Measuring the true hydroxide conductivity of anion exchange membranes
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In this study, a CO»-in-situ purging technique was used to measure the true OH conductivity of several anion
exchange membranes (AEMs). During this process, membranes are in-situ de-carbonated allowing the AEMs to
reach their full OH form, and therefore to measure their highest (true) OH  conductivity. The de-carbonation
process in all the studied AEMs was also investigated. The time constant of the de-carbonation process T was
calculated and related to the membrane properties as well as to the de-carbonation dynamics. The time constant

of the de-carbonation process was found to decrease with increasing current densities and decreasing the IEC of
the membranes. This work provides unique and important data crucial to increasing the understanding of the
main factors that may mitigate the de-carbonation process in AEMs to allow AEM fuel cells to be operated with

ambient air.

1. Introduction

Anion-exchange membrane fuel cells (AEMFCs) have recently gained
increased attention as the alkaline environment of the solid poly-
electrolyte enables the use of low-cost materials, offering then a low-cost
solution for fuel cells [1-5]. Over the last decade, there was a continuous
improvement in the Hyp-based AEMFCs performance [6-8], currently
reaching power densities over 3 W cm ™2 at relatively high voltages [9].
Having high performance is essential for AEMFC to be feasible in
practical applications; however, there are still a few challenges to be
overcome — among them, there is a need of increasing the chemical
stability of the anion exchange membranes (AEMs) [10-16], increasing
the activity of electrocatalysts towards the hydrogen oxidation reaction
[17-20], and decreasing the negative effect of COy on the AEMs.
Although the first two challenges are largely studied, the latter is
scarcely investigated. Despite its importance, the effect of CO5 on the
AEMs is not yet well studied. Most fuel cell tests are done under pure
oxygen (or COa-filtered or COo-free air) without taking into consider-
ation the effect of CO3 on fuel cell operation [21]. Just a very few studies
were devoted to investigate the effect of CO3 on the AEMs [22-24], and
almost no work was done on the dynamics of the carbonation and
de-carbonation process of the AEMs [22,25-27].

When ambient air is used as a source of oxidant to operate an

AEMFC, the hydroxide generated from the oxygen reduction reaction on
the cathode side quickly reacts to produce (bi)carbonate anions (Egs. (1)
and (2)). There is still a debate over which ion is dominant in the AEM
after introducing ambient CO,, bicarbonate [25,28] or carbonate [29].
Nevertheless, it is agreed that both anions are much bulkier and have
lower mobility (related to the larger ionic radius and mass of these an-
ions [30,31]) than the hydroxide anion. Their lower mobility dramati-
cally limits the ionic conductivity in the membrane and the ionomer in
the catalyst layers, which reduces the overall fuel cell performance by
around half [32,33].

OH + CO, < HCO, @

HCO, +OH < CO; + H,0 2

While introducing ambient CO,, the equilibrium reactions of the
carbonation process (Egs. (1) and (2)) tend to be in favor of the for-
mation of bicarbonate and carbonate species rather than hydroxide,
causing an almost complete conversion in the matter of up to several
hours, although most of the carbonation happens within the first mi-
nutes [34-37]. This caused difficulties in measuring the OH conduc-
tivity as the membrane should be held at any time of the measurement in
a COg-free environment. That requires the use of a glovebox, which
complicates the measurement procedure as well.
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Scheme 1. General chemical structures of the research AEM studied in this work. (a) ETFE-TMA, (b) LDPE-BTMA, (c) QPAF-4(TM), (d) PF-AEM and (e) PAPip.

Measurements of CO3~ and HCO3; conductivity of AEMs in the
literature mostly range between 2.2 and 5.4 times lower than the values
measured for OH conductivity [21,38]. Reduction in anion conduc-
tivity also occurs due to the lower degree of dissociation of carbonate
anions from the membrane functional groups (FGs) [39-41], which
means that fewer anions are free to move through the membrane. Also,
OH anions are transported through the Grotthuss (proton hopping)
mechanism, as opposed to COZ~ and HCO5 , which rely on diffusion,
convection, and migration alone [42,43]. While CO% and HCO3 havea
detrimental effect on the membrane conductivity, it was found that they
can increase the AEM chemical stability compared to the case of OH , as
(bi)carbonate anions are weaker nucleophiles than hydroxide anion
[44]. This increase in stability was recently confirmed by a molecular
dynamics study, which shows that carbonate ions are strongly coordi-
nated to the quaternary ammonium (QA) (of the AEMs), reducing then
the hydroxide ions access to the QA, therefore stabilizing the AEM [45].
However, the same study showed that the presence of carbonate anions
reduces the water solvation of the hydroxides, making them signifi-
cantly more reactive towards the QA, reducing then the stability of the
AEMs [45].

To reduce the negative effect of the (bi)carbonate anions in the
system, it was found that when AEMFCs are operated at higher current
densities, the CO%_ and HCO3 concentration could decrease signifi-
cantly due to the CO, purging mechanism [35,46,47]. Carbonate is
being pushed out from the cell as a result of the high rate of hydroxide
production on the cathode, which exceeds the CO, absorption rate from
the ambient air. Recently, based on the CO5 purging mechanism, a
method was developed to measure the true OH conductivity of AEMs
[26]. By applying direct current and inducing water splitting in the
membrane, OH is produced inside the AEM. The generated OH anions
purge the bicarbonate species out in the form of CO», enabling to in-situ
exchange the AEM to its fully OH form. This new technique to measure
what was called the true OH of AEMs has been adopted in studies
recently carried out by Holdcroft et al. [27] and Varcoe et al. [48]. The
concept and procedure to measure the true OH were very recently
expanded by Dekel et al. to ex-situ measure the chemical stability of
AEMs in presence hydroxide anions [49].

We use this new technique to measure the true OH conductivity and
to study the de-carbonation (CO; purging) dynamics of different AEMs.
Studying the transient change in anion conductivity during the de-
carbonation process in AEMs is critical for the operation of AEMFCs
under ambient conditions. Understanding the parameters that impact
the de-carbonation process and its dynamics will help to develop
improved AEMs for advanced AEMFCs that can be efficiently operated
with ambient air (containing CO32). In this study we analyze the purging
mechanism process on a variety of different available AEMs, aiming to

increase the understanding of the de-carbonation process in AEMs. Re-
sults may significantly contribute to the knowledge and understanding
of AEM behavior during the operation of AEMFCs under ambient air.

2. Experimental
2.1. Anion exchange membranes

Both commercially available, as well as AEMs obtained from
different research groups, were used in this study. The AEMs investi-
gated includes Tokuyama A201 (Tokuyama Corporation, Japan); Sus-
tainion® RT and Sustainion® Grade 60 (Dioxide Materials, USA), named
hereafter Sustainion RT and Sustainion 60, respectively; AT-1 (Hespas-
Energy, China); FAA-3 (FuMaTech, Germany); ETFE-TMA (ethylene
tetrafluoroethylene functionalized with trimethylamine) and LDPE-
BTMA (low-density polyethylene functionalized with benzyl trimethyl-
amine) [50,51] developed and supplied by Prof. Varcoe (Surrey Uni-
versity, UK); PF-AEM (perfluorinated anion exchange membrane) [52]
obtained from Dr. Pivovar (National Renewable Energy Laboratory, CO,
USA), named hereafter PF; PAPip (polybiphenyl N-methyl piperidine)
membrane [53] obtained from Prof. Jannasch (Lund University, Swee-
den); and QPAF-4(TM) (perfluoroalkylene and fluorine-based copol-
ymer functionalized with hexyl trimethyl ammonium) [54] obtained
from Prof. Miyatake (Yamanashi University). The available chemical
structures of the (non-commercial) AEMs are seen in Scheme 1. Prior to
the conductivity measurement, all the membranes were exchanged to
their bicarbonate form at room temperature, by immersing the AEM into
a 1 M KHCOj3 aqueous solution for 48 h (solution exchanged three times
per 24 h) and then thoroughly washed in milli-Q water (18.2 MQ) for 48
h (water exchanged three times per 24 h), to remove the remaining
KHCOs.

2.2. Ion exchange capacity (IEC)

IEC of all AEMs was measured using the procedure previously re-
ported [55]. In brief, the exchange from one ionic form into the other
was done by soaking the membranesin1 MKX (X Cl,NO3 ) for48h
to exchange to X . First, all membranes were exchanged to Cl then
washed in milli-Q water for 48 h. The Cl” is then taken out of the
membrane by exchanging into NO3 form. Then the KNOj3 solution in
which the membranes were soaked in is titrated with 0.01 M AgNOs.
After soaking the membrane in 1 M KNO3 the membrane was washed in
milli-Q water as mentioned before and dried overnight in a vacuum oven
to obtain the dry weight. The IEC is finally calculated as shown else-
where [55].
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Scheme 2. Schematic illustration of the experimental setting of the de-
carbonation process and the measurement of the true OH conductivity. (a)
The initial stage; measurement of the HCO3 conductivity; (b) applying 0.1 mA
direct current, forming OH ions and purging the HCO3 at the anode in the
form of CO,; and (c) true OH  conductivity achieved when the membrane is
fully exchanged to OH .

2.3. Water uptake (WU)

WU of the AEMs in their HCO3~ form was measured using the pro-
cedure previously reported elsewhere [55], at the same temperature and
humidity values as done in the de-carbonation tests (40 °C and 95% RH).
In brief, the AEMs were first dried in-situ at 60 °C (~0% RH) to obtain
the dry weight. Afterward, the conditions were changed to 40 °C and
95% RH and remained there until stabilization of the weight was ach-
ieved (<0.001 wt% change in 5 min).

2.4. True OH conductivity

To measure the true OH conductivity of the AEMs, the protocol
recently described in Ziv and Dekel’s work was used [26]. In brief, the
AEM in its bicarbonate form was located into a four-probe electrode
(MTS 740, Scribner Associates Inc.) for measuring the anion conduc-
tivity (see Scheme 2). The HCO3 conductivity was measured for ca.
three hours to ensure the stabilization of the membrane in the temper-
ature and humidity atmosphere. Through the external electrodes, a
constant direct current of 0.1 mA was applied to the membrane under
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Fig. 1. Changes in the anion conductivity during the de-carbonation (CO,
purging) process in-situ an AEM. The test is done on LDPE-BTMA AEM, at 0.1
mA direct current, under nitrogen flow at 95% relative humidity. The true OH
conductivity is measured at 40, 60, 80, and 120 °C.

nitrogen flow at 40 °C and relative humidity (RH) of 95%. The anion
conductivity was continuously measured until conductivity reached a
stable value (<0.1 kQ change in resistance of 3 h). This conductivity
value is called the true OH conductivity [26]. After reaching the true
OH  conductivity value at 40 °C, the temperature was rapidly increased
to 60 °C (in the case of LDPE-BTMA even to 80 and 120 °C) at the same
RH. The OH conductivity was also continuously monitored during this
time. All the conductivity measurements were done at ambient pressure,
except for those measured at 120 °C, where a constant pressure of 200
kPa was used.

For each membrane, the time constant t was calculated for the de-
carbonation process from HCO3 to OH by fitting the conductivity
data to an exponential equation [55,56],

o' ao-i-da(l exp( ;)) 3

where ¢' is the anion conductivity at time t, 6 is the initial conductivity
(in HCO3 form), and do is the difference between the final and the
initial conductivity.

2.5. Diffusivity coefficients
Diffusivity coefficients for hydroxide and carbonate were calculated
for each membrane using the Nernst-Einstein relation
. RT
o @

cF272

where D' is the diffusivity coefficient of species i, ¢ the conductivity, R
the universal gas constant, T the temperature, c the concentration of the
anion, F the Faraday constant, and z the charge number of the ion.

The anion concentrations for Eq (4) were calculated by relating the
number of anions to the entire membrane volume. Other approaches
consider only the volume of liquid water in the membrane, which leads
to higher concentration values because the same amount of ions is
present in only a fraction of the membrane volume [57]. We decided to
calculate the concentrations based on the entire membrane volume as
this simple approach allows us to get a rough estimation of the diffu-
sivities based on the available (measured) conductivity data.
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Fig. 2. Changes in commercial AEMs anion conductivity before and after applying 0.1 mA direct current. Conductivity was measured at 95% RH and 40 °C. After
reaching the full OH form, the temperature was increased to 60 °C (at 95% RH) and the conductivity was continuously measured for (a) FAA-3, (b) A201, (c)

Sustainion 60, (d) Sustainion RT, and (e) AT-1 AEMs.
3. Results and discussion

The true OH conductivity was measured by using the technique
established by Ziv and Dekel [26] but applying different temperatures.
Fig. 1 shows the anion conductivity values of the LDPE-BTMA AEM
during the de-carbonation process over time. During the first hours (<5
h), the membrane stabilizes with the temperature (40 °C) and humidity
(95% RH). The HCO3™ conductivity is determined as the average value of
the conductivity after it reached a steady value. Afterward, a direct
current of 0.1 mA is applied, triggering water electrolysis onto the
membrane surface, producing OH ions. This process causes the anion
conductivity to rise gradually, as it can be seen by the exponential-like
curve in blue (Fig. 1). The OH ions migrate through the AEM to the
anode electrode (see Scheme 2) purging the (bi)carbonate ions out of the
membrane in the form of CO, (Eq. (1)) [26].

As can be seen in Fig. 1, during the de-carbonation test, the anion
conductivity of the AEM is increased, as a result of the exchange of the
HCOj3 anions to the OH anions. When all the anions are exchanged and
the AEM reaches its fully OH form, the conductivity reaches its
maximum value, which is called the true OH conductivity [26] of the
AEM. After the true OH conductivity value was reached, the temper-
ature was increased (while keeping 95% RH constant) and the true OH
conductivity of the LDPE-BTMA AEM was also measured at 60, 80, and

120 °C (Fig. 1). The rapid increase in conductivity from 40 to 60 °C and
60-80 °C further confirms that the AEM was in its full OH  form.

The HCO3 conductivity of the LDPE-BTMA measured at 40 °C was
34 mS cm L. The true OH ™ conductivities measured at 40, 60, and 80 °C
were 137 mScm™!, 180 mS cm’l, and 223 mS cm™ %, respectively. These
OH conductivity values are higher than those reported in the literature
~102 and 126 mS cm™! [58] measured at 40 and 60 °C, respectively, as
the true OH  conductivity in-situ procedure assures to achieve the fully
OH ™ form of the AEM, with no CO, contamination. The true OH con-
ductivity of the LDPE-BTMA membrane was also measured at 120 °C,
reaching an impressive value of 304 mS cm ™, which to the best of our
knowledge, is significantly higher than any other conductivity value
measured up to date in AEMs. This extremely high conductivity value is
achieved not only due to the high temperature of the measurement (until
now, to the best of our knowledge, the highest temperature for con-
ductivity measurement in AEMs was 100 °C [59,60]) but mainly because
the measurement of the true OH assures the AEM is in its full OH form,
providing then higher (and correct) OH conductivity values.

Following the same procedure, we have measured the true OH
conductivity values of different AEMs, focusing on measurement at 40
and 60 °C. Fig. 2 and Fig. 3 show the conductivity values measured
during the de-carbonation process for both commercial and research
AEMs. The LDPE-BTMA membrane shows the highest conductivity
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Fig. 3. Changes in research AEMs anion conductivity before and after applying 0.1 mA direct current. Conductivity was measured at 95% RH and 40 °C. After
reaching the full OH form, the temperature was increased to 60 °C (at 95% RH) and the conductivity was continuously measured for (a) ETFE-TMA, (b) PAPip, (c)

PF, and (d) QPAF-4(TM) AEMs.

Table 1
Measured properties of the AEMs.

This work Literature values
IEC (mmol g 1) WU (%) 6103 (mS em 1) O GOH /c"C03 2GOH
(mScm b (mS cm 1)
40 °C 40 °C 60 °C 40 °C 40 °C 60 °C Ref.
A201 1.58 38.2 10 60 88 6.0 36 48 [67]
FAA-3 1.43 26.2 8 51 101 6.4 22 35 [68]
Sustanion 60 1.44 50.6 20 70 97 3.5 N/A N/A [69]
Sustanion RT 1.47 52.3 15 67 82 4.5 N/A N/A [69]
AT-1 2.12 30.4 11 91 146 8.3 49¢ 137¢ [70]
ETFE-TMA 1.59 43.5 21 102 152 4.9 60 112 [25]
LDPE-BTMA 2.39 74.8 34 137 180 4.2 102 126 [58]
PAPip 1.85 37.4 14 87 130 6.2 73 97 [53]
PF 0.92 25.9 13 70 102 5.4 57 85 [71]
QPAF-4(TM) 1.07 26.4 13 53 64 4.1 53 67 [54]

@ Hydroxide conductivity values from the literature, measured at 40 °C and 60 °C, using liquid electrolyte soaking standard method - soaking the AEM in KOH (or
NaOH) aqueous solution with posterior extensive water washing to remove the excess KOH.

¢ Conductivity measured at 30 °C.
4 Conductivity measured at 80 °C.

values. Other AEMs such as ETFE-TMA, AT-1, PAPip, PF-AEM, and FAA-
3, were also found to be highly conducting, reaching true OH con-
ductivity values (measured at 60 °C) higher than 100 mS em! (see
Fig. 3). While similar high conductivity values (>100 mS cm’l) were
recently reported in the literature for other AEMs, those measurements
were obtained at higher temperatures (>70 °C) and not at 60 °C as done
in this work [61-66]. For most of the AEMs, the OH  conductivity values
measured using this liquid electrolyte-free technique were higher than
the conductivity values reported in the literature, which were based on
the current standard techniques the AEMs. Again, this is because this
conductivity measurement method assures that the AEM is in its fully
OH form, therefore showing its highest OH conductivity. A

comparison between conductivity values measured in this study and
those previously reported in the literature are summarized in Table 1.
The AEMs were characterized by their IEC and WU, as previously
described in the experimental section. The results are also summarized
in Table 1. For the studied AEMs, the IEC measured ranges from 0.92 up
to 2.39 mmol g ! and the WU values are in the 25.9-74.8% range (see
Table 1).

For each AEM, the conductivity values measured during the de-
carbonation process can be fitted to an exponential equation (Eq. (3)),
from which 1, the time constant can be extracted. The parameter t
represents the dynamics of the de-carbonation process of the AEM. The
calculated t value for each membrane is shown in Table 2. As can be



Table 2
The calculated time constants t and diffusivity coefficients of the different AEMs
at 40 °C.

17 (h)  Cross-section ApHCO3 (25 1) 2pOH (25 1)

Area *10 10 *10 °

(ecm?)*10 3
A201 3.6 3.3 1.9 1.1
FAA-3 6.2 2.5 1.6 1.0
Sustainion 60 7.6 9.7 3.9 1.9
SustainionRT 7.0 10 3.2 1.7
AT-1 141 7.4 1.4 1.2
ETFE-TMA 8.1 4.2 3.4 1.6
LDPE-BTMA 8.2 6.5 4.4 1.8
PAPip 125 6.7 2.1 1.3
PF-AEM 9.1 5.4 3.7 2.0
QPAF-4(TM) 3.8 2.8 3.4 1.4

 Ton diffusivity values calculated from Eq. (4) conductivity are taken as the
stabilized value from Figs. 2 and 3.

seen, A201 and QPAF-4(TM) membranes exhibited the shortest de-
carbonation time constant t of 3.6 and 3.8 h, respectively, meaning
the de-carbonation process in these AEMs is the fastest as compared to
other membranes. Interestingly, it is easy to assume that if an AEM ex-
hibits both high OH and HCO3 conductivities, the de-carbonation will
occur faster, since the mobility of the ions involved in the process is
faster. However, this is not the case with A201 and QPAF-4(TM).
Although they have moderate conductivities, the de-carbonation pro-
cess is the fastest.

The rate at which each membrane is being exchanged from HCO3 to
OH form is determined by, additionally to the current density, the rates
at which these anions transport from the cathode to the anode elec-
trodes. One of the main factors to influence this rate is dictated by the
diffusivity of the anions. The diffusivity coefficient values of HCO3 and
OH were estimated (Eq. (4)) and summarized in Table 2. The ratio
between OH and HCO3 conductivities obtained by utilizing the true
OH conductivity was higher than what was frequently observed in the
literature. In this work we found that the OH /CO3~ conductivity ratio is
in the range of 4.1-8.3, as compared to what was mainly reported in the
literature, 2.2-5.0 [21]. We believe that this range represents the correct
ratio, as in this study we use the true OH conductivities, which are
higher than those reported before.

For all the AEMs, diffusivity coefficients of OH ions were found to
be from three up to six times higher than those of HCO3  ions, consistent
with the literature values reported, which are in the same range [39,57].
While the calculated diffusion coefficients are within the range of
literature values from Refs. [72-77], they are higher than those reported
for proton exchange membranes [78]. This is surprising considering the
higher diffusion coefficient of protons compared to hydroxide ions in
water. The reason might be the fact that the Nernst-Einstein relation,
which we used here, is not always applicable in AEM since the mecha-
nisms of hydroxide transport depend on the membrane hydration [23].
Thus, the values can be used to compare our data with each other and
with diffusivities from literature based on the Nernst-Einstein relation.
The estimated HCO3 and OH ™ diffusivities are in the range of 1.4-3.4 x
107 '%and 1.0-2.0 x 1072 m? s}, respectively. They are consistent with
those reported in the literature, even though there could be some dif-
ferences since the measured OH  conductivities are higher in this study
[72,79-81]. For instance, Marino et al. measured the FAA-3 OH con-
ductivity and calculated the diffusivity coefficient at room temperature
at different water content. Diffusivity coefficient was ranging from 7.0
x 10711.2.1 x 107° m? s7! for the water content of 65 down to 6,
respectively [73]. Zelovich et al. [72,75] conducted ab-initio molecular
dynamics studies of the AEM OH diffusivity coefficient, the simulated
values were found to be ranging from 1.8 x 1071%-4.2 x 107°. Zadok
et al. [74] performed molecular dynamics studies to obtain the OH
diffusivity coefficient for the PPP-BTEA polymer segment. The OH
diffusivity coefficient was ranging at about 7 x 1071%-7x1078 m? s},
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Fig. 4. The time constant 7 as a function of (a) current density applied for each
AEM and (b) the absolute IEC (calculated from the concentration of the FGs and
the membrane volume).
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which were obtained for a wide range of water content, up to 400.

To analyze the potential relationship between the different param-
eters (calculated and measured) and their effect on the de-carbonation
process in the AEMs, the time constant T was plotted against other
AEM parameters. As seen in Fig. 4, 7 is strongly affected by the IEC of the
AEMs. A similar phenomenon was observed in a recent study, where a
series of PPO-TEA AEMs, T increased with IEC [82]. Also, t it signifi-
cantly decreases with a rise in current density (defined as the current
applied at the conductivity measurement divided by the cross-sectional
area of the AEM, which can be found in Table 2). Higher current density
means higher production of OH  ions, therefore a higher OH™ flux to the
anode. This will purge the carbonates faster from the AEM. Lower IEC
means that fewer carbonates need to be replaced by OH , which also
reduces the de-carbonation time.

Both contributions, of the IEC and current, could be combined into a
single parameter showing their effect simultaneously. With IEC and
current, the residence time for each AEM could be calculated by nF/I,
where n is the number of FGs present in an AEM in pmol, I is the current
applied on the AEM (100 pA), and F is the Faraday constant. Residence
time represents the time it takes for the AEM to produce the amount of
OH to replace all the HCO3 ions. As seen in Fig. 5, 7 is following a
linear trend with the residence time, meaning that the de-carbonation
process is indeed happening as a simple exchange of ions.

To try to get further information about the de-carbonation process t
was plotted against the ion diffusivity coefficients. The results are shown
in Fig. 6 a and b. The time constant t is seen not to have a distinct trend
with OH and HCO3 diffusivities, opposite to what would be expected.
The HCO3 diffusivities have a slightly decreasing trend with 7, meaning
as the diffusion coefficient increases the de-carbonation time lowers. In
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the case of OH diffusivity, T decreases and then increases again. It
seems that the ratio of the hydroxide and carbonate diffusion co-
efficients rather than their absolute values governs the de-carbonation
time. In Fig. 6¢ it can be seen that the de-carbonation time increases
with the ratio DOF /DHCO% | The relative contribution of an anion to the
total ionic current in the membrane increases with its ion mobility since
all ions are driven by the same potential gradient. When hydroxide
mobility is large compared to bicarbonate mobility, the de-carbonation
process thus takes more time because the external current is mainly
sustained by hydroxide transport whereas bicarbonate moves slowly.

4. Conclusions

In this work, we use our ex-situ method to find the true OH con-
ductivity for AEMs by applying direct current and purging the carbonate
species out of the membranes. We measured the true OH conductivities
and study the dynamics of the de-carbonation process of several
commercially available and research AEMs. The true OH conductivities
values obtained using this novel method were found to be higher than
the OH conductivities reported in the literature using standard methods
for the same membranes. This is since this conductivity measurement
technique assures the AEMs are in their full OH form, allowing to
measure higher and correct OH conductivities. The de-carbonation
process was investigated at 40 °C and 95% RH for each of the AEMs.
The time constant of the de-carbonation process was measured and

found to be strongly affected by the IEC of the membrane, the current
density used in the measurement, and the anion diffusivity coefficients.
The time constant of the de-carbonation process decreases as the
membrane IEC decreases and as the current density increases. Never-
theless, the shortest de-carbonation time was achieved for the lower
ratio between OH /HCOs3 diffusivities, showing that the mobility of
both ions is crucial for the CO, purging process in the AEM. This work
provides distinctive and important data on the AEM de-carbonation
process, crucial for the future understanding of the de-carbonation
process for AEMFCs operating with ambient air (containing CO5).
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