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1. Toyota Motor Europe {opmnae PRcn,

Technical centre located in Belgium (Brussels)

Comecied Material Engineering division
b Advanced Research for next generation FC & H2 storage

TOYOTA GAZOO Racing Eurape

@ %0y cuon - Material development

- Innovative production method

Toyota European Design
Development {ED?)

TME Head Office
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(From Toyota 75years history)
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2. FC development history of Toyota

‘50

production
High Functionality
Additional value
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1st Gen. MIRAI New MIRAI
330 cell§ e
Size
Weight o y
7 % 241 /24Kg

Max. Power 114kW 128kW

koL 3.5kW/L 5.4kW/L

Crulsing e 650km Sl

Overall improvement in Electrode materials, flow channel,

production technologies

Co-funded by
the European Unian
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Power density on electrode unit area
was enhanced by 15%

1st gen,

Current density (A/cm?2)

. . Counded
2 nd G e n . M I ra I Egrt;:ry;hr?é} - . ther:rope::Unlon

PtCo alloy
catalyst

O3

Example: Enhancing
Proton conductivity

Power density on the electrode unit area was enhanced

by 15% by adopting new electrode materials

Public workshop, 06/07/2022, DLR/Stuttgart + visio
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o 3. Progress of technologies in 2" Gen. Mirai s ..
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[1st generation : Low surface area carbon catalyst support)
lonomer - 3D-TEM

@® Pt on the carbon
support surface

(2nd generation : Mesoporous’éérbon catalyst support)
lonomer

@®Pt on the carbon
support surface

Catalytic activity

@®Ptinside the
carbon support

About 80% of Pt is supported inside the mesoporous carbon.

1st Gen 2nd Gen

Catalytic activity was improved by 1.5 times.

FURTHER-FC: Importance of the Project from Industry
Point of View
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3. Progress of technologies in 2" Gen.

PtCo alloy
catalyst

’Carbon catalyst
sSUPPOort

H+

>

Oxygen permeable

4, Partnership the European Unian
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1st Gen 2" Gen

Proton conductivity

The proton conductivity was increased by 1.2 times

by adopting highly oxygen-permeable ionomer

Public workshop, 06/07/2022, DLR/Stuttgart + visio
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»| 4. Next action towards sustainable progress s ..

@H'ﬂtiﬁmf \g@:%" ations
2 Expanding application

3rd Gen.

* Reliability/Durability
* Production Speed
« High Functionality
* Low Cost

» &F

e Various variations
- * Packaging
» After market

Progress of Technologies

Increase of opportunity to use

FURTHER-FC: Importance of the Project from Industry
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5. Importance of FURTHER-FC

IV performance

2015 2020 2025 2030

JKWI/L

4KW/L

SKW/L

6KW/L

higher efficiency, less heat |

radiations, and smaller stack size.

S0.9

e

807

0.5

Cell Vo

0.3

—1Gen
2Gen

= = 2030 Target
I I

0 1 PR
Current Density (A cm3)

» Higher IV performance.
» Higher durability.

» Compact heat radiation realized by efficient FC or high-temperature operation.

Toyota FC global workshop 2021 (TCRDL)

Public workshop, 06/07/2022, DLR/Stuttgart + visio

T. Suzuki et al., Toward the
Future Fuel Cell -
Challenge for 2040-, ECS
Trans., submitted (2019)
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* Clean Hydrogen
i, Partnership

2010 2015 2020

Unexpected loss Kamitaka et al. Catalysts Acta, 8. 230 (2018)
P " Small cell Micro electrode Takeshita et al. JEAC, 871, 15 (2020).
of power density

High — @ i ]

Pt lcadmg Analyse

New
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z2 _ 3,°2 ¢ Future
i p
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Jinnouchi et al. Electrochim. Acta, 188, 676 (2016)
Kudo et al. Electrochim. Acta, 209, 682 (2016).
Jinnouchi et al. under review

Kodama et al. Nature Nanotechnology, 16, 140 (2020).

» Enhancing local O, transport by new ionomer and meso-porous supports.

» Optimizing porous structure and ionomer distribution in catalyst layer.
Toyota FC global workshop 2021 (TCRDL)

Public workshop, 06/07/2022, DLR/Stuttgart + visio FURTHER-FC: Title
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This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking
(now Clean Hydrogen Partnership) under Grant Agreement No 875025. This Joint
Undertaking receives support from the European Union’s Horizon 2020 Research and
Innovation program, Hydrogen Europe and Hydrogen Europe Research.



/N

Multiscale characterization

FURTHER-FC MEA 1 Cathode catalyst layer surface

Mass transport losses
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Multiscale modeling

lonomer film scale
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