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Growing Energy Needs

U.S. primary energy production by major sources, 1950-2019
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The Problem with Renewables

, Reverse Demand Response?
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Meeting the Need
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Synthesis of Electrodes

* Oxide electrodes * Sulfide electrodes
* Hydrothermal Reaction e Hydrothermal Reaction

Step 1 - Step 1 -
— —]

Ni Foam Co(NO;), & Mo(NO;), Hydrothermal Reactor Ni Foam Ni{NO;), & Mo(NO,), Hydrothermal Reactor
e Calcination in furnace * Solvothermal Reaction
Step 2
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CoMo0, on Ni Foam Furnace for Calcination NiMoO, on Ni Foam Hydrothermal Reactor
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Hydrogen Evolution Reaction
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«2H,0 + 2¢~ - 20H™ + H,
 Theoretical Potential =0 V.

e Pt electrodes are the
commercial standard.

* NiMoS, best result for HER
* 148 mV @ 10 mA/cm?

* Other reported values fr/
308 to 141 mV.1?
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Oxygen Evolution Reaction
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*40H™ —» 2H,0 + 0, + 4e~
 Theoretical Potential =1.23V

e Ru and Ir electrodes are the
commercial standards.

* CoMoS, best result for OER.
* 189 mV @ 10 mA/cm?

e Other results run fr/ 379 to
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Specific Capacitance of Devices

e Oxide samples had more surface area for
better chargmg at low current density.

N
(9))
o
o
]

CoMoO,

N
o
(=]
o

S e T A
' W”ﬁ}’w_ S
S P A “«‘\:'- #

_,o.,%,

1500 -

1000 -

500 -

Specific Capacitance (F/g)

0 L L L L L i | L
0 5 10 15 20 25 30

Current Density (A/g)




As Energy Storage Device

* Energy density comparable to some batteries.

* Power density comparable to currently capacitors.
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