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Abstract—Several electrode parameters and operating conditions were investigated on the cell performance of anion
exchange membrane-unitized regenerative fuel cell (AEM-URFC). The AEM-URFC’s performance increased with
increasing the jonomer and catalyst contents on the electrode up to an optimum amount and then decreased due to
the blockage of mesopores on the catalyst layers. The AEM-URFC with optimal ionomer and catalyst loaded showed
the maximum current (255.0 mA/cm®) and power (127.5 mW/cm®) density at 0.50 V for fuel cell mode at 60 °C. Also,
three different kinds of commercial AEMs were tested in URFC. The catalyst for the bifunctional oxygen electrode had
a pronounced influence on the cell performance of AEM-URFC. Ir black showed the highest WE performance than
other precious catalysts (Pt/C, PtRu black, and IrO,), but lower performance in FC mode than Pt/C and PtRu cata-
lysts. The optimized AEM-URFC had 48.30% round trip efficiency, which is comparable or superior to the results

reported in the literature.

Keywords: Anion Exchange Membrane, Unitized Regenerative Fuel Cells, Ionomer Content, Catalyst Loading, PtRu

Catalyst, Iridium Black

INTRODUCTION

The use of fossil fuels for energy production daily exceeds the
tolerable level of global warming. Therefore, the demand for sus-
tainable and environmentally friendly energy sources increases in
today’s world [1]. Recently, energy storage and conversion by elec-
trochemical cells, such as rechargeable and flow batteries, fuel cells,
and super-capacitors, have been hot issues for storing energy. Regen-
erative fuel cell (RFC) is at the front of the selection race. A regen-
erative fuel cell, one of the fuel cell types, is a promising energy con-
version system from hydrogen and oxygen to electricity, and vice
versa. The RFC system has two units, a water electrolyzer (WE) and
a fuel cell (FC). FC is a unit for producing electricity using hydro-
gen and oxygen and, conversely; a WE is a unit for producing hydro-
gen and oxygen using electricity. This RFC system has distinctive
advantages over rechargeable batteries with its long-term energy
storage and high specific energy [2,3]. However, applications of the
RFC system have been limited because of the high cost and com-
plexity of these systems. To resolve these problems, unitized regen-
erative fuel cells (URFC) have been developed in an integrated single
unit including a fuel cell and a water electrolyzer. Proton exchange
membrane-based URFC (PEM-URFC) has been studied since the
early 1990s [4]. Nafion and platinum group metals (PGM) are used
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as PEM and catalysts because of their high ionic conductivity and
better catalytic activity; respectively [5,6]. However, PEM-URFC still
has limitations because of the high cost of catalyst materials. Anion
exchange membrane (AEM) is hydroxyl ions (OH ions) conduct-
ing polymer, which is one of the key components in AEMFC (Anion
exchange membrane fuel cell) or AEMWE (Anion exchange mem-
brane water electrolyzer), and should have high ionic conductivity,
ultimately low gas permeability, non-electric conductivity, and chemi-
cal stability [7-9]. Recently, commercially available AEM, such as
Tokuyama and Fumatech, were used for AEMFCs [10,11].

Although the research for AEMFC or AEMWE has been con-
ducted independently by many scientists, AEM-URFC has barely
been studied. In this study, the AEM-URFC performance in FC and
'WE modes was investigated on the electrode and operation parame-
ters, such as ionomer content, water feeding modes, catalyst load-
ing, different membrane types, cell temperature, and bi-functional
oxygen electrode catalysts, to provide basic data for the research-
ers concerned. The AEM-URFCs were fabricated with Fumasep
FAA-3 series as AEMs, which are the commercial product of Fumat-
ech GmbH, and noble metal catalysts.

EXPERIMENTAL

For AEM-UREC fabrication, commercial catalyst Pt/C (40 wt%,
Alfa Aesar) was chosen as a bi-functional hydrogen electrode (BHE)
catalyst and bi-functional oxygen electrode (BOE), with different
catalysts such as PtRu/C (60 wt%, 1: 1 atomic ratio, Alfa Aesar),
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PtRu-black (PtRu-B), Ir-black (Ir-B), and IrO, (Premetek. Co), were
used. We used a commercial anion exchange membrane (Fumasep
FAA-3, Fumatech GmbH) and ionomer (Fumion FAA-3-SOLOUT-
10, 10 wt%, Fumatech GmbH). The other chemicals, such as KOH
(SHAMCHUN) and isopropyl alcohol (IPA, SHAMCHUN), were
laboratory grade.

The membrane electrode assembly (MEA) for AEM-URFC was
fabricated by the catalyst-coated membrane (CCM) method, which
might successfully diminish the ionic resistance between the cata-
lyst layer and AEM [12]. The BHE catalyst ink was prepared by a
commercial Pt/C catalyst and ionomer ultrasonically mixed with
2 ml deionized (DI) water and 3 ml IPA for 10 minutes. The ratio
of water to IPA was 2: 3. The as-prepared catalyst inks were directly
sprayed from a spray gun on the surface of a commercial anion
exchange membrane (AEM) by placing them on the hot plate at
60 °C. Pure N, (99.9%) gas was used in the spray gun for the ink
painting (Fig. 2(a)). The active surface area of the catalyst layer was
4.cm’. Similarly; the BOE was prepared the same as the BHE elec-
trode. For complete anion exchange of the membrane (bromide
form to hydroxyl form), the fabricated CCM has immersed in 1.0 M
KOH solution for 24 h. To remove the KOH from the CCM sur-
face, it was washed thoroughly with DI water several times. Then
membrane electrode assembly (MEA) was fabricated by placing
gas diffusion layers, carbon paper (Av-Carb 1120, Ballard) for BHE,
and Ni foam (1.6 mm thick, MTI) for BOE on both sides of the
CCM. Immediately; the fabricated MEA was placed between graph-
ite (BHE side) and nickel (BOE side) plates having a gas channel
of 1.0mm wide and 1.0mm depth. Two silicone gaskets were
placed on both sides of the MEA and clamped with the screw by
applying a 30 kg/cm’ force (Fig. 2(b)).

The AEM-URFC’s performance was evaluated by a single cell
with an active area of 4 cm® in dual fuel cell (FC) and water elec-
trolysis (WE) modes. In FC mode, the AEM-URFCs operate at
50-70 °C and atmospheric pressure. The reactant gases, pure hydro-

IPA+H10
+ ; 5X5em | ey
Somcatnon

gen (100 ccm/min) (99.99%), and oxygen (200 ccm/min) (99.99%)
were humidified to 100% relative humidity in the water bath and
directly fed to the BHE and BOE sides, respectively. In the WE
mode, ultra-pure deionized water (DI water) at 50-70 °C was sup-
plied to the electrode from a water reservoir (Fig. 2(c)). The water
feeding rate was 2.25 ml/min for all water feeding modes (BHE/
BOE or both modes). Different ionomer content and catalyst load-
ing effects on the AEM-URFCs performances were evaluated. In
FC and WE modes after proper activation, the current density
was recorded from the open-circuit voltage (OCV) to the certain
voltage (0.3 V) by stepping of 100 mV voltage controlled by elec-
tronic load (DAE GIL) and a power supply (MK Power). The
round-trip (RT) efficiencies were calculated by using the follow-
ing equation:

where V. and Vy;; are the cell potential at a specific current density.

The potential difference (AV) between two modes (FC & WE)
was calculated by subtracting the output cell potential (FC poten-
tial) from input cell potential (WE potential) at a specific current
density.

AV=V,-V,

where V, is the cell potential in WE mode and V| is the cell
potential in FC mode at a specific current density.
1. Characterization

The catalyst surface morphology and layer thickness of the pre-
pared CCMs was observed by the ultra-high-field emission scan-
ning electron microscope (Ultra-High FE-SEM, HITACHI, SU8280)
with an accelerated voltage of 3.0 KV. The electrochemical imped-
ance spectra (EIS) of the fabricated MEAs were evaluated by the
EIS spectrometer (ZIVE SP1) with a frequency range of 0.1 Hz to
1 MHz.
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Fig. 1. Schematic illustration of the cell performance and polarization analysis of AEM-URFC fabricated with commercial membranes, cata-

lysts, and ionomer.
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Fig. 2. Photograph of AEM-URFC fabrication and performance investigation, (a) CCM preparation, and (b) cell components, and (c) test

station.

RESULTS AND DISCUSSION

The FAA-3 ionomer is a hydroxide ion (OH") conductor that
provides an ionic pathway from the membrane to the catalyst lay-
ers. Low ionomer loading is insufficient to smooth conduct ions
(OH) in the catalyst layer, but excessively high ionomer loading
can block the active site of catalyst layers and the diffusion of gas,
leading to a decrease in cell performance [13]. Fig, 3 reveals the repre-
sentative SEM images of the prepared MEAs with 10 to 40 wt%
ionomer contents. It can be detected that the agglomerates in the
catalyst layers increase with increased ionomer content. More spe-
cifically, the MEA with 40 wt% ionomer content, the Pt/C catalysts
are extremely isolated and the pores on the surface are severely
blocked, which will hinder the electron and mass transport (water
and gases), and thus demised both active area and catalyst use [14,
15]. Lower ionomer (10-20 wt%) content provide inadequate ionic
conduction (OH™ ions) path, and excessive ionomer content may
cover the active site of the catalysts. The catalyst layer’s morphol-
ogy, in terms of secondary pore formation, is also affected by the
ionomer content [16,17]. As the ionomer content increased from
10 to 30 wt%, larger secondary pores were formed, but for 40 wt%
ionomer content pores were blocked due to excessive ionomer (Fig.
3(c)). By contrast, the AEM-URFC performance for higher iono-
mer content of 40 wt% was worse than that for ionomer content

of 30 wt%. Fig. 4 shows the ionomer content effect on the AEM-
UREC performance. The cell performance increases when the iono-
mer content increases from 10 to 30 wt% and then decreases. As
shown in Fig. 4(a), the cell performance of the four MEAs in WE
mode was nearly similar. But in FC mode, at the high current den-
sity region, increased ionomer content resulted in increased cell per-
formance [18]. The MEA containing ionomer content of 30 wt%
exhibited higher performance than others. In FC mode, the cell
performance increased with ionomer content from 10 to 30 wt%
and then decreased. The MEA containing 30 wt% ionomer shows
the highest current (200 mA/cm’) and peak power density (100
mW/cm?) at 0.5 V. In addition, open-circuit voltage (OCV) was
observed at each ionomer content under the AEM-URFC opera-
tion (FC mode). The OCV increased from 1.0V to 1.06 V for 10
wt% to 20 wt% and highest OCV value (1.08 V) for 30 wt% iono-
mer content. Above 30 wt% ionomer content, ie., 40 wt% (1.045V)
OCV value decreased by about 35.0 mV. These results suggested
that MEAS ionomer content greatly affects the AEM-URFC’s cell
performance. The diminished OCV in MEA containing 40 wt%
of jonomer content is the indication of the decreased catalytic activ-
ity in the catalyst layers. Fig. 4(c)-(d) provides the in situ electro-
chemical impedance spectra (EIS) evaluated at 0.8 V. It is observed
that the high-frequency resistance related to the ohmic resistance
increases in a similar order of 10 wt%>40 wt%:>20 wt%>30 wt%.

Korean J. Chem. Eng.(Vol. 39, No. 12)
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Fig. 3. SEM images of surface morphology of the CCM:s at different ionomer content, including (a) 10 wt%, (b) 20 wt%, (c) 30 wt%, and (d)

40 wt% respectively.
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Fig. 4. Effect of ionomer content on the cell performance of AEM-URFC, (a) current density vs. cell voltage, (b) round trip efficiency at
20 mA/cm’, (c) in-situ electrochemical impedance spectra (0.1 Hz to 1 MHz), and (d) charge transfer resistance at 0.8 V of single cell
with different ionomer content. The MEAs were prepared with different FAA-3 ionomer content and Pt/C (2.00 mg/cm’) as catalysts
on both electrode (BHE & BOE) sides. The cell temperature was maintained at 50 °C.
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Fig. 5. Cell performance of AEM-URFC for different cell temperatures (a), and water feeding side (b). The MEAs were prepared with Pt/C

(2.0 mg/cm’) and 30 wt% FAA-3 ionomer.

On the other hand, the mass diffusion restriction inside the MEA
can produce a double semicircle. These two arcs for the fuel cell
system are specified as medium and low-frequency characteristics.
The medium frequency characteristics represent the charge trans-
fer resistance of the electrode reaction, and the low-frequency char-
acteristic reveals the reactant mass transport resistance [19]. From
EIS spectra, 30 wt% ionomer containing MEA achieves the lowest
arcs both in the intermediate-frequency and low-frequency regions
in the prepared MEAs, indicating the increased catalytic activity
and reduced mass transport losses due to the enhanced triple phase
boundaries (TPBs) and electrode microstructure. The RT efficiency
of the four MEAs with different ionomer content (10, 20, 30, and
40 Wt%) at 20.0 mA/cm’ was 38.85%, 44.44%, 47.74%, and 42.99%,
respectively (Fig. 4(b)). Thus, the RT efficiency also showed the high-
est value of 47.74% at 30 wt% ionomer content, which means 30
wt% of ionomer content was optimum for both WE and FC modes.
The ionomer content above 30 wt% may block the micro and meso-
pores in the catalyst layers, which results in a decreased AEM-URFC
cell performance [20-22].

Fig. 5 shows the effect of temperature on the cell performance
of AEM-URFC. The cells were operated between 50 and 70 °C
because at very high cell temperature AEM may be degraded. In
FC mode, the cell performance was enhanced with increasing cell
temperature from 50 to 60 °C due to the increased reaction kinet-
ics of the reacting gases. The hydration of the membrane also plays
a significant role in cell performance. Thus, the water content in
the membrane increases with increasing temperature [23]. The
cell at 50 °C has a low current (200.0 mA/cm’ at 0.5 V) and peak
power density (100.0 mA/cm?) due to the low reaction kinetics.
The cell shows improved performance at 60 °C and it has 255.0
mA/cm’ of current density at 0.5V and 48.3% RT efficiency at
20.0mA/cn’. At 70 °C, the FC performance continuously decreased,
while the WE performance was not changed much. The higher
temperature helps to raise the ionic conductivity with the increase
of catalytic activity of the electro-catalyst [14,29]. At high tempera-
tures, the charge transfer resistance and ohmic resistance also
decreased. In WE mode, the cell performance increased with tem-
perature. AEM-URFC's cell performance at 70 °C was increased
by more than 40% over that at 50 °C, which was reported in the
literature [24]. However, in this study, increasing cell temperature
may damage the side chain of the functional group for ionic con-

duction. Water feeding to the BHE/BOE, or both electrodes were
investigated in WE operation. The WE performance with differ-
ent water supply modes is shown in Fig. 5(b). The water-feeding
mode toward both electrodes in WE mode worked better than the
water-feeding mode toward BHE or BOE. The hydroxide jon trans-
fer in the AEM is generally done by the Grotthuss mechanism as
in water. In the Grotthuss mechanism, hydroxide ions are dis-
persed via hydrogen-bonded water molecules [25,26]. Thus, ion
transmission occurs along with the water in the membrane and
the ionic conductivity of the electrolyte membrane is a significant
function of the water content. Since water is essential for the hy-
droxide ions (OH™ ions) transport from the BHE side to the BOE
side and around the TPBs, it would be good if the water was straight-
forwardly fed to that side where it would consume, ie., the BOE
catalyst layers [27]. Whereas in BHE water feeding mode, there is
no adequate amount of water provided to the BOE side [28]. In
BHE water feeding mode, the cell showed maximum current den-
sity at 20V is 12.75mA/cm’. That is because the water flows
direction in BHE water feeding mode as opposed to that of OH"
ions transfer, resulting in the inadequate water supply. The perfor-
mance of the dual water feeding mode (2.25 ml/min) is slightly
better than that of the single (BOE and BHE) feeding modes (2.25
ml/min) due to adequate water supply for electrolysis. In dual feed-
ing mode, the cell shows maximum current density at 2.0 V is 25.7
mA/cm’, which is twice of BHE mode. Therefore, both side water
feeding (BHE and BOE feeding) is the optimal water feeding
method. The cross-sectional SEM of MEAs for different catalyst
loading is shown in Fig. 6. The surface morphology of the MEAs
for the different catalyst loading is almost the same as the iono-
mer loading (Fig. 3). With increasing catalyst loading, micro and
macropores are decreased and the catalyst thickness is increased.
(Fig. 6 and Fig. 8(c)). The effect of catalyst (Pt/C) loading on the
cell performance of AEM-URFC fabricated with FAA-3 ionomer
(30 wt%) and membranes is shown in Fig. 7(a). The cell perfor-
mance of AEM-URFC increased with increasing catalyst loading
up to a maximum value as an effect of the improved catalytic activ-
ity and reduced resistances (ochmic and charge transfer resistance)
[29]. Ohmic and charge transfer resistances are increased as same
order of 1.0 mg/cm’>1.50 mg’>0.50 mg/cm’>2.5 mg/cm’>2.0 mg/
cm’”. Mass transport resistance increases above 2.0 mg/cm’ catalyst
loading due to thick layers. Diffusion resistance is also equal to the

Korean J. Chem. Eng.(Vol. 39, No. 12)
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Fig, 6. Cross-sectional SEM images of the prepared CCMs at different catalyst loading, including (a) 0.50 mg/cm’, (b) 1.00 mg/cm’, ()
1.50 mg/cm’, (d) 2.00 mg/cm’, and (e) 2.50 mg/cm’ respectively.
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mass transport resistance inside the MEAs (Fig. 8(a)-(b)). Further
increased above the maximum loading decreased the cell perfor-
mance. Because increased catalyst content forms very thicker layers
which may hinder the gas transport, which affects the cell perfor-
mance. Here we display an incremental increase of catalyst con-
tent from 0.5 to 2.5 mg/cm’. While other researchers generally use
higher catalyst loading as 1-4 mg/cm’ [30,31]. It can be observed
that an MEA making with 2.0 mg/cm’ of Pt loading performs the
best cell performance reaching 200.0 and 30.5 mA/cm’ of the cur-
rent density at 0.5 and 2.0 V, respectively. This MEA shows maxi-
mum peak power density was 100 mW/cm” at 0.5 V. The OCV of
these cells steadily improved to the peak of 1.040 V at Pt loading
of 0.5mg/cm’ to 1.06V (1.0 mg/cm?), 1.064 (1.50 mg/cm’) and
the peak of 1.08 V for 2.0 mg/cm’ loading. After dropping by 47.0

mV (1.033 V) at Pt loading of 2.5 mg/cm’. This indicates that the
reactant gas transport was hindered steadily due to the thicker cat-
alyst layer of the increasing catalyst loading; however, high loading
(above 2.0 mg/cm®) forms thicker catalyst layers that hinder the
reactant gas transportation at the boundary of the catalyst layer
and AEM. Higher ohmic and charge transfer resistances are also
crucial factors in voltage drop. Although 2.5 mg/cm” of Pt loaded
MEA shows better performance in WE mode, it has poor cell per-
formance in FC mode, due to the thicker catalyst layer formation
(Fig. 6 and Fig. 8(c)). High cell performance with RT efficiency of
MEA with 2.0 mg/cm’ of Pt loading has the additional preference
for use in AEM-URFC. Anion exchange membrane (AEM) is one
of the most important key components of the AEM-URFC. AEM
has a direct influence on the cell performance of AEM-URFC. For

Korean J. Chem. Eng.(Vol. 39, No. 12)
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this reason, we investigated the cell performance of commercially
accessible anion exchange membranes, such as Fumasep FAA-3-
50, FAA-3-PE-30, and FAA-3-PK-75 manufactured by Fumatech
GmbH. The other electrode parameters were the same as in the
previous study. In Fig. 7(b), the OCV for the FAA-3-50, FAA-3-
PE-30, and FAA-3-Pk-75 was 1.04, 1.08 and 0.847 V, respectively.
At the low current density region (activation region) in FC mode,
FAA-3-50 shows better performance than the FAA-3-PK-75 and
the same as FAA-3-PE-30. But at a high current density region, the
FAA-3-PE-30 shows better performance than FAA-3-50 and FAA-
3-PK-75 [32]. However, we could not find a distinguishable differ-
ence in the WE performance of the three AEMs. The RT efficiency
of the AEMs was 40.82 (FAA-3-50), 47.65 (FAA-3-PE-30), and
38.49% (FAA-3-PK-75), respectively. The physical and chemical
properties of AEMs are listed in Table 1. FAA-3-PE-30 has rela-
tively high ion exchange capacity and low area resistance, compared
with FAA-3-50 and PK-75. Also, FAA-3-PE-30 is the thinnest film
among the three AEMs and has mechanical strength because it is
reinforced by polyethylene fiber. Based on these properties, AEM-
URFC with FAA-3-PE-30 showed the highest cell performance
among them.

The BOE catalyst plays a significant role in the cell performance
of AEM-URFC. The BOE catalyst should act as the catalyst for the
ORR and OER simultaneously. We investigated the AEM-URFC
cell performance with different BOE catalysts (Fig. 9). The reac-
tion rate of BHE is relatively fast, while ORR is the responsible step

Md. M. Rana et al.

for the whole progression. The BOE catalyst has more influence
on the performance than the BHE catalyst. The BOE used in this
study comprised Pt- and Ir-based catalysts. Carbon-supported Pt
catalyst has been widely used for ORR in fuel cells. The carbon sup-
port recommends a large surface area and smaller Pt nanoparti-
cles. It is also responsible for the secondary pore growth that superior
mass (gas) passage, resulting in enhanced cell performance [33,34].
When the catalyst at BOE, Pt/C (40 wt%) changed with PtRu/C
(60 wt%), the current density at 0.5V (FC mode) was enhanced
by a factor of ~1.40, which was attributed to the increased number
of active sites from Ru particles [35]. But due to the carbon sup-
port, it is rusted easily at high cell voltage (WE mode). To resolve
these problems, PtRu black (PtRu-B) was used. PtRu-B shows simi-
lar in FC mode but slightly higher cell performance in WE mode
than PtRu/C. To enhance performance for WE, the Ir-based mate-
rials including Ir black (Ir-B) and IrO, were applied to the BOE
catalyst. Since Ir-B has superior stability to IrO, in alkaline media
[36]. From Fig. 9, Ir-B and IrO, considerably affected the WE per-
formance, which shows 3.4 and 2.0 times higher current than that
for PtRu-B at 2.0 V, respectively. However, those showed lower FC
performance than PtRu-based catalysts. The MEA with Ir-B in
BOE shows 220.0 and 110.0 mA/cm’ at 0.3 and 2.0 V; respectively.
And the AEM-URFC containing Ir-B in BOE catalyst exhibited
RT efficiency of 47.81% at the current density of 20.0 mA/cm’, which
is comparable, or superior, to the report in the literature [37]. The
cell performance of AEM-URFC with different catalysts at BOE is

Table 1. Physical and chemical profile of the AEMs (supplied from Fumatech GmbH)

Thickness Ion exchange capacity Area resistance H,O uptake .
AEM Reinf t
(um) (in CI" form) (meq/g) (in CI form) (Q/cm?) (at 25°C) emtorcement
FAA-3-50 45-55 1.60-2.10 0.60-1.50 10-25 wt% None
FAA-3-PE-30 20-30 1.40-1.60 0.80-1.30 15-20 wt% PE*
FAA-3-PK-75 70-80 1.20-1.40 1.20-2.00 10-20 wt% PK’

“PE: Polyethylene, "PK: Polyether ketone

Table 2. Summary of AEM-URFCs cell performance in FC and WE modes compared with results reported in the literature

Current (mA/cm?)
( mBI_?fnz) ( mszljnz) Membrane T(eorg) FC mode WE mode R{j )ff ' Ref.
g & at0.5V at2.0Vv ’
Pt/C 2.0 Pt/C 2.0 FAA-3-PE-30 50 200.0 18.3 47.6
Pt/C 2.0 Pt/C 2.0 FAA-3-PE-30 60 255.0 20.3 483
Pt/C 2.0 PtRu/C 2.0 FAA-3-PE-30 50 222.5 20.0 425 .
This work
Pt/C 2.0 PtRu-B 2.0 FAA-3-PE-30 50 215.0 325 44.1
Pt/C 2.0 IrO, 2.0 FAA-3-PE-30 50 12.5 65.0 23.1
Pt/C 2.0 Ir-B 2.0 FAA-3-PE-30 50 132.5 110.0 47.8
P/C 05  MnO,-SS 05  FAA-3-PK-130 55 48.0 58.0 (1.7 V) 450 (38]
P/C 05 PYC 0.5  A-201 (Tokuyama) 50 120.0 25.0 50.0 [11]
Ni/C 60 MnOJ/GC:Ni/C 40  FAA-3-20 65 220 17.5 (1.85 V) 40.0 (39]
Pt/C 1.0 CuMny, ,Co,,0, 3.0 Home made 40 130.0 180.0 44,51 [40]
PYC 33  NiFeO,/CoNy-C 66  TK-PEEK 25 275.0 120.0" (L6 V) 515 [41]
Pt/C 0.80 IrO,/C 0.80 TK-PEEK 25 85.0 125.0° (1.65V) 44.76 [42]

“Round trip efficiency at 20 mA/cm” with DI water feeding, 3 M KOH feeding.
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summarized compared with others reported in the literature in
Table 2. Our results of AEM-URFC running without any KOH
solution feeding to electrodes are comparable to those reported in
the literature.

CONCLUSIONS

The effects of electrode parameters and operating conditions
were investigated on the cell performance of AEM-URFC. The ion-
omer content in electrode, cell temperature, and water feeding type
highly affected the cell performance of AEM-URFC. We found
optimum ionomer content (30%) in the catalytic layer of the elec-
trode and the best water-feeding type supplied to both electrodes,
BHE and BOE. Thinner AEM gave better cell performance in FC
mode but was similar in WE mode. Pt-based catalysts for BOE
showed better cell performance for FC mode but relatively low for
WE mode. When those were changed to Ir-based ones for BOE,
the current reached 110.0 mA/cm’® at 2.0V in WE mode, which
was 2.0-3.4 times higher than Pt-based catalysts, but they were not
highly active in FC mode, which was 60% of the current at 0.5V
for the latter. Our results of AEM-URFC running with pure water
feeding to the electrode are comparable with those reported in the
literature.
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