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Abstract: The kinetics of methanol oxidation and oxygen reduction in 0.5 mol/L K,COs
were compared with thosein 0.5 mol/L H,SO4. Experiments reveaded that carbonate media could
be more beneficid to direct methanol fuel cell (DM FC) . Firstly , both electrode reactions show bet-
ter performance in the carbonate than in the acid ; secondly , materia sother than noble metals be-
come possble to be used as the anodic and cathodic catalysts;thirdly , the potentia dectease caused
by methanol crosover could be depressed by usng meta oxide catalysts not stablein acid, such as
MnOs,.
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1 Introduction

Direct methanol fuel cell (DMFC) is expected to be an ideal power source for the dectric ver
hicle and portable electronic devicesin the new century. Although much progress has been made
in recent years® *' The performance and cost of DM FC till cannot satisfy the requirement of
commercia applications at present. What have been impeding the development of DM FC most are
the electrocatalytic i nefficiency and the methanol crossover!® 1.

Until now , anodic catalysts reported to be active for the methanol oxidation are almost based
on noble metals, epecidly Pt. Pure platinum tendsto be easly poioned by the reaction interme-
diates; aloysof platinum with different metals, typically such as Ru, Sn, Os, etc. (5 8 are re
ported to be more active. Among these aloys, Pt-Ruis the only one incontrovertibly showing an
obvious synergistic effect!®®!. However , Pt-Ru catalysts are till not sufficiently active and have
been proved unstable for long-term use!®. Studiesof the anodic catalyst have now been intensve
ly focused on the Pt-RuX aloysi™®**! but no remarkable progress has been made = far.
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The ideology of current researcheson the anodic catalyst ispredominantly based on the theo-
ry of bif unctional mechanism'™!. According to thistheory , Pt isthe basic catayst and the second
metal isincorporated to act as a promoter by forming oxygen-containing ecies cn the eectrode
surface 0 that the reaction intermediates can be further oxidized at lower potentials. In this
s€ene, ruthenium gopears to be the best promoter found @ far. It is notable that the process of
disociative adorption of methanol molecules on the platinum surface may d< become the rate
limiting step when the subsequent reactions have been accelerated ™!, However , the diswciate
adorption step seems difficult to be modified aslong as Pt is used as the basc catalyst.

In DM FCs usng Nafion membrane or other acidic lid polymer dectrolytes, platinumisd
used as the cathodic catalyst for oxygen reduction. Methanol molecules are rather easy to crossthe
membrane and they can react on the platinum-catalyzed cathode, resulting in a decrease of the
eectromotive force of the fuel cdl'™!. Snce it seems unlikely for an idealy methanol-tight solid
polymer electrolyte membrane to emerge in the near future, methanol-insenstive cathodic cata
lysts are highly desred.

Eforts have been made to search for catalysts more active and/ or chegper than Pt or known
Pt-based catalysts for use in DMFC!™® 8 unfortunately no significant breakthrough have been
achieved. Actudly, in the strong acidic media currently used in DM FC, including protonated
Naion, the platinum based cataysts are the only acceptable cataysts because of stability consder-
ation. It isclear that the main advantage of acidic mediaisto expe the CO, produced by the anod
ic reaction; however the disadvantages are the reduce in eectroactivity in comparion with dkaline
media and a very limited choice of electrode materias.

The use of alkaline dectrolytes seems very attractive as long as electrocataytic activity isin
concern®! | but it is not practica. The most serious drawback with alkaline eectrolytesis their
progressve consumption by the CO, generated during operation. A promidng cure for this Stua
tion, as Parons suggested“g] , is to develop DMFC in carbonate or bicarbonate slutions which
uptake less or no carbon dioxide.

The aim of thispreiminary study is to ascertain and demonstrate how DM FC could benefit
from carbonate media. Bicarbonate may be produced in the carbonate solution but iswill be readi-
ly decomposed at temperatures above 65 which is within the working temperature range of
DMFC. Inthisstudy , both the anodic oxidation of methanol and the cathodic reduction of oxygen
werefound to show better performances in the carbonate medium (0.5 mol/L K,COs) than in
acidic medium (0.5 mol/L H,S04) . Furthermore, materialsother than noble meta s become pos-
shle to be used asthe cataysts. For example, manganese dioxide can be used as cathodic catayst
to effectively depress the negative potentia shift of the cathode due to coexistence of methanol.

2 Experimental
Cyclic voltammetric and steady- state polarization measurements were carried out in 0.5 mol/
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L HySOsand 0.5 mol/L K,COsz at 60  to evauate the electrocatalytic activity. The eectrolyte
was deoxygenated by bubbling pure argon through the cell. All chemica s used were of analytical-
pure grade, and slutions were prepared with twice distilled water.

In the anode studies, three eectrodes were tested for methanol oxidation, i.e. , a Pt foil
(geometric areaca. 0.4 cm?) , an Au micro-disk (e 30p m) and a Pt/ C thin powder layer elec-
trode. The thin powder layer eectrode was made from platinized carbon powder (Pt 20 w %) ad-
hered on a Teflon bonded acetylene black sheet covering a metal disk eectrode (¢ 0.3 cm). Two
gas diff uson electrodes (1 cm? apparent area) were tested for oxygen reduction in air. The same
Teflon bonded acetylene black sheet was used as the gas diff uson layer. The catalytic layers were
adhered thin Pt/ C powder layer and Teflon bonded MnO, cataysed carbon, repectively. A re
versble hydrogen dectrode (RHE) [201 fjlled with the same olution asin the electrolytic cel was
used asthe reference electrode. Since the thermodynamic equilibrium potentia sfor the anodic and
cathodic reactionsin DM FC have the same pH dependence, this reference electrode is convenient
for comparing the kinetics of a reaction in slutionsof different pH val ues.

3 Resultsand Discussion

3.1 Anodic oxidation of methanol in K;COs; solution

Asillustrated in Fig. 1, the cycic voltammogram obtained for a smooth Pt eectrode in
K2COgz is dmilar to that in H,SO4 to some extent , but severa differences were a9 observed. The
most important difference is a negative shift of the current peak in carbonate compared to the
acid, indicating that carbonate medium is beneficid to the methanol oxidation. The other differ-
ences include the disgppearance of the hysteredsin low potentia region (0.3 0.6 V) and the
anodic peak at higher potentials (1.3 1.6 V) in the carbonate. Very smilar results (not
shown) were obtained with the thin layer Pt/ C powder electrode. These observations may be in-
dicative of differencesin reaction mechanismsin the different dectrolytes.

3.2 Possibility of non-Pt based anodic catalyst

As mentioned in Introduction, Pt-based catdysts are the only acceptable catalysts for strong
acidic mediafor stability condderation. However , many kindsof compounds are stable in carbon-
ate media, thus the electrode material can be no more limited to the noble metals. Inour studies,
Lme composite metal oxides, such as ineg NiCo,O,4 ,were found able to catayze the methanol
oxidation, but they are not sufficiently active at present. Further studies are carrying out in our
lab.

Aninteresting result was the dramatic change in the cataytic activity of gold when the elec
trolyte was switched from the acid to carbonate. Asshownin Fig. 2, Au exhibits a notable activi-
ty for the methanol oxidation in K,CO3; whereas it is completely inactive in the same potentia
range (with regpect to the RHE in the same lution asin the cell) in H,S0,4. Although the per-
formance of Auisnot 9 good asthat of Pt , thisresult encourages searching for the anodic catalyst
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Fig.1 Cydic voltammograms of methanol oxidation Fg.2 Cydic voltammogramsof Au micro-disk dec
on smooth Pt dectrodeat 60 and 50 mV/s trode at 60 and 50 mV/sin 0.5 mol/L
in 1 mol/L CHsOH. The supporting eec KoCOs in the presence (olid line) and ab-
trolytesare 0.5 mol/L K,COs(wlid line) and sence(broken ling) ,of CH;OH (1 mol/L)

0.5 mol/L H,S0, (broken line) , regectively

among materias other than Pt-based ones.
3.3 Cathodic reduction of oxygen at Pt/ C in K;CO;3; solution

Fig. 3 shows that oxygen reduction at the gas diff uson electrode catalyzed with a thin layer
of Pt/ C powder is dightly more favored in K,COs than in H,SO,4. This result together with the
result in 3. 1indicatesthat K,COsisan dectrolyte as good as (or even dightly better than) H,SO,
in termsof reaction kineticsfor the Pt catayzed anodes and cathodesfor DM FC.
3.4 Methanol-insensitive catalyst for the cathodic oxygen reduction

Trandtion meta macrocycle catalysts have been proposed as methanol-i nactive cathodic catar
lystsi*” 81 but their efficiency and stability are still not satisactory. In carbonate media, some
oxides not stable in acidic media become hopef ul candidatesfor methanol-insendtive cathodic cata
lysts. For demonstration, Fig. 4 compares the polarization curves of the gas diffuson eectrode
catalyzed with MnQO; in the presence and absence of methanol , showing that the methanol effect
was almost completely depressed.
3.5 The drawbacks of carbonate media and possible solutions

Carbonate media seem quite beneficia to DM FC acocording to above discusions. Two main
drawbacks are low conductivity and the tendency for carbonate to precipitate in poresof gas diff u-
gon dectrodes. The lution to the former might be an addition of highly conductive sats. The
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Fig.3 Seady date polarization curves of oxygen ree Fg.4 Seady state polarization curves of oxygen re-
duction at thin layer Pt/ C catdyzed air dec duction at MnO, catalyzed air dectrode at 60
trode at 60 in 0.5 mol/L K,COs (cirde) in the absence (cdrde) and presnce
and 0.5 mol/L H, S04 (square) ,regectivey (square) of methanol (1 mol/L) in 0.5 mol/
L K,COs

problem of st precipitation might be overcome if water management is treated as carefully as
with the membranetype DM FC.

4 Summary

The comparative studies have proved carbonate system to be a hopeful gpproach to DM FC.
In summary , aslong as kineticsisin concern, carbonate gopears as good asor dightly better than
sulfuric acid. Since more materias are stable in carbonate than in strong acids, there is a much
greater variety of materialsto be chosen for the cataystsfor carbonate systems, including the ur-
gently demanded methanol-insensdtive cathodic cataysts. The disadvantages asociated with car-
bonate may be circumvented with reevant measures. Therefore, the carbonate gpproach is well
worth further studies.
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