of
phenol.
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Figure 4: Impedance spectra recorded respectively, at a polymer modified
copper electrode and at b- polymer-bacteria modified copper electrode, in 1 M
NaCl solution containing 0.01 M of phenol.

Electrode R, (ohm.cm?) R, (ohm.cm?) Diameter
(ohm.cm?)

Polymer-Copper 55.86 70.24 71.69

Polymer-bacteria-Copper 30 53.25 53.48

Table 1: Parameters of the electrochemical spectra of impedance.

J Material Sci Eng
ISSN: 2169-0022 JME, an open access journal

Volume 5 + Issue 5 » 1000275



Citation: Moutcine A, Akhramez S, Maallah R, Hafid A, Chtaini A (2016) Polymer Electrode Material for Microbial Bioelectrochemical Systems. J

Material Sci Eng 5: 275. doi:10.4172/2169-0022.1000275

Page 3 of 3

20

=20

Current densty (mAkcm2)
L-]
PR

-3 -2 -7 o 7 2
Porontal (V)

Figure 5: Cyclic voltammogram recorded at, a- polymer modified copper
electrode, and b- polymer-bacteria modified electrode, in 1 M NaCl solution
containing 0.01 M Phenol, at 50 mV/s.

order of 53.48 ohm.cm?® Which shows that the electrode polymer-
bacteria modified copper electrode is more active for the oxidation of
phenol that polymer modified copper.

Figure 5 illustrates the CV's registered respectively at (curve a) and
polymer-bacteria modified copper electrode, in electrolyte medium
containing 0.01 M phenol. We note that, the oxidation current densities
are very important in the case of the electrode modified by bacteria,
confirming the previous results; bacteria catalyze the oxidation of
phenol connection witch facilitate the adsorption of the molecule of
phenol.

Conclusion

In this study, we experimentally prepared two electrodes, polymer
modified copper electrode and polymer-bacteria modified copper
electrode. The presence of bacteria onto polymer matrix improves
sensitivity towards phenol and provides a rapid response.

Oxidation of phenol was invested by cyclic voltammetryand EIS. EIS
diagrams resulted in separate time constants; the oxidation of phenol is
mostly represented by half a circle, whose diameter corresponds to the
electron transfer resistance. Electron transfer resistance produced by
polymer-bacteria modified copper electrode is less than that obtained

by polymer modified copper electrode. The presence of bacteria in the
polymer matrix increases the activity of the electrode and catalyzes the
oxidation of phenol.

References

1. Keith LH, Telliand WA (1979) ES & T special priority pollutants. | A perspective
view. Environmental Science Technology 13: 416-423.

2. Zhang F, Li M, Li WQ, Feng CP, Guo YX (2011) Degradation of phenol by a
combined independent photocatalytic and electrochemical process. Chemical
Engineering Journal 175: 349-355.

3. Levévre S, Boutin O, Ferrasse JH, Miand | (2011) Thermodynamic and kinetic
study of phenol degradation by a non-catalytic wet air oxidation process.
Chemosphere 84: 1208-1215.

4. SuJ, Lin H, Wang Q, Xie Z, Chen Z (2011) Adsorption of phenol from aqueous
solutions by organo montmorillonite. Desalination 269: 163-169.

5. Manojlovic D, Ostojic DR, Obradovic BM, Kuraica MM, Krsmanovic VD, et
al. (2007) Removal of phenol and chlorophenols from water by new ozone
generator. Desalination 213: 116-122.

6. Xu X, YiZ, Chen D, Duan X, Zhou Z, et al. (2012) Evaluation of photocatalytic
production of active oxygen and decomposition of phenol in ZnO suspensions.
Rare metals 28: 347-348.

7. Ahmad SA, Shamaan NA, Arif NM, Koon GB, Shukor MYA, et al. (2012)
Enhanced phenol degradation by immobilized Acinetobacter sp. Strain
AQS5NOL 1. World J Microbiol Biotechnol 28: 347-352.

8. Joshi MJ, Shambaugh RL (1982) The kinetics of ozone phenol reaction in
aqueous solution. Water Res 16: 933-938.

9. Zhu X, Trong M, Shi S, Zhao H, Ni J (2008) Essential explanation of the strong
mineralization performance of boron doped diamond electrodes. Environ Sci
Technol 42: 4914-4920.

10. LiuHI, Liu Y, Zhang C, Chen RS (2008) Electrocatalytic oxidation of nitrophenols
in aqueous solution using modified PbO,electrodes. J Appl Electrochem 38:
101-108.

11. Venkata M, Veer R, Dinakar P, Sarma P (2009) Integrated function of microbial
fuel cell (MFC) as bio-electrochemical treatment systemassociated with
bioelectricity generation under higher substrate load. Biosens Bioelectrons 24:
2021-2027.

12. Gunawardena G, Hille G, Montenegro |, Scharifker B (1982) Nucleation and
growth of Cu onto polycrystalline Pt electrode. J Electroanal Chem 138: 225-228.

13. Asavapiriyanont S, Chandler G, Gunawardena G, Pletcher D (1984) The
electrodeposition of poly-N-methylpyrrole films from aqueous solutions. J
Electroanal Chem 177: 245-251.

J Material Sci Eng
ISSN: 2169-0022 JME, an open access journal

Volume 5 + Issue 5 » 1000275


http://dx.doi.org/10.1021/es60152a601
http://dx.doi.org/10.1021/es60152a601
http://dx.doi.org/10.1016/j.cej.2011.09.122
http://dx.doi.org/10.1016/j.cej.2011.09.122
http://dx.doi.org/10.1016/j.cej.2011.09.122
http://dx.doi.org/10.1016/j.chemosphere.2011.05.049
http://dx.doi.org/10.1016/j.chemosphere.2011.05.049
http://dx.doi.org/10.1016/j.chemosphere.2011.05.049
http://dx.doi.org/10.1016/j.desal.2010.10.056
http://dx.doi.org/10.1016/j.desal.2010.10.056
https://dx.doi.org/10.1016/j.desal.2006.05.059
https://dx.doi.org/10.1016/j.desal.2006.05.059
https://dx.doi.org/10.1016/j.desal.2006.05.059
https://dx.doi.org/10.1007/s12598-011-0266-9
https://dx.doi.org/10.1007/s12598-011-0266-9
https://dx.doi.org/10.1007/s12598-011-0266-9
https://dx.doi.org/10.1007/s11274-011-0826-z
https://dx.doi.org/10.1007/s11274-011-0826-z
https://dx.doi.org/10.1007/s11274-011-0826-z
https://dx.doi.org/10.1002/aic.690250403
https://dx.doi.org/10.1002/aic.690250403
https://dx.doi.org/10.1007/s10800-007-9406-1
https://dx.doi.org/10.1007/s10800-007-9406-1
https://dx.doi.org/10.1007/s10800-007-9406-1
https://dx.doi.org/10.1016/j.bios.2008.10.011
https://dx.doi.org/10.1016/j.bios.2008.10.011
https://dx.doi.org/10.1016/j.bios.2008.10.011
https://dx.doi.org/10.1016/j.bios.2008.10.011
http://dx.doi.org/10.1016/0022-0728(84)80226-0
http://dx.doi.org/10.1016/0022-0728(84)80226-0
http://dx.doi.org/10.1016/0022-0728(84)80226-0

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Experimental 
	Reagents and apparatus 
	Bacterial cultivation 
	Electrode preparation 

	Results and Discussion 
	Electrodeposition of polymer and bacteria 

	Conclusion 
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	References

