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ABSTRACT

ABSTRACT

Direct methanol fuel cell (DMFC) has advantages of high power density, safety ,
low or zero emission and has been developed in recent years. Using methanol as a
fuel, it is inexpensive, obtainable , convenient to carry and store. DMFC has become
one of the most promising candidates as power sources in portable electronic products
and electric vehicles. However, the degradation of cell performance due to methanol
crossover from anode side to cathode side is one of the major problems that impedes
the commercial development of DMFC. It is, therefore, both theoretically and
practically important to elucidate mechanism of methanol crossover and inhibition of
fuel crossover through proton exchange membrane by investigating methanol
crossover and developing appropriate characterization methods.

The main approaches in this work were to investigate methanol electrooxidation
under different conditions and to obtain kinetic parameters of the reaction, as well as
to examine its influencing factors.The behavior of methanol crossover and the effects
of operating conditons on methanol crossover were studied through methanol
electrooxidation. The effects of methanol concentration, scan rate and temperature on
methanol electrooxidation and the kinetic process of the reaction were investigated
using cyclic voltammetry and chronoamperometry. Through the H-shape cell tests,
the methanol electrooxidation curves were obtained after different periods of time
under a stationary or a stirring condition and simulative DMFC tests were also carried
out to study the effect of methanol crossover on OCV at different temperatures. The
corresponding Nafion™ membranes were studied by FTIR and XRD after each H-Cell
test.

The experimental results showed that methanol permeability of Nafion®117
membrane was evaluated to be approximately about 4.4x10°cm?/s at room
temperature. Concentrations and temperatures had evident influence in the peak
current density and peak potential for methanol electrooxidation. The peak current

densities or peak potentials rose or shifted more positively with an increase in

I



ABSTRACT

methanol concentration or temperature. At room temperature, when the methanol
concentration increased from 0.lmol/L to 1.0mol/L, the peak current density of
methanol oxidation on Pt/C/GC electrode rose from 22.0mA/cm’ to 54.5mA/cm?. At
the same time, the peak potential shifted positively from 0.61V to 0.77V(vs.SCE).
Under the conditions of 80°C and 1.0mol/L starting concentration for methanol, the
peak potential further shifted positively so that the whole oxidation peak was only
observed during the first scan. The oxidation peak disappeared and current
oscillations occurred during the fourth scan. The kinetic parameters for methanol
electrooxidation on PtRu/C/GC electrode were also calculated. The reaction order
with respect to methanol was 0.4, the transfer coefficient was 0.36~0.39. The peak of
methanol electrooxidation was detected in the CV curve obtained from the cathode
side of H-cell operated at OCV for 10h. Its peak current density was about 14% of
that observed from the 1.0mol/L standard methanol solution, and the amount of
methanol crossed through Nafion® 117 from anode to cathode was smaller than that
under stationary condition for the same permeation time. The amount of methanol in
the cathode side increased with the extension of permeation time. However, the

backbones and side chians of Nafion® membrane were relatively stable.

Key Words: DMFC; Methanol Crossover; Methanol electrooxidation
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TR} L (fuel cell) & — ik SR S AR 45 (1 JORL R AU A 771 v 1) 40 2 BB 3 SR AN T
Hu2e 4k ok FLRE IR AL 2 8 o DUHLR TSR X 43, 7T BA> 2 T8 vk SO} vt L %
MR AR B (PAFC). A AL BRORL Lt (SOFC) . J Rl Bk IR Hh A B LD
(MCFC) {2 BB RL Fi it (PEMFC).

LA AR A RO OB HIT AR 24 14 FR AR Hi B (DMFC) . DMFC & —Fif
TR REIR, B AL A Vg SR A B S A5 R B R
RGN, IBATHIE, 694 RRIR SN LR RS S e kP A L, L
JOORL L PRI RN T Ry T, LA AR Rl PR i M A T 55 o AR T A7 FHIZ B,
A DU A4 s 2 N TR S A F L Sl A e . SRS BT
REE R, EM, U2 N TS, i e R R WSS
DMFC & w] LAAE Ay 5y 77 iR Bh 2 7 il 12238 R, WvaZe K2R A3 i
R, AR REAGIAES: (1) DMFC fiifr; (2) RSB ERE;
(3) HEBEWT Tk (4) S SR k.

1. 1 DMFC & 4T

1. 1. 1 T1ERE
DMFC [ LAE G B an

FHA%: CH,OH+H,0=CO, +6H" +6¢” E® =0.046V (1-1)
H:  3/20, +6H" +6e” =3H,0 E® =123V (1-2)
BN 3/20, +CH,0H = CO, +2H,0 E*=1.18V (1-3)

H BL 3 o] LA H DMEFC AR I B H H A, (H TR Sk b fil
I R R AR A T L i A BEL 5 RS AR A, DMIFC % Y v Rz /N TARVERIR S R (S
HL
1. 1. 2 ARG

DMFC ({3 250 B PR T A Bl B AE2a Cn kel 1P,
Horh, (AL AR H AU SO s T A AR T 1, B AR Sk
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