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To further develop a better understanding of the electrode substructure
processes, a performance modelling framework for analyzing the impact
of Pt particle size distribution (PSD) and carbon support structure was
developed at Fraunhofer ISE [1]. The model allows to predict specific loss
mechanisms depending on the Pt particle location. As a part of this work,
the model was implemented into the CFD-Code FIRE M [2] in cooperation
with AVL. For the model validation, measured current and high
frequency resistance (HFR) data at different inlet humidities (RH) for a
low-surface area (LSAC) and high-surface area carbon (HSAC) were used,
which were obtained with a Baltic ISE high amp test cell [3].

Mesoporous-Substructure Model

Carbon support structure
= Distinction between location of Pt particles (Pt,,../Ptoyter)
= Specific loss mechanisms depending on Pt particle location

= Proton accessibility issues for Pt, .., depending on humidity

= O, diffusion limitation due to densification of ionomer film for Pty e
® |onomer poisoning and oxide formation
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Pt particle size distribution

" Pt-size dependent kinetics

= Pore flooding via capillary condensation equation

= Pore accessibility depending on pore and particle size
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= Adjusting model to local conditions
=  Adding temperature and humidity
dependency for specific parameters like
diffusion coefficient (dry/flooded pore)

= Continuous approach for protonic conductivity and pore diffusion modelling
= Pores can be partially flooded
= Material parameters assumed to be homogenous within catalyst layer
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Model Validation

Baltic ISE high amp test cell

= 12 cm? active area (4x3 cm)
= Counter flow with air and H,
= Liquid cooling

.

Operating conditions
= Cooling temperature = 80 °C " QOperating pressure = 2 bar (a)
* |nlet humidity = [40, 70, 100 %] = Anode/cathode (norm) flow = 2/5 [/min.
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= Stronger humidity-dependency for HSAC

= Particles in greater pores only partially or
not connected (depending on local RH-level)

= Activation dominated by ionomer poisoning
and oxide formation
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" |Impact of local condition on cell performance:
= RH70: increasing current along the channel due to local activation of Pt .,
= RH100: Pt .., completely active = homogeneous current production
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