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Abstract: Aryl-ether-free anion-exchange ionomers (AEIs)
and membranes (AEMs) have become an important bench-
mark to address the insufficient durability and power-density
issues associated with AEM fuel cells (AEMFCs). Here, we
present aliphatic chain-containing poly(diphenyl-terphenyl
piperidinium) (PDTP) copolymers to reduce the phenyl
content and adsorption of AEIs and to increase the mechanical
properties of AEMs. Specifically, PDTP AEMs possess
excellent mechanical properties (storage modulus>
1800 MPa, tensile strength> 70 MPa), H2 fuel-barrier proper-
ties (< 10 Barrer), good ion conductivity, and ex-situ stability.
Meanwhile, PDTP AEIs with low phenyl content and high-
water permeability display excellent peak power densities
(PPDs). The present AEMFCs reach outstanding PPDs of
2.58 Wcm@2 (> 7.6 A cm@2 current density) and 1.38 W cm@2 at
80 88C in H2/O2 and H2/air, respectively, along with a specific
power (PPD/catalyst loading) over 8 Wmg@1, which is the
highest record for Pt-based AEMFCs so far.

Introduction

Anion exchange membrane fuel cells (AEMFCs) have
recently received a widespread attention from the fuel cell
community and US Department of Energy (DOE) because of
their promising power density and prominent cost advantage
in utilization of platinum group metal (PGM)-free catalysts.
These properties suggest them as candidates to replace
expensive fluoropolymer-based proton exchange membrane
(PEM) fuel cells (PEMFCs).[1–5] However, several fundamen-
tal issues associated with AEMFCs have not been well
resolved so far, particularly in terms of durability and power

density.[6–9] Specifically, AEMFC performance is eventually
determined by their key but scarce materials—anion ex-
change polyelectrolytes (AEPs) that can be used as anion
exchange ionomers (AEIs) and/or anion exchange mem-
branes (AEMs). AEPs consist of hydrophilic cationic groups
and hydrophobic polymer backbones, which are responsible
for conduction of anions (e.g., OH@) and maintaining dimen-
sional stability, respectively.[10–15] Although numerous cationic
groups (ammonium, imidazolium, phosphonium, sulfonium,
and organometallic cations)[16–21] and polymer backbones
(polyether ether ketone (PEEK), polysulfone (PSF), poly-
phenyl ether (PPO), polybenzimidazole (PBI), polypheny-
lene (PP), polyolefins, poly(norbornene) (PNB), and TrogerQs
base (TB))[22–29] have been explored in AEPs, a majority of
AEPs displayed insufficient ion conductivity and durability
under alkaline conditions. That is, AEMFCs in the presence
of OH@ ions have several inherent drawbacks compared to
PEMFCs. For instance, AEMs possess lower OH@ conduc-
tivity than the H+ conductivity of PEMs due to the lower
diffusion coefficient of the larger OH@ ions. Meanwhile, most
cationic groups and polymer backbones have been docu-
mented to be vulnerable and prone to degrade under harsh
alkaline conditions.[30,31]

Encouragingly, AEMs have seen great progress in the past
four years, resulting in tremendous advances in AEMFCs.
One example is the discovery of aryl ether-free polymer
backbones and highly stable ammonium groups.[14,15, 28, 29,32–37]

Years of study have revealed that aryl ether-free AEPs
possess superior durability, ion conductivity, and power
density compared to aryl ether AEPs. Many early stage issues
associated with AEMs, such as low ion conductivity and
detrimental trade-off between ion exchange capability (IEC)
and dimensional stability, have been well addressed in recent
years. The state-of-the-art AEMs have exhibited promising
power density and durability for AEMFCs, such as benzyl
trimethylammonium-functionalized high-density polyethy-
lene (BTMA-HDPE),[14] polytetrafluoroethylene (PTFE)-
reinforced PNB,[28, 29] and N-heterocyclic and alkyl ammoni-
um-based polyphenylene.[34–37]

However, the overall performance of AEMs must be
further improved to realize future development, especially in
durability and mechanical stability. Moreover, many remain-
ing issues should be recognized in current AEMFCs. For
instance, most big jumps in current AEMFCs are based on
somewhat unrealistic and uneconomic conditions, such as
high gas flow rate (over 1000 mL min@1), high noble catalyst
loading (& 0.7 mgcm@2), and water-saturated operating con-
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ditions.[28, 29,34–37] Effective and stable
AEIs are lacking to date. Such AEIs
should show minimal adsorption on
catalysts and high oxidative stability,
while most aryl AEIs display high
phenyl adsorption, such as alkyl am-
monium polyphenylene and poly(aryl
piperidinium) (PAP) homopolymer
ionomers.[37–40] Although only a few
AEIs exhibit promising electrochem-
ical properties, such as BTMA-type
poly(ethylene-co-tetrafluoroethy-
lene) (BTMA-ETFE)[14] and alkyl
ammonium polyfluorene ionomers,[36]

an important insight into AEIs still
has not been well defined, such as the
effects of water vapor permeability
and phenyl content of AEIs.

Here, we present a series of
1,2-diphenylethane (DP)-containing
poly(aryl piperidinium)s (PAP) for
AEIs and AEMs. We propose incor-
poration of an aliphatic chain in the
PAP backbone, intending to decrease
the phenyl content of AEIs to natu-
rally relieve phenyl adsorption issues
and enhance the mechanical proper-
ties of PAP-type AEMs. Rigid poly(fluorenyl-co-biphenyl
piperidinium) (PFBP) was used as an AEI for comparison.[23]

Different poly(diphenylethane-co-terphenyl piperidinium)
(PDTP) AEPs were prepared for AEMs and AEIs. The
IEC, water transport behavior, phenyl content, and single cell
performance of PDTP-based AEPs were systematically
investigated to reveal their structure-property relationships.

Results and Discussion

Polymer Synthesis and Characterization

Ratio of DP and terphenylene (TP) was controlled to
synthesize poly(diphenyl-terphenyl N,N-dimethyl piperidini-
um) (PDTP-x) by super acid condensation (see Figure 1),
where x denotes the ratio of DP in PDTP-x. The fluorine
(FLN) ratio in poly(fluorenyl-co-biphenyl N,N-dimethyl
piperidinium) (PFBP) was fixed at 14%. A detailed descrip-
tion of PFBP will be presented in our separate publication.[23]

1H NMR spectra of copolymers are presented in Figures S1 to
S9, along with the detailed analysis. All PDTP-x copolymers
were obtained at high yield greater than 90 %. PDTP-
x copolymers exhibited a very high intrinsic viscosity ([h])
over 4.5 dLg@1 (see Table S1), indicating that PDTP-x copoly-
mers possess high molecular weight. Notably, compared to
reported PAPs, only few polymers showed [h] values over
4 dLg@1. Accordingly, the present PDTP-based AEMs display
preferable mechanical toughness, film-forming property, and
low swelling ratio and thus can easily be fabricated into large-
area thin and transparent membranes (Figure S10).

Water and Gas Transport Behavior

Water transport behavior of AEIs and AEMs is crucial for
water management in AEMFCs. The anode is likely to flood
due to electrochemical water generation, while the cathode is
inclined to dry-out because of the electrochemical water
consumption (Figure 2a). Table S1 shows that a high DP ratio
(or x) in PDTP-x AEMs results in high IEC, liquid water
uptake (WU), swelling ratio (SR), and hydration number (l).
PDTP-x AEMs display significant difference in WU, SR, and
l. For example, the PDTP-75 membrane exhibits large WU
and l (> 179), while the PDTP-25 membrane displays
a moderate WU (& 121%) and a low SR (& 30%) at 80 88C.
Dynamic vapor sorption (DVS) data revealed that the water
sorption of swollen PDTP-x membranes at low relative
humidity (RH) was much lower than liquid WU values
(Figure S11a), implying that AEPs with a large liquid WU still
have possibility to use as AEIs. Water diffusivity of PDTP-
x membranes calculated from DVS is provided in Table S2.

In fact, three molecules-H2, O2, and water-are involved in
the electrode reaction in AEMFCs. The gas permeability of
PDTP-x copolymers was systematically investigated at differ-
ent RHs at 60 88C using a custom made gas permeability
testing system and employing Barrer (where 1 Barrer =

10@10 cm3(STP) cmcm@2 s@1 cmHg@1) as the well-known unit
for permeability in the gas separation community.[41, 42] Fig-
ure 2b shows that the H2 permeability of PDTP-x tends to
decrease with increasing DP content. Humidified PDTP-25
and PDTP-50 membranes displayed lower H2 permeabilities
(< 10 Barrer) than those of commercial FAA-3–50 (& 13 Bar-
Barrer) and pristine PTP AEMs (& 10 Barrer), implying
excellent fuel gas (H2) barrier properties, which ensure that

Figure 1. The synthesis routes of aliphatic chain and fluorine containing poly(aryl piperidinium)s.
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they are gas tight during fuel cell operation. The H2

permeabilities of all membranes decreased at 18% RH
because water molecules blocked the micropores in the
membranes. Thus, H2 permeability tended to increase with
RH due to membrane swelling. This is a typical plasticization
phenomenon in polymer membranes for gas transport. On the
other hand, Figure 2c indicates that the water permeability of
PDTP-x series (20000–35 000 Barrer) increases with DP
content, and this phenomenon is consistent with the water
sorption and diffusion behavior in Figure S11a and Table S2.
FLN-containing PFBP exhibited higher water vapor perme-
ability (> 60 000 Barrer) than those of PDTP-x series. Fig-
ure 2d indicates that the ion-conducting behavior of PDTP-
x AEMs at different RH values is similar to the water
behavior.

Dynamic Mechanical, Morphological, and Ionic Conductivity
Behaviors

PDTP-x AEMs exhibited excellent tensile strength (TS)
of 60–76 MPa and elongation at break (EB, 22–32%) (Fig-
ure 3a), and the values were higher than those of pristine PTP
AEMs (TS: 59 MPa, EB: 29 %), indicating that the DP block
enhances the strength of PAP AEMs. Also, the mechanical
properties of PDTP-x AEMs were much higher than those of
the commercial FAA-3–20 membrane (TS: 32 MPa, EB:

& 27%), as expected. The
PDTP-50 membrane exhibit-
ed the highest TS (76 MPa)
but a lower EB (22 %) com-
pared to PDTP-25 and PTP
AEMs. However, PDTP-50
membrane showed excessive
WU and SR in OH@ form,
indicating that it is not suit-
able for AEMFC applica-
tions. The PDTP-25 (TS:
61 MPa, EB: 32%) had ex-
cellent dimensional stability
and mechanical properties
and was easily formed into
a strong and thin membrane
(Figure 3b), making it a good
candidate for AEMs. Dy-
namic mechanical analysis
(DMA) revealed that
PDTM-x membranes exhibit-
ed a high storage modulus
(E’) over 1900 MPa at 80 88C
(Figure 3c–f), indicating ex-
cellent dynamic mechanical
properties. Meanwhile, the
glass-transition temperature
(Tg) of PDTM-x membranes
decreased with increasing
DP content. The PDTM-25,
PDTM-50, and PDTM-75
membranes showed two Tgs

(Tg1 at 270–290 88C and Tg2 at 320–354 88C), and Tg2 increasing
with DP content. The PTP AEM only exhibited one Tg. In
PDTM membranes, Tg1 likely is be due to the presence of the
DP segment, while Tg2 stems from the TP segment in the
copolymers. Table 1 summarizes the thermal and mechanical
properties of the representative AEMs in current research,
showing that PDTP-25 AEMs displayed outstanding
tensile strength and storage modulus among current
AEMs.[14,17, 28, 29, 34,43–48]

Importantly, atomic force microscopic (AFM) images in
Figure 4a–d demonstrate that DP segments significantly
improve the microphase separation of PDTP-x AEMs. Dark
regions in the AFM images denote ammonium and water-
containing hydrophilic phases, while the light-yellow regions
indicate polymer backbone-aggregated hydrophobic phases.
Notably, the hydrophilic phase width of PDTP-x AEMs
increased from 5.3 nm to 16.3 nm with increasing DP content.
Combining Tg behavior and morphology results, we conclude
that PDTP-75 and PDTP-50 copolymers with two Tg temper-
atures displayed larger hydrophilic channel width due to
better microphase separation compared with PTP and PDTP-
25 copolymers.

Interestingly, the ion conductivity of PDTP-x AEMs
showed a similar phenomenon to the Tg and microphase-
separated morphology behaviors. The OH@ and HCO3

@

conductivities of PDTP-x AEMs tend to increase with
increasing DP content at low RH and temperature, and these

Figure 2. a) Schematic diagram of MEA with detailed three-phase boundaries, b) H2 permeability, c) water
vapor permeability of PDTP-x and PFBP [23] AEMs in I@ form at different RHs at 60 88C, and d) OH@

conductivity of PDTP-x at different RH values (0 %, &25%, &50%, &75%, &100%) at 60 88C.
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are much higher than that of pristine PTP AEMs (Figure 2d
and Figure S11b,c). This is attributed to higher IEC values
and preferable microphase separation of PDTP-x copolymers.
The PDTP-75 AEMs displayed the highest OH@ conductivity
of 158 mScm@1 at 60 88C at 100% RH (Figure 2d), and the
PDTP-50 AEMs showed the highest HCO3

@ conductivity of
118 mScm@1 at 80 88C among these AEMs (Figure S11c). The
activation energy (E) of PDTP-x AEMs tends to decrease
with increasing DP content, implying that the PDTP-x AEMs
possess the lower ion-conducting barrier than PTP AEMs
(Figure S11d). However, when the ratio of the DP segment is
higher than 50 %, the PDTP-75 AEMs exhibited excessive
WU and SR which are detrimental to their ion conductivity.
Consequently, the PDTP-25 AEMs with excellent mechanical
properties and reasonable SR (& 30%) displayed a OH@

conductivity of 166 mS cm@1 at 80 88C in liquid water, implying
that PDTP-25 is an excellent candidate for AEM applications.
Thermogravimetric analysis (TGA) (Figure S12) indicated
that these PDTP-x copolymers (in I@ form) are thermally
stable below 190 88C.

Fuel-Cell Performance

Ionomer effect : As noted above, water behavior is crucial
for AEMFCs, and the anode and cathode experience a water
imbalance. A thin PDTP-25 membrane (25: 3 mm, Fig-
ure 4e) with excellent mechanical properties and dimensional
stability was selected as an AEM, while three copolymers
(PDTP-25, PDTP-75, and PFBP) with different water trans-

Figure 3. a) Mechanical properties of PDTP-x (I@ form) and commercial FAA-3–20 (Cl@ form) AEMs at wet state. b) Photograph of a transparent
and strong PDTP-25 membrane with a thickness of 25 mm. The storage modulus and tan d c) PTM, d) PDTM-25, e) PDTM-50, and f) PDTM-75
membranes.
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port behaviors, IEC values, and phenyl contents were used as
AEIs. For convenience, AEMFCs with different anode (A)
and cathode (C) AEIs were labeled as “A/C AEIs”. All
AEIs were soluble in isopropanol (IPA)/deionized (DI)
water solution (Figure 4 f). A typical membrane electrode

assembly (MEA) of PDTP-x AEM with ionomer is shown in
Figure 4g.

As shown in Figure 5a, PFBP/PDTP-75 A/C AEIs
exhibited the highest PPD of 0.97 Wcm@2 at 80 88C without
back pressure among the present cells. The PPD of PFBP/
PDTP-75 A/C AEIs was close to that of PFBP/PFBP A/C
AEIs (0.96 Wcm@2) but was significantly higher than the
PDTP-75/PDTP-75 (0.72 Wcm@2) and PDTP-25/PDTP-25
(0.7 W cm@2) A/C AEIs. On the other hand, PFBP/PDTP-75
AEIs A/C AEIs displayed outstanding PPDs over 1.7 Wcm@2

at 2.0/2.0 bar A/C back pressure (Figure 5b). PFBP exhibited
excellent cell performance for anode due to its high-water
permeability, while PDTP-75 ionomer exhibited outstanding
PPDs in the cathode because its large WU and low phenyl
contents avoid the drying problem related to the cathode and
decrease ionomer adsorption. On the other hand, PDTP-25
and PDTP-75 ionomers showed limited PPDs when used in
the anode, and PDTP-25 with low water vapor permeability,
was detrimental to water back diffusion. In addition, PDTP-
75 ionomer with excessive WU was also not a good choice for
the anode due to water flooding issues.[32] These results
revealed that different properties of AEIs in the anode and/or
cathode should be considered for optimizing the electro-
chemical reaction in AEMFCs.

Moreover, commercial FAA-3–20 membrane and Fumion
ionomer were used for comparison (Figure S13). Based on
FAA-3–20, PDTP-75 and PFBP AEIs in the anode and
cathode basically showed similar cell performance (PPDs:
& 0.8 Wcm@2), while PDTP-25/PDTP-25 A/C AEIs exhibited
limited PPDs (& 0.6 W cm@2) due to their low water perme-

Table 1: Mechanical properties, storage modulus and Tg of representa-
tive AEMs.

AEMs TS [MPa] EB [%] E’ [MPa] Tg [88C] Refs

PTP 59 29 2200 394 3

PDTP-25 61 32 1980 295 3

PDTP-50 76 21 2500 284/
348

3

PDTP-75 50 22 2000 274/
323

3

BTMA-LDPE 23 69 – – [14]
BTMA-HDPE 35 283 – – [14]
PTFE-reinforced PNB – – 553 – [28,29]
PAP-TP-85 67 117 – – [34]
QAPPT
(OH@)

&35 &40 – – [43]

m-TPN &30 &35 – – [44]
XL100-SEBS-C5-TMA-
0.8

7 &350 – – [46]

PMP-TMA-41 &3 &46 – – [46]
PAImEE (Cl@) &64 &29 – – [17]
OBImPPO-2.1 5.8 172 – – [47]
SPEEK-S8 &25 &29 – – [48]
FAA-3-20 32 27 – – 3

–: not provided, 3 : this work.

Figure 4. AFM images of PDTP-x AEMs in I@ form in the dry state: a) PTP, b) PDTP-25, c) PDTP-50, d) PDTP-75. e) SEM images of a cross-section
of PDTP-25 membrane. f) PDTP-75 and PFBP ionomer solutions in IPA/DI water (10:1). g) A photograph of a PDTP-based membrane electrode
assembly (MEA).
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ability. On the other hand, these PFBP or PDTP-x AEIs
exhibited much higher PPDs than commercial Fumion
ionomers (& 0.45 W cm@2).

AEMFC optimization : In light of the previously men-
tioned ionomer research, the RH effect on cell performance
was systematically investigated (Figure S14) based on A/C
TKK Pt/C catalysts without back pressure. Conditions of
75%/100% A/C RH were optimum for PFBP/PDTP-75-
based fuel cells, which is not well matching with recent
discovery due to different AEMs and AEIs.[15, 50] On the other
hand, PFBP/PDTP-75 cells were more sensitive to gas flow
rate compared to PFBP/PFBP fuel cells due to the large WU
and SR of PDTP-75 ionomer (Figure S15).

The effect of different catalyst species (Pt-Ru/C, Hispec
Pt/C, and TKK Pt/C) on the power density of PFBP/PDTP-75
cells was investigated. Figure 5 c and d indicate that AEMFCs
with a Pt-Ru/C anode displayed outstanding PPDs compared
with Pt/C-containing fuel cells due to lower phenyl adsorption
effects and a faster hydrogen oxidation reaction (HOR).[51] As
shown in Figure S16, compared to Hispec Pt/C anode, TKK
Pt/C anode shows limited PPDs without back pressure, but
comparable or even higher PPDs after applying back
pressure. We thought the difference between two types of
Pt/C is related with their different carbon supports which

impact the anode flooding.[35] The PPDs of Pt-Ru/C-based
cells reached & 1.4 W cm@2 and 2.08 Wcm@2 with 0/0 bar and
2.0/2.0 bar A/C back pressure at 80 88C with a 0.26 mgcm@2 Pt-
Ru/C anode and a 0.26 mg cm@2 Pt/C cathode under H2-O2

conditions, respectively. Pt-Ru/C, Hispec Pt/C, and TKK Pt/
C-based fuel cells showed & 54%, 34 %, and 77% improve-
ment in PPDs after applying back pressure, respectively.

Importantly, the PPDs of the present AEMFCs were
further improved to 2.58 W cm@2 at a limiting current density
over 7.6 Acm@2 at 80 88C after increasing Pt-Ru/C loading to
0.39 mg cm@2 and adjusting the ratio of AEIs, carbon, and
metal catalyst, as shown in Figure 6a. Moreover, the same
AEMFCs reached a PPD of 1.38 W cm@2 under H2-air (CO2

free) conditions. The present PPDs and limiting current
densities reported here are the new record in current AEMs
that are made without reinforcing support. Although few
PTFE-reinforced PNB membrane-based AEMFCs can ach-
ieve PPDs higher than 3 W cm@2, these cells actually rely on
high catalyst loadings greater than 0.7 mgcm@2, which in-
crease their cost.

Figure 6b summarizes the PPDs and specific power (S,
S = PPD/the loading of PGM catalyst, Wmg@1) of our cells
compared to state-of-the-art AEMFCs.[13–20,27–29, 34–38, 43,49] The
specific power of the present AEMFCs (7.1 to 8.2 W mg@1) is

Figure 5. AEMFC performance with different A/C ionomers based on PDTP-25 membrane (25:3 mm) at 80 88C at a 1000/1000 A/C H2/O2 flow
rate and different A/C catalysts ((the composition of AEIs: total carbon: metal is 1:2:1.33 in Hipsec Pt/C-based slurry, 1:1.78:1.55 in TKK Pt/C-
based slurry, and 1:1.33:2 in PtRu/C-based slurry). a) A/C 0.26 mgcm@2 loading of TKK Pt/C, 0/0 bar A/C back pressure. b) A/C 0.26 mgcm@2

loading of TKK Pt/C, 0/0 bar A/C back pressure. 2.0/2.0 bar A/C back pressure. c) A/C PFBP/PDTP-75 ionomers, 0/0 A/C back pressure, three
types of A/C catalysts with 0.26 mgcm@2 catalyst loading: Pt-Ru/C anode and Hispect Pt/C cathode, A/C Hispec Pt/C anode, and A/C TKK Pt/C.
d) A/C PFBP/PDTP-75 ionomers, 2.0/2.0 bar A/C back pressure, three types of A/C catalysts with 0.26 mgcm@2 catalyst loading: Pt-Ru/C anode
and Hispect Pt/C cathode, A/C Hispec Pt/C anode, and A/C TKK Pt/C.
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significantly higher than that of current AEMFCs
(& 5 W cm@1) based on A/C PGM catalysts. Moreover,
compared to the state-of-the-art AEMFCs with PGM-free
cathode, the present AEMFCs also exhibit comparable or
even higher specific power, allowing the present AEIs and
AEMs to achieve much higher AEMFC power with lower
PGM catalyst loadings, indicating them as excellent candi-
dates for future applications of low-cost AEMFCs.

Ex-Situ and In-Situ Durability

The ex-situ durability of the PDTP-25 membrane was
systematically investigated by monitoring the variation in
chemical structure after alkaline exposure via 1H NMR
spectroscopy. Figure S17 indicates no degradation of the
PDTP-25 membrane after alkaline treatment in 1 M NaOH at
80 88C over 1500 h. This implies that PDTP-25 has excellent ex-
situ stability, contributed from the presence of highly-stable
dimethyl piperidinium (DMP) groups and an aryl ether-free
polymer backbone. However, DMP groups are sensitive to
highly alkaline solution, and degradation of 19.2% and
75.9% of the DMP groups was observed in 5 M and 10 M
NaOH at 80 88C after 1536 h, respectively (Figure S18 and
Figure S19). The change in Br@ conductivity of PDTP-x AEMs
during ex-situ durability testing is shown in Figure S20.

Testing of in situ durability of PDTP-x-based fuel cells was
performed under H2-O2 conditions. Figure 7a shows a slight
voltage loss in the fuel cells in the initial 100 h under
a 0.4 Acm@2 current density at 80 88C with a 200/200 mL min@1

H2-O2 flow rate. In comparison, the commercial FAA-3–20
membrane exhibited a rapid loss in cell voltage within 40 h
under a 0.2 Acm@2 current density at 60 88C. We conducted an
autopsy of MEA after in situ durability testing for 100 h and
analyzed the chemical structures of AEMs and AEIs to study

the relationship between ex-situ and in situ durability. Fig-
ure 7b indicates no degradation in DMP groups in the
1H NMR spectrum in the membrane from the anatomy of
MEA, implying that the present AEMFCs possess promising
durability for future applications. Some unidentified peaks
around 4 ppm and 5 ppm belong to impurities. According to
recent discoveries, the in situ durability of MEA is strongly
dependent upon water management and fuel cell system
optimization, and the cell voltage can be recovered after
refreshing the MEA. Ongoing work is focusing on the long-
term durability of AEMFCs, and insight into in situ durability.

Conclusion

In summary, we present a series of aliphatic chain-
containing PDTP-x AEIs and AEMs for AEMFC applica-
tions. We found that PDTP-75 with low phenyl content and
high WU displayed outstanding PPDs when used as ionomers
in the cathode, mainly due to the releasing of the dry-out
problems and ionomer adsorption issues. On the other hand,
PDTP-25 membranes exhibited excellent dimensional stabil-
ity (SR& 30%), gas barrier properties (H2 permeability
< 10 Barrier), good mechanical properties (TS> 60 MPa,
E’> 1900 MPa), and high ion conductivity (> 160 mScm@1),
indicating it as a good candidate for AEM applications.
Combining optimum PDTP-x AEIs and AEMs, the present
AEMFCs showed PPDs of 2.58 W cm@2 and 1.38 Wcm@2

under H2-O2 and H2-air (CO2 free), respectively, at 80 88C
with a low catalyst loading (0.39 mgcm@2) after optimizing the
fuel cell conditions. These PPD values are the highest so far
among current AEMs without reinforecement. Importantly,
the specific power (over 8 Wmg@1) in this work is the highest
record among current PGM-based AEMFCs, exhibiting
outstanding power and low-cost advantages. The durability

Figure 6. a) AEMFC performance based on PDTP-25 membrane (22:3 mm) and different A/C AEIs. Testing conditions: 0.39 mgcm@2 Pt-Ru/C in
the anode along with additional carbon powder (the ratio of AEIs: total carbon: Pt-Ru is 1:2.33:2), 0.26 mg cm@2 Hispec Pt/C in the cathode (the
ratio of AEIs: total carbon: metal is 1:2:1.33), 1000/1000 mLmin@1 H2-O2 flow rate, 1000/2000 mLmin@1 H2-air (CO2 free) flow rate, 1.3/1.3 bar
back pressure. b) comparison of specific power and PPDs of present AEMFCs and current AEMFCs with A/C PGM catalysts. The specific power of
reported AEMFCs with PGM-free cathode was plotted for comparison. Red pentagon symbols denote the present work based on PDTP-x and
PFBP AEPs, red star symbols are commercial Fumion ionomer in this work, blue triangle symbols are PNB AEMs,[15, 28, 29] yellow hexagon symbols
are polyethylene-based AEMs,[13, 14] violet pentagon symbols are polyphenylene and PAP AEMs,[34–37, 43, 49] black triangle symbols are other AEMs,
including PPO, PSF, PBI, SEBS,[13–20] and blue star symbols are AEMFCs based on PGM-free cathode.[6, 11, 52, 53]
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test reveals that PDTP-25 AEM was stable in 1 M NaOH at
80 88C over 1500 h, and its H2-O2 AEMFCs were almost stable
under 0.4 Acm@2 at 80 88C over 100 h. Structural analysis of the
anatomy of MEA after in situ durability testing indicated that
the voltage loss of fuel cells was not due to degradation of
AEIs or AEMs, but to undiagnosed water management. We
believe that the present work timely contributes to current
AEM and AEI research to promote development of
AEMFCs.
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