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Energy Today

Combustion

Fuel loses electrons
and is oxidized

0, takes electrons and
is reduced

Biomass

co,
CH4 J

[Hyd rogen | H,0

Energy Tomorrow

Electrochemical
Conversion

Redox

Indirect e-exchange

High efficiency
H, = Zero CO,

Fuel Cell, Solar Hydrogen, Flow Battery
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Energy Tomorrow

* Fuel cell
* Solar hydrogen
* Flow battery

Proton Exchange Membrane Fuel Cell

LP H,0

Hydrogen oxidation Oxygen reduction
1
H, > 2H* + 2¢- H,+%0,> H,0 % 0, +2e + 2H* > H,0
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PEM Fuel Cell Economics

e Commercialization barrier: * Pt: $2,200/0z
— Cost
_ * Ag: $22/0z
e Solution:
— Switch to non-precious-metal * Ni: $056/°Z
catalysts and inexpensive .
Metal prices
membranes (5-year-average:

2007/09-2012/09, from
www.metalprices.com)

Hydroxide Exchange Membrane Fuel Cell

1; + ( 0,+H,0
OH"
HZOJ

Catalyst, Non-precious m

Catalyst, Non-precious

H,+% 0, H,0
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Development of HEMFC

* Membranes
* Cathode catalysts
* Anode catalysts

Quaternary Phosphonium Cation
Functionalized Polymers (QPOH)

e CTO-0F0: %H@

H;C—| I‘\l CHj
CHz OH :i :E ; :

OCH;, H;CO
H;CO OCH;

R4N*:
* Low OH- conductivity
* Low stability

sssss
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Fuel Cell

/

Cellvoltage /V
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HEMFC performance
(Ni anode, Ag cathode)

Ni anode + Ag cathode
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Ni anode: 80% Ni/C with 5.0 mgy;/cm? loading
Ag cathode: Ag with 0.5 mg,\glcm2 loading
70 °C cell temperature, H, fuel, O, oxidant
14
Gu et al., Chem Commun, 2013.
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Energy Tomorrow

* Fuel cell
* Solar hydrogen

* Flow battery
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* Fuel cell
* Solar hydrogen
* Flow battery

Single-Membrane FB
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Double-Membrane Triple-Electrolyte (DMTE) FB

Basic Acid
electrolyte electrolyte
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Double-Membrane Triple-Electrolyte (DMTE) FB

Standard voltage: +2.959 V

) e L >+
(-1.216 V) (+1.743 V)
Zn(OH),2 + 2e+ Zn(s) + 40H" 2Ce™ + 2¢ m) 2Ce™
2Nat | > < 1 2C104"
Zr
< 2Na+ 2CI0a[ >
[1 M NaOH] [1 M NaClO4] [1 M HCIO4]

* Highest voltage of all known aqueous redox flow batteries
* Low cross-over of electrochemically active ions
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Flow Battery
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Flow Battery
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Flow Battery
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S. Gu et al. Angew. Chem. Int. Ed. 2009

S. Gu et al. ChemSusChem 2010

Angewidndte
ieain Chemie

(Jahn-Teller Effect
. Merks ond .| Weener
Radicals in Catalysis
U, Jabn and L Ford
Ring-Opening of Hetero-Diels-Alder Adducts
. Hit
Drug Discovery in Insects
. 8. Bode

ACIFS 48 (35 €363-£562 (2009 1SSN 14337851 . Vol 48 Ne. 35

$IWILEY-VCH

S. Gu et al. ChemSusChem 2012

S. Gu et al. Chem. Commu. 2013

ChemComm

Chemical Communications
s org/chemcomm

Volume 49 | Number2 | 7 January 2013 | Pages 101-200

COMMUNICATION
Yushan Yan et

RSCPublishing
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