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Fig. 1 PPO and derivative ion exchange membranes based on PPO
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Fig. 2 Schemes and structures of most AEMs based on PPO (Adapted with permission from Ref.[17]; Copyright (2017)
Elsevier)
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Fig. 3 A high-efficiency, low-cost and safe (without using
carcinogen) method applied in the synthesis of BPPO
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Fig. 4 Synthesis of 16C comb-shaped copolymers by Li ef al. (Adapted with permission from Ref.[23]; Copyright

(2012) American Chemical Society)
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Fig. 5 Synthesis of ABA triblock copolymers by Bai et al. (Adapted with permission from Ref.[29];

Copyright (2014) The Royal Society of Chemistry)
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Fig. 6 Synthesis of chloroacetylation of PPO by Xu et al. (Adapted with permission from Ref.[3]; Copyright (2006) Elsevier)
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Fig. 7 Schemes of several routes applied in AEMs: (1), (2) Pre-quaternized monomers grafting method; (3) ATRP grafting
method; (4) Suzuki-Miyaura coupling method; (5) Wittig reaction grafting method; (6) Click reaction method
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Fig. 8 Common alkaline functional groups applied in AEMs (Reprinted with permission from Ref.[17]; Copyright (2017)

Elsevier)
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Table 1 The comparisons of all kinds of AEMs based on PPO

Ion exchange capacity Hydroxyl conductivity Temperature Water content Mechanical strength Ref

Name (IEC) (mmol/g) (mS/cm) © (%) (MPa)
TQAPPO 2.1 69 25 19 - [10]
BPPO-MPC60 0.62 182 80 3.65 - [21]
QPPO-SC6 0.87 99.5 80 8.37 12.0 [13]
B-g-Q-2 2.10 78.0 60 74.7 14.28 [52]
PPO-g-QVBC 1.36 57 60 20.4 24.1 [19]
CBQAPPO 2.4 88.7 80 26.5 14.4 [12]
TA-14C-1.21 121 52.8 80 8.6 23.1 [9]
ANM-22-100 1.67 51.3 60 22. - [59]
M-5 2.40 70 60 84 - [18]
RC-QPPO 2.13 42.0 80 70.0 23.14 [57]
Cr-PPO-g-Q 2.48 48 30 34.5 31.2 [16]
BIm-PPO-0.54 221 37 25 32 229 [14]
BPPO-PDn-QDx 1.63 - 25 25.59 8.5 [9]
BPPO-VBN 1.75 - 30 38.81 10.76 [60]
gQAPPO 1.43 20.52 30 31.26 - [61]
NVC-50 0.61 19.84 20 18.36 - [62]
DIm-PPO-0.54 2.80 37 20 136.7 10.1 [22]
MDPA-4 1.62 28.35 30 41.1 36.86 [63]
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Fig. 12 Schematic of the solvent free strategy to prepare PPO PEM
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Fig. 13

Schemes of two common methods for organic-inorganic hybrid membranes (Reprinted

with permission from Ref.[82]; Copyright (2013) The Royal Society of Chemistry)
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Scheme of cationic MOFs embedding in pc-MBPPO membranes (Reprinted with permission from
Ref.[83]; Copyright (2016) The Royal Society of Chemistry)
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Schematic procedure to synthesize the “three-phase” AEMs containing GO sheets

(Reprinted with permission from Ref.[84]; Copyright (2016) Elsevier)
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Fig. 16 Scheme of BPPO-SiO, hybrid membranes by sol-gel method (Reprinted with permission from Ref.[85];

Copyright (2010) Elsevier)
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Fig.17 Scheme of sol-gel method applied in SPPO (Reprinted with permission from Ref.[86];
Copyright (2011) Elsevier)
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Polyphenylene Oxide Based Ion Exchange Membranes for Fuel Cells

Ya-zhi Liu, Liang Ding", Jiao Liuf, Zheng-jin Yang*, Tong-wen Xu*
(School of Chemistry and Materials Science, University of Science and Technology of China, Hefei 230026)

Abstract Due to the unique ion transfer characteristics of ion exchange membranes (IEMs), they can be used in
the separation and classification of ionic systems. Hence, IEMs have a wide application prospect in clean
production, energy conservation, emission reduction and energy conversion. Because of gradually depleted fossil
fuel, the ever-increasing power demand of our modern lifestyle and the awareness of environment protection, the
conversion and storage of energy from renewable sources (hydrogen, wind and solar energy, for instances) have
attracted worldwide attention. For both fuel cells and aqueous organic redox flow batteries operated in neutral pH,
ion exchange membranes are crucial in determining the internal resistance (conversion efficiency), working life
span of the former and the coulombic efficiency, cycle life of the latter. [EMs have great potential in diverse
applications and play prominent roles in addressing energy and environment related issues. Over the past decade,
the development of IEMs has attracted much research attention in terms of materials, preparation and applications,
due to their academic and industrial values. In this review, we summarized the advanced research on
polyphenylene oxide (PPO) polymer based ion exchange membranes. We introduced the membranes synthetic
methods, polymer structures, key performances and application processes separately. Besides, we also discussed
about the problems of the PPO based ion exchange membranes that should be solved and prospected the
development direction in the future. As to the PPO based ion exchange membranes synthetic methods, we divided
them into two parts, anion exchange membranes and cation exchange membranes, with a variety of methods
enumerated, including introduction of side chains, polymers crosslinking, optimization of functional groups and
doping to improve the performances, such as ion conductivity, swelling ratio, mechanical strength and other
important performances of the PPO based exchange membranes. We also realized the diversification of the
function of ion exchange membranes and application in fuel cells, efc.
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