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Abstract: Nonaqueous binders such as polyvinylidene fluoride (PVDF) are essential components in lithium—ion
battery electrodes. However, their reliance on the toxic and flammable solvent N—methyl-2—pyrrolidone (NMP)
presents significant environmental and safety hazards. Therefore, developing environmentally friendly, safe, and
economically viable water—based binders is a key strategy to address these issues. This review systematically
summarizes the structural characteristics, recent modification strategies for various types of water—soluble binders
based on their primary classifications and their applications in lithium—ion batteries. It provides an in—depth
analysis of water—soluble binders in improving interfacial compatibility, facilitating ion transport, and enhancing
cycle stability. Finally, the challenges associated with the industrialization of water—soluble binders and future

research directions are prospected.
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Fig.1 Classification of water—based binders for lithium—ion
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Fig.2 (a) Interaction mechanism of Si particle with CMC—DOP binder; (b) Cycling performance of Si@CMC-DOP, Si@CMC, and
Si@PVDF electrodes for 200 cycles between a potential range of 0.01—1.20 V; (c) Rate performance of Si@CMC-DOP, Si@CMC, and
Si@PVDF electrodes at different current densities"®; (d) Representative scheme of grafted CMC and grafted CMC/CNC nanocomposite”;

(e) Schematic illustrations of adhesive CMC—DP binder functioning between Si anode and Cu foil™
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(b) Electrochemical cycling performance of nano—Si electrodes with SA, CMC, and PVDF binders™; (c),(d) Schematic illustration of
3D network formation between SA and GO; (e) Effect of electrode integrity with different binders during cycling™”
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Fig.4 (a) Chemical structures of CS and CCS binder; (b) TEM images of MWCNTs before and after oxidation treatment; (c¢) FTIR
spectra of CS, CCS, and CCS-MWCNTs binders; (d) TGA and DTG curves of CS, CCS, and CCS-MWCNTs; (e) Photos showing
bending flexibility of the CCS film and photos of CCS and CCS—-MW CNTs films; (f) Mechanical properties of different binder films;
(g) Schematic illustration of designed molecular structure and working mechanism of CCS-MWCNTs for lithium—sulfur batteries®,
(h) Schematics of concept to address volume change issue in battery materials, GA with dual functionality could keep both the strong
chemical bonding and the ductile property to tolerate the expansion during lithiation/delithiation processes™; (i) Chemical structures of
various polysaccharide binders classified based on their electrostatic charge and superstructures; (j) Concept transfer from macroscopic
to nanoscopic world and structural analogy of millipede to that of native=XG towards strong adhesion, a series of small legs in millipede

corresponds to multiple short side chains in native—XG (both colored in red )"
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(a) Schematic view of LiPAA, TA, SS and physicochemical cross—linking LPTS binder’s role in Si-based anode during

F5  (a) 8BS R IR 32 A PR i A A AR R LiPAA JTA LSS DL FRAL 44 581K LPTS Zh 25 7 M VE AR B (b)PAA

Fig.5

lithiation/delithiation*”; (b) PAA, TAc structure and preparation,nano—sized Si particles and interaction between C-PAA and TA",

(¢) Linear and self-healable 3D network polymer binders for Si anodes during lithiation/delithiation and structure of xPAA-B-DA"?;
(d) Structures of P-BIAN and PAA, schematic of P-BIAN/PAA composite design strategy and its self-healing property™; (e) Schematic of
operation of PR-=PAA binder to dissipate stress during repeated volume changes of SiMPs, together with chemical structures of polyrotaxane
and PAA™; (f) Structures of P(HEA—co—DMA) ,PAA copolymers and their interaction with Si and spring expanders model of copolymers™®,;

(g) Schematic diagram of internal mechanism of PGC and structure of —CDj; (h) Long cycling performance of Si/PAA, Si/PGC and

Si/PG electrodes at 4 A-g™' ™"
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expansion; (b) Schematic illustration of H-bonds transformation in PAHT binder; (c) Cycling performance of NCM/Si—C full pouch cell
at 1C between 2.75 and 4.2 V***; (d) Schematic illustration of working mechanism of AMSs for Si/C anode and synthetic design route of
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binders; (g) Cycling performance and (h) rate performance of PAA/Si and various Tau—g—PAA/Si at different current densities™"
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(a) Schematic of facilitates intimate contact during repeating lithiation and de—-lithiation processes and mechanism of PEG in

PEDOT:PSS™; (b) llustration of preparation of BPG—PANI cathode™’; (¢) Schematic diagram of interaction between chitosan grafted

polyaniline copolymer (CS—g—PANI) and silicon anodes; (d) Cycling performance of different binders in silicon anodes™; (¢) Doped

film fabrication process; (f) Structures of polymers, dopants, and additive
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