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Abstract

The performance of activated carbon (AC) catalyst ircaiihodes was investigated nmcrobial
fuel cells (MFCs) over one year operation. The maximum power7@2+110mW n12 was
producedwithin the initial onemonth MFC operation. AC agathodes could produce the
maximum power >1200 mW Fwithin six months, but graduallgvolved into a limiting factor
for the power outpuin prolonged MFCsThe maximum power decreased by 55% when MFCs
with AC aircathodes were operated over one y@dhile saltbiofilm removal from one year
cathodes increased limitipgerformanceenhancemerin cathodeswashingdrying-pressingcould
restore the cathode performance to original le\eisthe performance restoration wasmporary
Durable cathodes could be regenerated bypmessing AC catalyst recovered from one year
deterioratd aircathodes with new gas diffusion layegsulting in ~1800 mW rA of maximum
power productionThe presen studyindicatedthat AC wasan effectivecatalystin MFC cathodes
and could be recovered for reuse in lgegn operated MFCs by simpteethods
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Highlights
AC aircathodes can produce power >1722 m\W im longterm MFCs.
AC in oneyear deteriorated aicathodes has performance as high as fresh AC.
Durable aircathodes can be regenerated with recovered AC by simple methods.
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1. Introduction

Microbial fuel cells (MFCs) have attracted increasing research attention due to the electricity
harvest by exoelectrogenic bacteria while degrading the poll(itiogan et al., 2015 Up to now,
avariety of differentconfigurations of MFCs, including doubtamber(Ali et al., 201% Madani
et al., 201%and singlechamber assembligu et al., 201pSawasdee & Pisutpaisal, 2Q1Have
been proposed for different applications. For wastewater treatments,-ciaghber MFCs
assembled with bioanodes and-adthodes were believed to be one of the nprsttical
configurations becausihey can bedeveloped as lonterm and continuously operateteating
systems bypassivelyusing air-oxygenas electron acceptor at the cathddie & Logan, 2003.
However, the oxygen reduction reacti@RR) kinetics is very slow, especially under MFC
operating conditions (i.e. ambient temperata@gnospheric pressure and neutral pH), @RR
catalyss with high performance in terms of catalytic efficiency and durabiligre neededfor
air-cathode preparation¥arieties of ORR catalystsased orPt (Cheng et al., 20Q6vang et al.,
2011, graphengValipour et al., 2015 manganese oxidéi et al., 2010 Liu et al., 2010 and
manganese cobaltite/polypyrrole nanocompogiailari et al.,, 2013 have been tested for
air-cathode preparation8ut several drawbacks afurrentcatalysts for aicathode preparation,
including the cost and durability, asill bottle-neck for largescale application of MFCs in
practicalwastewater treatments.

Costeffectiveactivated carbon (AC) has been showrb&promisingcatalyss alternative to
expensive Pt for aicathode preparation in singthamber MFC¢Zhang et al., 2009Inspired by
this importantwork, AC, as the matrixxompositematerial in aircathode subsequenthattracted
much attentionn thefields of MFCs mostly because of their promisirdectrocatalytic activity,
low cost, environmental friendliness, actiemicalstability. While varies ofpreparatiorprotocob
such as rollingspreathg and pressingnethodswere developed to construair-cathodesusing
AC catalyticlayer (CL) and gas diffusion layer (GDjith differentstructurefDong et al., 2012
Dong et al., 2013Li et al., 2016 Yang et al., 2015 electrocatalytic performance of hybrid AC
doped with multiple elements (e.g. Co, Cu, Ag, P, FeinNdir-cathode weralso extensively
investigatedChen et al., 20%4~u et al., 2015Liu et al., 2016 Pan et al., 2016°u et al., 2014
Zhang et al., 20)5However relativelyfew studies invegjated the ffects of longterm operation
on the performance of AC air cathode in MRZkang et al., 2001 even though thdurability of
AC air-cathodesexperiencinglong-term operation is very important for practical wastewater
treatmentsThe growth of cathaelbiofilms is a common phenomenon smglechambeMFCs,
and it was generally believed to be onenudin factors for the deteriorating performancef
air-cathode (Liu et al., 2015 Yuan et al., 20183 However,removing the cathode biofilm only
partidly restored the performance of the cath¢{idiely et al., 2011 Zhang et al., 20)1indicating
more factors should be investigated for understanding the cathode deterioration over time
Moreover, inpractical applications, appropriate strategies for regeneration -ohthmdes are
generally essential for the lottgrm operatio of MFCs(Pasternak et al., 201.6

In the present study, the durability of AC -a@thales overone year operation was
investigated.In addition to biofilms, more factors were exploredutwderstandhe reasons for
deterioration of the cathoddt was found thadeterioraed AC air-cathodes couldnomently
restore performance by salt/biofilm remoudbwever, regenerated cathodes with AC recovered
from deteriorating cathodes experiencing epear MFC opgation exhibited performance as high
as cathodes prepared with fresh AC.



2. Materials and Methods

2.1.Electrode preparation

AC air-cathodes consistl of current collector, ACcatalytic layer and GDL.Commercial
stainless steel mesh (31,60.3 mmwire diameter0.55 nmx0.55 mmmesh was used s current
collector withoutfurther treatmentfter series of washing witlacetoneand deionized water
Commercialpolytetrafluoroethylene (PTFEhicroporous filtering filmwas used as GDWwithout
anytreatments. To prepare the AC catalytic layer, A@e€ific area-1100 ni g%, Xinshen Carbon,
Fujian)and PTFE (60%uspensionHesen, Shanghai) wefiest mixed by aweight ratioof 7/3 in
ethanol Following well mixed, the douglike AC-PTFE mixture wadaminatal into 1.0 mm
sheet ona glass platédy rolling operation.After drying at 85N for 60 min to removehe
residual ethanglthe ACPTFE sheet was cut intircular slices with 65 mmdiameterwhich
would be used a€L in air-cathode.Finally, the stainless steel mesh and PTiREEroporous
filtering film were pressed on both sides of RTFE sheet im stainless steehttern diaunder 17
MPa pressure for 5 min to obtain the prepared A€atinode Anodes vere assembledith three
pieces ofcarbonfelt (diameter 46 cm, thickness 1.0 cm) and stainless steel (316L) bolt and nuts
Details ofthe electrode preparation atiet MFC setup are provided in Fig. S1.

2.2. MFC operation

MFC chambers were made of plexiglagth a total empty volume of 118 mL (cylinder with
5.0 cm diameter and 6.0 cm lengtAssembledsinglechamber MFC had aeffective solution
volume of ~60 ml.and the AC aicathode in the MFCs had a&ffective exposure areaf 19.6
cn? to air. MFC duplicateswere operated in parallel foreproducibility MFCs were initially
activated by inoculating mixing culture takémom a separately operated (letegm running)
MFC anode chamber which was inoculated with anaerobic activated sludge (sampled from the
waste treatment plant in Yangzhou brewery) and was operated using acetate as electron donor
Long-term operation of MFCs was carried out by feedinificial growth medium (AGM) in
batch modeThe AGM, of pH 7.0, was prepared with the following constits€int grams per liter
of deionized water): NaAc, 1.6; NaHG02.5; CaCl-2H,O, 0.1; KCI, 0.1; NHCI, 1.5;
NaH.POs-H0O, 0.6; NaCl, 0.1; MgGI6HO, 0.1; MgSQ-7H.0, 0.1; MnC}-4H,O, 0.005;
NaMoQy-2H,0, 0.001; yeast extra€05. The initial pH of AGM was adjusted to 7.0 using HCI
and NaOH solutionUnless otherwise statedn external resighce of 10@ was connected across
the bioanode and the @iathode in all MFCs for lonterm operation.

2.3. Measurements anchlculations

The voltage produced by MFCs, and electrode potentials relative to a doubeidgpdt



saturated calomel electrode (SCE, L&itir, Shanghaiwere continuously measured using a
multiple-channel higimpedance voltmeter (Keithley 270®olarzation curves of MFCs were
measured using a battery testing system (Newar8008W, Shenzhen, China) in the mode of
constant current discharge. During polarization measurements, the bioanodecatttbadie of the

tested MFC were connected to the negatéreninal and positive terminal of the battery testing
system, respectively. By selecting the mode of constant current discharge in the battery testing
system, the tested MFC was controlled to discharge at constant current. The discharge current was
incressed from O mA (open circuit state) step by step with a typical current step of 1 mA until
voltage output close to zero. At each constant current level, stable voltage output of MFC was
measured to calculate the power output (Power = Currentx\oltage)haradettrode potentials

(vs. SCE) were measured to describe the polarization behaviors of the bioanode and the
air-cathode.Linear sweep voltammetry (LSV) measurements for AC cathodsspegormed

from open circuit potentials t&).3 V (vs. SCEusing a ptentiostat (CHI 660c, Shanghai, China)

with SCE and thebioanodeas reference electrode and counter electrode, respectively. For
polarization and.SV measurements, MFCs were first disconnected from the circuit until the open
circuit voltage plateaued befo measurements. Current density and power density were
normalized tahe effective exposure ared the aircathode.

2 4. Microbial analysis

Microbial communites in biofiims formed on the anode and the-cathode were
investigated usind.6S rDNA geneamplicon sequencing (MiSeq system, lllumina, USH)e
DNA was extracted from 250 mg samples using the MdRBiwerSoil DNA extraction kit (MO
BIO Laboratories, Loker AvdVe st , Car |l sbad, CA, USA) foll owing t
DNA concentratiorand purity was checked by running gemples on 1.0% agarose gafg-V5
region of thel1l6S rDNA was amplified by PCR amplifications, and the sequencing was
subsequently determined on an lllumina MiSeq platform by TynyGene (Shanghai, Clatzals
of PCRamplifications and sequence data analygse performed as described in previous study
(Zhang et al., 2006

2.5. Regeneration of AC attathodes

Generally, four steps, biofilmremoving, washing, drying and pressingere involved in
regeneratingAC air-cathodes from deteriorated cathod€athodeswere taken down from the
assembledVFCs, and the cathodwtachedsalt/biofilm was carefully scrapeé off using apaper
knife. Generally, the washing was performed tgpeatedlysoaking thesalt/biofilm removed
cathodes in 100 mileionized watewntil the final conductivity of the washing solution was
detected belw 200eS cm? (Fig. ). For comparisonindividual biofilm-removedcathodesvere
alternativelywashed in 0.1 N HCI or 0.1 N NaOH over 24 hours prior to washing by deionized
water.After drying at 110N , the treated AC cathodes werepressedinder 17 MPa pressure for
5 minin pattern dieFinally, the regenerated AC aathodes were fmstalled in original MFCs
for further MFC experiments.



3. Results and Discussion

3.1.Electricity production during longerm operation
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Typicalvol t age produced by MFCs with external resi
operation.

Stable electricity produdion could be acleved when MFCs were initially operated by
feeding AGM with inoculum for several dayStable voltagepoduced by MFCs with
external resistance wasitially 0.487+0.015V (Fig. 1), resulting in1210 mW m? stable power
production.The maximum power was 14875 mW m? (6 duplicates, 3 operation cycleés)the
initially activated MFCs However,the maximumpower was observed to increase to H2D
mW n12 when the MFCs were operated oeae month(Fig. 2A). Electricity production, in terms
stable voltage output (Fig. 1) and the maximum power density (Rig.vZas found to decrease
when the MFCs wereontinuouslyoperated ovesix months The significant reduction in voltage
and power production was found to occur umitie month operationThe measured stable voltage
and maximum power densityn the 9" month were 0.265:0.017 V and 94341 mW n?,
respectively Further operation beyond nine months produced slower reduction in electricity
production, resulting in 0.236.011 V of stable voltage and ZI® mW nv¥ of the maximum
power densityver one year operatiqfig. 1 & 2A).
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Table 1 Maximum power production in reported MFCs with AGathodes



Pmax

Cathode Anode* medium Ref.

(MW nT?)
P-doped AC CF acetate 1096+33 (Chen et al., 2004
Silver onAC CF acetate 1080+60 (Puetal., 204
Ironi nitrogeri AC CF acetate 2437455 (Pan et al., 2016
n-type CuO doped AC CF acetate 1390+76 (Zhang et al., 2015
Pore former decorated AC CFB glucose 89248 (Lietal., 201%
cobalt decorated AC CF acetate 1421+54 (Liu et al., 201%
nano FeO4in AC CF acetate 1430 (Fu et al., 201p
AC-based cathodes CcC acetate 682 (Santoro et al., 2034
AC CcC acetate 1720 (Janicek et al., 2035
AC CM acetate 1086£8 (Dong et al., 2013
AC CFB acetate 1214+123 (Zhang et al., 2001
AC CFB acetate 1055+31 (Liu et al., 201%
AC CF acetate 1722+110 This study

*Carbonfiber brush (CFB), Carbon felt (CF), Carbon cloth (CC), Carbon mesh (CM)

Comparedwith most reported singlehamber MFCs with AC aicathodes (Table 1), the
present MFCs produced higher power density except for MFCs wittathiodes prepared with
AC dopedwith iron andnitrogen (Pan et al., 2006 High power production (>1200 mW
could be maintained foinitial six-month operation.However,the present MFCs exhibitaduch
greater power reductio®%%) than previouslyeported MFCs with AC aicathodesZ2% power
reduction for cathodes with 30% porous GDL &@86reduction for cathodes with 70 % porous
GDL)(Zhang et al., 20)1over oneyear operatin, probably due to the use of thin PTFE
microporous filtering filmas GDL Newly prepared AGcathods had more porous structuire
GDL (Fig. S3) which would favor more oxygen diffusion intgasliquid-solid threephase
boundaryto increase the cathode performance, vitld increasewvater percolatiofn prolonged
MFC operation lowering the cathode performand®olarization measurements showed that AC
cathodes gradilly evolved into themain limiting factor of power outputwhen the MFCs were
operatedbeyond half a yeafFig. 2B). Apart from the initialoperationphase, the polarization
performance of the bianodewasalmost identical over a ongar operating periodn contrast,
the potentials of AC aicathodesveresigrificantly shiftedto negativedirectionwith running time
indicating that the observed power reduction cattdbuteto the deteriorating performance of
AC air-cathodesover longtime running The deterioratiorof performance in aicathodesvasa
commonphenomenomven in relatively shotierm (< four months) operated MF@sobably due
to biofilm formation, salt formation and/or corrosion of current collector ircathodegJanicek
et al.,, 2015Li et al., 2016 Liu et al., 2015 Pasternak et al., 201&hang et al., 2001 The
cathodedeteriorationin the presenMFCs could not be fullyexplained bythe above factoréee
the following sections).

3.2. Appearance featurand microbialcommunitiesn deterioraed cathodes



Fig. 3

Photographs of AC attathodes showing salt/biofilm formation of both sides. rfdiumfacing
side at haHimonth operation; (B) mediufiacing side at ongear operation; (@nd D duplicate
air-facing medium sides at otyear operation.

The appearance featud AC air-cathodeschangedemarkablyon both sidesvhen MFCs
were operated ovelong-time. Visual Hofilms could beobsered to form on the mediurfacing
side of the akcathodesn MFCs experiencingpalf-monthoperation bythe naked eye(Fig. 3A),
andthe biofilmseventurelygrowed to be deepcolour with the thickness of >2 mrat the end of
oneyear operation (Fig.3B). Microbial community analysisndicated thatProteiniphilum
(13.18%) andPseudomonagl2.42%) werghe dominant bacterial genera in the cathodic biofilms
formed over one year where@eobacter(27.37%) andFlavobacterium(10.59%) were most
enriched in anodic biofilms (Table Bseudomonawere well known to bexoelectrogenic genus
and he species frorPseudomonagiere commonly enriched in anodic biofil(her et al., 201p
and cathodic biofilm¢Sun et al., 2016 Proteiniphilumgenuswas reported to be dominanttime
anodic bacterial communitin a methaneproducing microbial electrolysis celZeppilli et al.,
2015, but was found to be the most enriched genus in the present cathodic biofteshighly
enriched genus in the currarathodic biofilms, such aslkaliflexus(7.87%), was also reported in
other cathodic communit{Sun et al., 2016 On the outersides(air-facing sides)n cathodes, no
obviousfeature change could be observed by naked eyes withirrtfoeth operationProlonged
MFC running would see colour change and $adination on the outer sides of aicathodes.
However there was greater variation éxtrinsic ouér side features between cathodes in duplicate
MFCs experiencing ongear operationfrom white salt formation without noticeable biofilms
formation (Fig.3C) to salt formation wih deepcolour mouldlike biofilm (Fig. 3D). Different
salt/biofilm formation patteron the outer side of agathodesnight affectthe rate of &-oxygen
diffusioninto the catalytic layey probably affecting the cathode performartidewever,compared
with initial cathodes without salt/biofilm formatiorthe diversity of salt/biofilm in duplicate
cathodes experiencing omear operation did not generate modé/ergence in cathode
performancelthough theslectrochemicgberformance in ongear operated atrathodes



Table 1
Difference in relative abundance of the bacterial genera between anodic biofilms and cathode
biofilms in MFCs operated over one year

Taxonomy Abundance (%)
Phyla Genera* Anodic biofilm Cathodebiofilm
Proteobacteria Pseudomonas 3.42 _
Parapusillimonas 0.06 1.89
Devosia 0.04 1.72
Brevundimonas 0.13 1.65
Nitrincola 0.00 1.50
Aguamicrobium 0.15 1.48
Nitratireductor 0.03 1.08
Arenimonas 5.01 1.04
Alcaligenes 0.03 0.88
Bordetella 0.03 0.87
Azoarcus 1.63 0.77
Advenella 0.50 0.51
Acinetobacter 2.80 0.13
Geobacter 0.06
Bacteroidetes  Proteiniphilum 3.94
Alkaliflexus 0.00 7.87
Flavobacterium _ 1.24
Myroides 0.53 0.90
Taibaiella 1.03 0.70
Petrimonas 2.81 0.63
Firmicutes Sedimentibacter 0.15 0.75
Erysipelothrix 0.04 2.39
Fusibacter 0.00 1.29
Spirochaetae Sphaerochaeta 2.15 1.27
Fluviicola 1.80 0.22
Tenericutes Acholeplasma 0.01 4.08
Chloroflexi Leptolinea 2.61 0.03
Actinobacteria  Cellulosimicrobium 0.00 1.11

*Only established genera were shown.
**The darker background indicating higher abundance (%6).

decreased significantly (Fig). Steel mesh corrosion, which waseviouslyreported to besevere
within 30 daysof operation and was suggested to be the main reason fordéweeasing
performance of AC aicathodes(Janicek et al., 20}5was notobserved inthe presentAC
air-cathodes even in MFCs experiencing year operationThe discrepanc observed inthe
presensstudy with those reported in the literatuneght be attributed to differences in the stainless
steeltype employed indifferent experiments becausseparatedexperiments demonstrated that
stainless ste€d04, a type stainless steeith less correion resistance, coulok quickly corroded

in AC air-cathodesvithin several days of operation (data not shown).
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3.3. Regeneration of AC attathodes

; 600_' P77 initial MFC operation
] 12 days of MFC operation

1400 —

W

%)
N

T

1000- /
800—- /T %/

600

-

400

Power density (mW m’

200 +

type I-AC-C  type I-AC-C  type llI-AC-C type IV-AC-C type V-AC-C

Fig. 5

Comparison of maximum power density produced by MFCs with different types of cathigges.
I-AC-C: cathodes with salt/biofilnexperiencingoneyear operation; type 4AC-C: salt/biofilm
scraped cathodesxperiencingoneyear operation; type HAC-C: regenerated cathodes through
removing salt/biofilm, washing (0.1 M NaOldgionized watgr drying and pressing procedures;
type IV-AC-C: regenerated cathodes through removing salt/biofilm, washdimigéd waer),
drying and pressing proceduresype V-AC-C: regenerated cathodes through removing
salt/biofilm, washing (0.1 MHCI, deionized water), drying and pressing procedures



10

—ill— initial operation
20004 —@— one-month operation
—~ 1600-
£
= .
£ 1200 N\
=) »
2
S 8001 /
@
=
O I/
% 400{ / A
0 . : T T )
0 2 4 6 8 10
Current density (A m'z)
024
ot T
1 TV e
VI,
o 0.04 Yy e —e
v_o_
O - 9o
w Tv_e
g -0.14 —3— initial anode ) ‘%“ -
< —@ initial re-pressed cathode 9
< 0.2- —&— one-month anode 4
© ' —W— one-month re-pressed cathode|
T
£ -0.3-
o]
o
-0.4 -
-0.5- B
0 2 4 6 8 '
Current density (A m™)

Fig. 6

Power density (Aland electrode potentials (B) measuratdifferentoperationstage in MFCs
with cathodes repressed using new GDL and recovered AC catalyst froyeandeteriorate

cathodes

Different strategies were employed to regenerate the A€attiodes from eteriorated AC
air-cathodeexperiencing ongrear MFCoperation. It was found that biofilm removal by scraping
methodcould partially restore the performance, but very limitit€@pmpared with salt/biofilm
attached aicathodes(type I-AC-C in Fig. 5), maximum power by salt/biofilmscraped
air-cathodegtype II-AC-C in Fig.5) increasedy 7.3%from 777+19 mW m? to 834+41 mW n1?,
less than those iprevious reportgKiely et al., 2011 Zhang et al., 2001 When salt/biofilm



scrapedAC cathodes were further treatremovepotentialmineralsdeposited inhe activated
carbon layes by washingdrying-pressing procedures, the cathode performance coald b
significantly restoredo higher levelsCompared with cathodes soaked with 0.1 M NaOH and
deionized wate(type III-AC-C and type IVAC-C in Fig. 5) cathodedirst soaked with 0.1 M
HCI for 24 h following repeatedly washing witkeionized wateexhibited the mosperformance
increase(type V-AC-C in Fig. 5) enhancingpower densityby 95% from 777+19 mW m? in
deterioratng state t0151838 mW m? in regenerated statélowever,the power restoratiorin
these cathodes regeneratedby washingdrying-pressing proceduresvas temporary The
performancein all types of cathodes regenerateyl washingdrying-pressing proceduresas
found toquickly decreasavith time, resulting inmuch lower power generation withirozens of
hours The maximum powefor cathodes regenerated with 0.1 M HCI wagtdecreasethy 43%

to 87356 mW m? within 2 days operation, similar to the 40% decrease ta44W m? for
cathodes regenerated @igionized watewashing(type IV-AC-C and type VAC-C in Fig. 5. For
cathodes regenerated by 0.1 M Na@#bkhing, two days operation reduced the maximum power
by 22% to 85625 mW m? (type IlI-AC-C Fig. 5) Polarization measurements showed ttigt
fast power reduction in MFCs could be attributed to therformancereduction in regenerated
cathodes (FigS4). Although all cathodes wemmpactd by repressing under 17 MPlae touter
surfacewere found togradually became moist ithe course ofast power drop,suggestinghat
fast power drop might be due ttestructionof the gasliquid-solid threephaseboundaryin
regenerateccathodes.Although cathodes regenerated by wastingng-pressing procedures
exhibited similar appearanéeatureon both side with newly prepared AC-aathodes (FigS5),

the water resistanceof PTFE GDL decreased probably due to aging or potential surface
modification by salt/biofilm formation during lortgrm operation over one yedihis speculation
was supported by additional experiments Wi cathodege-pressedwith new PTFEfiltering
film.

AC in deterioratedair-cathodesexperiencing ongear MFC operation was collected by
scraping method after washing and dryifidne collected ACpowder were directly used to
re-generate cathodes with new PTFE filter as GYlpressingnethodunder 17 MPavithout any
additionaltreatmentsThe collected AC powders themselves laathesivityand ductibility, thus
no adhesiorPTFE was addeduring the cathode regenerati@xperiments showed thaathodes
re-pressed withAC recoveredrom long-term deterioratedair-cathodeshowed high performance
in prolonged MFC operatiorMaximum power productioin MFCs with re-pressed cathodes
was>1800 mW n1? during initial onemonth operation (Fig. 6), similar to fresh AC cathodes (Fig.
2A). Based on the observations thdfilms removal could not fully restore the performance of
longterm AC aircathodesgegradation of the AC catalyst performance wassiouslysuggested
to be responsible for performance reduction in {@rgn AC aircathods (Zhang et al., 2001
However the data in this studijustrated that AC experiencireyenoneyear MFC operation still
had electrocatalytic performance in cathodes as high as fresh AC mategigdstinghat more
factors rather thadegradation of the AC catalysérformanceshould be considered to understand
the performance deterioration lohg-term ACair-cathodesCompared with cathodes regenerated
through washinglrying-pressing procedas (Fig. 5)durability of cathodes was entirely restored
by repressing recovered AC with new PTFE GIJEig. 6), suggestingthat the mechanical
structure and the effectiveness of BBL wereimportant to the performance stability of the air
cathode Comparedwith reported catalysts such as(Bheng et al., 20Q&iely et al., 2011 Yang



et al.,, 201}, AC catalyst can be easily recovered from kagn deterioratedair-cathodesfor
recycling Moreover AC-basedcathodes can be regenerated by simple pressatigodto obtain
good mechanical structyrevhich is of great significance tgractical MFC application in
wastewater treatment

4. Conclusion

AC air-cathodes could produamaximum powerdensity of 1722 mW n12 within initial
onemonthMFC operationbut showing significant poweeduction by 55%n one year operation
In addition to salt/biofilm formation, ebtruction of the gakéquid-solid threephase boundary
caused by invalid GDL was the mamasorfor the cathode&eteriorationn MFCs operated over
one year The AC catalyst recovered from lotgrm deteriorated atathodes exhibited
performance as high as fresh AC catalyst, tegylin >1800 mW n? of maximum power
production The results in the present study illustrated that AC catalyst couletipeled for reuse
in longterm MFCs.
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Fig. S1 Electrodepreparation and singlehamberMFC setup. (A) current collector, activated
carbon catalytic layer and PTFE gas diffusion layer; (B¥agiing surface of the cathode; (C)
mediumfacing surface of the cathode; (D) assembled carbon felt anodeas&Embled

singlechamber MFC.



Fig. S2 Conductivity during salt/biofilm removed cathodes washing repeatedly 1@Ghml
deionized water

Fig. S3 SEM observation of medidfiacing surface (A) and afacing surface (B).



