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Improvement of Anodic Performance by Using CTP Binder Containg Nickel
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Abstract : The composite anodes of expanded graphite (EG) and multiwall carbon nanotube (MWCNT) for microbial fuel cells
were fabricated by using coal tar pitch (CTP) binder containing nickel (Ni), and the effect of the anodes with the binders on the
performance of the MFCs were examined in a batch reactor. During the start-up of the MFCs, quick increase in voltage was
observed after a short lag phase time, indicating that the CTP binder is biocompatible. The biomass attatched on the anode surface
was more at higher Ni content in the binder, as well as at smaller amount of CTP binder for the fabrication of the anode. The
internal resistance of the MFC was smaller for the anode with more biomass. Based on the results, the ideal combination of CTP
and Ni for the CTP binder for anode was 2 g and 0.2 g, respectively. The maximum power density was 731.8 mW/m’, which was
higher 23.7% than the anode with Nafion binder as control. The CTP binder containing Ni for the fabrication of anode is a good
alternative in terms of performance and economics of MFCs.
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3 BAe RN S o] §5 AT CTPO) Ni E99 AR ARstgom, A8k ol CTPS} Ni
FA Nafion 2GAE 2R 0YEARDA Aol nA L TS 884 AW Foto] 2ATT
REPAT Aol AL CTP ofo] 242, Ni §afol Z7184% Ashas Euo] LAY vyl F71stgon,
A gto] ZrAdtGTh CTP 4 gif Ni 02 & Eatet AqAI2 AZT Ashd o] 49 HojaeUet 73811 mWn', U
FEA G2 146.19 Qolrt. th27%] Nafiond A= A &gt Abshd =} v st R = 23.68% Hom, WEAZTS
33.82% Worth. whebAl, CTPSF Ni Eateh 24 AW fgol £& nAEARAA Y ASATATAZA £ Thol
o] = 4 glrk.
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1.ME AEo] HAAY T = 9t W 294, AVArLE,
T4 ol glofok ek AFAA = hEAeles, w
A&7 715}81d %] (Bioelectrochemical cells, BECs)+= || 4§ A, g Beg, SAEE, SAdR 59 ook
o Zuj2he-S olgste] frlEe] TRE st AE 2AEe] HxA BEHEC] AEA7|SEIAR Y Atshd
A7)V A] E i, HE 5o f8EHR A7 A gRaA Aselget Y dgu, ol sariet A
Zolw, Ashd=, A, w28 A Askd ot 3 E2 vmHAo] FAY, o] Ao, F&3t o
AATL ddste YRz =hez APk A} T o FF Aol 4 ¢ S Ay ok o
Aol M= Aol F2HdA st H7|H o2 &4 7t A, A7 2HNAE 58 gSAav|Hre] AFE59] o
2w AE Qal §7]=0] AtstE| o] HARlel FAgA), o)4t NAsE7] flste] cheFelr A7t g olgitt. o]t
steba s AT AR R32E Bt FAHT E ZFolA Song Fol MEW a2 &, fEFA] T
o =& o]Fdty, A= M-S AR st AT SHA| 2 ALg-5Fo] W3S o (Exfoilated Graphite, EG)S} tF&
2 3RAtE L) S A o AR} oFAR} 18T ohoFsk WEFA U & B (Multiwall Carbon nanotube, MWCNT) &%+
o] AxpA7F Aets SUukso] WYL what S Agmye] R2A7|H v aHdn YENSEE 3
A, BEA7ISFR] 9] e AEd= Bhgoll QlalA & A FAAZ S ok Bustgink? a2y, AFAR AL
Y wh=d), AbshA= vhgo] A 88 Atshd o] 3h 9 He Uue g8 A w1 ey Edolghe A
of oJsliA AAE, A= st AR, P4, F2 o] UAARE, FArHo] ¥ urto] FHo|w o A= Kz}
o RS FR7eL o] osf gtk aeFe YEA go] 73k vt AmAdo] §lal agdolehs whido] itk
713}k A] ARk =] H7| fleiA e w2 AE3tE, v Z Bt= 9] %|(Coal tar pitch, CTP)= 7140 iz oz A
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B Ao A= Nig ohggh vlgE E3g CTP AEA|
A3tal o] 2 EGSF MWCNT 959 AgA= AR

?:]-

of MARARAX G AT AR 1 A5 S 7
sgon, yne gole AAAZ A8e AeaT v
wshlck

2. CIP 28 ZEH Y HIANZ

MWCNT (Carbon Nano-material Technology Co., Ltd., Po-
hang, Korea)= W9 EvES AASL A4S T4
A717] A8l FEAE &H60% viv)el FAAIRD - 583t =
=3 Agstglon, 32+ $xES ©|85te] pH 7-89]
2 w7tz AAE3E FH 105C 9] Ax7](drying oven; UP600,
Memmort, DE., Germany)©°]| 12A]7} 52t AZ3}%ch EG=
AbAE] = YAFS ¢I(Hyundai Coma Industry, Inc., Seoul,
Korea)2 =+xTHa7|(KR-B151 (600 W), Daewoo Co., Korea)
oAl 1023+ A Eslo] Aste A5 A(Exfoilated Graphite
Oxidation) =H|?F %, pH 7~8°] & Wi7}4] s=2&= 5%
Eoll AlAsto] AxAlzon, EHS 2HIA]7]7] 918) Song
Dol ¥ o 7 =220 hydrazine (80%, Chameleon Analy-
tical Reagent, Japan)2 1000:1 H|&2 Z¢gF 290 9]
e § 2&9E 2027 AP ste] Hxs3irk EF2M(Toluene)
£ 50 mLo]] CTP 2.8 ¢ & CTP 8 g2 Z+Z} FY3sle] 30
27 25942 E CTP A3Pd= 23A CTP702F CTP200
& sto] FH|stglon, E5F<(Toluene) -84 50 mLof| CTP
4 g} oEFE 100 mLof| 64=3} &3 ANIClL-6H,0) 0.1 g
4 653t As A 0.2 g FYBHL 3087 Z-5uhA 2]k
Nig 853 CTP Z3%A] CTP-Ni2.99} CTP-Ni5.9 £H-2-

AFSEA -2 of|ek-2(Ethyl alcohol) 200 mLo]] MWCNT 4g
7} EG 2g 2183 ZAgHA|(CTP70, CTP200, CTP-Ni2.9, CTP-
Ni5.9)5 g3t &, 3087t 23542 S sto] L4t
{Ne Az3}9om, 8 cm” (2 cm x 4 cm)2] 2| ¢lE] 2
(#30, STS 316L)o| A3 @ ZlgHom Haka|y|1 A9t
2hsto] Azt o AHBGAE o] g3t H4AE 7Y
Astah'? w3}, )22 A 1}u]-2(Nafion Polymer Dis-
persion, D2021., Dupont Co., USA) & 8 mLE ZATAZ
AHgate] Fdst Wyo g AstdTS AP ST
(Air Cathode)> Z4to 2 A2 = MWCNT 4¢3} EG 2g
o] CuPc 0.5 g, FePc 0.5 g, KMnO4 2 g& &35t 5 104)

3|43t PTFE 89 80 mL, 44k H H(Ammonium hyd-
roxide, 25 %v/v) 200 mL, o&k2 200 mLo] &F<4 500
mLE Y3 147 Bok 2o F 4o $9 § mL
oF ofehe 400 mLE EqH5HT 3087k 289t Helsto] &
A G e en, 32 em’ (4 cm x 8 cm)©] 2E[<)
2| A Y#30, STS 316L)0)| A3 ZHEHOo 7 HIA]F]
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A AABI T AFGSACh Aol ALga WAL of
AEAUES | gL, dslams 031 gL, Isk2E 0.13
g/L, ARJAAYEE 6.93 g/L, AIJQAAHEE 5.62 g/L,
o)y 0.25 mL/L, H]ER 0.5 mL/L& o]&3lo] A|=314]
ok AR ARAAE A Bk FE d2E o
A HHE]u]E](Digital multimeter, DMM, Keithley 2700, Keithley
Instruments Inc., Ohio, USA)S ©]&3}o] njyYEAFT X
of WAt A 308 HHCR BEEG o, Aol
20 mV o3tz HojFE o] 7|Ho] adH Aow wkela
= w9

MAEARAAE ek B WSRO AH
FAE NS o I 2E JHyste] 7HE 2 (Open circuit
voltage, OCV)S =43l o, 9E#3-2 1,000 Qof 4] 10
Q7HA) A ow WsZIEA egshE dere SAst
Lo BIAFS 435t AF-AYTAL At

Cathode
Separator
/\ﬂr = v
oo [mw TN
g E—
<Digital multimeter>
Anode

Fig. 1. Schematic diagram of Microbial fuel cells for experiment.
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) BROE BB AIVS AFAYER el A
ARSI, AHAEP)E AN ARVS FE e A
FHHOR Lol wswu} Al il ©e )
HEARAA ] WEAYR) FHAEES] B4 Auin
7) glste] BB RN A AR-AY AUE ok
A (9] AAZsIR A W AP B ARA O A

H]*ﬂﬁﬂﬁl?{—‘f’—&]f‘_ Matlab (R2010b, The mathworks, Inc.,
MA, USA)®| curve fitting tool box 3.0 AMg-a}gich"

I

V="Voc-(a+bxInl)-IX Romic-cxIln——"-
I -1

Mo 44 i 2

I
I -1

S Al oflghE 10%01 4 100%7H4] 10%4]

(cxiIn

(M

71A, V= ZASK(V), Vocz W ZAK(V), aft b= B4
Aggolm, I—t— AF(MA), Rohmie> 2ZHHQ), c= &
S, L2 A F(mA) oI 3, E/d A F(Ra)

(a+bxInl) /li-rEi Tt om, &5 A FH(Reone) >

)/ 1% olgstel AXsiech 4H B T, A

Z7HA171

ool 27k 284 FAAA BEAAOH, 902 B 1}
wergle] W QA 5y F, s} ol4ksteiie] 1087}

HAIAZ]1AL 31.5TCoflA 718FAIZ] %=, A& 1] % (Scanning
electron microscopy image, SEM, JSM-6700F, JEOL Ltd.,
Japan)& o] &-3to] AstAT HH O BAAGAS) u) =]

e AT

e 8E
4% ol
#37] el
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Fig. 2. Voltage changes for the MFCs with anodes
different CTP and Ni contents in the binder,
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H=A F7hekdth AdS7Hs =+ CTP-Nis.97F 7 o
o, CTP-Ni5.9, CTP70, CTP-Ni2.9, CTP200, Nafion <
o|ith. ojuff HhHAL F7tE oA 9F o] CTP-Nis.9
7} oF 0.165 V2 7} =9kow, CTP70Z} CTP-Ni2.9= oF
0.146 V& Z zpo|7} ¢lla, 2= A3k Nafion 2
Al - 0.104 V2 7H Wkt deiuy, 2714 713t
ko) M At ASHA FA A AL thas =eHg st
Atk ol Atebd =0 oA RAYAsHE A4 &
e 714 A Euto] A4EA] ¢S ATt Bk of
3.8%0] Apgt Aol wEHYe] 20 mV o|stE F4 3]

tich whebA, 71do] idE Ao=w wekstal wiz
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o A AsE & Aozt fllek webA ngE dm
A7} Ao mdslgita It ojn) g E
AR AR Y] HPAYL-S CTP-Ni5.97} ¢F 0.148 VE 713 =
ok, CTP-Ni2.9—t— °F (.133 V, CTP70-& °F 0.131 V, 1¥]
I CTP200 ©F 0.127 Volgleh. B¢l Nafiong 4kehd
=9 AgA= *P%‘J nAEARAR ] A W5 HdA
(e}

—

oF 0.087 V2 714 Warth o] A3l CTPATAE o]
of A2k Ashd =9 AEXstert dd e s ks
u]sh:]—zm ,12)

Aebd= JhA e AHE-E CTPAEA 9 5ol vl
= é L5 AR f18te] 3 2E Jiekelom, SAIRE
ocvgkel dAsHA %ﬂﬂ‘zi% o, 7} *@WJA A
=9 A¢lE SHskL
1**401]/‘1 A EAR AR 9] Ashd= 7H*‘°ﬂ AF%F ﬁﬂfi
A 220 w2 AW E= CTP-Ni5.97} 738.1£10 mW/
m E/ﬂ 71AF =9Fow, CTP-Ni2.99} CTP70-& <F 640+10
mW/m’ 2 24 & 2}o]7} ¢1ick. th2 7l Nafiond A&
e Aol AQAYYEE 596.7+10 mW/m’ 2 7H&
2oltk(Table 1). o] wf nAEARHA 2 Astd= 2 g
HZo] OCVE Z+7} -0.497~-0.481 V& 0203 VEA 2 X}
o7} i, mAEAFEAX S OCV E3F 0.694~0.7 VE
H|S2ek gho] )ltk(Table 1). Fig. 39] A F-Het 2rAlofA w
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Fig. 3 Polarization curves for the MFCs with anodes containing
different CTP and Nickel contents in the binder,
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Table 1. Open circuit voltages and power densities for the MFCs
with anodes containing different CTP and Ni content in

the binder
Anode OCVanode OCVeathose OCVear Max power density
V) V) ) (mw/m?)
Nafion -0.491 0.203 0.694 596.7+10
CTP70 -0.487 0.203 0.694 649.8+10
CTP-200 -0.491 0.203 0.690 616.2+10
CTP-Ni29  -0497 0.203 0.700 638.4+10
CTP-Ni59  -0492 0,203 0,695 738.1+10
0.4
<Anode> <Cathode>
——@&—— Nafion —-—O——  Nafion
[e] - CTP70 — —e—— CTP70
0.2 § ———y—— CTP200 —<O——  CTP200
—_ A — - CTP-Ni2.9 oooe- A CTP-Ni2.9
CTP-Ni5.9 ———-~—— CTP-Ni5.9

Potential (V)

Current/mA

Fig. 4. Polarization curves for the MFC with anodes containing
different CTP and Nickel contents in the binder,
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CTP70ZTA 2 A&tE Asbd= &
249 997 njyEge s FHel o
(Fig. 5(b)). CTP200 234 A & AJ&tH Atshd=2 CTPARA|
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Fig. 5. SEM images of microorganisms attached on the anode
surfaces containing different CTP and Ni contents in the
binder (a) Nafion, (b) CTP70, (c) CTP200, (d) CTP-Ni2.9,
and (e) CTP-Ni5.9 (magnification x10,000),

CTP-Ni5.99] AFgbd= £HO| nE A=} tha =
Sttt o] Aif= CTPAEA| ] 49 =X E7} b= A
= oujstn CTPAFA | Ni §Fo] S7185 A4 &
e 7HA mgEEC] A4 £ @YU oulgich”
Abshd = AdiAlol AHE-E CTP2}F Ni 3
AR YWREAG FAHEEC vA= 9
ot AF-HAY TAES skt A
Ne]2Ae o] edstA S ties] =Sk
Sho| wet AeHom AL, Ay oA 4t
std= Aol AMEE CTPL} Nid] kol we e 3hA|
312 CTP200 (167.81 Q) > Nafion (164.19 Q) > CTP-Ni2.9
(142.13 Q) > CTP-Ni5.9 (133.72 Q) > CTP70 (126.49 Q)<=
S 2 CTPY FeFo] Wi, Ni gtgfo] =245 &34
Fo| frast= AL IR 4 U tkFig. 6(a). LA
< Fig. 6(b)oll Al Hi= vfe} Zo] Mol wE ¥i3} glo] d
Aot g BYov HEAd TEAQ] Nafiond ZFAR
AHEEE - 5323 Qo2 7P =9tk vlAEd =491 CTP
4 go| Ni 0.2 g& &3sto] ZA7A| CTP-Ni5.9R ARE-3t 7
© Q9 AT o] 1247 Qo2 71 yrobri(Table 2). AbshA
= AlZtoll AHgH AdAle] wE F WREATS A
ol A9} Zro] CTP-Ni5.97} 146.2 QO.2A 714 Worom,
CTP-Ni2.99} CTP70- 165~167 QO 24 2 z}o]7} 319
a8}, CTP200T} 272 AR5} Nafione] A< 7+ 210
Q 4219 Qo 2A & AYUAE AMEE HRT} =90t
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Fig. 6. Behaviors of international resistance components with current for MFCs with different cathodes: (a) activation resistance, (b)
ohmic resistance, (c) concentration resistance, and (d) total internal resistance,

Table 2. Internal resistance distribution at maximum power den-
sities for the MFCs with containing different CTP and
Nickel contents in the binder

Anode Ract (Q) Ronm () Reonc () Rin ()
Nafion 164,19 53,23 1.378 218,79
CTP70 126,49 36.75 1,939 165,18
CTP200 167 81 4085 1.539 209,83
CTP-Ni2 9 14213 23,32 1145 166,61
CTP-Ni5 9 133,72 12,47 0,002 146,19
Aol FAAFE HEFY Nafions: Z2FA= AHE:

Mo o

F 42 32 mAR 7P X
431 mAo|gt}. CT PN12 99} CTP-Ni5.9= 3HAAF
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