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Application of Atom Transfer Radical Polymerization in the Design of
Polymer Electrolytes for Lithium Batteries
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(School of Materials Science and Engineering s Shanghai Jiao Tong University s Shanghai 200240 ,China)

Abstract: Polymer electrolyte (PE) is attractive for the next generation of high energy density lithium batteries,
with the advantages of no liquid leakage, good interface compatibility, thermal and chemical stability, and sim-
ple preparation process. Unfortunately, PE could not meet the requirements of both mechanical and electro-
chemical properties at the same time for lithium batteries. In order to improve the comprehensive properties of
PE. PE matrix has been modified via blending, crosslinking and so on. It is known that the composition and
structure of PE matrix obtained by traditional free radical polymerization are not easy to control, which hinders
the application of PE. As a new polymerization technology, atom transfer radical polymerization (ATRP) can
regulate the molecular weight and conduct structure design of polymers by maintaining the low concentration of
free radicals through the reversible balance between active and dormant species. It provides an effective way for
the preparation of PE with both high mechanical and electrochemical properties. Additionally, ATRP has out-
standing features in the modification of inorganic filler and the optimization of interface performance, due to the
designability of ATRP initiator group. This is of great significance for the improvement of the comprehensive

performance of lithium battery with PE membrane based on polymer matrix nanocomposites. This review sum-
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marizes the application of ATRP technology in the preparation of PE matrix, filler modification as well as inter-

face optimization. The future development directions of ATRP used in PE are also prospected.

Keywords: ATRP; PE; Structural design; Filler modification; Interface optimization
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Figure 1 The atom transfer radical polymerization equi-
librium (Reprinted with permission from Ref. [ 33 ];

Copyright 2011 Taylor & Francis)
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(0)PVDF-g-PEG;, (30%) ; () PVDF-g-PEG, ;5 (70 %) ; (e) PVDF-g-PEG, ;5 (50 %) ; (1) PVDF-g-PEG ;5 (30 %) 5
(@) PVDF-g-PEGy;, (70 %) 5 (h) PVDF-g-PEGys, (50 %) 5 () PVDE-g-PEGy;, (30 %)™ (2012 Elsevier JALYF AT
Figure 2 The SEM images of PVDF-HFP-g-PPEGMA microporous membranes: (a) PVDF-g-PEGs,, (70%) ;

(b) PVDF-g-PEGy,, (50%);

(c¢) PVDF-g-PEGy,, (30%);
(50%); () PVDF-g-PEG,; (30%); (g) PVDF-g-PEGy;, (70%); (h) PVDF-g-PEGy;, (50%) ;

(d) PVDF-g-PEG,;; (70%); (e) PVDF-g-PEG,;;

(i) PVDF-g-

PEGy;, (30%) (Reprinted with permission from Ref. [34]; Copyright 2012 Elsevier)
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Figure 3 (a) Synthetic pathway to PEO-PPFSLi and PEOPO-PPFSLi triblock copolymers (Reprinted with permis-
sion from Ref. [36]; Copyright 2017 The Royal Society of Chemistry); (b) Synthetic pathway to PEQ-TfnPPFSLi
triblock copolymer (Reprinted with permission from Ref. [37 ]; Copyright 2021 American Chemical Society); (c)
Synthesis scheme for the PBnMA-POEGMA-PBnMA triblock copolymer; (d) Battery cycling of a Li/SPE/LiFePO,
half-cell using the PBnMA-POEGMA-PBnMA electrolyte, operating at 60 ‘C and at 0. 1 C (Reprinted with permis-
sion from Ref. [38]; Copyright 2018 Elsevier)
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Figure 4

(a) The synthetic route of the cellulose-based polymer with brush-like architectures; (b) Long cycle

performance of the LFP/CSSPE/Li cell at different C-rates; (c¢) Cycle performance of the cell at 0. 2 C (continuation

of panel b) (Reprinted with permission from Ref. [41]; Copyright 2020 American Chemical Society)
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GPEs; (g) Initial charge and discharge profiles, (h) cycling performances and (i) C-rate capacities for LiFePO, /Li bat-
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Figure 6 (a) Synthesis of the interpenetrating network solid polymer membrane (Reprinted with permission from Ref.
[46]; Copyright 2018 The Royal Society of Chemistry); (b) Schematic diagram of preparation process of LP-CPEM and
synthesis of star-shaped POSS-(PMMA-PPEGMEM);; (c¢) Ionic conductivity, and (d) LSV curves of LP-CPEM with
different LLZTO contents; (e) Polarization curve of LP-CPEM with LLZTO content of 7.5 wt% at 50 °C; ({) Galvanos-
tatic cycling of a Li/LP-CPEM-7. 5% /Li symmetrical cell with a current density of 0. 1 mA/cm” at 60 °C; (g) Cycle curve
at current density of 0. 1 C, (h) rate cycle curve of Li/LP-CPEM-7. 5% /LiFePO, , and the surface of pristine Li (i) and Li
anode after 100 cycling of Li/LP-CPEM-7. 5% /LiFePO, (j) (Reprinted with permission from Ref. [47]; Copyright 2021
American Chemical Society)
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Figure 7 The evolution of contact angles of the liquid electrolyte with time on (a) electrospun PVDF membrane and
(b) electrospun PVDF/PMMA-g-TiO, composite nanofibrous membrane (Reprinted with permission from Ref. [51];
Copyright 2013 Elsevier); (¢) Modification of SiO, nanoparticle with ATRP initiator; (d) Schematic illustration of

some interactions in the SiO,-g-(PMMA-co-HEMA) /PVDF GPEs (Reprinted with permission from Ref. [52]; Copy-
right 2020 Elsevier)
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Figure 8 (a) Schematic illustration of structure and Li stripping-plating behaviors in solid-state Li-metal batteries with
BC-g-PLiSTFSI-6-PEGM/P (Reprinted with permission from Ref. [53]; Copyright 2021 John Wiley and Sons); (b)
Synthetic route to YSZ-g-PAN hairy nanoparticles; (¢) Non-uniform coating prepared from a non-covalent blend of YSZ
NPs and PAN/LiCIO, leads to uneven lithium deposition; (d) Uniform hybrid coating using YSZ-g-PAN/LiClO, leads
to dendrite-free lithium deposition; (e) Transparent solution (3 wt%) of YSZ-g-PAN hairy NPs with 24. 6 wt% inor-
ganic content dispersed in DMF (left) and opaque dispersion in DMF of non-covalent blend of YSZ NPs and PAN with
identical composition (right) (Reprinted with permission from Ref. [54]; Copyright 2020 Elsevier); Voltage-time pro-
files of Li plating/stripping processes with a capacity of (f) 1 mAh/cm® at 1 mA/cm® and (g) 5 mAh/ecm® at 5 mA/
em”; (h) Voltage-time profiles of Li plating/stripping processes at different current densities of 1,5,10 and 20 mA/cm”
with charging/discharging for 1 h (Reprinted with permission from Ref. [55]; Copyright 2021 Elsevier)
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