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A B S T R A C T   

Recently, polymers, especially conducting (CPs) and non-conducting polymers (nCPs), have been emerged as the 
promising flexible electrode components for lithium-ion batteries due to their inherent high mechanical toler-
ance limit, excellent thermal and chemical stability, low density, ease of processing, low cost, and versatility. In 
addition, CPs provide good electrical conductivity. Polymeric structures remain almost the same even after 
hundreds to thousands of electrochemical cycles. However, some crucial factors, such as low conductivity, en-
ergy density, and rate performance, often limit the large-scale exploitation of these polymers. Although CPs, and 
nCPs can provide the desired flexibility, nCPs, in particular, increase the ‘dead volume’ of electrodes. In this 
context, it is necessary to resolve the issues existing with the polymers to make them effective confinement 
matrices for flexible electrodes. On the other hand, customizing the electrode architectures is vital for achieving 
multidirectional flexibility without compromising energy density and overall capacity. However, low active 
materials loading and deviation from the customized structures after several deformation cycles still affect the 
desired performance in terms of electrochemical and mechanical. Furthermore, the intricate and costly prepa-
ration processes of customized electrodes are the major bottlenecks toward practical applications. This review 
discusses the recent progress, merits, and demerits of the most widely studied polymer composites-based and 
architectural engineering induced flexible electrodes for lithium-ion batteries (LIBs). Both CPs and nCPs are 
discussed in the perspectives of current research status, major limitations, key factors associated with electro-
chemical performances and future outlook of the developments on polymer-based flexible electrodes.  

Abbreviations: AQ, 2,6-diaminoanthraquinone; CPs, conducting polymers; CMC, carboxymethyl cellulose; CAs, conductive additives; CNs, cellulose nanomaterials; 
CC, carbon cloth; DWCNT, double wall carbon nanotube; (FLIBs), flexible lithium ion batteries; GF, graphite film; HFP, hexafluoropropylene; HoMSs, hollow multi- 
shelled structures; IC, indigo carmine; LCO, (Lithium cobalt oxide); LiCoO2, LFP; (Lithium iron Phosphate) LiFePO4, LTO; (Lithium titanium oxide) Li4Ti5O12, LMO; 
(Lithium manganese oxide) LiMn2O4, LIPO; lithium doped polyaniline, LED; light emitting diode, MFC; micro fibrillated cellulose, MF; microfiber, nCPs; non- 
conducting polymers, n-BuLi; n-butyllithium, NCM; Li(Ni1/3Co1/3Mn1/3)O2, NFC; nano fibrillated cellulose, Ppy; polypyrrole, PANI; polyaniline, PTH; polythiophene, 
PDMS; polydimethylsiloxane, PU; polyurethane, PVDF; poly(vinylidene fluoride), PET; polyethylene terephthalate, pTS; para (toluene sulfonic acid), poly 
(OC10DASTT); poly(3′-styryl-4,4′′-didecyloxyterthiophene), poly(OC10STT); Poly(4,4′′- didecyloxyterthiophene), PEDOT; PSS, poly (3,4-ethylenedioxythiophene) 
doped with (4-styrene sulfonate); PMDA, pyromellitic dianhydride; PADAQ, poly(5-amino-1,4-dyhydroxy anthraquinone); P14AQ, poly(1,4- anthraquinone); PMMA, 
poly(methylmethacrylate); PI, polyimide; PQs, polyquinones; P15AQ, poly(1,5-anthraquinone); PDHBQS, poly(2,5-dihydroxyl-1,4-benzoquinonyl sulfide); PyAq, 
poly(pyrene-co-anthraquinone); PKs, polyketones; PYT, Pyrene-4,5,9,10-tetraone; PPTO, poly(pyrene-4,5,9,10-tetraone); PEPTO, poly(2,7-ethynylpyrene-4,5,9,10 
tetraone); PDTDA, poly(2,2′ -dithiodianiline); PTMA, poly(2,2,6,6 tetramethylpiperidine-1-oxyl-4-yl methacrylate); rGO, reduced graphene oxide; SS, stainless steel; 
SWCNT, single wall carbon nanotube; SEA, separator/electrode assembly; TEMPO, tetramethylpiperidine-1-oxyl radical; VAF, vacuum-assisted filtration; VPP, vapor 
phase polymerization. 
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