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Importance of gas diffusion in CL

 CLis a porous layer with ~30-60% porosity

» Oxygen reduces in vicinity of Pt particles embedded in CCL

« Oxygen and product water vapor transport through diffusion into
and out of the CCL respectively

CL diffusivity affects
v Uniformity of oxygen reduction through the whole CCL
v' The CCL lifetime
v The power density of PEMFC
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sru Challenges to measure diffusivity of CCL directly

« CCLis athin layer (=10 pm)

« CCL doesn'’t exist as a stand alone layer

» Coating procedure affects diffusivity of CCL

« Penetration of catalyst into the substrate affects the CL diffusion
resistance
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Coating methods for CCL
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sku Chosen CCL substrate for diffusivity measurements

e The substrate should has low diffusion resistance:

v' Highly poreyse piameter
gabﬁ[.%e (um) Thickness (um) | Porosity (%) | Surface property

Shestdfa=hydrophabig to minimize the CL penetratdgn Hydrophobic

SEM image of freeze and fracture cross section
of CCL coated on filter PTFE
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Sample preparation

« Samples should be fixed on the mayer bar surface otherwise it
wrinkles
* The surface of the substrate should be completely level to get
the best quality coating
A template is heedecis
1. Punching the
thickness as B8 = give
2. Sucking the 1=
using vacum S
3. Taping the fil
side -]

4. Using the uny s =ss

backing layer (80 um PTFE)
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spy Diffusivity measurement by dry diffusivity test bed (DDT)

DDT is a through plane Wicke-Kallenbach Cell (WKC)

DDT measures effective length [, ¢¢
les5 is thickness representative of diffusion resistance
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CCL diffusivity measurement by DDT

1. Measure filter PTFE substrate I s

2. Measure catalyst coated filter PTFE substrate l,¢f .

3. leff CCL — leff cs leff s

4 Defr  \ Thickness of CCL
. Dbinary eff CCL
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Measuring CCL thickness with ESEM

v'Preparing a nice cross section of the sample by:
1. Placing the samples inside a sample holder
2. Freezing the sample under liquid nitrogen

3. Cutting the sample by a sharp knife
v'Taking images of the cross section by SEM

v'Processing the images by the Image-Pro software

Sample
s

Liquid N, container

Carbon
plates

SEM sample holder
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SFU Measuring CCL thickness with ESEM

5

CL thickness is measured directly independent
of substrate thickness




Effective length of different filter PTFES
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Different PTFE filters have the same effective length
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Measured CCL diffusivity
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sfy  Measured effective diffusivity by different methods

1. Wicke-Kallenbach Cell (WKC) through plane
2. Modified Loschmidt Cell (MLC)
3. WKC in plane

4. Impedance spectrum (R)

5. Nigiedenask of CCL = f(Bigw)Field with channels
Measuring |current ﬁr'mfA/oltaﬁe of fuel cell and applying impedance model

1. V\Nkld(@tﬂb"ﬂ'@ erite Wifaonte-Carlo method
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Z.Yu, R.N. Carter, "Measurement of effective oxygen diffusivity in electrodes for proton exchange
membrane fuel cells", Journal of Power Sources 195 (2010) 1079-1084
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Measured effective diffusivity by different methods
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Conclusion

» CL is coated by Mayer bar on hydrophobic filter PTFE substrates
to avoid any CL penetration into the substrate

 Diffusivity is measured with a WKC based test bed and
uncertainty is evaluated to be less than 12%

 Diffusivity of CL for different Pt loadings (different CL
thicknesses) is measured and reported to be 0.13 of binary
diffusion.

« The through plane diffusivity value of the CL is higher than the in
plane values reported in literature and several order higher than
the reported values for agglomerate diffusivity
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Thanks for your attention!
Any guestions?




