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Direct methanol fuel cell: major focus on mixed reactant fuel cell and electrocatalysts
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Abstract: Direct methanol fuel cell (DMFC) attracts much attention as a light weight and

small-size power generation system due to its simple fueling system design. Methanol

crossover (MCO) is a phenomenon, in which methanol fuel permeation from the anode to the

cathode occurs, that causes a loss of methanol fuel and a suppression of DMFC power. To tackle

the MCO is one of the central issues to realize the DMFC for practical applications. Mixed

reactant DMFC (MRFC), in which MCO does not occur, can be a solution, since a mixture of

O2-containing methanol solution is fed to the cathode and anode of the stacked cells without

using any separator. The MRFC requires reaction-selective electrocatalysts; the anode only

reacts methanol and the cathode only oxygen. The presented materials have not shown

sufficient reaction selectivity thus far. This article introduces new electrocatalysts developed

for the MRFC electrodes.
Keywords: direct methanol fuel cell,

electrocatalyst, reaction selectivity
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Fig. 1 Schematic illustration of direct methanol fuel cell
and methanol crossover.
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Fig. 2 A schematic of mixed reactant fuel cell.
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Fig. 3 Methanol oxidation voltammograms of Pt-C
co-sputtered electrodes in 1 mol dm?3 methanol + 0.5
mol dm3 HzSOs saturated with Na (curve a) and O
(curve b). The scan rate and temperature were 10 mV s’
and room temperature. The curve ¢ shows the Og
reduction voltammogram obtained at 10 mV s! and
room temperature in 0.5 moldm?3 H2SOs solution
saturated with Og.
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Fig. 4 Ratio of the area-specific current density of
methanol oxidation in Oz atmosphere to that in N
atmosphere (s(02/is(N2)) as a function of the carbon
content of the Pt-C co-sputtered electrode.
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Fig. 5 Chronoamperograms of methanol oxidation at the
Pt and PtossCos electrodes in 1 mol dm3 methanol + 0.5

moldm? HsSOs The electrode potential and
temperature were 0.8 V vs. NHE and room
temperature.

¥ 4

J =N ERIIE23 at%l EOCERRBR TR - S Z L2vb
N5,

BRI A &2 ) — VBEBIR ORI, 71 ) 7
~a A R —TiHMm L7z, Fig. 5i%, No, 3L 00AF11
mol dm3 X % /—/L + 0.5 mol dm?3 HoSOs+ CrEARE(T
%0.80 V vs. NHEI(Zf#455 L CHIE L 72 PtEEAR & PtossCoas
WDy v )T r_AasT LRy, PEROSE, £
TR TOFEHR TDORA X ) — /B ETRIL, R T
TNFFAT T L 0/ SV, ZOFERIE, OFHK T TA
5 ) —/VEBEMRENME T35 Z L &2/R L, Fig. 3.EXD
FERIFET D, ZAUTx L, PossCoufBRBRDOE A, BR
FREHRI T DAL ) — VEBALERIIANEERFAS T L
DHEICKE, DF V| PrCEM TR Z HEEHERE A #
J =V BIGI RS Clde < e L T2 Z 5 &
BZ25,

IO OREIOYHET, XEREHTXRD), ZiE 75
THE(TEM), J5i-1-fi /19585 — BRI BiEEAFM-EFM),
XHEE T4 EXPS) Tl L 72, XRDBEIEN S, AR
v Z SNT-PtOSAERAEEDSCROBEM & & HITHN.,
TENT 7 AL T EARBENTZ, £7-. TEM,
BILOUAFM-EFMAIZEN S, PtECidt /B L~v T
FHOYBEL . PtORFEIICER RO E & Hios1
DT ENbholz, SbiZ, XPSAETIX, 7o
Pt 4f’— 7 3CEO#M & o m= R —lics 7 b
L7z, ZHHDOPECHSRITRTT 2902 ki, NoZRH
KEDRA L ) — VR EAHERECRUGH AR T dH 5 CODPE
KN S O EFREI AT 5[20,21],

—75, Fig. 3T X H |2, BREHEA ¥ / — )Lk
{BIHARWORETTEREICBIR 35 & PR &SN D, £ T,
OARTTARNH KN T'T 5 7%0.1 mV s1OHEF EE THIE L.
OoiyTERE & PUCHLRDOBIR A/ L 7=, Fig. 60FFA
X%, O«£8F10.5 mol dm3 HoSOsH THlliE L7~ 028 IR
NE LT T DT, WTHMOBRBHIEBW T, Ou87T
JERIBRA EFE230.85 V vs. NHERF I HERD Hiv D, =
DE X, OARTTILBIRAERF EGhs )L, Fig. 607
17y MORT X912, CER RO T 42,
ZOFERIT, OABTTHRENRCER RO E & HITIET
TH5ZLE7T, LinL, PtePlosCoustElo # —7 =
N7y FOEE T, WTHhOGA b & EN T60
mV/dec, (KN T-120 mVideck [fl—Tdh o7z, = DFk
RiT. OB TOEBPECLUHEED, CAA RICBHR
72 < — A7 PLEMR & ARk T 5 Z & Zord[22],



KFETRNLF— 2F A Vol.36, No.2 (2011)

-0.03

\ .2
Insim | A em

-0.01 =

0 10 20 30 40 50
C content / at. %

Fig. 6 Area-specific diffusion-limited current density
(iasim) of O2 reduction in Ogsaturated 0.5 mol dm?
HaSO4 solution as a function of carbon content of the
Pt-C cosputtered electrode. Scan rate: 0.1 mV s. The
inset shows the obtained Oz reduction voltammograms
at room temperature.

Bolt, PEEASDO0ETEEN, ¥ —7 = /VAEL)F]
CTH-> THPtDOLE~5FITHIINT 5 Z L @iESh
72[28], Z OWEITIN T, OB T 2N 72 5 BRI,
OB TTDOHEHA L L TARCT 2 OHOBZESR D B i &
iz, DF0 ., PUEAEICBIT 28008 T, Pt
OIROHBFERIC & 5 & — 2 A — " OEINER T %,
ZOHEIINED £, Fig 617t s mDIX Tid, PtEhic
BAF T HAOHENCEABOBINIE-> THMT 52 &
T D,

FREDOFER AT, BERHEA & ) — V{30
TOXITBLEEIND, A ¥ ) —NEML T, CODK
SIS L LCEICARKT 524, Z0COIE, Pt-CO +
Pt-OH — COz + H* + e |ZHf» TR LR E S b (24], —
7. Fig. 6 TR~72 X 912, OFFEEKHTIE, L v%<
DOHNCER BD B\ Pr-CEME_IZAFHET D, Z DR E,
OHIZ £ 2 CODERMLEREMELIIIM L, PtOCOP#EAS
il SD, ZOBRICLY | BRERA ¥ 7 —/Lil,
BERZDEZEZDND,

5.2 MRFCAA vV — FRSEDZE: Pt/Chti E THRIR
MEERETT

IHNET, AZ ) —)AFE F COSBTTHRENME T L7g
WEERRAREE & LT, RusSey, MoRusSes, MosRuyS,,
MosRhyS MR R S TWA[25], Z 406 Ofibfi L,
MRFC# Y — Rt L THRATH D DD, D0,
BEITEREIX, DMFCH Y — R TN S h 5Pt
RELF EE < vy, DF D MRFCA Y — R\ T

o %

b, PHMEDERIIARAI R TH D, £ T, PRIFED
$.73 % SO PYCAREL(PTCL: PHERHE20 wt.%, PTC4:
50 wt.%, PTC6: 50wt.%, HIH&E&E)ZFWT, 2%/
—/VIHE T CHIRIRIC OB T AN = % Pt 2 5%
L7,

Fig. ¥, ArFFHR DA % 7 —MBLRIVE DT 5 I
(1 —T7a)LO0BBTLARNE LT T H(RAE ) —H Y T
—7b, 2Lt =T %77, PICIOSEA, A ¥ /) —)L
fAE FOOSRTTIX, A ¥ ) — V& EIRWVEMRK T D
O2RTTBIAENLIZUTNN & Z A DihE D, ZOfERIT.
ORTTHEIRINTHE Z D Z & 2R+, Zhuxt L,
PTCAD A % ) —)AFE F COOSETTHIABENII L. Ars
PRXD A Z 7 — NVEREBRAREEALIZIT Y, T D& &, O
FETTHROND A ¥ 7 —/)VB{LETIL, AR
NREET LR, ZOFERNS, PTCATRINE A
7 )=t 2 A5 & 5425, 7o, PIC6IZE

800

600

400

200} /\

-200

faa { MA cm's
O

600
400 //

~ 200+

ins 7 mA cm?
"*\“:::‘
@

-200

600+ \

N,
e ol
g

400 / \

/

ins i mAcm™

-200 b .
0.0 0.4 08 1.2

E IV vs. NHE

Fig. 7 Methanol oxidation voltammogram in
Ar-saturated 1 mol dm methanol + 0.5 mol dm= H2SO4
(curve a) and O: reduction voltammograms in
Og-saturated 1 mol dm3 methanol + 0.5 mol dm=3 HaSO4
(curve b) and 0.5 mol dm HsSO; (curve ¢) obtained for
PCT1, PCT4, and PCT6. The sweep rate and
temperature were 10 mV s and room temperature.
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