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Proton Exchange Membrane Fuel Cells

(PEMFCs)
°
Directly convert the chemical
energy from a fuel into electricity |
High conversion efficiency! H, — J
High energy density!
ot TP [ Anode
Application in automobiles!” TOYOTA MIRA
US$57,400

N
—
H+ > 02

‘+ [ Cathode]

@Iymer electrolyte>

Pt catalyst is necessary to achieve a high enough reaction rate.
Especially cathode reaction is slow — High loading of Pt

& Non-Precious-Metal Catalyst is desired.

Synthesis and Characterization

Carbon-Based Catalyst

Our Material Synthesis
— —+ MNOOQ—/ Fe(acac)s

n

Synthesis of new carbon
materials rather than
surface modification

Many active centers?
High durability?

Y. Nabae et al, Catal. Sci. Technol. 2014, 4, 1400.
Y. Nabae et al, J. Mater. Chem. A. 2014, 2, 11561
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Fuel Cell Testing
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(left) I-V performance curves under 0.2 MPa atmosphere, and (right) durability curves
measured at 0.2 A cm-2. Anode: PtRu/C catalyst with 0.4 mg-PtRu cm- loading, humidified H,
at 80 ° C. Cathode: 4 mg cm2 catalyst loading, pure or balanced O, (humidified) at 80 ° C.
Electrolyte: Nafion NR211. T: =80° C.

Under pure oxygen: initial performance

_ Performance Conditions Reference

Our study 0.6 V@1l Acm2
J.P. Dodelet (Canada) 0.65V@1 A cm2
P. Zelenay (US) 0.6 V@1 Acm™

Nisshinbo-Ballard 0.58 V@1 A cm™

Under air: initial performance

I-V curves

0.5 mV/sec sweep

I-V curves

J. Mater. Chem. (2014) 11561
Nat. Commun. (2011) 416

- Science (2017) 479

Sci. Adv. (2018) eaar7180

_ Performance Conditions Reference

0.46 V@1 A cm?
0.5V @ 0.8 Acm=

0.5V@0.7 Acm>2
0.44V@1 Acm>2
0.53V@1 Acm>?

Our study

J.P. Dodelet (Canada)
S. Mukerjee (US)
Nisshinbo-Ballard
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|-V curves.

No I-V curves.
I-V curves

-V curves

Sci. Rep. (2016) 23276

Nat. Commun. (2011) 416
Energy Environ. Sci. (2016) 2418
Sci. Adv. (2018) eaar7180
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Binding energy / eV Photon Energy / eV

Y. Nabae et al, Scientific Reports, 2016, 6, 23276.

Reaction Mechanism

Oxygen iIs reduced via 2+2 electron pathway rather than direct 4 electron

pathway. Azhagumuthu et al., ACS Catal., 5 5194 (2015).

Azhagumuthu et al., J. Phys. Chem. C, 120 22515 (2016).

The first 2 electron reduction to H,O, is sufficiently catalyzed by N-doped

carbon. Park et al., ACS Catal., 4 3749 (2014).

Small amount of Fe (may be FeNx site) increases the number of electron
and onset potential. Wu et al. Langmuir, 31 5529 (2015).
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Conclusion

A highly active NPM cathode catalyst was successfully synthesized by
the pyrolysis of an Fe-containing polyimide precursor prepared from
PMDA and TAPB.

This catalyst demonstrates good fuel cell performance and promising
durability, especially with air as the cathode gas.
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