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An Electrochamical Investigation of
M ethanol Crosover n DM FCs

YOU M eng-di, CHENG Xuan *,L U Lian , ZHANG LU’
(1 Deparment of Chenistry, 2 Deparment of M aterials Science and Engineering,
State Key L aboratory for Physical Chemistry of Solid Surfaces
Xiamen University, Xiamen 361005, Fujian, China)

A bstract Methanol crossver and its effect on the open-circuit wltage (OCV) in DM FCswere studied using
cyclic wltammetry and chronoanperometry under stationary condition and at anbient tenperature. An H-shgpe
cell was constructed and a smulative DM FC test was carried out © investigate methanol crosover through Na-
fion 117 fram anode to cathode The reaults revealed that the anount of methanol in the cathode side is depend-
ent upon the time of penetration A s the concentration of methanol increased, the hydrogen adoiption-desomption
on the surface of electrode was suppressed and a shoulder peak gopeared during the fovard sveep for methanol
oxidation The smulative DM FC test al® showed that the methanol crosover caused a sudden decline in the
OocCv.
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1 Introduction anol oxygen fuel cell is1 18V at25 . Thisvalue
is camparable o that for a hydrogen oxygen fuel cell,
which is1 23 V"', However, in practice, DMFCs
have amuch lower open circuit wltage (OCV). One
of the major reans is that methanol can cross
through the proton exchange membrane (PEM ), such
asNafion , © reach the cathode side via physical
diffusion (by a concentration gradient) and electro-
osnotic drag (by proons). Such crosver not only

Research and development activities on direct
methanol fuel cells (DM FCs) have gained importance
in recent years because of their potential gpplications
as stationary and portable power urces'. M ethanol
is an attractive fuel because its energy density ismuch
higher than that of hydrogen, and it isan inexpensive
liquid that is easy o handle, store and transporlm.
DM FCs provide the most versatile options for clean

. . reaults in awaste of fuel, but al® causes an intemal
and efficient pawer production'®. It can be a useful

chamical dort o the fuel cells and lowers the cell
perfomance Most of the methanol crossing over will
be electrochamically oxidized at the cathode Such an
oxidation reaction lowvers the cathode potential and al-

power urce over awide gectrum of energy require-
ments, from national defense o civil ue and many
other fields As a fuel cell, DMFCs are the most
promising candidates for portable power gpplications

. . , D conames sme cathode reactant®”’.
A themodynamic reversible potential for ameth-

The tvo most commonly used methods of deter-
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mining methanol crosover o date are monitring the
CO, flux fram the cathode effluent gas and electro-
chamical techniques The fomer ismainly using an
optical R 00,'® senor or gas chromatography .
M easurament by precipitation asBaC0; has al® been
reported 1%
venient for studying effects on methanol crosover of
DM FC operating conditions, particularly cell current
density In this method, it is assmed that the
CH;OH crosed o cathode is completely oxidized
CO,, which is unlikely in practical operation Fur-
themore, the crosover of QO, fram the anode  the
cathode is ignored Thus the measurement of
CH;OH crosover by monitoring GO, at the cathode is
likely 1o be inaccurate and requires lengthy and care-

The method of GO, measuranent is con-

ful calibration when used

Electrochemical techniques are al® widely used
o study methanol crosover A woltanmetric method
has been developed in LosA lanosN ational L aborato-
ries”’. During the measurement, nitrogen was intro-
duced into the cathode side and a positive wltagewas
goplied using a powver supply. The reaction occurring
at the cathode is the oxidation of methanol that crosses
through the menbrane W hen the gpplied wltage is
high enough © quickly oxidize all the methanol diffu-
sing o the cathode side, a lmiting current is a-
chieved This limiting current goproximately repre-
ents the rate of methanol crosover at an open cir-
cuit By recording the potential (E) of a PtRu/C
electrode using potentiometric method during CH;OH
crosover, itwas found that the sope (dE/dt) of E
versus t (time) curve is proportional o methanol
crosover raté M. From the time required 1o reach the
equilibrium concentration of CH;OH on both sides of
the PEM, the methanol crosover rate can be calculat-
ed A nev and convenient goproach was established
o estimate methanol pemeability through such smple
electrochamical techniques as cyclic wvoltammetry and
chronoamperometry .
in a tvo-comparment cell with the membrane spara-
ting the camparments Fram the slope of pemeability
curve at various intervals the methanol pemeability
has been calculated The abovementioned methods

Expermentswere carried out

are more convenient and faster than conventional CO,
analysismethod, but can only provide information on
methanol crosover at an open circuit, which is differ-
ent fran conventional GO, analysismethod

In addition,
pectametry (DBM S) was first developed and intro-
duced by Wolter and Heitbaun in early 1980’ st
A methanol snsor based on the anperametric method
and direct measuring the methanol concentration

differential electrochemical mass

method was al® used © study methanol crosover ™’

In thiswork, themethanol crosover through Na-
fion 117 was investigated using cyclic voltammetry
and chronoanperometry An H-shgpe cell was con-
structed and a simulative DM FC test was carried out
D investigate methanol crosover on OCV at anbient
temperature

2 Exper mental
Pretreated Nafion
sored in ultra-pure water before used The previous
themal hisory of the membraneswas found o affect
the ability of the mambrane o take up water Hence,

membranes (117) were

membranes for all the studies were subjected o the
sme treatment and a fresh manbrane was used for
each study

Electrochemical measurenents were carried out
in an H-shgpe cell with the membrane sparating the
tvo compariments as anode and cathode sides Cyclic
wltanmetry and chronoanperometry were used
study the methanol pemeability of themenbrane in a
conventional three-electrode cell A carbon supported
platinum on a glasy carbon (Pt/C/GC) and a
gnooth platinum electrode were used as the working
and ocounter electrodes The base electrolyte was Q. 5
mol- L 'H, ), Saturated calomel electrode ( SCE)
was used as a reference electrode throughout the ex-
perments The initial voltage and sveep rate were -
Q 241V (vs SCE) and50mV - s ', repectively,
throughout the CV tests Pemeability was studied by
introducing required volume of 1 mol- L *CH,OH in
0 5mol- L * H, S0, b anode side of the cell and an
equal volume of O 5 mol- L' H, 2, © cathode
side By analyzing the lution of the cathode side in-



- 150-

2006

situ, methanol pemeability was obtained In chrono-

amperametric measuranents, a potential of 0 85V a

gainst SCE reference electrode was applied and the

steady-state currents were detemined A smulative
DM FC testwas carried out using the H-shgpe cell ©
study methanol crosover on OCV. The carbon aup-
ported RuPt and carbon supported Pt were, regpec-
tively, used as the anode and cathode catalysts
Adding required wolune of 1 mol- L™ * CH,;OH in
0 5mol- L * H, S, b anode side of the cell and an
equal volume of O 5 mol- L' H, 9, © cathode

side

Airwas aupplied © the cathode side by a com-

presor at anbient pressure Cyclic woltanmetry was
used o analyze the lution in the cathode side ex-situ
after the cell operated for different periodsof tme A

<eries of standard methanol olutions were al® ob-
tained using cyclic woltanmetry in a homemade half
cell for a comparison All the electrochenical experi-
ments were perfomed using AUTOLAB PGSTA T30
electrochamical workstation and at anbient tenpera

ture
3

Reaultsand D iscussion
Figure 1a shows typical CV curves for standard

methanol lutionsin 0 5 mol- L *H, 30, The re-
gions of hydrogen admption-desomption () and meth-
anol oxidation (1) are enlarged for more detailed in-

fomation The current densities and potentials of
Peak A are given in Fig 1h In general, the peak
current density (,) and peak potential (E,) for
methanol oxidation (Peak A) during the foward
sveep were found t risswith an increase in methanol

concentration as evident in Fig 1h This could be at-
tributed © the increased coverage with methanol as
the concentration increases, which might decrease the
anount of adorbed oxygen containing ecies
(OH,s) on the surface of the electrode The amount

of increased OH,4s fomation at a more positive poten-

tial reaults in a faster rate of methanol oxidation and
accordingly increases the current density of peak
“ A" On the other hand, as the concentration in-
creases, the peak related t methanol oxidation
shoved a shoulder at a lower potential (indicated as

Peak C) , methanol disociation and adsiption on the
electrode aurface alo appresed the adomption-de-
Diption of hydrogen and decreased their peak current
densities
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Fig 1 Cyclic wltanmograms for standard methanol lutions in
Q 5mol- L 'H, 0, olution with the enlarged hydro-
gen regions(a) and the detailed infomation for Peak A
(b)
-1

san rate 50mV:- s

Cyclic wltanmogram s obtained fran the cathode
side of H-shepe cell after different periodsof time at a
room temperature and under a stationary condition are
provided in Fig 2 The cathode initially contained
Q 5mol- L ' H, 0, lution, while the anode con-
tained 0 5mol- L™ * H, %0, and 1 mol- L™ * CH,OH
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Plutions After each time interval, the lution of the
cathode side was analyzed in-situ using cyclic voltam-
metry. It can be seen that the peak current density for
methanol oxidation ( Peak A') during the foward
sveep increased with tme of penetration increasing,
indicating the increased amount of methanol crossd
fran the anode side t the cathode side Campared
the CV curves in Fig 2 with the standard CV curves
in Fig 1a, the shapes of methanol oxidation peaks
(A and A'") and shoulder peaks (C and C') , aswell
as the hydrogen ad®mption-demption behaviors re-
mained unchanged, while the shgpe of Peak B’ ob-
served during the reverse scan was more well-defined
than that of Peak B.

The chronoanperamogran s obtained at the anode
and cathode sides of H-cell after different pemeation
time are presented in Fig 3 The steady-state current
densitieswere then evaluated and plotted against the
pemeation tme in Fig 3¢ It is evident that the
steady-state current density for methanol oxidation in-
creased with pemeation time in the cathode side but
decreasd in the anode side After 48 hours, the cur-
rent densities for methanol oxidation were found not o
be equal showing no equilibrium of methanol in both
sides The oxidation current density for the cathode
side isonly 4 26 mA - an” *while that for the anode
side is7. 02mA- an . The resultswere significant-
ly different from that reported by Ramyd ™' due o dif-
ferent pretreated menbranes and different experimen-
tal systans It should be pointed that therewas no ag-
itation in the presentwork

U sing the H-shepe cell, a simulative DM FC test
was carried out o study the effect of methanol cross
over on OCV. The OCV as a function of operating
tme isshown in Fig 4 Itwasobserved that the OCV
gradually increased at the beginning, then declined
rgoidly from O 42V 1 Q 11V (indicated by an ar-
rov) , and finally stabilized at about Q. 1V after one
The decreae in OCV might be
caused by the crossover of methanol fram the anode
cathode To verify thispoint, the lution in the cath-
ode side was analyzed ex-situ using cyclic voltanme-
try after the smulative DM FC cell was operated at

and half an hour

OCV for 10 hours The CV curve fram the standard
olution of 1 mol- L™ ' CH,OH (Fig 1a), the CV
curve obtained fram the cathode side of H-cell under
stationary for 10h (Fig 2a) are compared with the
CV curve fran the cathode side of H-cell operated at
OCV for 10h in Fig 5 It isobvious that the peak of
methanol oxidation agppeared, suggesting the presence
of methanol crosed fran the anode o the cathode

However, as compared with those observed fram the
standard methanol olution, the position, shgpe and
magnitude of Peak A and B were significantly differ-
ent Nevertheless for the same pemeation time
(10 h) in 1 mol- L ' CH; OH, methanol crossed
through Nafion 117 from anode to cathode under sta-
tionary condition was more severe than that operated
atOCV condition
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Fig 2 Cyclic wltanmograns obtained at the cathode side
of H-cell after different tme intervalswith the en-

larged hydrogen regions

4 Conclusions

M ethanol crosover through Nafion menbranes
(117) was investigated directly by cyclic voltanmetry
and chronoanperametry The amount of methanol in
the cathode side was dependent on the time of pene-
tration The peak current density and potential for
methanol oxidation during the foward sveep in-
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Fig 3 Chronoamperamogran s obtained at the anode side (a) and cathode side (b) of H-cell after different time intervals
variation of the steady-state current densitieswith pemeation time(c)
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E,/V

0.3

0.1

H-cell a1 OCV
Asnode: mol- L™ CH OH+0.5mal - L™ H,SO,
Cathode: bubbled with air in 0.5mal - L' H,SO,

7

oFr
o

10

Fig 4 Variation of OCV with operating tme during a sm-

ulative DM FC test
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Fig 5 A camparisn of wltanmograns obtained at the

cathode side of H-cell under stationary condition
for 10 h and after the cell was operated at OCV
for 10 h

creased, while the demption and admption of hy-
drogen on the electrode surface were suppressed with
an increaee in methanol concentration During the
simulative DM FC test, itwasfound that the OCV rose

042V o0 11V, and finally stabilized at about
0 1V after one and half an hour
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