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Noord Brabant

Properties of a binder:
• Mechanical properties

• Binds to particles, but not too strongly

• Flexible

• Tensile strength, adhesion strength

• Thermal stability
• Tg and melting temps

• Battery operation temp important & processing temp

• (Electro)chemical stability 
• Towards oxidation, cathode active material, conductive additives

• Not soluble in organic electrolyte

• Soluble in slurry solvent

• Conductivity
• Ionic & electronic

• Ideal binder = flexible, suitable adhesion, good conductivity 

(Li, e), compatible with electrolyte, environmentally friendly.PVDF – polyvinylidene fluoride
• Chemical resistivity in harsh battery environment

• Mechanical stability

• Moderate thermal stability (melting ~170-180 C)

• Questionable stability with next-gen materials

• Impossible to recycle (burning F-containing material)

• Produced from PFAS monomers

Cathode 

particle

Binder
Conductive 

additive

Cathode composition
• Transition metal oxide particles (active material) ~90%

• Binder    ~5%

• Conductive additive   ~5%

Toward Greener and Sustainable Li-Ion Cells: An Overview of Aqueous-Based Binder Systems | ACS Sustainable Chemistry & Engineering

Alternative binders for sustainable electrochemical energy storage – the transition to aqueous electrode processing and bio-derived polymers - Energy & Environmental Science (RSC Publishing) DOI:10.1039/C8EE00640G

10

https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.9b07478
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Criteria/requirements: Binder material:
- Max temperature of material: 70°C 

during operation, 100 – 150°C during 
calendaring

- Potential range: 4.9 V
- Physical characteristics: stiff below 70°C 

and flowable above 150°C
- Expansion under operation: 5-10% 

(LNMO example)
- Content of binder: 0 – 5 wt%
- Conductivity of binder: Less important (in 

theory better than 10-3 S/m2)
- Suitable for blade casting in liquid 

systems/wet-route (near-term approach)
- Suitable for dry-route process (longer-

term approach)
- Green solutions for solvents

Binder candidate selection
• Literature review on binder materials either 

commercially available or novel, synthesized binder 
materials (polymers) for electrodes

• Literature review on solvent replacement/green 
alternatives/what processes are used or could be used in 
combination with greener solvents

• Evaluation based on requirements
• Why PVDF?

• What makes it the standard?
• Which structural properties are needed?

• Binder alternatives (commercial polymers)
• Binder alternatives from novel synthetic 

approaches
• Result – Binder candidates for PVDF replacement

• Commercially available polymer candidates
• Design of new binder polymer (e.g. copolymer)
• Green solvent candidates/processes in 

combination with green solvents

Electrode fabrication (slurry, casting, calendaring, etc.)
• Electrode fabrication using standard PVDF binder

• Standard solvent (=NMP)
• Standard process (=slurry, casting, calendaring)

• Reference electrode for battery cell 
• Electrode fabrication using commercial polymer candidates 

• Variation in formulation (e.g. binder content%)
• Variation in solvent (e.g. H2O, dry or wet)
• Alternative polymer binders (commercial)
• Variation in processing conditions (e.g. 

electrospinning, impregnation)
• Electrode fabrication using synthesized polymer candidates 

• Variant in formulation
• Variation in solvent
• Variation in polymer binder 
• Variation in processing conditions

Electrode fabrication

Input requirements for binder candidate selection Input for electrode fabrication

• Characterization of electrode performance (T, PR, LNMO, 
conductivity, etc.)

• Performance evaluation of electrode in battery cell

Performance evaluation

b) Fluorine-free replacement



Technology Focus
• Develop safe foams complying with MilSpec requirements by using new combinations of 

additives and surfactants

Research Objectives
• Enhance firefighting properties of PFAS-free foaming formulations by the action of clay 

nanoparticles and water-soluble polymers

• Establish relationship between the fire extinguishing performance and the types of 

nanoparticles, polymers, and surfactants and produce environmentally safe foams

Progress Summary
• Various particle-polymer combinations identified that were compatible with surfactants and 

fire suppressing agents. Formulation suspensions were stable.

• Systematic study conducted on the effect of nozzle type

• Successful 1 ft2 tests with 3% concentrate

• First 28 ft2 test completed in October 2023

PFAS-free Foam

• Surfactants
• Polymers
• Nanoparticles
• Salts
• Stabilizers
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Aqueous Film-Forming Foams (AFFF)

1. Naval Research Laboratory, Environmentally-Friendly Surfactants for Foams with Low Fuel Permeability Needed for Effective Pool Fire Suppression, NRL/MR/6180--20-10,145
2. B. Dlugogorski, Fire Safety Journal, 120 (2021) 103288.

Synergistic action of polymers and nanoparticles 
trap water in polymer lamellae

General AFFF concept



Jet Fuel A
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