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NANOPARTICLE ULTRACAPACITOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims benefit under 35 U.S.C. §
119(e) of U.S. Provisional Application Ser. No. 60/830,583,
filed Jul. 14, 2006, the content of which is hereby incorpo-
rated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates to a molecular capaci-
tor, and particularly a molecular electrolytic capacitor, and
methods of manufacturing the same.

BACKGROUND

[0003] Electrical energy storage devices, such as capaci-
tors, batteries, and ultracapacitors, store or create energy by
utilizing the electric charge on two metal or otherwise elec-
trically conductive surfaces (“electrodes™). The charge-bear-
ing surfaces are typically separated by an electrical insulator,
or dielectric. As charge is placed on the conductive surfaces,
an electrical field is established between the electrodes,
resulting in a voltage. Typically, a capacitor physically sepa-
rates positive and negative charges, rather than chemically
separating the charges, as is common in batteries. Batteries
have limited ability to be recycled and cannot deliver energy
as quickly as a capacitor, or without greater losses than occurs
with capacitors.

[0004] A supercapacitor or ultracapacitor is sometimes
called a double-layer capacitor, as it polarizes an electrolytic
solution to store energy electrostatically. The energy storage
mechanism of an ultracapacitor is highly reversible, which
allows for the ultracapacitor to be charged and discharged
many times.

[0005] Since one property of an ultracapacitor’s capaci-
tance, or energy storage ability, depends on the surface area of
the electrodes, some ultracapacitors in use today utilize loose
carbon powder or other sintered metal powder to try to
increase the surface area of the electrodes. However, the
carbon powder tends to accumulate at specific points on the
electrodes, rather than stay more evenly dispersed throughout
the surface area of the electrode. Furthermore, there is an
intrinsic limit to the porosity of these materials, and a limit to
the amount of surface area that can be attained simply by
making smaller and smaller particles. Thus, there exists a
need for increasing the capacitance of capacitors, particularly
supercapacitors or ultracapacitors. The present invention ful-
fills this need, and others.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 shows, according to a particular exemplary
embodiment, a cross-sectional view of a capacitor;

[0007] FIG. 2 shows, according to a particular exemplary
embodiment, a cross-sectional view of an ultracapacitor with
multiple stacked cells;

[0008] FIG. 3 shows, according to a particular exemplary
embodiment, a cross-sectional view of a dielectric layer;
[0009] FIG. 4 shows, according to a particular exemplary
embodiment, a cross-sectional view of an ultracapacitor with
cells connected in parallel.
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SUMMARY OF THE INVENTION

[0010] Particular aspects provide an energy storage device
or capacitor, comprising at least three layers that are sealed in
a fluid-tight covering, wherein a first layer comprises at least
one electrolytic polymer molecule of positive charge and at
least one nanoparticle; a second dielectric layer comprising at
least one insulative polymer; a third layer comprising at least
one electrolytic polymer molecule of negative charge and at
least one nanoparticle. In certain embodiments, the electro-
Iytic polymer of the first layer comprises at least one high
charge density polymer electrolyte of positive charge, and
wherein the electrolytic polymer of the third layer comprises
at least one high charge density polymer electrolyte of nega-
tive charge. In particular aspects, the nanoparticles comprise
electrically conductive nanoparticles. In certain embodi-
ments, the electrically conductive nanoparticles comprise at
least one component selected from the group consisting of
nickel, carbon, titanium dioxide, lead, lithium, silver, copper,
phthalocyanine oligomers, electrically conductive molecules
and electrically conductive particles. In certain aspects, the at
least one nanoparticle of at least one layer comprises carbon.
In certain embodiments, the second, dielectric layer com-
prises barium titanate. In particular aspects, the second,
dielectric layer further comprises at least one nanoparticle. In
particular aspects, the second, dielectric layer comprises a
mixture of cationic and anionic exchange molecules or elec-
trolytic polymers mixed with a metal oxide. In particular
aspects, the second, dielectric layer comprises at least one
nanoparticle coated with at least one polymer electrolyte. In
certain embodiments, the metal oxide comprises at least one
component selected from the group consisting of barium
titanate, lead titanate, ceramic, lead zirconate titanate (PZT),
strontium titanate, tantalum, diamond, and ionic solids. In
certain embodiments, the polymer electrolyte of positive
charge or the polymer electrolyte of negative charge, in each
case comprising an electrode of the device or capacitor, is
suitable to provide a milli-equivalent level of greater than
about 2.5, or greater than about 5. In particular embodiments,
the at least one nanoparticle of the first layer or of the third
layer is loaded with the respective electrolytic polymer to a
level greater than about 35% by weight, or greater than about
50% by weight. In certain aspects, the diameter of the at least
one nanoparticle of the first layer or of the third layer is about
120 nm, about 100 nm, about 50 nm, about 25 nm, about 15
nm, about 10 nm, about 5 nm, or less. In particular imple-
mentations, the fluid-tight covering comprises at least one
metal selected from the group consisting of aluminum, cop-
per, and nickel. In certain aspects, the thickness of the cover-
ing comprises at least one selected from the group consisting
of about 2 um, about 5 um, about 10 um, about 20 um, about
25 um, and about 30 um. In particular implementations, the
device is capable of withstanding voltages greater than about
200 volts, greater than about 500 volts; greater than about
1000 volts, or any voltage value therebetween. In certain
embodiments, the device is capable of storing energy at a
density of greater than 18,000 joules/12.5 cm®.

[0011] In certain aspects the storage device or capacitor
comprises a polar or non-polar parallel group of multiple cells
forming a cell pack. In particular embodiments, the storage
device or capacitor comprises a non-polar parallel group of
multiple cells. In particular embodiments, the storage device
or capacitor comprises a prismatic non-polar parallel group of
multiple cells, and further comprises at least one busbar for
connecting a plurality of cells together.






























