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Abstract - Microbial Fuel Cell (MFC) technology is
based onbioelectrochemical system, extract power from
organic load of thewastesto produce bio-electricity. The
present study have evaluated the effectof the different
electrode materials in two sets of mediator-less H- type
double chambered MFC operated at30+2 °Cinabatch
mode. In MFCgg, graphite rods (G) and in MFCcsc
carbon brush (CB) and graphite rod (G) were used as
anode and cathode electrode respectively. The both MFC
were fed with distillery spent wash as a substrate with
HRT of 21 days. The maximum CODremoval of 61.07
% and 67.17 %; opencircuit voltage (OCV) of 565 and
735 mV were achieved in MFCge and MFCcsc
respectively. The peak power densities of 3.19 W/m?and
5.4 W/m?were recordedin MFCsc and MFCcge. These
results suggest the efficacy of carbon brush anode in
MFCces compared to graphite rodasan anode material in
MFC for bioelectricity production.

Keywords: BioElectricity, Microbial Fuel Cell, Distillery
Spent Wash, Open Circuit Voltage (OCV), Anode
material

1. Introduction

To address the depleting fossil fuels and to control the
associatedairpollution new genera of energy carriersare
sought (Nayaketal.,2018). Theseenergy sources should
be safe, sustainable andenvironmentally friendly. The
renewable energy from waste canserve the purpose as
energy derivation from waste materials can solve the
problem of the waste generation and energy scarcity
simultaneously (Sonawaneetal.,2017). Microbial fuel
cells (MFC) have received concentration for wastewater
treatmentand contaminantremoval. The MFC generally
consists of two an anodic chamber and a cathodic
chamber separated by a proton exchange membrane
(PEM) (Nayak & Ghosh,2019; Ucaretal., 2017).

The Microbial Fuel Cell, a type of Bio-electrochemical
systems, is capable of producing electricity by utilisation
of waste (Zhangetal.,2011). Awide range of substrate
can be utilized in MFC, e.g. wastewater, food waste,
agricultural waste, sludge, swine slurry etc. MFCs can
exploit pure as well as complex substrates ranging from
carbohydrates, proteins, fats, to alcohols (Pandey et al,
2016). Thetwo chambered MFCis most widely studied
in comparisoon to other reactor configurations. The
mixed culture has diverse range of microbes are more

suited for bio-electricity generation (Gezginci & Uysal,
2016). The bacterial consortia in anodic chmaber
harbours the biofilm forming microorganisms (Venkata
Mohan etal.,2014). Thesemicrobesin biofilm oxidise
the organic content ofthe feedand release electrons and
protons. Theelectrons travel down via external circuit to
cathode andto maintain charge neutrality protons diffuse
to cathode through the cation exchange membrane,
where they combine together with oxygen to produce
molecularwater (Cerrillo etal., 2016).

In MFCs, substrate, electrode material, microorganisms
etc are the most influeincing factors for MFC
performance (Gezginci & Uysal, 2016).

The present study aims to evaluate the viable anode
materials for biofilm formation thus bio-electricity
production in dual chambered H type MFC. Two
differentsets of electrodesi.e. Set | - graphiterods (GG)
and Set 11 Carbon brush and graphite rod were used in
diffrent batch modedMFCsto evaluate the performance.

2. Materialsand methods

2.1.Experimental set-up

The two H type identical acrylic sheet derived MFCs
were constructed in which both the anode and cathode
compartments with working volume of 700 mL each
were made in a cube shapewith side of 10 cm and each
chamberwas separated by Nafion-117from Dupont as

proton exchange membrane. In MFC — I, labelled as
MFCgg, both electrodes were graphite rods (G) of surface
area approximately 10 cm? while MFC — 11, labelled as

MFCcsc had carbon brush (CB)asanode and graphite
rod (10 cm? ) as cathode. The two electrodes were
connected with copper wire and an external resistance of
100 Q was connected in series. The anodic chamber was
fed with distillery spent wash while cathodic chamber
was fed with distilled water. All electrodes were acid
treatedandthensubjected to heat to remove impurities.

2.2 MFC inoculation and operation

The inoculum for both the MFCs were taken from 3
month old MFCs operated on anaerobic sludge. The
reactors were purged by N2 gas to maintain anaerobic
conditions in anodic chambers.The inoculumwas added
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in a ratio of 1:3to thesubstrate. The electrodes were kept
in inoculums to form biofilm on thesurface of anodes.
The distillery spent washwaskeptat4 °C to avoid any
degradation andpriorto fed to anodic chambers it was
bought to roomtemperature (30 £2 °C). The HRT of 21
dayswas maintained to assess the performance of MFCs.
The Open Circuit Voltage was measured by multimeter.

Table 1. Physico-chemical parameters pre and post
treatment

pH COD TS TSS VSS
(L) (@L) (L) (L)
Influents
MFC-1 6.2 26.2 148 8.9 7.2
MFC-I11 6.2 26.2 148 8.9 7.2
Effluents
MFC-I 6.9 10.2 112 6.8 5.6
MFC-11 6.6 8.6 10.2 6.5 5.1

2.3 Analytical methods and calculations

The performance of the MFCse and MFCcss Were
evaluated on the maximum voltage generated by the
degradation of the feed. This voltage was used to
calculate the Currentdensities and Power densities. The
percentage COD removal of the feedis an indicator of the
efficiency of the microbial consortia to oxidise the feed.
. V<V

Power Density = A Eq.1
Where
V =VoltageinV
R = resistance in Q
A=areainm?

(coDi- CfJDf)* 100
COoDi

% COD Removal = Eqg.2
Where

COD;- Initial COD concentration

CODs - Final COD concentration

3 Resultsand Discussion
3.1 Bio-electricity generationin terms of Voltage

The OCV was monitored and recorded continuously
forboth theMFCs. Initially, increase in voltage was
not steady attributedto lagphase of the microbial
consortia. In the logphase, voltage was increased in
a linearmanner, reachingto the highest value of 565
mV and 735 mV for MFCes and MFCces
respectively. The decrease in voltage wasrecorded
after11™and 15" day of thecylcle for MFCsc and
MFCcee respectively. The decreasing voltage

3.2

indicatedtheexhaustion of the organic matter of the
feed. The highervoltage obtainedin Carbon brush
anode (MFCcsc) had suggested the more efficient
biofilm formationon theanode (Fig. 1).
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Figure 1. Variationof OCV with time
Power Density

The power density is one of the major criteria to
evaluate the MFC performance. The OCV was used
to calculatethe power densities forboththe MFCs.
The lag phase of growth cycle resulted in smaller
values of power densities, but as the voltage
increasedin the logphasethe powerdensities also
reached to the maximum values. The maximum
power density of 3.19 W/m? and 5.4 W/m? were
obtained for MFCsc and MFCcgs respectively (Fig.
2).
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Figure 2. Variation of power density with time
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Figure 3. Percentage removal of different parameters
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3.2 COD removal

The microbes in anodic chamber of MFCs,incourse of
voltage generation resultsinto COD reduction. The more
efficient biofilm results into higher COD removal.
Among the two sets, MFCcsc exibited higher COD
removal thus more effcient biofilm. The MFCsc and
MFCcss Were shown 61.06 % and 67.17 % COD
removal respectively (Fig. 3). Further COD removal
could have beenacheived by increasingthehydraulling
retentontime(HRT). Boththe MFCs alsoresulted in the
significant reductionin Totalsolid (TS), Total Suspended
Solids (TSS) and Volatile Suspended Solids (VSS) after
HRT of 21 days.

4. Conclusion

The study has provedthatthe effectiveanodematerial is
a critical factor for the MFC performance. The batch
cycle of MECs operated on distillery spent wash had
shown promising results in term of bio-electricity
production. The Carbon brush anode in MFCcgss has
proved more biocompatabile, effectiveand efficient in
formation of bio-film on its surface due to larger
available surfacearea in comparison to the graphite rods
in MFCcc. The higher bioelectricity generation, COD
removal, total solid removal etc had placed Carbon brush
asbetterchoice asanode material.
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