
Improved Stability of Silicon Anode through the

Synergistic Robust Network Structure and Hydrogen Bonds of

Cross-linked Waterborne Polyurethane Binder
Taekyun Kown1, Jin Hong Lee1,*

1School of Chemical Engineering, Pusan National University, 2, Busandaehak-ro 63beongil. Geumjeong-gu, Busan 46241, Republic of Korea

Introduction Experimental
Synthesis of WPUN Binder

Result and discussion

Characterization

DMPA and AZ contents were controlled for proper mechanical property

WPUN binder exhibited the solvent resistance and a robust structure

Peak shifts were observed in FT-IR, and XPS analysis of WPUN binder with SiNPs

Hydrogen-bonds between WPUN and SiNPs trigger a change in chemical environment

Mechanical property
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Conclusion
Eco-friendly, WPUN binder was prepared for high performance Si anode in LiBs. WPUN was not only extremely adhesive to SiNPs due to numerous hydrogen-bonds, but also 

mitigated the volume expansion of SiNPs through the robust 3D network structure. Hence, WPUN enabled excellent electrochemical performances for Si anode-based LiBs. This 

work demonstrates the high potential of this eco-friendly binder being fabricated with Si anode-based LiBs.

Structural stability analysisElectrochemical performance

Cyclic Voltammetry Nyquist plots XPS spectra of Si anode surface
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Intermolecular Hydrogen Bonds

Carboxyl-Aziridine Linkage

The cell with WPUN binder showed the improved redox reaction kinetics

WPUN-AZ5 showed highest electrochemical performances by selecting proper 

ratio of AZ crosslinker

WPUN binder constructs a robust cross-linked network, resulting in superior 

electrochemical performances

WPUN binder showed superior ionic diffusion property than PVDF

Stable and thin solid electrolyte interphase layer was observed compared to PVDF

WPUN binder effectively maintains the integrity of Si anodes during repeated cycles

SEM

image
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Silicon (Si) Anode in Lithium-ion batteries (LiBs)

High specific capacity (~4,200 mAh/g) and low discharge potential (~0.5 V vs. Li/Li+)

Problems: large volumetric expansion of Si particles (~300 %), pulverization of 

active materials, unstable solid electrolyte interphase

Cross-linked Waterborne Polyurethane binder (WPUN)

Robust network structure for maintaining integrity of Si anode structure

High abundance of hydrogen bonds for strong adhesion to Si nanoparticles (SiNPs)

Alleviation of the severe stress derived from repeated volume changes of SiNPs

Rate capability
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Cycling performance
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Stress-dissipative Elastic Waterborne Polyurethane Binders for 

Silicon Anode with High Structural Integrity in Lithium-ion Batteries

Conclusion

Silicon (Si) anode in Lithium-ion batteries

• Outstanding theoretical specific capacity (3590 mAh/g for Li15Si4, at room temperature)

• Low working voltage (the average discharge voltage is around 0.16 V vs Li/Li+)

• Abundance in the earth’s crust

• Eco-friendly

• Problems : intrinsic volume change (>300 %), pulverization of the Si anode

Introduction

Synthesis process of POWPU

Experimental section

Stretched Recovery

Si

Hydrogen-Bonding:

=

Eco-friendly non-ionic waterborne polyurethane (POWPU) as a Si anode binder 

Lithiation

Delithiation

POWPU Urethane group Silicon Nano Particle

• Strong adhesion with the silanol groups through hydrogen bonds

• Dissipation of the stress from the volume change of Si particles

• Improvement of ionic conductivity

• Enhancement of cycling performance of Si anode
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Results and Discussions

Cyclic voltammetry Rate capability

Cycling performance Nyquist plots 

We successfully synthesized and utilized an eco-friendly non-ionic waterborne polyurethane as a binder for Si anodes, which efficiently alleviated the pulverization of Si active particles and

accommodated the volume changes during repeated lithiation/delithiation processes. The structural integrity of the Si anodes was maintained even after prolonged cycles, improving the

electrochemical performance of the Si anode and reducing the irreversible consumption of the electrolytes compared to those of traditional PVDF binder. The finding of this study suggests a

viable avenue for maintaining the integrity of Si anodes while reducing the use of toxic organic solvents and proposes a rational design for novel water-dispersible polymeric binders for LIBs.
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✓Successful synthesis of POWPU
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Morphology and surface components analysis
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Characterization of POWPU Mechanical property of POWPU

POWPU PVDF
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✓ Homogeneous dispersion of POWPU within water

✓ Hydrophilic nature of POWPU

✓ Higher electrolyte uptake of POWPU

→ Superior ionic conductivity of POWPU

reversible
twisted recovered
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✓ Adhesion analysis by XPS

• C peak: POWPU, F peak: PVDF

• Retention of C peak after purification 

→ Strong adhesion of POWPU with Si

Electrochemical performance

• Superior cycling performance and rate capability of Si/POWPU anode

• Lower RSEI and Rct of the POWPU

• Thin Si anode after cycling

• No crack & densely packed structure

→ Mitigated pulverization

• Lower peak intensity of C-O & LiXPFYOZ

→ Less decomposition of electrolytes

Cross-sectional SEM images of Si anode XPS spectra after cycling

Chemical structure analysis
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A Multifunctional Interlocked Binder with Synergistic In Situ Covalent and 
Hydrogen Bonding for High Performance Si Anode in Li-ion Batteries

Appropriately cross-linked TUPN10 exhibited outstanding mechanicalproperties, including tensile strength, extensibility, and resilience,which enablesthe control of the internal stressgeneratedby volume change

during lithiation/delithiation . In addition, the epoxygroup of TGIC and the hydroxyl group of Si formed a covalentbond, exhibiting a stableelectrolyte�±electrodeinterface with a thin SEI layer. Basedon theseversatile

characteristics, the Si anodewith TUPN10 binder achievedexcellentrate performancesof 2726.2 mA h �J�Å1 at a current density of 0.2 C and 1839.6 mA h �J�Å1 at a current density of 1.0. The designprinciple of this

multifunctional binder provides significant promise for potential applications, to further improve various typesof electrodematerials.

Conclusion

Results and Discussions
�6�L�Å�7�8�3�1���F�R�Y�D�O�H�Q�W���E�R�Q�G�V���D�Q�G���7�8�3�1�Å�&�X���L�Q�W�H�U�D�F�W�L�R�QMechanical properties

Electromechanical Performance
< Cyclic voltammetry >

< Rate capability > < Cycling performance >

< Electrochemical impedance spectra >

Surface morphology and chemical composition of materials

Silicon anode
�‡ High specific capacity/energy density (3579 mAh/g), Nature abundance and low cost of silicon

�‡ Continuous volume change triggers the pulverization of Si particles and delamination of the electrode 

material from the current collector

large volume change ���§����������

Introduction

Chemical structures of TUEG and TGIC, and synthetic process of TUPNs

Methods

< XPS analysis after cycling >

Bare PP separator PPMB600

�9 Excellent rate capabilities & cycling performance of Si anode fabricated with TUPN
�9 High Si-binder adhesive force and stable electrode-electrolyte interface of the TUPN binders 

�:�� Facilitate the maintenance of electrical contact between the Si active material and 
conductive carbon, leading to superior electrochemical performance 

�9 Outstanding mechanical properties of the TUPN10 binder were able to effectively alleviate the 
internal stress caused by the severe volume change of the Si active materials

�9 Si anode with TUPN10 binder showed the formation of a thin and high LiF-containing stable SEI 
layer by maintaining the integrity of the electrode structure during cycling

�‡ The Si anode binder is developed to dissipate the 

enormous mechanical stress of the Si anode with 

enhanced mechanical properties

�‡ TUPN10has more epoxy groups that can react with Si 
nanopowder�W�K�D�Q���6�L�ÅTUPN5

�¾�+�H�Q�F�H�����W�K�H���F�R�Y�D�O�H�Q�W���E�R�Q�G���I�R�U�P�D�W�L�R�Q���R�Q���6�L�ÅTUPN10
may induce an enhanced bonding strength between Si 
and the binder

�¾The cell with the TUPN10 binder 
exhibited a sharper and significantly 
more distinct current peak than those 
with the TUPN5 and PVDF binders

< SEM analysis after cycling >

�‡ Cross-linking density of TUPN depends on the chain length of TUEG, the cross-linking density of TUPN10 
polymerized from TUEG2600 is higher than that of TUPN5 polymerized from TUEG4300

�¾TUPN10 comprising a relatively shorter TUEG chain, presented a smaller elongation (286%) than TUPN5






