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HIGHLIGHTS

GRAPHICAL ABSTRACT

e AEMFC performance reported in the
literature is reviewed and
summarized.

e New high records in AEMFC perfor-
mance were achieved in the past
three years.

e High power densities of 0.5 and
>1 W cm™2 (Pt-free and Pt catalysts)
were achieved.

o Wide range of fuels exhibit promising
cell performance in direct fuel
AEMFCs.

e Performance stability is the major
remaining challenge in AEMFCs.

ARTICLE INFO

ABSTRACT

Article history:

Received 4 June 2017
Received in revised form
30 July 2017

Accepted 31 July 2017
Available online xxx

Keywords:

Anion exchange membrane fuel cells
Cell performance

Performance stability

Review

Fuel diversity

Anion exchange membrane fuel cells (AEMFCs) have recently received increasing attention since in
principle they allow for the use of non-precious metal catalysts, which dramatically reduces the cost per
kilowatt of power in fuel cell devices. Until not long ago, the main barrier in the development of AEMFCs
was the availability of highly conductive anion exchange membranes (AEMs); however, improvements
on this front in the past decade show that newly developed AEMs have already reached high levels of
conductivity, leading to satisfactory cell performance. In recent years, a growing number of research
studies have reported AEMFC performance results. In the last three years, new records in performance
were achieved. Most of the literature reporting cell performance is based on hydrogen-AEMFCs, although
an increasing number of studies have also reported the use of fuels others than hydrogen - such as al-
cohols, non-alcohol C-based fuels, as well as N-based fuels. This article reviews the cell performance and
performance stability achieved in AEMFCs through the years since the first reports in the early 2000s.
© 2017 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

[8—13], hydroxide exchange membrane fuel cells (HEMFCs)
[14—15], alkaline polymer electrolyte fuel cells (APEFCs) [16—18],

Anion exchange membrane fuel cells (AEMFCs) have been
referred to in various ways in the research community. Most
common terms found in the literature are alkaline membrane fuel
cells (AMFCs) [1—7], solid (or solid-state) alkaline fuel cells (SAFCs)
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and polymer electrolyte alkaline fuel cells (PEAFCs) [19]. AEMFCs
have recently gained significant interest and are a current focus in
the fuel cell research community [20]. This is well illustrated in
Fig. 1, which shows the number of publications in the AEMFC field
since the year 2000. A continuous and rapid increase in the number
of publications can be seen, particularly since 2010. More than 2000
publications were reported on this technology over the years, while

0378-7753/© 2017 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Please cite this article in press as: D.R. Dekel, Journal of Power Sources (2017), http://dx.doi.org/10.1016/j.jpowsour.2017.07.117



http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dario@technion.ac.il
www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
http://dx.doi.org/10.1016/j.jpowsour.2017.07.117
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.jpowsour.2017.07.117
http://dx.doi.org/10.1016/j.jpowsour.2017.07.117

2 D.R. Dekel / Journal of Power Sources xxx (2017) 1—12

600

(a)

& 500
S
0o 400 A
<
: =}
S 300 4
4]
EZOO—
S o
© 100 -
#*
0 4
8 8 8 83 88583 S8 23 33F 28285
B 9 O Q O ‘Q g 2 9 O O 9 O g 9 G o
N N NN NN NN NN NN NN NN NN
Year

Fig. 1. Number of research articles published on AEMFCs (a), and their distribution
according to their countries of origin (b). (Source: Web of Science. 2017* is an esti-
mation based on the number of articles published in the first months of the year).

the majority of them was recently published in just the past 5 years,
showing that this technology is currently a blooming research area
in fuel cell technology. Most of the studies in the AEMFC field have
been carried out in different countries around the world, with the
highest number of reports originating from China and the USA (see
Fig. 1).

The increased number of studies in the past few years indicates
a growing interest in the research community, driven by the several
advantages of the AEMFC technology over the currently commer-
cialized proton exchange membrane fuel cells (PEMFCs). Techni-
cally, AEMFCs are similar to PEMFCs, with the main difference being
that the solid membrane is an alkaline AEM instead of an acidic
PEM. With an AEM in an AEMFC, the OH™ anion is transported from
the cathode to the anode, opposite to the H' conduction direction
in a PEMFC (see Fig. 2). Although in principle both technologies are
similar, the use of an AEM creates an alkaline pH cell environment,
and therefore, the AEMFC offers several potential advantages over
the mature PEMFC technology. Among them, the following are
particularly noteworthy:

(a) Enhanced oxygen reduction catalysis, allowing for the use of
less expensive, Pt-free or precious group metal (PGM)-free
catalysts;

(b) Extended range of cell and stack materials stable in the fuel
cell environment;

(c) A wider choice of fuels in addition to pure hydrogen; and

(d) A wider range of less expensive polymer chemistry (fluori-
nated raw materials are not necessary).

As mentioned before, the use of an AEM in the fuel cell creates
an alkaline environment inside the cell. Therefore, the AEM is the
key differentiating element in the AEMFC device. AEMs are solid
polymer electrolytes that conduct anions, such as OH™ and car-
bonate anions, as they contain positively charged cationic groups
bounded to (or part of) a polymer backbone (see Fig. 2). Recent
years have seen extensive research on the preparation and prop-
erties of AEMs. Numerous studies on new chemistries have been

PEMFC

Hoo', @, .ﬁgfg Air H " € .E%Air +H,0
A R e 8:,‘6. 2
e THE % e e Yed
.. L] (] ~ ‘.ll ' q
] "ch “tee®®
ol ¢
_. L] o .| _. 1
7 4 e g Ao Ly
H, PEM Air+H,0  H,+H,0 AEM Air

cathode
side

Fig. 2. Schematic of an AEMFC as compared to a PEMFC (top scheme), and of an AEM
based on a quaternary ammonium pendant functional group (bottom scheme).

reported. The different cationic functional groups and polymer
backbones used in typical AEMs for fuel cells are well summarized
in the literature [20—22]. Initially, most studies on AEMFCs focused
on the development of suitable AEMs, and only a small subset of
them reported data on cell performance and performance stability.

Before reviewing the state of the art in cell performance and
performance stability, it should be remarked that in an AEMFC, ions
and water are not transported in the same directions as in PEMFCs.
During the operation of an AEMFC, when ambient air is used,
several anions are present in the cell: HCO3, CO3, and OH™. How-
ever, in an AEMFC operated at high current densities, the most
common anion species present across the membrane is the OH™
[23], generated according to the electrochemical oxygen reduction
reaction (ORR) at the cathode:

% 0y + Hy0 42 e — 2 OH™ (1)

The OH™ is transported to the anode where, if hydrogen is used
as fuel, the following oxidation reaction takes place:

20H" +Hy —» 2H0 + 2 e (2)

In the overall reaction, both PEMFC and AEMFC produce water
as a byproduct. However, in contrast to PEMFC technology, in an
AEMFC water is generated at the anode (twice as much as in a
PEMFC, per electron), while at same time water is a reactant at the
cathode. This distinctive water transport scenario, together with
the high alkaline medium in AEMFCs, represent a unique feature of
AEMFCs. Fig. 3 shows a schematic drawing of these transport
characteristics in an AEMFC.
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