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THE AUTHORS

The author of the report is available to address any 
questions you may have.

A one-hour online presentation of the report is 
included with your purchase. This session offers the 
opportunity for a direct interaction with the author, 

including a presentation of the results and a 
dedicated Q&A session.

Feel free to contact the author to schedule a meeting.

ONE-HOUR PRESENTATION

Contact us

Dr. Fleur Thissandier
Fleur works at Knowmade as Senior patent and technology 
analyst in the field of Materials Chemistry and Energy storage. 
She holds a PhD in Materials Chemistry and Electrochemistry 
from CEA/INAC, (Grenoble, France). She also holds a Chemistry 
Engineering Degree from the Superior National School of 
Chemistry (ENSCM Montpellier, France). Fleur previously worked 
in battery industry as R&D Engineer.
Contact: fleur.thissandier@knowmade.fr

Dr. Nicolas Baron
Nicolas is CEO and co-founder of Knowmade. He manages the 
development and strategic orientations of the company and 
personally leads the Electronics & Telecom department. He holds 
a PhD in Physics from the University of Nice Sophia-Antipolis, and 
a ƳŀǎǘŜǊΩǎ degree in Intellectual Property Strategies and 
Innovation from the European Institute for Enterprise and 
Intellectual Property (IEEPI  Strasbourg), France.
Contact: nicolas.baron@knowmade.fr

KNOWMADE is 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 decision-making in R&D, innovation, investment, and intellectual property.

mailto:contact@knowmade.fr?subject=Report%20presentation
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MAIN PATENT ASSIGNEES MENTIONED IN THE REPORT

INDUSTRIALS

CATL, LG Chem/LG Energy Solutions, Samsung, Dynanonic, BYD, EVE Energy, Murata/Sony, ATL, Guoxuan High Tech Power 

Energy/Gotion, SVOLT, Toyota, Taiheiyo Cement, Toshiba, Sumitomo Chemical/Tanaka Chemical, Tinci Materials Technology, 

Envision/AESC, Global Graphene, COSMX/COSLIGHT, Sumitomo Metal Mining, Sunwoda, General Motors, Rongbay Technology, 

HydroQuébec, Reliance New Energy/Lithium Werks, Epsilon Carbon/Johnson Matthey, and more.

R&D LABORATORIES

SEL, Kyushu University, AIST, Tokyo Metropolotan University, Central South University, Institute of Physics, Tsinghua University, 

Beijing Institute of Technology, Hanyang University, UNIST, KAIST, RIST, KERI, CEA, CNRS, Fraunhofer, Université de Montréal, 

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



5
© 2026  All rights reserved | www.knowmade.com

LMFP for Li-ion Batteries - Patent Landscape Analysis| January 2026 | Ref.: KM26002

INTRODUCTION
Key information on LMFP

ÅHigher energy density than LFP
ÅLower cost per kWh than NMC
ÅAbundance and low cost of Mn
ÅHigher voltage
ÅBetter low temperature performance than LFP
ÅHigh thermal stability and safety
ÅHigh voltage platform
ÅLeverage existing LFP manufacturing processes and 

infrastructure

ÅReduced calendar and cycle life compared to LFP, 
due to the Jahn-Teller distortion of Mn and metal 
dissolution into electrolyte.
ÅPoor electrical conductivity lithium-ion diffusion
ÅLike LFP, SOC estimation is challenging
ÅDual voltage plateau worsens cell consistency, 

causing mileage data fluctuations in BMS
ÅLimited compaction at cathode electrode level

ÅMid-to-Long Range EVs 
ÅHeavy-duty vehicles (trucks and buses)
ÅBlend cathode with NCM for high-voltage batteries
ÅPotential to replace LFP in EV applications
ÅImprovements similar to LFP

ÅLack of industry standardization causes product 
inconsistencies
ÅScaling challenges
ÅAdvanced modifications required for LMFP increase 

process complexity
ÅUnderdeveloped supply chain
ÅSupply Chain geographically concentrated in China 

especially for Mn precursor

Lithium Manganese Iron Phosphate (LMFP) is a promising emerging cathode material for lithium-ion batteries. Derived from LFP, it retains key advantages (structural stability, safety, low cost, 
relatively good cycle life) while offering a 10ς20% higher energy density thanks to manganese substitution. LMFP still faces challenges such as low electronic conductivity, slow lithium-ion 
diffusion, and performance degradation linked to aƴшя. Current research focuses on chemo-physical modifications to overcome these limitations and enable large-scale commercialization. 
LMFP developments are mainly led by major Chinese battery manufacturers, with new North American companies also advancing LMFP technology for EV and ESS applications.

ÅImprove electrical conductivity, lithium-ion diffusion 
and stability (overcome JanT distortion and metal 
dissolution) thanks to: 
ÅNanostructuring and morphology control  

(nanosizing, spherical/microspheres, nanorods, 
nanoplates, crystal orientation control)
ÅSurface coating (carbon and/or non-carbon 

materials (ion-conductive materials, metal 
oxides/phosphates, other cathode materials)
ÅIon-doping at Li site (Na, K, Mg)
ÅIon-doping ant Mn/Fe site (Mg, Y, V, Co, Ni, Cr, Zn, 

Nb)
ÅAnionic doping (B, P, F)
ÅComposition and structure design (gradient 

surface layer). 

ÅDevelop green synthesis routes (Hydrothermal, 
Solvent-free mechanochemical, Direct regeneration 
recycling, Microwave-assisted synthesis, etc.)

Strength

Weakness

Opportunity

Threat

Researchfocus
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INTRODUCTION
Comparison of battery performances in function of their technologies
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INTRODUCTION
LMFP Manufacturing processes (1/2)

The synthesis of Lithium Manganese Iron Phosphate cathode materials generally relies on two broad categories: solid-phase methods and liquid-phase methods. These methods are 
often combined with necessary high-temperature sintering or carbon coating steps to optimize the material's performance

Process Description Advantages Challenges

Solid-Phase 
synthesis (SSS)

The solid-phase method involves the direct mixing of solid precursors 
(containing lithium, iron, manganese, and phosphorus) followed by high-
temperature calcination. Mixing methods are mainly planetary ball milling or 
spray drying. Calcination is usually a two-step heating process: first, pre-
sintering (300ς500 °C) to decompose organic material, followed by sintering 
at elevated temperatures (600ς850 °C) to enhance crystallization and 
promote olivine-type crystal growth.

Most mature, simplest, and most suitable 
process for large-scale industrial production 
due to its relative simplicity and high yield

The process is limited by diffusion 
kinetics, requires high temperatures and 
long processing times, which can lead to 
particle aggregation and non-uniform 
particle size distribution.

Hydrothermal 
and 

Solvothermal 
Methods

These methods conduct chemical reactions in a closed system under high 
temperature and pressure conditions, with the solvent being water 
(hydrothermal) or an organic solvent (solvothermal). Raw materials are 
dissolved in the solvent and held in a high-pressure reactor to complete the 
chemical reaction.

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

Requires specialized equipment 
(autoclaves) capable of withstanding high 
pressures, which complicates industrial 
scale-up. Post-treatment may be 
necessary due to atomic misalignments.

Co-precipitation

This method achieves mixing at the atomic level by simultaneously 
precipitating metal ions (Mn2+, Fe2+, PO4

3ҍ) from a solution by adjusting the 
pH and other conditions. The precursor mixture is precipitated, separated, 
washed, and then subjected to calcination. It can be combined with spray 
drying and high-temperature sintering.

Uses inexpensive and available raw materials. 
The process is relatively simple and suitable for 
industrial application.

Difficult to control the crystallization 
process and requires ensuring a 
homogeneous distribution of Mn and Fe 
to avoid phase separation

Sol-gel 

The sol-gel method involves hydrolyzing and condensing metal alkoxides or 
inorganic metal salts in a liquid phase to form a sol-gel system, followed by 
drying and high-temperature treatment. A sol-gel system is formed, then 
slowly polymerized into a 3D spatial network structure (gel), dried to obtain 
a gel-like precursor, and finally subjected to high-temperature treatment to 
get the final product.

Facilitates the 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 (Ḑ100 nm) and is 
suitable for forming thin films and coatings.

The process is complex, involves lengthy 
drying and processing cycles, and uses 
expensive raw materials, making it 
generally unsuitable for industrial mass 
production. Poor reproducibility can 
occur.

Knowmade©2025
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INTRODUCTION
LMFP Manufacturing processes (2/2)

Process Description Advantages Challenges

Molten-State 
Synthesis (MSS)

This method involves the synthesis of the material in a molten 
state. MSS is used for the dry preparation of LMFP. The process 
involves melting precursors, which may be followed by grinding 
(milling) of the resulting ingot.

Recognized for its potential in large-scale production 
of olivine materials via molten ingot synthesis.

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

Mechano
chemical 
Method

Involves mixing precursors via high-energy mechanical activation, 
sometimes combined with sintering steps

A widely studied approach. Enables the production of 
nanoparticles, often leading to uniform structures. 
Mechanochemical activation followed by calcination 
can yield materials with excellent cycle performance.

The properties of the resulting LMFP can 
show variations depending on whether 
mechanochemical or solvothermal methods 
were used.

Temperature-
Programmed 
Calcination

A simple, specific solid-state strategy developed to in-situ 
synthesize (M-LMFP) materials with innovative carbon coating and 
phase doping structures (Fe2P and amorphous Li4P2O7). It relies 
only on the carbon and Fe-containing components derived directly 
from the raw materials to form beneficial secondary phases.

This method achieves surface modifications without 
introducing additional reducing gases or 
cumbersome processes. It is an extremely scalable 
strategy for large-scale production.

An imbalance in the ratio of the generated 
doping phases (Fe2P and amorphous 
Li4P2O7) can be detrimental to cycling 
stability, potentially hindering Li + transport 
due to chemical inhomogeneity

Ionothermal 
Processes

The synthesis involves multiple types of ionic liquids, often 
followed by high-energy dry ball milling and high-temperature 
treatment. 

Primarily recognized for fundamental research. Can 
potentially regulate crystal morphology. The use of 
ionic liquids can create specific synthesis 
environments.

Emerging method for LMFP synthesis.

Two-Phase 
Mixing Strategy

Involves synthesizing LMFP and then physically blending it with 
other materials, such as NCM or LFP, to improve energy density 
and safety, although this requires high uniformity during blending. 
Strategies range from simple physical mixing during slurry 
preparation to sophisticated interface enhancement methods. 
Structural modification can involve adding LMFP as a coating or 
skeletal structure to other materials.

Combine advantages of different cathode active 
materials. Achieves a more balanced performance 
profile, combining the high energy density of layered 
oxides with the intrinsic safety and long cycle life of 
olivine phosphates. LMFP blending improves the 
safety and stability of layered oxides (NCM) by 
protecting against degradation and dissolution.

Homogeneity is a major challenge due to 
the significant differences in physical 
properties (e.g., particle size or density) 
between the constituent materials. The 
performance of the blend can be limited by 
the degradation of the less stable 
component (e.g., NCM). Complexity arises 
from the need to optimize the ratio and 
interface of the mixed materials.

Knowmade©2025
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INTRODUCTION
Scope of the report

LMFP: Fromcathode materialsto battery cells
Included: Lithium metal batteries and Li-ion batteries/ Excluded: Other solid-state batteries (Li-S battery, Li-Air battery, Na-ion battery, Mg-ion battery, etc.)

VALUE CHAIN SEGMENTS

Precursor materials

Battery packs

Cathode materials

Electrodes

Charging technologies

TYPE OF MATERIALS

Non composite

Core-shell

Composite without a shell

LMFP MATERIALS

General referenceto Lithium metal
phosphate cathode materialwhich
can includeLMFP

Clear referenceto LMFP

Included in the study

Excludedof the study

Knowmade © 2025

This report provides a detailed picture of the patent landscape related to LMFP: from cathode materials to battery cells. We have selected and analyzed 
more than 16,800+ patents and patent applications published worldwide up to July 2025, representing more than 7,810 patent families (inventions) relevant 
to the scope of this report.

General referenceto Lithium metal
phosphate cathode materialwhich
doesnot includeLMFP

Battery cells

Recycling

Manufacturingequipments

Focus on LMFP

LMFP in a list of cathode materials
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INTRODUCTION
Found the right information in the report

PATENT LANDSCAPE OVERVIEW

SEGMENTS ANALYSIS

IP PROFILE OF KEY PLAYERS

MARKET
For executives, 

business developers

IP
For IP teams, 

patent attorneys

Main patent owners

IP risks/opportunities

PLAYER
Zoom in a

competitor / partner

Blocking patents

Geo/Tech coverage

Link between patents 
and products

Current R&D activities

Technology roadmap

Technology trends

Technology mapping

Blocking players 

IP risks/opportunities 
in each segment

(FTO, litigation, licensing)

Ecosystem 
(competitors, newcomers, 

partners, clients)

Main trends

IP vs Market

R&D investment level

Key inventions

Current IP activities

Strengths / Weaknesses

IP position and level 
of investment in each 

segment

Key IP developments

Benchmarking

Markets of interest

Future developments

Future products

Potential partners

Potential targets

IP position vs Market 
position

Player relationships
(collaborations/
dependencies)

Your concern

ÅPatent portfolio summary (portfolio size, IP 
activity evolution, patents legal status, geo/tech 
coverage, strengths/weaknesses, etc.) 

ÅKey patents 
ÅRecent patenting activity

ÅRanking of players (enforceability, current activity, 
geo/tech coverage, prior-art contribution, etc.)

ÅPatent filings dynamics per player
ÅIP collaborations (co-filings, IPR transfers)

ÅPatent litigation/oppositions 

ÅPatent filings dynamics per segment
ÅIP leaders per segment (enforceability, current 

activity, blocking potential)

ÅKey patents per segment
ÅRecent patenting activity per segment

Innovators

TECHNOLOGY
For R&D teams, 

engineers, scientistsInformation you get

Report sections
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INTRODUCTION
Patent database

With the present report is provided an extensive Excel database with the 7,810+ patent families (inventions) analyzed in this study. This 
useful patent database allows for multicriteria searches and includes patent publication numbers, hyperlinks to an updated online 
database (original documents, legal status, etc.), priority date, title, abstract, patent assignees, ǇŀǘŜƴǘΩǎ current legal status, and segments 
(precursor, cathode active material, cathodes, battery cells, other components of battery cells).

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

Current legal status of patents (granted, pending, expired, etc.), Current patent assignees, 
Earliest application/publication/grant date of the family, expected expiration dates, 

hyperlinks to an updated online database (original documents, legal status, etc.)

Supply chain segments
LMFP precursors, LMFP cathode active 

materials, LMFP cathodes, LMFP battery 
cells, other components of 

LMFP battery cells
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INTRODUCTION
Interactive dashboard (optional)

An optional interactive dashboard can be provided with this report, transforming the analysis into a true decision-support tool that puts you in control. It enables you to explore the patent landscape dynamically 
by applicant, technology, geography, publication period, or legal status, and to drill down instantly into key insights, from high-level trends to individual players and patents. Tailored to the specific needs of R&D, 
IP, strategy, and business development teams, the dashboard delivers immediate visual answers to critical questions, enabling faster and more informed strategic decision-making across your organization.

Navigate easily through the data 
and quickly get strategic insights

Identify key players and newcomers by country and technology segmentEasily filter the data

Browse patent families and spot key patents

Patent full text + Geographic coverage + Citations analysis

Landscape at a glance

Assess technology 
segment impact

Deep dive by 
publication country

Understand IP strategy, positioning, 
strengths & weaknesses 

Select a player to view its IP profile

Select a patent family and explore it in depth

Understand 
IP dynamics

Key IP players

IP newcomers

List of patent families

Request a demo

mailto:contact@knowmade.fr?subject=Request%20a%20demonstration%20of%20the%20interactive%20dashboard%20delivered%20with%20the%20report
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Patent Landscape Overview
General trends, IP leaders, new entrants, IP strategies, IP collaborations
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Patents on LMFP Precursors
Main patent assignees, newcomers, key players, key patents, notable recent patents

The categories to which 
each patent belongs are 
available in the Excel file 
provided with the report
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Patents on LMFP Cathode Materials
Main patent assignees, newcomers, key players, key patents, notable recent patents

The categories to which 
each patent belongs are 
available in the Excel file 
provided with the report
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Patents on LMFP Electrode
Main patent assignees, newcomers, key players, key patents, notable recent patents

The categories to which 
each patent belongs are 
available in the Excel file 
provided with the report
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Patents on LMFP Battery Cells
Main patent assignees, newcomers, key players, key patents, notable recent patents

The categories to which 
each patent belongs are 
available in the Excel file 
provided with the report
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Start-ups & Pure Players
IP dynamics, level of patent activity, geographical & technical coverage, IP strengths, and potential for reinforcement

IP profile of 15+ start-ups & pure players: 
Amprius/Berzelius, Ignis Lithium, I-TEN, Innolith/Alevo, Battero 
Technology, WeLion New Energy Technology, Liongo New Energy 
Technology, Hengtron Nanotech, Chongqing Tailan New Energy, Haopeng 
New Energy, Zhongke Shenlan Huize New Energy, Yaoning Solid State 
Energy Technology, Hunan Mengxing Nano Material Technology, Linli 
New Energy, Tianmu Energy Anode Material, Knowlitech.
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Material Manufacturers & Recycling Companies
IP dynamics, level of patent activity, geographical & technical coverage, IP strengths, and potential for reinforcement

IP profile of 45+ material manufacturers and recycling companies: 
Taiheiyo Cement, Sumitomo Chemical/Tanaka Chemical, Sumitomo Metal Mining, 
Asahi Kasei, MU Ionic Solutions, Mitsubishi Chemical, Denka, Toda Kogyo, Zeon, L&F, 
Posco, EcoPro, Global Graphene, Dow, PIDC (Pacific Industrial Development 
Corporation), Nano One, BASF, Solvay/Syensqo, Umicore, Arkema, Epsilon 
Carbon/Johnson Matthey, Aleees (Advanced Lithium Electrochemistry), Brunp 
Recycling Technology, Dynanonic, Tinci Materials Technology, Rongbay Technology, 
Capchem Group/Novolyte Technologies, BYN (Yuneng) Chemical, Easpring Material 
Technology, Kulunchem, LBM New Energy Technology/Lopal Group, Pulead 
Technology Industry, Sinochem, GEM, and more
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Battery Manufacturers
IP dynamics, level of patent activity, geographical & technical coverage, IP strengths, and potential for reinforcement

IP profile of 45+ battery manufacturers: 
LG Chem/LG Energy Solution, Samsung, SK Group, Murata 
Manufacturing/Sony Battery, Toshiba, Panasonic/Sanyo, GS Yuasa, Hitachi, 
Furukawa, CATL, BYD, EVE Energy, ATL, SVOLT, Gotion/Guoxuan High Tech 
Power Energy, Envison/AESC, COSMX/COSLIGHT, Sunwoda, Cornex New 
Energy, CALB (China Aviation Lithium Battery), Wanxiang A123 Systems, Tafel 
New Energy Technology/Zenergy, JEVE (Tianjin EV Energy), Deyi Energy 
Technology, Lishen, Phylion, Hithium Energy Storage Technology, Ganfeng 
Lithium, REPT Energy, Ampace, Reliance New Energy (Incl. Lithium 
Werks/Valence Tech.), Quantumscape, SAFT, Blue Solutions, and more.
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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 reinforcement

IP profile of 15+ End users, electronics companies, and tier one suppliers: 
Toyota, Nissan, Hyundai/Kia, NIO, GAC Group, Geely, Trina Storage, FAW, Li-
Auto, Dongfeng Motor, General Motors, Rivian, Hydro-Québec, Daimler, 
Renault/Ampère, Ola Electric Mobility, Bosch, TDK, Viridi E Mobility 
Technology, and more.
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R&D Labs
IP dynamics, level of patent activity, geographical & technical coverage, IP strengths, and potential for reinforcement

IP profile of 20+ R&D Labs: 
Hanyang University, UNIST (Ulsan National Institute of Science & Technology), SEL, 
Kyushu University, Tokyo Metropolitan University, University of Chicago, Lockheed 
Martin Energy/UT-Battelle, University of Michigan, University of California, MIT 
(Massachusetts Institute of Technology), Université de Montréal, CEA, CNRS, 
Fraunhofer, ITRI (Industrial Technology Research Institute), Beijing Institute of 
Technology, Tsinghua University, Institute of Physics (CAS), Institute of Chemistry 
(CAS), Ningbo Institute of Industrial Technology (CNITECH), Qingdao Institute of 
Bioenergy and Bioprocess Technology (CAS), Hubei Three Gorges Laboratory.



ORDER FORM
LMFP for Li-ion Batteries

Patent Landscape Analysis ς January 2026
Ref.:KM26002 

PRODUCT ORDER

REPORT + DATABASE (1): 4,990 EUR

REPORT + DATABASE (1) + DASHBOARD(2): 7,990 EUR

For price in dollars, please use the ŘŀȅΩǎ exchange rate. 
For French customer, add 20% for VAT. 
The report (PDF), database (Excel), and access to the interactive online 
dashboard will be delivered electronically upon receipt of payment.

(1)Report & Database are provided under a multi-user license and can be 
shared internally among employees of the purchasing organization. 
Subsidiaries and joint ventures are excluded from this license. Please be 
aware that the report is watermarked on each page, with the name of the 
recipient and the organization (the name mentioned in the PO).

(2)Access to the interactive dashboard is granted for one year (12 months) 
to an unlimited number of authorized users within the purchasing 
organization. Access codes must not be shared with any third party. The 
dashboard must not be used to produce analyses or reports that are resold, 
sublicensed, or otherwise made available to any external user or entity 
outside the purchasing organization.

SHIP TO
Name (Mr/Ms/Dr/Pr):
_____________________________________________________
Job Title:
_____________________________________________________
Company:
_____________________________________________________
Address:
_____________________________________________________
City: 
_____________________________________________________
State:
_____________________________________________________
Postcode/Zip:
_____________________________________________________
Country:
_____________________________________________________
VAT ID Number for EU members: 
_____________________________________________________
Tel:
_____________________________________________________
Email:
_____________________________________________________
Date:
_____________________________________________________

PAYMENT METHODS 
Check 
To pay your invoice using a check, please mail your check to the 
following address: 

KnowMade S.A.R.L. 
2405 route des Dolines, Le Drakkar, 
06560 Valbonne Sophia Antipolis 
FRANCE 

Money Transfer 
To pay your invoice using a bank money wire transfer please 
contact your bank to complete this process.  Here is the 
information that you will need to submit the payment: 

Payee: KnowMade S.A.R.L. 
Bank: Banque Populaire Méditerranée, CAP 3000 Quartier du 
lac, 06700 St Laurent du Var, France 
IBAN: FR76 1460 7003 6360 6214 5695 139 
BIC/SWIFT: CCBPFRPPMAR 

Paypal 
In order to pay your invoice via PAYPAL, you must first register at 
www.paypal.com. Then you can send money to the KnowMade 
S.A.R.L. by entering our E-mail address contact@knowmade.fr as 
the recipient and entering the invoice amount.

RETURN ORDER BY
E-mail: contact@knowmade.fr 
Mail: KnowMade S.A.R.L., 2405 route des Dolines, Le Drakkar, 
06560 Valbonne Sophia Antipolis, FRANCE

I hereby accept YƴƻǿƳŀŘŜΩǎ Terms and Conditions of Sale
Signature:

https://www.knowmade.com/patent-analytics-services/patent-report/energy-storage-technologies-patent-landscape/battery-technologies-patent-landscape/lmfp-for-li-ion-batteries-patent-landscape-analysis-2026/

