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Synthesis and Properties of Ionic Polymers for Lithium Batteries

WANG Huaijiao, HAN Shantao, CHEN Mao
(State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science,
Fudan University, Shanghai 200433, China)

Abstract: Ionic polymers are characterized by the presence of ionic groups that are covalently linked on the polymer chains,
and possess unique physical and chemical properties. As a distinguished class of functional materials with important scientific
research value and wide range of application prospects, ionic polymers have been utilized in the field of new energy, such as
lithium batteries. The polymerization of ionic monomers and the post-modification of existing polymers are two main ways to
realize the synthesis of ionic polymers. This review provides a brief overview of both cationic and anionic polymers, as well
as zwitterionic polymers which are prepared through these two methods, and introduces the progress of these ionic polymers
made in several critical areas such as electrolytes, protective electrode coatings and electrode binders for lithium batteries. In
view of the significant impacts of the nature of repeating structural units and the types of ionic groups on the performance of
the ionic polymer materials, which are crucial in determining the key properties including the ionic conductivity, ion
transference number, electrochemical stability, mechanical strength and compatibility, there is a growing emphasis on the
design and synthesis of novel ionic polymers with unique structures as well as conducting in-depth investigations into the
relationships between polymer structure and material properties, which are expected to optimize the materials with enhancing

properties and functionalities for specific applications, drive the further development of high-performance ionic polymer
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materials, and contribute significantly to the advancement of new-generation energy storage devices with improved safety,
efficiency and stability.
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Fig. 1 Preparation of imidazolium cation-based polymers by radical polymerization>*3¢!
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Fig. 2 Preparation of quaternary ammonium cation-based polymers by radical polymerizationl*’-3%)
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Fig. 3 Preparation of cation-based polymers by radical polymerization!
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Fig. 4 Preparation of sulfonate/carboxylate ion-based polymers by radical polymerization[*3: 4!
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Fig. 5 Preparation of sulfimide-based anionic polymers by radical polymerization
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Fig. 6 Preparation of sulfimide-based anionic polymers by controlled radical polymerization!>%-%!
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Fig. 7 Preparation of sulfimide-based anionic polymers™®> 34
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Fig. 8 Chemical structures of zwitterionic polymers prepared by radical polymerization!>>-3"]
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Fig. 9 Preparation of cationic polymers by post-modification*3-¢!]
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Fig. 10 Preparation of phosphonium-based cationic polymers by post-modification!®*!
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Fig. 22 Zwitterionic polymers for modifying battery separator
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Table 1 Physicochemical properties of some representative ionic polymers

Application Type of ionic polymer ~ Glass transition temperature/°C Ionic conductivity/(S-em™')  Li" transference number ~ Reference
Electrolyte Cation -23 0.7x107* (80 C) 0.56 [71]
Electrolyte Cation -25 5.7x107* (25 C) 0.54 [72]
Electrolyte Cation —64 1.6x107 (25 C) 0.71 (73]
Electrolyte Anion 1.3x10° (60 C) 0.85 [45]
Electrolyte Anion 443 1.4x107 (90 C) 0.91 [47]
Electrolyte Anion 2.5%107 (30 C) 0.92 [80]
Electrolyte Anion -32 4.0x10°° (30 C) 0.93 [52]
Electrolyte Zwitterion 1.0x107* (25 <€) 0.42 [86]
Electrolyte Zwitterion 65 2.8x107 (30 °C) 0.18 [87]
Electrode coating Cation -5 3.4x107 (80 °C) [74]
Electrode coating Cation 2 8.9x10° (80 C) [76]
Electrode coating Anion —47 3.5x107° (25 C) 0.80 [81]
Electrode coating Anion -21 6.0x1077 (60 °C) 0.79 [82]
Electrode coating Zwitterion 7.5x107° (30 C) 0.81 [88]
Electrode binder Anion 5.8x107* (30 C) [84]
Separator modification Zwitterion 1.4x107 (25 C) 0.75 [90]
Separator modification Zwitterion 2.0x107 (25 °C) 0.63 [91]
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