s

pr

LMEFP - \&
for Lrion Batteries

Lithium Manganese Iron Phosphate (LMFR
from cathode materials to battery cells

" .

January 2026

'//,,

— |

s “ 344
o 4

Qknowmdaé

Patent & Technology Intelligence ' ’

© 2026 | www.knowmade.c



TABLE OF CONTENTS

INTRODUCTION 5 FOCUS ON TECHNICAL SEGMENTS 101
AScopeof the report LMFP precursors 101
AMethodology LMFP cathode materials 115
AEssentialsn Solidstate Batteries LMFP electrode 145
AEssentialsn Halidesolidelectrolytes LMFP battery cells 169

HIGHLIGHTS 20
MAIN PATENTRANFERS 60
PATENTANDSCARBVERVIEW 67

ATimeevolutionof patent publications

ATime evolution of patent publications by filing countries
ATimeline of main IP players

AMain IP players by typology of companies

AMain IP players by typology and headquarters countries
ARanking of main patent assignees by typology

AMain startups/pure players by originating countries

For each segment:

ATime evolution of patent publications

APatent activity by filing countries

AMain IP players by typology and headquarters countries
AKey IP players and IP newcomers

AIP leadership of patent assignees

APriorart bIocklng potentlal of IP players

Al GNBy3GK AYyRSE
AKey patents

///

Toshiba, Panasonic/Sanyo, GS Yuasa, Hitachi, FW a.laih
Cement, Sumitomo Chemical/Tanaka Chemical, SUmIe 4 O-Met
Mining, Asahi Kasei, MU lonic Solutions, Mitsubishi Ché.mcal
Denka, Toda Kogyo, Zeon, Toyota, Nissan, and more

ASouth Korean companies:G Chem/LG Energy Solution,
Samsung, SK Group, L&F, PoscoProHyundai/kia, and more

AEuropean companiesSAFT, Blue Solutions[EN Jnnolith/ Aleva
BASF, SolvagyensgpUmicore, Arkema, Daimler,
Renault/Ampeére, and more.

ANorth American companiesAmpriugBerzelius, Ignis Lithium,
QuantumscapgeGlobal Graphene, Dow, PIDC (Pacific Industrial

2F LXI&8SNBHQ § E@’%‘%@eﬁtlcﬁrﬁo@ioﬂ)’tNaWPJQ’?@ﬁGP”ze"faWQt%fS’ Rivian,

ydroQuébec and more.

AOverview of inventions claimed by recent patent applications AChinese companie€ATL, BYD, EVE Energy, ATL,

ARanking of patent assignees (F:ﬁ_CUS ON.FILING COUNTRIES 182
AMain patent owners and current patent applicants ; ina 19
ACountries of active patents for main patent assignees Sapa;] K 198
AMost active IP players since 2023 EOUt orea 201
AIP leadership of patent assignees UUFXDG 204

ADS23INI LIKAOIE O2@SNI3IS 2F YI A

AGlobal IP strategy of patent assignees

APatent activities by technological segments (precursors, cathod
materials, cathode, battery cells, and other components)

ATime evolution of patent publications by segments (precursors,
cathode materials, cathode, battery cells, and other
components)

FOCUSNMAINANDKEYIPPLAYERS

8 SNAQ LI2 NI F2f A2a

r eac“lw country
Time evolution of patent publications

Lt

Patent families, pending applications and granted patents by

Gotion' GuoxuarHigh Tech Power Energy, SV@EINiSOMAESC,
COSMX/COSLIGKTnwodaCornexNew Energy, CALB (China
Aviation Lithium Battery), Wanxiang A123 Systems, Tafel New
Energy Technologgenergy JEVE (Tianjin EV Ener@gyiEnergy
Technology, LisheRhylion HithiumEnergy Storage Technology,
Ganfend.ithium, NIO, GAC Group, Geely Holding, Trina Storag
FAW, Dongfeng Motor,4Auto, BatteroTechnologyWeLionNew
Energy TechnologlsjongoNew Energy Technologyiengtron
Nanotech, and more

segments (precursors, cathode materials, cathode, battery celldOther companiesEpsilon Carbon/Johnson Matthedeees

and other components)
AIP leadership of patent assignees

210

AMain patent assignees by segments (precursors, cathode
materials, cathode, battery cells, and other components)
FOCUS ON.IP NEWCOMERS 94
AMain IP newcomers (first LMFBlated patent published in 2023
or later) by originating countries and by segments

Fore each IP players IP dynamicsand level of patent activity,
geographicak technicalcoverage,IP strengths,and potential for
reinforcement

AJapanese companiedurata Manufacturing/Sony Battery,

(Advanced Lithium Electrochemistry), Reliance New Energy (In:
LithiumWerkgValence Tech.), Ola Electric Mobility, and more

ANNEXES 405

KNOWMADEPPRESENTATION 415

LMFP for Lion Batteries Patent Landscape Analysis| January 2026 | Ref.: KM26002

© 2026 All rights reserved | www.knowmade.com



THE AUTHORS O)”,/

o
0
_ _ ONEHOUR PRESENTATION—T] /,\_

Dr. FleurThissandier \-\/'\.
Fleur works at Knowmade as Senior patent and technology The author of the report is available to address any
analystin the field of Materials Chemistryand Energystorage questions you may have
She holds a PhD in Materials Chemistryand Electrochemistry _ _ ' _
from CEA/INAC(Grenoble,France) Shealso holds a Chemistry Aone-hour online presentationof the report is
Engineering Degree from the Superior National School of included with your purchase. This session offers the
Chemistry(ENSCMVontpellier, France) Fleurpreviouslyworked opportunity for a direct interaction with the author,

in batteryindustryasR&DEngineer

Contact fleur thissandier@knowmader including a presentation of the results and a

dedicated Q&A session.

Feel free to contact the author to schedule a meeting.
Dr. NicolasBaron

Nicolasis CEOand co-founder of Knowmade He managesthe
development and strategic orientations of the company and
personallyleadsthe Electronics& Telecomdepartment He holds
a PhDin Physicdrom the Universityof Nice SophiaAntipolis,and
a Y ai Ségieé in Intellectual Property Strategies and
Innovation from the European Institute for Enterprise and
IntellectualProperty(IEEPIStrasbourg)fFrance

Contact nicolasbaron@knowmadefr

60 . oA
v‘. @? il @

00¢
«i

Q‘W il “’ w

Contact us

{Q)KnowMade

KNOWMADEs a technology intelligence and IP strategy consulting company specializing in the analysis of patents and
scientific publications. We assist innovative companies, investors, and research organizations in understanding the
competitive landscape, anticipating technological trends, identifying opportunities and risks, improving their R&D, and
shaping effective IP strategies. Our highly qualified analysts transform patent information and scientific literature into
actionable insights to support decisimmaking in R&D, innovation, investment, and intellectual property.

LMFP for Lion Batteries Patent Landscape Analysis| January 2026 | Ref.: KM26003

© 2026 All rights reserved | www.knowmade.com



mailto:contact@knowmade.fr?subject=Report%20presentation

MAIN PATENT ASSIGNEES MENTIONED IN THE REPORT Jg

INDUSTRIALS
CATL, LG Chem/LG Energy Solutions, Sam&wtgnonic BYD, EVE Energy, Murata/Sony, ATL, Guoxuan High Tech Power
EnergyGotion, SVOLT, Toyota, Taiheiyo Cement, Toshiba, Sumitomo Chemical/Tanaka Chemical, Tinci Materials Technology,
Envision/AESC, Global Graphene, COSMX/COSLIGHT, Sumitomo Metal iummghda General MotorsRongbayTechnology,

HydroQuébe¢ Reliance New Energy/Lithium/erks Epsilon Carbon/Johnson Matthey, and more.

R&D LABORATORIES
SEL, Kyushu University, AIST, ToMetropolotan University, Central South University, Institute of Physics, Tsinghua University,
Beijing Institute of Technology, Hanyang University, UNIST, KAIST, RIST, KERI, CEA, CNRS, Fraunhofer, Université de Montrea

University of Chicago, University of Michigan, Lockheed Martin/Battelle, and more.

LMFP for Lion Batteries Patent Landscape Analysis| January 2026 | Ref.: KM260Q

© 2026 All rights reserved | www.knowmade.com




INTRODUCTION o
Key information on LMFP U'\/////

Lithium Manganeseron Phosphate(LMFP)s a promisingemergingcathodematerialfor lithium-ion batteries Derivedfrom LFPjt retainskey advantagegstructuralstability, safely ost,
relatively good cyclelife) while offering a 10¢20% higher energydensitythanksto manganesesubstitution LMFPstill faceschallengessuchaslow electronicconductivity, slow Iith\'_n'Aﬁbﬂ
diffusion, and performancedegradationlinked to a y* wGurrentresearchfocuseson chemophysicalmodificationsto overcomethese limitations and enablelarge-scalecommerciali2xdion
LMFPdevelopmentsare mainlyled by major Chinesebattery manufacturerswith new North Americancompaniesalsoadvancind-MFRechnologyfor EVandES&pplications

AHigher energydensity than LFP

ALower cost per KWh than NMC AMid-to-Long Range EVs Almprove electrical conductivity, lithiusion diffusion

AAbundance and low cost of Mn AHeavyduty vehiclles (trucks anq buses) . apd stak?ility (overcome JanT distortion and metal

AHigher voltage ABlend pathode with NCM. for hlgmltgge.batterles dissolution) thapks to:

ABetter low temperature performance than LFP APotential to replace LFP in EV applications ANanostructuringand morphology control
Almprovements similar to LFP (nanosizing, spherical/microspheres, nanorods,

AHigh thermal stability and safety

AHigh voltage platform

AlLeverage existing LFP manufacturing processes and
infrastructure

nanoplates, crystal orientation control)
Asurfacecoating (carbon and/or nogarbon

materials (iorconductive materials, metal

oxides/phosphatesother cathode materials

Alon-doping at Li site (Na, K, Mg)
Weakness Threat Alon-doping ant Mn/Fe site (Mg, Y, V, Co, Ni, Cr, Zn,
Nb)

AAnionic doping (B, P, F)

AReduced calendar and cycle life compared to LFP, AlLack of industry standardization causes product ACompositionand structure design (gradient
due to the JahsTeller distortion of Mn and metal inconsistencies surface layer).
dissolution into electrolyte. AScaling challenges
APoor electrical conductivity lithiurdion diffusion AAdvanced modifications required for LMFP increase ADevelop green synthesis routes (Hydrothermal,
ALike LFP, SOC estimation is challenging process complexity Solventfree mechanochemical, Direct regeneration
ADual voltage plateau worsens cell consistency, AUnderdeveloped supply chain recycling, Microwavassisted synthesis, etc.)
causing mileage data fluctuations in BMS ASupply Chain geographically concentrated in China
ALimited compaction at cathode electrode level especially for Mn precursor
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INTRODUCTION

Comparison of battery performances in function of their technologies

€
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* Cell design and components other than the cathode can make a very large difference in cell performance metrics
* Marker [-] indicates no spec sheet available to make judgement.
Ratings marked with “**"are based on published data but have no commercial cells

For more details and sources, please visit: Battery Talk: Battery Application Break Down 1/01/2025 (Version 3.0)
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INTRODUCTION
LMFP Manufacturing processes (1/2)

\"\.
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The synthesis of Lithium Manganese Iron Phosphate cathode materials generally relies on two broad casefdqesse methods and liquigphase methods These methoag /
often combined with necessary higamperature sintering or carbon coating steps to optimize the material's performance

The solidphase method involves the direct mixing of solid precursors
(containing lithium, iron, manganeseand phosphorus)followed by high
temperaturecalcination Mixingmethodsare mainlyplanetaryball milling or
spray drying Calcinationis usually a two-step heating process first, pre-
sintering(300¢500 °C)to decomposeorganicmaterial, followed by sintering
at elevated temperatures (600¢850 °C) to enhance crystallization and
promote olivine-type crystalgrowth.

SolidPhase
synthesis (SSS)

Thesemethods conduct chemicalreactionsin a closedsystemunder high

Hydrgtnhdermal temperature and pressure conditions, with the solvent being water
(hydrothermal) or an organic solvent (solvothermal) Raw materials are

Solvothermal . : : :
Methods dissolvedin the solventand held in a high-pressurereactorto completethe

chemicalreaction

This method achieves mixing at the atomic level by simultaneously
precipitatingmetal ions (Mn?*, F&*, PQ2) from a solution by adjustingthe

Coprecipitation pH and other conditions The precursormixture is precipitated, separated,
washed,and then subjectedto calcination It can be combinedwith spray
dryingand hightemperaturesintering

The solgel method involveshydrolyzingand condensingmetal alkoxidesor
inorganicmetal saltsin a liquid phaseto form a solgel system,followed by
drying and high-temperature treatment. A sokgel systemis formed, then
slowly polymerizedinto a 3D spatialnetwork structure (gel),dried to obtain
a gellike precursor,and finally subjectedto high-temperature treatment to
getthe final product

Solgel

Most mature, simplest, and most suitable
process for large-scale industrial production
dueto its relative simplicityand highyield

The hydrothermal method is a viable
commercial route for olivine production It
offers control over material morphology,
nanoscaleparticle size,Fe/Mn repartition and
crystal structure. It typically requires lower
reaction temperatures and less energy
consumptioncomparedio SSS

Usesinexpensiveand availableraw materials
Theprocesssrelativelysimpleand suitablefor
industrialapplication

Facilitateghe uniform introduction of multiple
metal ions The resulting materials typically
have a high specific surface area, uniform
crystal size, and high purity. It allows for
controllable particle size (D100 nm) and is
suitablefor formingthin films and coatings

N
Challenges

The process is limited by diffusion
kinetics, requires high temperatures and
long processingtimes, which can lead to
particle aggregation and non-uniform
particlesizedistribution.

Requires specialized equipment
(autoclaves)apableof withstandinghigh
pressures, which complicates industrial
scaleup. Posttreatment may be
necessarylueto atomicmisalignments

Difficult to control the crystallization
process and requires ensuring a
homogeneousdistribution of Mn and Fe
to avoidphaseseparation

The processis complex,involveslengthy
drying and processingcycles, and uses
expensive raw materials, making it
generally unsuitable for industrial mass
production Poor reproducibility can
occur
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INTRODUCTION o
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LMFP Manufacturing processes (2/2) <
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This method involves the synthesis of the material in a molten
Molten-State state. MSS is used for the dry preparation of LMFP. The proce: Recognized for its potential in largeale production
Synthesis (MSS involves melting precursors, which may be followed by grindin¢ of olivine materials via molten ingot synthesis.
(milling) of the resulting ingot.

A major drawback is its high energy
consumption and the requirement for a
long grinding process of the prepared ingc

A widely studied approach. Enables the productior The properties of the resulting LMFP can

?ﬁg&?g; Involves mixing precursors via highergy mechanical activation, nanoparticles, often leading to uniform structures. show variations depending on whether
Method sometimes combined with sintering steps Mechanochemical activation followed by calcinatio mechanochemical or solvothermal methot

can yield materials with excellent cycle performanc were used.

An imbalance in the ratio of the generated
doping phases (Fe2P and amorphous
Li4P207) can be detrimental to cycling
stability, potentially hindering Li + transpor
due to chemical inhomogeneity

A simple, specific solistate strategy developed to isitu
Temperature  synthesize (MVLMFP) materials with innovative carbon coating ¢
Programmed phase doping structures (Fe2P and amorphous Li4P207). It re
Calcination  only on the carbon and Feontaining components derived direct
from the raw materials to form beneficial secondary phases.

This method achieves surface modifications withot
introducing additional reducing gases or
cumbersome processes. It is an extremely scalabl
strategy for largescale production.

The synthesis involves multiple types of ionic liquids, often RULEIUCEE A ARl S G5

JOIUB ! followed by highenergy dry ball milling and higlemperature _pot_ent_lall_y JEEL S eyl m_o_rphology. _The Usiz o Emerging method for LMFP synthesis.
Processes ionic liquids can create specific synthesis

treatment. )

environments.
Homogeneity is a major challenge due to

Involves synthesizing LMFP and then physically blending it wit Combine advantages of different cathode active  the significant differences in physical

other materials, such as NCM or LFP, to improve energy densi materials. Achieves a more balanced performance properties (e.g., particle size or density)
Two-Phase and safety, although this requires high uniformity during blendii profile, combining the high energy density of layere between the constituent materials. The

Strategies range from simple physical mixing during slurry oxides with the intrinsic safety and long cycle life o performance of the blend can be limited b

preparation to sophisticated interface enhancement methods. olivine phosphates. LMFP blending improves the the degradation of the less stable

Structural modification can involve adding LMFP as a coating « safety and stability of layered oxides (NCM) by component (e.g., NCM). Complexity arise:

skeletal structure to other materials. protecting against degradation and dissolution. from the need to optimize the ratio and
interface of the mixed materials.

Mixing Strategy
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INTRODUCTION
Scope of the report

Thisreport providesa detailed picture of the patent landscaperelated to LMFP from cathode materials to battery cells We have selectedand
more than 16,800+ patents and patent applicationspublishedworldwide up to July2025 representingmore than 7,810 patent families (inventions)rel
to the scopeof this report.

LMFP Fromcathodematerialsto battery cells
Included Lithium metal batteries and 4on batteries/ Excluded: Other solidtate batteries (L& battery, l-Air battery, Naion battery, Mgion battery, etc.)

LMFP MATERIALS

Cathodematerials

TYPE OF MATERIALS

Non composite

" Coreshell
Generalreferenceto Lithiummetal

mmm Phosphate cathodenaterialwhich
canincludeLMFP

Electrodes

Compositewithout a shell

Batterycells

Generalreferenceto Lithiummetal Knowmade © 2025
Battery packs

phosphate cathodenaterialwhich
doesnot includeLMFP

Recycling g ocusontvEe Excludedf the study

Manufacturingequipments Included in the study

Charging technologies LMFP in &ist of cathodematerials
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INTRODUCTION

Found the right information in the report
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Blocking players
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in each segment
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INTRODUCTION

Patent database V’\’////

With the presentreport is providedan extensiveExceldatabasewith the 7,810+ patent families (inventions)analyzedn this study"h"
useful patent databaseallows for multicriteria searchesand includespatent publication numbers hyperllnks to an updated onll??@-
database(originaldocuments Jegalstatus,etc.), priority date, title, abstract,patentassigneed,. J- i Scyrierdlégalstatus,andsegments
(precursor,cathodeactivematerial,cathodes battery cells,other componentsof battery cells)

E C 5] = [ 5 H il 4 L bA I (u] F (]
(Q)KnowMade
» LMFP for Li-ion Batteries - Patent Landscape Analysis 2026
i | The data are extracted from the FamPat ide patent datab o 1-0ORBIT) which provides 100+ million patent documents from 100+ worldwide patent offices.

The search far patents was completed in July 2025,
1 | The paterts are grouped in patent Families. & patentfamily is 2 s=t of patent applications filed in multiple countries to protect a single invention by a common inventor(s).

Current legal Current patent Patent Earliest Earliest e Biblio

as: nee: assignee name

Family number Earliest grant

status application publication

Expected Summary
date of the date of the |

used in the o
report o el [y -l ’ : - - - - -

[KR10-2025- [KR10-2025- KR LG EMERGY SOLL LG CherrLG Enert S024-05-13 -(07- [KR10-2025- w
omzz217) omz2z17) maz17) - - omz2z17)

3062468 0007972
BN PERTE

(CH20389032)  (CNT20389032)  (CN120389032)  MINME TALS NEW MCE [China Minkd [C120383032)
LEany EMZ0383032 | jthium iron The application  PENDING 2025-06-30 2025-07-23 2045-06-30 e "
“““““““““““““ [WO2024205308) [WO2024205308) [WO2024205306) RESEARCH INSTI RIST (Ressarch In: [02024205306)
TEE1335 IN20254706 807 iyine cathiode  An olivine cathode PENDING 2024-03-29 2024-10-03 2026-03-29 Open ®
[CM20357154]  [CNT20357154)  [CNT20367%54)  CATL - CONTEME CATL (Conternpore [CHI20357154]
115363004 CNTZ0357164  5apary cell, The application  PENDING 2025-05-23 2025-07-22 2045-05-23

Patent information

Questel Unique Family ID, Publication numbers, Title, Abstract,

LMFP precursors, LMFP cathode active
materials, LMFP cathodes, LMFP batte

Current legal status of patents (granted, pending, expired, etc.), Current patent assig
Earliest application/publication/grant date of the family, expected expiration dates,
hyperlinks to an updated online database (original documents, legal status, etc.)

cells, other components of

15318419 CNmOaEEIz | e e SICHUANFUJNNISishuan Fuiin R o6 o 19 2025-07-18 o) LMFP battery cells
TERSE  CNTSET2 (S on bt The ambodment PENDING o0 TN MEISTE ppgete onzsar-t e
TR CNUOMIE ooy batery The rvertion  PENDNG o e TS g anosor e
,,,,,,,,,,,,,,,,,,,, [CNI20319802)  (CN120319802)  (CWI20319802)  MINME TALS MEW MCC (Chira binkd . P [CN120313302)
< > Introduction ~ Patent family list -
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INTRODUCTION
Interactive dashboard (optional)

Understand IP strategy, positioning,
strengths & weaknesses

Deep dive by Understand
publication country IP dynamics

e

Browse patent families and spot key patents
sl List of patent families Select a patent family and explore it in depth
e

Patent full text + Geographic coverag€iationsanalysis

-
=l —

"o i db... [
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Patent Landscape Overview
General trends, IP leaders, new entrants, IP strategies, IP collaborations

PATENT LANDSCAPE OVERVIEW
The number of patent publications is booming since 2022 IP NEWCOMERS

Newcomers entering the IP landscape since

IP NEWCOMERS

Main Chinese IP newcomers are

Time evolution of patent families
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Patents on LMFP Precursors

Main patent assignees, newcomers, key players, key patents, notable recent p
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Patents on LMFP Cathode Materials
Main patent assignees, newcomers, key players, key patents, notable recent p

LMFP CATHODE ACTIVE MATERIALS

dominate the LMFP cathode materials patent landscape
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Patents on LMFP Electrode

Main patent assignees, newcomers, key players, key patents, notable recent p
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Patents on LMFP Battery Cells
Main patent assignees, newcomers, key players, key patents, notable recent p

LMFP BATTERY CELLS
LMFP battery cell patent landscape
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Start-ups & Pure Players

IP dynamics, level of patent activity, geographical & technical coverage, IP strengths, and potential for rel

FOCUS ON MAIN AND KEY START-UPS & PURE PLAYERS IN LMFP IP LANDSCAPE
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Material Manufacturers & Recycling Companies

IP dynamics, level of patent activity, geographical & technical coverage, IP strengths, and potential for rel

FOCUS ON MAIN AND KEY MATERIAL MANUFACTURERS
Worldwide main and key material manufacturers and their headquarters region

Main and key material manufacturers and their headquarters region
457 material manufacturers worldwide, including 51 being also battery manufacturers
Only main and key companies are reported on this map.
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IP profile of 45+ material manufacturersand recyclingcompanies
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Battery Manufacturers

IP dynamics, level of patent activity, geographical & technical coverage, IP strengths, and potential for rel

FOCUS ON MAIN AND KEY BATTERY MANUFACTURERS

. . . . FOCUS ON MAIN AND KEY BATTERY MANUFACTURERS
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End users, electronics companies, and tier one suppliers

IP dynamics, level of patent activity, geographical & technical coverage, IP strengths, and potential for rel

FOCUS ON MAIN AND KEY ELECTRONICS COMPANIES / TIER ONE SUPPLIERS
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R&D Labs

IP dynamics, level of patent activity, geographical & technical coverage, IP strengths, and potential for rel

FOCUS ON MAIN AND KEY R&D LABS
Worldwide main and key R&D labs and their headquarters region

Main and key R&D labs and their headquarters region
320 R&D labs worldwide
Only main and key R&D labs are reported on this map.
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