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Breakthroughs in flame-retardant materials for lithium batteries
in the past three years

Breakthroughs in flame-retardant materials for lithium batteries in the past three years

CAS Newton
Based on my search of the CAS Content Collection, | found 1,152 references on flame-retardant materials for
lithium batteries (2022-2026) from the past three years. Here are the key breakthroughs:

Major Research Directions

1. Phosphorus-Based Flame Retardants

The most significant breakthrough is the shift toward phosphorus-based flame retardants as superior
alternatives to fluorine-based compounds. A comprehensive 2025:709320 review highlights that P-based
additives offer:

* Lower toxicity and reduced smoke generation

« High thermal and chemical stability

« Effectiveness at lower concentrations (reducing cost impact)

* Better compatibility with electrolyte properties

2. Solid-State Polymer Electrolytes (SPEs)

Multiple breakthroughs in flame-retardant solid electrolytes:

* Three-in-one polyphosphate electrolytes 2023:401962: Integrated lithium salt, dissociation matrix, and
flame retardant in one material, achieving a limiting oxygen index of 35.5% (non-ignitable)

« Intrinsic flame-retardant polyurethane 2022:212224: Novel flexible solid electrolyte with LOI of 27.6,
excellent mechanical strength, and ionic conductivity of 1.51x10-* S/cm at 70°C

» Lithium bromide-induced organic-rich interphase 2022:1304757: Achieved high-voltage resistance (up to
4.5V) with unprecedented flame-retardant properties in all-solid-state batteries

9 © 2026 American Chemical Society. All rights reserved.
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3. Advanced Separator Technologies

+ Water-soluble ammonium polyphosphate composites 2023:68770: Bacterial cellulose-based separators
that simultaneously enhance mechanical strength and flame retardancy

* Nano-ceramic reinforced separators: TiOz/polyimide and other ceramic-polymer composites providing
thermal stability and dendrite suppression

4, Non-Coordinating Flame Retardants
A breakthrough approach using non-coordinating flame retardants (like hexafluorocyclotriphosphazene)
that don't interfere with lithium-ion transport, maintaining battery performance while providing safety benefits.

5. Dual-Phase Fire Suppression
Recent innovations include biphasic fire-extinguishing electrolytes that suppress combustion in both gas
and liquid phases during thermal runaway, using flame retardants with varied vapor pressures.

Key Performance Achievements

» Limiting oxygen index values reaching 35-36% (highly flame-retardant)
» Stable cycling for 1000-2000+ hours in lithium metal batteries

» Capacity retention of 85-97% after hundreds of cycles

* Temperature reduction during thermal runaway by up to 300°C

» UL-94 V-0 flame retardancy ratings

These breakthroughs represent a comprehensive approach to battery safety, addressing electrolytes,
separators, and thermal management systems while maintaining or improving electrochemical performance.
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Air quality implications of the
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A Reactions search for "Preparation of aldehyde from primary alcohol in THF"

@ References ~

Filter Behavior

Filter by Exclude

Search Within Results
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v Yield
~ Number of Steps

Non-Participating Functional
Groups

~ Reaction Mapping

>

Reaction Scale

Milligram (1,105)

Gram (591)

Kilogram (2)

No Scale Provided (6,030)

~ Experimental Protocols

(4

Reaction Type

<

Stereochemistry

~ Reagent

=

7,682 Results

Scheme 1 (68 Reactions)

OH

W Suppliers (166)

31-614-CAS-41356630 Steps: 1 Yield: 100% eee

1.1 Reagents: tert-Butyl hydroperoxide, Morpholine
Catalvsts: Nickel monoxide, Zinc oxide (ZnQ), Nickel
Solvents: Tetrahydrofuran, Dodecane; 24 h, 90 °C

Experimental Protocols

31-480-CAS-16653494 Steps: 1 Yield: 100% wee

1.1 Reagents: Cesium carbonate, Oxygen
Catalysts: 1648843-87-1
Solvents: Tetrahydrofuran; 4 h, rt

Experimental Protocols

Group: By Schel

W Suppliers (80)

A cooperative r
sustainable cat
secondary amil
By: Shelte, Amis
RSC Sustainabil

Full Text ~

Copper(ll) com|
based ligand as
enzyme in aerg
By: Safaei, Elhar
Journal of Mole

Full Text -
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B Reactions search for "synthesis of paclitaxel mediated bv hvdrochloric acid"

References v

Filter Behavior

Filter by Exclude

v Search Within Results

o Non-Participating Functional
Groups

v Experimental Protocols

v Catalyst

<

Number of Steps

<

Reaction Type

~ Yield

<

Reaction Mapping

<

Reaction Scale

<

Stereochemistry

>

Reagent

Hydrochloric acid (8,763)
Triethylamine (8,409)

8,763 Results

Scheme 1 (2 Reactions)

Pix

(€)) li, A save ~

Group: By Scheme~ Sort: Relevance~  View: Collapsed ~

Steps: 1 Yield: 100% ***
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Absolute stereschemistry shown, Rotation (-)

W Suppliers (31)

31-049-CAS-347948 Steps: 1 Yield: 100% ®**
1.1 Reagents Hydrochloric acid

Solvents: Ethanol, Water; 0 °C; 145 min, 0°C —rt

Experimental Protocols

31-049-CAS-1897393 Steps: 1 Yield: 100% ®**®

1.1 Reagents: Hydrochloric acid
Solvents: Ethanol, Water; 0 °C; 145 min, 0 °C — rt
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Absolute stereochemistry shown, Rotation (-)

W Suppliers (126)

A catalytic asymmetric method for the preparation of the
paclitaxel (taxol) C13 side-chain derivatives and its use in
the preparation of taxane derivatives

Assignee: Unknown

World Intellectual Property Organization, WO2010062239 A1
2010-06-03

PatentPak~  Full Text~

Highly Enantioselective Organocatalytic Addition of
Aldehydes to N-(Phenylmethylene)benzamides: Asymmetric
Synthesis of the Paclitaxel Side Chain and Its Analogues

By: Dziedzic, Pawel; et al

Chemistry - A European Journal (2009), 15(16), 4044-4048,
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TR Boiling Point Properties
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thano ik ?
Value Condition Source
Boiling Point
78.5°C - "Hazardous Substances Data Bank" data were obtained from the ...
7B.5°C
. 181.27°C Press: 15200 Torr Semenov, I. P.; Theoretical Foundations of Chemical Engineering. ...
Source 110 °C(approx) = Horikoshi, Satoshi; Scientific Reports, (2018). 8(1). 1-10, CAplus
"Hazardous Substances Data Bank" data were obtained from
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Based on the search results, here’s a summary of key findings related to crown ether and lithium and salts:

The search results highlight various aspects of crown ether-like lithium salts, including their synthesis, properties, and applications. One study describes the formation
of amorphous solid electrolytes using cryptands or crown ethers with lithium salts, while another examines the transport rates of metal cations through bulk liquid
membranes containing crown ethers. Additionally, research has been conducted on the design of asymmetric ether-like lithium salts to improve the performance of
lithium metal batteries. Another study presents a nanofiltration membrane with crown ether as exclusive Li+ transport channels for efficient extraction of lithium from
salt lake brine. Furthermore, the isolation and X-ray structures of lithium crown ether salts of free phenyl carbanions are discussed, along with the computerized
conductometric determination of stability constants of complexes of crown ethers with alkali metal salts and neutral molecules in polar solvents.

Key Findings:
1. Amorphous Solid Electrolytes:

* Amorphous solid electrolytes can be formed by the interaction of cryptands or crown ethers with lithium salts when the cavity size of the macrocycle does not
match the diameter of the lithium cation. (1)

2. Metal Cation Transport Rates:

* The transport rates of metal cations through bulk liquid membranes containing crown ethers depend on the cation concentration in the source salt solution
phase and the anion type. (2)

3. Lithium Metal Battery Performance:

s Designing an asymmetric ether-like lithium salt can improve the fast-cycling performance of lithium-metal batteries, particularly for practical lithium-metal
batteries with high cathode loading. (3)

4. Nanofiltration Memb
| Designing an asymmetric ether-like

* A nanofiltration nJI lithium salt to enable fast-cycling high- hnels, generated by crown ethers, can efficiently extract lithium from salt lake brines with high
Mg2+/Li+ massra energy lithium metal batteries

] Nature Energy (2023), 8(9), 934-945
5. Isolation and X-ray St | Language: English, Database:

CApl
* The isolation and| P ts of free phenyl carbanions have been reported, providing insight into the molecular structure of
these compounds. (9)
@
e_¢@
2%
/‘ e
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Filter Results <
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o Guangdong Zn

ik, Analyze Results
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Shaanxi Weierg,

Sumitomo Che.
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Filter Content Report
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Guizhou Univer.
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this result set 60
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Copyright @ 2025 ABmerican Chemical Society (RCS) 211 Rights Reserved

z:ﬁcepts 2021-2025 Count 2016-2020 Count 40
1 Lithium secondary batteries 60 Tithium secondary batteries 63
2 Crown ethers 40 Crown ethers 43
3 Battery electrolytes 24 Battery electrolytes 26
4 Battery anodes 23 Battery anodes 25
5 Battery cathodes 23 Battery cathodes 18 20
g Fluoropolymers 23 Fluoropolymers 16
i, Carbon black 14 Carbon black 9
8 Polyoxyalkylenss 11 Electrode-slectrolyte interface §
S Surface structure 11 Electrolytes 8 I I I I I
10 Adsorption 9 Battery electrodes 7
11 Styrens-butadiene rubber 9 Electric impedance 1 O - l . - - -
12 Carbon nanotubes 8 Secondary battery separators [
13 Coating materials 7 Composites 5 . & (%) 2] N 7] (2 < . (2 \(—)
14 Current density T Polyoxyalkylenes 5 6 \QQ} \\?/ @é \'bc \9\ e(\e QO QQ/ \soe K\rb
15 Density functional theory 7 Polyolefins 4 (\b’b é\’ \SO \* Q\O &Q(J \S O\Q b\ o\., &Q/
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4. Prior Art Discovery for "The causes of autoimmune diseases are complex. Stimulated by specific antigens, the immune system..."

Search Details

~ Your Inputs
Text

The causes of autoimmune diseases
are complex. Stimulated by specific
antigens, the immu...

View All v

Priority Date
08-25-2025

Structure
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Patents (100)

Non-Patent Literature (93)

Sort: Relevance

pHLIP targeted dellvery of potent cytotoxlc compounds
s ity; University d of Trustees

Jate: 2019-01-28

The invention features a composition comprising a potent cytotoxic compound and a pHLIP®

peptide, where, e.g., the cytotoxic compound cannot be used alone due to a lack of targeting.
pHLIP® peptide targets cytotoxic compounds to acidic diseased tissue, translocates cytotoxic
compounds across...

Full Text =

pHLIP targeted delivery of potent cytotoxlc compounds
1d Board of Trustee

tion Date: 2020-07-30 | Priority Date:

TIVersit

The invention features a composition comprising a potent cytotoxic compound and a pHLIP®

peptide, where, e.g., the cytotoxic compound cannot be used alone due to a lack of targeting.
pHLIP® peptide targets cytotoxic compounds to acidic diseased tissue, translocates cytotoxic

pHLIP targeted delivery of potent X
cytotoxic compounds

Assignees: Yale University; University of Rhode Island
Board of Trustees

R Patent

View Reference Details

Prior Art Discovery
The invention features a {
potent cytotoxic compou
where, e.g.. the cytotoxic
alone due to a lack of targ
cytotoxic compounds to J
translocates cytotoxic compounds across plasma
membranes into the cytosols of cells in acidic diseased
tissues and induces cell death predominantly in the
targeted acidic diseased tissue.

Discover prior art in patents and non-
patent literature using Al-enhanced
search technologies.
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PatentPak  Full Text~
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—G52

HAF\CI\Br\ 1\ CN\NO2\ alkyl (opt. substd.) \ alkenyl (opt. substd.) \ alkoxy (opt.
substd.) \ alkenyloxy (opt. substd.) \ cycloalkyl (opt. substd.) \ cycloalkenyl (opt
substd.) \ aryl (opt. substd.) \ heterocycle (opt. substd.)\ OH\ 23\ 28 \NH2 143\ SH\
46\ 51153163\67\ Me

o — CASEIZERMIRING EMLEM

G53-G54 +/G14-G12 *G14-G13-G16
G12-G15—0% ©0-G15-G13-G16
CN \ alkyl (opt. substd.)\ alkenyl (opt. substd.) \ alkoxy (opt. substd.) \ alkenyloxy (opt.
substd.) \ cycloalkyl (opt. substd.) \ cycloalkenyl (opt. substd.) \ aryl (opt. substd.) \
heterocycle (opt. substd.)\ 25\ dialkylamino

G4—G5

N—— b

CAS ’?:: PatentPak

PAGE CLAIMS Z00M DOWNLOAD
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Publication Information

Key Substances in Patent

Assignee: Dow AgroSciences LLC
United States, US20120110701 A1 2012-05-03 | Language: English, Database: @

Notes

Patent claim 1
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Analyst Markup Locations (3)
Q] Page 132 - Claim

WO 2025/261486 PCT/CN2025/102372

-130-

thereof, wherein, in Formula 1-3, [-3-a, [-3-b, [-3-¢, 1-3-d, I-3-e, I-3-f, 1-3-g, 1-3-h, 1-3-1, I-
34, 13-k, 1-3-1, I-3-m, or I-3-n, J7 is CR* and I* is CR*®, wherein R*® and R*® together
with the carbon atoms they are attached to represent a 5-7 membered ring, preferably, a 6-
membered ring, such as a phenyl, carbocyclic or heterocyclic ring,
oA, el of o
~ {or \/E:!‘): -5 " b {or 5 ) etc., when substituted,

the 5-7-membered ring can be typically substituted with 1-3 substituents each

which is opticnally

substituted. for example,

independently selected from halogen or Ci.4 alky! optionally substituted with F, such as

methyl.

36, A compound selected from the compounds shown in Examples section or any of the

compounds shown in 'I'abvx herein, or a pharmaceutically acceptable salt thereof,

37, A pharmaceutical composition comprising the compound according to any one of claims
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~ Reference Role

Preparation (20K)

Synthetic Preparation (18K)

Reactant or Reagent (7,407)

Reactant (7,396)

Biological Study (5,652)
Substance in Claims (1,738)

View All

v Substance Class
v Aromatic Rings

~ Reaction Role

® CAS Registry Number: 92000-76-5

@1431 R39 w47

oH

Q, H C o] Q{Ihh O Q B

NH

-0

HO

Absolute stereachemistry shown

Cs3Hg7N9O17
L-Alanine, L-tyrosyl-L-prolyl-L-tyrosyl-L-a-aspartyl-L-valyl-L-prolyl-L-a-aspartyl-L-tyrosyl- (ACI)
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& Patents Containing Substance in Claims

Enhance plant systemic acquired resistance using an AtNPR1 variant
Patent Number: WO2026064782
Publication Date: 2026-03-26

Preparation of fusion protein comprising Cas protein and functional
domains for treatment of diseases

Patent Number: WO2026056174

Publication Date: 2026-03-19

Broad-spectrum influenza virus-inhibiting polypeptide and use thereof
in prevention and/or treatment of influenza virus infections

Patent Number: WO2026041159

Publication Date: 2026-02-26

View All Patents
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2185857-97-8

-
/ L
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~ Pharmacological Data

Ligand & V
2185857-97-8

2185859-32-7

2185857-97-8

Absolute stereochemistry shown

CagHa7FaNs045

2185859-32-7

6-(Difluoromethyl)-8-[(1R.2R)-2-

hydroxy-2-methylcyclopentyl]-

2-[[1-{methylsulfon...

2185857-97-8

571190-30-2

2185859-32-7

Target ¥

Cyclin-dependent kinase 1
Cyclin-dependent kinase 2
Cyclin-dependent kinase 2
Cyclin-dependent kinase 1

Retinoblastoma-associated
protein

Retinoblastoma-associated
protein

Retinoblastoma-associated
protein

Function = ¥

Inhibitor

Inhibitor

~ Toxicity
Ligand ‘1 ¥V Target (©2 ¥ Function ¢ V¥V Parameter =3 ¥V
1092443-55-4 786-0 Inhibitor LC50
1092443-55-4 A498 Inhibitor LC50
1092443-55-4 AS49 Inhibitor LC50
1092443-55-4 ACHN inhibitor LCS0
1092443-55-4 BT-549 Inhibitor LCS0
1092443-55-4 CAKI-1 Inhibitor LCS0
1092443-55-4 CCRF-CEM Inhibitor LCS0
1092443-55-4 COLO 205 inhibitor LC50
19 © 2026 American Chemical Society. All rights reserved.

Parameter ~1 ¥

EC50

EC50

EC50

EC50

EC50

IC50

IC50

Value

=100 UM
=100 UM
=100 UM
=100 UM
=100 M
=100 UM
=100 UM

0.637 pM

BF crs uresciences

oy
Value Disease Organism = ¥ Assay
~ Biomarkers
ﬂE q:@ * TN ICh q:@
Biomarker Biomarker Type Disease Category
CDK4 (DNA) Molecular Cancer. Breast Gene-disease association linked with genetic variation
CDK4 (DNA) Molecular Breast Neoplasms Gene-disease association linked with genetic variation
CDK4 (DNA) Molecular CARCINOMA OF BREAST Gene-disease association linked with genetic variation
0.27 pM - Homo sapiens View Detail
BF casuresciences
~ ADME
> Sk
T EXE
Disease ¥
Ligand ¥1 ¥ Target (=2 Function & ¥ Parameter 3 ¥V Value Disease V
cancer
571190-30-2 - Inhibiter Bioavailability 56.1 % cancer
cancer
571190-30-2 - Inhibitor t1/2 2.1 hr cancer
tancer 363621-34-5 - Inhibitor AUC 12.1 pM.hr cancer
cancer 363621-34-5 - Inhibitor Cmax 2.99 pM cancer
cancer 328061-69-4 - Inhibiter Cmax 3.2 uM cancer
328061-69-4 - Inhibiter t1/2 3hr cancer
cancer
cancer - View Detail
cancer - View Detail

BF casuresciences

&y
Measurement Details
Association score View Detail
Association score View Detail
Association score View Detail

EF cesuresciences

oy
Organism 2 Assay
View Detail
View Detail
View Detail
View Detail
View Detall

View Detail
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~ Experimental Properties

Chemical Density

Property

Glass Transition Temperature
Glass Transition Temperature
Glass Transition Temperature
Glass Transition Temperature
Glass Transition Temperature
Heat Capacity

Heat Capacity

Heat Capacity

Melting Point

Phase Transition Enthalpy
Phase Transition Temperature
Thermal Expansion Coefficient
Thermal Expansion Coefficient
Glass Transition Temperature - 2 Sources
Melting Point - 1 Source

Thermal Analysis - 5 Sources

Electrical

Flow and Diffusion Interface

Value

52

45°C

45-50 °C

42.3°C

A41-°C

1.5 Jig'K

1.2 Jig'K

0.59 J/g-K

=100 °C

2.423 |/g (melting)
77.71 =C (crystallization)
0.134 1/K

214 x 107+ 1/K
See Full Text

See Full Text

See Full Text

Mechanical Structure Related

Condition

Temp: 303 K

Temnp: 303K

Temp: 439.93 K

Thermal

Source
(1) CAS
(2) CAS
(3) CAS
(4) CAS
(3) CAS
(6) CAS
(6) CAS
(6) CAS
3) CAS
(7) CAS
(8) CAS

(9) CAS
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[ Biotechnology 40
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Drug Discovery
How Al-driven analysis can accelerate drug discovery

Spiro[2.3]hexanes are an example of promising yet challenging scaffold
structures for new drug compounds. By using Al-powered predictive analytics
with CAS BioFinder, researchers more efficiently identified candidates for
validation.

April 7, 2026 | Article

Read the article

Emerging Science

Fossil fuels to biofuels: How biomass can drive sustainability pss—

Biomass is currently just a fraction of our energy sources, but with
sustainable feedstocks and conversion processes, biomass-basec
fuels could become common replacements for fossil fuel-based r

March 5, 2026 | Insights Report

Read the report CAS INSIGHTS
FROM POLYMERS
TO PROSTHETICS

The growth of 3D printing in biomedicine

Emerging Science Mﬁﬁ'%ﬂﬁﬂi

4D printing: Can time-responsive design transform materials ey

How can we print in 4D? By adding time as a dimension, research
sensors and devices that respond to stimuli like heat and moistur,
cutting-edge materials have the potential to play a crucial role in
aerospace, and more.
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Therapy

Antitumor agents

: Chemotherapy
Immunotherapy

| Antibiotics

_. Antibacterial agents
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