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In this study, the performance of the anionic electrodes in polymer-based alkaline fuel cells is analyzed. Direct alcohol, alkaline
fuel cells suffer from a rapid decrease in cell potential at low discharge currents. Several effects are described to account for this
drop in cell potential. Quaternary ammonium ions can specifically adsorb on the catalyst surface decreasing the active surface
area and lowering the rate of methanol oxidation. In addition, the tethering of the quaternary ammonium cations on the polymer
electrolyte inhibits the cation mobility causing a diffuse double layer to be formed. The diffuse double layer electrostatically inhibits
the migration of hydroxide to the surface of the electrode which is needed for alcohol oxidation.
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Alkaline fuel cells using polymer-based anion exchange mem-
branes (AEM) are an attractive alternative to proton exchange mem-
brane (PEM) fuel cells.1, 2 From electrocatalysts standpoint, alkaline
environment primarily serves to stabilize some non-noble metal sur-
faces against corrosion as evidenced by the Pourbaix diagrams and
furnishes the much required window of opportunity to utilize non-
noble metals as electrode materials.3 The widely claimed aspect of
so-called facile kinetics in alkaline media remains quite unjustified
since such comparisons have usually been made between phosphoric
acid fuel cells (containing specifically adsorbing phosphate anions in
addition to oxide formation) and liquid alkaline fuel cells.4 Further,
it was recently shown that on carbon supported polycrystalline plat-
inum catalysts, both hydrogen oxidation reaction (HOR),5 and oxygen
reduction reaction (ORR)6, 7 suffer higher overpotential losses in al-
kaline media (0.1 M K/NaOH) compared to non-adsorbing acidic
electrolytes (0.1 M HClO4). In alkaline media, the slower HOR ki-
netics was attributed to the stronger Pt-Hads bond strength,8 whereas
the slower ORR kinetics was attributed to higher coverage of specif-
ically adsorbed hydroxide anions compared to acidic media.7 With
regards to electrocatalysis of ORR on non-Pt catalysts, the only ad-
vantage in alkaline media is the improved stabilization of the perox-
ide anion (HO2) reaction intermediate compared to acidic conditions
(H2O2) which leads to lower ORR overpotentials on non-Pt catalysts
in alkaline media.7, 9, 10 In contrast to HOR kinetics, the methanol
oxidation reaction (MOR) kinetics on Pt and PtRu based catalysts
has been shown to be higher in alkaline media (0.1 M NaOH) by
a factor of ∼10–15 based on mass-specific current density values
compared to acidic media (0.5 M H2SO4).11 However, compared to a
non-adsorbing acidic electrolyte (0.1 M HClO4) the activation energy
for MOR in alkaline media (0.1 M KOH) was found to be ∼10–15
times greater than that in acidic media.12 The higher pH does allow
a greater number of metals to be considered, as evidenced by the use
of non-platinum based electrodes, such as nickel-based anodes13 and
silver-based cathodes.14, 15

From alkaline membrane standpoint, several potential advantages
such as lower degree of fuel crossover in-part due to the opposite
direction of electro-osmotic drag in an AEM cell compared to a PEM
cell, and subdued peroxide radical initiated membrane degradation.16

Absence of alkali metal ions in AEM’s also prevent the precipitation
of insoluble carbonate salts in the porous electrode structure, although
the ion exchange of carbonate anions in the AEM and the accompa-
nying loss in ion mobility cannot be prevented. Additionally, novel
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AEM/PEM hybrid designs simplify the water management and enable
fuel cell operation without external humidification.17

State of the art PEM fuel cell performance operating on H2/air gas
feeds using Pt-based catalysts yield power densities of ∼700 mW/cm2

at 0.65 V (80◦C, 100% RH).18 In comparison, analogous AEM
fuel operating on H2/CO2-free air gas feeds yields power densities
of ∼275 mW/cm2 at 0.65 V (50◦C, 85% RH).19 While the power
densities achieved in the current state of the art H2-fed AEM
fuel cells is less than half that in PEM fuel cells, it is indeed
promising considering the fact that i) the mobility of hydroxide
anions is lower than that of protons, and (ii) the alkaline ionomer
solutions used in the catalyst layer are only in their nascent stage of
development.

Despite all the above considerations, a more chronic problem in
the development of alkaline fuel cells has been the very poor per-
formance of direct alcohol (KOH-free anode feed) AEM fuel cells.20

In particular, alkali metal free, direct methanol AEM fuel cells have
shown power densities less than 8 mW cm−2, in spite of the gener-
ous use of platinum in the electrode structures.21–24 Varcoe and Slade
reported a power density of 8 mW cm−2 for methanol using 2.5 bar
back-pressure at 80◦C.25 They note that the addition of alkali metal
hydroxide to the methanol improved the performances when CO2 free
oxygen was used at the cathode. Bunazawa and Yamazaki have tested
an AEM cell with PtRu at the anode and Pt at the cathode with 1 M
MeOH at 80◦C. The peak power density was 7.6 mW cm−2, how-
ever, it increased to 59 mW/cm2 when 0.5 M NaOH was added to the
fuel.21 In the report by Coutanceau et al., the peak power density for
1 M methanol was 0.2 mW cm−2 and the power density improved to
18 mW cm−2 with 4 M NaOH in the fuel.22 In addition to methanol,
several other fuels with metal hydroxide addition have been used in
AEM fuel cells. Li et al. recently reported 60 mW cm−2 for 3 M EtOH
in 5 M KOH at 60◦C using non-Pt catalysts.26 Ethylene glycol fueled
AEM fuel cell produced 28 mW cm−2 at room temperature.27 The
tests for ethylene glycol, glycerol, methanol, erythritol, and xylitol as
fuel in 1 M KOH resulted in the power densities of 9.5, 6.5, 6.0, 5.5,
and 4 mW cm−2, respectively, at 50◦C.14, 28

We note that in each case, the performance is low in the absence of
alkali metal hydroxide in the anode feed and dramatically improved
with the addition of alkali metal hydroxide to the fuel. The addition
of alkali metal ions to the fuel is not acceptable in a practical fuel cell
system because CO2 from the air and from the oxidation of methanol
leads to the formation and precipitation of insoluble carbonates that
catastrophically decrease performance. In addition, the added chem-
ical components to the fuel decrease the system energy density. The
need to dispose of the reaction products also increases the complexity
of the fuel cell system and operation.
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