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1.The HTPEM fuel cell

Fuel cells convert energy stored in a fuel and oxidant into electricity according to the well known
anode and cathode half cell reactions. Most problems of the low-temperature (LTPEM) fuel cells
using e.g. Nafion® membranes are directly related to the low operating temperature, i.e. presence of
liquid water (porous media partial flooding), sluggish cathode electrode kinetics, low carbon
monoxide tolerance of the catalyst, difficult water (necessity of gas humidification) and heat
management (complex system design) as well as membrane and catalyst ageing phenomena.
When using phosphoric acid (H;PO, — PA) doped polybenzimidazole (PBI) membranes, most of the
debilitating factors can be avoided. Contrary to the LTPEM membrane, these PBI based
membranes do offer relatively high proton conductivity and high mechanical stability for operating
temperatures up to 180°C.

2. HTPEM modeling aspects — Combining LTPEM and PAFC governing
equations

Based on the principles of conservation, HTPEM modeling especially requires detailed reaction
layer and membrane modeling which are supposed to differ from traditional governing equations
whereas the computational domain is very similar to the LTPEM (e.g.: 1D; 2D (sandwich and along-
the-channel); 3D; coupled dimensions;...).
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Fig.1. HTPEM modeling aspects regarding LTPEM and PAFC governing equations

2.1 Bipolar-plate and gas channel (flow-field) considerations
ZBT in-house developed high temperature, Flow-field layout — similar LTPEM
compound based bipolar-plates
Main modeling aspects: Main modeling aspects:
+ Material parameters at elevated temperatures * Channel-to-land ratio
(e.g. thermal, electrical) » Pressure loss considerations (e.g. gas
» Mechanical aspects properties (Fig.3)
(e.g. localized fluid-structural interactions) + Separately account for gas-phase
+ Membrane electrode assembly compression temperature as cold gases might entering a hot
(e.g. clamping pressure distribution, gas cell (diffusive heat flux — thermal diffusion

diffusion layer deflection) coefficients)
(see case study in Fig.2)
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Fig.3. Flow-field design and layout (e.g.
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Fig.2. Localized fluid-structural interactions
in 2D (e.g. channel-to-land ratio variations)

2.2 Gas diffusion layer

considerations Gas diffusion layer —
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Gas diffusion layer — similar to LTPEM

Main modeling aspects:

» Two-equation system to separately Gas diffusion
account for gas and solid phase temperature  j§ through void
within the porous media fraction

* Heat exchange between T, and T; using
a volumetric heat transfer
coefficient h,,.
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Fig.4. Gas diffusion layer — Energy

conservation (two-equation system)

2.4 Reaction layer considerations

Reaction layer modeling — similar LTPEM when assuming gaseous phase reaction (often used)
Reaction layer modeling — similar PAFC when assuming aqueous phase reaction (gas dissolving)

Main modeling aspects:
Gas-phase equals solid-phase temperature (thermal equilibrium)
Evaluation of gaseous to aqueous reaction kinetics

Detailed reaction layer considerations (— volume fractions)
Concentration of dissolved species (Henry's law)
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Fig.5. Reaction layer modeling subdomain
(gaseous phase reactions)
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2.5 PBI/H;PO, membrane considerations
Main modeling aspects:

* Proton conduction (e.g. Grothuss hopping, contribution of amorphous H;PO,)

* Possible water transfer (based on concentration gradients at anode and cathode reaction layer)
* Material fractions (PBI fraction, H,PO, fraction, H,O fraction)

» Predicting local H;PO, concentrations
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Fig. 9 shows the membrane conductivity for Fig.8. I;BI/H3PO4 memb.ra.ne conductivity at
different gas phase inlet temperatures computed  ifferent anode and cathode gas inlet

using a SQ modeling domai'n (case study). The temperatures (1. 60°C; 2. 100°C; 3. 160°C) —
cell operating temperature is 433 [K]. Counterflow: top = cathode gas channel;
bottom = anode gas channel
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