Abstract #600, 224th ECS Meeting, © 2013 The Electrochemical Society

Improved Low Temperatur e Perfor mance of
Super capacitors

Marshall C. Smart, William C. West and Erik J. Bilan
NASA Jet Propulsion Laboratory
California Institute of Technology
4800 Oak Grove Drive
Pasadena, CA 91109

Joe Gnanaraj
Yardney Technical Products
2000 South County Trail
East Greenwich, RI 02818-1530

Supercapacitors bridge the gap between high specifi
energy batteries and high specific power ceramid an
electrolytic capacitors. Double-layer capacitorsn ca
provide ~5 Wh/kg and >1 kW/kg over thousands of
cycles with little degradation in performantcéRecent
work has focused on increasing the energy dendity o
supercapacitors, through the incorporation of highe
energy density intercalation electrodes (i.e., angtnic
or lithium-ion supercapacitors).

Supercapacitors also offer the capability to charge
and discharge at low temperatures. Commercially
available supercapacitors are often rated for asé@°C.
Operation beyond this limit is largely limited byet
melting point of the acetonitrile or propylene aambte
based electrolytes systems often used.

Recent work at the Jet Propulsion Laboratory (JPL)
has demonstrated that double-layer capacitors @n b
charged and discharged down to -80°C, through skeof
activated carbon electrodes and modified acettmitri
electrolyte blends designed for low temperature
operatior?® Further increases in capacity can be achieved
using these electrolytes in conjunction with zeslit
templated carbon electrod&3These electrolyte systems
are being adopted in to larger format célls.

Many potential applications of low temperature
supercapacitors are mass sensitive, so there is a
continuing interest in improving the specific energf
this technology. These applications include spaset
avionics systems, more and all electric airplaned a
unmanned aerial vehicles, as well as electric amtidh-
electric vehicles. One approach to improving specif
energy at the cell level is to couple these modifie
electrolyte systems with an asymmetric cell confidjon.
Further progress in reducing equivalent seriesstaste
(ESR) at low temperatures is also desired, to ragirthe
maximum power delivery capability.

Research at JPL has focused on further reducing the
ESR of double-layer capacitors at low temperatwiagi
new solvent blends, as well as the improvementetif ¢
specific energy using an asymmetric cell formateSeh
cells feature an activated carbon electrode, coacbimith
a lithium titanate (L4TisO;,) electrode.

In place of the traditional quaternary ammoniunt sal
based electrolytes used in double-layer capacititiigjm
hexafluorophosphate-based systems were used. Bieena
operation at low temperature, methyl propionate and
methyl butyrate were blended with ethylene
carbonate/ethyl methyl solvent systems. These blend

have been successfully used in lithium ion battery
systems;® and were similarly demonstrated to enable
charging and discharging of asymmetric supercapacit
test cells below -40°C.
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