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Fabrication and Test of Micro Direct Methanol Fuels using Platinum Sputtered
Microcolumn Electrodes with a Limited Fuel Source
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(Young Ho Seo * Young-Ho Cho)

Abstract -~ We present a miniature Direct Methanol Fuel Cell (micro-DMFC) using platinum sputtered microcolumn
electrodes with a limited amount of fuel. We use the microcolumn electrode in order to improve the power density of the
micro-DMFC that consists of two electrodes and polymer electrolyte. We also design the built-in fuel chamber in the
anode for the portable electronics applications. We design and fabricate both microcolumn and planar electrodes, having
an identical projective area of Smmx5mm. The diffusion current density of the microcolumn electrode is 1.73 times higher

than that of the planar electrode at electrode potential of 1.1V in the half-cell test.

The micro-DMFC based on the

microcolumn electrodes shows the maximum power of 10.8+7.54/WN(43.23+0.16//cr) at the projective area of Smmx5mm,
while the planar electrode micro-DMFC shows the maximum power of 0.81+0.42/¥ (3.24+1.68//cr) at the same projective
area. The micro-DMFC based on the microcolumn electrodes shows 13 times higher power density that the micro-DMFC

based on the planar electrodes does.

Key Words : Micro fuel cell, Microcolumn electrode, Limited methanol fuel source, Portable power source
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Table 1 Characteristics of portable power sources

Converter Type Characteristics

-Require recharging process, Heavy

Batte .
24 weight, Hazard
DMFC ~Light weight, Expensive
Electromagnetic -Many moving parts

. . -Many moving parts, Require power
Micro-turbine

generator
Thermoelectric ~High temperature, Low efficiency
Photovoltaic -Solar energy, Low efficiency
Piezoelectric -Many moving parts
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Table 2 Dimension of fabricated micro-DMFC

Total size 6nnx6mmx1.2mnm
Electrode size SnmxSmm
Fuel chamber S5mmx5mm*0.42nm (10.548)
Height of microcolumn 52+0.5¢m
Depth of microchannel 50+0.5tm
Thickness of Nafion™ 178m N

Fuel shannel

Fuel stolrage

Air channe! (Cathode)

Platinum cataiyst
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Fig. 2. Cross sectional view of the micro-DMFC
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Fig. 3. Working principle of the micro-DMFC.
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Fig. 4. Electrode configuration: (a) The planar electrode with
vertical microchannels: (b) The microcolumn electrode

with microcolumns and vertical microchannels.
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Fig. 5. Fabrication process of the micro-DMFC.
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Fig. 6. Top view of the fabricated device compared with the
size of a penny: (a) The microcolumn electrode;
(b} The micro-DMFC based on the microcolumn ele-
ctrodes.
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Table 3 Experimental conditions for the half-cell test

Electrolyte

0.5M H2S04 + 2M CH3;0H

Reference Electrode

Ag/AgCl with saturated KCL

Counter Electrode Pt
Voltage Sweep 50mV/sec
= 4 SBMX| AHolMe &4 MNRUZe) ol2E gint
Ay Aot
Table 4 Estimated and experimental values of diffusion

current density increase ratio in the halt-cell
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Theoretical value

Experimental value

Subscript M: Microcolumn electrode, subscript P: planar electrode
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Fig. 7. Enlarged view of the fabricated electrode: (a) The
planar electrode; (b) The microcolumn electrode.
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potential for the half-cell test.



Figure 10at WAE7|AF o2 FAHEH 43 AHvas
dAzAx g PFPAZoz FAY FT4H PG SAZ AR
9] 7WuHA % (open circuit voltage)S YER 2 glomn, 1 A

£ ZtZ} 870mV, 330mVE et EF, Fig.l0bsl
Bl AF-AHd 5 A¥8AFgA nAENAT F28 7
A I AEHARAS 043VelA HAE 108+7.54:M(43.23
0.16M/c)E YERR D, ABAT F48 AHdedgdsd
= 008VelA AiAY 0.8140.42M(3.24+1 63N/a) S e}
it AF-FYG E4H HEEHE B3l P2Eo)AT
=48 APMEEd8 AR BAF S48 FHdeded
EAA sl Ao 13w)  AFPEE Ao

Figure 112 HdAYolM nAE7IAT Z48 AW
EAEAA Y HBAFT T4 AAMS2AT AR 408
Tk Azt i3t Ay WEHE A A¥AH o F
A Fay AYNBGLATAXI BF 0% B¢ ofF o
A AHE {FATE ¢ F Ak

1.0 —— Micro-DMFC based on the ME electrodes
09[ ----- Micro-DMFC based on the PE electrodes
08} E

0.7 3

Open Circuit Voltage [V]

=
o

| [ @ McroDVIC besed on the microcolumn electrode
©  Mcro-DMFC based on the planar electrode

.
e,

S os} ! s . . :
.
gos- e * y
] $ iy
= "
3 o4t i
4 8. . S
g o2f "% S ]
-.' ".T!: .
0.0} ® %%Bb . ]
40 0 10 20 % % ® e 70
Current [mA]
(b}
a3 10 o|AEY|MZeR FAE ChRMXel WEHHM3oz
TAE oM Xie] HEAED (@) MEHeh b) M-
M2 EM

T T o

Measured results of the micro-DMFC based on the
microcolumn electrodes and the micro-DMFC based
on the planar electrodes at 2M-methano! fuel and
air reductant: (a) Open circuit voltage; (b} Voltage-
current characteristics.

Fig. 10.

Trans. KIEE. Vol. 53C, No. 4, APR, 2004

0.7 —— T T T T T 1

(—Q—Mao-mlnsedmﬂnniaoodmnm@ﬂﬂ;chm’

0.6 MicroDOMFC based on the pianar alectrode @3.04 Went

e
(L)
T

e o
&

—T

L

o
1Y
T

Single Cell Voitage [V]

|

o

o
T
"

5 10 15 20 25 30 35 40
Time [min}

&

(=]

EAd

agd 11 o|agET 38R FHE X2} HEE=Ees
TAE CHRIMX|Q AlZbof] mE M EM B3

Fig. 11. Measured life time of the micro-DMFC based on
the microcolumn electrodes and the micro-DMFC
based on the planar electrodes at 2M-methanol fuel

and air reductant.

o

i
0x of

=

6.8 &

2 AT E S48 APd A8 AX ] AEDE

€ A3A M2 dFE AdstFT. AQE vAES
A5 71Ee FRAZY AgE s virEsHS
4y HAHWEEIEAASG FAAF T4 APded
AR APAd EHL vadr] H51M SmmSmme F
U3 FIEAL JAEE HASUAT. NEAX YA
1.1V9) potentiall A pl4£Z7]|AFL HFHATuo 1730 2
FAAFE Jehddon, ddHx Aoy virEINHAS
43 AHNSSAE AR} 10.8+7.544(43.23+0.16/M/cr) 2]
AgAgES FHdT S48 YA IAs5HXI}E 0811042
MN(32421.68M/cr)e] AUAH L B nAE7|AT F49
AP edsdzrt gEAs T2 AYudLAgdx
Boh Ho 139 & AFH44 & Bk =3 402 F

A

oa
o

< Azbel i@ AHAEE E4E FHY AF F a2z BF
Hlad dAstA d9E fASt dEHeR & 47
A W2E7IAFE ol 88t AT s 2 dA5
e e F AEE 4¥HoR FYHAR, o £

g JHe 23 JPvdedsadAs £33 A3y
DSPy} whe] @ Aol &) 7hssich

o
R
"

ret

[13 C. Zhang, K. Najafi, LP. Bernal, and P.D. Washa-

"An Integrated Combustor-Thermoelectric
Micro Power Generator,” Proc. Solid-State Sensors
and Actuators, Munich, Germany, June 10-14, 2001,
pp.120-124

[2] CB. Williams, and R.B. Yates, "Analysis of a Micro-
Electric Generator for Microsystems,”

baugh,

Sensors and

i

W Hoi7t FZAE 0287 MIAN | GBS JIXE 34 ANoSS HeMXe M Y MS HI} 223



RAPFR LA S3CH 43 2004F 48

Actuators, A52 (1996), pp.8-11.

[3] C.-C. Lin, R. Chodssi, A.A. Ayon, D.-Z. Chen, and S.
Jacobson, "Fabrication and Characterization of a Micro
Turbine/Bearing Rig,” Proc. IEEE Micro Electro
Mechanical Systems Conference, Orlando, Florida,
USA, January 17-21, 1999, pp.529-533.

[4] NM. White, P. Glynne-Jones, and S.P. Beeby, "A
Novel Thick-film Piezoelectric = Micro-generator,”
Smart Materials and Structures, Vol.10, 2001,
pp.850-852.

[5] KB. Lee, L. Lin, "Electrolyte based On-Demand and
Disposable Microbattery,” Proc. IEEE Micro Electro
Mechanical Systems Conference, Las Vegas, USA,
2002, pp.236-239.

[6] EG&G services, Parsons Inc, Science Application
International Corporation, Fuel Cell Handbook, U.S.
Department of Energy, Fifth edition, 2000.

[7] S.C. Kelley, G.A. Deluga, and WH. Smyrl, "A
Miniature Methanol/Air Polymer Electrolyte Fuel
Cell,” Electrochemical and Solid-State Letters, Vol.3,
No.9, 2000, pp407-409.

[8] W.Y. Sim, G.Y Kim, and S.S. Yang, "“Fabrication of
Micro Power Source using a Micro Direct Methanol
Fuel Cell for the Medical Application,” Proc. IEEE
Micro Electro Mechanical Systems Conference,
Interlaken, Switzerland, January 21-25, 2001,
pp.341-344.

{91 ID. Kim, Enhancing the Efficiency of Direct Methanol
Fuel Cell via Surface Modification of Polymer
Electrolyte and Combinatorial Anodic Catalyst, Master
Thesis, KAIST.(2000)

[10] John O'M. Bockris, and Amulya K.N. Reddy, Modern
Electrochemistry, Plenum Press-New York, 1977.

A "AARANEE $8F OANLDYeTE JBe) 7
o B3 A7 FAS APz FAFAFYTH

£ ATE JerY FAHATATAYY @

224

MdAs (8 88
19759 11¥ 6¥A. 19983 FAtdigda 7)
AFsa QAN 20008 e
49 71AFSH E49AAH. 2003498€Y
FzHered AT EAEAD.
20039 9¥~HA AFVAATY AIAF
4. BARoR vhola2 FHdAMY Zg
Zot AF 9 g 84, vxdF AEAY
71,
Tel : (042) 868-7879
Fax : (042) 868-7149
E-mail : yhseo@kimm.re kr

Zd 5 (F x 82)
19573 849 10¥A4. 19804 dgul 71A =+
g3 24D, 1982 g5 HEv|ed
(KAIST) 71A1Z 8t EA(AA. 19914
= vZdd JAFTESIH SFAD.
19829 ~1986 =5 #HEredTAEKIST)
CAD/CAMA 74 <d+49. 1987d~1990
3 Berkeley Sensor &  Actuator
Center(BSAC) 9+ % &, 1990 ~1991
d  BSAC Post-doc., 1991'd~19943
KAIST 71A7]€dF4 A49dT4. 1994
d~3A) KAIST vlojAj2=detn Hau
F. @A FHATFANYE HAEU:
TEATEH. BARE "elaz TAPA
A, slo]az AFoolE, Pli F7|HE
g a2 OgAgY =TS B 8
Tel : (042) 869-8691
Fax : (042) 869-8690
E-mail : mems@Kkaist.ac.kr



