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Fraunhofer-Gesellschaft – Leading Applied Research Organization
76 Institutes – 30.000 staff – € 3 billion revenue

Bridging the gap between conceptual research to commercialization along the innovation value chain.
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Our Mission in Our Department Fuel Cell

Understanding Fuel Cell Membrane Electrode 
Assemblies (MEAs)
—
Key Performance Indicators 2024:
 45 researchers plus students
 9.2 Mio. € annual budget (w/o investments) 
 33% direct revenue by industry contract research
 > 500 m² laboratory area with 13 single cell test 

stations, 5 short stack test stations including 
temperature chamber (all fully automated for 24/7 
operation)
 Focus on transport application

Assisting Global Industry with Scientifically Sound Services
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https://www.ise.fraunhofer.de/en/rd-infrastructure/center/center-for-fuel-cells-electrolysis-and-synthetic-fuel.html#cop96552011_414506800
https://www.ise.fraunhofer.de/en/rd-infrastructure/center/center-for-fuel-cells-electrolysis-and-synthetic-fuel.html#cop96552011_414506800
https://www.ise.fraunhofer.de/en/rd-infrastructure/center/center-for-fuel-cells-electrolysis-and-synthetic-fuel.html#cop96552011_414506800
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Agenda

1. Research Background

2. Pore-scale modeling platform
 Reconstruction model
 Lattice Boltzmann model

3. Results & Discussion

4. Conclusions
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Research background
Progress in carbon supported catalyst

• Ionomer coverage on Pt particles can significantly 
hinder mass transport and catalytic activity.

• Internal Pt is expected to deliver superior 
performance.

Harzer, et al. J. Electrochem. Soc. 165.10 (2018): F770.
Martin, et al. Adv. Energy Mater. 15.36 (2025): 
2500954.

• Mesoporous carbon: promising catalyst support.

©Fraunhofer ISE
public



7
© Fraunhofer ISE
FHK-SK: ISE-INTERNAL 

Research background
Mesoporous carbon support

Lett, et al. Adv. Energy Mater. 11.48 (2021): 2102970. Yarlagadda, et al. J. of power sources 532 (2022): 231349.
Ortlieb, et al. Small 21.2 (2025): 2407235.

Carbon ball with a 
network of straight 
cylindrical channels

N-doped carbon ball 
with interconnected
spherical mesopores
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Agenda

1. Research Background

2. Pore-scale modeling platform
 Reconstruction model
 Lattice Boltzmann model

3. Results & Discussion

4. Conclusions
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Pore-scale modeling platform 
Reconstruction: Single mesoporous carbon particle

Add Pt particles Add Ionomer filmSingle carbon particle
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Pore-scale modeling platform
Numerical model

Rcarbon 50 nm; pore size 8 nm
I/C 0.6; Pt/C 0.6; Ptin/Ptout =1
Length of domain: 2.5 Rcarbon

Resolution 1 nm, total ~1.9m grids

inlet

Shinozaki, K., Morimoto, Y., Pivovar, B. S., & Kocha, S. S. (2016). Journal of Power Sources, 325, 745-751.

 Boundary condition: 
Inlet: C = 1 mol/m3, outlet: no flux, rest: periodic 

 Effect of ionomer poisoning: iref of ionomer-covered Pt is 
1/2 of the ionomer-free Pt. (from literature: 1/4 ~ 1/2) 
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Pore-scale modeling platform
Numerical model

 Boundary condition: 
Inlet: C = 1 mol/m3, outlet: no flux, rest: periodic 

 Effect of ionomer poisoning: iref of ionomer-covered Pt is 
1/2 of the ionomer-free Pt. (from literature: 1/4 ~ 1/2) 

 A 60% RH operating conditon (no flooding) is assumed, 
where inner Pt are activated. 

ECSA variation of catalyst with different particle size 
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Pore-scale modeling platform
Numerical model

 Boundary condition: 
Inlet: C = 1 mol/m3, outlet: no flux, rest: periodic 

 Effect of ionomer poisoning: iref of ionomer-covered Pt is 
1/2 of the ionomer-free Pt. (from literature: 1/4 ~ 1/2) 

 A 60% RH operating conditon (no flooding) is assumed, 
where inner Pt are activated. 

 Uniform overpotential 𝜂𝜂 is set for ionomer-covered Pt. 
𝜂𝜂 of internal Pt is lower due to Rproton, based on its specific 
location.
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Pore-scale modeling platform
Numerical model

 Boundary condition: 
Inlet: C = 1 mol/m3, outlet: no flux, rest: periodic 

 Effect of ionomer poisoning: iref of ionomer-covered Pt is 
1/2 of the ionomer-free Pt. (from literature: 1/4 ~ 1/2) 

 A 60% RH operating conditon (no flooding) is assumed, 
where inner Pt are activated. 

 Uniform overpotential 𝜂𝜂 is set for ionomer-covered Pt. 
𝜂𝜂 of internal Pt is lower due to Rproton, based on its specific 
location.
 A comprehensive LB model is utilized to simulate the reactive 
transport process. Distribution of Coxygen and performance can 
be obtained to evaluate the mesoporous carbon design.
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Agenda

1. Research Background

2. Pore-scale modeling platform
 Reconstruction model
 Lattice Boltzmann model

3. Results & Discussion

4. Conclusions
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Results & discussion
Vulcan carbon vs mesoporous carbon (pores blocked by ionomer)

In high-performance mode, internal mesopores starve due to cross-ionomer resistance. 
However, internal concentration can exceed the ionomer-limited value.
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Results & discussion
Vulcan carbon vs mesoporous carbon (pores blocked by ionomer)

 At 𝜂𝜂 0.2 V, mesopore O2 is not 
bound by Henry's law and exceeds 
ionomer levels, so internal Pt 
outperforms Vulcan.

 At 𝜂𝜂 0.4 V, O2 must cross the 
ionomer into blocked pores; internal 
sites starve and the mesoporous 
particle falls behind Vulcan.

 Cross-ionomer resistance is the 
persistent bottleneck. Open pores 
are required to use internal Pt.
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Results & discussion
Effect of open pores

 Even one open pore substantially elevates the 
local Cin, which provides markedly superior local 
performance

 With increasing numbers of open pores, the Cin
rises further, leading to a enhancement in 
internal performance

©Fraunhofer ISE
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Results & discussion
Effect of open pores

 Even one open pore substantially elevates the 
local Cin, which provides markedly superior local 
performance

 With increasing numbers of open pores, the Cin
rises further, leading to a enhancement in 
internal performance

 Outer Pt particles coated by ionomer exhibit 
orders-of-magnitude lower performance and 
oxygen concentration compared to the internal 
Pt
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Results & discussion
Effect of internal Pt ratio

 A decrease in the internal Pt ratio from 
85% to 35% reduces internal reactive 
sites, lowering oxygen consumption and 
increasing internal oxygen concentration.
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Results & discussion
Internal Pt ratio: overall vs internal performance

 A decrease in the internal Pt ratio from 
85% to 35% reduces internal reactive 
sites, lowering oxygen consumption and 
increasing internal oxygen concentration.

 85% internal Pt overcrowds blocked 
channels and lowers both internal and 
overall current.

 35% internal Pt leaves most sites ionomer-
coated and poisoned, so overall 
performance is the lowest.
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Results & discussion
Effect of internal pore number

 As internal pores increase from 20 to 42, open 
pores rise, improving oxygen accessibility and 
elevating oxygen concentrations within the 
structure

 The internal Pt particles show a huge 
performance drop due to the proton transport 
resistance.
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Results & discussion
Hollow-shell carbon

Hollow-shell carbon
catalyst

A hollow core keeps internal 
Pt near the outer ionomer. 

Rhollow  0.6R                             0.75R
 The hollow-shell structure noticeably 

reduces the internal performance 
gap.

 A larger void space makes the 
internal performance both more 
uniform and higher.
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Results & discussion
Hollow-shell carbon vs mesoporous carbon

 Local performance rises toward the 
outer surface

 A high-performing cluster sits in 
open pores.

 Core-embedded sites stay low 
performance despite similar CO2 due 
to proton conduction.

 A hollow core removes that 
inefficient inner Pt (up to 50%) and 
parks remaining Pt in the proton 
sweet spot.
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Conclusion

 A pore-scale model is applied to optimize the microstrure of mesoporous carbon support. 

 Internal Pt outperforms ionomer-coated Pt with adequate oxygen supply.

 Design guides: open pores provide efficient oxygen pathways; optimal internal Pt ratio depends on 
mass transport condition; proton resistance limits deeper internal Pt performance.

 Hollow-shell design can relocate the inefficient inner Pt to the high performance region, significantly 
reducing Pt loading.
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for Your Attention! 

Dr. Yuze Hou
yuze.hou@ise.fraunhofer.de
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