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Characteristics of Biofuel Cells Using Nano Carbon and Conducting Polymer Composites for
Anode Catalysts
by
Keiichi KANETO*, Sadahito UTO

Department of Biomedical Engineering, Faculty of Engineering

The output performances of biofuel cells using nano carbons and conducting polymer composites for
anode catalysts have been studied. L-Ascorbic acid fuel cells have been known to exhibit a unique property;
its oxidation rate mainly depends on the specific surface area of the catalysts. For the catalysts, nano carbons
such as single wall-carbon nanotubes (SWCNT), Vulcan XC, graphene, and fullerene, whose specific surface
areas are very large, were examined. The composites of nano carbons with conducting polymers like poly
(3.,4-ethylenedioxythiophene) polystyrene (PEDOT*PSS), polyaniline and polypyrrole were also tested to
see enhancement of the catalytic activity. The composites of SWCNT and PEDOT*PSS demonstrated an
output power of 10.3mWcm%; synergistically, the output was enhanced and observed to be larger than the
effect of individual components. The role of conducting polymers in enhancing power has been attributed to
the high electronic and ionic transport properties as a mediator between the catalyst and the current collector.
Since the conducting polymers form charge transfer salt structures in the oxidized state, it can also act as

cation-exchange membranes.
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Fig.1 Schematics of biofuel cell.
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Fig.2 Structures of nano carbons, (a) Fullerene, (b)
Single wall carbon nanotube (SWCNT), (c¢) Graphene
and conducting polymer (d) Polyacetylene.
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Fig.3 Structure of active biofuel cell.

Fig.4 Photograph of the cell.
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Fig.5 Photograph of SWCNT sheet.
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Fig.6 Electrical circuit to measure characteristics of
fuel cells.
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Fig.7 Typical output characteristics of fuel cells.
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Fig.8 Output characteristics of 0.5M AsA fuel cell with
SWCNT@PEDOT*PSS anode and Nafion for CEM.
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Table 1 Summary of performances in 0.5M AsA fuel
cells for various nano carbons and their composites with
PEDOT*PSS, Nafion for CEM and Pt-B (3mgcm™2) for

cathode. Anode (figure) was the amount of nano
carbons in (mgecm™).
] Eo B || e ||
S Anode (mgem?) ) lmwem?d)| ) | macm?) |(sem?)
(0] ISWCNT (0.5) alone 0.58 49 0.21 23 100
@ _|CsheetrGraphene(5) 0.50 1.94 0.17 11.6
@  |CsheethCeo(S) 049 [ 135 0.14 | 105
@  |Csheet™Vulcan (3) 0.58 3.7 0.18 20
®  [CsheetrPt-B(3) 0.50 2.8 0.17 17
® |Csheet alone 0.50 0.59 0.20 2.9 1300
@ PEDOT*PSS(2) alone 0.57 5.5 0.15 36 450
® ISWCNT@PEDOT*PSS(1) 0.59 10.3 0.17 60 700
@ |craphene(5)@PEDOT*PSS(2) | 0.55 41 0.2 21 330
@ |Coo(5)@PEDOT*PSS(2) 0.58 2.4 0.16 15 0.2
@  |Ceo(2)@PEDOT*PSS(2) 057 6.1 0.16 39 150
@ |Ceo(0.5)@PEDOT*PSS(2) 0.55 5.5 0.14 39 170
@ |vulcan (3)@PEDOT*PSS(2) 0.56 5.9 0.15 35
@ C-sheet PEDOT*PSS(1) 0.55 4.0 0.14 28

B ClX PEDOT*PSSOA i bW H /1Z2 R L
TWDEN, F 7 h—Rr L DEEGHET X > THED
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FFE O
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. ZORE IR FERAEME CRE 4.8nm, 4
#7723 2.2nm EHEE STV D 1, DMSO # Mz T
W45 L 3o RO PEDOT 235k L TR &
R L, PSS kL /2B a7 = MG a s Z &
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Table 2 {27/ J1—7R > ® BET (Brunauer-Emmett—
Teller theory) LbZ%mifHE(Specific surface area; SSA)%
AT, ZIUT LK EZEG| &2 LT 7K ICHAI LR
BHZ Ny W AZW S ST, TOEELE,HSHE
HfEZ KD D HETH D 19, BEITIL, ZTH 63k
DA & BRIV T 2 —HR D SSA &IdHE A
%o FEIZ SWONT IIERNEIC L » T, F/ Fa—7
DRI > THEICKE RSN TE S 19, FFiC
Ceo & Graphene [ BB &R & L THS 72 192D, Table
1 &2 ZHid 5 & Poax & BET SSA [ ZFEBIEIFR A
HbHEMwmTEDH, LML, SSA TlE C-sheet &
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Table 2 BET Specific surface area in various nano

carbons.
Materials SWCNT?8! Y;g;? Pt-B | C-sheet Ce'® | Graphene?®2!)
BET Specific
surface area 878-2,200 260 20-30 09 310-350 260 - 2,600
(m%g?)

32 HADMHIEEKRENE

Fig.9 {2 SWCNT@PEDOT*PSS % 7 / — Rfilliiz
FANWT=B LD RT A—=2 D AsA EERFEZR
KT, 0.001M OILHREENHH) 0.5M £ T 0.67 I
B U C P (XEEHII L. 0.5M LL_EClfafnd 26
MRS Y, Eyix. AsA OFBKEE 2R T,
IREEIZFR ERAF L7V, T AUl ip‘ﬂﬁw&#ﬁﬁaﬁ u‘oc
UMVBREL & SR OB LR TLEN TR E 5 ERIC

AsA 0.5M LT O EEfER T, Hjjjwar“ ;E
STHMTHZ &1E, BROZ RN b, BLOH

_66_



Ascorbic acid fuel cells using nanocarbons and conducting polymers 7

TNIREL ORI L > THREINTWDHZ 725,
BOE W 2T HUE, 0.5M LA TR b
ZRT O, OIS ERN VO D EAE LT
WAHZ EEEWT S, FORISEZED—DII N Y —
NCORONEE, AIG, oGS 5V 3R

REICLD LHEESND,
10
— R L
""E SWCNT@PEDOT*PSS anode [ ] max
o
[ ]
2 .
1
3
& 1 ]
= S * * ¢ ¢ see K
S S 4 M
w
= [
:Jé EITIB)(
01 m
0.001 0.01 0.1 1 10

Concentration of AsA, C (M)
Fig. 9 Dependences of cell performances on the
concentration of AsA fuel for SWCNT@PEDOT*PSS

anode composite.
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Fig.10 Output characteristics of AsA fuel cell using
SWCNT and composite of PANi*DBS(ED)@SWCNT

anode.
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Table 3 Summary of AsA fuel cell performances in
various conducting polymers and SWCNT composites.

Sample Anode (mgem?) ('\E;) (m\aF':;‘ca ;1,2) E(Ca)x (m.’;::n’z)
0] SWCNT alone 0.56 3.8 0.19 20
@  [PANI(0.03Wt%)*HCI@SWCNT 0.55 4.2 0.15 29
@  [PANI(0.1Wt%)*HCI@SWCNT 0.53 4.3 0.16 27
@ PANi(0.3Wt%)*HCI@SWCNT 0.52 4.2 0.16 27
®  [PANI(0.6Wt%)*HCI@SWCNT 0.56 1.7 0.18 9.4
®  [PANi(1.1Wt%)*HCI@SWCNT 0.51 1.2 0.2 6.2
@ |PANi(4.0Wt%)*HCI@SWCNT 0.51 1.2 0.19 6.1
® [PANI*HCI alone 0.50 0.60 0.20 3.0
@ |Graphene(2) @PANi(2ZWt%)*HCl | 053 | 3.0 | 0.8 | 18
© Ceo(0.5) @PANi(0.5wt%)*HCl 0.52 3.8 0.14 28
@  [C-sheet*PANi(0.5wt%)*HCI 0.51 3.7 0.13 30
(2] PANi*NO3(ED)@SWCNT 0.58 6.6 0.25 26
® [PANiI*DBS(ED)@SWCNT 0.58 8.7 0.19 46
@  [PPy*BF.(ED)@SWCNT 0.59 7.9 0.28 29
@®  |PPy*DBS(ED)@SWCNT 0.54 3.2 0.13 24
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Table 4 Performances of AsA fuel

cellophane, dialysis membrane and filter paper for the

cells using

separator.
Sample Anode Separator Eo Prnax Emax Imax
P (mgem™2) P (V) | (mwWem?)| (V) |(mAcm?)
@ |SWCNT Cellophane | 0.50 0.88 0.24 3.7
@ PEDOT*PSS(2) alone Cellophane | 0.48 1.1 0.20 5.8
[€) PEDOT*PSS(1)@SWCNT [Cellophane | 0.48 1.8 0.19 9.6
@ SWCNT alone Dialysis 0.49 0.66 0.21 3.2
5] PEDOT*PSS(2) alone Dialysis 0.49 0.99 0.26 3.8
®  |PEDOT*PSS(1)@SWCNT [Dialysis 0.47 1.2 0.20 6.2
@ SWCNT alone Filter Paper | 0.40 2.2 0.17 13
® PEDOT*PSS (2) alone Filter Paper | 0.42 2.9 0.16 18
®  |PEDOT*PSS(1) @SWCNT [Filter Paper [ 0.44 2.4 0.15 17
PEDOT*PSS(1)@SWCNT |_.
@ PEDOT*PSS(2) Filter Paper | 0.43 2.4 0.16 15
@  |SWCNT/PEDOT*PSS Filter Paper | 0.43 2.7 0.16 17
(2] PPy*DBS(ED)@SWCNT |Filter Paper | 0.37 2.6 0.16 16
® C-sheet”Pt-B(3) Filter Paper | 0.33 0.39 0.16 2.4
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Fig.11 TIonic structures of (a) PEDOT*PSS and (b)
Nafion.
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