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Cathode Catalyst Layers in PEMFCs: Scalability Challenges
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Cathode Catalyst Layers in PEMFCs: Scalability Challenges
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Roll-to-roll (R2R) manufacturing
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How Ink Formulations Can Dictate Electrode Cracking?

K.
0 CCT = (1_4(;) Critical Crack-Free

Thickness (CCT) Equation for
Aqueous Dispersions

2y 3/2
[_ (Pmax)R]

K. = Filmtoughness
o = Stresson the film

GM R3
e CCT=O.64[ Prep ]
2y

G = particle shear modulus
M = coordination number

0 Pt/C Catalyst

“\_ PFSAlonomer
1/2
O Water / n-propanol

¢,.p = particle volume fractionat close packing
R = particleradius

EF O y = solvent-airinterfacial tension
O%(%OH P,, .. = capillary pressure
Nafion EE FE ©

G, vV, Bh.e = Constant (same materials and processing conditions)

Substrate

Cracking may result from a combination of ink material
properties and coating thickness

M, ¢, R 2 Dictate CCT
Higher magnitude <« Higher fracture resistance

Chiu etal. J. Am. Ceram. Soc., 1992, (76)
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Electrode Cracking as a Function of Solvent Ratio
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Electrode Cracking as a Function of Solvent Ratio
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Electrode Cracking as a Function of Solvent Ratio
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New Formulation Route: Incorporation of Polymeric Additives

Mix / Coat
>
Water-rich formulation
(Cracked)
—
Pre-mixed -
Ink Additive > Reduced electrode
cracking?
Mix / Coat g
Water-rich formulation
(Additive-loaded)
Features

1. Polymeric additive should aid ionomer in binding particles
2. 5 wt. % relative to ionomer mass (1.5% of the total electrode mass)

3. Small enough not to compete with the ionomer nor reduce performance
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Catalyst wt % IC H,O wt% Pt loading
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Electrode Imaging Techniques to Elucidate Microstructure
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Mechanism of Interaction in Additive-Loaded Inks
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Mechanism of Interaction in Additive-Loaded Inks
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Electrochemical Performance of Additive-Loaded Electrodes
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Summary of Relevant Formulation Approaches

1. Processing

| 75% H,0 25% H,0 \L 15% H,0

2. Solvent Ratio

60 pm

Approaches applicable to fuel cells, 0"
electrolyzers, and batteries

3. Additives Easily translated to other coating
technologies (roll-to-roll, core-shell
nanostructures)

60 um |
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