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sy Importance of gas diffusion in catalyst layer of PEM fuel cell
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« Oxygen transport through diffusion into catalyst layer (CL) and reduces in
vicinity of embedded Pt particles

CL diffusivity affects
v Uniformity of oxygen reduction through the whole CL
v' The CL lifetime
v' The power density of PEMFC
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SFU Existing models for gas diffusivity within CL
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Objective of this study

Develop a diffusivity model for CL which is:

v Accurate enough for performance prediction
v Considers porosity, and pore size distribution (PSD)
v Easy to implement

Unit Cell approach [1-3]
Considering a small unit as a representative for the whole problem

[1] H. Sadeghifar, N. Djilali, and M. Bahrami, (2014) J. Power Sources, Vol. 266, pp. 51-59
[2] V. Norouzifard and M. Bahrami, (2014) J. Power Sources, Vol. 264, pp. 92-99
[3] H. Sadeghifar, N. Djilali, and M. Bahrami, (2014) J. Power Sources, Vol. 248, pp. 632-641.

()~ LAEC

‘. Laboratory for Alternative 5
Energy Conversion




Microstructure of catalyst layer

Agglomerate

Secondary pore

Primary pore

Carbon support particles

Pt particles

Agglomerate =
lonomer

‘, Laboratoryfo r Alternative
Energy Conversion




> wnNE

Carbon support particles has zero diffusivity

lonomer has zero diffusivity

Carbon particles have spherical shape [1-3]
There are known arrangements for primary

particles and agglomerates
Agglomerates are spheres with overlap

primary
Spherical agglomergiggwithout dyeridap
Close-pdekindigis phtivessoi facie e :
*Is Resuhi@rr aoeri{He
Have cloRANSTtsity terarfeled
v Oveyipped spheres with simplage
vThegssraitiPRityompatiblg

[2] N.A. Siddique, F. Liuﬁéﬁ%ﬁmcﬁ )5, D357—
[3] K. Lange, P. Sui, N. Djilalt, roche c, 157,
[4] T.C. Hales(1998). "An overview of the Kepler
conjecture".arXiv:math/9811071v2
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[9] T. Suzuki, et al, J. Power Sources.
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The geometrical model for catalyst layer

1. Pore size distribution
2. Porosity

Modeled geometry

Volume %

_ Pore dimeter
Primary pores | Secondary pores

D
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Open and covered agglomerates

PSD

Volume %

Pore dimeter

There has to be some units without open primary pores, larger than
carbon support particles which secondary pores lay between them
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Open and covered agglomerates

Open
agglomerates

Volume %

Covered
agglomerates with
ionomer/Blind pores

Volume %
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Volume = VPrimary pores

gopen_agg(l —¢€)

£(1 = €open agg)

PSD

Volume = Vyores = Vprimary pores

Pore dimeter
gopen_agg(l — &)

8(1 — eopen_agg)

PSD

1 P

Pore dimeter




Large units with zero diffusivity

Effect of porous structure of catalyst layer on effective oxygen
diffusion coefficient in polymer electrolyte fuel cell

Gen Inoue’, Motoaki Kawase

Journal of Power Sources 327 (2016) 1-10
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Asymptotic approach

“

Randomly distributed
unit cells
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The geometrical model for catalyst layer
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sfu  Model validation with Epting and Litster study

Nano-CT XRay tomography with resolution
about 50 nm, and reconstructing geometry 20
€ =50% (theoretical) 5 |
€ =43% (based on reconstructed geometry)
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W.K. Epting, J. Gelb, S. Litster, Resolving the three-dimensional microstructure of polymer electrolyte fuel cell electrodes using nanometer-
scale X-ray computed tomography, Adv. Funct. Mater. 22 (2012) 555-560
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SFU Diffusivity versus porosity considering Knudsen effect

Y with Knudsen effect Y without Knudsen effect

Present study 5 4
Mimicking fabrication [1] 5

Reconstructing geometry 5
(FIB-SEM) [2]

Experimentally [2] 6 -
0.1
D* « &Y
0.08 -
0.06 -
*
Q
0.04 -~
0.02 -~
0 | | | | |
[1] G. Inoue, M. Kawase, J. Power Sources. 327 (2016) 1-10
[2] G. Inoue, K. Yokoyama, T. Ooyama, T. Junpei 025 03 035 04 045 05 055
Terao, T. Takeshi, K. Tomomi, M. Kawase, J. Power Sources. 327 (2016) 610-621
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Conclusion

An analytical model is developed for catalyst layer of PEM fuel cell
* Inputs:
v’ Porosity
v" Pore size distribution
« Outputs:
v Agglomerate size distribution
v lonomer coverage
v" Diffusivity within agglomerates
v' Diffusivity of catalyst layer
The model is validated in compare with Epting and litster study for
v Agglomerate size distribution range
v’ Catalyst layer diffusivity with Knudsen effect

v’ Catalyst layer diffusivity without Knudsen effect
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Estimation of Unit cell diffusivity

C=Const.

(super diffusive pIangf)
Introducing super diffusive planes
into the geometry:

Higher diffusivity (Upper bound)

1 /
/

\
\
NP

—

N=0
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Introducing insolation planes into
the geometry:
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Effective diffusivity of upper bound

Lower bound for resistance
1
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Effective diffusivity of lower bound
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Unit cell parameters and diffusivity

¢ — Agglomerate overlap
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Diffusivity Model

-1
Close-packing of spheres or face cubic Desr = ( 1 n 1 )
center (FCC): Dyuik  Dkn
|s a stable arrangement [1] 3 RT
Have close porosity to random Dkn = ZToore |55
packing based on [1] 3 2nM
The porosity is compatible with CL Relative diffusivity = D* = Dyuik
porosity Dyinary
c=0.26 Dt — NL Numerical mode)lD* — 011
DbinaryAAC
o [1] T.C. Hales(1998). "An overview of the Kepler conjecture”.arXiv:math/9811071v2.
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spu Resistance semi-analytical results vs numerical one

09 |
0.8 |
0.7 |
06 |
nos5 |
04 |
0.3 |
0.2 |
0.1 |

Lower

Numeric
Upper

4

Mean

0 0.2 0.4 0.6 0.8 1

D agg/pore




Ratio of primary pores to total pore volume

Based on the model:
VPrimary pores gbp(l — &)
Vrotal pores 3(1 — Ebp)
Epp IS porosity within agglomerates

= 0.53 (for Shen study)
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sku Portion of covered agglomerates with ionomer

* Pores with less than 10 nm diameter are considered as primary pores [1-5]
* Primary pores in PSD belong to open agglomerates (not covered with ionomer)

. VTotalpores
* VPrimary pores (in PSD) X

agglomerates

=Volume of pores of open

Primary pores

* Total pore volume in PSD —volume of pores of open agglomerates
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