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Preparation of a Direct Glucose Fuel Cell Electrode
by Electrostatic Methods
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In this study, preparation methods such as the electrospraying method, the electrostatic flocking method and the pipetting
method for the catalyst layer (anode) in glucose fuel cell were investigated. The maximum power densities of the glucose fuel
cells were measured for evaluating glucose oxidation activity of the catalyst layers. As a result of the measurements, the

maximum power density of the fuel cell prepared by the electrospraying method achieved 0.40 mW/cm’, and it was about 2

times higher than those by the other methods.
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Fig.1 Structure of glucose fuel cell.
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Fig.3 Outline of electrostatic flocking apparatus.

HEMEICMEH L-aeliEy — R, Exy Mk
EFBRICTBL L - A& — R B % 37C 125,
5E L 72 BB IER% (7 A7 2 ON-300) PAC—HiizfE S
etk LRI Lo THRILL 72, ZoREHFEs -+
YR (REMRA 0.5 um) 2K JoEL VAR
DIRIZEEL 72TV I 7 — TEBOFULIITEY, HEL
M & 0 B7 v 37— 7TEMICf Lz — R o
OB EERITo. I—Rry 70 22EH500
OEZISmmIZ DDV )Ty —NTYAZ L
7o A=Ky ua A LICEHEME L -HEHEE Ky
MED LS 10%F 7 4 & ¥ 45 BUEWE 80 uL % & Ai L
—Hh, SR TS,

233 BEZAE (BERRE BEITL-F)

IC&kB7/ — R NEBER

HERBMEEILR) 70 L S8R (80X80X 100
mm) AL REMITRY 7oL VW /AR
FHICT VI AN E@EL, BEHROKIIT VI T—T
DM LI EMRE L (K4), 72, ¥
VYR T (T AT RS DR2) O E R
mEP <oz, &8 ANVE10mLETT AR Y
Y (NI RV I00ILIN) ¥V aryFa—7 (7
AT 9-869-01, WEEXHME © 0.5 X 1mm) THfE L7z,
EHI, BAMZEAZIT) L 2HWELTT 7L
INA T (F v 7Y% SANTI82, PIfEXHME 15 %
19mm) ZiRE L7,

247 (33)

Carbon paste in glass

syringe | _‘

' |
Ground - T
electrode — Silicone tube

]‘ Syringe pump
Acrylic pipe
50 mm
70 mm
Carbon clothgy15 mm
Silicone sheet
/ ®15 mm High voltage
— electrode
|«—(positive polarity)

(4 EREAER OB
Fig.4 Outline of electrospraying apparatus.
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Fig.5 Performance of glucose fuel cell. Anode: pipetting method,

Cathode: pipetting method.
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Fig.6 Performance of glucose fuel cell. Anode: electrostatic
flocking method, Cathode: pipetting method.
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Fig.7 Performance of glucose fuel cell. Anode: electrospraying
method, Cathode: pipetting method.

HEBMBICL VIR L7/ — FERE V7L
O — APRELEM OB N R EE 1L 880 mV & o7z, WA
BATHIEEIC L) B A LB e/ L 25, AT
B ITERELA 3.3 mA/em” OFF, 040 mW/em® & 72 >
72 (7). DED#ERE»S, Exy MEB X OEEM
FBFEIC L DR L 2B OMRE R L LikE 3 5
oM EL S L (M8). TERL-EMmIL,
14 & A& 10wt% (9.0 mg ValcanXC72R + 1.0 mg F{4:
JRF) BETEMATLIEICLIVIERL-EBHTH S
7o OWEBATEI & 2 BERIEREAEBAEEOM LA b
2B LizeEz b, KGO HINTH 2 BMIEERE 7]
L &L ODOEMERE AT A LIRS Lz,
W25,

249 (35)

o
o

0.40

[mW/cm?]
o o o
MW s

o
a

Maximum power density

o

M8 Yoy bk HEMTE SEEAECERLET
— FEME MR L 72K 7)) 3 — 2EHE o 5ok
T

Fig.8 Performance of glucose fuel cell. Anode: pipetting,
electrostatic flocking or electrospraying method, Cathode:
pipetting method.

34 BEFETHBLET7/ — NEEREHE
=R 7 BANOHGAFE T — R ¥ QWAL D#E
LN NEE L OEVETRDL 72012, 1
BTV aWA— KRy 70 XK, Yy MEICZED
WA Lo, FEMEERD X OHERAMEICLD
AT LK OSSR ITo72 (M9). fTh
WEEZ LTl — Ry 70 ATk — R Vo
RpEigE sz (M9A). —J7, €y bk (KM9B),
HEMEE (Moc), MEERME (KMID) 12X ) HE

B9 HAGETERL-T / — NEMEROBIZHER

A TSI A L Cwuiwng— R Y7 0A, B €~y MET
TR L o Rim, C: fEMTs R L-Em K, D:
AL TR L MR, A7 — /3= = 1mm
Fig.9 Anode surface observations of glucose fuel cell.

A: untreated, B: pipetting, C: electrostatic flocking D:
electrospraying method. Scale bar = 1 mm.



Ul

250 (36) RS RRE 40k

HEFH — R DB AF SN T A EBRERIE, HEHEED
— R DPEATEN TV D 72D — R VDGR % b
NTWLIEERMRLZ. 512, Exy ME (K9B)
CHBEBMEDE (M9C) 12X 1) R L /2 ER & HEERA
@ (KoD) T L -EMOREGEEILEKT L L, ¥
Ry MERHEMELE CIRBASHEE - K 0% A LT
RLOWENN S DTz, FO—FT, BEEEBAETHE
L7, I3 —I1c ey — Ko B Hmsn
TWBIZERMEE L. TNHDORREY, =K
O ZANOHEHEE T — R OEAi O S NTFoiEGH D
NEEBEH R TWHEEZLND.

4. $58
EBEEEICAEE L, EREREnLIE572008
BERNICBLBELR N R EBREREZHEL
7z, ERRHEOBATASEIR T O AR B BEMEEICB
WTIREBEREOM IR SN o7, Lo L, Wik
THREIEAT L RICES S 2EEMET T / — F
BRIV S ZLICL ), ZFva—ABREbo
N E2FERST LI ENTEZ, Exy Mk, HEMEE
% BEEBEAEEHWT HEaF= 10wt% (9.0 mg
ValcanXC72R + 1.0 mg H4xF / Fif) OH—Kr_—2A
FEA—R 7O RNZEAIED I LIL), EEEE
L, IhSOBEMEHV 7V a— 2AREEBORK
WEELHE Lz, TofE, Exy METIEZ020
mW/em’, #EMTEE TIX 0.19 mW/em®, FFE®RA T
12040 mW/em® & 72 o 72, D & 9 IR EAT TR
L7-EE Exy MEB X OBEMEE CER L 728K
T, BWEMES ) OB NEEIR 2L o7z, 2
NOOEBRCTHAL-ASRERFARETHL I L2HH4E
FIHERA L L2 EZEBRL TS, L2S- T, #
BERAME T HWEBRIFREEZMAE LI EICL -
C, TEMMEREA A LS 2 e A A 9 2 L)
L7zewvz b, F7o, ASIHE — R ICBFo Sl
DEWPHNANEEL 52 TO LI REEND 5 2 & 21
AL Doz ers, WM —Ica&iBiEs — R
YR B LD R B ERAT I 2 7 AR R
JiE, BREMEREOR LICOR B D —D2 kb
EZD. G WEEBATOZREME (7 — FEMKR) 1
BAOFHEOISFEOBR 217H) 28128 ), 7
O — AMREED S 575 5 MM EATREIC 2 5 L E 2
5.

%55 (2016)

SEXH

1) A. Guiseppi-Elie, C. Lei, R. H. Baughman: Direct electron
transfer of glucose oxidase on carbon nanotubes. Nanotechnology,
13 (2002) 559

2) M. Tominaga, T. Shimazoe, M. Nagashima, 1. Taniguchi:
Electrocatalytic oxidation of glucose at gold nanoparticle-
modified carbon electrodes in alkaline and neutral solutions.
Electrochemistry Communications, 7 (2005) 189

3) AT NS FERALFEOER—INA F W N &
B DT EH—, WHEE, p. 260, ¥ — T4y —H
it (2007)

4) S. Kerzenmacher, J. Ducrée, R. Zengerle, F. von Stettena:
Energy harvesting by implantable abiotically catalyzed glucose
fuel cells. Journal of Power Sources, 182 (2008) 1

5) D. Basu and S. Basu: A study on direct glucose and fructose
alkaline fuel cell. Electrochimica Acta, 55 (2010) 5775

6) J. Chen, C. X. Zhao, M. M. Zhi, K. Wang, L. Deng, G. Xu:
Alkaline direct oxidation glucose fuel cell system using silver/
nickel foams as electrodes. Electrochimica Acta, 66 (2012)
133

7) T.S.Ahmadi, Z. L. Wang, T. C. Green, A. Henglein, M. A. El-
Sayed: Shape-Controlled Synthesis of Colloidal Platinum
Nanoparticles. Science, 272 (1996) 1924

8) A. Henglein: Colloidal Silver Nanoparticles: Photochemical
Preparation and Interaction with O., CCli, and Some Metal
ITons. Chemistry of Materials, 10 (1998) 444

9) L. M. Liz-Marzan: Nanometals: Formation and color.
Materials today, 7 (2004) 26

10) J.P. Abid, A.-W. Wark, P.F. Brevet, H.H. Girault: Preparation of
silver nanoparticles in solution from a silver salt by laser
irradiation. Chemical Communications, 7 (2002) 792

11) V. Amendola and M Meneghetti: Laser ablation synthesis in
solution and size manipulation of noble metal nanoparticles.
Physical Chemistry Chemical Physics, 11 (2009) 3805

12) Z. Yan, R. Bao, D. B. Chrisey: Excimer laser ablation of a Pt
target in water: the observation of hollow particles.
Nanotechnology, 21 (2010) 145609

13) R. Morvarid, G. Mahmood, D. Davoud: Thermo optical
properties of Ag nanoparticles produced by pulsed laser
ablation. Optical and Quantum Electronics, 47 (2015) 3729

14) EWHME - SiREES N Y K7y 7, HERE, p. 774,
A — 4t (1998)

15) EEMIME - FIREES Y K7y 7, HERSE p. 743,
F— stk (1998)



