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ink mixing time ↑     particle size ↓    pore size ↓    → →
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 of  the catalyst ink and the processing conditions of  the catalyst layer, in particular the conditions during the drying step, the porosity of  
the catalyst layer can be optimized. With regard to direct membrane coating as an efficiency-optimized manufacturing process, 
multilayers offer the possibility of  compensating for the unfavorable effect of  crack formation due to interactions of  the catalyst ink 
with the PFSA membrane. Another possibility for the tailoring of  the properties of  the catalyst layer is the inclusion of  additives in the 
layers close to the substrate, which can for instance reduce cross-over effects during operation of  the fuel cell or the electrolyzer. In 
previous studies for direct methanol fuel cells (DMFC), performance improvements have already been achieved with the aid of  catalyst 
gradients within the electrode layer [7-9] and cross-over effects have been minimized due to adjusted porosity gradients [10]. 
In view of  the possibilities that arise from the systematic adjustment of  the microstructural properties of  the catalyst layers for both 
PEM-FC and PEM-WE, different concepts for the coating and drying of  the multilayers are being investigated. In addition to sequential 
coating, the simultaneous coating of  layers offers an interesting possibility for the further development of  the production process [11]. 
With regard to the drying of  the catalyst layers, the influence of  different drying conditions on the microstructure is also investigated. 
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Methods and Results for Catalyst Layer Optimisation 
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Selectivity of the drying of a multicomponent mixture
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wet film
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Adjusting particle size during ink preperation 
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Interactions beween the solvents of catalyst ink and the 
membrane lead to crack formation
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Current Challenges of Fuel Cell Production
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Influence of the substrate on crack formation 

Membrane direct coating

 φ :   relative humidity
 T  :   liquid temperaturef

 T :   gas temperatureg

 K :   liquid side kinetic separation factor L 

         (according to E.U. Schlünder [4])

  φ

N :   Evaporation flow of a component       i 

r  :   relative evaporation flux of a component      1

x :   Molar fraction of the liquid1 

y :    Molar fraction of the gas phase     1
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W. Schabel, Lecture Mass Transfer II, 2022

Drying parameters influence selectivity
and therefore the solvent composition 
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Solvent coposition influences the 
ionomer structure        unselective drying

Swelling of the membrane in contact with solvents

Modifications of the ink fomulation 

Current challenges for maturity phase
for both Electrolyzers and Fuel Cells

CCM Production 

Structural Optimisation 

Problem: crack and defect formation occuring during the drying of catalyst inks! 

Thermodynamics and selectivity of the 
binary solvent mixture

Heat and mass transfer 
during drying

When and why are cracks occuring during the drying process and how can they be avoided?

Low porosity 

High porosity 
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Catalyst Ink Solvent Evaporation and Microstructure Formation

?
Influencing factors for 

defect formation

Model according to Tirmukudulu and Russel
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Multilayer-Structured Catalyst Layer

High porosity layer
 

mass transfer of educts/products ↑
access to electrochemical active area ↑

Low porosity layer
 

crossover effects ↓ 

..by Influencing the Particle Size

Innovative Catalyst Layer Design..Leading to Different Porosities of the Dried Catalyst Layer

Other approaches: 

High catalyst laoding

Low catalyst laoding
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 Efficient mass transfer of the educts/products
 

> 50 % of the stack cost because of the limited choice of materials for the CCM 

Many three phase boundaries as electrochemical active surface area

Requirements for an ideal layer structure 

Defect and crack free layer (degradation)

!

REM picture: Dr. Müller, KIT      
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Drying curve of a catalyst ink dried at
 low drying rates 
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T = 21 °C 
free convection

Influence of solvent humidity in the drying air 
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Degradation
mechanisms

(especially for the energy
 converting components)
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