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Problem needing a solution: climate change

* Fossilfuels: >75% Global GHG [1]

The Greenhouse Effect

Energy from the sun warms Earth
Some escapes

back into space

Some is held by
greenhouse gases
in the atmosphere

Earth is about 60°F.
Without the atmosphere it would be 0°F.

https://images.ctfassets.net/cxgxgstp8r5d/entry-cm_165-image/5442a4cbfb0618281e73911150e2dc9f/entry-cm_165-image.png
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Clean Energy Challenges: Hydrogen solution

* Multiple suitable replacements; all with their own challenges

* Unreliability, rare materials, expensive set ups

* Clean hydrogen : manufacturing industry and transport sector [2]

* Proton exchange membrane water electrolyzers: Solution

Solar Energy

Tidal Energy Biomass Energy

Geothermal
Wave Energy Energy
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https://pubs.acs.org/doi/pdf/10.1021/acs.chemrev.3c00904?ref=article_openPDF

“In 2023, global hydrogen production emitted
920 Mt CO,.[...] Between 75% and 95% of these
emissions occur directly at the point of production

[..]

»

[https://www.iea.org/reports/global-hydrogen-review-2024/ghg-emissions-of-hydrogen-and-its-derivatives#abstract]



The solution: Proton Exchange Membrane Water Electrolyzers

* Functioning of the cell

* Using renewable energy source results in zero carbon emissions!

* Mainissues:
 Costof clean hydrogen VS Reforming natural gas
* Durability of the system under pressure

Anode Cathode

Cathode: 2HT + 2e~ = H,

Anode: H,0 — 2H* + >0, + 2e~
noge: {137 = +t30; 1 2e (HER - Platinum catalyst)

(OER - Iridium catalyst)

Hydrogen Evolution Reaction

Research focus for 2 co-ops: Oxygen Evolution Reaction
- PTL defects l\
- MPL : :
o ¢ Overall: H,0 - Hy + %02

J. K. Lee, Development of lonomer-free Porous Transport Electrodes or PEM Water Electrolyzers, Canada’s Rising Stars in Electrochemical Systems Symposium, April 25, 2024



Porous Transport Layer: function

Result:

PTL and GDL

Role of PTL:
* Uniformly distribute the reactant (H,O)
 Conductelectrons

* Physically supportthe CL

Material : Titanium
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Presence of defects in PTL...?

Occur during production

No research found

Preserve the PEM and better efficiency
but mostly reduce losses

Other industries : common defects
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Goal:

Help quantify the effect of those
defects on the general efficiency of
the fuel cell, but also specific
impacts on structural and flow
properties and on ohmic and
transport losses.

) OXYGEN

https://pubs.acs.org/cms/10.1021/acsami.4c00006/asset/images/large/am4c00006_0001.jpeg



Porous Transport Layer: defects

Most common defects in other industries

Potential impacts: ex. Filtering . [3][4] [5][6][7]

e Delamination of the CL
e Pressure variation/ Uneven distribution

* Water channelling sy - ¥ “' '

* Low efficiency D “ ’ "‘ ’ "‘ .’

* Low durability ’ ". S | ' ‘ ' %
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Stochastic method: the first step

Inexpensive!

Stochastic modelling:

The
Scientific

*  Python coding ? &S p g d er ‘ Sl

* Fiji (Imagel) add/remove defects

Research strategy:

 Generate base PTLs (3) @ ' '
* Alldefects onto same base

* Porosity variation Abdullah

* Thickness variation ~A Open p n m

Compared to mean values of the bases
An Open Source Pore Network Modeling Package




Stochastic method: model generation

Constant parameters:

Volume: 1000 x1000 x 250
Set resolution: 1 voxel/micron

Powder radius of 12.5 microns with 10% variation

Size : 100MB

Code process:

* Dr. Lee’s powder generation code

Target MPL Properties:

Input & ‘I"
MPL CT Data

Assign positions of the particles

_—
.52 OV

SynE
. ,'.Q'

Add sinter necks to the particles

Y D e
N A
e

[ 0 "4"“: x:l y
= .8 )f ¥\ Single Layer MPL
e ® 5
If v <\ ST R ".
Output
Tailoring MPL property (Optional)
Input PTL Data
Bilayer MPL
Output

https://pubs.acs.org/cms/10.1021/jacsau.4c00199/asset/images/large/au4c00199_0001.jpeg



Stochastic method: defects generated

Base 1,2, 3

Protrusion 1

Protrusion 2

Protrusion 3
Negative
Protrusion 1

Negative
Protrusion 2

Negative
Protrusion 3

Powder
radius

(nm)

12.5

Defect
radius (um)

25

50

100

25

50

100

Radius
Variation
(%)

Crack1

Crack 2

Crack 3

Pin hole 1

Pin hole 2

Pin hole 3

Porosity

Defect

radius (um)

10

25

25

50

100

Thickness

Pin Hole defect

Defects added using Fiji (ImageJ)

Radius 25

Radius 50

Radius 100




Stochastic method: defects generated pt.2

RETTES
Variation Porosity 1 Porosity 2
(%)

Porosity Variation

1 12.5 10 0.38 0.60
Por03|ty;/ar|at|on 12.5 10 0.38 0.19
Powder Radius Thickness
radius Variation Porosity Variation
(um) (%) (%)
Thickness 12.5 10 0.38 20
Variation 1
Thickness
Variation 2 12.5 10 0.38 40
Thickness
Variation 3 12.5 10 0.38 60

Added together using Fiji (ImageJ)

L L Porosity Variation 38%.-80%.11 (50%]
692 Fa; 1024x 1024 piwels; &=bit (inverting LUTE, 274MR

20% 40% 60%

38% 60%
Change in volume ex.:
(powder coordinates)
Y=[0,1000] S
X =[0,1000 + Y/20] e a. e SN
Z=[0,250] L RS PR
38% 19%

Models recuperated by Abdullah for PNM
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Expanded research: Micro Porous Layers modelling

This semester:

Research

* Function of MPL
* |mprove contact with CL
* Lower stress on membrane
* Better pressure distribution

Result:

* Longer lifetime for PEM

* Closer CL particles

* Better electron conductivity
[8]1[9]1[10][11][12]

Using stochastic modelling...

Flow of
current

Water
o
/
T ————Cathode Gas Diffusion
NG Layes (CGDL)
\ \\ SN Cathode Microporous
\ ‘\ Layer (CMPL)
“Proton N .
Exchange “Cathode Catalyst Layer (CCL)
e (120, + 2H' + 2¢ —> H,0)

(PEM)
Excess hydrogen Anode Catalyst Layer (ACL)

(H, ->2H" + 2¢)

N\

N\

X

-Anode Microporous
Layer (AMPL)

S——Anode Gas Diffusion
Layer (AGDL)

US://ars.els-cdn.com/content/image/1-s2.0-S2213343724023510-gr1.jpg

Research have shown that adding an MPL
could in fact improve the contact by 50%!

[8]
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. . Powder-loaded
Micro porous Layers: modelling types .

Simple Microfiber Simple Microfiber
¢ : DA AV =
A i A e s
RIS N A s VD B |
— =‘= . AA“ % = i“-‘“" >N
2L NS QA : A -

4 types of MPL to model:

1.Simple microfiber

et NS
. N
A < Ll“.k

/SN

2.Electrospun nanofiber
3.Powder loaded microfiber

4.Electrospun nanofiber with pore formers

Electrospun VS Simple fiber

Nano size Micro size
Aligned All direction
Curvy Straight

https://www.mtu.edu/news/2019/03/images/nano
fibers-smitha-rao-20190321-0032-1024feature.jpg

https://img1.wsimg.com/isteam/ip/c6bef58f-a913-4859-8e03-
Electrostatic repulsion between surface charges from a viscoelastic fluid [13] 2t e o ey T/ CrE0%2 o



Micro Porous Layers: modelling

New modelling process:

Dr. Lee

PTL work
No more Fiji (Imagel)

Target parameters:
\/.v 91 Q\) ?5: rfl ‘Ir,f

Simple Microfiber workflow diagram

Porespy random cylinder generation:

Binary conversion

« using numpy

Electro spun Nanofiber workflow diagram

Single curved fiber generation and
random placement using numpy:

Target parameters: »)
V) 9: Q} §, rf: VL,f/

N2

Single Electro spun Nanofiber v
Micro Porous Layer

Binary conversion
Output using numpy

Result: Increase quality and efficiency

Target parameters:
Vv, 91 Q?J & Lf

Powder properties:

Hpow Fiminy Fimax

Single Powder-loaded
Micro Porous Layer

Qutput

«K

Powder-loaded Microfiber workflow diagram

Porespy random cylinder generation:

Untile =targetg

Adding powder to the
cylinder structure

K =

Cylinder binary conversion

))) using numpy

N~
7

Generate random powder

with numpy:
D

Powder binary conversion .- .9'. ‘o'
using numpy ( T

1 O, % 0y’

‘-3 '.—...' .

Electro spun Nanofiber with pore formers workflow diagram

Single curved fiber generation and
random placement using numpy:

Target parameters:
V. 6,08 L

Binary conversion

))) using numpy

Pore formers properties:

#pore: LY

2

Single Electro spun Nanofiber
with pore formers Create random spherical pore using
Micro Porous Layer numpy and subtract from fiber structure:

:00:#

Output
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Micro Porous Layers: parameters

. P
Fiber . ore Number Powder
. ) Thickness former . Number
radius Porosity . of pore radius
(um) (um) radius formers (um) of powder
(nm)
S:i‘;zlre 2 0.400 89 89 NONE 100 250 250 N/A N/A N/A N/A
S;?;'ere 2 0.800 89 89 NONE 100 250 250 N/A N/A N/A N/A
S;?;'ere 5 0.400 89 89 NONE 100 250 250 N/A N/A N/A N/A
S;‘;'ere 5 0.799 89 89 NONE 100 250 250 N/A N/A N/A N/A
Nanofiber 0.500 0.400 15 5 50-150 100 250 250 N/A N/A N/A N/A
Nanofiber 0.500 0.800 15 5 50-150 100 250 250 N/A N/A N/A N/A
Nanofiber 0.750 0.400 15 5 50-150 100 250 250 N/A N/A N/A N/A
Nanofiber 0.750 0.800 15 5 50-150 100 250 250 N/A N/A N/A N/A
Powder-
loaded 2 0.400 89 89 NONE 100 250 250 N/A N/A 2-5 6600
fiber
Powder-
loaded 2 0.798 89 89 NONE 100 250 250 N/A N/A 2-5 3500
fiber
Powder-
loaded 5 0.402 89 89 NONE 100 250 250 N/A N/A 2-5 6600
fiber
Powder-
loaded 5 0.797 89 89 NONE 100 250 250 N/A N/A 2-5 3500
fiber
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Micro Porous Layers: parameters

Pore

Fiber . Number
. . Thickness former
radius Porosity . of pore
(um) radius
(um) formers
(um)
Nanofiber
with Pore- 0.500 0.408 15 5 50-150 100 250 250 10 20
formers
Nanofiber
with Pore- 0.500 0.432 15 5 50-150 100 250 250 20 10
formers
Nanofiber
with Pore- 0.500 0.519 15 5 50-150 100 250 250 30 11
formers
Nanofiber
with Pore- 0.750 0.408 15 5 50-150 100 250 250 10 20
formers
Nanofiber
with Pore- 0.750 0.432 15 5 50-150 100 250 250 20 10
formers
Nanofiber
with Pore- 0.750 0.476 15 5 50-150 100 250 250 30 7
formers
Size issue

e Resolution of 0.25:
*  Volume: 1000x1000x400 voxels
e Actual domain: 250x250x100 microns

Powder
radius

(um)

N/A

N/A

N/A

N/A

N/A

N/A

Number

of powder

15

N/A

N/A

N/A

N/A

N/A

N/A



Micro Porous Layers: product

4 types:
1.Simple microfiber
2.Electrospun nanofiber
3.Electrospun nanofiber with pore formers

4.Powder loaded microfiber

16



Trail of crumbs: documentation

Safe operating procedure equivalent Table of Content

Parameters.......ccccccceveerriemecemceeiereesnsssnnnnee
Volume Parameter SeIeCtioN..... ...t tccrac e aeee st ees e sas s e snsmnans e e s e
Fiber Parameter Selection............ e crre s crssscecs et seesassss s e s s s messenen e s e s smmmnns
Pore formers Parameter Selection........cocueeiiiiceesssisssenisssssssens s sssssssssss ssssssasssnes e smsnsnssans ses
S =11 = (= o DU OSSOSO OO ORPUPPPTR
I =T T O
Reduce risk/errors and improve efficiency RUNNING COLR........ociciiiisinicisscsssssis s sssasssssssssssssnsssssssssssnasss sssss sessanassssssmnssssssn snssssansssnsssssnnnnsnasasas
Binary conversion and pore redaction. ... ... a e
b= 1Y gV o T (oL SO

ExampleS: Random generation function; MJ VIS UAIISAEION. ceeeeeeeeeeeeeeeeaeceraseeeeeeasassssmenasasssesesamenasasas st smemseasassessssssnasas aeeenensasns sessmenesasas seessmemns

Individual documentation per code

Uploaded onto Teams

Python Codes 22 janvier Jason Lee
13 mai

SDSs 24 juillet Erwin Li
B Nom ~ Modifié - Modifié par v

5 juin Sean Yan
General 20 novembre 2024 Jason Lee Bl SeanYang J 9

13 janvier Jason Lee
Questions 20 novembre 2024 Jason Lee SOPs J

Tutorials and Supporting 15 janvier Jason Lee
Documents

13 mai Jason Lee

®

O Shared Drive

Social 20 novembre 2024 Jason Lee

21 novembre 2024 Victor Lefebvre

@

O Victor Lefebvre
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Summary

Research porous layers

Stochastic model

Process documentation

wEGGS

Energy Group for Generation & Storage

Thank you!
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