Available online www.jocpr.com

Journal of Chemical and Phar maceutical Resear ch, 2014, 6(5):333-339

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Reaction mechanism on anode filled with activated carbon in
microbial fuel cell

YU Jin

Shenyang Jianzhu University, China

ABSTRACT

The upflow microbial fuel cell (MFC) system with membrane-free air-cathode was developed, and landfill
leachate as fuel. The anode was made of stainless steel mesh filled with activated carbon, and carbon felt as the
cathode. Electricity production performance of MFC with cylindrical stainless steel mesh anode filled with 0
(unfilled), Zmm, and 3mm cylindrical activated carbon particles was investigated. The electrochemical process of
anode was observed by the cyclic voltammetry test. The mechanism of anode electrode reaction was analyzed. The
results showed that the electricity generation performance of MFC with the anode filled with activated carbon was
better than that of unfilled MFC. Maximum volumetric density of 4056.4mW/m°® and the apparent internal resistance
of 4940 were achieved from MFC with anode filled with 1mm particle. With the decrease of filled particles size
(anode surface area increase), the electrochemical activity of microbes enriched on the surface of graphite rod
increased. The electrode reaction process of anode with unfilled and filled with Imm and 3mm particle were an
irreversible process, a reversible process and a partially reversible process.
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INTRODUCTION

Research on microbial fuel cells (MFCs) has at gmeslrawn increasing attention in the past decadetd an
increased concern about the global energy crigistas technology can directly convert mixed orgamnibstrates to
electricity using bacteria as a biocatalyst. Atserg, a number of experiments mainly focused oneffect of
medium, electricity producing bacterium, batterynfoguration and the electrode material on the ei&ty
generation performance of MFC. Although MFCs pranrssstainable energy generation in the future, nmaajpr
bottlenecks still exist [1], such as the charasti&ri mechanism and electrode kinetic processebeflectrode
reaction. As one method of the important electraubal qualitative analyses, cyclic voltammetry téstan
important device for study the election reactionu XVei [2] investigated the different phase withim a
electricity-generating cycle and whole dischargecpss of sedimentary MFC with graphite cloth anadd the
glucose as fuel by the cyclic voltammetry methogr@sence of redox peak at approximate-0.4 V (@esaturated
calomel electrode), and the height of peak in voftaogram was found to change with the electricityegationg
process in MFCs. The characteristic of the productif compounds with electrochemical activity ahe variation
of amount of these metabolic products in the anddember was investigated. Guo Kun etal [3] invedéd the
behavior of microbial enriched on the surface aipinite rod of short arm type air cathode MFC by ¢helic
voltammetry method, and they found that these bBadcmicrobial has electrochemical activity. DU Zlmij#]
compared the behavior of anode enriching and uckging microbial by the cyclic voltammetry methodéeTcyclic
voltammetry results showed the anode enrichingahiat has redox peaks, but unenriching microbial ha peak,
which indicates that anode enriching microbial hasigher electrochemical activity. Navanietha §dlmodified
electrode by electrochemical deposition in orderirproved performance of microbial fuel cells arfe t
electrocatalytic activity of the biofilm growing dhe anode were characterized by cyclic voltammétngy found
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the performance improved by 20.75% when comparetthdobare electrode. Rabaey, K etal [6] investidjdte
performance of microbial fuel cells operated imatuous mode. Cyclic voltammetry was performeddtermine
the potential of the in-situ synthesized bacta®alox mediators. Catalytic activity of Manganesbattite nanorods
(MnCo0204 NRs) prepared as potential air-cathodalysttfor the single-chambered microbial fuel céiSIFC) by
the cyclic voltammetry, linear sweep voltammetryl atectrochemical impedance [7].Lu Min etal.[8] éstigated
electrocatalytic activities of three types of mamgse dioxide as alternative cathode catalysts ristagihode
microbial fuel cells by cyclic voltammetry (CV).lthis experiment upflow MFC system with membranefre
air-cathode was consisted, stainless steel mdst filith cylindrical activated carbon particlessa®de, carbon felt
loaded Fe / C catalyst as cathode and landfilllatecas fuel. The effect of the stainless steehraesde filled with
different cylindrical activated carbon on electici generation performance of MFC was investigated.
Electrochemical behavior and electrode reactiorcgs®s were analyzed on the basis of cyclic voltamnresults
with different scan rates.

EXPERIMENTAL SECTION

A. Electrode preparation

Stainless steel mesh was rolled into a cylindeh Witm diameter to make the anode. One anode wéiletband
the other two anodes were filled with Imm and 3nytindrical activated carbon particles. Put the piregl anode
in anaerobic granular sludge containing landféideate to attach microbial and last one month.

Materials for cathode preparation are carbon éaltled 0.25mol/L Fe (N and 19 activated carbon powder in this
paper [9].

B. operation condition

Anaerobic sludge from UASB reactor was used to utete the MFC device [6]. Landfill leachate waseiakrom

Shenyang Lachuchong Landfill. Landfill leachate fatb the MFC was diluted and the COD of diluteddéll

leachate is about 700mg/L. MFC run continuous it feeding speed of 45 ml/h and control the teatpes at
(24+£1) C.

C. Analysis and calculation method
The apparent internal resistance of MFC was detexthby the steady-state discharge [10-11]. Theageltwas
measured using UT71A intelligent digital multimet@he range of load resistance is 90000€1.0The power
UZ
: . P == . . .
density P (mW « i) was calculated by the equation of RV , where U is voltage (V), R is resistan€®,(and
V is effective volume ().

Electrochemical behavior and electrode reactioncgss of anode were characterized by cyclic voltaimyne
Potential scan range for unfilled and filled elede are respectively -1.05 ~ 0.1V and -0.86 ~ Oth&/,sensitivity is
100mv.

RESULTSAND DISCUSSION

A. The effect of particle size of filling granularion MFC electricity performance External resistdrbattery
changed from 1Q to 9000@, measure the voltage values, polarization cungemower density curves of stabled
MFC, the results are showed in figure 3.1. The maxh power density is 4056.4mWjmapparent internal
resistance is 494.

Figure 3.1 show the electricity production perfonoa of MFC with filled anode is better than thafilled and
filled 1mm particle is better than that filled 3nparticle. The maximum power density of MFC unfillditled with
1mm and 3mm particle is respectively 1915.5mW/nEH64mW/m3 and 3682.4mW/m3, the apparent internal
resistance is respectively 13014940, 6642. Filling particle can increase the area bactetiached to, which
greatly improved MFC performance. The smaller fhed particle, the greater the surface area ofiglar thus the
amount of attached bacteria is more and more, wisidienefit to electron transfer, reducing the dygts internal
resistance and increase the output power.
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Figure 3.1 The effect of particle sizeon MFC performance

B. Electrochemical behavior of anode

Cyclic voltammetry is one of the important meanstiady electrochemical behavior; the cyclic voltagtm test of
each anode is showed in figure 3.2. In the samengtg speed each battery will be scanned 20 ldps tiie battery
has been stabilized, the cyclic voltammetrys angoat invariant and have good repeatability. Fighieshows the
different anode cyclic voltammograms tested in sheme scan speed of 100mv/s. It can be seen frorfigiime,
three kinds of anode all appear redox peaks, cydimmmogram of anode filled with 1mm particle ha® small
reduction peaks. It show selectrochemical readtiappened on all three electrode, and electrochémitiity is
strong. When the particle size is 1mm, the oxigagieak current and reduction peak current rea¢teembximum,
indicating that the bacteria adsorbed on anodeasaeirhas greater electrochemical activity. The grethie peak
potential difference, the worse the electrode feaateversibility. In the same scanning speed,gfeater the peak
current is, the higher electrochemical activitythog electrode can be got. It can be seen fromdi§.2, when fill the
1mm particle, the peak potential difference is thi@imum and the peak current is the maximum, irttticathe
reversibility of battery is the best, the electrectical activity is the strongest.

C. The study of anode electrode reaction process

In cyclic voltammetry test, one important mean tidy electrode reaction process is scanning spéeitheo
electrode potential and current. The ratio of otiadapeak current and reduction peak current igharamportant
condition to judge whether the electrode proceseev®rsible. Therefore, this paper study the aneldetrode
reaction process from the scanning speed and diie ohoxidation peak current and reduction peakent.

In this paper, cyclic voltammograms for anode dillgith different size cylindrical activated carbtast are showed
in figure 3.3, figure 3.4 and figure 3.5 in the maig speed of 20, 50,100,120,150 mv/s.

In figure 3.3, with the increase of scanning spéleel,absolute value of the oxidation and redugtieaks current of
anode were increased, but the reduction peak durrereased higher. It shows the reducing of ariedetter than
oxidizing. But the potential values of oxidatioraeand reduction peak were almost invariant.

In figure 3.4, oxidation peak and reduction peagesp in pairs, the peak currents are approximatglhal, increase
with the increase of scan speed, and have no laterition. It shows quasi-reversible electrocheahireaction

happened in anode, the electrode process can ltie oyxdation and reduction, makes the reactiorcomtinue.

When the scanning speed is 100mV/s, its oxidatimtergial and reduction potential is respectivel$84nd -397
mV, the peak potential differences is 51 mV, thakppotential difference smaller the reversible dretit shows

battery materials’ oxidation-reduction reactionaesibility is much better.
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Figure 3.2 Cyclic voltammetry of different anode in the same scanning speed
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Figure 3.3 Cyclic voltammograms of anode unfilled tested in different scanning speed
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Figure 3.4 Cyclic voltammograms of anode filled with Imm cylindrical activated carbon tested in different scanning speed
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Figure 3.5 Cyclic voltammograms of anodefilled with 3mm cylindrical activated carbon tested in different scanning speed
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In figure 3.5, the current of oxidation peak andugtion peak increase with the increase of scansjregd, but has
lateral variation. It shows oxidation process aeduction process become easier, battery electqmibgluction

performance has been improved.

The radio of oxidation peak current and reductiealkpcurrent is another important condition to juddesther the
electrode process is reversible. Table 3.1 showvetidation peak potential, reduction peak potéatia their radio

were tested in CV with different anodes and diffiéigcanning rates.

It can be seen from table 3.1, the oxidation peatential and the reduction peak current appeargtieémegative

potential. The oxidation peak potential and theuotidn peak potential of the anode filled with Onamd 1mm

activated carbon particles has small fluctuatiothwhe scanning speed, but the oxidation peak patesf the

anode filled with 3mm activated carbon particlesré@ase with the increase of scanning speed ardtaiéird the

positive potential, while the reduction peak potndecreases with the increase of scan rate, rgaawards the
negative potential. It shows adding 3mm activatedbon particles have impact on electricity generati
performance.

Table 1. The oxidation peak potential, reduction peak potential and their radio tested in CV with different anodes and different scanning

D54

rates
. . Ap = ( Oxidation .
Scan Anodic peak Reduction peak | ¢8'=(ppatoppc)/l2 | opa-— Reduction -
Speed/mVe3 potentiappa/v potentiabppc/v v ope) / C;’gznt current / mA tpdlpe
V
20 -0.606 -0.422 -0.514 -0.184 3.61275]|L -3.7153p .97X8B8
50 -0.651 -0.412 -0.5315 -0.23p 9.247657 -11.08q .83417
omm 80 -0.646 -0.403 -0.5245 -0.24B 14.18974 -20.5 9P18
100 -0.663 -0.398 -0.5305 -0.26p 18.7934 -29.39744 0.63929
120 -0.637 -0.436 -0.5365 -0.201 18.94198 -32.817f -0.57719
150 -0.627 -0.422 -0.5245 -0.20b 20.47302 -38.758 0.52823
20 -0.487 -0.404 -0.4455 -0.08B 6.40886p -7.4255p 0.86308
50 -0.464 -0.398 -0.431 -0.06p 14.7876p -17.395p .85@D8
1mm 80 -0.481 -0.391 -0.436 -0.09 22.55128 -29.167 861079
100 -0.446 -0.413 -0.4295 -0.03B 27.15472 -34.972B -0.77646
120 -0.428 -0.383 -0.4055 -0.04p 30.73666 -37.448B -0.82078
150 -0.428 -0.363 -0.3955 -0.06b 42.62773 -39.990p -1.06595
20 -0.353 -0.541 -0.447 0.184 5.84452p -6.6101P 88418
50 -0.294 -0.582 -0.438 0.28§ 10.9679B -12.286f 89467
3mm 80 -0.262 -0.601 -0.4315 0.339 14.8469b -17.154 868b1
100 -0.238 -0.608 -0.423 0.37] 15.0419B -16.3446  924B
120 -0.2 -0.61 -0.405 0.41 19.6517| -22.092 -0.88
150 -0.179 -0.612 -0.3955 0.438 23.5054 -22.115p .06284

The absolute value of oxidation peak current amtlicBon peak current increase with the increasscah speed.
The radio of oxidation peak current and reductieakpcurrent of unfilled anode decreases with theegse of scan
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rate, the radio of oxidation peak current and ré&dacpeak current of anode filled with Imm and 3raativated
carbon particles stably increase. A linear fit gidation peak current and reduction peak currensug scan speed
shows unfilled anode peak current is proportionaht 1th power of scan speed, the battery sysieimei surface
control, bacteria transfer electron in the eleitjriproducing are adsorbed on the electrode. THaaton peak and
oxidation peak currents of anode filled 1mm actdatarbon particles are proportional to the 0.2tvgr of scan
speed, it shows the battery system is diffusion suréace control, bacteria in the liquid to pagate in producing
electrical response and the reversibility of thédrg system is enhanced, this is consistent wighresults of the
peak potential judgment. The reduction peak cur@hianode filled 3mm activated carbon particlesaliso
proportional to the 1th power of scan speed, baitotkidation peak current is also proportional ® ®h7th power of
scan speed, in battery system the diffusion cofgrehhanced, it indicate that in the liquid thare more producing
electricity bacteria participate in the oxidati@action.

All the analysis shows that the oxidation peak eniriand reduction peak current of anode unfille@/ated carbon
is proportional to the 1.0th power of scanning shdweit the ratio of the oxidation peak current asduction peak
current decreases gradually with the increase ef gbanning speed, anode fluid in the electrode gssods
irreversible when not filled with activated carbon.

The oxidation peak and reduction peak of anodedfiivith 1mm granules activated carbon particleseappimost
in pairs, the radio of oxidation peak current aeduction peak current is proportional to the O@ilver of the scan
speed and approach to 1 with the increase of goeeds electrode process of anode filled with 1mimdiical
activated carbon particle is reversible compareth wifilled activated carbon particle anode. Wik tinode filled
3mm granules activated carbon particles, oxidgteak current is proportional to the 0.7th powethef scan speed
and reduction peak current is proportional to th#hlpower of the scan speed. Through oxidatiork pedential
and reduction peak potential respectively posisiiét and negative shift, the current radio is gmtipnal to the 2th
power of the scan speed; it belongs to partialgrsible electrode process.

CONCLUSION

Increase the anode surface area can improve tipaitoqpbwer. The power density increases with theemsing of
cylindrical activated carbon particle diameter; fiegformance of anode unfilled was the worst. Wbgimdrical
activated carbon particles diameter is 1mm, the imam power density is 4056.4mW/m3, apparent interna
resistance is 494.

Cyclic voltammetry show the bacterium adsorbedteslsnesh anode filled with activated carbon hasiacand
with the decreasing of diameter, the surface are@ase, the electrochemical activity is enhanced.
In cyclic voltammetry, the oxidation peak potentiald the reduction peak potential appear in thathegpotential.

Electrode process of anode unfilled is a completedyersible process, electrode process reveitgilof steel mesh
anode filled with cylindrical activated carbon mpgroved, electrode process of steel mesh anoee filith 3mm
activated carbon is partially reversible procesdscteode process of steel mesh anode filled witmlactivated
carbon approach to reversible process.
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