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Abstract

Open circuit voltages (OCVs) for a PEM fuel cell operating at 3.0 atm, 100% relative humidity and in the temperature range of 23-120°C
were measured. It was observed that the OCV decreased with increasing temperature. Analysis of the partial O, and H, pressures in the feed
streams revealed that the decrease in partial pressures with temperature were largely responsible for the decrease in OCV. The difference between
the theoretical and measured OCVs was analyzed based on the literature, calculations, and hydrogen crossover measurements at OCV. It was
concluded that the difference in OCV is caused mainly by two factors, one is the mixed potential of the Pt/PtO catalyst surface, and the other is

hydrogen crossover.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years, great effort in polymer electrolyte membrane
fuel cells (PEMFCs) R&D has been concentrated on increasing
the power density, reducing the cost, and improving the reliabil-
ity/durability [1]. To increase the power density, one approach is
to increase the single cell performance. High temperature oper-
ation (> 80 °C) of PEMFCs is considered as an effective way to
improve the performance in terms of reaction kinetics, catalyst
tolerance, heat rejection and water management [2—13]. It fol-
lows that high temperature PEM fuel cells are considered to be
the next generation of fuel cells.

In the effort to speed-up fuel cell commercialization, the
National Research Council of Canada has created a horizontal
fuel cell program, from which a high temperature PEM fuel cell
project is being funded. In this paper, the open circuit voltages
(OCVs) of high temperature PEMFCs in the temperature range
of 23-120 °C were found to be temperature dependent, and their
values were always lower than the theoretically expected values.
To date, a quantitative explanation for such OCV behavior has
not been clear in the literature. One explanation attributes this
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behavior to H, crossover and/or internal current, as described in
the fuel cell book written by Larminie and Dicks [14]. A mixed
potential [15-18] was widely used to interpret the lower open
circuit voltage in an acidic medium, when compared to the ther-
modynamic value of the oxygen electrode (about 1.23 V versus
NHE at 25 °C). This mixed potential is a result of the cathodic
four-electron oxygen reduction reaction (ORR), and the anodic
oxidation that is considered to be either Pt oxidation [18] or
the oxidation of impurities [15]. Parthasarathy et al. [12,19,20]
employed a micro Pt electrode coated with a thin Nafion mem-
brane, which is similar to a fuel cell cathode/membrane environ-
ment, and observed behaviour of the open circuit voltage. The
low OCYV values, ~0.9-1.0 V (versus NHE), were attributed to
the mixed potential and to the effect of contamination. In the
effort to obtain a broader picture of this fundamental issue, fur-
ther investigation using literature data, theoretical calculations,
AC impedance spectroscopy and H, crossover measurements
has been conducted and the results are presented in this paper.

2. Experimental

Nafion 112 and Nafion 117 membranes (DuPont) were used
as the proton electrolyte membranes. They were treated in 3%
H»>03(aq), and then in 1 M H,SO4(aq) for 1 h at 60-80 °C, sep-
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arately, followed by a careful washing step with double distilled
water.

Membrane electrode assemblies (MEAs), with an active area
of 4.4 cm?, were prepared by hot pressing the anode, Nafion 112
(or 117) membrane, and cathode together. The anodes and cath-
odes consist of Pt/Ru (20% PtRu/C, E-TEK) and Pt (40% Pt/C,
E-TEK), respectively, with a total Pt loading of 1.0 mgcm™2
in each MEA. The MEAs were tested using an in-house single
cell hardware fed with 100% RH (relative humidity) Hy and air
at a fixed flow rate of 0.1 Lmin~!, and 1 Lmin™!, respectively.
A bladder pressure of 100 psig was used to hold the single cell
together and provide sufficient electrical contact between the
MEA and the graphite bipolar plates.

A Fideris fuel cell test station controlled with FC Power soft-
ware was used for OCV data collection. Cyclic voltammetry was
performed on the fuel cell by simultaneously flushing the cath-
ode compartment with N, and the anode with H;. In this case,
the anode served as both the reference and counter electrodes,
and the cathode served as working electrode.

Hydrogen crossover was measured using a steady state elec-
trochemical method, during which the fuel cell cathode com-
partment was flushed with nitrogen to remove O;, followed
by applying a potential of 0.5V (versus hydrogen reference
electrode) relative to the Hy flushed anode. At this potential,
all H, that has crossed over from the anode to the cathode
should be oxidized (hydrogen oxidation reaction, HOR) giving
a current indicative of the amount of hydrogen that has crossed
over.

A Solartron FRA 1260 and a Solartron 1287 potentiostat
were used for AC impedance measurements at fuel cell open
circuit voltage conditions. A perturbing amplitude of 5mV in
the frequency range of 7000-0.1 Hz was employed. The purpose
of OCV AC impedance experiments is to obtain the apparent
exchange current densities of individual anodic H, oxidation
and cathodic O, reduction reactions.

3. Results and discussion
3.1. Kinetic parameters
According to the Butler—Volmer equation, the cathodic and

anodic kinetic current densities can be expressed as Eqgs. (1) and
(2), respectively [21]:

.0 nq0Q Fric _ ngo(l—ag)Fic
I =ip,(e” KT —e RT
(Cathodic ORR on Pt/PtO) (1
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In Egs. (1) and (2), I and I, are the cathodic and anodic cur-
rent densities, and i‘éz as well as i}, are the apparent exchange
current densities for cathodic O; reduction and anodic H, oxi-
dation reactions, respectively. For simplicity, it is assumed that
i9, and iy can be used to describe the behaviour of the three-
dimensional catalyst layer structure. For an electrode charge

transfer controlled process, this assumption should be valid
[22,23]. R is the universal gas constant (8.314 J mol~ ! K~1), and
T is the temperature (K). nqo and nyy are the electron transfer
numbers in the rate determining steps for cathodic O; reduc-
tion and anodic H; oxidation reactions, respectively. The value
of nyy is 1.0, which has been widely reported in the literature
[23-25]. For the value of nyo, two cases should be considered.
The first case is the oxygen reduction polarization curve in the
literature has two Tafel slopes [12,19,20,26-28]. In the low cur-
rent density range (higher cathode potential range where the
electrode surface is partially covered by PtO), where the slope
is ~60 mV/decade at 25 °C, corresponding to a nyo value of 2.0
for ap, &~ 0.5. For the second case, the Tafel slope in the higher
current density range is around 120 mV/decade with a nyo value
of 1.0, corresponding to a low cathode potential range where the
electrode surface is pure Pt. The n in Eq. (1) can be expressed
as E; — E¢, and n, in Eq. (2) can be expressed as E, — E},
where E_ and E} are the thermodynamic electrode potentials
(or reversible electrode potentials) for cathodic ORR and anodic
HOR, respectively. However, E[, can be decreased by a surface
Pt—O, reaction and H; crossover oxidation, which will be dis-
cussed in detail in a following section. E¢ and E, are the electrode
potentials under operation conditions.

The electron transfer coefficient in Eq. (1), o, is a tem-
perature dependent parameter as reported in the literature
[12,29-32], and can be expressed as:

oo =agT 3)

where o pypio = 0.00168K™! in the temperature range of
25-250 °C. Therefore, Eq. (1) can be rewritten as:

X n o(xOTFnc _n 0(170(0T)F17c
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Eq. (1) or (4) is for cathodic O electroreduction on a Pt/PtO
surface. A surface cyclic voltammogram (not shown here) of
the cathode showed that when the cathode potential is >~0.8 V
(versusNHE) (low fuel cell current density range), the Pt catalyst
surface will be covered partially by a PtO layer with surface
coverage of ~0.3 [33-35]. Only when the cathode potential is
lower than 0.8 V (high current density range), will the catalyst
surface be pure Pt. It has been demonstrated that the kinetics of
O, electroreduction on a pure Pt surface is different from that on
a PtO surface [28,36,37]. In this paper, the focus is on the OCV
of a PEM fuel cell, therefore, the high current density reaction
(where the catalyst surface is pure Pt) will not be perused. For the
anode side, the electrode potential is unlikely to become positive
enough to result in a PtO surface.

3.2. Apparent exchange current densities for the cathodic
ORR

In Eq. (1) or (4) for the cathodic reaction, a critical parameter
is the apparent exchange current density (iooz), which can be
measured using AC impedance spectroscopy at OCV fuel cell
conditions.

Fig. 1 shows the fuel cell reaction Nyquist plot at 80 °C,
with 3.0 atm of backpressure and at 100%RH. Note that this
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Fig. 1. Nyquist plot for a fuel cell operated at OCV, 80 °C, 3.0 atm, and 100%
RH.

Nyquist plot is actually a sum of the impedances contributed
by both the anode and the cathode. As a result, the equivalent
cathode impedance is much larger than that of the anode by
an order of ~10%, the measured impedance can be treated as
essentially the cathode impedance. At the high frequency end,
the X-intercept is the membrane resistance (Rp,), which is not
examined in this paper. The diameter of the semicircle (Rgg\éz)
is the charge transfer resistance at OCV. A proposed equiva-
lent circuit for the fuel cell reactions is shown as an insert in
Fig. 1, where R and R, are the charge transfer resistances for
the cathode and anode reactions, respectively. The sum of R, and
R, is Rg(_:\éz, that is, Rg(_:\éz = R; + R,y. C; and C, are charge
transfer related double layer capacitances for the cathode and
anode, respectively. Because R. > Ra, R is equivalent to the
Rgg\éz measured. At OCV conditions, if the interrupting volt-
age is small enough (<5 mV) that the overpotential, 7., is much
smaller than RT/nyoa0F, Egs. (1) or (4) can then be approxi-

mated as:
RT

= —] 5
e nozoFi(())z c (5)

For AC impedance measurements using a very small AC

interrupting voltage at OCV, the obtained Rgg\éz can be
expressed as Eq. (6) by differentiating Eq. (5):

an, RT
ROSH, = — = (6)

ol. Nao Fi,

Based on Eq. (6), the apparent exchange current density can
be calculated if Rgg\éz and n40(=2.0) are known. The obtained
apparent exchange current densities for the ORR at different
temperatures are listed in Table 1. The data listed in Table 1
will be used for cathode overpotential calculations using H»
crossover data and Eq. (4).
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Fig. 2. Partial pressures of Oy, Hy and H,O in the fuel cell feed streams as a
function of operating temperature, 3.0 atm, and 100% RH.

3.2.1. Fuel cell OCV
A fuel cell open circuit voltage, EOCV_ can be expressed as:

OCV
EOY = E - E, ™)

where E; and E}, can be expressed in the Nernst form shown in
Egs. (8) and (9) separately:

RT 4
E¢ = EQ + J7In(Po,[H'T)

(For cathode reaction : Oy + 4H™ + 4¢~ — 2H,0) (8)
RT [[HT?

E,=E}+ —In
2F Py,

(For anode reaction : Hy <> 2H' + 2¢7) )

In Eqs. (8) and (9), E? and EY are the standard cathode and
anode potentials, respectively. E? is a temperature dependent
constant (=1.229 —0.000846 x (T —298.15) [38]), Ej is zero
at any temperature, Po, and Py, are the partial pressures (atm)
of O, and Hy, respectively and [H*] is the molar concentration
of protons (mol L™1). A theoretical OCV can be calculated by
deriving Egs. (8) and (9) to yield Eq. (10):

RT
EQSY = 1.229 — 0.000846 (T — 298.15) + Eln [ Po,(Pi,)*]
(10

Fig. 2 shows the temperature dependent partial pressures of
03, H; and H, O, respectively, in the feed streams of a fuel cell
operating at 100% RH and at 3.0 atm of backpressure. Dramatic
drops in partial pressures of O, and Hj are observed when the
temperature is higher than ~80 °C. This could be one cause of
the decrease in fuel cell performance when the operating tem-
perature is higher than 80 °C, as reported in the author’s previous
paper [39].

Table 1

Measured apparent exchange current densities at OCV, 3.0 atm, 100% RH and different temperatures

Temperature (°C) 23 40 60 80 100 120

i, O2 reduction (Acm™?) 122 x 107* 243 %1074 3.92x 107* 4.60 x 1074 3.43 x107* 224 % 1074
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Fig. 3. Fuel cell OCVs as a function of temperature, 3.0 atm backpressure, and
100% RH.

Based on the data shown in Fig. 2, a fuel cell theoretical
OCYV can be calculated using Eq. (10). Fig. 3 compares calcu-
lated temperature dependent OCVs at 3.0 atm backpressure, and
100% relative humidity to those of experimentally tested OCVs.
A trend of decreasing OCVs with increasing temperature can be
observed. This is mainly caused by the drops in partial pressures
of both O, and H; with increasing temperature.

The measured OCVs (El(\)/IEeY%ured)’ listed in Table 2, are
all lower than the theoretical OCVs (E%%Xr). The difference
between the theoretical and measured OCVs is mainly caused

by two different drops in potential (AERSY, and AEQSY, (.

as listed in Table 2). One drop (AE19£\62) is caused by a
reaction between the Pt surface and O, resulting in a mixed

cathode potential (EOCV ) [12,18-20,35], and the other drop

mixed
(AE%CYXOV“) is caused by H; crossover from the anode to cath-

ode, reacting with O, reducing the O, surface concentration,
resulting in a decrease in the Ef value by an amount equivalent
OCV
to AEHzﬂ(O\/e:r’
For a mixed cathode potential, a local-cell mechanism has
been put forward to explain the Pt—O; reaction mechanism at

the electrode in an O, saturated acidic solution [18,35,40,41].

The mixed potential is composed of both the cathodic
02/H,0 reaction potential (O +4H* +4e™ <> 2H,0, E? =
1.229V (versus NHE)), and the Pt/PtO anode reaction potential
(Pt+H,0 <> PtO +2H* +2¢~, Eppio = 0.88V (versus NHE)).
The local electrochemical reaction on the Pt surface could create
a PtO surface coverage of 30%, and the remaining 70% remains
as pure Pt. At steady-state mixed potential, a complete layer of
Pt—O can never be achieved in order to keep the reaction of Pt to
PtO continued due to the diffusion of Pt—O into the bulk metal.
The reported mixed cathode potential is around 1.06 V (versus
NHE) at standard conditions (25 °C, 1.0 atm) [18,35] with an
O, partial pressure dependence of 15 mV atm™~'. The tempera-
ture dependent values of Er?lgzd listed in Table 2 were calculated
based on these mixed cathode potentials. The values of Angypt
in Table 2 were calculated according to Eq. (11).

ocv ocv ocv
AES, “p = Etpeor — EMixed (11

The calculated mixed OCV (Egg(\e/d) was also plotted as a
function of temperature in Fig. 3 for comparison. Even when
the mixed cathode potential is accounted for, ~50-80 mV and
~20-50 mV difference between the mixed OCVs and measured
OCVs can still be seen for the MEAs based on Nafion 112 and
Nafion 117, respectively. It is believed that this difference is
caused by a secondary factor, that is, H, crossover. Fig. 4 shows
Hp crossover current densities as a function of temperature for
Nafion 112 and Nafion 117 membrane based MEAs. The cathode
overpotentials caused by H» crossover were calculated based on
the Hy crossover current densities of Nafion 112 and Nafion
117 based MEAs. The corrected curves, which were calculated
according to Eq. (12) were also plotted in Fig. 3 for comparison:
Egc():r}]ected = l(\)/lgz}gured + AECO)zcyPt + AEIC-)lzcyxover (12)

Where the cathode potential decrease caused by H; crossover
(AE&C}’XOV“) was calculated according to Eq. (4) using the
H, crossover current density as I.. In this calculation, it was
assumed that Hy that has crossed over could react with O, to
produce a corresponding cathodic current density in the same
order of magnitude, resulting in a depression of the cathode

Table 2
Open circuit voltages (OCVs) at 3.0 atm, 100% RH and different temperatures
Temperature (°C) 23 40 60 80 100 120
Theoretical open circuit voltage (E%f:;,’r) V) 1.241 1.228 1.210 1.192 1.169 1.136
Measured open circuit voltage (EIC\)AS;/su red) (V)
Nafion 117 based MEA 1.011 1.009 1.005 1.000 0.975 0.948
Nafion 112 based MEA 1.042 1.041 1.039 1.021 1.008 0.985
Mixed open circuit voltage (Eggvy) (V) 1.060 1.060 1.059 1.056 1.051 1.040
Open circuit voltage drop caused by surface Pt—O, reaction (AESS(/)Z) V) 0.182 0.168 0.152 0.135 0.119 0.096
Open circuit voltage drop caused by H; crossover (AE&ZCYXOVH) V)
Nafion 117 based MEA 0.025 0.024 0.022 0.024 0.037 0.052
Nafion 112 based MEA 0.054 0.049 0.053 0.056 0.071 0.088
Corrected open circuit voltage (ngrymed) V)
Nafion 117 based MEA 1.249 1.234 1.213 1.180 1.164 1.133
Nafion 112 based MEA 1.247 1.226 1.210 1.191 1.164 1.133

The fuel cell MEAs were based on Nafion 112 and Nafion 117.
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potential. It is believed that the H, that has crossed over can
form a local half-cell electrochemical reaction on the cath-
ode, such as Hp <> 2H* +2e~, resulting in a mixed cathode
potential in a similar way to that of the half-cell reaction
(Pt+H,0 <> PtO + 2H* + 2e ™) does. When calculating cathode
overpotentials at different temperatures using Eq. (4), the appar-
ent exchange current densities of the cathodic reduction reaction
listed in Table 1 were used together with a nyo value of 2.0.
As shown in Fig. 3, for both Nafion 112 and Nafion 117
membranes based MEAs, the corrected OCVs are fairly close to
the theoretical OCVs, confirming that the difference between
the theoretical and measured OCVs is indeed caused by Hj
crossover and the mixed potential. In the literature, the mixed
potential on a Pt/PtO surface has been widely used to explain
the difference between the theoretical and measured OCVs
[12,18-20,35]. Hy crossover from the anode to cathode that
reduces the cathode potential has also been used to interpret
this difference [1]. However, on a Pt electrode coated with a
thin Nafion membrane, which is similar to a fuel cell cath-
ode/membrane environment, the observed open circuit voltage
was also around 0.9-1.0V (versus NHE) [12,19,20]. Because
the measurements were carried out in a half-cell apparatus, no
Hj was present in the electrode assembly. Therefore, this lower
OCYV in comparison to the mixed potential, was explained as a
result of Nafion coating contamination due to impurities rather
than H, crossover. In order to confirm H; crossover caused a
reduction in cathode potential at the given fuel cell conditions, a
Nafion 117 based MEA, with the same anode and cathode elec-
trodes as the Nafion 112 based MEA, was fabricated and used
to obtain fuel cell OCVs at different temperatures. The mea-
sured H; crossover current densities and OCVs were plotted in
Figs. 4 and 5, respectively, together with those of the Nafion 112
based MEA. Itis clear that the OCVs of a Nafion 117 based MEA
are higher than those of a Nafion 112 based MEA, suggesting
that a thicker membrane (Nafion 117, ~175 wm) can give higher
OCVs compared to a thinner membrane (Nafion 112, ~50 wm).
This is mainly because the H; crossover through a thicker Nafion
117 membrane is less than that through a thinner Nafion 112,
as shown in Fig. 4. This result confirms that Hy crossover is

® Nafion 112 based MEA
B Nafion 117 based MEA

-2
IHZ—Xn\rer (mA'cm )

0 20 40 60 80 100 120 140
Temeprature (°C)

Fig. 4. Hy crossover current densities as a function of temperature at OCV with
different MEAsS, 3.0 atm backpressure, 100% RH.
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Fig.5. Measured OCVs as a function of temperature with Nafion 117 and Nafion
112 based MEAs at 3.0 atm backpressure, 100% RH.

indeed one of the two major factors causing a reduction in fuel
cell OCVs.

4. Conclusion

Temperature dependent OCVs of a fuel cell were obtained
in the temperature range of 23—120°C. The measured OCVs
are always lower than the theoretical values. Based on the liter-
ature, calculations and experimental measurements, the differ-
ence between the theoretical and measured OCVs was mainly
caused by two factors. One is the mixed cathode potential and
the other is H, crossover.

Acknowledgements

The authors would like to thank the financial support from the
NRC National PEM Fuel Cell Program and the NRC Institute
for Fuel Cell Innovation.

References

[1] J. Larminie, A. Dicks, Fuel Cell Systems Explained, second ed., John Wiley
& Sons, Chichester, England, 2000.
[2] P. Costamagna, S. Srinivasan, J. Power Sources 102 (2001) 242.
[3] P. Costamagna, S. Srinivasan, J. Power Sources 102 (2001) 253.
[4] R.K. Ahluwalia, E.D. Doss, R. Kumar, J. Power Sources 117 (2003) 45.
[5] K.T. Adjemian, S.J. Lee, S. Srinivasan, J. Benziger, A.B. Bocarsly, J. Elec-
trochem. Soc. 149 (2002) A256.
[6] Y.-T. Kim, M.-K. Song, K.-H. Kim, S.-B. Park, S.-K. Min, H.-W. Rhee,
Electrochim. Acta 50 (2004) 645.
[7] V. Ramani, H.R. Kunz, J.M. Fenton, J. Membr. Sci. 232 (2004) 31.
[8] C. Yang, P. Costamagna, S. Srinivasan, J. Benziger, A.B. Bocarsly, J. Power
Sources 103 (2001) 1.
[9] S. Malhotra, R. Datta, J. Electrochem. Soc. 144 (1997) L23.
[10] Z. Qi, C. He, A. Kaufman, J. Power Sources 111 (2002) 239.
[11] H. Xu, Y. Song, H.R. Kunz, J.M. Fenton, J. Electrochem. Soc. 152 (2005)
A1828.
[12] A. Parthasarathy, S. Srinivasan, A.J. Appleby, J. Electrochem. Soc. 139
(1992) 2530.
[13] Y. Song, J.M. Fenton, H.R. Kunz, L.J. Bonville, M.V. Williams, J. Elec-
trochem. Soc. 152 (2005) A539.
[14] J. Larminie, A. Dicks, Fuel cell Systems Explained, John Wiley & Sons,
Chichester, 2000, 37-59.



J. Zhang et al. / Journal of Power Sources 163 (2006) 532-537 537

[15] H. Wroblowa, M.L.B. Rao, A. Damijanovic,J.O’M. Bockris, J. Electroanal.
Chem. 15 (1967) 139.

[16] J.O’'M. Bockris, S. Srinivasan, Fuel Cells: Their Electrochemistry,
McGraw-Hill Book Company, New York, 1969, Chapter 8, pp.412-468.

[17] A.J. Appleby, J. Electrochem. Soc. 117 (1970) 328.

[18] J.P. Hoare, J. Electrochem. Soc. 109 (1962) 858.

[19] A. Parthasarathy, C.R. Martin, S. Srinivasan, J. Electrochem. Soc. 138
(1991) 916.

[20] A. Parthasarathy, B. Dave, S. Srinivasan, A.J. Appleby, J. Electrochem.
Soc. 139 (1992) 1634.

[21] A.J. Bard, L.R. Faulkner, Electrochemical Methods: Fundamentals and
Applications, second ed., John Wiley, New York, 2001, 87-136.

[22] J. Zhang, H. Wang, D.P. Wilkinson, D. Song, J. Shen, Z. Liu, J. Power
Sources 147 (2005) 58-71.

[23] W. Vogel, J. Lundquist, P. Ross, P. Stonehart, Electrochim. Acta 20 (1975)
79.

[24] Junhua Jiang, Anthony Kucernak, J. Electroanal. Chem. 567 (2004) 123.

[25] N.M. Markovic, B.N. Grgur, P.N. Ross, J. Phys. Chem. B 101 (1997) 5405.

[26] A.J. Appleby, B.S. Baker, J. Electrochem. Soc. 125 (1978) 404.

[27] A. Damjanovic, M.A. Genshaw, Electrochim. Acta 15 (1970) 1281.

[28] A. Damjanovic, V. Brusic, Electrochim. Acta 12 (1967) 615.

[29] A.J. Appleby, J. Electroanal. Chem. 24 (1970) 97.

[30] E. Yeager, Electrochim. Acta 29 (1984) 1527.

[31] S.J. Clouser, J.C. Huang, E. Yeager, J. Appl. Electrochem. 23 (1993) 597.

[32] A. Damjanovic, J. Electroanal. Chem. 355 (1993) 57.

[33] K. Nagerl, H. Dietz, Electrochim. Acta 4 (1961) 1.

[34] H. Dietz, H. Gohr, Electrochim. Acta 8 (1963) 343.

[35] R. Thacker, J.P. Hoare, J. Electroanal. Chem. 30 (1971) 1.

[36] A. Damjanovic, J.O’M. Bockris, Electrochim. Acta 11 (1966) 376.

[37] D.T. Sawyer, R.J. Day, Electrochim. Acta 8 (1963) 589.

[38] J.C. Amphett, RM. Baumert, R.F. Peppley, P.R. Roberge, T.J. Harris, J.
Electrochem. Soc. 142 (1995) 9.

[39] Y. Tang, J. Zhang, C. Song, H. Liu, J. Zhang, H. Wang, S. Mackinnon, T.
Peckham, J. Li, S. McDermid, P. Kozak, J. Electrochem. Soc. 153 (2006)
A2036.

[40] AJ. Bard, H. Lund, Encyclopaedia of Electrochemistry of the Elements,
M. Dekker, New York, 1973, Chapter Ixa-3.

[41] C. Wagner, W. Traud, Z. Elektrochem. 44 (1938) 391.



	PEM fuel cell open circuit voltage (OCV) in the temperature range of 23°C to 120°C
	Introduction
	Experimental
	Results and discussion
	Kinetic parameters
	Apparent exchange current densities for the cathodic ORR
	Fuel cell OCV


	Conclusion
	Acknowledgements
	References


