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Hydrogen is recycled

Main concept

sun light gain energy
wind power by fuel cell

H,O —> H,, H,O
Hydrogen




Hydrogen is

“energy carrier” and “energy storage”

Solar energy . (Ho0 — H, +1/20,)
Wind energy_’ Electricity—> |Hydrogen
Biomass
transferl store
Car

Electricity Hydrogen
House (fuel cell)
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(Examples of demonstration projects

for hydrogen)
* Predicting and monitoring the ount
Sto rage of power generated

Wind power Solar power Hydrogen plant battery - storage battery control
L, & —— i « Hydrogen conversion, storage, and
use of power from new energies
» Curbing demand in buildings,

homes, etc.
[Local smart grid]
(Ossnsnanssnsnnn Cesnsnsnnsnnnnnnnn (Jesssnsnnsnsnnsnsnnnns hunnnnnnnns o TRLLL CLLELELEELEELEEEIEED
ELT::ttf‘:Trfr Produce [SInre eXCess power 1] :E . .
1) stabili utput . . 2
:nfe:euﬂiﬁgkal rmﬂeﬁ:ss abiize oLtpY :E 'é . §ﬂ
s power e 28
22 185
8§ : 8 .
,E . 5 f E > 1 _ [Existing
i _\--%‘ o ' electrical system]
_ﬁ__%l_* LI Eﬂ
Power plant Transformer *
station
EV charging Curb household Curb demand
demand from factories / offices
(HEMS) (BEMS)
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Development of catalysts that contribute to a
hydrogen-based society

Fuel cells Methanol
e {8 material for chemical prooucts)
Development of N-contalning
carban cataysts Development of new Cu catalysts
An altemative for existing ~0ow-0ad ana hign-sMciency
cathode Pt catalyets proguction of methanal

0, +4H' +4¢' > 2H,0

o D

€0, +3H,2 CH,OH+H,0

TR

e 2 Sl —
;. e

Catalyst study
In my lab

2€.H,,,, + 4nH,0 5 20C0, 4 (6n+1)H,

Catalysts to change the world!



Polymer Electrolyte Fuel Cell

-

[ advantage
EEUI:IE(F):II!{M) B Environmental friendly

B High efficiency of energy conversion

e Problem: Pt is so expensive (40 US$/g)
o Challenge:

1) Reduction of Pt usage

L | — : — Promote catalytic activity of Pt

—

Principle of PEEC 2) Development of non-Pt catalyst

&

Load

We use
- e 2@ cheap “carbon materials”

B
»

n H,0O

apouy

Anode : H, —» 2H* + 2¢-
Cathode : O, + 4H* + 4e- —»2H,0

ion-exchange
—_— membrane

— H,0




Current Fuel Cell CataIL/st Future Fuel Cell Catalblst

Rare metal
Platinum

Toyota I\;iirai
~uel cell for HOME *‘ " %ﬁ

Cheap
Carbon

ENE-FA

T

e

O,+4H*+4e" 2H,0

Specified nitrogen (pyridinic

Pyridinic nitrogen creates

mmm active S|tes for oxyg en

Active sites of nitrogen-doped carbon reo
materials for oxygen reduction
reaction clarified using model catalysts

Donghui Guo,! Riku Shibuya,”* Chisato Akiba,* Shunsuke Saji,*
Takahire Kondo,™ Junji Nakamura™

Nitrogen (N)-doped carbon materials exhibit high electrocatalytic activity for the oxygen
reduction reaction (ORR), which is essential for several renewable energy systems.
However, the ORR active site (or sites) is unclear, which retards further developments of
high-performance catalysts. Here, we characterized the ORR active site by using newly
designed graphite (highly oriented pyrolitic graphite) model catalysts with well-defined =
conjugation and well-controlled doping of N species. The ORR active site is created by
pyridinic N. Carbon dioxide adsorption experi ments indicated that pyridinic N also creates
Lewis basic sites. The specific activities per pyridinic N in the HOPG model catalysts are
compa bI with those of N-doped graphene powde catalysts. Thus, the ORR r:tve sites
n N-doped carbon materials are carbon atoms with Lewis basicity next to pyridinic N.

D. Guo, R. Shibuya, C. Akiba, S. Saji, T‘Kondo J. Nakamura Science 351
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Dodelet et al., Nature Commun. (2011) lron-based cathode catalyst with enhanced power

L density in polymer electrolyte membrane fuel cells
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J. AM. CHEM. SOC. 2010, 132, 15127-15129 m 15127

JIAIC|S

COMMUNICATIONS

Published on Web 10/07/2010

Highly Efficient Metal-Free Growth of Nitrogen-Doped Single-Walled Carbon
Nanotubes on Plasma-Etched Substrates for Oxygen Reduction

Dingshan Yu," Qiang Zhang, and Liming Dai*
Department of Chemical Engineering, Case Western Reserve University, Cleveland, Ohio 44106

Pyridinic N Nis
(b) 0.4 — CiiTe ) y
0.0} - ~NCNTs —
/ s
~"~ -0.4 I ., ~
/ i
E .08} Y, ]
E A2t p, 5
p .
"" .6 d =97 !
— P )
20F .= ' Pyrrolic N
24 - - . Ry
" 0.2 0.0 0.2 04 0. A =
E (V) vs Ag/AgCI " & . .
> 396 399 402 405
Binding Energy (eV)

Pyridinic N doped SWCNT shows activity!

T

ARTICLE
COMMUNICATIONS
Received 12 May 2014 | Accepted 12 Aug 2014 | Published 17 sep zuier [ DO 10.10357 cOmm=S973 |

Hierarchically porous carbons with optimized
nitrogen doping as highly active electrocatalysts
for oxygen reduction

0 1I|ef N 1s Pyridinic N
—— Pyrrolic N
-1 3.15 at% Quternary N

Meso/micro-PoPD,

—4 1 Meso-PoPD
9.5 at¥%
Meso-PoPD
Mesa/micro-PoPD
_G T T T T
0.2 0.4 0.6 0.8 1.0 T T T 1

Potential (V versus RHE) 404 402 400 398 396
Binding energy (eV)

Non-PoPD

Micro-PoPD

Current density (mA cm™2) 2
&

Aer&ity (a.u.)

In the best ORR sample, all N
decreased in amount, but only grap-N
relative percentage is increased.




1. 2REF—7 HOPG &7 )LftiE% AL\ -fif
SR R DYETE

EUOUBREENT ZT7ARREEREN?
EE 2t It (ORR : oxygen reduction reaction)

02+4H++4e_ B 2H20

Guo, Kondo, Shibuya, Akiba, Saji, JN, Science, 2016
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ORR ;&1 vs DA#EEZE (Dibenz[ac]

acidine)
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ORR of DA/HOPG at different coverage
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