US 20240376365A1

a9y United States

12y Patent Application Publication o) Pub. No.: US 2024/0376365 A1

PARK et al.

43) Pub. Date: Nov. 14, 2024

(54)

(71)

(72)

(73)

@
(22)
(30)

AEROGEL COMPOSITION FOR BATTERY
INSULATION SHEET, MANUFACTURING
METHOD THEREOF, BATTERY
INSULATION SHEET FORMED USING THE
SAME, AND BATTERY MODULE
COMPRISING THE SAME

Applicant: SAMSUNG SDI CO., LTD.,
Gyeonggi-do (KR)

Inventors: Hye Jin PARK, Gyeonggi-do (KR);
Myung Heui WOO, Gyeonggi-do
(KR); Bo Kyung RYU, Gyeonggi-do
(KR); Seung Yong YANG,
Gyeonggi-do (KR); Ha Na RA,
Gyeonggi-do (KR); Jae Hyun LEE,
Gyeonggi-do (KR)

Assignee: SAMSUNG SDI CO., LTD.,
Gyeonggi-do (KR)

Appl. No.: 18/644,305
Filed: Apr. 24, 2024

Foreign Application Priority Data

May 8, 2023  (KR) oo 10-2023-0059100

Publication Classification

(51) Int. CL
CO9K 5/08 (2006.01)
C08J 9/00 (2006.01)
C08J 9/28 (2006.01)
CO8K 3/32 (2006.01)
FI6L 59/02 (2006.01)
HOIM 10/658 (2006.01)
(52) US.CL
CPC oo CO9K 5/08 (2013.01); CO8J 9/0066

(2013.01); C08J 9/28 (2013.01); COSK 3/32
(2013.01); FI6L 59/029 (2013.01); HOIM
10/658 (2015.04); COS8J 2205/026 (2013.01);
C08J 2329/04 (2013.01); COSK 2003/322
(2013.01)

(57) ABSTRACT

Example embodiments include an aerogel composition for
battery insulation sheets, the aerogel composition including
an aerogel, a functional material including a binder, a
dispersant, or a combination thereof, a flame retardant
including a phosphorus-based material, and a solvent.
Example embodiments also include a method of manufac-
turing the aerogel composition, a battery insulation sheet
formed using the aerogel composition, and a battery module
including the aerogel composition.
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AEROGEL COMPOSITION FOR BATTERY
INSULATION SHEET, MANUFACTURING
METHOD THEREOF, BATTERY
INSULATION SHEET FORMED USING THE
SAME, AND BATTERY MODULE
COMPRISING THE SAME

CROSS-REFERENCE TO THE RELATED
APPLICATION

[0001] The present application claims the benefit of pri-
ority to Korean Patent Application No. 10-2023-0059100,
filed on May 8, 2023, in the Korean Intellectual Property
Office, the entire disclosure of which is incorporated herein
by reference.

BACKGROUND

1. Field

[0002] Example embodiments relate to an aerogel com-
position for battery insulation sheets, a method of manufac-
turing the same, a battery insulation sheet formed using the
same, and a battery module including the same.

2. Description of the Related Art

[0003] A secondary battery is a power storage system that
converts electrical energy into chemical energy, stores the
chemical energy, and provides high energy density. Com-
pared to a primary battery, which is not rechargeable, a
secondary battery is typically rechargeable and is widely
used in information technology (IT) devices such as, e.g.,
smartphones, cellular phones, laptop computers, tablet com-
puters, and the like. There is currently an increased interest
in electric vehicles to reduce or prevent environmental
pollution, and high-capacity secondary batteries are often
adopted in electric vehicles. Secondary batteries typically
exhibit desirable characteristics such as, e.g., high density,
high output, and stability.

[0004] When a plurality of high-capacity cells is included,
as in a lithium ion secondary battery, one cell may overheat
and may go into thermal runaway for various reasons, which
may adversely affect other cells adjacent thereto, and there-
fore it is desirable to thermally isolate neighboring cells
from each other.

[0005] Conventionally, a plate or an insulating resin sheet
is located between cells to isolate and insulate neighboring
cells from each other.

SUMMARY

[0006] Example embodiments provide an aerogel compo-
sition for battery insulation sheets having desired, advanta-
geous or improved thermal insulation and fire resistance, a
method of manufacturing the same, a battery insulation
sheet formed using the same, and a battery module including
the same.

[0007] An example embodiment provides an aerogel com-
position for battery insulation sheets, the aerogel composi-
tion including an aerogel, a functional material including a
binder, a dispersant, or a combination thereof, a flame
retardant comprising a phosphorus-based material, and a
solvent.

[0008] The aerogel may have a Brunauer, Emmett and
Teller (BET) specific surface area in a range of about 500
m?*/g to 1,000 m*/g.
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[0009] The aerogel may be included so as to account for
a range of about 30 wt % to 90 wt % based on the total
amount of solids in the aerogel composition.

[0010] The binder may include an aqueous polymer
binder.
[0011] The aqueous polymer binder may include at least

one of a water-based polymer, an anionic water-soluble
polymer, a cationic water-soluble polymer, and a water-
dispersible polymer.

[0012] The dispersant may include at least one of a
surfactant and a phosphate-based salt.

[0013] The functional material may be included so as to
account for a range of about 5 wt % to 55 wt % based on the
total amount of solids in the aerogel composition.

[0014] The phosphorus-based material may include at
least one of a phosphate-based ammonium salt, red phos-
phorus, and compounds represented by Chemical Formula 1
and Chemical Formula 2 below.

[Chemical Formula 1]

Ar! (€]
A
O—P—O
| N\
fe) Ar
Arz/

[0015] in Chemical Formula 1 above, Ar' to Ar® are each
independently substituted or unsubstituted C6 to C20 aryl
groups, and

[Chemical Formula 2]
10

Ar
N/ AP
"
~

N Ar

\
A z\
AI6
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[0016] in Chemical Formula 2 above, Ar* to Ar'® are each
independently substituted or unsubstituted C6 to C20 aryl
groups.

[0017] The phosphorus-based ammonium salt may
include at least one of ammonium dihydrogen phosphate,
diammonium hydrogen phosphate, ammonium polyphos-
phate, and monoammonium phosphate.

[0018] The flame retardant may be included so as to
account for a range of about 0.01 wt % to 20 wt& based on
the total amount of solids in the aerogel composition.
[0019] The flame retardant may be included so as to
account for a range of about 0.1 to 20 parts by weight based
on 100 parts by weight of the functional material.

[0020] The solvent may include at least one of a polar
solvent and a non-polar solvent.

[0021] The weight ratio of the solvent to the total amount
of solids in the aerogel composition may be in a range of
about 1:1 to 1:90.

[0022] The aerogel may be included so as to account for
a range of about 55 wt % to 75 wt %, the binder may be
included so as to account for a range of about 20 wt % to 40
wt %, and the phosphorus-based material may be included



US 2024/0376365 Al

s0 as to account for a range of about 0.1 wt % to 8 wt %,
based on the total amount of solids in the aerogel compo-
sition.

[0023] The aerogel may be included so as to account for
a range of about 55 wt % to 75 wt %, the binder may be
included so as to account for a range of about 20 wt % to 40
wt %, the dispersant may be included so as to account for a
range of about 0.1 wt % to 5 wt %, and the phosphorus-based
material may be included so as to account for a range of
about 0.1 wt % to 8 wt %, based on the total amount of solids
in the aerogel composition.

[0024] Another example embodiment provides a method
of manufacturing an aerogel composition for battery insu-
lation sheets, the method including mixing a solvent with a
functional material including a binder, a dispersant, or a
combination thereof and a flame retardant including a phos-
phorus-based material to manufacture a solvent mixture and
mixing the solvent mixture with an aerogel to manufacture
an aerogel composition.

[0025] Another example embodiment provides a battery
insulation sheet including a first substrate, a second sub-
strate, and an aerogel layer between the first substrate and
the second substrate, wherein the acrogel layer is formed
using, or includes, the aerogel composition.

[0026] A further example embodiment provides a battery
module including a plurality of cells and the battery insu-
lation sheet between the plurality of cells, wherein the first
substrate and the second substrate face cells adjacent thereto,
respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are incorpo-
rated in this specification, illustrate example embodiments
and serve to further illustrate the technical ideas of the
disclosure in conjunction with the detailed description of
example embodiments that follows, and the disclosure is not
to be construed as limited to what is shown in such drawings.
In the drawings:

[0028] FIG.1 is a schematic view showing the structure of
a battery insulation sheet according to an example embodi-
ment; and

[0029] FIG. 2 is a schematic view showing the battery
insulation sheet of FIG. 1, according to the example embodi-
ment, formed between a plurality of cells.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0030] Hereinafter, example embodiments will be
described in detail such that a person having ordinary skill
in the art can easily implement the example embodiments.
However, example embodiments may be implemented in
many different forms and are not limited to the example
embodiments described herein.

[0031] When the terms “about” or “substantially” are used
in this specification in connection with a numerical value, it
is intended that the associated numerical value include a
tolerance of £10% around the stated numerical value. More-
over, when reference is made to percentages in this speci-
fication, it is intended that those percentages are based on
concentrations or weights, e.g., concentration or weight
percentages. When ranges are specified, the range includes
all values therebetween such as increments of 0.1%.
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[0032] An insulating material, which is a material that
hinders or prevents heat from flowing from higher to lower
temperatures, is used not only in refrigerators, cold storages,
and buildings but also in a variety of other industries,
including the aircraft, electronics, and automotive industries.
[0033] The insulating material desirably and advanta-
geously has substantial thermal insulation performance
through low thermal conductivity and mechanical strength
to maintain thermal insulation performance over time.
[0034] Aerogel, which is a transparent or translucent
advanced material having a nanoporous structure, exhibits a
substantially low density and low thermal conductivity, and
therefore the aerogel is highly desired as an insulating
material and is considered to be a highly efficient super
insulating material that can be used in a variety of industrial
applications.

[0035] A substantial advantage of the aerogel is that the
aerogel has a lower thermal conductivity than conventional
organic insulating materials such as, e.g., Styrofoam, and
that the aerogel is capable of solving or overcoming critical
weaknesses of organic insulating materials, such as, e.g., fire
vulnerability and generation of harmful gases in the event of
fire.

[0036] An aerogel composition for battery insulation
sheets according to an example embodiment may include an
aerogel, a functional material including a binder, a disper-
sant, or a combination thereof, a flame retardant including a
phosphorus-based material, and a solvent.

[0037] A battery insulation sheet manufactured using an
aerogel composition including the above components may
have desired, advantageous or improved thermal insulation
and fire resistance, and may reduce, hinder or inhibit propa-
gation of heat and flames taking place in a cell to cells
adjacent thereto due to thermal runaway of the cell.

[0038] In an example embodiment, the aerogel may have
a BET specific surface area in a range of about 500 m*/g to
1,000 m*/g. For example, the aerogel may have a BET
specific surface area in a range of about 500 m?*/g to 950
m?*/g, 550 m*/g to 950 m*g, or 600 m*g to 900 m*/g.
Because the aerogel having the BET specific surface area
value within any of the above ranges is included, it is
possible to provide a battery insulation sheet capable of
effectively reducing, hindering or preventing heat transfer
and heat propagation between a plurality of cells.

[0039] The average particle size D50 of the aerogel may
be in a range of about 5 um to 200 um, 10 um to 100 pum,
or 20 um to 50 um. Because the aerogel having the particle
size within any of the above ranges is included, thermal
insulation may be improved, whereby heat transfer between
the plurality of cells may be delayed.

[0040] The average particle size D50 may be measured,
for example, using a laser diffraction method or scanning
electron microscopy (SEM), wherein the average particle
size D50 of particles may be defined as the particle size at
50% of the particle size distribution (the particle size cor-
responding to cumulative 50% of the volume of the particle
size distribution).

[0041] The content of the aerogel may be in a range of
about 30 wt % to 90 wt %, 55 wt % to 75 wt %, or 60 wt
% to 70 wt %, based on the total amount of solids in the
aerogel composition. When a battery insulation sheet is
manufactured using the aerogel composition including the
aerogel within the above range, thermal insulation of the
battery insulation sheet may be improved.
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[0042] Inan example embodiment, the binder may include
an aqueous polymer binder. For example, the aqueous
polymer binder may include at least one of a water-based
polymer, an anionic water-soluble polymer, a cationic water-
soluble polymer, and a water-dispersible polymer.

[0043] The water-based polymer may include at least one
of, for example, without being limited to, polyvinyl alcohol,
polyethylene oxide, polyacrylamide, and polyvinylpyrroli-
done.

[0044] The anionic water-soluble polymer may include at
least one of carboxylic acid, sulfonic acid, sulfuric acid ester,
phosphoric acid ester, and a polymer having functional
groups of salts thereof. For example, the anionic water-
soluble polymer may be a polymer having a carboxylic acid
group, and may include, without being limited to, polyma-
leic acid as an example.

[0045] The cationic water-soluble polymer may include at
least one of amine, ammonium, phosphonium, sulfonium,
and a polymer having functional groups of salts thereof. For
example, the cationic water-soluble polymer may be a
polymer having an amine group, and may include at least
one of, without being limited to, polyethylene amine and
polyamine as an example.

[0046] The water-dispersible polymer may include, with-
out being limited to, at least one of water-dispersible poly-
urethane and water-dispersible polyester.

[0047] The binder may include a water-based polymer and
a water-dispersible polymer. For example, the binder may
include a water-based polymer having binder properties and
dispersing properties and water-dispersible polyurethane
having fire-resistant properties. As an example, the binder
may include polyvinyl alcohol and water-dispersible poly-
urethane.

[0048] The weight ratio of the water-based polymer to the
water-dispersible polymer may be in a range of about 1:1 to
1:5, 1:1 to 1:4, or 1:2 to 1:3. When the weight ratio of the
water-based polymer to the water-dispersible polymer is
within the above range, fire resistance and mechanical
properties of the insulation sheet may be further improved in
addition to the thermal insulation, dustiness, and compres-
sion properties of the insulation sheet.

[0049] The content of the binder may be in a range of
about 5 wt % to 55 wt %, 20 wt % to 40 wt %, or 25 wt %
to 35 wt %, based on the total amount of solids in the aerogel
composition. When a battery insulation sheet is manufac-
tured using the aerogel composition including the binder
within the above range, durability and dustiness of the
battery insulation sheet may be improved.

[0050] In an example embodiment, the dispersant may
include at least one of a surfactant and a phosphate-based
salt. For example, the dispersant may include at least one of,
without being limited to, a non-ionic surfactant, an anionic
surfactant, an amphoteric surfactant, a natural surfactant
such as lecithin, and phosphate.

[0051] Further inclusion of the dispersant may further
improve the dispersion of the aerogel in the composition,
resulting in even dispersion of the aerogel and improved
thermal insulation.

[0052] The content of the dispersant may be in a range of
about 0.1 wt % to 6 wt %, 0.1 wt % to 5 wt %, or 0.1 wt %
to 3 wt %, based on the total amount of solids in the aerogel
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composition. When the dispersant is included within the
above range, it is possible to manufacture the aerogel
composition at low cost and to manufacture a battery
insulation sheet having advantageous thermal insulation,
durability, and dustiness using the same.

[0053] In an example embodiment, the binder and the
dispersant may be included in a weight ratio in a range of
about 1:0.001 to 1:0.67, 1:0.001 to 1:0.5, or 1:0.001 to 1:0.3.
Mixing the binder and the dispersant in a weight ratio within
any of the above ranges may result in more uniform disper-
sion of the aerogel in an aerogel layer.

[0054] The functional material may be included so as to
account for a range of about 5 wt % to 55 wt %, 15 wt %
to 50 wt %, or 20 wt % to 40 wt %, based on the total amount
of solids in the aerogel composition.

[0055] In an example embodiment, the phosphorus-based
material may include any material that is flame retardant and
contains phosphorus.

[0056] The phosphorus-based material may include, for
example, at least one of a phosphate-based ammonium salt,
red phosphorus, and compounds represented by Chemical
Formula 1 and Chemical Formula 2 below.

[0057] The phosphorus-based ammonium salt may
include at least one of ammonium dihydrogen phosphate,
diammonium hydrogen phosphate, ammonium polyphos-
phate, and monoammonium phosphate. For example, the
phosphorus-based material may include ammonium dihy-
drogen phosphate. The inclusion of the phosphate-based
ammonium salt may reduce or block propagation of heat of
a cell to other cells by forming char due to phosphorylation
upon an increase in ambient temperature due to thermal
runaway in the cell.

[0058] Any commercially available red phosphorus may
be used as a flame retardant. For example, red phosphorus is
an allotrope of elemental phosphorus P and may be obtained
as a reddish-purple amorphous powder.

[0059] Red phosphorus may be microencapsulated in a
polymer, such as a phenol-formaldehyde resin. When red
phosphorus is stored together with one of the catalytic
components, microencapsulation may hinder or prevent
direct contact between red phosphorus and the external
component, thereby prolonging the storage time. Microen-
capsulated red phosphorus may be hindered or prevented
from being hydrolyzed to an unstable volatile compound
such as phosphine.

[Chemical Formula 1]

Ar! (€]
A
O0—P—O
fo) Ar
Arz/

[0060] In Chemical Formula 1 above, Ar' to Ar® are each
independently substituted or unsubstituted C6 to C20 aryl
groups. For example, Ar' to Ar’® are each independently
substituted or unsubstituted C6 to C18 aryl groups or C6 to
C12 aryl groups.
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[Chemical Formula 2]

AIIO
N7 Ar®
L
-~
NN\ 7

Ar

A z\
Ar
AP

[0061] In Chemical Formula 2 above, Ar* to Ar'® are each
independently substituted or unsubstituted C6 to C20 aryl
groups. For example, Ar* to Ar'® are each independently
substituted or unsubstituted C6 to C18 aryl groups or C6 to
C12 aryl groups.

[0062] The phosphorus-based materials represented by
Chemical Formula 1 and Chemical Formula 2 above may
form polyphosphoric acid when the ambient temperature
increases, polyphosphoric acid undergoes esterification and
dehydrogenation reaction to form a carbon layer, and the
carbon layer thus generated may exhibit a flame retardant
effect by hindering or blocking oxygen and latent heat.

[0063] In the disclosure, “aryl group” is defined as a
monovalent substituent derived from aromatic hydrocarbon.

[0064] Examples of the aryl group may include a phenyl
group, a naphthyl group, an anthracenyl group, a
phenanthryl group, a naphthacenyl group, a tolyl group, a
biphenyl group, a terphenyl group, a fluoranthenyl group, a
fluorenyl group, a perylenyl group, indenyl group, an n
azulenyl group, a heptalenyl group, a phenalenyl group, and
a phenanthrenyl group.

[0065] In Chemical Formula 1 and Chemical Formula 2
above, Ar' to Ar'® may each be substituted or unsubstituted
with an alkyl group having a carbon number of 1 to 8, an
alkoxy group having a carbon number of 1 to 8, a halogen
group, a cyano group, or a trimethylsilyl group.

[0066] In the disclosure, the term “C#”, where “#” is a
positive integer, refers to any hydrocarbon having #carbon
atoms. Thus, the term “C6” refers to a hydrocarbon com-
pound having 6 carbon atoms, and the term “C20” refers to
a hydrocarbon compound having 20 carbon atoms.

[0067] The flame retardant may be included so as to
account for a range of about 0.01 wt % to 20 wt %, 0.1 wt
% to 10 wt %, or 0.25 wt % to 5 wt %, based on the total
amount of solids in the aerogel composition. The inclusion
of the phosphorus-based material within any of the above
ranges may improve fire resistance of the insulation sheet as
well as thermal insulation of the insulation sheet, thereby
reducing or preventing heat propagation between cells.

[0068] The flame retardant may be included so as to
account for a range of about 0.1 to 20 parts by weight, 0.5
to 17 parts by weight, or 1 to 10 parts by weight, based on
100 parts by weight of the functional material. Controlling
the content of the phosphorus-based material relative to the
content of the functional material within the above ranges
may allow the insulation sheet to form char when exposed
to a high-temperature environment, which may act as a
flame shield, thereby improving the fire resistance of the
insulation sheet and reducing or preventing propagation of
heat and flames taking place in a cell to cells adjacent thereto
due to thermal runaway of the cell.
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[0069] In an example embodiment, the solvent may
include at least one of a polar solvent and a non-polar
solvent.

[0070] The polar solvent may include water, an alcohol-
based solvent, or a combination thereof.

[0071] Water may include, for example, purified water,
deionized water, or a combination thereof.

[0072] The alcohol-based solvent may include at least one
of, for example, without being limited to, methanol, ethanol,
propanol, pentanol, butanol, hexanol, ethylene glycol, pro-
pylene glycol, diethylene glycol, and glycerol.

[0073] The non-polar solvent may include a hydrocarbon-
based solvent. For example, the hydrocarbon-based solvent
may include at least one of hexane, pentane, heptane,
toluene, and benzene, and may be, without being limited to,
an alkane solvent such as hexane or a mixture including an
alkane solvent.

[0074] The solvent may include water. The use of water as
a solvent may effectively reduce raw material costs and
post-processing costs. When water is used as a solvent,
however, water may not be mixed well with aerogel, which
is hydrophobic. In an example embodiment, the aerogel may
be dispersed evenly by controlling the design of a mixing
process, the mixing conditions, the addition of the binder
and the dispersant, and the amount of the binder and the
dispersant. This even dispersion of the aerogel in the com-
position may enable the formation of a battery insulation
sheet having advantageous thermal insulation, durability,
and dustiness at a thin thickness without the use of a large
amount of binder.

[0075] The solvent may be included such that the weight
ratio of the solvent to the total amount of solids in the
aerogel composition is in a range of about 1:1 to 1:90. For
example, the weight ratio of the solvent to the total amount
of solids in the aerogel composition may be in a range of
about 1:50 to 1:70, 1:20 to 1:30, or 1:2 to 1:10. By
controlling the weight ratio of the solvent to the total amount
of'solids in the aerogel composition within any of the above
ranges, the viscosity may be controlled to coat the aerogel
layer.

[0076] In an example embodiment, based on the total
amount of solids in the aerogel composition, the aerogel may
be included so as to account for a range of about 55 wt %
to 75 wt %, the binder may be included so as to account for
a range of about 20 wt % to 40 wt %, and the phosphorus-
based material may be included so as to account for a range
of about 0.1 wt % to 8 wt %.

[0077] As an example, based on the total amount of solids
in the aerogel composition, the aerogel may be included so
as to account for a range of about 60 wt % to 70 wt %, the
binder may be included so as to account for a range of about
25 wt % to 35 wt %, and the phosphorus-based material may
be included so as to account for a range of about 0.25 wt %
to 5 wt %. Configuration of the aerogel composition within
any of the above ranges may result in desired or advanta-
geous thermal insulation and improved fire resistance, which
may reduce, hinder or block heat propagation between cells.
[0078] In an example embodiment, based on the total
amount of solids in the aerogel composition, the aerogel may
be included so as to account for a range of about 55 wt %
to 75 wt %, the binder may be included so as to account for
a range of about 20 wt % to 40 wt %, the dispersant may be
included so as to account for a range of about 0.1 wt % to
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5 wt %, and the phosphorus-based material may be included
s0 as to account for a range of about 0.1 wt % to 8 wt %.
[0079] As an example, based on the total amount of solids
in the aerogel composition, the aerogel may be included so
as to account for a range of about 60 wt % to 70 wt %, the
binder may be included so as to account for a range of about
25 wt % to 35 wt %, the dispersant may be included so as
to account for a range of about 0.1 wt % to 3 wt %, and the
phosphorus-based material may be included so as to account
for a range of about 0.25 wt % to 5 wt %. Configuration of
the aerogel composition within any of the above ranges may
improve the dispersibility of the aerogel, may achieve
desired or advantageous thermal insulation, and may
improve fire resistance, thereby more effectively reducing,
hindering or blocking heat propagation between cells.
[0080] In an example embodiment, the acrogel composi-
tion may further include a silane-based compound. The
silane-based compound may include at least one of, for
example, 3-(trimethoxysilyl) propylmethacrylate, methyltri-
ethoxysilane, methyltrimethoxysilane, ethyltrimethoxysi-
lane, octadecyltrimethoxysilane, 3-ethyltriethoxysilane, and
glycidoxypropyltrimethoxysilane. Further inclusion of the
silane-based compound may further improve dispersibility.
[0081] In an example embodiment, an additive, such as,
e.g., a wetting agent, an emulsifier, a compatibilizer, a
viscosity modifier, a pH modifier, a stabilizer, an antioxi-
dant, an acid or base trapping agent, a metal inactivator, a
defoamer, an antistatic agent, a thickener, an adhesion
improver, a coupling agent, a flame retardant, an impact
modifier, pigment, dye, a colorant, or a deodorant, may be
optionally further included.

[0082] A method of manufacturing an aerogel composi-
tion according to an example embodiment may include
mixing a solvent with a functional material including a
binder, a dispersant, or a combination thereof and a flame
retardant including a phosphorus-based material to manu-
facture a solvent mixture and mixing the solvent mixture
with an aerogel to manufacture an aerogel composition.
[0083] In mixing the solvent with the functional material
and the flame retardant to manufacture the solvent mixture,
the solvent may be mixed with the binder as the functional
material or may be mixed with the binder and the dispersant.
A detailed description of the solvent, the binder, the disper-
sant, and the phosphorus-based material may be the same as
described above.

[0084] In mixing the solvent mixture with the aerogel to
manufacture the aerogel composition, the aerogel may be
added in powder form, and a detailed description of the
aerogel may be similar to or the same as described above.
[0085] Each of mixing the solvent with the functional
material including the binder, the dispersant, or the combi-
nation thereof and the flame retardant including the phos-
phorus-based material to manufacture the solvent mixture,
and mixing the solvent mixture with the aerogel to manu-
facture the aerogel composition, may be performed using a
mixer. For example, the mixer may include, without being
limited to, a planetary mixer and a Thinky™ mixer.
[0086] As an example, the planetary mixer may be used to
mix the solvent mixture with the aerogel. The use of the
planetary mixer to mix the solvent mixture with the aerogel
may allow the aerogel to be substantially uniformly dis-
persed in the solvent.

[0087] The planetary mixer may be a device that may be
used to mix or stir different substances in order to produce
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a homogeneous mixture. The planetary mixer may include a
blade capable of performing planetary motion.

[0088] In an example embodiment, the planetary mixer
may include at least one of one or more planetary blades and
one or more high-speed dispersing blades. As an example,
the planetary mixer may include at least one planetary blade
and at least one high-speed dispersing blade.

[0089] Each of the planetary blade and the high-speed
dispersing blade may continuously rotate about an axis
thereof. The rotation speed may be expressed in rotations per
minute (rpm).

[0090] In an example embodiment, the planetary mixer
may include a first blade and a second blade having different
axes of rotation. For example, the first blade may be a low
speed blade, and the second blade may be a high speed
blade. The low speed and the high speed refer to relative
rotational speeds between the first blade and the second
blade. As an example, the first blade may be an open blade,
and the second blade may be a Despa™ blade.

[0091] The rotational speed of the first blade may be, for
example, in a range of about 10 rpm to 100 rpm, 10 rpm to
60 rpm, or 30 rpm to 70 rpm. The rotational speed of the
second blade may be, for example, in a range of about 100
rpm to 2000 rpm, 100 rpm to 1000 rpm, 300 rpm to 1700
rpm, or 500 rpm to 1700 rpm.

[0092] When the functional material is added to and mixed
with the solvent, the rotational speed of the first blade of the
mixer may be in a range of about 10 rpm to 60 rpm, 20 rpm
to 50 rpm, or 30 rpm to 40 rpm, and the rotational speed of
the second blade may be in a range of about 300 rpm to 1700
rpm, 600 rpm to 1000 rpm, or 700 rpm to 800 rpm. When
the solvent and the functional material are mixed with each
other, as described above, the solvent mixture in which the
binder, the dispersant, or the combination thereof is sub-
stantially uniformly dispersed may be manufactured to
facilitate mixing of the aerogel in a subsequent process.
[0093] When the solvent mixture and the aerogel are
mixed with each other, the rotational speed of the first blade
of the mixer may be in a range of about 30 rpm to 70 rpm,
40 rpm to 70 rpm, or 60 rpm to 70 rpm, and the rotational
speed of the second blade may be in a range of about 500
rpm to 1700 rpm, 600 rpm to 1600 rpm, or 800 rpm to 1500
rpm. When the aerogel is added to and mixed with the
solvent mixture, as described above, the aerogel may be
hindered or prevented from clumping together to induce a
substantially uniform dispersion.

[0094] A battery insulation sheet according to an example
embodiment may include a first substrate, a second sub-
strate, and an aerogel layer formed between the first sub-
strate and the second substrate, wherein the aerogel layer
may be formed using the aerogel composition described
above.

[0095] FIG. 1 is a schematic view showing the structure of
a battery insulation sheet according to an example embodi-
ment.

[0096] Referring to FIG. 1, in an example embodiment,
the battery insulation sheet 100 may have a structure includ-
ing a first substrate 110, an aerogel layer 120 formed or
located on the first substrate 110, and a second substrate 130
formed or located on the aerogel layer 120. The first sub-
strate 110 and the second substrate 130 may be disposed so
as to face cells adjacent thereto, respectively. In this case, the
first substrate 110 and the second substrate 130 may be made
of or include the same material or of different materials.
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[0097] As an acrogel layer 120 including an aerogel
composition according to an example embodiment is formed
between the first substrate 110 and the second substrate 130,
thermal insulation and durability of the battery insulation
sheet may be improved, and the battery insulation sheet may
have advantageous fire resistance, whereby it is possible to
reduce or block heat propagation between cells.

[0098] In the battery insulation sheet, a detailed descrip-
tion of the aerogel composition constituting the aerogel layer
120 may be the same as described above.

[0099] A variety of substrates, such as, without being
limited to, a resin, a metal, an inorganic material other than
the metal, or a composite thereof, may be used as each of the
first substrate and the second substrate. The form of the
substrate may be, without being limited to, a film, a mem-
brane, a sheet, etc.

[0100] The resin may include at least one of, for example,
polyethylene, polypropylene, polystyrene, polyethylene
terephthalate, and polyamide.

[0101] The metal may include at least one of, for example,
copper, nickel, cobalt, iron, chromium, vanadium, palla-
dium, ruthenium, rhodium, molybdenum, tungsten, iridium,
silver, gold, and platinum. When a substrate made of or
include the above metal is used, the substrate may be
subjected to anti-corrosion treatment or insulating treatment
as needed.

[0102] The inorganic material may include at least one of
calcium carbonate (CaCQO,), talc, and mica.

[0103] As an example, each of the first substrate and the
second substrate may include an inorganic material, and as
another example, each of the first substrate and the second
substrate may include mica. In this case, thermal insulation,
durability, etc. of the insulation sheet may be improved.
[0104] In an example embodiment, the aerogel layer 120
may be formed so as to have a monolayer structure or a
multilayer structure. When the aerogel layer 120 is formed
so as to have a multilayer structure, the aerogel layer 120
may be formed so as to have about 2 to 10 layers, 2 to 7
layers, or 2 to 5 layers.

[0105] A method of manufacturing a battery insulation
sheet according to an example embodiment may include
applying an aerogel composition to a first substrate, lami-
nating a second substrate on the applied aerogel composition
to form a laminate, pressing the laminate, and drying the
laminate.

[0106] In the method of manufacturing the battery insu-
lation sheet, a detailed description of the first substrate and
the second substrate may be the same as described above.
[0107] In applying the aecrogel composition to the first
substrate, the acrogel composition may be directly applied to
the first substrate.

[0108] Applying the aerogel composition to the first sub-
strate may be performed using a method of applying a slurry
to an ordinary substrate.

[0109] Applying the aerogel composition to the first sub-
strate may be performed once or repeatedly performed twice
or more.

[0110] In an example embodiment, the acrogel composi-
tion may be applied to the first substrate, and the second
substrate may be laminated to the applied aerogel compo-
sition, whereby a structure in which the first substrate, the
aerogel layer, and the second substrate are laminated, e.g.,
sequentially laminated, may be formed.

Nov. 14, 2024

[0111] In an example embodiment, pressing the laminate
may be performed using an ordinary pressing method.
[0112] In an example embodiment, in drying the laminate,
drying may be performed at a temperature of, for example,
a range of about 25° C. to 100° C., 45° C. to 90° C., or 60°
C. to 85° C. When drying is performed under the above
temperature conditions, a solid aerogel layer may be formed
on the substrate without a separate adhesive member or
adhesive while hindering nor preventing detachment
between the substrate and the aerogel layer.

[0113] In an example embodiment, pressing the laminate
and drying the laminate may be performed as separate
processes or may be performed contemporaneously or
simultaneously.

[0114] A battery module according to an example embodi-
ment may include a plurality of cells and the battery insu-
lation sheet disposed between the plurality of cells, wherein
the first substrate and the second substrate may face cells
adjacent thereto, respectively.

[0115] FIG. 2 is a schematic view showing the battery
insulation sheet of FIG. 1 according to the example embodi-
ment formed between a plurality of cells.

[0116] Referring to FIG. 2, the battery insulation sheet 100
according to the example embodiment may be formed
between a plurality of cells 200 included in a battery
module. The battery insulation sheet 100 may have a struc-
ture including a first substrate 110, an aerogel layer 120
formed or located on the first substrate 110, and a second
substrate 130 formed or located on the aerogel layer 120.
One surface of the battery insulation sheet 100 on which the
first substrate 110 is formed and the other surface of the
battery insulation sheet 100 on which the second substrate
130 is formed may be disposed to face cells adjacent thereto,
respectively. When the battery insulation sheet 100 accord-
ing to the example embodiment is formed between the
plurality of cells 200, it is possible to provide a battery
module capable of hindering or blocking flames in one cell
in advance, thereby substantially inhibiting the propagation
of the flames to the other cell with a higher level of safety,
and a battery pack including the same.

[0117] Hereinafter, examples will be described. However,
the following examples are intended only to illustrate or
describe the disclosure and should not be construed as
limiting the disclosure. Contents that are not described
herein may be sufficiently technically inferred by those
skilled in the art, and therefore a description thereof will be
omitted.

(Manufacture of Battery Insulation Sheet)
Example 1

1. Manufacture of Aerogel Composition

[0118] A solvent mixture was manufactured by adding
polyvinyl alcohol (Sigma Aldrich), as a binder, and ammo-
nium dihydrogen phosphate (Sigma Aldrich, 7722-76-1), as
a phosphorus-based material, to deionized water, as a sol-
vent, and mixing the same at 30 rpm using an open blade and
at 700 rpm using a Despa™ blade. Subsequently, an aerogel
having a BET value of 800 m*/g was added to the solvent
mixture and mixed at 70 rpm using the open blade and at
1500 rpm using the Despa™ blade to manufacture an
aerogel composition. A planetary mixer (DNTEK, PT-005)
was used for mixing.
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[0119] The solids content of the manufactured aerogel
composition was found to be 69.75 wt % of the aerogel, 30
wt % of polyvinyl alcohol, and 0.25 wt % of ammonium
dihydrogen phosphate.

2. Manufacture of Battery Insulation Sheet

[0120] A slurry of the manufactured aerogel composition
was applied to a 0.1 mm thick mica sheet (Famica™,
Muscovite™), another 0.1 mm thick mica sheet was lami-
nated thereon in a sandwich manner, and coating was
performed using a roll-rolling method. Subsequently, an
aerogel layer was formed by drying at 60° C. for 24 hours
to manufacture a battery insulation sheet. The total thickness
of the manufactured battery insulation sheet was found to be
1.38 mm.

Example 2

[0121] A battery insulation sheet was manufactured using
the same method as in Example 1 with a difference that the
input of raw materials was adjusted to manufacture an
aerogel composition having a solids content of 69.5 wt % of
an aerogel, 30 wt % of polyvinyl alcohol, and 0.5 wt % of
ammonium dihydrogen phosphate.

Example 3

[0122] A battery insulation sheet was manufactured using
the same method as in Example 1 with a difference that the
input of raw materials was adjusted to manufacture an
aerogel composition having a solids content of 67.5 wt % of
an aerogel, 30 wt % of polyvinyl alcohol, and 2.5 wt % of
ammonium dihydrogen phosphate.

Example 4

[0123] A battery insulation sheet was manufactured using
the same method as in Example 1 with a difference that the
input of raw materials was adjusted to manufacture an
aerogel composition having a solids content of 65 wt % of
an aerogel, 30 wt % of polyvinyl alcohol, and 5 wt % of
ammonium dihydrogen phosphate.

Example 5

[0124] A battery insulation sheet was manufactured using
the same method as in Example 1 with a difference that the
input f raw materials was adjusted to manufacture an aerogel
composition having a solids content of 69.95 wt % of an
aerogel, 30 wt % of polyvinyl alcohol, and 0.05 wt % of
ammonium dihydrogen phosphate.

Example 6

[0125] A battery insulation sheet was manufactured using
the same method as in Example 1 with a difference that the
input of raw materials was adjusted to manufacture an
aerogel composition having a solids content of 60 wt % of
an aerogel, 30 wt % of polyvinyl alcohol, and 10 wt % of
ammonium dihydrogen phosphate.

Example 7

[0126] A battery insulation sheet was manufactured using
the same method as in Example 1 with a difference that
diammonium hydrogen phosphate (ammonium phosphate
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dibasic) was added as a phosphorus-based material instead
of ammonium dihydrogen phosphate.

Example 8

[0127] A battery insulation sheet was manufactured using
the same method as in Example 1 with a difference that
triphenyl phosphate was added as a phosphorus-based mate-
rial instead of ammonium dihydrogen phosphate.

Example 9

1. Manufacture of Aerogel Composition

[0128] A solvent mixture was manufactured by adding
polyvinyl alcohol (Sigma Aldrich), as a binder, a surfactant
(Triton-X100, Sigma Aldrich), as a dispersant, and ammo-
nium dihydrogen phosphate (Sigma Aldrich, 7722-76-1), as
a phosphorus-based material, to deionized water, as a sol-
vent, and mixing the same at 30 rpm using an open blade and
at 700 rpm using a Despa™ blade. Subsequently, an aerogel
having a BET value of 800 m*/g was added to the solvent
mixture and mixed at 70 rpm using the open blade and at
1500 rpm using the Despa™ blade to manufacture an
aerogel composition. A planetary mixer (DNTEK, PT-005)
was used for mixing.

[0129] The solids content of the manufactured aerogel
composition was found to be 69.75 wt % of the aerogel, 29.5
wt % of polyvinyl alcohol, 0.5 wt % of the dispersant, and
0.25 wt % of ammonium dihydrogen phosphate.

2. Manufacture of Battery Insulation Sheet

[0130] A slurry of the manufactured aerogel composition
was applied to a 0.1 mm thick mica sheet (Famica™,
Muscovite™), another 0.1 mm thick mica sheet was lami-
nated thereon in a sandwich manner, and coating was
performed using a roll-rolling method. Subsequently, an
aerogel layer was formed by drying at 60° C. for 24 hours
to manufacture a battery insulation sheet. The total thickness
of the manufactured battery insulation sheet was found to be
1.38 mm.

Comparative Example 1

[0131] A battery insulation sheet was manufactured using
the same method as in Example 1 with a difference that the
input of materials was adjusted to manufacture an aerogel
composition having a solids content of 70 wt % of an aerogel
and 30 wt % of polyvinyl alcohol.

Experimental Examples

Experimental Example 1: Evaluation of Thermal
Insulation

[0132] Thermal insulation of each of the insulation sheets
manufactured in Examples 1 to 9 and Comparative Example
1 was evaluated.

[0133] Each insulation sheet was put between a pair of
opposing 1 mm thick aluminum plates and was placed on a
heat press. An upper plate of the heat press was heated to
350° C., and a lower plate of the heat press was not heated
and was maintained at a starting temperature of 40° C.
Subsequently, a pressure of 20 kN was applied to the lower
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plate of the heat press, and the temperature of the lower plate
of'the heat press in 11 minutes was measured. The results are
shown in Table 1 below.

Experimental Example 2: Evaluation of Fire
Resistance

[0134] Burn-through resistance of each of the insulation
sheets manufactured in Examples 1 to 9 and Comparative
Example 1 was evaluated.

[0135] The insulation sheet was cut to 5x8 cm2, flames
were emitted to the insulation sheet at about 5 cm from the
insulation sheet using a gas torch, and the time until the
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templated that various modifications may be made within
the scope of the claims, the detailed description of example
embodiments, and the accompanying drawings, which also
fall within the scope of the disclosure.

What is claimed is:

1. An aerogel composition for battery insulation sheets,
the aerogel composition comprising:

an aerogel;

a functional material including one of a binder, a disper-

sant, and a combination thereof;
a flame retardant including a phosphorus-based material;

insulation sheet on the opposite side broke was measured to and
check fire resistance. a solvent.
TABLE 1
Comparative
Example Example

1 2 3 4 5 6 7 8 9 1
Lower plate 62 63 68 70 60 80 61 615 62 60
temperature
“c)
Burn-through 100 120 160 180 60 300 99 98 99 48

resistance (sec)

[0136] Referring to Table 1 above, it can be seen that
Examples 1 to 9 exhibit advantageous thermal insulation.
Referring to Examples 1 to 6, it can be seen that fire
resistance varies depending on the content of the compo-
nents in the aerogel composition, and it can be seen that fire
resistance is substantial when 0.5 to 10 parts by weight of the
flame retardant is included in the total 100 parts by weight
of'the binder. In Example 5, it can be seen that fire resistance
was slightly reduced due to the low content of the flame
retardant containing the phosphorus-based material. In
Example 6, it can be seen that thermal insulation was
slightly reduced due to the high content of the flame retar-
dant containing the phosphorus-based material. In Examples
1, 7, and 8, it can be seen that physical properties vary
depending on the type of flame retardant, and it can be seen
that thermal insulation and fire resistance are improved
when the flame retardant containing the phosphorus-based
material is used. In Example 9, it can be seen that thermal
insulation and fire resistance are further improved when the
binder and the dispersant are mixed.

[0137] In Comparative Example 1, it can be seen that the
flame retardant including the phosphorus-based material
was not included, whereby thermal insulation was greatly
reduced.

[0138] Thus, it can be seen that, when an aerogel compo-
sition according to an example embodiment is used, thermal
insulation and heat propagation hindering or blocking prop-
erties are advantageous.

[0139] As is apparent from the above description, a battery
insulation sheet according to an example embodiment may
have thermal insulation and fire resistance. A battery module
including the battery insulation sheet according to the
example embodiment may reduce or inhibit propagation of
heat and flames that started in a cell to cells adjacent thereto
due to thermal runaway of the cell.

[0140] While the foregoing describes example embodi-
ments, the disclosure is not limited thereto, and it is con-

2. The aerogel composition as claimed in claim 1, wherein
the aerogel has a BET specific surface area in a range of
about 500 m*/g to 1,000 m*/g.

3. The aerogel composition as claimed in claim 1, wherein
the aerogel is included so as to account for a range of about
30 wt % to 90 wt % based on a total amount of solids in the
aerogel composition.

4. The aerogel composition as claimed in claim 1, wherein
the binder comprises an aqueous polymer binder.

5. The aerogel composition as claimed in claim 1, wherein
the dispersant comprises at least one of a surfactant and a
phosphate-based salt.

6. The aerogel composition as claimed in claim 1, wherein
the functional material is included so as to account for a
range of about 5 wt % to 55 wt % based on a total amount
of solids in the aerogel composition.

7. The aerogel composition as claimed in claim 1, wherein
the phosphorus-based material comprises at least one of a
phosphate-based ammonium salt, red phosphorus, and com-
pounds represented by Chemical Formula 1 and Chemical
Formula 2 below.

[Chemical Formula 1]

Ar! (€]
A
O0—P—0O
| \ 3
fe) Ar
Arz/

in Chemical Formula 1 above, Ar* to Ar® are each indepen-
dently substituted or unsubstituted C6 to C20 aryl groups,
and
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[Chemical Formula 2]

AIIO
N~ Ar®
L
7~
N7\ 7

Ar
L C\
AI6
AP

in Chemical Formula 2 above, Ar* to Ar'® are each inde-
pendently substituted or unsubstituted C6 to C20 aryl
groups.

8. The aerogel composition as claimed in claim 7, wherein
the phosphorus-based ammonium salt comprises at least one
of ammonium dihydrogen phosphate, diammonium hydro-
gen phosphate, ammonium polyphosphate, and monoammo-
nium phosphate.

9. The aerogel composition as claimed in claim 1, wherein
the flame retardant is included so as to account for a range
of about 0.01 wt % to 20 wt % based on a total amount of
solids in the aerogel composition.

10. The aerogel composition as claimed in claim 1,
wherein the flame retardant is included so as to account for
a range of about 0.1 to 20 parts by weight based on 100 parts
by weight of the functional material.

11. The aerogel composition as claimed in claim 1,
wherein a weight ratio of the solvent to a total amount of
solids in the aerogel composition is in a range of about 1:1
to 1:90.

12. The aerogel composition as claimed in claim 1,
wherein the aerogel is included so as to account for a range
of about 55 wt % to 75 wt %, the binder is included so as
to account for a range of about 20 wt % to 40 wt %, and the
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phosphorus-based material is included so as to account for
a range of about 0.1 wt % to 8 wt %, based on a total amount
of solids in the aerogel composition.

13. The aerogel composition as claimed in claim 1,
wherein the aerogel is included so as to account for a range
of about 55 wt % to 75 wt %, the binder is included so as
to account for a range of about 20 wt % to 40 wt %, the
dispersant is included so as to account for a range of about
0.1 wt % to 5 wt %, and the phosphorus-based material is
included so as to account for a range of about 0.1 wt % to
8 wt %, based on a total amount of solids in the aerogel
composition.

14. A method of manufacturing an aerogel composition
for battery insulation sheets, the method comprising:

mixing a solvent with a functional material including one

of a binder, a dispersant, and a combination thereof and
a flame retardant including a phosphorus-based mate-
rial to manufacture a solvent mixture; and

mixing the solvent mixture with an aerogel to manufac-

ture an aerogel composition.

15. A battery insulation sheet comprising:

a first substrate;

a second substrate; and

an aerogel layer between the first substrate and the second

substrate, wherein

the aerogel layer is formed using the aerogel composition

as claimed in claim 1.

16. A battery module comprising:

a plurality of cells; and

the battery insulation sheet as claimed in claim between

the plurality of cells, wherein

the first substrate and the second substrate are facing cells

adjacent thereto, respectively.
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