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PRINTABLE ULTRA-VIOLET LIGHT EMITTING DIODE CURABLE ELECTROLYTE FOR

THIN-FILM BATTERIES

An example composition is disclosed. For ex-

ample, the composition includes a ultra-violet (UV) cur-
able mixture of water, an acid, a phosphine oxide with
one or more photoinitiators, a water miscible polymer, a

sa

It, and a neutralizing agent. The composition can be

used to form an electrolyte layer that can be cured in the
presence of air when printing the thin-film battery.
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Description

[0001] The presentdisclosure relates generally to printed thin-film batteries and relates more particularly to a printable
ultra-violet (UV) light emitting diode (LED) curable electrolyte for thin-film batteries.

BACKGROUND

[0002] Batteries are used to provide power to portable devices. Batteries generally include a cathode, an anode and
a liquid electrolyte. Batteries can come in a variety of shapes, sizes, and voltages.

[0003] Thin-film batteries are a recent development in battery technology. Thin-film batteries use a series of layers
that are deposited with high fidelity and accuracy. Printable thin-film batteries enable new form factors and power sources
for applications such as: Internet of Things (IoT), wearables, and sensors, for example.

SUMMARY

[0004] According to aspects illustrated herein, there is provided an electrolyte for printed thin-film batteries, a battery
with the electrolyte, and a method for fabricated the battery with the electrolyte. One disclosed feature of the embodiments
is composition comprising an ultra-violet (UV) curable mixture of water, an acid, a phosphine oxide with one or more
photoinitiators, a water miscible polymer, a salt, and a neutralizing agent.

[0005] Another disclosed feature of the embodiments is a battery. The battery comprises a cathode layer, an anode
layer, and an electrolyte layer coupled to the cathode layer and the anode layer, wherein the electrolyte layer comprises
a cross-linked polymer and phosphine oxide.

[0006] Another disclosure feature of the embodiments is a method. The method comprises printing a cathode layer,
dispensing an electrolyte layer precursor composition onto the cathode layer, wherein the electrolyte layer precursor
composition comprises a mixture of water, an acid, a phosphine oxide with one or more photoinitiators, a water miscible
polymer, a salt, a neutralizing agent, and a cross-linker, ultraviolet light curing the electrolyte layer precursor composition
in presence of air to form an electrolyte layer, printing an anode layer, and coupling the anode layer to the electrolyte layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The teaching of the present disclosure can be readily understood by considering the following detailed descrip-
tion in conjunction with the accompanying drawings, in which:

FIG. 1 illustrates a block diagram of an example thin-film battery of the present disclosure;

FIG. 2 illustrates a block diagram of another example of a thin-film battery of the present disclosure;

FIG. 3 illustrates example compounds that are used to formulate an example electrolyte of the present disclosure;
FIG. 4 illustrates an example process flow diagram of fabricating a thin-film battery with an electrolyte of the present
disclosure; and

FIG. 5 illustrates a flowchart of an example method for fabricating a thin-film battery with an electrolyte of the present
disclosure;

[0008] Tofacilitate understanding, identical reference numerals have been used, where possible, to designate identical
elements that are common to the figures.

DETAILED DESCRIPTION

[0009] The presentdisclosure broadly discloses anexample aprintable UV LED curable electrolyte for thin-film batteries
and a method for fabricating the same. As discussed above, thin-film batteries are a recent development in battery
technology. Thin-film batteries use a series of layers that are deposited with high fidelity and accuracy. Some thin-film
batteries use a paper layer soaked in liquid electrolyte as the electrolyte layer. However, this may introduce complexity
and additional challenges when making an all-printed battery. Leakage, reduced flexibility, and compromised sealing
are problems with solution-based electrolyte layers.

[0010] The present disclosure provides a formulation for a curable gel electrolyte layer. The printable UV LED curable
electrolyte layer is in a gel form that may eliminate the problems associated with leakage, reduced flexibility, and com-
promised sealing associated with solution-based electrolyte layers described above. Moreover, the solid gel form of the
cured electrolyte may eliminate the need for a physical separator when a liquid electrolyte is used.

[0011] Some UV curable materials suffer from oxygen inhibition during cure. Oxygen inhibition can limit the effective-
ness of cure, and more complex systems can be required, such as an inert blanket atmosphere (e.g., a nitrogen gas
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(N,) blanket). The formulation of the UV LED curable electrolyte layer of the present disclosure can be cured in air. Thus,
the requirement of an inert environment is eliminated.

[0012] In addition, the UV LED curable electrolyte layer of the present disclosure may cure much faster than other
electrolyte layer formulations. For example, the UV LED curable electrolyte layer of the present disclosure may be cured
within seconds rather than several minutes. Thus, the speed of the manufacturing process may also be improved.
[0013] FIG. 1 illustrates an example thin-film printed battery 100 (also referred to herein as battery 100) of the present
disclosure. In one embodiment, each layer of the battery 100 may be printed (e.g.., via a three-dimensional (3D) printer).
The battery 100 may be made out of materials, or printed in dimensions, that allow the battery 100 to be flexible.
[0014] In one embodiment, the battery 100 may include a cathode current collector 102, a cathode layer 104, an
electrolyte layer 106 of the presentdisclosure, an anode layer 108, and an anode currentcollector 110. In one embodiment,
the electrolyte layer 106 may be located between the cathode layer 104 and the anode layer 108. Said another way,
the battery 100 may be fabricated such that the electrolyte layer 106 is formed on the cathode layer 104, and the anode
layer 108 is formed on top of the electrolyte layer 106, or vice versa.

[0015] In one embodiment, the cathode current collector 102 and the anode current collector 110 may be fabricated
from a conductive metal that can also be used as a material for 3D printing. For example, the cathode current collector
102 and the anode current collector 110 may be fabricated from silver (Ag).

[0016] In one embodiment, the cathode layer 104 and the anode layer 108 may also be printed using a material or
compound that is compatible with 3D printers. For example, the cathode layer 104 may be fabricated from manganese
dioxide (MnO,) and the anode layer 108 may be fabricated from zinc (Zn).

[0017] In one embodiment, the electrolyte layer 106 may be printed with a formulation that can form a curable gel
electrolyte layer. The formulation may be printable and UV curable in the presence of air. In other words, the formulation
for the electrolyte layer 106 can be cured in the presences of oxygen or ambient conditions. Said another way, the
formulation of the electrolyte layer 106 may not be sensitive to oxygen inhibition or require the presence of an inert
blanket atmosphere (e.g., nitrogen (N,) gas, Argon, Helium, and the like).

[0018] In addition, the formulation of the electrolyte layer 106 may cure much faster than previous electrolyte formu-
lations. For example, the formulation of the electrolyte layer 106 may cure within seconds versus other electrolyte
formulations that cure in several minutes. Examples of the formulation for the electrolyte layer 106 are illustrated in FIG.
3, and discussed in further details below.

[0019] FIG. 2 illustrates another embodiment of an example thin-film printed battery 200 (also referred to herein as
battery 200) of the present disclosure. In one embodiment, each layer of the battery 200 may be printed (e.g., via a 3D
printer). The battery 200 may be made out of materials, or printed in dimensions, that allow the battery 200 to be flexible.
[0020] In one embodiment, the battery 200 may include a cathode current collector 202, a cathode layer 204, an
electrolyte layer 206 of the presentdisclosure, an anode layer 208, and an anode currentcollector 210. In one embodiment,
the cathode layer 204 and the anode layer 208 may be positioned side-by-side. For example, the electrolyte layer 206
may be located on top of both the cathode layer 204 and the anode layer 208. Said another way, the cathode layer 204
and the anode layer 208 may be coupled to the same side of the electrolyte layer 206 and positioned side-by-side, or
adjacent to one another.

[0021] In one embodiment, the cathode current collector 202 and the anode current collector 210 may be fabricated
from a conductive metal that can also be used as a material for 3D printing. For example, the cathode current collector
202 and the anode current collector 210 may be fabricated from silver (Ag).

[0022] In one embodiment, the cathode layer 204 and the anode layer 208 may also be printed using a material or
compound that is compatible with 3D printers. For example, the cathode layer 204 may be fabricated from manganese
dioxide (MnO,) and the anode layer 208 may be fabricated from zinc (Zn).

[0023] In one embodiment, the electrolyte layer 206 may be printed with a formulation that can form a curable gel
electrolyte layer. The formulation may be printable and UV curable in the presence of air. In other words, the formulation
for the electrolyte layer 206 can be cured in the presences of oxygen or ambient conditions. Said another way, the
formulation of the electrolyte layer 206 may not be sensitive to oxygen inhibition or require the presence of an inert
blanket atmosphere (e.g., nitrogen (N,) gas, Argon, Helium, and the like)..

[0024] In addition, the formulation of the electrolyte layer 206 may cure much faster than previous electrolyte formu-
lations. For example, the formulation of the electrolyte layer 206 may cure within seconds versus other electrolyte
formulations that cure in several minutes. Examples of the formulation for the electrolyte layer 206 are illustrated in FIG.
3, and discussed in further details below.

[0025] In one embodiment, the electrolyte layer 206 may be formed from an electrolyte layer precursor composition.
The electrolyte layer precursor composition may include a UV curable mixture of water, an acid, a phosphine oxide, a
water miscible polymer, a salt, and a neutralizing agent. In one embodiment, the formulation 300 may also include a
cross-linking agent.

[0026] In one embodiment, the water miscible polymer may include polyethylene oxide (PEO), polyvinyl pyrrolidone
(PVP), polyvinyl alcohol (PVA), polyacrylamide, poly(2-alkyl-2-oxazolines), and polyphosphates. The water miscible
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polymer that is used should have certain properties, such as, good ion transport with lots of oxygenation.

[0027] In one embodiment, the salt may be any type of ionic salt. In one embodiment, the ionic salt may include chloric
salts or bromic salts. Forexample, the salt may include ammonium chloride (NH4Cl), potassium chloride, sodium chloride,
lithium chloride, ammonium bromide, potassium bromide, sodium bromide, and lithium bromide.

[0028] In one embodiment, the neutralizing agent may include potassium hydroxide, lithium hydroxide, pyridine, tri-
methylamine, and the like. The neutralizing agent may be a base to create a salt of the acid. For example, if the acid is
acrylic acid and the neutralizing agent is potassium hydroxide, then the neutralizing agent may create the potassium
salt of the acrylic acid.

[0029] FIG. 3 illustrates an example formulation 300 of the electrolyte layer precursor composition that can be used
to form the electrolyte layer 106 and 206 of the present disclosure. In one embodiment, the formulation 300 may include
water, acrylic acid 304, phosphine oxide 306 with one or more photoinitiators, polyethylene oxide (PEO) 312, ammonium
chloride (NH,CI) salt 308, potassium hydroxide (KOH) 310, and a cross-linker 314.

[0030] In one embodiment, the cross-linker 314 may be triethylene glycol divinyl ether (TEGDVE). In one embodiment,
different variations of PEO 312 may be used depending on the formulation 300. For example, 10 weight percent (10
wt%) 600,000 molar volume PEO, 5 wt% 4,000,000 molar volume PEO, or 12 wt% 4,000,000 molar volume may be
used in the formulation 300.

[0031] In one embodiment, the phosphine oxide 306 may be a long-wavelength UV absorbing photoinitiator that is
typically sensitive to oxygen and does not exhibit good surface cure on its own. However, the formulation 300 of the
present disclosure includes additional compounds with the phosphine oxide 306 that allow the formulation 300 to cure
quickly (e.g., within seconds) under UV light emitting diodes (e.g., wavelengths of approximately 395 nanometers (nm)
to 405 nm) without surface inhibition.

[0032] In one embodiment, the phosphine oxide 306 may be bisacylphosphine oxide (BAPO) or mono-acylphosphine
oxide (MAPO). An example of the BAPO 306 may be a compound that is identified by its tradename Omnirad 819 or
Irgacure 819. The MAPO may be Lucrin TPO (trimethylbenzoyl phosphine oxide CAS Number 75980-60-8), Lucrin TPO-
L (Ethyl (2,4,6-trimethylbenzoyl) phenyl phosphinate CAS Number 84434-11-7), and the like.

[0033] Inone embodiment, the formulation 300 may vary the amounts of the water 302, the acrylic acid 304, the BAPO
306, the PEO 312, the NH,Cl salt 308, the KOH 310, and the cross-linker 314. The formulation 300 that is dispensed
as the electrolyte layer 106 for the battery 100 or 200 may vary in weight between approximately 16 grams (g) and 100
g. In one embodiment, the water 302 may comprise between 31 weight percent to 37 weight percent of a total weight
of the UV curable mixture or formulation 300. In one embodiment, the acrylic acid 304 may comprise between approx-
imately 8 weight percent to 11 weight percent of a total weight of the UV curable mixture or formulation 300. In one
embodiment, the BAPO 306 may comprise between 7 weight percent to 15 weight percent of a total weight of the UV
curable mixture or formulation 300. In one embodiment, the NH,Cl salt 308 may comprise between 2 weight percent to
20 weight percent of a total weight of the UV curable mixture or formulation 300. In one embodiment, the KOH 310 may
comprise between 6 weight percent to 9 weight percent of a total weight of the UV curable mixture or formulation 300.
In one embodiment, the PEO 312 may comprise between 20 weight percent to 25 weight percent of a total weight of
the UV curable mixture or formulation 300. In one embodiment, the cross-linker 314 may comprise between 2 weight
percent to 4 weight percent of a total weight of the UV curable mixture or formulation 300.

[0034] Example compositions of the formulation 300 are provided below. The examples were prepared by mixing
reagents in a glass vial with magnetic stirring. The PEO 312 was pre-dissolved in the water 302 prior to addition. The
mixtures were allowed to stir overnight and were degassed with a stream of N, gas for 15 minutes prior to use.

Example 1:
[0035]
Weight (g) %

Water 6 36.6%
Acrylic Acid 1.8 11%
KOH 1.35 8.1%
NH,CI 0.34 2.1%
600K PEO (10wt%) 3.9 23.8%
TEGDVE 0.6 3.7%
BAPO 24 14.7%
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Example 2:

[0036]

Example 3:

[0037]

Example 4:

[0038]

EP 4 002 521 A1

(continued)
Weight (g) %
Total 16.4 100%
Weight (g) %
Water 36.6 36.6%
Acrylic Acid 11 11%
KOH 8.1 8.1%
NH,CI 2.1 2.1%
600K PEO (10wt%) 23.8 23.8%
TEGDVE 3.7 3.7%
BAPO 14.7 14.7%
Total 16.4 100%
Weight (g) %
Water 6 32.0%
Acrylic Acid 1.8 9.6%
KOH 1.35 7.2%
NH,CI 2.72 14.5%
600K PEO (10wt%) 3.9 20.8%
TEGDVE 0.6 3.2%
BAPO 24 12.8%
Total 18.8 100%
Weight (g) %
Water 6.9 34.5%
Acrylic Acid 1.92 9.6%
KOH 1.4 7.0%
NH,CI 2.51 12.6%
4M PEO (5wt%) 5.00 25.0%
TEGDVE 0.62 3.7%
BAPO 1.65 8.3%
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Example 5:

[0039]

Example 6:

[0040]

Example 7:

[0041]
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(continued)

Weight (g) %
Total 20 100%

Weight (g) %
Water 6.9 34.5%
Acrylic Acid 1.92 9.6%
KOH 1.4 7.0%
NH,CI 2.51 12.6%
4M PEO (5wt%) 5.00 25.0%
TEGDVE 0.62 3.7%
BAPO 1.65 8.3%
Total 20 100%

Weight (g) %
Water 6.3 31.5%
Acrylic Acid 1.72 8.9%
KOH 1.2 6.0%
NH,CI 3.92 19.6%
4M PEO (5wt%) 4.80 24.0%
TEGDVE 0.52 2.6%
BAPO 1.56 7.8%
Total 16.4 100%

Weight (g) %
Water 6.3 31.5%
Acrylic Acid 1.72 8.9%
KOH 1.2 6.0%
NH,CI 3.92 19.6%
4M PEO (12wt%) 4.80 24.0%
TEGDVE 0.52 2.6%
BAPO 1.56 7.8%
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(continued)

Weight (g) %
Total 16.4 100%

[0042] FIG.4 illustrates an example process flow 400 for fabricating the battery 100 of the present disclosure. However,
it should be noted that the battery 200 may be fabricated similarly by printing the cathode layer 204 and the anode layer
208 in parallel on the electrolyte layer 206. The process flow 400 may be performed by various machines in a production
environment under the control of a central controller or processor. For example, the process flow 400 may use 3D
printers, UV LED curing machines, and other apparatuses to perform various blocks of the process flow 400.

[0043] At block 402, the cathode current collector 102 may be printed. The cathode current collector 102 may be
printed from a conductive metal, such as Ag, using a 3D printer.

[0044] At block 404, the cathode layer 104 may be printed on the cathode current collector 102. The cathode current
collector 104 may be printed from MnO, using a 3D printer.

[0045] At block 406, the formulation 300 may be dispensed onto the cathode layer 104. In one embodiment, the
formulation 300 may be dispensed via a 3D printer on desired locations of the cathode layer 104. In one embodiment,
a well 420 may be placed (or formed) over the cathode layer 104 to contain the formulation 300 on a desired location
of the cathode layer 104. The well 420 may be comprised of glass spacers that are fastened around the cathode layer
104. The well 420 may then be covered by cellotape.

[0046] Inone embodiment, the well 420 may be a stencil or be fabricated with a particular shape. Although a rectangular
well 420 is illustrated in FIG. 4, it should be noted that the well 420 may have any desired shape depending on the shape
of the battery.

[0047] In one embodiment, a screen 422 may be used instead of the well 420. The formulation 300 may be poured
over the screen 422 and leveled by a squeegee. The screen 422 may direct the formulation 300 onto desired locations
of the cathode layer 104.

[0048] At block 408, the electrolyte layer 106 may be formed by curing the formulation 300 that is deposited in block
406 via the well 420 or the screen 422. The formulation 300 may be cured using a UV LED 450. In one embodiment, a
14 Watt (W) 395 nm LED light source may be used to cure the formulation 300. The formulation may cure within 30
seconds using the example UV LED light source with the well 420 or within 1 second using the screen 422. In one
embodiment, the block 408 may be repeated for multiple passes to cure the formulation 300.

[0049] At block 410, the anode layer 108 may be printed on the electrolyte layer 106. The anode layer 108 may be
printed from Zn using a 3D printer.

[0050] At block 412, the anode current collector 110 may be printed. The anode current collector 110 may be printed
from a conductive material such as Ag, using a 3D printer.

[0051] Although the process flow 400 illustrates a particular order, it should be noted that the process flow 400 may
be performed in a different order. For example, the anode current collector 110 may be printed first, followed by printing
the anode layer 108, then performing blocks 406 and 408. The cathode layer 104 may then be printed followed by printing
the cathode current collector 102.

[0052] FIG. 5 illustrates a flowchart of an example method 500 for fabricating a thin-film battery with an electrolyte of
the present disclosure. In one embodiment, one or more blocks of the method 500 may be performed by various tools
or machines under the control of a central controller or processor.

[0053] At block 502, the method 500 begins. At block 504, the method 500 prints an electrode layer. The electrode
layer may be the cathode layer or the anode layer. In one embodiment, the cathode layer may be printed from manganese
dioxide (MnO,). For example, a 3D printer may print the cathode layer on a cathode current collector that is printed from
a conductive metal, such as Ag. Any type of additive printing process or 3D printer may be used. For example, any type
of 3D printing process can be used such as fused deposition modeling (FDM), selective laser sintering (SLS), selective
laser melting (SLM), binder jetting, and the like.

[0054] In one embodiment, the anode layer may be printed with zinc (Zn). For example, a 3D printer may print the
anode layer on an anode current collector that is printed from a conductive metal, such as Ag.

[0055] At block 506, the method 500 dispenses an electrolyte layer precursor composition onto a substrate. In one
embodiment, the electrolyte layer precursor composition may include water, an acid, a phosphine oxide, a water miscible
polymer, a salt, a neutralizing agent, and a cross-linker. In one embodiment, the electrolyte precursor composition may
comprise a mixture of water, acrylic acid, bisacylphosphine oxide (BAPO), polyethylene oxide (PEO), ammonium chloride
(NH,4CI) salt, potassium hydroxide (KOH), and triethylene glycol divinyl ether (TEGDVE). In one embodiment, different
variations of PEO may be used depending on the formulation 300. For example, 10 weight percent (10 wt%) 600,000
molar volume PEO, 5 wt% 4,000,000 molar volume PEO, or 12 wt% 4,000,000 molar volume may be used in the UV
curable mixture.
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[0056] In one embodiment, the BAPO may be a long-wavelength UV absorbing photoinitiator that is typically sensitive
to oxygen and does not exhibit good surface cure on its own. However, the UV curable mixture of the present disclosure
includes additional compounds with the BAPO that allow the UV curable mixture to cure quickly (e.g., within seconds)
under UV light emitting diodes (e.g., wavelengths of approximately 395 nanometers (nm)) without surface inhibition. In
addition, there may be sufficient loading of the BAPO to overcome the oxygen inhibition phenomenon. An example of
the BAPO may be a compound that is identified by its tradename Omnirad 819 or Irgacure 819.

[0057] In one embodiment, the UV curable mixture may vary the amounts of the water, the acrylic acid, the BAPO,
the PEO, the NH,Cl salt, the KOH, and the cross-linker. The UV curable mixture may vary in weight between approximately
16 grams (g) and 100 g. In one embodiment, the water may comprise between 31 weight percent to 37 weight percent
of a total weight of the UV curable mixture. In one embodiment, the acrylic acid may comprise between approximately
8 weight percent to 11 weight percent of a total weight of the UV curable mixture. In one embodiment, the BAPO may
comprise between 7 weight percent to 15 weight percent of a total weight of the UV curable mixture. In one embodiment,
the NH,Cl salt may comprise between 2 weight percent to 20 weight percent of a total weight of the UV curable mixture.
In one embodiment, the KOH may comprise between 6 weight percent to 9 weight percent of a total weight of the UV
curable mixture. In one embodiment, the PEO may comprise between 20 weight percent to 25 weight percent of a total
weight of the UV curable mixture. In one embodiment, the cross-linker may comprise between 2 weight percent to 4
weight percent of a total weight of the UV curable mixture. Examples of the different mixtures are provided in Examples
1-7 above.

[0058] At block 508, the method 500 ultraviolet (UV) cures the electrolyte layer precursor composition in presence of
air. For example, a 14 Watt (W) 395 nm LED light source may be used to cure the electrolyte layer. In addition, the
electrolyte layer may be cured in ambient conditions in the presence of air or oxygen. In other words, curing does not
use oxygen inhibition or curing in the presence of inert N, gas. As a result, the curing operation may be simplified.
[0059] In addition, the mixture that forms the electrolyte layer may cure relatively quickly (e.g., within seconds, 30
seconds, or less than a minute). As a result, the speed of fabrication may also be improved.

[0060] In one embodiment, the UV light may also contribute to the polymerization of the acid (e.g., the acrylic acid).
A monomer of the acid (e.g., the acrylic acid) may be present in the electrolyte layer precursor composition and then
polymerized to form an acid polymer (e.g., polyacrylic acid) during the UV curing.

[0061] After the electrolyte layer is formed, the anode layer and the cathode layer may be coupled to the electrolyte
layer. For example, the electrode layer may be the cathode layer and the anode layer may be coupled to the cathode
layer or vice versa. For example, the anode layer may be coupled on top of the electrolyte layer such that the electrolyte
layer is located between the anode layer and the cathode layer (e.g., the battery 100).

[0062] In one embodiment, the anode layer may be coupled to the electrolyte layer on the same side that the cathode
layer is coupled to the electrolyte layer. In other words, the anode layer may be coupled to the electrolyte layer in a side-
by-side fashion with the cathode layer (e.g., the battery 200). At block 510, the method 500 ends.

[0063] It will be appreciated that variants of the above-disclosed and other features and functions, or alternatives
thereof, may be combined into many other different systems or applications. Various presently unforeseen or unantici-
pated alternatives, modifications, variations, or improvements therein may be subsequently made by those skilled in the
art which are also intended to be encompassed by the following claims.

Claims

1. A composition, comprising:
an ultra-violet (UV) curable mixture comprising water, an acid, a phosphine oxide, a water miscible polymer, a salt,
and a neutralizing agent.

2. The composition of claim 1, further comprising a cross-linker comprising triethylene glycol divinyl ether (TEGDVE).

3. The composition of claim 2, wherein the cross-linker comprises between 2 weight percent to 4 weight percent of a
total weight of the UV curable mixture.

4. The composition of claim 1, wherein the water miscible polymer comprises polyethylene oxide (PEO).

5. The composition of claim 4, wherein the PEO comprises at least one of 10 weight percent (10 wt%) 600,000 molar
volume PEO, 5 wt% 4,000,000 molar volume PEO, or 12 wt% 4,000,000 molar volume PEO.

6. The composition of claim 1, wherein the water comprises between 31 weight percent to 37 weight percent of a total
weight of the UV curable mixture.
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The composition of claim 1, wherein the acid comprises between 8 weight percent to 11 weight percent of a total
weight of the UV curable mixture.

The composition of claim 1, wherein the phosphine oxide includes one or more photoinitiators and comprises
biscylphosphine oxide (BAPO) or mono-acyl phosphone oxide (MAPO).

The composition of claim 8, wherein the phosphine oxide comprises BAPO in an amount between 7 weight percent
to 15 weight percent of a total weight of the UV curable mixture.

The composition of claim 1, wherein the water miscible polymer comprises between 20 weight percent to 25 weight
percent of a total weight of the UV curable mixture.

The composition of claim 1, wherein the salt comprises ammonium chloride (NH,CI) salt in an amount between 2
weight percent to 20 weight percent of a total weight of the UV curable mixture.

The composition of claim 1, wherein the neutralizing agent comprises potassium hydroxide (KOH) in an amount
between 6 weight percent to 9 weight percent of a total weight of the UV curable mixture.

A battery, comprising:

a cathode layer;

an anode layer; and

an electrolyte layer coupled to the cathode layer and the anode layer, wherein the electrolyte layer comprises
a cross-linked polymer and phosphine oxide.

The battery of claim 13, wherein the electrolyte layer is located between the cathode layer and the anode layer.

The battery of claim 13, wherein the cathode layer and the anode layer are positioned side-by-side on the electrolyte
layer.

The battery of claim 13, wherein the cross-linked polymer is formed from a mixture of water, an acid, the phosphine
oxide with one or more photoinitiators, a water miscible polymer, a salt, a neutralizing agent, and a cross-linker that
is consumed during the curing under the UV light to form the electrolyte layer.

The battery of claim 13, wherein the phosphine oxide comprises biscylphosphine oxide (BAPO) or mono-acyl phos-
phone oxide (MAPO).

A method, comprising:

printing an electrode layer;

dispensing an electrolyte layer precursor composition onto the electrode layer, wherein the electrolyte layer
precursor composition comprises water, an acid, a phosphine oxide, a water miscible polymer, a salt, a neu-
tralizing agent, and a cross-linker; and

ultraviolet light curing the electrolyte layer precursor composition in presence of air to form an electrolyte layer.

The method of claim 17, wherein the electrode layer comprises a cathode layer or an anode layer that is printed
and the anode layer is stacked on top of the electrode layer.

The method of claim 17, wherein the electrode layer comprises a cathode layer that is printed, wherein an anode
layer that is printed is coupled to the electrolyte layer on a same side of the electrolyte layer that is coupled to the
cathode layer.



EP 4 002 521 A1

o L

/ 104

210 202

FIG. 2

10



EP 4 002 521 A1

€ Ol

03d 108 likloe
0 I HOX o P ﬁ_u
0wt / /[ e
0L 806
/
0dve HALYM e
0~
o 93l
ot i ///,\\o M
000 g
/

00

1"



EP 4 002 521 A1

W~/ W~ /= W~/
0} 0l 0 . 7=
90 —-= Y —= 40
\\ | // o0k B0l o
AW m\ A
El
o Le A
80y [t Uy
W~_/= AN W~ /=
00¢ |
N/ Y0
4 AV, EERENEY
liiits /
0
o0 00t i 0 /

00

12



EP 4 002 521 A1

( STiRT P W

PRINTAELECTRODE LAYER el

;

DISPENSE AN ELECTROLYTE LAYER PRECURSOR | 506
COMPOSITION ONTO THE ELECTRODE LAYER

:

UV GURE THE ELECTROLYTE LAYER PRECURSOR 508
COMPOSITION LAYER IN PRESENCE OF ARTOFORM
AN ELECTROLYTE LAYER

!
C END >/510
FIG. 5

13



10

15

20

25

30

35

40

45

50

55

EP 4 002 521 A1

9

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

[y

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 21 20 6999

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2016/054590 Al (FLITSCH FREDERICK A 1,4-20 INV.
[US] ET AL) 25 February 2016 (2016-02-25) HO1M4/38
A * paragraphs [0082], [0127], [0131], 2,3 HO1M4/50
[0151] - [0156], [0159] * HO1M6/06
----- HO1M6/12
X US 2013/270491 Al (PARK IK-RO [KR] ET AL) |1,6-12 HO1M6/40
17 October 2013 (2013-10-17)
A * claim all * 2-5,
13-20
X US 3 138 567 A (ABRAMS JOHN R ET AL) 1,6-12
23 June 1964 (1964-06-23)
A * claim all * 2-5,
13-20
X KR 2020 0036604 A (LG CHEMICAL LTD [KR]) 1,8-12
7 April 2020 (2020-04-07)
A * example 1 * 2-7,
13-20
A CN 103 910 757 A (UNIV TIANJIN NORMAL) 1-20 TECHNICAL FIELDS
9 July 2014 (2014-07-09) SEARCHED  (IPC)
* the whole document * HO1M
A US 6 379 835 Bl (KUCHEROVSKY JOSEPH S [US] |1-20
ET AL) 30 April 2002 (2002-04-30)
* the whole document *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 7 March 2022 Gotz, Heide

CATEGORY OF CITED DOCUMENTS

T
E
X : particularly relevant if taken alone
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons

A :technological background

: theory or principle underlying the invention

: earlier patent document, but published on, or

after the filing date

O : non-written disclosure & : member of the same patent family, corresponding
P :intermediate document document

14




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 002 521 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 21 20 6999

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

07-03-2022
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2016054590 Al 25-02-2016 AU 2015213356 Al 10-03-2016
AU 2015215830 Al 10-03-2016
AU 2015215844 Al 10-03-2016
AU 2015215906 Al 10-03-2016
BR 102015019862 A2 05-07-2016
BR 102015019910 A2 19-04-2016
BR 102015019946 A2 19-04-2016
BR 102015020027 A2 19-04-2016
CA 2900265 Al 21-02-2016
CA 2900512 a1 21-02-2016
CA 2900875 Al 21-02-2016
CA 2902567 Al 21-02-2016
CN 105390661 A 09-03-2016
CN 105390710 A 09-03-2016
CN 105390723 A 09-03-2016
CN 105390726 A 09-03-2016
DK 3016194 T3 19-02-2018
EP 3016194 Al 04-05-2016
EP 3021413 Al 18-05-2016
EP 3024082 a1 25-05-2016
EP 3026737 A2 01-06-2016
EP 3312927 Al 25-04-2018
EP 3416226 Al 19-12-2018
ES 2655063 T3 16-02-2018
ES 2669747 T3 29-05-2018
HK 1223739 Al 04-08-2017
HK 1223740 Al 04-08-2017
HK 1223741 Al 04-08-2017
HK 1252624 Al 31-05-2019
JP 2016045496 A 04-04-2016
JP 2016046249 A 04-04-2016
JpP 2016046251 A 04-04-2016
JpP 2016046254 A 04-04-2016
KR 20160023587 A 03-03-2016
KR 20160023592 A 03-03-2016
KR 20160023593 A 03-03-2016
KR 20160023595 A 03-03-2016
PL 3021413 T3 30-05-2018
RU 2015134561 A 21-02-2017
RU 2015134845 A 27-02-2017
RU 2015134860 A 28-02-2017
RU 2015135168 A 28-02-2017
SG 10201506556U A 30-03-2016
SG 10201506558W A 30-03-2016
SG 102015065608 A 30-03-2016
SG 10201506607T A 30-03-2016

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

15

page 1 of 2




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 002 521 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 21 20 6999

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

07-03-2022
Patent document Publication Patent family Publication

cited in search report date member(s) date
W 201616716 A 01-05-2016
W 201620197 A 01-06-2016
W 201621405 A 16-06-2016
TW 201622212 A 16-06-2016
us 2016054590 a1 25-02-2016
us 2016056440 Al 25-02-2016
uUs 2016056447 A1l 25-02-2016
us 2016056496 Al 25-02-2016
us 2017276964 Al 28-09-2017
uUs 2017322429 Al 09-11-2017

US 2013270491 Al 17-10-2013 NONE

US 3138567 A 23-06-1964 NONE

KR 20200036604 A 07-04-2020 NONE

CN 103910757 A 09-07-2014 NONE

US 6379835 Bl 30-04-2002 NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

16

page 2 of 2




EP 4 002 521 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Non-patent literature cited in the description

e CHEMICAL ABSTRACTS, 75980-60-8 [0032] * CHEMICAL ABSTRACTS, 84434-11-7 [0032]

17



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

