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Abstract

One of the problems with microbial fuel cells is a laurrent density of those ener
sources. Nonetheless, it is possible to increasetirent density by using the catal
for fuel electrode (anod« as long as a low cost catalyst can be found. Thsibility of
wastewater treatment using the-Co alloy as catalyst for MFC's is presented in
paper. The alloys were obtained with different @ncations of Co (15 and 50% of C
The increase of current density with-Co catalyst is approximately OmA/cm?. So,
afundamental possibility wastewater treatment udimg N-Co alloy as catalyst fc
microbial fuel cells was present

Keywords: microbial fuel cell, wastewater treatment, catali-Co alloy, renewabl
energy sources, environment enering.

1. INTRODUCTION

Today’s energetic industry struggles with diffi¢edt with producing more ar
more energy. Energy production is generally basedaal, crude oil, natur:
gas and nuclear energy. Moreover, with the incredigbe standard of living
wastes production increases very much, too. Botlustrial and municipe
wastewater are generatt

Currently new energy sources and waste treatmenthate are bein
researchedOne of these sources is also fuel cell (FC), maine to their higt
efficiency. The fuel that is most often used for fuel E&Clydrogen, hydrazir
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or methanol, but new fuels are also used, e.g.ecaildbiofuel or glucose from
wastewater [2, 10, 28, 31, 39]. For wastewatertrimeat different methods are
used, e.g. deposit technology sewages from yeasagpitultural field or
wastewater treatment with activated sludge [9,213,25]. However, there is an
opportunity to combine energy production and waatewtreatment. A device
that can accomplish this task is a microbial fuell §MFC). In MFC's the
activated sludge bacteria were used for electrfmibduction during wastewater
treatment [19]. The concept of MFC's was createddlayis and Yarbrough in
the 1960’s [8]. Bacteria that were identified apatale of creating electricity in
fuel cells include a wealth of genera ®@éobacter ShewanellaPseudomonas
and others [5, 6, 12, 15, 23, 24]. So activatedigduis capable of producing
electricity.

MFC'’s are devices that use bacteria as catalysigitiize organic and inorganic
matter and generate current [3, 7, 8, 28]. Figusadws the operating principles
of a MFC [18, 27].
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Fig. 1. Operating principles of a MFC. Figure ig tioscale. PEM - proton exchange
membrane, B - bacterium, G - glucose

Electrons produced by the bacteria from these mtlst are transferred to the
anode (negative terminal) and flow to the cathquesifive terminal) linked by

a conductive material containing a resistor, orrage under a load (i.e.,
producing electricity that runs a device). By camian, a positive current flows

from the positive to the negative terminal, a di@topposite to that of electron
flow. A bacterium in the anode compartment trarstedectrons obtained from
an electron donor (glucose) to the anode electrddis. occurs either through
direct contact, nanowires, or mobile electron d$bsit During electron

production protons are also produced in excesssd peotons migrate through
the proton exchange membrane (PEM) into the catbbhdmber. The electrons
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flow from the anode through an external resistafareload) to the cathoc
where they react with the final electron acceptxy@en) and protons [17, 1

27].
Graphite anodes i
surface for bacter

n the shape of a brush were afied, which constitutehe
ial growth and increased surtdoglectrode for the increa

of current density (Fig.2) [15, 3
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Fig. 2. Scheme of

a MFC with graphite anode in the slodjpeush (constituting th

surface for bacterial growth). PE- proton exchange membrane, Glucost

Compared with hydrogen, hydrazine or methanol FBs,current density «
MFC is very low, but the hydrogen or hydrazine F&&s used as high efficien

electricity sources
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The current density of MFC is lower than 1 mAfcih6, 17, 29, 45]. Figure 3
shows the polarization curves of electrooxidatidnwastewater on carbon
electrode [17, 19].

The hydrogen or hydrazine FC's are used as higtiegfty electricity sources.
Whereas the MFC’s are only additional ecologicactlcity sources used
during wastewater treatment. Thus, the level ofenurdensity of MFC's is not
that important. In this case, important is the geheossibility of obtaining
electricity during wastewater treatment process.

Obviously, the increase of current density of MF&lew for wider range of
application. Therefore, every possibility for inaseng the current density
should be researched. One example is the seledgitimm appropriate catalyst for
electrodes. Due to its excellent catalytic progsrplatinum is most commonly
used as the catalyst. However, due to the higle priglatinum, other catalysts
that do not contain precious metals should be resed. Besides platinum, also
Ni is frequently used as the catalyst of electrofdesfuel cells. But problems
with the use of nickel impede its use. Nickel issthpused as Raney Ni, but
Raney Ni is not very easy to use. Even after reactRaney nickel contains
significant amounts of hydrogen gas, and may speaasly ignite when
exposed to air [1]. The alloy that could be usea astalyst in the MFC is Ni-
Co alloy. Compared to nickel, e.g. Raney Ni, Ni-&ltoy is not too easily
oxidizable and thus it is easier to use.

In MFC organic material is oxidized on anode, amel product of oxidation is
CQO, and electrons. For glucose the following reactwas obtained [15, 17, 26]

ANODE  C4H,,04 + 6H,0 — 6CO, + 24H* + 24e~ (2.1)
CATHODE 24H* + 24e~ + 60, - 12H,0 (2.2)

Summary reaction:
C¢Hq120¢ + 60, = 6C0, + 6H,0 + electricity (2.3)

In MFC’s carbon is most often used as the elect(sde also as the catalyst).
Acetic acid is also quite often used as catalystt &cept for acetic acid or
carbon, it is also possible to use metal catah\Bte to the excellent catalytic
properties, platinum is most commonly used as #talyst. Nickel is also quite

common. But due to the high price of platinum amdbfems with the use of

nickel, there is a need for finding other catalySs, it is very important to

search for new Pt-free catalysts for fuel electsd®®, 40]. Overall efficiency of

the FC depends on the performance of the fuelrel#et Therefore, the search
for a catalyst of the fuel electrode is a very imaot issue. Selection of an
appropriate catalyst for the fuel electrode wilbel to develop a highly efficient

energy source, which is a fuel cell.
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Besides Pt, also Ni is frequently used as the ysitaf electrodes for fuel cells.
But problems with the use of Ni impede its use.kiids mostly used as Raney
Ni, but Raney Ni is not very easy to use [1]. Tlevrcatalysts allow for the
elimination of costly platinum and difficulties withe use of nickel [30, 32].
The efficiency of FC anf MF@rc is defined to be:

T-AG

— (2.4)

Nrc =

where:

AG - the change in Gibbs free energy [kJ/mol],

4H - the change in enthalpy [J/kg],

T - the absolute temperature [K]
The equation (2.4) shows that the efficiency of el depends on the
magnitude and sign of entropy. From the equatiaaiit be seen that if for the
reaction in a fuel celdH >0 and4S> 0, then thermodynamic factor of
efficiencyn < 1 and it decreases with the increase of the testyre [22, 33].
But under real conditions the efficiency of FC afiEiC is always lower than
theoretical efficiency. In a fuel cell the maximamergy of chemical conversion
of energy into work is equal to the free energytiea (2.5) [9, 37]

AG = AH — TAS (2.5)
where:

A4S - the change in entropy [J/K],

Changing the Gibbs free energ@ associated with the cell electromotive force
E° is represented by the relation:

AG = —nFE® (2.6)

where:
n - the number of electrons involved in the eleatroghction,
F - the Faraday constant per volt gram equivalei [k
F - theE® electromotive force [V].

In the case of a real cell the equation can baemrias [4, 22, 34]
AG' = —(nF)'E (2.7)

where:
(nF)’ - the real amount of energy obtained from one robfeel [kJ].
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Under real conditions the following relationshigvalys occurs
AG' < AG (2.8)

So, under real conditions the efficiency of FC and MiBCalways lower than
theoretical efficiency.

The current density is most important parametdf@fand important parameter
of MFC [4, 17, 37]. So, it is important to searcimew catalysts to assurance
adequate current density of electrooxidation otghe.

Activation barriers impede the conversion of rearsao products. So part of
the cell voltage is used for the reduction in tl&vation barrier. These losses
are called the overpotentigl.

The correlation between current density and overil is described by the
Butler-Volmer exponential function [4]:

i=1iy- eXMact (2.9)

where:

io - the exchange current density [mAIm

Nact - the activation overpotential [V] ,

K - the factor of dependence of activation overpiideon reaction speed.
Unfortunately, despite extensive knowledge in tieddfof solid-state physics
and kinetics of catalytic reactions, the selectidrthe catalysts is carried out
mainly experimentally.

One of the important factors affecting the work toe MFC is also the
temperature. Temperature has a significant impaavark of the MFC for two
reasons. First, the result from the relation (28)l this influence is related to
the functioning of the microbes, which need specittonditions for
development. However, the temperature influencecorent density of the
MFC can be very different [11, 14]. So, it is nesa@y to perform measurements
of wastewater electrooxidation with new cataly#8, [42]. For egsample with
Ni-Co for MFC's and influence of temperature on kvof MFC'c with Ni-Co
catalyst.

2. MATERIAL AND METHODS

Ni-Co alloys were obtained by the method of eleztteamical deposition. The
alloys were deposited on smooth surface of coplemtrede. The alloys were
deposited on copper electrode from a mixture of@yjSCoSQ, CoCh and
H;BO; (Table 1)
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Table 1. Mixture composition for deposited Ni-Ctoglon copper electrode

current .
Component volume pH temperature density Concentr(;’;\tlon
NiSO,; x 7TH,O 260 3.0 293 1.6 15
CoCh x 6H,0 14
HsBO; 15
NiSO,; x 7TH,O 195 2.0 293 3.0 50
CoSQ X 7TH,0 35

Before the deposition of the alloy, copper eleatrauas prepared in several

steps [43, 44]:

- surface was mechanically purified to a shine,

- surface was degreased in 25% aqueous solution &f KDter degreasing,
the surface shall be completely wettable with water

- electrode was digested in acetic acid,

- electrode was washed with alcohol.

The alloys were obtained with different concentnasi of Ni and Co (15 and
50% of Co). Concentrations 15% of Co was chosentduithe maintenance of
highest amounts of nickel in alloy. Concentrati®&®86 of Co was chosen due
to the comparison of catalytic properties of Ni-@doy with low and high
concentarion of Co. The time of the deposition veagial to 1 hour. The
chemical composition of Ni-Co alloys was determiméth the XRD method.
Researches were done by the method of polarizingesiof electrooxidation of
wastewater with activated sludge bacteria. Thearebes were done in a glass
vessel, on a carbon and copper electrode with Niallwy as the catalyst.
Measurements were done in a glass cell with the AME/stem 5000
potentiostat connected with computer for data miogr First the
electrooxidation on carbon electrode was condueted then measurements
were performed for the electrooxidation with a Ni-€atalyst. Researches for
Ni-Co alloy as catalyst were done for selectedyall@containing 15% and 50%
of Co), at the temperature of 293, 295, 297, 299, &hd 303 K are presented in
this paper.

Before each measurement of electrooxidation ofatgt sludge wastewater pH
was measured with the CyberScan 2000 pH-metergwhé conductivity was
measured with the use of AquaPro AP-2 conductiviigter. Measurements
were made at the temperature of 293K [40].
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3. RESULTS

In the first stage, the electrooxidat on carbon electrode was conducted
then measurements were performed for the electlatan with N-Co catalyst
The measurements allowed to evaluate the influehtee N-Co alloy used a
catalyst on change of current dens.

Conductivity of thewastewater (after initial treatment) with activatsiddge
was equal to 1.716 mS, and pH was equal tc

Figures 49 show the polarization curves of wastewater edecidation or
carbon and NEo alloy electrode with activated sludge bacterta tlze
temperature of 29303 K.
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Fig. 4. Polarization curves of electrooxidationnafstewater with bacteria fro
activated sludge with carbon anc-Co alloy catalyst at the temperature293K
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Fig. 7. Polarization curves of electrooxidationnafstewater with bacteria fro
activated sludge with carbon anc-Co alloy catalyst at the temperature of 2!
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activated sludge with carbon anc-Co alloy catalyst at the temperature 03K

In any case (for all temperatures), for the-Co alloy the obtained curre
density was higher than for the carbon electr

4. DISCUSSION AND CONCLUSIONS

The measurements for the electrode witl-Co alloy as catalyst showed
increase of current deity compared to the measurements for the ca
electrode. Polarization curve at the temperatur@a8K (Fig. 4) shows thi
current density for carbon electrode is about Gr¥dcm?® Polarization curve
for Ni-Co alloy (15% Co) as catalyst allow for tincrease of current density
to 0.30 mA/crf. Increase of Co concentration to 50% concentratiofo the
current density is higher only by 0.7 mA” compared to current dens
obtained during electrooxidation with a carbon &tmie

Polarization curvet the temperature of 295K (Fig. 5) shows thatenirdensity
for carbon electrode is about 0.21 mAZ? Polarization curves for -Co alloy
(15% Co) as catalyst allow for the increase of entrrdensity up to 0.S
mA/cn?. Increase of Co concentratior 50% concentration of Co the curr
density is higher only by 0.6 mA/é, compared to current density obtait
during electrooxidation with a carbon electr

Polarization curve at the temperature of 297K (B)gshows that current dens
for a carborelectrode is about 0.20 mA/#. Polarization curves for 15% (
allow for the increase of current density up toOOrBA/cn?, just like at the
temperature of 293K. The current density of 50% centration of Co th
current density is higher only by 0.6 mA/, compared to the current dens
obtained during electrooxidation witl carbon electrode.
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Polarization curve at the temperature of 299K (Fjgshows that current density
for a carbon electrode is about 0.19 mAjcRolarization curves for 15% Co
allow for the increase of current density up tol0BA/cnt, just like at the
temperature of 293 and 295K. The current density08b concentration of Co
the current density is higher only by 0.7 mAfcraompared to the current
density obtained during electrooxidation with abwar electrode.

Polarization curve at the temperature of 201K (Bjgshows that current density
for a carbon electrode is about 0.21 mAjcRolarization curves for 15% Co
allow for the increase of current density up to90r@A/cnft, just like at the
temperature of 293 and 295K. The current density086 concentration of Co
the current density is higher only by 0.5 mAfcrmompared to the current
density obtained during electrooxidation with abwar electrode.

Polarization curve at the temperature of 303K (Bjgshows that current density
for a carbon electrode is about 0.22 mAic®o, the temperature increase of
10 K (from 293 K to 303 K) increases the currentgity by 10%. Polarization
curves for 15% Co allow for the increase of curensity up to 0.33 mA/chm
At 50% concentration of Co the current densityighbr only by 0.6 mA/cf
compared to the current density obtained duringtedexidation with a carbon
electrode.

In any case (for all temperatures), for the Ni-Glmyathe obtained current
density was higher than for the carbon electrodevéver, those current density
changes are not significant - approx. by 0.1 mA/¢bt%% Co). But those
changes are 50 % for Ni-Co alloy with 15% Co, coragéo the use of a carbon
electrode.

High capacity of Ni-Co alloy with 15% Co is the w#isof the high Ni content.
Increasing the cobalt content to 50% causes afisigni reduction in current
density for all temperatures (293-303K).

The MFC'’s are a low-density power sources. Onénefreasons of low current
density is the low electrical conductivity of wastder. But electrical power
generation in MFC's is just an additional processing) purification of
wastewater. So, increase of power density with dliafoy used as the catalyst
allow to develop green energy sources.

A fundamental possibility wastewater treatment gsithe Ni-Co alloy as
catalyst for MFC’s was presented in this paper.s8gbent research should
include MFC's operation measurements in real cmmdit However, it should
be measured how the activated sludge microorganigwslop in the presence
of Ni-Co alloy .
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MOZLIWOSC OCZYSZCZANIA SCIEKOW PRZY WYKORZYSTANIU
MIKROBIOLOGICZNEGO OGNIWA PALIWOWEGO Z NIKLOWO-
KOBALTOWYM KATALIZATOREM ELEKTRODY PALIWOWEJ

Streszczenie

Jednym z ograniczew zastosowaniu mikrobiologicznych ogniw paliwowyjelst niska
gestas¢ pradu. Istnieje jednak midiwos¢ podwyzszenia tej wartii wykorzystupc
innego rodzaju katalizator elektrody paliwowej. ¢ra przedstawia nitiwosé
oczyszczania sciekbw za pomag mikrobiologicznego ogniwa paliwowego
z wykorzystaniem stopu Ni-Co jako katalizatora #iety paliwowej. Do bada
wykorzystano stopy Ni-Co o #@ej koncentracji kobaltu (15 i 50%). Wykorzysit]
analizowany katalizator uzyskano wzrogsigsci pradu rzdu 0,1 mA/cm. Wykazano,
wiec mazliwo$¢ wykorzystania stopu Ni-Co jako katalizatora mikiadbgicznego
ogniwa paliwowego.

Stowa kluczowe:  mikrobiologiczne ogniwa paliwowe,czgszczanie sciekow,
katalizator, stop Ni-Co, odnawialngérédta energii, igynieria
srodowiska.
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