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High temperature proton exchange membrane fuel cells ‘#7
(HT-PEMFC) DLR

* High temperature - 160 °C
» Better kinetics for ORR and HOR
» Easier heat and water management
= | ess sensitive to H,S and CO
impurities in H,
= Higher platinum loadings due to
phosphate poisoning

» Polybenzimidazole (PBl) membrane

» Phosphoric acid instead of ionomers
for proton conduction

gas diffusion layer
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PTFE in gas diffusion electrodes (GDE) 4#7
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Catalyst layer: 10 - 40 Wt% PTFE
Micro porous layer: 20 - 40 wt% PTFE
Gas diffusion layer: 0 wt% PTFE

F— 200 pm —

SEM cross section of a GDE (Freudenberg
H23C8 with Pt/C)
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Preparation of catalyst suspension and coating A#y
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PN (3:1) catalyst on Vulcan XC-72 ﬂ
= From FuelCellStore v
H,O (0.6 ratio to catalyst weight)

30 Hz, 10 min

IPA (7-10 times of catalyst weight)

Polymer loadings:
= PTFE: 10, 20, 30 wt%
= PEEK: 20, 30, 40 wt%

Freudenberg H23C2 GDL blade movement '
40 wt% PTFE in MPL

‘c/atalyst paste
Mixing with ball mill /stencil
* In 5 mL polypropylene tubes

from Eppendorf substrate (GDL/MPL)

Coating via doctor blade
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Characterisation of GDE
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5 HU-XRF mapping of platinum
Output Method
Electrochemical performance | Half cell
Platinum loading ICP-MS
Structural analysis CT, SEM
Polymer loading EDS

Hydrophobicity

Contact angle




Scanning electron microscope (SEM) with EDS ‘#7
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» Elemental analysis of F content
= To verify the different PTFE loadings

= 3 small areas are measured 0 == L
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Measured with JSM-IT800, acceleration voltage = 10 kV, measurement time =5 min

Arne Schechterle, DLR-TT




Computed tomography
DLR

= Layer height

40 wt% PEEK -

30 wt% PEEK

= |nformation about structure

ing

20 wt% PEEK |

30 wt% PTFE

20 wt% PTFE _

Polymer load

10 wt% PTFE ‘
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Ame Schechterle, DLR-TT CT image of GDE with no polymer (side view)



SEM and CT Images of different polymer Ioadlngs
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stable
edges

» PTFE stabilises the catalyst layer better than PEEK
* important when a membrane ist not applied yet
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Hydrophobicity

]——H,PO, 160 °C
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Contact angle not
measurable for PEEK
containing electrodes

= Hydrophobicity is an important for water management in the catalyst layer

» |t increases with higher PTFE loading
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Hydrophobicity of PEEK ‘#7
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» Contact angle of PEEK based samples can not be compared to PTFE
= Hydrophobicity seems to rise with higher PEEK loading
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Half cell measurements ‘#7
DLR

temperature sensor

/

counter electrode/
platinum wire

reversible hydrogen

electrode ———

copper plate

gas diffusion electrode/
membrane

PTFE gasket

silicone gasket

Gaskatel Flexcell® half cell
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Half cell measurements | 4#7
gas in DLR

copper plate

gas diffusion electrode/ 0.04 - 1.05V, 100 mV/s

membrane

PTFE gasket

silicone gasket
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Electrochemical half cell measurements
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Electrochemical half cell measurements ‘#7
. DLR
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CT porosity and particle analysis ‘#7
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» Higher open porosity with PEEK (in the range of macro pores)
= | ower particle size with PEEK
» - |less agglomeration with PEEK
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Conclusion and Outlook 4#7
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» PEEK-based electrodes: T ossets |
| | e e
= Up to 360 % higher potential at -0.5 A mgp,* compared to no polymer o?é\é?,rghtf;

= Only 8 % lower potential at -0.5 A mgp,* compare to the commercial electrode
= Higher open porosity than PTFE based electrodes
= Particle size distribution leans towards smaller particles

= \What's next?

= Continuing with different PEEK particle sizes.
= Diffferent materials
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