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HIGH ENERGY AND POWER
ELECTROCHEMICAL DEVICE AND
METHOD OF MAKING AND USING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority under 35
U.S.C. §119 to U.S. Provisional Patent Application No.
62/199,640, which was filed Jul. 31, 2015, entitled “High
Energy Power Chemical Reserve Battery and Method of
Making and Using the Same,” which is incorporated in its
entirety herein by this reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] The invention was made with Government support
under Contract No. N68936-14-C-0097 awarded by the
United States Navy. The Government has certain rights in
the invention.

BACKGROUND

[0003] A reserve battery is a primary or secondary battery
in which part is isolated until the battery needs to be used.
When a long storage period is required, reserve batteries are
often used, since the active chemicals of the cell are segre-
gated or exist in an inactive state until needed, thereby
reducing self-discharge. Common types of reserve batteries
include aluminum batteries, silver-zinc batteries, thermal
batteries, and water-activated batteries.

[0004] Liquid reserve batteries typically require a substan-
tial activation time due to the time required for the electro-
lyte to penetrate and effectively contact the electrodes, even
when the electrolyte is introduced into the battery under
pressure.

SUMMARY

[0005] These and other needs are addressed by the present
disclosure. Aspects of the present disclosure can have
advantages over current practices. A number of variations
and modifications of the disclosure can be used. It would be
possible to provide for some features of the disclosure
without providing others.

[0006] An electrochemical device electrode can include a
plurality of corrugation features comprising a first corruga-
tion feature to pass an electrolyte through the corrugation
electrode and a second corrugation feature in fluid commu-
nication with the first corrugation feature to contact the
electrolyte across a portion of an active surface of the
electrode.

[0007] An electrochemical device can include:

[0008] an electrolyte;

[0009] an anode;

[0010] a cathode; and

[0011] an ion permeable separator positioned between the

anode and cathode.

[0012] One or both of the anode and cathode can comprise
a plurality of corrugation features comprising a first corru-
gation feature to pass an electrolyte through the correspond-
ing anode or cathode and a second corrugation feature in
fluid communication with the first corrugation feature to
contact the electrolyte across a portion of an active surface
of the corresponding anode or cathode.
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[0013] An electrochemical device can include:

[0014] an electrolyte;

[0015] an anode;

[0016] a cathode; and

[0017] anion permeable separator positioned between the

anode and cathode, wherein the ion separator comprises a
plurality of passages extending through the separator to
enable the electrolyte to flow freely through the ion perme-
able separator.

[0018] An electrolyte can be introduced into an electro-
chemical device and passed, via a first corrugation feature,
through a first electrode of the electrochemical device. The
liquid electrolyte can be passed through perforations, voids,
apertures, cavities and holes in an ion permeable, semi-
permeable or impermeable separator or through the ion
permeable or semi-permeable separator in the absence of a
perforation, void, aperture, cavity or hole and contacted with
a second electrode. The first or second electrode comprises
a second corrugation feature in fluid communication with
the first corrugation feature to contact the electrolyte across
a portion of an active surface of the first or second electrode.
[0019] The first corrugation feature can include one or
more perforations, voids, apertures, cavities and holes and
the second corrugation feature plural channels and/or
grooves extending outwardly from the first corrugation
feature.

[0020] The sizes of the first and second corrugation fea-
tures can be more than about 50 nm in any dimension.
[0021] The depth of the first corrugation feature can be a
thickness of the electrode.

[0022] The perforations, voids, apertures, cavities and
holes (hereinafter referred to as a passage) in the ion
permeable separator can have a depth that is the thickness of
the separator.

[0023] The electrochemical device can be an energy stor-
age device, such as a battery, supercapacitor or capacitor,
[0024] At least about 0.1% of the active surface can
comprise or be part of the first and/or second corrugation
feature.

[0025] At least about 1% of the active surface can com-
prise or be part of the first and/or second corrugation feature,
[0026] At least about 10% of the active surface can
comprise or be part of the first and/or second corrugation
feature.

[0027] No more than about 40% of the active surface can
comprise or the part of the first and/or second corrugation
feature

[0028] No more than about 45% of the active surface can
comprise or be part of the first and/or second corrugation
feature

[0029] No more than about 50% of the active surface can
comprise or be part of the first and/or second corrugation
feature.

[0030] The first and second corrugation features can be
formed by one or more of a machining process, chemical
deposition, physical deposition, masking, and etching.
[0031] The second corrugation feature can comprise plural
channels and/or grooves extending outwardly from the first
corrugation feature.

[0032] The plural channels and/or grooves can define a
pattern.
[0033] The pattern can be a grid comprising first channels

and/or grooves substantially parallel to one another and
second channels and/or grooves substantially parallel to one
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another. The first channels and/or grooves can be transverse
to and intersect the second channels and/or grooves.
[0034] The pattern can be plural channels and/or grooves
extending radially outwardly from the first corrugation fea-
ture.

[0035] The electrode can comprise one or more of carbon,
an alkali metal, an alkaline earth metal, and a transition
metal. The electrode can comprise lithium.

[0036] The first corrugation feature can have a width of at
least about 20 microns.

[0037] The first corrugation feature can have a width of at
least about 50 microns.

[0038] The second corrugation feature can have an aver-
age, mean and/or mode width or depth of at least about 5
microns.

[0039] The second corrugation feature can have an aver-
age, mean and/or mode width or depth of at least about 10
microns.

[0040] The second corrugation feature can have an aver-
age, mean and/or mode width or depth of at least about 15
microns.

[0041] Multiple electrodes can be stacked one-above-the-
other or wrapped one-about-the-other. Each of the multiple
electrodes can comprise first and second corrugation fea-
tures. An ion permeable separator can be positioned between
each pair of adjacent electrodes with passages that align with
the first corrugation feature. The first corrugation features of
the various electrodes can be aligned relative to one another
and the passage to define an electrolyte flow pathway for the
electrolyte through the multiple electrodes.

[0042] The second corrugation feature can have an aver-
age width that when the network of orientated channels
and/or grooves are contacted with an electrolyte the elec-
trolyte flows and wets the active surface in no more than
about one second.

[0043] The first corrugation feature and separator passage
can have an average diameter that when the pattern of
perforations, voids, holes, apertures, cavities, and/or voids
are contacted with an electrolyte the electrolyte flows and
wets the active surface in no more than about one second.
[0044] The interconnected network of first and second
corrugation features can provide a reserve battery requiring
little activation time due to the rapid penetration and distri-
bution of the electrolyte throughout the active surfaces of the
stacked or wrapped electrodes. This accelerated activation
and/or wetting of the tightly packed electrodes can be highly
beneficial in many other electrochemical systems

[0045] These and other advantages will be apparent from
the disclosure of the aspects, embodiments, and configura-
tions contained herein.

[0046] As used herein, “at least one”, “one or more”, and
“and/or” are open-ended expressions that are both conjunc-
tive and disjunctive in operation. For example, each of the
expressions “at least one of A, B and C”, “at least one of A,
B, or C”, “one or more of A, B, and C”, “one or more of A,
B, or C” and “A, B, and/or C” means A alone, B alone, C
alone, A and B together, A and C together, B and C together,
or A, B and C together. When each one of A, B, and C in the
above expressions refers to an element, such as X, Y, and Z,
or class of elements, such as X,-X,, Y,-Y,,, and Z,-Z_, the
phrase is intended to refer to a single element selected from
X, Y, and Z, a combination of elements selected from the
same class (e.g., X, and X,) as well as a combination of
elements selected from two or more classes (e.g., Y, and Z ).
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[0047] It is to be noted that the term “a” or “an” entity
refers to one or more of that entity. As such, the terms “a”
(or “an”), “one or more” and “at least one” can be used
interchangeably herein. It is also to be noted that the terms
“comprising”, “including”, and “having” can be used inter-
changeably.

[0048] The term “means” as used herein shall be given its
broadest possible interpretation in accordance with 35 U.S.
C., Section 112, Paragraph 6. Accordingly, a claim incor-
porating the term “means” shall cover all structures, mate-
rials, or acts set forth herein, and all of the equivalents
thereof. Further, the structures, materials or acts and the
equivalents thereof shall include all those described in the
summary of the invention, brief description of the drawings,
detailed description, abstract, and claims themselves.
[0049] Unless otherwise noted, all component or compo-
sition levels are in reference to the active portion of that
component or composition and are exclusive of impurities,
for example, residual solvents or by-products, which may be
present in commercially available sources of such compo-
nents or compositions.

[0050] It should be understood that every maximum
numerical limitation given throughout this disclosure is
deemed to include each and every lower numerical limita-
tion as an alternative, as if such lower numerical limitations
were expressly written herein. Every minimum numerical
limitation given throughout this disclosure is deemed to
include each and every higher numerical limitation as an
alternative, as if such higher numerical limitations were
expressly written herein. Every numerical range given
throughout this disclosure is deemed to include each and
every narrower numerical range that falls within such
broader numerical range, as if such narrower numerical
ranges were all expressly written herein. By way of
example, the phrase from about 2 to about 4 includes the
whole number and/or integer ranges from about 2 to about
3, from about 3 to about 4 and each possible range based on
real (e.g., irrational and/or rational) numbers, such as from
about 2.1 to about 4.9, from about 2.1 to about 3.4, and so
on.

[0051] The preceding is a simplified summary of the
disclosure to provide an understanding of some aspects of
the disclosure. This summary is neither an extensive nor
exhaustive overview of the disclosure and its various
aspects, embodiments, and configurations. It is intended
neither to identify key or critical elements of the disclosure
nor to delineate the scope of the disclosure but to present
selected concepts of the disclosure in a simplified form as an
introduction to the more detailed description presented
below. As will be appreciated, other aspects, embodiments,
and configurations of the disclosure are possible utilizing,
alone or in combination, one or more of the features set forth
above or described in detail below. Also, while the disclo-
sure is presented in terms of exemplary embodiments, it
should be appreciated that individual aspects of the disclo-
sure can be separately claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] The accompanying drawings are incorporated into
and form a part of the specification to illustrate several
examples of the present disclosure. These drawings, together
with the description, explain the principles of the disclosure.
The drawings simply illustrate preferred and alternative
examples of how the disclosure can be made and used and
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are not to be construed as limiting the disclosure to only the
illustrated and described examples. Further features and
advantages will become apparent from the following, more
detailed, description of the various aspects, embodiments,
and configurations of the disclosure, as illustrated by the
drawings referenced below.

[0053] FIG. 1 depicts an electrochemical component
according to some embodiments of the present disclosure;
[0054] FIG. 2 depicts an electrochemical energy storage
device and/or system according to some embodiments of the
present disclosure;

[0055] FIG. 3 depicts a plot of specific energy, in Wh/kg
(horizontal axis), verses specific power (vertical axis), in
W/kg, for electrochemical energy storage devices and sys-
tems of the prior art and according to some embodiments of
the present disclosure;

[0056] FIG. 4 depicts an electrochemical energy storage
device and/or system according to some embodiments of the
present disclosure;

[0057] FIG. 5 depicts a corrugated electrode of an elec-
trochemical energy storage device and/or system according
to some embodiments of the present disclosure;

[0058] FIG. 6A depicts an aluminum tab and a copper
current collector according to some embodiment of the
present disclosure;

[0059] FIG. 6B depicts an aluminum tab and a copper
current collector according to some embodiment of the
present disclosure;

[0060] FIG. 7A depicts a laminated electrochemical sub-
cell according to some embodiments of the present disclo-
sure;

[0061] FIG. 7B depicts a laminated electrochemical sub-
cell according to some embodiments of the present disclo-
sure;

[0062] FIG. 8A depicts a laminated electrochemical cell
stack according to some embodiments of the present disclo-
sure;

[0063] FIG. 8B depicts a laminated electrochemical cell
stack according to some embodiments of the present disclo-
sure;

[0064] FIG. 9 depicts a specific capacity, mAl/g, (hori-
zontal axis) versus voltage, V, (vertical axis) plot of an
electrochemical cell stack according to some embodiments
of the present disclosure;

[0065] FIG. 10A depicts an electrochemical cell without
channels and/or grooves according to some embodiments of
the present disclosure;

[0066] FIG. 10B depicts an electrochemical cell with
channels and/or grooves according to some embodiments of
the present disclosure;

[0067] FIG. 10C depicts the interfacial contact between
the corrugated electrodes and separator in an electrochemi-
cal cell according to some embodiments of the present
disclosure;

[0068] FIG. 11A depicts a laser-ablated corrugated cath-
ode showing the channels and/or grooves according to some
embodiments of the present disclosure;

[0069] FIG. 11B depicts a laser-ablated corrugated anode
according to some embodiments of the present disclosure;
[0070] FIG. 12 depicts a degree of electrolyte spreading
and/or wetting for a corrugated electrode according to some
embodiments of the present disclosure;
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[0071] FIG. 13A depicts a degree of electrolyte spreading
and/or wetting for a corrugated electrode according to some
embodiments of the present disclosure;

[0072] FIG. 13B depicts a degree of electrolyte spreading
and/or wetting for a corrugated electrode according to some
embodiments of the present disclosure;

[0073] FIG. 13C depicts a degree of electrolyte spreading
and/or wetting for a corrugated electrode according to some
embodiments of the present disclosure;

[0074] FIG. 14A depicts a degree of electrolyte spreading
and/or wetting for a corrugated electrode according to some
embodiments of the present disclosure;

[0075] FIG. 14B depicts a degree of electrolyte spreading
and/or wetting for a corrugated electrode according to some
embodiments of the present disclosure;

[0076] FIG. 14C depicts a degree of electrolyte spreading
and/or wetting for a corrugated electrode according to some
embodiments of the present disclosure;

[0077] FIG. 15 depicts a degree of electrolyte spreading
and/or wetting for a corrugated electrode according to some
embodiments of the present disclosure;

[0078] FIG. 16A depicts a degree of electrolyte spreading
and/or wetting for a corrugated electrode according to some
embodiments of the present disclosure;

[0079] FIG. 16B depicts a degree of electrolyte spreading
and/or wetting for a corrugated electrode according to some
embodiments of the present disclosure;

[0080] FIG. 16C depicts a degree of electrolyte spreading
and/or wetting for a corrugated electrode according to some
embodiments of the present disclosure;

[0081] FIG. 17 depicts a plot of time, seconds, versus
percentage height of height or area of a corrugated electrode
according to various embodiments of the present disclosure;
[0082] FIG. 18 depicts a coated corrugated electrode
according to some embodiments of the present disclosure;
[0083] FIG. 19 depicts a plot of the specific capacity,
mAh/g, (horizontal axis) versus voltage, V, (vertical axis) of
an electrode according to some embodiments of the present
disclosure;

[0084] FIG. 20 depicts a plot of the specific capacity,
mAh/g, (horizontal axis) versus voltage, V, (vertical axis) of
various electrochemical cell according to some embodi-
ments of the present disclosure;

[0085] FIG. 21 depicts a laser-ablated electrode having
channels and/or grooves and voids and/or apertures accord-
ing to some embodiments of the present disclosure;

[0086] FIG. 22 depicts a laser-ablated electrode having
channels and/or grooves and voids and/or apertures accord-
ing to some embodiments of the present disclosure;

[0087] FIG. 23 depicts an electrochemical device or sys-
tem according to an embodiment; and

[0088] FIG. 24 depicts an electrochemical device or sys-
tem according to an embodiment.

DETAILED DESCRIPTION

[0089] Some embodiments of the present disclosure relate
to an electrochemical system and/or device design architec-
tures and methods of making those architectures. Some of
those embodiments include electrochemical cell designs
having one or more electrodes. FIG. 1, for example, depicts
an electrochemical component according to the present
disclosure. The electrochemical component 100 comprises
first and second oppositely polarized electrode 104a and b,
an electrolyte 1084 and b, a corrugated surface 112a and b
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adjacent to each of the first and second electrodes 104a and
b, respectively, and the corresponding electrolyte 108a and
b, an optional current collector 116a and b in electrical
communication with each of the first and second electrodes
104a and b, respectively, and an optional separator (or
ion-permeable membrane) 120 interposed between the cor-
rugated surfaces 112a and b and electrolyte 1084 and 5. An
electrode and its corresponding current collector 116 and/or
corrugated surface can be integral or separate from one
another. The electrochemical component 100 can be a cath-
ode or anode in an electrochemical energy storage device,
such as a capacitor, supercapacitor or ultracapacitor or
electric double-layer capacitor, battery, and the like.

[0090] The corrugated surface 112 can have one or more
of perforations, voids, apertures, cavities, holes, passages,
channels, and/or grooves (individually or collectively a
“corrugation feature”), and an ion (permeable, semi-perme-
able, or impermeable) separator between the electrodes can
have one or more of perforations, voids, apertures, cavities,
holes, passages, channels, and/or grooves (individually or
collectively a “passage”). The corrugation features of the
corrugated surface 112 are typically positioned on one or
more surfaces of the one or more electrodes. Generally, the
corrugation feature can be configured in the form of an
interconnected network of corrugation features. While not
wishing to be bound by any theory, it is believed that the
network of interconnected corrugation features can rapidly
infuse an electrolyte throughout an electrode surface and
separator due to the network of corrugation features. While
the average, median, or mode size (e.g., dimension (such as
diameter or width and/or height) of the corrugation features
and/or passages can vary depending on the application, the
average, median, or mode size(s) typically are larger than a
micro-structure (e.g., larger than about 2 nm in any dimen-
sion). One or more of the average, median, or mode size(s)
typically can be a meso-structure (e.g., in the range of from
about 2 nm to about 50 nm). One or more of the average,
median, or mode size(s) can be larger than a meso-structure
(e.g., larger than 50 nm). In many applications, the average,
median, or mode size(s) of the corrugation features and/or
passages is/are at least about 50 nm in any dimension. In
many applications, the average, median, or mode size(s) of
the corrugation features and/or passages is/are at least about
1 um in any dimension. In many applications, the average,
median, or mode size(s) of the corrugation features and/or
passages is/are at least about 5 um in any dimension. In
many applications, the average, median, or mode size(s) of
the corrugation features and/or passages is/are at least about
10 pum in any dimension. Electrodes having the corrugated
surface comprising one or more corrugation features can
also be referred to as corrugated electrodes.

[0091] The corrugated surface can have any pattern of
corrugation features that provide more electrode contact
surface area with the electrolyte. Patterns can include per-
forations, voids, apertures, cavities, and/or holes transverse
to the electrolyte-contacting face of the surface, grooves or
channels substantially parallel to the electrolyte-contacting
face of the surface, and combinations thereof. Exemplary
patterns include grooves or channels in a waffle-type pattern,
channels radially diverging from cavities, cross-thatch pat-
tern cavities or apertures via laser-ablated holes, and com-
binations thereof.

[0092] The corrugated surface 112 can be formed by many
techniques. For example, a laser ablation process can pro-
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duce the corrugation features on the one or more electrodes.
The laser ablation process can also be referred to as a
machining process. The corrugated surface can be deposited
as patterned thin film layers using a thin film technique such
as chemical and/or physical deposition using masks and/or
etchants to yield a layer having a desired pattern. As will be
appreciated, an etchant reactive mask can be applied to the
electrode surface before deposition and later removed by
etching to weaken the overlying deposited material or an
etchant resistant mask can be applied to the corrugated
surface after deposition and the unmasked areas removed by
the etchant to yield the desired pattern. Alternatively, the
desired pattern can be yield by selective deposition of the
thin film of the corrugated surface in selected (target) areas
of the electrode surface to yield the desired pattern.

[0093] The corrugated surface 112 can have the same or
different chemical composition compared to the electrode
104 and be deposited, formed, or otherwise applied concur-
rently or sequentially with the electrode 104 material. The
corrugated surface 112 can not only be separate from but
also integral with the electrode 104. Typically, the corru-
gated surface is formed from a material having an electrical
conductivity at least as high as that of the electrode 104 and
optional current collector 116 to enable free flow of elec-
trons through the corrugated electrode and avoid collection
of the current in the optional current collector 116 and
electrode 104.

[0094] A capacitor using the corrugated surface 112 is
typically a passive two-terminal electrical component used
to store electrical energy temporarily in an electric field. The
forms of practical capacitors vary widely, but all contain at
least two electrical conductors (plates) (one or both of which
can be a corrugated electrode) separated by a dielectric (i.e.
an insulator that can store energy by becoming polarized).
The conductors can be thin films, foils or sintered beads of
metal or conductive electrolyte, etc. The non-conducting
dielectric acts to increase the capacitor’s charge capacity.
Materials commonly used as dielectrics include glass,
ceramic, plastic film, air, vacuum, paper, mica, and oxide
layers. A capacitor stores energy in the form of an electro-
static field between its plates.

[0095] A supercapacitor employing the corrugated surface
112 does not use the conventional solid dielectric of ordinary
capacitors but rather uses electrostatic double-layer capaci-
tance, electrochemical pseudocapacitance, or a combination
of both. An exemplary electrostatic double-layer superca-
pacitor comprises positively and negatively charged elec-
trochemical components 100, each comprising a polarized
collector 116, electrode 104, Helmholtz double layer (not
shown), and electrolyte 108 having positive and negatively
charged ions, and a common separator 120 separating the
oppositely charged electrochemical components. The sepa-
ration of charge is commonly of'the order of a few dngstroms
(0.3-0.8 nm), which is generally much smaller than in a
conventional capacitor.

[0096] One or more of the electrochemical components
100 comprises a corrugated electrode. The electrostatic
double-layer capacitor typically uses carbon electrodes or
derivatives thereof with much higher electrostatic double-
layer capacitance than electrochemical pseudocapacitance,
achieving separation of charge in the Helmholtz double
layer at the interface between the surface of the conductive
electrode and electrolyte. The most commonly used elec-
trode material for such supercapacitors is one or more of
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activated carbon (AC), carbon fibre-cloth (AFC), carbide-
derived carbon (CDC), carbon aerogel, graphite (graphene),
graphene and carbon nanotubes (CNTs). Pore sizes in car-
bons typically range from micropores (less than 2 nm) to
mesopores (2-50 nm), but only micropores (<2 nm) con-
tribute to pseudocapacitance. The separation of charge is of
the order of a few angstroms (0.3-0.8 nm), which is gener-
ally much smaller than in a conventional capacitor. Another
type of supercapacitors includes electrochemical pseudoca-
pacitors employing metal oxide (e.g., transition metal
oxides) or conducting polymer electrodes with a high
amount of electrochemical pseudocapacitance. Oxides of
transition metals including ruthenium (RuO,), iridium
(Ir0,), iron (Fe,0,), manganese (MnO,) or sulfides such as
titanium sulfide (TiS,) alone or in combination generate
strong faradaic electron-transferring reactions combined
with low resistance. Conducting polymers include polyani-
line, polythiophene, polypyrrole and polyacetylene. Some
supercapacitors include one or more of MnO, or a conduct-
ing polymer to form the second electrode (e.g., the cathode
or positive electrode). Such electrodes can employ electro-
chemical doping or dedoping of the polymers with anions
and cations. Pseudocapacitance is commonly achieved by
Faradaic electron charge-transfer with redox reactions, inter-
calation or electrosorption, Yet another type of supercapaci-
tor includes hybrid capacitors, such as the lithium-ion
capacitor, that uses electrodes with differing characteristics,
generally one of which exhibits mostly electrostatic capaci-
tance and the other mostly electrochemical capacitance.
Composite electrodes for hybrid-type supercapacitors are
constructed from carbon-based material with incorporated
or deposited pseudocapacitive active materials like metal
oxides and conducting polymers. Carbon nanotubes can
provide a backbone for a homogeneous distribution of metal
oxide or electrically conducting polymers (ECPs), produc-
ing good pseudocapacitance and good double-layer capaci-
tance. Carbon nanotube electrodes can be doped with a
pseudocapacitive dopant as in lithium-ion capacitors.

[0097] Supercapacitor corrugated electrodes are generally
thin coatings applied and electrically connected to a con-
ductive, metallic current collector. In supercapacitors gen-
erally, the electrolyte forms an ionic conductive connection
between the oppositely charged electrodes, one or both of
which can be corrugated electrodes. Typical electrolytes
include a solvent and dissolved chemicals that dissociate
into positive cations and negative anions, making the elec-
trolyte electrically conductive. Aqueous electrolytes are
commonly treated with acids such as sulfuric acid (H,SO,),
alkalis such as potassium hydroxide (KOH), or salts such as
quaternary phosphonium salts, sodium perchlorate (Na-
ClO,), lithium perchlorate (LiClO,) or lithium hexafluoride
arsenate (LiAsFy). Electrolytes can be based on organic
solvents, such as acetonitrile, propylene carbonate, tetrahy-
drofuran, diethyl carbonate, y-butyrolactone and solutions
with quaternaryammonium salts or alkyl ammonium salts
such as tetraethylammonium tetrafluoroborate (N(Et),BF,)
or triethyl (metyl) tetrafluoroborate (NMe(Et),BF,). Sepa-
rators physically separate the two corrugated electrodes to
prevent a short circuit by direct contact. Separators can be
very thin (a few hundredths of a millimeter) and very porous
to the conducting ions to minimize electrostatic resistance.
Separators are commonly chemically inert to protect the
electrolyte’s stability and conductivity. Separators can be,
for example, open capacitor papers, nonwoven porous poly-
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meric films like polyacrylonitrile or Kapton, woven glass
fibers or porous woven ceramic fibres. Supercapacitors are
typically polarized by design with asymmetric corrugated
electrodes, or, for symmetric corrugated electrodes, by a
potential applied during manufacture. As will be appreci-
ated, supercapacitors can be wound or stacked in construc-
tion.

[0098] A battery comprises an electrochemical cell having
plural corrugated electrodes with external connections pro-
vided to power electrical devices. When a battery is sup-
plying power, its positive terminal is the cathode and its
negative terminal is the anode. A battery can include plural
pairs of oppositely charged electrodes with the number of
pairs being related to the energy storage capacity of the
battery. With reference to FIG. 1, the electrochemical device
100 includes the first and second electrodes 104a and b,
connected in series by the conductive electrolyte 108 con-
taining anions and cations. Each polarized first and second
electrode 104 has only one facing corrugated surface 112,
while the other electrode surface is conventional or non-
corrugated. In stacked or wrapped electrodes, the interior
electrodes can have opposing corrugated surfaces to interact
with an oppositely polarized electrode on either of its sides.
The adjacent oppositely charged electrodes are electrically
connected by one or more electrolytes 108 and separated by
the separator 120. A current collector 116 can be part of the
electrode depending on electrode location in the battery. As
will be appreciated, one oppositely charged electrode pair
includes the negative, optionally corrugated, electrode, or
the electrode to which anions (negatively charged ions)
migrate, and the other electrode in the pair includes the
positive, optionally corrugated, electrode to which cations
(positively charged ions) migrate. Redox reactions power
the battery. Cations are reduced (e.g., electrons are added) at
the cathode during charging, while anions are oxidized (e.g.,
electrons are removed) at the anode during charging. During
discharge, the process is reversed. The electrodes do not
physically touch each other, but are electrically connected
by the electrolyte. Some cells use different electrolytes for
each electrolyte 108a and 1085. The separator can allow
ions to flow between opposing electrodes but prevent mixing
of the electrolytes.

[0099] The battery can be a primary battery, that irrevers-
ibly transforms chemical energy to electrical energy or a
secondary battery that can be recharged, or have its chemical
reaction substantially reversed, by supplying electrical
energy to the cell. The battery can be a wet cell, or using a
liquid electrolyte, or a dry cell, or using a paste electrolyte
with sufficient moisture to enable the current to flow. The
battery can be a reserve battery that is stored unassembled
(e.g., unactivated and supplying no power) for a long period
(e.g., years), and, when the battery is needed, it can be
assembled by adding electrolyte and charged and ready to
supply electrical energy. For example, a battery can be
activated by impact, such as a wreck of a vehicle or air plane
or other type of impact: The acceleration breaks a capsule of
electrolyte that activates the battery.

[0100] The corrugated surface of the present disclosure
can be employed in many types of electrochemical systems
including galvanic cells, electrolytic cells, fuel cells, flow
cells, and voltaic piles. The corrugated surface can be
beneficial in primary, secondary or reserve battery chemistry
including without limitation primary batteries such as zinc-
carbon, zinc-chloride, alkaline (e.g., zinc manganese diox-
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ide), nickel oxyhydroxide (e.g., zinc-manganese dioxide/
nickel oxyhydroxide), lithium (e.g., lithium-copper oxide or
Li—CuO, lithium-iron disulfide or LiFeS,, lithium-manga-
nese dioxide or LiMnO,, lithium-carbon fluoride or Li—
(CF),,, and lithium-chromium oxide or Li—CrO,), mercury
oxide, zinc-air, Zamboni pile, silver oxide (silver-zinc), and
magnesium and secondary batteries such as NiCd, lead-acid,
NiMH, NiZn, AgZn, and lithium ion. Particular benefits can
be derived from using the corrugated surface in solid state
wet batteries.

[0101] While the corrugated surface is discussed with
specific reference to electrochemical energy reserve systems
and/or devices in the form of chemical reserve batteries, it
is to be understood that the teachings of this disclosure apply
to many different types of electrochemical components,
including those discussed above.

[0102] The corrugated electrode can address current
reserve battery shortcomings and alternatives to them. A
lithium-based, chemical reserve battery is a non-limiting
example of an electrochemical energy reserve system and/or
device. The chemical reserve batteries using one or more
corrugated electrodes can have tremendous potential to
supplant currently utilized thermal, reserve batteries and
alternative chemical reserve batteries that implement a lig-
uid-based cathode. Moreover, the chemical reserve batteries
using one or more corrugated electrodes can offer up to more
than ten times more energy, power, or combination thereof
than conventional thermal reserve batteries. While not wish-
ing to be bound by any theory, the increase in one or more
of the energy and power of the chemical reserve batteries
described herein is believed to be due to the utilization of the
one or more high energy and power density of lithium based
battery electrochemistry. The use of solid-state, thin-film
electrodes with a network of channels and cavities can
permit the rapid infusion of electrolyte leading to rapid
activation and rise times (projected milliseconds) indepen-
dent of battery size. This disclosure is particularly beneficial
to solid-state cathodes, rather than liquid based cathodes
such as, Lithium sulfur dioxide (Li—SO,), Lithium thionyl
chloride (Li—SOCI,) or Lithium sulfuryl chloride (Li—
SO,Cl,) that can pose serious operational and safety con-
cerns. Moreover, some embodiments of the present disclo-
sure relate to chemical reserve batteries and methods of
making those batteries.

[0103] Inaccordance with some embodiments of the pres-
ent disclosure, the electrochemical system design can
include a hermetically sealed, laminated, bipolar, electro-
chemical battery configuration. The hermetically sealed,
laminated, bipolar, electrochemical battery can be stored in
a galvanic state capable of providing electrical current once
activated with electrolyte. The ability to assemble the her-
metically sealed, laminated, bipolar, electrochemical battery
in a galvanic state without an electrolyte can achieve a shelf
life of the electrochemical battery of about 30 years or more.
The ability to assemble the hermetically sealed, laminated,
bipolar, electrochemical battery in a galvanic state without
an electrolyte can achieve a shelf life of the electrochemical
battery of about 29 years or more. The ability to assemble
the hermetically sealed, laminated, bipolar, electrochemical
battery in a galvanic state without an electrolyte can achieve
a shelf life of the electrochemical battery of about 28 years
or more. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
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electrochemical battery of about 27 years or more. The
ability to assemble the hermetically sealed, laminated, bipo-
lar, electrochemical battery in a galvanic state without an
electrolyte can achieve a shelf life of the electrochemical
battery of about 26 years or more. The ability to assemble
the hermetically sealed, laminated, bipolar, electrochemical
battery in a galvanic state without an electrolyte can achieve
a shelf life of the electrochemical battery of about 25 years
or more. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of about 24 years or more. The
ability to assemble the hermetically sealed, laminated, bipo-
lar, electrochemical battery in a galvanic state without an
electrolyte can achieve a shelf life of the electrochemical
battery of about 23 years or more. The ability to assemble
the hermetically sealed, laminated, bipolar, electrochemical
battery in a galvanic state without an electrolyte can achieve
a shelf life of the electrochemical battery of about 22 years
or more. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of about 21 years or more. The
ability to assemble the hermetically sealed, laminated, bipo-
lar, electrochemical battery in a galvanic state without an
electrolyte can achieve a shelf life of the electrochemical
battery of about 20 years or more. The ability to assemble
the hermetically sealed, laminated, bipolar, electrochemical
battery in a galvanic state without an electrolyte can achieve
a shelf life of the electrochemical battery of about 19 years
or more. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of about 18 years or more. The
ability to assemble the hermetically sealed, laminated, bipo-
lar, electrochemical battery in a galvanic state without an
electrolyte can achieve a shelf life of the electrochemical
battery of about 17 years or more. The ability to assemble
the hermetically sealed, laminated, bipolar, electrochemical
battery in a galvanic state without an electrolyte can achieve
a shelf life of the electrochemical battery of about 16 years
or more. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of about 15 years or more. The
ability to assemble the hermetically sealed, laminated, bipo-
lar, electrochemical battery in a galvanic state without an
electrolyte can achieve a shelf life of the electrochemical
battery of about 14 years or more. The ability to assemble
the hermetically sealed, laminated, bipolar, electrochemical
battery in a galvanic state without an electrolyte can achieve
a shelf life of the electrochemical battery of about 13 years
or more. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of about 12 years or more. The
ability to assemble the hermetically sealed, laminated, bipo-
lar, electrochemical battery in a galvanic state without an
electrolyte can achieve a shelf life of the electrochemical
battery of about 11 years or more. The ability to assemble the
hermetically sealed, laminated, bipolar, electrochemical bat-
tery in a galvanic state without an electrolyte can achieve a
shelf life of the electrochemical battery of about 10 years or
more. The ability to assemble the hermetically sealed, lami-
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nated, bipolar, electrochemical battery in a galvanic state
without an electrolyte can achieve a shelf life of the elec-
trochemical battery of about 9 years or more. The ability to
assemble the hermetically sealed, laminated, bipolar, elec-
trochemical battery in a galvanic state without an electrolyte
can achieve a shelf life of the electrochemical battery of
about 8 years or more. The ability to assemble the hermeti-
cally sealed, laminated, bipolar, electrochemical battery in a
galvanic state without an electrolyte can achieve a shelf life
of the electrochemical battery of about 7 years or more. The
ability to assemble the hermetically sealed, laminated, bipo-
lar, electrochemical battery in a galvanic state without an
electrolyte can achieve a shelf life of the electrochemical
battery of about 6 years or more. The ability to assemble the
hermetically sealed, laminated, bipolar, electrochemical bat-
tery in a galvanic state without an electrolyte can achieve a
shelf life of the electrochemical battery of about 5 years or
more. Moreover, the ability to assemble the hermetically
sealed, laminated, bipolar, electrochemical battery in a gal-
vanic state without an electrolyte can achieve a shelf life of
the electrochemical system of at least about from 5 to about
30 years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 29
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 28
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 27
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 26
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 25
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 24
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 23
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 22
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 21
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 20
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
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electrochemical battery of at least about form 5 to about 19
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 18
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 17
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 16
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 15
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 14
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 13
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 12
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 11
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 10
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 9
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 8
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 7
years. The ability to assemble the hermetically sealed,
laminated, bipolar, electrochemical battery in a galvanic
state without an electrolyte can achieve a shelf life of the
electrochemical battery of at least about form 5 to about 6
years.

[0104] While not wishing to be bound by any theory, it is
believed that the rapid infusion and/or diffusion of the
electrolyte throughout the corrugated electrode surface and
inter-electrode spaces can decrease activation time for the
chemical reserve battery using one or more corrugated
electrodes. For example, the rapid infusion and/or diffusion
of the electrolyte throughout the corrugated electrode sur-
face and inter-electrode spaces and optional ion separator
passages are believed to decrease activation time for an
electrochemical system and/or battery. The corrugation fea-
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tures and optional ion separator passages can rapidly infuse
and/or diffuse an electrolyte throughout an electrode surface
and inter-electrode spaces in no more than about five sec-
onds. The corrugation features and optional ion separator
passages can rapidly infuse and/or diffuse an electrolyte
throughout an electrode surface and inter-electrode spaces in
typically no more than about four seconds. The corrugation
features and optional ion separator passages can rapidly
infuse and/or diffuse an electrolyte throughout an electrode
surface and inter-electrode spaces in typically no more than
about three seconds. The corrugation features and optional
ion separator passages can rapidly infuse and/or diffuse an
electrolyte throughout an electrode surface and inter-elec-
trode spaces typically in no more than about two seconds.
The corrugation features and optional ion separator passages
can rapidly infuse and/or diffuse an electrolyte throughout
an electrode surface and inter-electrode spaces in no more
than about 1.5 seconds. The corrugation features and
optional ion separator passages can rapidly infuse and/or
diffuse an electrolyte throughout an electrode surface and
inter-electrode spaces in typically no more than about one
second. The corrugation features and optional ion separator
passages can rapidly infuse and/or diffuse an electrolyte
throughout an electrode surface and inter-electrode spaces in
typically no more than about 0.75 second. The corrugation
features and optional ion separator passages can rapidly
infuse and/or diffuse an electrolyte throughout an electrode
surface and inter-electrode spaces in typically no more than
about 0.5 second. The corrugation features and optional ion
separator passages can rapidly infuse and/or diffuse an
electrolyte throughout an electrode surface and inter-elec-
trode spaces in typically no more than about 0.25 second.
The corrugation features and optional ion separator passages
can rapidly infuse and/or diffuse an electrolyte throughout
an electrode surface and inter-electrode spaces in typically
less than about one second.

[0105] Inaccordance with some embodiments of the pres-
ent disclosure, a chemical reserve battery using one or more
corrugated electrodes can include one or both of a lithiated
anode and a non-lithiated or partially lithiated cathode,
either or both of which can be corrugated. The one or both
of a lithiated anode and a non-lithiated or partially lithiated
cathode can prime the chemical reserve battery using one or
more corrugated electrodes, such as the electrochemical
system, in a galvanic state (full charge state once the
chemical reserve battery using one or more corrugated
electrodes (the electrochemical system) is activated). Non-
limiting examples of composition comprising the lithiated
anode can be lithium, LiM (e.g., LiSi, LiAl, etc.) or addition
to what is a commonly referred to as a stabilized lithium
metal powder (SLMP) to graphite or other carbonaceous
material or metal.

[0106] FIG. 2 depicts the internal components of a cell 250
for the chemical reserve battery comprising multiple stacked
or wrapped electrodes 200a-c in accordance with some
embodiments of the present disclosure. Each electrode 200
includes negatively and positively charged first and second
electrodes separated by a separator 220. The separator 220
generally electronically isolates first and second electrodes
208 and 209. The first separator 200a electronically isolates
the first and second electrodes 208a and 209a that are,
respectively, an anode and a cathode. Each of the first and
second electrodes 208a and 2095 can have corrugated first
and second electrode surfaces 212a and 213a having accom-
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panying corrugation features. The chemical reserve battery
using one or more corrugated electrodes has multiple sepa-
rators 220a, b, ¢, . . . electronically isolating alternatingly
stacked anodes and cathodes. The first electrode 2084 has
only one corrugated surface. The second electrode 2094 has
opposing first and second surfaces, each of which can be
corrugated as the second electrode 2094 is shared by the first
and second separators 220a,b. In the second electrode the
second corrugated surface of the second electrode 209a
electrically communicates with the first corrugated surface
of a first electrode 2085. The third separator 220c, the first
electrode 2085 has an opposing second corrugated surface in
electrical communication with a corrugated surface of a
second electrode 209¢. As in the first electrode 2084, the
second electrode 209¢ has only one corrugated surface. The
external current collectors 2084 and 2095 each have an outer
face that is not coated. Each of the first and second elec-
trodes 208 and 209 in each of the electrochemical systems
has a corresponding current collector 201a-d and are sepa-
rated by the respective separator 220a-c.

[0107] As canbe seen from FIG. 2, the exteriors of the first
electrode 2084 and second electrode 2094 exteriors are
composed of significantly thicker foils than the interior
electrodes with tab leads arbitrarily shown on opposite sides
of the system. The system is encompassed with a packaging
material (not shown; which may be laminated or not
lamintated) with matched apertures to the system. The
current collectors can be ultrasonically welded in parallel.

[0108] The first electrode 208 and/or corrugated surface
212 can comprise any electrically conductive material. Non-
limiting examples of the first electrode 208 and/or corru-
gated surface 212, which acts as an anode, are carbon (e.g.,
graphite, activated carbon, hard carbon, or soft carbon),
copper, silver, lithium, lithiated metal alloys (e.g. LiSi, LiSb,
LiSn), lithiated metal oxides, aluminum, steel, and nickel.
While not wanting to be limited by example, non-limiting
examples of first electrode 208 and/or corrugated surface
212 anodic materials are graphite, activated carbon, hard
carbon, soft carbon, lithiated metal alloys (e.g. LiSi, LiSb,
LiSn) and lithiated metal oxides. Non-limiting examples of
the first electrode 208 and/or corrugated surface 212 anodic
materials are graphite, carbon, copper, silver, lithium, alu-
minum, steel, and nickel. Examples of first electrode and/or
corrugated surface 212 anodic materials are without limita-
tion are graphite, activated carbon, hard carbon, soft carbon,
lithiated metal alloys (e.g. LiSi, LiSb, LiSn) and lithiated
metal oxides.

[0109] The second electrode 209 and/or corrugated sur-
face 212 can comprise any electrically conductive material.
Non-limiting examples of the second electrode 209 and/or
corrugated surface 212, which acts as a cathode, are lithium
compounds and alloys. Non-limiting examples of the second
electrode 209 and/or corrugated surface 212 material are
lithium metal oxides, lithium metal phosphates, lithium
chalcogenides and lithium metal alloys.

[0110] The separator 220 can be any ion permeable mate-
rial, such as but not limited to an ion permeable membrane,
typically known those of skill in art of electrochemical
energy storage devices. Suitable separator 220 materials can
be without limitation nonwoven fibers (cotton, nylon, poly-
esters, glass), polymer films (polyethylene, polypropylene,
poly (tetrafluoroethylene), polyvinyl chloride), and naturally
occurring substances (rubber, asbestos, wood).
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[0111] Referring to FIG. 24, an interior system 2400 of
alternating or oppositely polarized electrodes is depicted.
The pair comprises a first electrode 2404 and second elec-
trode 2408, cach comprising a corresponding first or second
corrugation surface 2412 and 2416, respectively, and first or
second electrolyte 2420 and 2424, respectively, with an
intervening separator 2428. Each of the first and second
electrodes 2404 and 2408 comprise plural first corrugation
features 2440 passing through the depth or thickness of the
corresponding electrode and each of the first and second
corrugation surfaces 2412 and 2416 comprise plural first
corrugation features 2432 passing from the corresponding
first or second electrolyte through the depth or thickness of
the surface to a surface of the corresponding electrode.
Although only one corrugation surface is shown for each
electrode, it is to be appreciated that the outwardly facing
surface of each electrode can also have a first or second
corrugation surface comprising first and second corrugation
features, depending on the cell configuration. Likewise, the
separator 2428 has plural passages 2436 passing through the
depth or thickness of the separator from the first to the
second electrolyte. Corresponding ones of the first corruga-
tion features 2440 in each of the first and second electrodes,
first corrugation features 2432 in each of the first and second
corrugation surfaces 2412 and 2416, and the passages 2436
in the separator 2428 are axially aligned to provide continual
flow paths for the electrolyte not only from the first electrode
surface to the second electrode surface and vice versa but
also through each of the first and second electrodes to
adjacent electrode surfaces of other stacked or wrapped
electrode pairs. When electrolyte is introduced into the
battery, the aligned flow pathways enable the electrolyte to
rapidly contact the electrically charged surfaces of the
electrodes, thereby providing current.

[0112] Returning to FIG. 1 in one particular battery con-
figuration, the current collectors 201 associated with the
cathodic second electrodes 209 of the battery are ultrasoni-
cally welded together in parallel. The exterior current col-
lectors 201a and 201d can be composed of a single side
coating (toward the interior of the battery) and a thicker
current collector (about 100 um for electrodes of aluminum
or copper). The thicker collector can serve as a system
current lead and increase robustness. Moreover, electrodes
can be a thin foil (such as, about 10 um got copper or about
15 um for aluminum) deposited on the corresponding cur-
rent collector. Furthermore, the thicker system tab can be a
thin foil with an active electrode material coated on both
sides of the current collector.

[0113] A battery can comprise any number of alternating
electrode pairs, such as one, two, three, four, five, six, seven,
eight, nine, ten, eleven, or twelve alternating pairs. Gener-
ally, the battery can comprise from about 1 to about 100
alternating electrode pairs, more generally from about 2 to
about 100 alternating electrode pairs, more generally from
about 4 to about 80 alternating electrode pairs, more gen-
erally from about 4 to about 60 alternating electrode pairs,
more generally from about 6 to about 40 alternating elec-
trode pairs, and even more generally from about 6 to about
12 alternating electrode pairs.

[0114] The alternating electrode pairs can be in the form of
laminated electrochemical electrodes. The laminated elec-
trode pairs can be in a stacked arrangement. Moreover, the
laminated electrode pairs can be stacked in a bipolar con-
figuration. The bipolar stacking of the laminated, electrode
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pairs can provide one or both of an efficient stacking and a
higher voltage electrochemical cell. It can be appreciated
that the bipolar, stacked, laminated electrode pairs can be
lithium-based alternating electrode pairs. The bipolar stack-
ing of the laminated electrode pairs can provide an electro-
chemical cell having a capacity from about 100 Ah to about
1 mAh. The bipolar stacking of the laminated electrode pairs
can provide an electrochemical cell having a capacity from
about 95 Ah to about 100 mAh. The bipolar stacking of the
laminated electrode pairs can provide an electrochemical
cell having a capacity from about 90 Ah to about 200 mAh.
The bipolar stacking of the laminated electrode pairs can
provide an electrochemical cell having a capacity from
about 85 Ah to about 300 mAh. The bipolar stacking of the
laminated electrode pairs can provide an electrochemical
cell having a capacity from about 80 Ah to about 400 mAh.
The bipolar stacking of the laminated electrode pairs can
provide an electrochemical cell having a capacity from
about 85 Ah to about 500 mAh. The bipolar stacking of the
laminated electrode pairs can provide an electrochemical
cell having a capacity from about 80 Ah to about 600 mAh.
The bipolar stacking of the laminated electrode pairs can
provide an electrochemical cell having a capacity from
about 75 Ah to about 700 mAh. The bipolar stacking of the
laminated electrode pairs can provide an electrochemical
cell having a capacity from about 70 Ah to about 800 mAh.
The bipolar stacking of the laminated electrode pairs can
provide an electrochemical cell having a capacity from
about 65 Ah to about 900 mAh. The bipolar stacking of the
laminated electrode pairs can provide an electrochemical
cell having a capacity from about 60 Ah to about 1.0 Ah. The
bipolar stacking of the laminated electrode pairs can provide
an electrochemical cell having a capacity from about 55 Ah
to about 1.5 Ah. The bipolar stacking of the laminated
electrode pairs can provide an electrochemical cell having a
capacity from about 50 Ah to about 2 Ah.

[0115] The bipolar stacking of the laminated electrode
pairs can provide an electrochemical cell having a voltage
from about 15 to about 400 V. The bipolar stacking of the
laminated electrode pairs can provide an electrochemical
cell having a voltage from about 16 to about 375 V. The
bipolar stacking of the laminated electrode pairs can provide
an electrochemical cell having a voltage from about 17 to
about 350 V. The bipolar stacking of the laminated electrode
pairs can provide an electrochemical cell having a voltage
from about 18 to about 325 V. The bipolar stacking of the
laminated sub-cells can provide an electrochemical cell
having a voltage from about 19 to about 300 V. The bipolar
stacking of the laminated electrode pairs can provide an
electrochemical cell having a voltage from about 20 to about
275 V. The bipolar stacking of the laminated electrode pairs
can provide an electrochemical cell having a voltage from
about 21 to about 250 V. The bipolar stacking of the
laminated electrode pairs can provide an electrochemical
cell having a voltage from about 22 to about 225 V. The
bipolar stacking of the laminated electrode pairs can provide
an electrochemical cell having a voltage from about 23 to
about 200 V. The bipolar stacking of the laminated electrode
pairs can provide an electrochemical cell having a voltage
from about 24 to about 175 V. The bipolar stacking of the
laminated electrode pairs can provide an electrochemical
cell having a voltage from about 25 to about 150 V. The
bipolar stacking of the laminated electrode pairs can provide
an electrochemical cell having a voltage from about 26 to
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about 125 V. The bipolar stacking of the laminated electrode
pairs can provide an electrochemical cell having a voltage
from about 27 to about 100 V. The bipolar stacking of the
laminated electrode pairs can provide an electrochemical
cell having a voltage from about 28 to about 75 V. The
bipolar stacking of the laminated electrode pairs can provide
an electrochemical cell having a voltage from about 28 to
about 70 V.

[0116] While the benefits of the corrugated electrode are
discussed with reference to lamination, prismatic stacking
and/or bipolar battery configurations, the corrugated elec-
trodes can be used beneficially in many other battery con-
figurations, including those discussed above. For example,
the battery can be configured as a cylindrical cell having
electrodes wrapped at least partially around one another.

[0117] FElectrochemical batteries fabricated according to
some of the embodiments of the present disclosure can have
one or more of higher power and energy densities and the
ability to operate over a wide temperature range and oper-
ating conditions than conventional reserve battery systems.
FIG. 3 depicts predicted results for electrochemical systems
fabricated according to some of the embodiments described
herein. Depending on the cell design and particular lithium-
based chemistry employed, the electrochemical systems
fabricated according to some of the embodiments described
herein have increases between five and ten times (or
increases between 500% and 1000%) in specific energy and
increases of at least two times (or increases of about 200%)
in specific power over the current state of art of reserve
batteries, as exemplified in the Ragone plot. It is further
believed that one or more of the specific energy and specific
power of the current state of art of batteries and/or reserve
batteries can be improved through the incorporation of one
or more of the corrugated electrodes described herein in
some of the embodiments.

[0118] Another performance enhancement observed in
electrochemical systems fabricated according to some of the
embodiments of the present disclosure is the specific power
of the reserve battery. The reserve battery described herein
in some embodiments are projected to have specific power
greater than 9 kW/kg when fabricated in a high power
format with specific energy approaching 100 Wh/kg (see
Ragone plot of FIG. 20). The electrochemical systems are
also believed to have a continuous specific power greater
than about 5 kW/kg in this high power format. Moreover, the
electrochemical systems are also believed to have a pulse
power of about 10 kW/kg in this high power format.
Furthermore, it is believed that the reserve batteries fabri-
cated according to some of the embodiments described
herein could deliver at a lower specific power of more than
about 200 Wh/kg. Other reserve battery enhancements can
include a reduction of one or more of the electrochemical
cell weight and volume. In accordance with some embodi-
ments, the reserve battery weight reduction, compared to
reserve batteries of the prior art, can be about 400% or more.
In some embodiments, the electrochemical battery weight
reduction, compared to reserve batteries of the prior art, can
be no more than about 400%. In accordance with some
embodiments, the reduction in the electrochemical battery
volume can be about 300% or more, when compared to
reserve batteries of the prior art. In some embodiments, the
reduction in the electrochemical battery volume can be no
more than about 300%, when compared to reserve batteries
of the prior art. It is further believed that one or more of the
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electrochemical batteries weight and volume of the current
state of art of batteries and/or reserve batteries can be
improved through the incorporation of one or more of the
corrugated electrodes described herein in some of the
embodiments.

[0119] Another performance enhancement observed in
electrochemical systems fabricated according to some of the
embodiments of the present disclosure is the storage tem-
perature range. In some embodiments, the storage tempera-
ture range of the electrochemical battery is from about —60
to about 110 degrees Celsius. In some embodiments, the
storage temperature range is from about -58 to about 105
degrees Celsius. In some embodiments, the storage tempera-
ture range of the electrochemical battery is from about —55
to about 102 degrees Celsius. In some embodiments, the
storage temperature range of the electrochemical battery is
from about -54 to about 100 degrees Celsius. It is further
believed that one or more of the storage temperature of the
current state of art of battery and/or reserve batteries can be
improved through the incorporation of one or more of the
corrugated electrodes described herein in some of the
embodiments. As will be appreciated, the storage tempera-
ture is extended due to the implementation of a reserve
battery (not activated until utilization), not specifically due
to the corrugated electrodes. Moreover, the storage tempera-
ture is extended compared to many traditional lithium sys-
tems.

[0120] Another performance enhancement observed in the
electrochemical batteries fabricated according to some of the
embodiments of the present disclosure is the operating
temperature range. It can be appreciated that in some
embodiments, the operating temperature range of the elec-
trochemical batteries is from about -30 to about 100 degrees
Celsius. In some embodiments, the operating temperature
range of the electrochemical batteries is from about =35 to
about 95 degrees Celsius. In some embodiments, the oper-
ating temperature range of the electrochemical batteries is
from about -38 to about 92 degrees Celsius. In some
embodiments, the operating temperature range of the elec-
trochemical batteries is from about —40 to about 90 degrees
Celsius. It is further believed that the operating temperature
of the current state of art of batteries and/or reserve batteries
can be improved through the incorporation of one or more
of the corrugated electrodes described herein in some of the
embodiments of the present disclosure. As will be appreci-
ated, the operational temperature is extended due to the
implementation of a reserve battery (not activated until
utilization), not specifically due to the corrugated electrodes.
Moreover, the operational temperature is extended com-
pared to many traditional lithium systems.

[0121] Another performance enhancement observed in
electrochemical battery fabricated according to some of the
embodiments of the present disclosure is the rise tempera-
ture during activation. In some embodiments, there is no rise
temperature during activation of the electrochemical battery.
In some embodiments, the rise temperature of the electro-
chemical battery is less than about 0.1 degrees Celsius
during activation. In some embodiments, the rise of the
electrochemical battery is less than about 0 degrees Celsius
during activation (that is the temperature after activation is
less than the temperature prior to activation). In some
embodiments, the rise temperature of the electrochemical
battery is less than about 0.2 degrees Celsius during activa-
tion. In some embodiments, the rise temperature of the
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electrochemical battery is less than about 0.5 degrees Cel-
sius during activation. In some embodiments, the rise tem-
perature of the electrochemical battery is less than about 1
degree Celsius. In some embodiments, the rise temperature
of the electrochemical battery is less than about 1.5 degrees
Celsius during activation. In some embodiments, the rise
temperature of the electrochemical battery is less than about
2.0 degrees Celsius during activation. In some embodi-
ments, the rise temperature of the electrochemical battery is
less than about 2.5 degrees Celsius during activation. In
some embodiments, the rise temperature of the electro-
chemical battery is less than about 3 degrees Celsius during
activation. In some embodiments, the rise temperature of the
electrochemical battery is less than about 5 degrees Celsius
during activation. It can be appreciated that the battery is
immediately and sustainable for years thereafter, if neces-
sary. Furthermore, the activation process of the present
disclosure eliminates the need to coordinate pyrotechnics
with activation process. It is further believed that one or
more of the specific energy and specific power of the current
state of art of reserve batteries can be improved through the
incorporation of one or more of the corrugated electrodes
described herein in some of the embodiments of the present
disclosure.

[0122] Another performance enhancement observed in
electrochemical batteries fabricated according to some of the
embodiments of the present disclosure is the durability of
electrochemical battery. An electrochemical battery fabri-
cated according to some embodiments of the present dis-
closure can comprise solid-state systems. An electrochemi-
cal battery fabricated according to some embodiments of the
present disclosure can have redundant electrical connec-
tions. It can be appreciated that one or both of the solid-state
systems construction and the redundant electrical connec-
tions contained within the electrochemical batteries can
make for a durable electrochemical battery that can with-
stand excess forces, such as vibrational forces. It is further
believed that the durability of the current state of art of
reserve batteries can be improved through the incorporation
of one or more of the corrugated electrodes described herein
in some of the embodiments of the present disclosure.

[0123] Another performance enhancement observed in
electrochemical batteries fabricated according to some of the
embodiments of the present disclosure is the ease of con-
struction of the electrochemical battery. The lithium polymer
fabrication according to some embodiments of the present
disclosure can be less laborious than the current state of the
art thermal battery construction or liquid-based cathode
reserve battery systems. The fabrication of the corrugated
electrodes according to some embodiments of the present
disclosure can be less laborious than the current state of art
thermal battery construction, particularly the thermal batter-
ies activated by pyrotechnics. It is further believed that the
ease of construction of the current state of art of batteries
and/or reserve batteries can be improved through the incor-
poration of one or more of the corrugated electrodes
described herein in some of the embodiments of the present
disclosure.

[0124] Another performance enhancement observed in
electrochemical batteries fabricated according to some of the
embodiments of the present disclosure is the flexibility in the
construction of the electrochemical battery. Some embodi-
ments include flexibility in the planar footprint size of the
electrochemical systems; such a degree of flexibility is not
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available within the current state of the art battery design.
Furthermore, effectively any voltage and capacity can be
constructed into a single rigid, hermetically sealed battery
design, such design options are not currently available
within the current state of the reserve battery design and
fabrication. Moreover, the corrugated electrodes can be
tailored to fit activation times. It is further believed that the
flexibility of design and fabrication of the current state of art
of'batteries and/or reserve batteries can be improved through
the incorporation of one or more of the corrugated electrodes
described herein in some of the embodiments of the present
disclosure.

[0125] Another performance enhancement observed in
electrochemical batteries fabricated according to some of the
embodiments of the present disclosure is the improved
safety of the electrochemical battery. In some embodiments,
the lower operating temperatures of battery are generally
safer to operate than the current state of art reserve batteries
that typically require pyrotechnics for activation. Moreover,
current reserve batteries commonly generate excessive heat,
while the electrochemical systems of the present disclose
usually generate little, if any, excess heat. It is further
believed that the safety of the current state of art of batteries
and/or reserve batteries can be improved through the incor-
poration of one or more of the corrugated electrodes
described herein in some of the embodiments of the present
disclosure.

[0126] In accordance with some embodiments is the abil-
ity to provide practically any voltage desired in a single
electrochemical battery by adding additional electrodes.
This ability to design practically any electrochemical battery
voltage is not available within traditional reserve batteries.
Lithium electrochemical systems are commonly limited to
voltages of from about 2 to about 5 volts depending on the
cell chemistry and the electrodes need to be electrochemi-
cally isolated when placed in series connection. Moreover, a
bipolar electrochemical cell configuration is often prohibi-
tive in traditional lithium batteries due to electrochemical
oxidation of the current collectors at high potentials, which
commonly leads to subsequent loss of the current collectors
and battery failure. With the electrochemical battery of
present disclosure the deleterious reaction is negligible due
to the short time the cell is activated. An electrochemical
battery, in particular a bipolar electrochemical cell as
described herein, is therefore not only applicable, but
desired, to obtain a high voltage in a single battery that can
be activated without cell isolation. The bipolar design also
affords the same flexibility to increase capacity by adding
additional electrodes to each cell. The bipolar battery can
eliminate the need for multiple cell enclosures and electro-
lyte fill systems. Rather, a single hermetically sealed rigid
container can house the high capacity, high voltage battery.

[0127] It can be further appreciated that the cell configu-
ration can be based upon a traditional stacked planar elec-
trode lithium electrochemical cell design. In some embodi-
ments, cell tabs can be oriented on opposite sides of the cell
stack (FIG. 1) to accommodate power, or along the same
side to maximize energy density. It can also be appreciated
that in some embodiments, the cell tabs can be oriented on
one side or the other of the cell stack. Within an electro-
chemical cell, the cell anodes and cathodes are generally
stacked alternately. The electrochemical cell typically
includes a thin multi-layer plastic laminate positioned
between each of electrode pairs with matched apertures to
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the electrode apertures to allow for electrolyte permeation
while isolating the electrode pairs from shorting through
electrolyte. Generally, electrodes internal to the cell are
ultrasonically welded in parallel. That is the cell tabs asso-
ciated with the anodes of the electrochemical system stack
are ultrasonically welded together in parallel.

[0128] With reference to FIG. 4, the chemical reserve
battery 400 can have many different configurations. The
reserve battery can comprise any number of cells composed
of multiple electrode pairs, such as six (28V) or twelve
(56V) high capacity cells electrically interconnected in a
series configuration. With reference to FIG. 4, multiple cells
412a-c, each cell 412 comprising alternating pairs of first
and second electrodes 208 and 209 separated by a separator
220, are electrically connected to one another. Within each
cell 412, adjacent alternating electrode pairs are also sepa-
rated by a separator 220. No separator 220 is positioned
between adjacent cells 412. Each of the first and second
electrodes in each cell 412 has at least one corrugated
surface 212. The outermost electrodes in any cell 412 can
have only one corrugated surface 212 while those sand-
wiched between adjacent electrodes typically have opposing
corrugated surfaces 212 on either side of the electrode.

[0129] FIGS. 4-5 depict an embodiment of a corrugated
surface 212. The surface 212 comprises perforations, voids,
apertures, cavities or holes 404 dispersed at selected inter-
vals over the face of the corrugated electrode. The perfora-
tions, voids, apertures, cavities or holes 404 can pass par-
tially or completely through the electrode and may or may
not be aligned with one another through the stacked elec-
trodes in each cell. Commonly, the perforations, voids,
apertures, cavities or holes 404 pass completely through the
electrodes positioned interiorly of the cell but not through
the electrodes (such as electrode 208a adjacent the negative
lead 420) positioned exteriorly of the cell. Typically, they are
aligned to enable the electrolyte to flow through the entire
electrode stack. As shown in FIG. 5, each corrugated surface
comprises a network of interconnected channels or grooves
500 (denoted by the solid lines) to enable the electrolyte to
flow from the perforations or holes or voids 404 into the
channels or grooves 500, thereby dispersing the electrolyte
laterally over the face, not just longitudinally through the
face of, the electrode. The sizes of the perforations, voids,
apertures, cavities or holes 404 and channels or grooves 500
are large enough to enable atoms of the electrolyte to pass
therethrough.

[0130] Electrical interconnections amongst the stacked
cells can be made by conductive structures 408a-c¢ con-
nected with the various common types of electrodes in each
cell 412a-c. In the first cell 4124, a first conductive structure
408a is connected to each first electrode 208a-c¢ and a second
conductive structure 4085 is connected to each second
electrode 209a-c (which are polarized oppositely to the first
electrodes) such that the first and second conductive struc-
tures 408a and b are electrically connected in parallel to the
stacked electrodes; in the second cell 4125, the first con-
ductive structure 4084 is connected to each first electrode
208a-c and the second conductive structure 408¢ is con-
nected to each second electrode 209a-c (which are polarized
oppositely to the first electrodes) such that the first and
second conductive structures 4084 and ¢ are electrically
connected in parallel to the stacked electrodes; and in the
third cell 412¢, the first conductive structure 408e is con-
nected to each first electrode 208a-c and the second con-
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ductive structure 408fis connected to each second electrode
209a-¢ (which are polarized oppositely to the first elec-
trodes) such that the first and second conductive structures
408¢ and f are electrically connected in parallel to the
stacked electrodes. To electrically connect the cells 412a-¢
in series, a first electrically conductive bridge 416a connects
the second conductive structure 4085 in the first cell 4124 to
the first conductive structure 4084 in the second cell 4125,
a second electrically conductive bridge 4165 connects the
second conductive structure 408c¢ in the second cell 4125 to
the first conductive structure 408e in the third cell 412¢; and
so on to the next cell (not shown). A negative lead 420 is
connected to the first conductive structure 408q and a similar
positive lead (not shown) is connected to the final second
conductive structure in the last cell in the battery 400.
[0131] The first and second conductive structures 408 are
connected to corresponding electrodes and to the conductive
bridges 416 by ultrasonic welding or other suitable tech-
niques. These ultrasonically welded together redundant tab
leads form a durable redundancy within the electrochemical
bipolar cell.

[0132] Electrical current passes through the electrical
series interconnections and can, thereafter, be substantially
evenly distributed to the electrodes through parallel connec-
tions. This ability to interconnect the bipolar electrode pairs
electrically in parallel and the adjacent cells electrically in
series can solve a problem of the chemical reserve batteries
of the prior art, the ability to construct a chemical reserve
battery having a particular capacity and voltage in single
sealed container. A battery having any practical capacity and
voltage in a single hermetically sealed rigid container can be
constructed. Furthermore, the power to energy ratio of the
battery can be, in contrast to batteries of the prior art,
constructed for specific applications and for specific elec-
trochemical system needs. Moreover, such batteries can be
constructed with traditional lithium electrochemical sys-
tems.

[0133] The foregoing components are typically encapsu-
lated in a rigid hermetically sealed enclosure (not shown).
The rigid enclosure can comprise any material. In some
embodiments, the rigid enclosure can be a high strength
plastic, a metal, or combination thereof. The rigid enclosure
can be a structural support. Moreover, the rigid enclosure
can comprise a durable material. It can be appreciated that
the rigid enclosure can hermetically seal the electrochemical
energy storage device and/or system. Generally, the elec-
trodes and separator of the electrochemical storage device
and/or system can be hermetically sealed by the rigid
enclosure.

[0134] Some embodiments of the present disclosure
include activating the chemical reserve battery. In accor-
dance with some embodiments, the activation of the battery
includes a rapid infusion of an electrolyte into the battery.
The infusion of the electrolyte into the battery includes one
or more of rapid spreading and wetting of the electrode
surfaces by flow of the electrolyte longitudinally through the
electrode stack via through perforations or holes or voids
404 and laterally along the face of each corrugated electrode
via the interconnected network of grooves or channels 500.
An advantage of the rapid spreading and/or wetting of the
electrode surfaces by the electrolyte is that the electrochemi-
cal energy storage device and/or system can be activated and
reach its desired voltage in typically less than about a
second. Applications within the prior art generally require a
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short “priming” period and/or a readying stage that usually
include providing heat or time for activation, which is not
always possible and require periods exceeding a few sec-
onds.

[0135] A non-limiting example of activating a chemical
reserve battery will be illustrated with a bipolar solid state
lithium reserve battery. In accordance with some embodi-
ments, rapid activation of a bipolar lithium reserve battery
can be by one or more of forced or passive diffusion of an
electrolyte by flow of the electrolyte longitudinally through
the electrode stack via through perforations, voids, aper-
tures, cavities or holes 404 and laterally along the face of
each corrugated electrode via the interconnected network of
grooves or channels 500. As shown in FIG. 5, the corruga-
tion features can form a network of orientated holes and/or
channels and/or grooves having a pattern, such as but not
limited to a symmetric pattern of corrugation features
throughout one or more electrodes of the bipolar lithium
reserve battery. Such electrode architectures generally
achieve one or more of rapid spreading and wetting of the
electrode surfaces by the electrolyte. Moreover, the electro-
lyte flow is typically substantially unimpeded in all direc-
tions throughout the electrochemical energy storage device
and/or system as the electrolyte rapidly spreads and wets the
electrode surfaces; that is, the electrolyte flows along the
electrode architecture substantially uniformly along the
electrode face’s x and y-axes through the corrugation feature
network and the z-axis through the corrugation features. As
can be appreciated by those of skill in the art, variation of the
size and number of corrugation features within one or more
of the network of the corrugation features can affect elec-
trolyte flow within the electrochemical energy storage
device and/or system. For example, variation of the size and
number of corrugation features within the corrugation fea-
tures can affect electrolyte diffusion distance within the
electrochemical energy storage device and/or system. More-
over, the size and number of corrugation features within the
one or more of the network of the corrugation features can
affect the activation time to achieve total spreading and
wetting of the electrode surfaces.

[0136] Providing corrugation features on the active elec-
trode surface can impact one or more of the energy and
power density of the electrochemical energy storage device
and/or system. In some embodiments, at least about 0.001%
of the electrically active surface area (e.g., the electrode
surface area that interacts with the electrolyte to either
reduce or oxidize a compound, ion or element) comprises or
is part of a corrugation feature. In some embodiments, at
least about 0.01% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, at least about 0.1% of the electrically active
surface area comprises or is part of a corrugation feature. In
some embodiments, at least about 0.25% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, at least about 0.5% of the
electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, at least about
0.75% of the electrically active surface area comprises or is
part of a corrugation feature. In some embodiments, at least
about 1% of the electrically active surface area comprises or
is part of a corrugation feature. In some embodiments, at
least about 0.75% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, at least about 5% of the electrically active
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surface area comprises or is part of a corrugation feature. In
some embodiments, at least about 0.75% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, at least about 10% of the
electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 1.5% of the electrically active surface area comprises
or is part of a corrugation feature. In some embodiments, no
more than about 2% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, no more than about 3% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 4% of the
electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 5% of the electrically active surface area comprises or
is part of a corrugation feature. In some embodiments, no
more than about 6% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, no more than about 7% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 8% of the
electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 9% of the electrically active surface area comprises or
is part of a corrugation feature. In some embodiments, no
more than about 10% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, no more than about 11% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 12% of
the electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 13% of the electrically active surface area comprises
or is part of a corrugation feature. In some embodiments, no
more than about 14% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, no more than about 15% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 16% of
the electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 17% of the electrically active surface area comprises
or is part of a corrugation feature. In some embodiments, no
more than about 18% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, no more than about 19% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 20% of
the electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 21% of the electrically active surface area comprises
or is part of a corrugation feature. In some embodiments, no
more than about 22% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, no more than about 23% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 24% of
the electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 25% of the electrically active surface area comprises
or is part of a corrugation feature. In some embodiments, no
more than about 26% of the electrically active surface area
comprises or is part of a corrugation feature. In some
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embodiments, no more than about 27% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 28% of
the electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 29% of the electrically active surface area comprises
or is part of a corrugation feature. In some embodiments, no
more than about 30% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, no more than about 31% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 32% of
the electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 33% of the electrically active surface area comprises
or is part of a corrugation feature. In some embodiments, no
more than about 35% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, no more than about 40% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 45% of
the electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 50% of the electrically active surface area comprises
or is part of a corrugation feature. In some embodiments, no
more than about 55% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, no more than about 60% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 65% of
the electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 70% of the electrically active surface area comprises
or is part of a corrugation feature. In some embodiments, no
more than about 75% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, no more than about 80% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 90% of
the electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 92% of the electrically active surface area comprises
or is part of a corrugation feature. In some embodiments, no
more than about 94% of the electrically active surface area
comprises or is part of a corrugation feature. In some
embodiments, no more than about 96% of the electrically
active surface area comprises or is part of a corrugation
feature. In some embodiments, no more than about 98% of
the electrically active surface area comprises or is part of a
corrugation feature. In some embodiments, no more than
about 99% of the electrically active surface area comprises
or is part of a corrugation feature. In some embodiments, no
more than about 100% of the electrically active surface area
comprises or is part of a corrugation feature.

[0137] The number of corrugation features per square unit
of the active surface area can be substantially constant or
variable over the active surface area. With reference to the
corrugated electrode of FIGS. 16A-C, for example, the
number of corrugation features per square unit of the active
surface area is substantially constant while with reference to
the corrugated electrode of FIG. 21 the number of corruga-
tion features per unit square unit of the active surface area
is variable over the active surface area. More specifically, the
number of corrugation features per square unit of the active
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surface in the corrugated electrode of FIG. 21 increase near
perforations, voids, apertures, holes, or cavities for acceler-
ated wetting by the electrolyte and decreases at distance
away from the perforations, voids, apertures, holes, or
cavities to substantially maximize energy density.

[0138] The dimensions of the grooves and/or channels can
vary depending on the application. The grooves and/or
channels can have an average, mean and/or mode width or
depth of at least about 5 um. The grooves and/or channels
can have an average, mean and/or mode width or depth of
at least about 7 um. The grooves and/or channels can have
an average, mean and/or mode width or depth at least about
9 um. The grooves and/or channels can have an average,
mean and/or mode width or depth of at least about 10 um.
The grooves and/or channels can have an average, mean
and/or mode width or depth of at least about 12 um. The
grooves and/or channels can have an average, mean and/or
mode width or depth of at least about 14 pm. The grooves
and/or channels can have an average, mean and/or mode
width or depth of at least about 15 pm. The grooves and/or
channels can have an average, mean and/or mode width or
depth of at least about 16 um. The grooves and/or channels
can have an average, mean and/or mode width or depth of
at least about 18 um. The grooves and/or channels can have
an average, mean and/or mode width or depth of at least
about 20 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 30 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 35 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 40 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 45 pm. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 50 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 55 pm. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 60 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 65 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 70 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 80 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 90 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 100 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 200 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 300 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 400 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 500 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 600 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 700 um. The grooves and/or channels can have an
average, mean and/or mode width or depth of no more than
about 800 um. The grooves and/or channels can have a width
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or depth of no more than about 900 um. The grooves and/or
channels can have an average, mean and/or mode width or
depth of no more than about 1 mm. The perforations, voids,
apertures, holes or cavities can have an average, mean
and/or mode diameter of at least about 1 pm. The perfora-
tions, voids, apertures, holes or cavities can have an average,
mean and/or mode diameter of at least about 20 um. The
perforations, voids, apertures, holes or cavities can have an
average, mean and/or mode diameter of at least about 50 pm.
The perforations, voids, apertures, holes or cavities can have
an average, mean and/or mode diameter of at least about 100
um. The perforations, voids, apertures, holes or cavities can
have an average, mean and/or mode diameter of at least
about 150 pm. The perforations, voids, apertures, holes or
cavities can have an average, mean and/or mode diameter of
at least about 200 um. The perforations, voids, apertures,
holes or cavities can have an average, mean and/or mode
diameter of no at least about 250 pum. The perforations,
voids, apertures, holes or cavities can have an average, mean
and/or mode diameter of at least about 300 um. The perfo-
rations, voids, apertures, holes or cavities can have an
average, mean and/or mode diameter of at least about 350
um. The perforations, voids, apertures, holes or cavities can
have an average, mean and/or mode diameter of at least
about 400 um. The perforations, voids, apertures, holes or
cavities can have an average, mean and/or mode diameter of
at least about 425 pum. The perforations, voids, apertures,
holes or cavities can have an average, mean and/or mode
diameter of at least about 450 um. The perforations, voids,
apertures, holes or cavities can have an average, mean
and/or mode diameter of at least about 475 pm. The perfo-
rations, voids, apertures, holes or cavities can have an
average, mean and/or mode diameter of at least about 500
um. The perforations, voids, apertures, holes or cavities can
have an average, mean and/or mode diameter of at least
about 525 pum. The perforations, voids, apertures, holes or
cavities can have an average, mean and/or mode diameter of
at least about 550 um. The perforations, voids, apertures,
holes or cavities can have an average, mean and/or mode
diameter of at least about 575 um. The perforations, voids,
apertures, holes or cavities can have a diameter of at least
about 600 um. The perforations, voids, apertures, holes or
cavities can have an average, mean and/or mode diameter of
at least about 625 pum. The perforations, voids, apertures,
holes or cavities can have an average, mean and/or mode
diameter of at least about 700 um. The perforations, voids,
apertures, holes or cavities can have an average, mean
and/or mode diameter of no more than about 50 mm. The
perforations, voids, apertures, holes or cavities can have an
average, mean and/or mode diameter of no more than about
45 mm. The perforations, voids, apertures, holes or cavities
can have an average, mean and/or mode diameter of no more
than about 40 mm. The perforations, voids, apertures, holes
or cavities can have an average, mean and/or mode diameter
of no more than about 35 mm. The perforations, voids,
apertures, holes or cavities can have a diameter of no more
than about 30 mm. The perforations, voids, apertures, holes
or cavities can have an average, mean and/or mode diameter
of no more than about 25 mm. The perforations, voids,
apertures, holes or cavities can have an average, mean
and/or mode diameter of no more than about 20 mm. The
perforations, voids, apertures, holes or cavities can have an
average, mean and/or mode diameter of no more than about
15 mm. The perforations, voids, apertures, holes or cavities
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can have an average, mean and/or mode diameter of no more
than about 14 mm. The perforations, voids, apertures, holes
or cavities can have an average, mean and/or mode diameter
of no more than about 13 mm. The perforations, voids,
apertures, holes or cavities can have an average, mean
and/or mode diameter of no more than about 12 mm. The
perforations, voids, apertures, holes or cavities can have an
average, mean and/or mode diameter of no more than about
10 mm. The perforations, voids, apertures, holes or cavities
can have an average, mean and/or mode diameter of no more
than about 9 mm. The perforations, voids, apertures, holes or
cavities can have an average, mean and/or mode diameter of
no more than about 8 mm. The perforations, voids, aper-
tures, holes or cavities can have an average, mean and/or
mode diameter of no more than about 7 mm. The perfora-
tions, voids, apertures, holes or cavities can have an average,
mean and/or mode diameter of no more than about 6 mm.
The perforations, voids, apertures, holes or cavities can have
an average, mean and/or mode diameter of no more than
about 5 mm. The perforations, voids, apertures, holes or
cavities can have an average, mean and/or mode diameter of
no more than about 4 mm. The perforations, voids, aper-
tures, holes or cavities can have an average, mean and/or
mode diameter of no more than about 3 mm. The perfora-
tions, voids, apertures, holes or cavities can have an average,
mean and/or mode diameter of no more than about 2 mm.
The perforations, voids, apertures, holes or cavities can have
an average, mean and/or mode diameter of no more than
about 1 mm.

[0139] It can be appreciated by those of skill in the art that
the number and physical size of the perforation features can
affect one or more of the energy, power density and activa-
tion time of the electrochemical energy storage device
and/or system. It is believed that groove and/or channel
widths of about 100 nm to about 250 um can impart
unintuitive properties to one or more of the energy, power
density and activation time of the electrochemical energy
storage device and/or system. In particular, the Reynolds
number (which compares the effect of momentum of a fluid
to the effect of viscosity) can become very low. As such, the
electrolyte will not necessarily flow and mix in the tradi-
tional sense. Rather, the electrolyte will follow the physics
of microfiuidic flow and transport can be dominated by
molecular diffusion. Hence, the electrolyte flow regimes will
generally follow one or more of creeping flow, potential
flow, pressure driven flow, or more combination thereof It is
therefore expected that electrolyte flow and activation time
will be likely influenced of Debye length (e.g., charge carrier
electrostatic effects on the channel and/or groove flows),
friction losses (Darcy-Weisbach equation) and Reynolds
number. The effects can be understood using a fully devel-
oped Navier-Stokes Equation shown below (assuming
incompressible, Newtonian fluids):

¢}
f= P[a—[" +(v- V)V] = foressure + Sfriction + Srotume>

[0140] where v is flow velocity, p is fluid density,
f =force due to pressure head, f, =force due to

pressure g frict‘[o.n .
frictional losses and f,,,,,,..=body forces acting on the fluid.
In some embodiments, a viscosity-driven response of micro-
fluidic flow could impede the one or more of rapid spreading

and wetting of the electrode surfaces by the electrolyte.
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Furthermore, according to some embodiments, the physical
size of the channel network should be generally minimized.

[0141] It can be appreciated that some embodiments of the
present disclosure can include electrodes having any shape.
In some embodiments, the electrodes can have a shape
generally resembling a rectangular box. In some embodi-
ments, the electrodes can have a shape generally resembling
a cylinder. In some embodiments, the electrodes can have a
shape generally resembling one of an arch, curve, concaved,
convex, crescent, or dome.

[0142] It can be appreciated that in some embodiments,
the electrochemical energy storage device and/or system can
have any shape. In some embodiments, the electrochemical
energy storage device and/or system can have a shape
generally resembling a rectangular box. In some embodi-
ments, the electrochemical energy storage device and/or
system can have a shape generally resembling a cylinder. In
some embodiments, the electrochemical energy storage
device and/or system can have a shape generally resembling
one of an arch, curve, concaved, convex, crescent, or dome.

[0143] It can be appreciated that some embodiments of the
present disclosure can include an activation mechanism. The
activation mechanism can be any suitable activation mecha-
nism. Non-limiting examples of possible activation mecha-
nisms can include manual, automated, mechanical, electri-
cal, hydraulic, and any combination thereof Generally, prior
to activation, the electrochemical energy storage device
and/or system is/are devoid of the electrolyte. Typically, the
electrochemical energy storage device and/or system elec-
trolyte comprise one or more electrolyte input ports. The one
or more inputs are usually in fluid communication with
electrolyte. The electrolyte is typically stored in one of an
electrolyte reservoir, pouch, tank, container, receptacle, or
such. It can be appreciated that the one of the electrolyte
reservoir, electrolyte pouch, electrolyte tank, electrolyte
container, electrolyte receptacle, or such is in fluid commu-
nication with the one or more electrolyte input ports. The
activation mechanism can include the step of transporting
the electrolyte through an input line from the one of an
electrolyte reservoir, pouch, tank, container, receptacle to
the one or more electrolyte input ports. Moreover, the
activation mechanism can include introducing the electro-
lyte through the one or more electrolyte input ports into the
electrochemical energy storage device and/or system. Fur-
thermore, the activation mechanism can include after the
introduction of the electrolyte into the electrochemical
energy storage device and/or system the step of one or more
of spreading and wetting the surfaces of the electrodes with
the electrolyte. For example, the electrochemical energy
storage device and/or system can be constructed in an
annular design to allow for a spring activated burst disc as
with many other chemical reserve systems, or constructed in
a prismatic block with an actuated piston pushing electrolyte
into the cell, as well as many other possibilities. Due to the
elevated operating temperatures, thermal batteries require
immediate use after activation, but there is no need to
coordinate activation with the actual use of the electro-
chemical energy storage device and/or system according to
some of the embodiments of the present disclosure. The
electrochemical storage device and/or system can be acti-
vated from one of less than a second, a second, to seconds,
minutes, hours, or even days, to weeks, or months prior to
use, without degradation or adverse effects. Furthermore, the
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electrochemical energy storage device and/or system can be
activated during a high g-force event or other process and/or
method of activation.

[0144] Some embodiments of the present disclosure
include texturing or patterning of an electrode. In some
embodiments of the present disclosure include texturing or
patterning of one or more electrodes of an electrochemical
energy storage device and/or system. Generally, the textur-
ing or patterning can be done by a laser ablation process. The
ablation can be by a high intensity pulsed laser. The laser can
be typically coupled to a three-axis scanhead. Moreover, the
laser ablation can form the perforation features on the
electrode. The perforation features can form a network of
one or more orientated channels and/or grooves having a
pattern on the electrode. Moreover, the ablation can form a
symmetric pattern of perforations, voids, apertures, cavities
and/or holes on the electrode. The laser ablation can com-
prise a process of removing material from a solid (or
occasionally liquid) surface by irradiating it with a laser
beam. The ablation is a laser cutting process utilizing high
intensity, fast moving beams with a small spot size. Fur-
thermore, the laser ablation process generally comprises one
or more of an optical beam scanning systems and a high
brightness laser that can provide a highly efficient method of
beam delivery. The laser ablation process can comprise
galvanometer scanner technology. The galvanometer scan-
ner technology can include high-performance rotary motors
that produce high dynamic beam deflection. The low mass
and inertia of the laser ablation systems can enable high
scanning speeds (typically of more than about 15 m/s) and
acceleration (generally of up to about 10 g). The scanning
speed is commonly about 2 m/s or more. With automation of
the laser, the scanning speed can be about 5 m/s or more. The
scanning speed for cutting the one or more of the channels
and/or grooves can be up to about 15 m/s. Any size electrode
with any number of holes and channels and/or grooves can
therefore be cut with high quality in less than a second
ensuring a path to processing while minimizing cost. The
electrode can be cut by one or more of combination of very
high energy densities (usually of about 10® W/cm?) in a very
small laser spot (generally of no more than about 20 pum)
with very high speed beam movement. The laser ablation
process generally does not require any cutting gas as the
melt in the cut kerf is partially vaporized and partially
ejected by very high vapor pressure under extreme condi-
tions of temperature and melt pool dynamics. Costly dies
that hindered flexibility and require substantial maintenance
are not required, and cut quality is improved in the laser
ablation process. Some of the advances of laser ablation over
die cut are one of more of: die cutting not amenable to rapid,
scalable design changes, whereas laser ablation has a small
footprint and is amenable to rapid prototyping and design
changes; die cutting generally produces one or more of
distinct edge debris, burrs, shards, and poor tolerance cuts,
whereas laser ablation generally produces minimal edge
debris, heat effected zone and scalloping with exceptional
tolerances; die cutting is generally considered a high main-
tenance process, whereas laser ablation is commonly con-
sidered to be a low maintenance process; and die cutting is
considered to have low reliability, whereas laser ablation is
considered to have a high degree of reliability. Hence, laser
ablation of electrodes can have the one or more of the
following advantages: low cost fully automated cutting
process; lower production cost; high throughput with maxi-
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mum electrode cutting speeds from about 4 to about 5 m/s;
-channels and/or grooves and holes cut at speeds approach-
ing 15 m/s; unsurpassed cut/grooving quality with precision
and accuracy exceeding stamped processes and other remote
laser cutting operations; no geometrical design constraints to
electrode size, cutouts and channels and/or grooves; maxi-
mum size of electrode restricted by image field size (of about
300 mm or more in one or more of length and width) of
scanner which is often much larger than a lithium electrode
footprint; flexible and quick footprint modification; durable,
robust, nearly maintenance free system; straightforward
integration of cutting system into production (process any
standard electrode roll for cutting); and projected fully
automated system to function at speeds of one of more than
about 10 electrodes/min, of about 20 electrodes/min, of
about 30 electrodes/min, of about 40 electrodes/min, of
about 50 electrodes/min, of about 60 electrodes/min, of
about 70 electrodes/min, of about 80 electrodes/min, of
about 90 electrodes/min, or of about 100 electrodes/min.
[0145] Some embodiments of the present disclosure
include laminated electrochemical cell assemblies. The
laminated electrochemical cell assemblies can be laminated
by a process that includes one or more of heat and pressure.
Generally, the laminated electrochemical cell assemblies
have increased durability. That is, laminated electrochemical
cell assemblies generally do not fail, that is they usually
successfully pass tests that mimic high gravitational-force
accelerations. Lamination of the electrochemical cell assem-
bly can mitigate this phenomenon. The lamination of the
electrochemical cell assembly can include a separator con-
taining a melt polymer (such as for example a melt polymer
from CELGARD INC.™) that serves to adhere the electrode
to the separator. Adhering the electrode to the separator with
an adhesive, such as with hot melt polymeric material, can
laminate the electrochemical cell assembly. Moreover, the
laminating of the electrochemical cell assembly can main-
tain the contact of electrode and separator under high
gravitational-force accelerations. In other words, the lami-
nating of the electrochemical cell assembly can increase the
durability of the cell assembly.

EXAMPLES

[0146] The following examples are provided to illustrate
certain aspects, embodiments, and configurations of the
disclosure and are not to be construed as limitations on the
disclosure, as set forth in the appended claims. All parts and
percentages are by weight unless otherwise specified.
[0147] High voltage bipolar prismatic pouch cells were
fabricated and demonstrated electrochemically as set forth in
the examples below.

Example 1

Construction of a High Voltage Bipolar Prismatic
Pouch Cell

[0148] FIGS. 6A, 6B, 7A and 7B show a single laminated
bipolar electrochemical cell before (FIG. 6A) and after
packaging (FIG. 6B) having a 100 pm aluminum tab and a
copper current collector prior to (FIG. 7A) and after being
adhered to together (FIG. 7B) to form an electrochemical
cell. The electrochemical cells can be arranged in series,
FIG. 8A shows three electrochemical cels in series to form
an electrochemical battery (FIG. 8B). The electrochemical
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performance of the three cells stacked in series and as a
battery is depicted in FIG. 9. The stacked cells are comprised
of a graphite//LNMO electrochemical couple. The battery
had a potential of 13.84 V and produced a capacity of 16
mAh.

Example 2

Construction of a Laminated Electrochemical
Sub-Cell Stack

[0149] As a precursor to laminating an electrochemical
cell stack, an electrochemical bi-cell containing one cathode
and one anode with a separator between the electrodes was
laminated. The separator comprised a polyspun polyvi-
nylidene fluoride (PVDF) coated polyolefin separator from
CELGARD INC®. The electrodes and separator were
assembled for intimate contact with no gaps in adhesion.
This assembly represented a baseline for continued devel-
opment of increased durability and robustness thereafter.
Electrodes with and without channels and/or grooves exhib-
ited excellent adhesion to the interfacial surface. FIGS.
10A-B depict laminated electrochemical bi-cells laminated
without (left) and with (middle) channels and/or grooves.
The electrochemical bi-cell on the right held in an upright
position shows the interfacial contact between the electrodes
and separator.

Example 3

Demonstration of Micro-Channels and Cavities
Achieved by Laser Ablation

[0150] FIGS. 11A-B depict on the left (FIG. 11A) a
laser-ablated cathode and on the right (FIG. 11B) a laser-
ablated anode, each having micro-channels and/or micro-
grooves and cavities. In the lower frame of FIG. 11A is an
enlargement of laser-ablated cathode showing micro-chan-
nels and/or micro-grooves and apertures and voids. The
anode and cathode were prepared from 24 cm® sheet of
graphite coated onto a copper substrate and LNMO cathode
coated onto aluminum substrate, respectively. High quality
(i.e., qualitatively precision linear and curved cuts without
shards or burrs) micro-channels and/or micro-grooves and
apertures and/or voids were formed by high speed laser
ablation of the sheet. The micro-channels were cut at speeds
of up to 2 m/s.

Example 4

Comparison of Electrolyte Diffusion Times of
Corrugated and Non-Corrugated Electrodes

[0151] Electrolyte diffusion rates for corrugated and non-
corrugated electrodes as well as laminated cell stacks were
determined. The electrolyte diffusion rates showed rapid
electrolyte diffusion within the laminated stacked cells. The
evaluations involved placing an electrode stack or stacked
electrodes within an electrochemical energy storage device
and/or system or a series of stacked electrode pairs in an
electrolyte bath and monitoring the wicking rate. Electrolyte
diffusion rates were determined for electrodes lacking
micro-channels and/or micro-grooves and for electrodes
having different types of micro-channels and/or micro-
grooves. FIG. 12 depicts the degree of electrolyte wicking
for an electrode lacking, that is devoid of, any micro-
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channels and/or micro-grooves. The horizontal line drawn
across the electrode shows the level of electrolyte wicking
after 300 seconds of emersion of the electrode edge in the
electrolyte. The horizontal line was substantially at about the
line where the electrode contacted the electrolyte. Hence, the
electrolyte was not substantially wicked, if any, by the
electrode lacking, that is electrode devoid of micro-channels
and/or micro-grooves. FIGS. 13A-B and 14A-C depict the
degree of electrolyte wicking for electrodes having micro-
channels and/or micro-grooves. The horizontal lines drawn
across the electrodes, going from left to right, are height that
the electrolyte wicked after 30, 60 and 300 seconds immer-
sion in the electrolyte, respectively. The micro-channels
and/or micro-grooves of the electrode of FIGS. 13A (left
image) and 13B (right image) (shown as horizontal lines
1300 and vertical lines 1304 laid out in a grid- or checker-
board pattern) were 4 mm spaced corrugations, and the
electrolyte migration was dispersed laterally with time as
electrolyte was directed along the 4 mm spaced micro-
channel and/or micro-groove corrugations. The micro-chan-
nels and/or micro-grooves for the electrode of FIGS. 14A
(left image), 14B (middle image) and 14C (right image)
(shown as horizontal lines 1308 and vertical lines 1312 laid
out in a grid- or checker-board pattern) were 1 mm spaced
corrugations. Compared to the electrolyte wicking of elec-
trode having the 4 mm spaced corrugations (FIG. 13A-B),
the electrolyte wicking for the electrode having 1 mm
spaced micro-channel and/or micro-groove corrugations, the
electrolyte wicked along the entire width of electrode. It is
believed that the electrolyte migration proceeded along the
entire width of electrode due to closer spacing of the 1 mm
micro-channels and/or micro-grooves, compared to 4 mm
spaced micro-channels and/or micro-grooves.

[0152] To demonstrate electrolyte ‘wicking’ for fast acti-
vation times in a relevant format, a laminated cell stack was
constructed that consisted of a cathode sandwiched between
two anodes. The electrodes (that is, the cathode and the
anodes) comprised 1 mm spaced micro-channel and/or
micro-groove corrugations. FIG. 15 shows electrolyte wick-
ing characteristics, shown by the line drawn across the
laminated cell stack lacking (that is, devoid of) micro-
channels and/or micro-grooves (in the form of horizontal
lines and vertical lines laid out in a grid- or checker-board
pattern). Electrolyte wicking was not observed after 300
seconds of immersion in the electrolyte. Following the
immersion of the laminated cell stack lacking (that is devoid
of) any micro-channels and/or micro-grooves in the electro-
lyte, a destructive physical analysis of the laminated cell
stack showed that the electrolyte did not migrate into the
laminated cell stack. FIGS. 16A-16C show electrolyte wick-
ing for a laminated cell stack above an electrolyte bath. The
electrodes of the laminated cell pack have laser-fabricated
micro-channels and/or micro-grooves (in the form of hori-
zontal lines 1600 and vertical lines 1604 laid out in a grid-
or checker-board pattern) spaced 1 mm apart micro-channel
and/or micro-groove corrugations. The lines drawn across
the laminated cell stack show the degree of electrolyte
migration into the laminated cell pack after 30 (left), 60
(middle), and 300 seconds (right) immersion of the lami-
nated cell stack in the electrolyte. The presence of micro-
channels and/or micro-grooves resulted in a profound effect
on electrolyte migration and/or wicking rate. Following the
conclusion of the immersion (that is, after 300 seconds of
immersion), a destructive physical analysis of the laminated
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cell stack confirmed that electrolyte migrated more than
about half-way up the length of the stack on both the interior
and exterior of the stack.

[0153] Electrolyte migration was characterized by refer-
encing the electrolyte migration front to the overall height or
area of the electrode. Results for the various configurations
are shown in FIG. 24. The electrolyte migration rates were
observed to be much more rapid when the micro-channels
and/or micro-grooves were present Further, the electrodes
having corrugated micro-channels and/or micro-grooves had
a more complete or total wetting of the electrode by the
electrolyte throughout the electrolyte migration than the
electrode lacing any micro-channels and/or micro-grooves
or electrodes having non-corrugated or more greatly spaced
micro-channels and/or micro-grooves. It can be appreciated
that the degrees of one or more of electrolyte migration and
electrode wetting can be controlled by the electrode micro-
channels and/or micro-groove system. While not wanting to
be bound any theory and/or example, it is believed that one
or more of the rate of electrolyte migration and degree of
electrolyte wetting of electrode can be controlled by one or
more of shape of micro-channels and/or micro-grooves,
surface density of micro-channels and/or micro-grooves on
the electrode surface, the spacing apart of the micro-chan-
nels and/or micro-grooves, the width and thickness of the
micro=channels and/or microgrooves and a combination
thereof. For example, the addition of additional micro-
channels and/or micro-grooves promoted an enhanced wick-
ing rate and absolute height/area of wetting.

[0154] FIG. 17 depicts wetting profiles for various micro-
channel and/or micro-groove configurations: an electrode
with 4 mm spaced micro-channels and/or micro-grooves
(lines 1708 and 1712 with diamond markers representing
percentage of overall area and square markers representing
percentage of overall height of electrolyte migration); an
electrode with 1 mm spaced micro-channels and/or micro-
grooves (line 1704 representing percentages for overall
height and area of electrolyte migration); and cell stack with
1 mm spaced micro-channels and/or micro-grooves on all
electrodes of the cell stack (line 1700 representing percent-
ages of overall height and area of electrolyte migration). The
initial rate of electrolyte migration height was observed to be
similar for both the 4 mm and 1 mm spaced micro-channel
and/or micro-groove corrugations. The closer spaced micro-
channel and/or micro-groove corrugations (1 mm) reached a
higher maximum height of electrolyte migration than the
greater spaced micro-channel and/or micro-groove corruga-
tions (4 mm). Moreover, it is important to note that the entire
width of the electrode was observed to be wet with the 1 mm
spaced micro-channel and/or micro-groove corrugations
whereas the electrodes with the 4 mm spaced micro-channel
and/or micro-groove corrugations wetted primarily along
the micro-channel and/or micro-groove corrugations and the
electrolyte did not appear to migrate much beyond the
immediate region of the micro-channel and/or micro-groove
corrugations. The single electrode tests and electrodes in the
laminated cell stack studies achieved substantially complete
wetting across the width of the electrodes when micro-
channel and/or micro-groove spacing system (that is, one or
more of micro-channel and/or micro-groove spacing, shape,
and surface density) were properly adjusted. The percentage
area wet was therefore observed to be substantially higher
for the 1 mm spaced micro-channel and/or micro-groove
corrugations. Also, the cell stack approached a higher maxi-
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mum electrolyte migration height and degree of area wetted
than that observed for the single electrode specimens. It is
believed that the presence of the separator in the cell stack
could have a beneficial effect on electrolyte migration.
Furthermore, the height of the electrolyte migration front
approached an asymptotic maximum where the surface
tension (due to microfluidic capillary action) of the electro-
Iyte had reached an equilibrium state with gravitational
forces.

Example 5

Development of a Thin-Film Coated Lithium
Silicon Anode for Priming of Stacked
Cells-Containing FElectrodes Having
Micro-Channels and/or Micro-Grooves

[0155] Silicon is an example of a material having a high
theoretical specific capacity. As such, silicon is an excellent
host for lithium electrochemical energy storage systems.
Moreover, when alloyed with lithium, as for example in the
form of Li, ,Si, the silicon lithium can have a theoretical
specific capacity of about 4200 mAh/g or more. However,
conventional silicon electrodes, more particularly anodes,
can suffer from rapid capacity decay due to mechanical
fracture caused by large volume changes such as volume
changes resulting in the volume increasing by more than
about 300% during repeated electrochemical lithium inser-
tion/extraction encountered in lithium batteries. A primary
(single discharge) battery averts the necessity for repetitive
cycling while benefitting from the large storage capacity of
silicon. In addition, utilizing lithium silicon alloy powder
can provide an opportunity to implement a lithiated anode
into a thin-film coating that can be processed with traditional
lithium manufacturing methods.

[0156] The following are some non-limiting examples of
lithium silicon alloys according to embodiments of the
present disclosure: a commercially available 44 wt %
lithium-containing alloy, Li, 4,51, 56, that has a lower reac-
tivity compared to higher lithiated alloys; lithiated graphitic
anodes; a non-lithiated electrode containing lithium foil to
infuse the non-lithiated electron with lithium; and a metal
foil or mesh current collector that has been implemented
with a lithium foil. Such lithium silicon systems can form a
lithium-rich anode having a high energy density. However,
such systems may not be amenable to traditional lithium
manufacturing methods.

[0157] The following example demonstrates a method of
using an existing thermal battery technology, specifically of
using a lithium silicon alloy (Li, 4,51, 5¢), as a primer for
stacked cells. When utilized in thermal batteries, Lij 4451, s¢
is generally combined with a binder and pressed into a
pellet. However, when the Li, ,,Si, 5 is to be utilized as a
primer for stacked cells, it was combined with a polymeric
binder, e.g. poly (phenylene) oxide dissolved in anisole
solvent to form a lithium silicon alloy polymeric binder
mixture. The lithium silicon alloy polymeric binder mixture
was then coated as a thin-film on a current collector to form
a lithium-containing anode. It is necessary to process and
coat these materials under an inert atmosphere to prevent
parasitic reactions. The Li, ,,Si,ss was received from
ROCKWOOD Lithium®. Poly (phenylene oxide) and ani-
sole were received from Sigma-Aldrich®. This binder sys-
tem was amenable to the highly reductive alloy powder and
permitted thin-film coating of lithium-based powders.
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[0158] The following is a non-limiting example of a
thin-film lithium silicon active material coating and an
electrochemical analysis thereof Aluminum foil was treated
with a carbon coating of approximately a micron thickness.
The electrochemical degradation of aluminum was not a
concern because the study was concerned with the single,
short-term discharge properties of the electrode. The lithium
silicon alloy was homogenized with a binder solution and
conductive carbon in an inert environment (i.e., argon gas)
to for a slurry. The slurry was coated on the pretreated
aluminum foil (FIG. 18 Error! Reference source not found.).
Electrodes were cut and electrochemically activated with
heating under Argon at about 190 degrees Celsius for about
30 minutes. Electrochemical systems were fabricated from
the activated electrodes. The charge profile for the electro-
chemical systems is shown in (FIG. 19). The electrodes
demonstrated a specific capacity of about 3862 mAh/g,
which is approximately half of the theoretical value of
lithium. The reduction of specific capacity it believed to be
attributed to processing in the presence of moisture from the
ambient environment. It is further believed that processing
in a dry room would prevent lithium from reacting with
moisture and would accordingly in the specific capacity of
the electrode.

[0159] The following is a non-limiting example of a
thin-film lithium silicon active material coated electrode
subsequently coupled to a V,0O5 cathode and an electro-
chemical analysis thereof, which also including the dis-
charging of electrodes. This example also includes coupling
of a lithium-silicon-carbon coated electrode/anode with a
non-lithiated V,05 cathode. It can be appreciated that the
cathode material need not be limited to non-lithiated V,O4
cathode materials and that any galvanic cathode material is
also be acceptable. The results of this example demonstrate
the feasibility of priming a lithium cell in a galvanic state
upon activation (FIG. 20). An excess amount of equivalent
lithium within the lithium-silicon-carbon coated electrode/
anode was used to ensure complete utilization of the V,0O4
cathode. An electrochemical cell was fabricated with the
lithium-silicon-carbon coated and V,Os electrodes. The
electrochemical cell had a charge profile of about 425
mAh/g and displayed nearly 90% of the specific capacity,
when compared to a reference cell have lithium and V,O4
electrodes a specific capacity of about 486 mAh/g. We
believe that is reason for electrochemical cell having the
lithium-silicon-carbon coated electrode to have a slightly
lower capacity of the cell having the lithium electrode since
the former is a lithium composite and the latter a non-
composite, non-alloyed lithium metal.

Example 6

Development of a Detailed Electrochemical Energy
Storage Device and/or System

[0160] The following example describes some embodi-
ments of the present disclosure related to electrode design
and fabrication, as well as electrochemical energy storage
device and/or system design and fabrication. Moreover, the
following example describes embodiments related to cell
deign to achieve one or more of maximal cell energy and an
activation time of less than 1 second. Error! Reference
source not found. contains an electrochemical energy stor-
age device and/or system design according to some embodi-
ments of the present disclosure. Activation times are pro-
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hibitively long with traditional large format reserve batteries
(e.g., thermal batteries) due to an activation mechanism that
initiates at the electrochemical energy storage device and/or
system extremities and propagates to the interior of the cell.
Some of the embodiments of the present disclosure describe
an electrochemical energy storage device and/or system
design that allows for a homogenous activation throughout
the electrochemical energy storage device and/or system
face (defined as across the x/y axis of the electrochemical
device). It can be appreciated that the homogenous activa-
tion throughout the electrochemical storage device and/or
system face is substantially independent of battery size. With
such an approach, a large format battery can be activated on
a small format battery time scale. Moreover, the approach
also affords the opportunity to tune the rise time and energy
density according to the end-use application.

[0161] Inaccordance with some embodiments of the pres-
ent disclosure, the electrochemical energy storage device
and/or system design can include the incorporation of one or
more of a plurality of voids, apertures, channels, and
grooves to name a few. Typically, a laser ablation process is
utilized to form the one or more of the plurality of voids,
apertures, channels, and grooves. Moreover, one or both of
the opposing electrode faces are laser ablated. That is, the
one or both of the opposing electrodes faces can contain the
one or more of the plurality of voids, apertures, channels,
and grooves. It can be appreciated that the one or more of
electrochemical energy storage devices and/or systems com-
prising the sub-cell stacks can contain one or more elec-
trodes having the one or more of the plurality of voids,
apertures, channels, and grooves.

[0162] In some embodiments, the one or more of the
plurality of voids, apertures, channels, and grooves 2100 can
be configured to extend radially outward from the corre-
sponding perforation, void, aperture, hole, or cavity 2104
throughout each electrode (FIG. 21). The radial configura-
tion of the one or more of the plurality of perforations, voids,
apertures, cavities, holes, channels, and grooves can direct
an electrolyte throughout the electrode face. It can be
appreciated that the one or more of the plurality of perfo-
rations, voids, apertures, cavities, holes, channels, and
grooves can homogenously direct the electrolyte throughout
the electrode face. FIG. 22 depicts a non-limiting example of
a radial configuration of the one or more of the plurality of
perforations, voids, apertures, cavities, holes, channels, and
grooves on an electrode surface; more specifically an
example where multiple 30 um width channels extend
radially from several 500 pm apertures. The apertures inter-
connected by radially distributed channels are expected to
provide a route for the homogenous, rapid infusion of
electrolyte throughout the electrode face. It is believed that
the rapid electrolyte wetting of each electrode surface near
the apertures and/or voids can provide the allotted voltage
demand under load. Moreover, the channels can diverge
radially from the perforation, void, aperture, cavity, or hole
to maximize energy density in the electrochemical energy
storage devices and/or systems by limiting the amount of
ablated material.

Example 7

Development of a Rigid Enclosure and Activation

[0163] The following example describes some embodi-
ments of the present disclosure related to electrochemical
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energy storage devices and/or systems design and fabrica-
tion, specifically to an electrochemical energy storage
devices and/or systems design and fabrication having a rigid
enclosure. Moreover, the example also includes some
embodiments relation the activation of the electrochemical
energy storage devices and/or systems. In some embodi-
ments, the electrochemical energy storage devices and/or
systems have a hermetically sealed enclosure. FIG. 23
depicts a cut-away view of an enclosure 2300 that can
encompass the electrochemical system 2304 comprising
plural stacked corrugated electrodes 2308. Furthermore, the
electrochemical system can have fill ports 2312 and 2316 on
each side (towards the sub-cell face) of the enclosure 2300.
The fill ports 2312 and 2316 can permit one or more of
evacuation of a fluid from the electrochemical system (such
as, removing one or more of liquid or gas from the electro-
chemical system to create a vacuum within the system) and
electrolyte addition. A thin gasket 2320 on each side of the
sub-cell can form a seal between the exterior face(s) of the
stack to the inner face of the enclosure. The seal formed can
be a hermetic seal and limit the void volume to that of only
the cell stack.

[0164] A number of variations and modifications of the
disclosure can be used. It would be possible to provide for
some features of the disclosure without providing others.
[0165] The present disclosure, in various aspects, embodi-
ments, and configurations, includes components, methods,
processes, systems and/or apparatus substantially as
depicted and described herein, including various aspects,
embodiments, configurations, subcombinations, and subsets
thereof Those of skill in the art will understand how to make
and use the various aspects, aspects, embodiments, and
configurations, after understanding the present disclosure.
The present disclosure, in various aspects, embodiments,
and configurations, includes providing devices and pro-
cesses in the absence of items not depicted and/or described
herein or in various aspects, embodiments, and configura-
tions hereof, including in the absence of such items as may
have been used in previous devices or processes, e.g., for
improving performance, achieving ease and\or reducing cost
of implementation.

[0166] The foregoing discussion of the disclosure has been
presented for purposes of illustration and description. The
foregoing is not intended to limit the disclosure to the form
or forms disclosed herein. In the foregoing Detailed Descrip-
tion for example, various features of the disclosure are
grouped together in one or more, aspects, embodiments, and
configurations for the purpose of streamlining the disclo-
sure. The features of the aspects, embodiments, and con-
figurations of the disclosure may be combined in alternate
aspects, embodiments, and configurations other than those
discussed above. This method of disclosure is not to be
interpreted as reflecting an intention that the disclosure
requires more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive
aspects lie in less than all features of a single foregoing
disclosed aspects, embodiments, and configurations. Thus,
the following claims are hereby incorporated into this
Detailed Description, with each claim standing on its own as
a separate preferred embodiment of the disclosure.

[0167] Moreover, though the description of the disclosure
has included description of one or more aspects, embodi-
ments, or configurations and certain variations and modifi-
cations, other variations, combinations, and modifications
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are within the scope of the disclosure, e.g., as may be within
the skill and knowledge of those in the art, after understand-
ing the present disclosure. It is intended to obtain rights
which include alternative aspects, embodiments, and con-
figurations to the extent permitted, including alternate, inter-
changeable and/or equivalent structures, functions, ranges or
steps to those claimed, whether or not such alternate, inter-
changeable and/or equivalent structures, functions, ranges or
steps are disclosed herein, and without intending to publicly
dedicate any patentable subject matter.

What is claimed is:

1. An electrochemical device electrode, wherein the elec-
trochemical device electrode comprises a plurality of cor-
rugation features comprising a first corrugation feature to
pass an electrolyte through the corrugation electrode and a
second corrugation feature in fluid communication with the
first corrugation feature to contact the electrolyte across a
portion of an active surface of the electrode.

2. The electrode of claim 1, wherein the first corrugation
feature comprises one or more perforations, voids, apertures,
cavities and holes and the second corrugation feature com-
prises plural channels and/or grooves extending outwardly
from the first corrugation feature, wherein the sizes of the
first and second corrugation features are more than about 50
nm in any dimension, wherein the depth of the first corru-
gation feature is a thickness of the electrode, wherein the
electrochemical device is an energy storage device, wherein
the energy storage device is one or more of a battery and
capacitor, wherein at least about 0.1% of the active surface
comprises or is part of the first and/or second corrugation
feature, wherein no more than about 50% of the active
surface comprises or is part of the first and/or second
corrugation feature, and wherein the first and second corru-
gation features are formed by one or more of a machining
process, chemical deposition, physical deposition, masking,
and etching.

3. The electrode of claim 2, wherein the energy storage
device is one or more of a battery and capacitor, wherein at
least about 1% of the active surface comprises or is part of
the first and/or second corrugation feature, wherein no more
than about 45% of the active surface comprises or is part of
the first and/or second corrugation feature, wherein the
second corrugation feature comprises plural channels and/or
grooves extending outwardly from the first corrugation
feature, wherein the plural channels and/or grooves define a
pattern, wherein the pattern is a grid comprising first chan-
nels and/or grooves substantially parallel to one another and
second channels and/or grooves substantially parallel to one
another, and wherein the first channels and/or grooves are
transverse to and intersect the second channels and/or
grooves.

4. The electrode of claim 2, wherein the energy storage
device is one or more of a battery and capacitor, wherein at
least about 10% of the active surface comprises or is part of
the first and/or second corrugation feature, wherein no more
than about 40% of the active surface comprises or is part of
the first and/or second corrugation feature, and wherein the
second corrugation feature comprises plural channels and/or
grooves extending radially outwardly from the first corru-
gation feature.

5. The electrode of claim 3, wherein the electrochemical
device is a chemical reserve battery using a liquid or paste
electrolyte, wherein the electrode comprises one or more of
carbon, an alkali metal, an alkaline earth metal, and a
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transition metal, wherein the electrode is an anode or cath-
ode, wherein the first corrugation feature has a width of at
least about 1 micron, and wherein the first corrugation
feature extends through a thickness of the electrode, wherein
the second corrugation feature has an average, mean and/or
mode width or depth of at least about 5 microns.

6. The electrode of claim 5, wherein the electrode com-
prises lithium, wherein the first corrugation feature has a
width of at least about 20 microns, and wherein the first
corrugation feature extends through a thickness of the elec-
trode, wherein the second corrugation feature has an aver-
age, mean and/or mode width or depth of at least about 10
microns.

7. The electrode of claim 1, wherein the electrode com-
prises multiple electrodes stacked one-above-the-other or
wrapped one-about-the-other, each of the multiple elec-
trodes comprising first and second corrugation features,
wherein an ion permeable separator is positioned between
each pair of adjacent electrodes, wherein first corrugation
features are aligned relative to one another to define a
passage for the electrolyte through the multiple electrodes,
wherein the first corrugation feature has a width of at least
about 50 microns, and wherein the first corrugation feature
extends through a thickness of the electrode, wherein the
second corrugation feature has an average, mean and/or
mode width or depth of at least about 15 microns.

8. The electrode of claim 1, wherein the electrode com-
prises plural first corrugation features and plural second
corrugation features and wherein one or more of the fol-
lowing are true:

(1) the second corrugation feature has an average width
that when the network of orientated channels and/or
grooves are contacted with an electrolyte the electrolyte
flows and wets the active surface in no more than about
one second; and

(i1) the first corrugation feature has an average diameter
that when the pattern of apertures and/or voids are
contacted with an electrolyte the electrolyte flows and
wets the active surface in no more than about one
second.

9. An electrochemical device comprising:

an electrolyte;

an anode;

a cathode; and

an ion permeable separator positioned between the anode
and cathode, wherein one or both of the anode and
cathode comprises a plurality of corrugation features
comprising a first corrugation feature to pass an elec-
trolyte through the corresponding anode or cathode and
a second corrugation feature in fluid communication
with the first corrugation feature to contact the electro-
lyte across a portion of an active surface of the corre-
sponding anode or cathode.

10. The electrochemical device of claim 9, wherein the
first corrugation feature comprises one or more perforations,
voids, apertures, cavities and holes and the second corruga-
tion feature comprises plural channels and/or grooves
extending outwardly from the first corrugation feature,
wherein the sizes of the first and second corrugation features
are more than about 50 nm in any dimension, wherein the
depth of the first corrugation feature is a thickness of the
corresponding anode or cathode, wherein the electrochemi-
cal device is an energy storage device, wherein the energy
storage device is one or more of a battery and capacitor,
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wherein at least about 0.1% of the active surface comprises
or is part of the first and/or second corrugation feature,
wherein no more than about 50% of the active surface
comprises or is part of the first and/or second corrugation
feature, and wherein the first and second corrugation fea-
tures are formed by one or more of a machining process,
chemical deposition, physical deposition, masking, and
etching.

11. The electrochemical device of claim 10, wherein the
energy storage device is one or more of a battery and
capacitor, wherein at least about 1% of the active surface
comprises or is part of the first and/or second corrugation
feature, wherein no more than about 45% of the active
surface comprises or is part of the first and/or second
corrugation feature, wherein the second corrugation feature
comprises plural channels and/or grooves extending out-
wardly from the first corrugation feature, wherein the plural
channels and/or grooves define a pattern, wherein the pattern
is a grid comprising first channels and/or grooves substan-
tially parallel to one another and second channels and/or
grooves substantially parallel to one another, and wherein
the first channels and/or grooves are transverse to and
intersect the second channels and/or grooves.

12. The electrochemical device of claim 10, wherein the
energy storage device is one or more of a battery and
capacitor, wherein at least about 10% of the active surface
comprises or is part of the first and/or second corrugation
feature, wherein no more than about 40% of the active
surface comprises or is part of the first and/or second
corrugation feature, and wherein the second corrugation
feature comprises plural channels and/or grooves extending
radially outwardly from the first corrugation feature.

13. The electrochemical device of claim 12, wherein the
electrochemical device is a chemical reserve battery using a
liquid or paste electrolyte, wherein the corresponding anode
or cathode comprises one or more of carbon, an alkali metal,
an alkaline earth metal, and a transition metal, wherein the
first corrugation feature has a width of at least about 1
micron, and wherein the first corrugation feature extends
through a thickness of the corresponding anode or cathode,
wherein the second corrugation feature has an average, mean
and/or mode width or depth of at least about 5 microns.

14. The electrochemical device of claim 13, wherein the
corresponding anode or cathode comprises lithium, wherein
the first corrugation feature has a width of at least about 20
microns, and wherein the first corrugation feature extends
through a thickness of the corresponding anode or cathode,
and wherein the second corrugation feature has an average,
mean and/or mode width or depth of at least about 10
microns.

15. The electrochemical device of claim 9, wherein one of
the anode or cathode is stacked on the other of the anode or
cathode or wrapped around the other of the anode or
cathode, each of the anode and cathode comprising first and
second corrugation features, wherein an ion permeable sepa-
rator is positioned between the anode and cathode, wherein
first corrugation features are aligned relative to one another
to define a passage for the electrolyte through the anode and
cathode, wherein the first corrugation feature has a width of
at least about 50 microns, and wherein the first corrugation
feature extends through a thickness of the electrode, wherein
the second corrugation feature has an average, mean and/or
mode width or depth of at least about 15 microns.
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16. The electrochemical device of claim 9, wherein the
corresponding anode or cathode comprises plural first cor-
rugation features and plural second corrugation features and
wherein one or more of the following are true:

(1) the second corrugation feature has an average width
that when the network of orientated channels and/or
grooves are contacted with an electrolyte the electrolyte
flows and wets the active surface in no more than about
one second; and

(i1) the first corrugation feature has an average diameter
that when the pattern of apertures and/or voids are
contacted with an electrolyte the electrolyte flows and
wets the active surface in no more than about one
second.

17. A method, comprising:

introducing an electrolyte into an electrochemical device;

passing, via a first corrugation feature, the electrolyte
through a first electrode of the electrochemical device;

passing at least a portion of the electrolyte through an ion
permeable separator; and

contacting at least a portion of the electrolyte with a
second electrode, wherein at least one of the first or
second electrode comprises a second corrugation fea-
ture in fluid communication with the first corrugation
feature to contact the electrolyte across a portion of an
active surface of the at least one of the first or second
electrode.

18. The method of claim 17, wherein the first corrugation
feature comprises one or more perforations, voids, apertures,
cavities and holes and the second corrugation feature com-
prises plural channels and/or grooves extending outwardly
from the first corrugation feature, wherein the sizes of the
first and second corrugation features are more than about 50
nm in any dimension, wherein the depth of the first corru-
gation feature is less than or equal to a thickness of the first
electrode, wherein the electrochemical device is an energy
storage device, wherein the energy storage device is one or
more of a battery and capacitor, wherein at least about 0.1%
of the active surface comprises or is part of the first and/or
second corrugation feature, wherein no more than about
50% of the active surface comprises or is part of the first
and/or second corrugation feature, and wherein the first and
second corrugation features are formed by one or more of a
machining process, chemical deposition, physical deposi-
tion, masking, and etching.

19. The method of claim 18, wherein the energy storage
device is one or more of a battery and capacitor, wherein at
least about 1% of the active surface comprises or is part of
the first and/or second corrugation feature, wherein no more
than about 45% of the active surface comprises or is part of
the first and/or second corrugation feature, wherein the
second corrugation feature comprises plural channels and/or
grooves extending outwardly from the first corrugation
feature, wherein the plural channels and/or grooves define a
pattern, wherein the pattern is a grid comprising first chan-
nels and/or grooves substantially parallel to one another and
second channels and/or grooves substantially parallel to one
another, and wherein the first channels and/or grooves are
transverse to and intersect the second channels and/or
grooves.

20. The method of claim 18, wherein the energy storage
device is one or more of a battery and capacitor, wherein at
least about 10% of the active surface comprises or is part of
the first and/or second corrugation feature, wherein no more
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than about 40% of the active surface comprises or is part of
the first and/or second corrugation feature, and wherein the
second corrugation feature comprises plural channels and/or
grooves extending radially outwardly from the first corru-
gation feature.

21. The method of claim 20, wherein the electrochemical
device is a chemical reserve battery using a liquid or paste
electrolyte, wherein the first and second electrodes each
comprises one or more of carbon, an alkali metal, an alkaline
earth metal, and a transition metal, wherein the first corru-
gation feature has a width of at least about 1 micron, and
wherein the first corrugation feature extends through a
thickness of the first electrode, wherein the second corru-
gation feature has an average, mean and/or mode width or
depth of at least about 5 microns.

22. The method of claim 17, wherein the first or second
electrode comprises lithium, wherein the first corrugation
feature has a width of at least about 20 microns, and wherein
the first corrugation feature extends through a thickness of
first electrode, wherein the second corrugation feature has an
average, mean and/or mode width or depth of at least about
10 microns.

23. The method of claim 17, wherein the first electrode is
stacked on the second electrode or wrapped around the
second electrode, wherein an ion permeable separator is
positioned between the first and second electrodes, wherein
each of the first and second electrodes comprise the first and
second corrugation features, wherein first corrugation fea-
tures are aligned relative to one another to define a passage
for the electrolyte through the first and second electrodes,
wherein the first corrugation feature has a width of at least
about 50 microns, and wherein the first corrugation feature
extends through a thickness of the corresponding first or
second electrode, wherein the second corrugation feature
has an average, mean and/or mode width or depth of at least
about 15 microns.
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24. The method of claim 17, wherein the first electrode
comprises plural first corrugation features and plural second
corrugation features and wherein one or more of the fol-
lowing are true:

(1) the second corrugation feature has an average width
that when the network of orientated channels and/or
grooves are contacted with an electrolyte the electrolyte
flows and wets the active surface in no more than about
one second; and

(i1) the first corrugation feature has an average diameter
that when the pattern of apertures and/or voids are
contacted with an electrolyte the electrolyte flows and
wets the active surface in no more than about one
second.

25. An electrochemical device comprising:

an electrolyte;

an anode;

a cathode; and

an ion separator positioned between the anode and cath-
ode, wherein the ion separator comprises a plurality of
passages extending through the separator to enable the
electrolyte to flow freely through the ion separator.

26. The device of claim 25, wherein one or both of the
anode and cathode comprises a plurality of corrugation
features comprising a first corrugation feature to pass an
electrolyte through the corresponding anode or cathode and
a second corrugation feature in fluid communication with
the first corrugation feature to contact the electrolyte across
a portion of an active surface of the corresponding anode or
cathode.

27. The device of claim 26, wherein each of the first
corrugation features is aligned substantially with a corre-
sponding one of the passages to enable the electrolyte to
flow freely through the one or both of the anode and cathode
and ion separator.



